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The nature of general engineering decision-making is discussed in terms 
of three phases: goal formulation, search, and selection. Pavement de
sign is discussed within this logical framework. It is argued that only 
by using an orderly and well-documented approach to design and analysis 
will the pavement field be able to keep pace with rapidly expanding engi
neering technology. Some explicit search and selection techniques are 
suggested for both their immediate usefulness and as examples of the 
many new tools becoming available through the use of the computer. A 
hypothetical example is described to demonstrate the application of the 
ideas in the paper. 

•PAVEMENT design is a specialization of engineering design and has problems that 
are specialized examples of more general design procedures. By beginning with the 
general problem-solving and decision process, one may gain insight into what the re
quirements are for a rational and logical design procedure, and how these require
ments may best be met in pavement design. The desirability of such a rational and 
logical basis for design is threefold: 

1. To make the valid personal experience of the individual designer available in 
a useful form to all members of the field; 

2. To keep pace with rapidly changing materials technology, and take full advan
tage of the opportwrlties offered by modern sciences; and 

3. To allow optimal use of the potential benefits of the computer and the possi
bilities for man-machine interaction. 

With these thoughts in mind, a general model of problem solving is first defined. 
This model is then used as a skeleton on which the body of the pavement design pro
cess is built. 

One may identify three principal phases in the problem-solving process: goal form
ulation, search, and selection (11). 

Goal formulation includes identifying the problem and establishing in some explicit 
form the objectives of solution. The nature of the results to be achieved are specified 
with the desired level of achievement. For pavements, specification might include 
safety or dependability. The formulation of the goal statement is difficult because 
there is often no easy way to measure the level of goal fulfillment, and attempts to 
define and evaluate goals are often subjective, changing with time and personality. 

In describing the performance of a proposed solution to a problem, a set of value
effected variables is used. These are variables over which the designer exercises 
some control and by which he arrives at an estimate of how well the solution satisfies 
the goal statements. In the simplest case, goal statements may be constraints on 
these value-effected variables, exemplified in the case of highways by serviceability 
or traffic capacity. Specific design requirements are stated as levels of value
effected variables that must be achieved by a satisfactory solution. 
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Search is a process by which solutions to these specific requirements are generat
ed. The solutions are specified by values of decision variables, such as pavement 
thiclmess or modulus of elasticity of the materials that the designer chooses. Search 
procedures are as simple as the standard design of steel tension members or as 
esoteric as nonlinear optimization programming. 

Selection follows after a series of possible actions is accumulated. The conse
quences of actions are predicted, evaluated in terms of the value-effected variables, 
and compared with the goal statement. A rank ordering of the actions is established by 
this evaluation. Rationality then dictates the selection of the first-ranked alternative. 

A final phase of the model is the goal and search revision that becomes necessary 
as new information becomes available through observation of the results of selection 
and implementation of the action. Success or failure of a new technique or material 
prompts a change in the designer's perception of what is possible, or leads to a revi
sion of the search-selection methods to provide a better prediction of the consequences 
of actions. For example, research may reveal that asphaltic pavements are best 
characterized by viscoelastic rather than elastic models. Implementation of this 
finding requires no change in the overall framework of the process. This phase makes 
the problem-solving process a dynamic process-each part changes with time, per
sonality, and changing perception. 

THE HIGHWAY PAVEMEN'r SYSTEM 

This problem-solving process may be used to organize pavement design decisions. 
While the following discussion is a general approach to the problem, specific sugges
tions are made to assure immediate usefulness of this framework. Wherever possible, 
these suggestions will be concrete and developed; where this is not possible, those 
areas in which research will be most helpful are indicated. 

Goal Development 

Highways are basically a public commodity, used by society as a whole. It seems 
most logical that one should derive the specific goals of the highway pavement from 
those more general goals of society. Assuming that the society desires to make the 
optimal use of its resources to achieve the greatest overall benefit, a specific state
ment of the purposes of the designer aware of this goal might be as follows: The de
signer should provide a surface that will accommodate transportation at the desired 
level (speed and volume), with a high degree of economy and reliability, and for an 
optimum time as governed by current resources and future expectations. More 
specifically, the primary concern of the pavement designer is to provide a structure 
possessing adequate serviceability qualities throughout its design life (8). Such ade
quate qualities will produce a pavement that is ridable, safe in terms Of comfort and 
frictional characteristics, and that will maintain its structural integrity. These 
qualities should be provided at low cost to society. 

These statements begin to define the goal space; to place these statements in a 
convenient form, a tree diagram may be used (Fig. 1). Such a diagram is a plan of 
the goal space and is helpful in that it indicates not only the particular items to be 
considered, but also a structural relationship among the items. It must be realized 
that the tree is something of an oversimplification; that is, unconnected items will 
often have important effects on one another. Further, as indicated before, the prob
lem at hand is but a small portion of a larger one, and parts of this larger problem 
will have some influence on operations and decisions in pavement design. 

The pavement designer, then, is concerned with the description and selection of 
the action that will fulfill the requirements represented in these goals. The goal 
space, as shown in Figure 1, is a framework for evaluation and selection. This pro
cedure will be discussed later . 

Search 

The object of a search technique is to generate possible solutions to a problem. 
While there are currently a number of pavement search techniques in the form of 
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Figure 1. The highway pavement goa I space" 

standard design procedures, it is desirable to have a technique that will accommodate 
new technology as it becomes available and that will act as a prod to the development 
of new ideas. 

One such technique is that of hierarchical decomposition (2). This technique is 
essentially a categorizer of the areas of concern within a specifically stated program 
of requirements. Briefly, a problem is represented as a linear graph composed of 
nodes, representing the requirements, and paired links between nodes, representing 
connections and relationships among requirements. Decomposition of this graph-the 
problem-presents the designer with a series of smaller and, it is hoped, more trac
table subproblems. Solutions to the smaller problems are combined and adapted to 
build an overall solution to the problem. Concentration on any one of these subproblems 
will produce a solution that is well suited for that subproblem and that, through sys
tematic consideration of the remaining concerns, is expanded to become a complete 
solution. 

As specific application, a list was prepared of 47 causes for unsatisfactory per
formance of a pavement. This list was accumulated by examination of texts (3, 15) 
and discussion with people in the field of pavement design. This list was evaluated 
for the relationships among requirements, as subjectively viewed by the authors, and 
submitted for computer decomposition. 

The computer decomposition is shown in Figure 2. The actual list of items (at the 
lowest level of the tree) is the only direct output, and it has been convenient to put 
some descriptive labels on the upper portions of the branches. These labels are in
tended to be helpful guides and not perfectly accurate descriptions of the groups they 
cover. 

The first point made by this decomposition is that the designer should consider on 
an equal basis theory (design and planning) and practice (construction and maintenance). 
The divergence between the assumptions of design and analysis and the actual field 
condition is often forgotten or ignored. The engineer forgets the plan when it leaves 
the office. At best, this divergence is rationalized by large factors of safety. 
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The entire chart will not be discussed in this paper; the items in it are straight
forward statements of what a pavement should not do in order to be satisfactory. The 
designer will have certain preferences as to which of the lowest level requirements 
are of greatest importance. These preferences are established by the problem at hand, 
as it is perceived by the designer. For example, in an area of unfavorable geological 
conditions, the designer may feel that the group !Ala in Figure 2 is the principal con
cern because the local soils are quite varied and poor in quality. 

Having identified his principal area of concern, the designer will generate an action
propose a rough design-that emphasizes a solution to the special problem. He then 
will expand his concern to include related requirements, check for compliance, and 
modify where necessary. Finally, he will have a complete design that reflects his 
feelings on the relative importance of the various requirements. 

This process may be repeated, using new ideas at the same starting point or start
ing at another point, to generate a series of possible alternative actions. Each action 
will be adequate to satisfy the overall requirements of the problem while emphasizing 
one portion. One of this series of actions is chosen for final implementation. 

Selection 

Two questions must be answered in the selection process: (a) How is an action de
scribed in order to make it operationally comparable with other alternatives? and 
(b) How are these actions measured and compared with respect to goal fulfillment? 
These questions call for measures of performance; the quality of performance deter
mines the degree of goal fulfillment for the pavement. 

In Figure 1, the goal space, one sees a diversity of concerns. These concerns 
may be separated into four broad categories: (a) the physical state of the pavement
its riding quality; (b) the passage of time and its effects on the pavement and its eco
nomics, i.e., rising costs and physical deterioration; (c) the elements of chance that 
enter the real-world problem, as with materials variability; and (d) the capital ex
penditure required. Associated with each of these broad categories are a number of 
lower-level parameters that directly describe the pavement system for design and 
construction. 

The primary task is to go from these description parameters, the decision variables, 
to the goal variables. The following paragraphs suggest methods for considering the 
four goal categories that are, in fact, interrelated and perhaps inseparable. 

Performance and Time: Serviceability-The purpose of a pavement design method 
is to provide a specific selection of materials, combined and structured in a specific 
configuration, to satisfy a specific set of environmental and service requirements. 
Of the various methods currently used, only those based on the serviceability concept 
offer any promise of usefulness for a rational selection of design alternatives. Other 
methods generally consider only one type of load. 

The concept of serviceability and a present serviceability index were proposed and 
developed by AASHO in 1958. The idea was to develop a description, a single-number 
serviceability index, for a pavement in terms of its ridability as experienced by the 
user, and then to be able to design for a desired level of serviceability over a speci
fied period of time. 

A new pavement is said to have an initial level of serviceability, represented by a 
present serviceability index, PSI0 • As time and traffic pass, the quality of the pave
ment deteriorates until it reaches some value considered and defined to be the mini
mum acceptable. At this level, PSI*, the pavement is said to have failed and is in 
need of extensive repair. The length of time required for this to occur is the failure 
age, A*. 

Serviceability is defined in terms of human response; it is judged by the discom
fort imposed upon the user. Several methods, of varying degrees of objectivity, have 
been suggested and used to evaluate this discomfort (1, 9). Research is still needed 
to perfect a technique. - -

Once a definition and measurement are developed, the next step is to determine 
those physical properties that affect serviceability for a pavement. Various investi-
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gators have presented a variety of analyses using qualities such as longitudinal profile 
and degree of cracking and patching (4, 5, 7). 

Finally, experimental data must be gathered to develop predictors of serviceability 
history as a function of design decision variables, such as material parameters and 
layer thickness. From data thus gathered (AASHO Road Test, Canadian Good Roads 
Association), design methods are developed (10, 11). 

The general area of serviceability and theTactors describing it require much re
search. If clear identification can be made of those factors of a pavement that define 
and influence serviceability, then theoretical models may be developed to predict the 
behavior of these factors as a function of materials, design configuration, and environ
ment. The primary shortcoming of the design procedures developed from the road 
tests is their lack of general applicability. New materials and methods may not be 
used, and the methods have limited usefulness in new climatic situations. 

Research should thus be directed toward finding general ways to describe the factors 
influencing pavement performance and to developing valid measures of these factors. 
Then, more accurate models must be formulated and put into useful form to allow the 
prediction of performance for any material and design-construction-environment 
combination. 

The Role of Chance: Reliability-In dealing with the real world one is faced with the 
variability of nature. To a very large extent, the parameters of serviceability and 
failure age may be considered as random variables. The elements of chance and un
certainty must be considered in the rational design process. 

These elements of chance may best be handled with the technique of realiability 
analysis, and the consideration of reliability as a design parameter. Reliability may 
be understood as the ability of a system to provide satisfactory and trustworthy 
service-the measure of reliability is a probability. Reliability is the probability that 
the system will perform in a satisfactory manner, for at least a given length of time, 
under a prescribed set of conditions (6). The framework for such an analysis is the 
mathematical description of the system, as used for design, into which the input data 
are entered as probabilistic functions derived from experimental and empirical ob
servation. An accurate description of each requirement placed on the system and of 
the capabilities of the system to meet these requirements is needed. 

In general, five specific elements are necessary for a reliability study: (a) a com
plete specification of the system in terms of its functional components, (b) a list of the 
objectives that the design is to fulfill, (c) a set of failure criteria, (d) a list of possible 
failure modes and the manner of their occurrence, (e) probabilistically stated data on 
the expected service conditions. 

The first four of these elements may be seen to be essentially identical to those 
discussed previously in constructing the problem-solving process. Components are 
the description of a specific action. Objectives are the value-effected variables of 
goal specification. Failure modes are particular ways in which a loss of service
ability-the criterion-can occur. 

Data on service conditions are gathered in the laboratory and in the field and fall 
roughly into categories of materials behavior and environmental variation. Concrete 
strength and subgrade support are representative of the first group; weather and traf
fic fit the latter. 

Economic Analysis: Cost-It is not within the scope of this paper to review current 
me thods m engineering economic analysis or to attempt to develop some new concept 
of economic analysis for pavement systems. It should be pointed out that this analysis, 
difficult for standard pavement types, is made more so by the introduction of new de
sign possibilities. If consistency is maintained with the other goals of the highway 
pavement, consideration must be given to the ultimate economic value of developing 
new technology. 

The implementation of a pavement action is in fact an experiment whose outcome 
will affect future decisions. The cost of implementing an action must be ultimately 
justified by the returns it brings. These two ideas must be jointly considered in the 
economic analysis. It is felt that some guidance in this area may be found in the use 
of Bayesian decision theory. 
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The Selection Process 

The preceding discussion is directed at prediction and evaluation, the preliminaries 
of selection. In the actual process of selection, the decision-maker is faced with the 
problem of comparing the diverse measures of cost, serviceability, and reliability, 
along with any number of other minor criteria in the form of other scales of measure
ment and biases as to the relative importance of each measure. 

An explicit selection process is now required. This process should be able to ac
commodate the multidimensional evaluation of actions and to work with a recognition 
of the complex nature of the goal variables. The procedure should require as little 
quantification of opinions and feelings from the decision-maker as possible and should 
at each point indicate clearly the considerations of a choice. One such procedure is 
the goal fabric formulation (12). The goal fabric analysis proceeds as follows: 

1. Goals are listed and their interrelation and structure are determined. This 
step yields the goal fabric (Fig. 1). 

2. The pairs of alternative actions are mapped by their consequences onto the goal 
fabric. 

3. Following the structure of the goal fabric, dominance checks are made to deter
mine at each level which of the two alternatives is preferred. Dominance is deter
mined by greater value, either objectively as with dollars or subjectively as with 
aesthetic quality. 

4. Comparison of the paired preferences yields a rank ordering of the set of alter
natives. Rationality implies selection of the first-ranked action for implementation. 

Review 

The completion of the goal fabric analysis marks the end of the first stage of the 
decision process. At this point, a review is warranted to state concisely the results 
of the foregoing discussion. 

1. A general statement of goals for the highway pavement is formulated, and goal 
variables are identified. An expanded structural presentation of goals is made. 

2. A search technique is suggested as a means for structuring the design process 
and suggesting innovation in design alternatives. 

3. While not specifically discussed, pertinent decision variables are suggested by 
the search presentation and the subsequent development of prediction tools. Decision 
variables include such quantities as material parameters and layer thickness. 

4. Prediction-evaluation techniques are presented to allow the forecasting of conse
quences of an action and the description of these consequences by value-effected vari-
ables of cost, reliability, and serviceability. -

5. A selection technique is suggested that makes possible the comparison of multi
dimensional evaluations and places the objective and subjective criteria of preference 
within an orderly framework. 

New Directions: Goal Revision and the Computer 

Before finishing this discussion some mention of the aspects of goal revision and 
the conduct of problem-solving within the computer environment is desirable. 

Goal revision occurs as new technology becomes available (in the form of new ma
terials or new understanding of system behavior), as each decision implemented in 
the real world generates data on performance, and as each cycle of the process gives 
the decision-maker greater insight into what is reasonable to be expected and possible 
to achieve. In this aspect the problem-solving is a sequential chain, as mentioned 
previously, and includes, as possible actions, data collection and further research to 
be considered with their costs and possible benefits. As suggested, the techniques of 
Bayesian decision theory offer promise in this area and have been given preliminary 
investigation by some researchers ~). The computer is invaluable in handling data. 
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EXAMPLE 

The presentation of an example for highway pavements is a difficult task. On the 
one hand, an example may help to clarify and illustrate the discussion; on the other 
hand, a great deal of the data and techniques needed for the sucessful construction of 
a good example are not yet developed. Hence, the following is suggested as illustra
tive but by no means rigorous. 

Assume that it is desirable to build a highway in a developing subtropical country. 
The estimate of traffic, for a 40-year period, is assumed to be absolutely certain, 
and is taken from the PCA thickness design manual examples (13). In a real situation, 
traffic would be estimated with growth rate and statistical prediction and might be 
specified in probabilistic terms. The 40-year design period has been specified by 
economic growth considerations, as most desirable for the country as a whole. 

The goal structure previously described will be used. In general, the designer 
may find it desirable to develop his own specification of goals. Note that the difficul
ties of maintaining the pavement in sparsely populated regions imply the desirability 
of a low level of maintenance throughout the 40-year life, and that political expediency 
places a premium on fast construction. 
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Phase one of the search most logically begins with the more standard types of pave
ment action, in this example, portland cement concrete . Standard design procedures 
are readily available, and these actions require little innovative thought. The first 
actions will be designed using the PCA method, which is based on the Westergaard 
stress analysis. This basis makes the method well suited to the requirements dis
cussed previously for the rational scheme and the reliability analysis. It has been 
observed that a pavement of this sort, properly designed and constructed, will resist 
deterioration due to loads and will be most susceptible to failure caused by environ
mental effects, in this case, marked by rain and high temperatures. 

Data are gathered in the form of distributions of probability of occurrence. One 
may design on the basis of mean value and use the distributions in the reliability com
putations. Necessary parameters are as follows (Fig. 3): 

1. Combined k-The subgrade is susceptible to climatic and seasonal variations, 
and hence two distributions for k, subgrade modulus, are assumed. The first of these 
indicates the condition of subgrade and subbase as compacted and normally maintained. 
The second indicates the worst conditions, brought about by a critical combination of 
spring temperature and precipitation conditions. From climatic analysis it is found 
that there is a 30 percent probability that this latter condition will occur during the 
40-year design life. The low k value "tail" on each of these two distributions accounts 
for the possibility of soft spots due to soil inhomogeneity and construction error. 

2. Concrete modulus of rupture-This is the normal probability curve typically 
used in quality control. It is assumed that the use of the modulus of rupture, as deter
mined from three-point bending tests, is valid for predicting the behavior of the con
crete in service. In the first design, a coefficient of variation of 15 percent of the 
mean strength is used to reflect normally available quality control. 

3. Trial depth-The possible variations of slab thickness due to construction prac
tices should be taken into account, for these variations would have some effect on the 
stresses. For the sake of simplicity, however, these variations are ignored in this 
analysis. 

By following the example in the PCA manual, one can eliminate the actual design 
computations, and the reader is referred to this publication. The first three pavement 
actions are satisfactory according to the design method. The first design is a 9-in. 
thick slab. Reliability computations are given in Table 1. Induced stresses are found 
from charted results of the Westergaard analysis. Allowable stress ratios for the 
given numbers of repetitions are experimental results. Probabilities are the normal 
probabilities that the specified concrete will have a strength less than or equal to the 

TABLE 1 

RELIABILITY FOR DESIGN 1 

Axle Induced Stresses 
Max. Allow. Probability 

Load (psi) Expected 
Stress Strength FaUure 

(kips) Repetitions 
Ratio Expectation 

k = 50 k = 95 k = 115 k = 155 50 95 115 155 

30 362 312 300 282 3, 100 0.68 0.095 0.024 0.016 0.008 0 .023 
28 342 296 285 267 3, 100 0.68 0.066 0.013 0 .009 0.004 0 .016 
26 325 276 260 244 6,200 0.66 0 .053 0.009 0.004 0.002 0.009 
24 300 255 246 232 163,000 0.55 0.140 0.022 0 .019 0.009 0.014 
22 275 243 234 221 639, 740 0.50 0 .152 0 .047 0.024 0 .019 0.023 
54 405 346 330 315 3, 100 0,68 0.288 0 .075 0 .047 0.027 0 .069 
52 395 335 320 305 3, 100 0.68 0.236 0.055 0.034 0,019 0 .044 
50 375 323 310 294 30, 360 0.61 0,359 0.109 0.072 0.042 0 .077 
48 368 313 303 289 30, 360 0.61 0.352 0.079 0 .059 0.036 0.071 
46 350 300 294 281 48, 140 0.59 0.281 0.076 0.061 0.038 0 .069 
44 340 287 276 264 150, 470 0.55 0 .367 0,095 0.064 0.041 0 .078 
42 325 278 261 249 171, 360 0 .55 0 .271 0.068 0.037 0.021 0.074 
40 315 261 249 237 248,060 0.53 0.288 0 .054 0 .032 0.019 0.044 

Total 0 .611 
Reliability = 39 percent 
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failure stress, equal to induced stress divided by allowable ratio. Failure expectation 
is the probability of failure. That is, 

expectation = P(strength ~ cumulative applied stress) 

x P(stress ~ computed value) 

At the 30-kip axle load 

expectation = 0.70 [~ (0.095 + 0.016) (0.10) 

+ j (0.016 + 0.008) (0.90)] + 0.30 [~ (0.095 + 0.024) (0.10) 

+ ~ (0.024 + 0.008) (0.90)] = 0.023 

Because deterioration is a primary concern, one possible action is to try closer 
quality control. Furthermore, there is strong indication that closer control will yield 
some net savings in materials. The second design is a repeat of the first, using a 
10 percent coefficient of variation for concrete strength. Reliability computations are 
similar to those shown previously. 

In an effort to realize some possible savings, the third action is an 8Y:i-in. slab 
of higher strength concrete, and again normal quality control is used. Computations 
are again similar. 

No meaningful statement of costs is possible at this level of abstraction. The de
sign assumptions imply that no maintenance will be necessary during the 40-year life, 
although practical experience indicates that this is not so. Savings might occur through 
reduction of waste in the second design (tighter quality control). The third design in
cludes a 51/ii percent reduction in materials volume, but an increase in concrete 
strength requires an increase in cost for extra cement. 

The next standard strategy is asphalt paving, following Asphalt Institute methods 
(3). A 20-year life is assumed and consideration of a resurfacing will be included, 
although the implicit assumption of no other extra maintenance is again made. 

The traffic data are converted to a design traffic number of 248 for use in the de
sign charts. Using published correlations of the subgrade support modulus k and the 
CBR value, one finds that the mean values for average and worst conditions are, re
spectively, 4.8 and 4.2. For the 20-year period, it is assumed that the probability of 
the worst condition is 0.15, half that for the 40-year period. 

The initial design is full - depth asphalt concrete. It is found from the design chart 
that 10 in. are required for normal conditions, 11 in. for the worst condition. The 
10-in. design is chosen, even though some reliability is sacrificed for economy. 

The design method used is highly empirical, is based on the AASHO Road Test 
data, and represents a mean value curve-fitting of points. Some interpretation is 
required to get reliability. It has been observed (4) that for heavily traveled asphalt 
pavement deflection should be kept below a maximum of 0,050 in., as measured in 
the Benkelman beam test, if deterioration due to wheel loads is to be avoided. If this 
requirement is met, environmental factors will be the chief contributors to failure. 
These factors are supposedly accounted for in the design method. The cµRA data 
(4) are used to estimate the load resistance, and mean deflections and standard devia
tions are evaluated. Then the probability of load failure, assuming the normal distri
bution, is easily computed. 

Reliability may then be computed in a manner similar to that shown for concrete 
pavements. Quality control of the pavement mix has been implicitly included in the 
variance of the deflection measurements. 

In this hypothetical example, any of the foregoing alternative actions might require 
the development of a complete set of skills and supply capacities within the country, 
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because no large-scale asphalt or portland cement concrete production facilities or 
heavy construction equipment are immediately available. Hence, search for an innova
tive action appears very desirable. Figure 2 may be used, although in general the 
designer would apply the decomposition technique to his specific problem. One may 
simply overlook entries such as "frozen concrete," which are not particularly applic
able in this problem. In the concern for low maintenance level, one notes that the 
foregoing standard actions are most susceptible to surface deterioration; one enters 
the chart at block IV A2a. The elimination of surface porosity, spalling, and related 
problems would be most beneficial. It is beyond the scope of this discussion to try to 
develop a rational means for designing an impermeable surface. The properly de
signed topcoat will provide a tough and impervious surface of good riding characteris
tics. Reliability would be computed on the basis of loads and surface wear. 

Another approach to search might be through the desire for rapid construction. 
Perhaps precast concrete slabs would be a solution; they have an additional advantage 
of closer quality control and lead to possibilities of greater durability. Looking over 
the search tree, one sees that most of the problems are handled through materials 
control in the plant. Soils problems and subgrade support must be dealt with. One 
might try supporting the slabs on sills, which will act as strip foundations for a simply 
supported beam. If it is prestressed, a 4-in. thickness (assuming 5,000-psi mean 
compressive strength concrete is used) is found to be adequate. Reliability is here 
based on stress exceeding strength in the slab. 

Table 2 summarizes the actions suggested and the scales by which these actions 
may be evaluated and compared. The level of design confidence indicates the de
signer's confidence in the design method and thus in the design. The reliability mea
sure is as computed for failure modes assumed in design. The cost parameter would 
normally be some dollar value of total or annual cost. Special features indicate the 
entry to search, i.e., the special features on which the design is based. Fear of failure 
indicates the items not included in the reliability measure that are likely to cause 
trouble. 

Rank ordering by preference is accomplished by comparing pairs of actions on the 
goal fabric. For example, action 2 is clearly preferred to action 1; all measures of 
goal achievement for the former are greater than those for the latter. Comparison 
of actions 2 and 4 is more difficult; whereas design confidence and reliability are lower, 
the design is more inclusive of possible failure factors, and costs might prove lower. 

TABLE 2 

PAVEMENT ACTIONS 

Action Level of Reliability 

Design Cost Special Fear of 
Measure Parameter Features Failure No. Description Confldence 
(iierce nl) 6 Qsls 

PC concrete, A 39 Loads Standard Environ-
9-in. slab, 15 percent mental 
strength variation 

PC concrete, A 78 Loads 0.95x Standard Environ-
9-in. slab, 10 percent mental 
strength variation 

PC concr ete , A 39 Loads 0.98x Standard Environ-
e Y.- tn . slab, mental 
high strength, 
15 percent variation 

4 Asphalt c 67 Loads, Standard Design 
environ- statistics 
mental 

5 PC concrete, Loads, Environ-
epoxy topcoat, environ- mental 
10 percent strength mental 
variation 

6 PC concrete, B 85 Loads Environ- Foundation 
precast, 10 percent mental, losses 
variation construe-

ti on 
speed 
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- = Indifference 

PROPER PAVEMENT 

Figure 4. Goal fabric action. 

One uses the goal fabric to structure the comparisons. Take, for example, actions 
1 and 5. Figure 4 shows the goal fabric, and how one might begin mapping actions 
onto it. In some requirements one will have no preference, as with optimum pavement 
life. By mapping the lowest level preferences and comparing, one moves up the tree, 
expressing his feelings about the relative importance of requirements. For instance, 
the comparison of construction cost (1 preferred to 5) and maintenance cost (5 pre
ferred to 1) will yield some total or annual cost to determine preference. Comparison 
of frictional characteristics (1 preferred to 5, epoxy may slicken) and comfort (5 pre
ferred to 1, add color to epoxy with no additional cost) is more difficult. 

In view of the gross assumptions made to arrive at Table 2, it would be meaningless 
to pursue ranking to completion. Even if all the analyses made were perfectly adequate 
and correct, two decision-makers might still be expected to arrive at different rank
ings. The purpose of this example, to illustrate an orderly, rational process for 
pavement design decisions, has been served. What is now required is further work 
and research to fill in this framework with the tools necessary to make this approach 
fully operational. 
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