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PREFACE 

This report presents a conceptual rigid pavement design system and a 

design procedure in the form of a computer program called RPS1 for "Rigid 

Pavement System One." Several relationships are developed and combined with 

existing models to analyze and design rigid pavements as a system based on 

economics. 

The report is also meant to be a background document for further work 

to be done in improving the working systems model within the guidelines of 

the conceptual system described. 

This is the fifth in a series of reports that describe the work done in 

the project entitled "A System Analysis of Pavement Design and Research 

Implementation." The project proposed a long range comprehensive research 

program to develop a systems analysis of pavement design and management. 

The project is supported by the Texas Highway Deparbnent in cooperation with 

the Federal Highway Administration Deparbnent of Transportation. 

The computer program presented here is written for the CDC 6600 computer. 

It is in FORTRAN language and only minor changes are required to make it com­

patible with the IBM system. Duplicate ~opies of the program deck and data 

cards for the example problem may be obtained from the Center for Highway 

Research, The University of Texas at Austin. 

Mr. F. H. Scrivner is thanked for writing several concepts used in this 

system which were evolved by him during the development of flexible pavement 

system reported in 1969. The cooperation of the entire staff of the Center 

for Highway Research of The University of Texas at Austin is appreciated. 

Thanks are due to Miss Darlene Neva, Mrs. Rose Mary Sturges, and Mrs. Jean 

Merritt for typing the drafts of the report and to Mr. Arthur Frakes for his 

assistance with the manuscript. The help of Mrs. Nancy Braun for her assis­

tance in computer programming is greatly appreciated. 

January 1971 
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ABSTRACT 

Design of portland cement concrete pavements is a complex procedure 

involving the evaluation and analysis of numerous variables. A wide variety 

of variables within the broad categories of loads, environments, material 

properties, maintenance, progressive failure, and economics must be considered 

in an ideal design procedure. Concrete pavement and overlay types, rein­

forcement selection, joint detailing, and selection of subbase materials are 

other factors increasing the complexity of design. 

Various methods of design have been presented in the past, but no 

procedure is generally acceptable due to the limited nature of the problem 

and analysis. The wide variety of structural and economic factors demands 

that a procedure be evolved to analyze various parts in a coordinated effort 

called systems analysis. 

A conceptual rigid pavement system is presented which formalizes the 

myriad of intertwined variables into a series of mathematical models. A 

method is developed in the form of a computer program to solv~ various models, 

some developed as part of this work and others adopted from the state-of-the­

art. The program utilizes about 115 different input variables and analyzes 

numerous possible solutions generated within the boundaries defined by con­

straints. Output is a set of pavement design strategies based on increasing 

value of present worth of overall costs. Details with respect to selection 

of thicknesses, materials, reinforcements, and joints as well as overlay 

patterns and predicted lives are presented for each design. 

A small sensitivity analysis of the developed system is also presented 

in order to create confidence in the reasonableness of the system and its 

output. 

KEY WORDS: rigid pavements, pavement design, pavements, systems analysis, 

systems engineering, optimization, computer program, performance. 
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SUMMARY 

A procedure has been developed in the form of a computer program, RPS1, 

to design rigid pavements in a systematic framework. The program utilizes 

about 115 different input variables. All possible solutions to the problem 

within the limits specified by the designer are analyzed. Each design strategy 

is based on the analysis of details such as thicknesses, materials, reinforce­

ments, joints, and overlay patterns. Initial and future costs incurred are 

calculated for each strategy and output is a best set of alternate designs 

to choose from based on the present worth of total overall cost. The design 

procedure is thus an aid to the administrator in exploring design options 

with no loss of decision-making power. 

The computer program is one of the software subsystems developed for an 

overall systematic pavement design and research program. The development, in 

addition to providing the immediate benefits of present knowledge, has also 

pointed out areas of further modifications for continual improvement of the 

design system, and this needed research is reported. 
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IMPLEMENTATION STATEMENT 

The rigid pavement system described in this report for the design of 

concrete pavements utilizes concepts and models which are already under trial 

implementation by the Texas Highway Department. The method of design there­

fore can be implemented with a small effort and no organizational change. A 

relatively comfortable and confident transition to this computer-oriented 

design procedure can be expected. 

The program can be used in a district pavement design function through the 

Automation Division computer. Pavement design offices can obtain inputs from 

Materials and Tests, Planning Survey, and Automation Divisions. The district 

office can furnish data on maintenance, cost inputs, material availability 

information, and test results. The feasible design alternates shown in the 

computer output will be presented to the district administration for design 

selection for inclusion in plans, specifications, and estimates. 

The rigid pavement system will be introduced on a gradual basis as time 

and personnel are available. A few districts will be involved initially, and 

as interest in the system develops, its use will increase. 

The pavement design procedure has the potential benefit of obtaining the 

design in one computational step and solving the design problem more capably 

by using the best of the existing state-of-the-art methods. It is a definite 

technical improvement over the simple hand computational methods already in 

use. The computer program considers many more design options than presently 

considered and provides the administrator with several options to choose from 

in a concise output. The procedure, therefore, saves calendar time through 

reduction of correspondence, reduces manhours used for going through design 

options, eliminates errors inherent in the current simplified hand computa­

tional procedures, and provides advanced technology to be used for rigid 

pavement design. 
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CHAPTER 1. INTRODUCTION 

Portland cement concrete or rigid pavement analysis is a complex soi1-

structure interaction problem and many empirical and semiempirica1 methods of 

design have been used since 1900. The empirical nature of the method has 

been due in part to the limited knowledge of materials behavior and failure 

mechanisms and in part to limitations of analytical techniques. 

From time to time, the limited knowledge has been broadened by further 

theoretical analysis and observations on controlled field experiments, proto­

types, and laboratory experiments. The research efforts have generally been 

oriented to cover a specific aspect of this subject, but unfortunately there 

has been a lack of coordination in developing an understanding among the various 

parts. As a result, these efforts have not improved the design procedures to 

a form general enough to be extrapolated for various materials and environmen­

tal conditions. 

Most of the design procedures have been oriented toward the objective of 

obtaining a structurally successful thickness of concrete to survive the entire 

design life of the facility. Concrete thickness is an important aspect of the 

pavement but should not be the only design criterion. Pavement should be con­

sidered as an investment and analyzed using economic concepts. The combina­

tion of money and materials should be analyzed to achieve the best resource 

allocation. 

A wide variety of interests demands that an effort be directed towards a 

fundamental understanding of vrious parts of the problem in a coordinated 

framework or system. The multitude of physical and social variables involved 

should be sorted out and related in meaningful ways using systems engineering 

concepts. 

A comprehensive formulation of the rigid pavement design process utilizing 

the integration of technological and economic attributes will take a number 

of cycles of model formulation, implementation, and feedback. It will involve 

a large amount of research over a number of years. However, immediate payoffs 
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can be obtained by coordinating the various areas of the existing state-of-the­

art as the starting point for the broader framework of a comprehensive system. 

Such an approach has led to the formulation of a working system called 

the rigid pavement system. This design method uses various models fitted to­

gether in a computer program. Available concepts dealing with various parts 

of the system are utilized. Certain models, which are pertinent to the coor­

dination of the design method and for which existing concepts are inadequate, 

are mathematically developed using engineering judgments and statistical 

techniques. 

At this stage of kl1owledge, it is difficult to quantify the relative 

importance which the decision maker should ascribe to various economic, social, 

and experience values. The output, therefore, is arranged to present the de­

signer and the decision maker with an ordered choice. A large variety of 

pavement design options are investigated, and a set of recommended alterna­

tive designs ordered on the basis of the net present worth of total cost is 

presented. The decision maker then selects a design. 

Chapter 2 presents an analysis of existing concepts in rigid pavement 

design, their limitations, and assumptions involved in using those ideas. 

The descriptions of these concepts will be of value in further improvements 

of the present design procedure. 

Chapter 3 is a brief description of systems concepts, their usefulness, 

and applications. A comprehensive systems formulation of the rigid pavement 

design problem and ideas applied to develop the present design procedure are 

discussed. 

Chapter 4 summarizes the mathematical models used, their developments, 

and limitations. 

Chapter 5 discusses the computer program developed, its input and out­

put, and the optimization procedures adopted. 

Chapter 6 presents a brief sensitivity analysis to establish initial 

confidence in the reasonableness of the solutions. 

Chapter 7 summarizes the report and presents recommendations for future 

research and modifications. 



CHAPTER 2. EXISTING CONCEPTS OF DESIGN AND ANALYSIS 

Rational analysis and design of rigid pavements have long been a 

challenging problem for highway designers. The complexity of the vast multi­

tude of variables to be considered has led to various approaches to analysis. 

The basic approach has been to use the theory of elasticity in solving various 

boundary value problems and then, after making certain assumptions to present 

the results of the analysis in an orderly form. Empiricism has been used to 

analyze and design the slabs for special cases. 

From time to time during the 20th century the validity of these concepts 

has been assessed either by conducting laboratory experiments or by observing 

in-service pavements and controlled field experiments. Numerous reports of 

these investigations are scattered throughout the technical literature. This 

chapter presents a review of several existing concepts. 

STRESS ANALYSIS AS A DESIGN CONCEPT 

The structural analysis of rigid pavements has mostly centered around 

the evaluation of stress. The overstress giving rise to cracking in the struc­

ture has been considered as a principal indicator of failure of pavements. In 

turn, design of concrete pavements has centered around avoiding the formation 

of such cracking by keeping the level of stress below the allowable concrete 

strength. The stress analysis has mostly been carried out for two main factors 

causing the stress: loads and environment. Analysis with respect to these 

factors is described below. 

Load Stresses 

The analysis for load stresses has been attempted in the following 

categories. 

Theoretical and Empirical Stress Analysis for Plates. The complete state 

of stress and the associated mechanical responses caused by bending in elastic 

plates were first analyzed by Timoshenko (Ref 131), who distinguished between 

3 
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the bending stresses in thin and thick plates and those in thin plates with 

small or large deflections. Pavement slabs are generally considered to be 

thin plates with ~a11 deflections. According to Timoshenko, the deflections 

of such plates under lateral loads can be described by the linear partial dif­

ferential equation given below: 

where 

4 
S (0 w + 2 

b ox4 
= q - k X w 

w = deflection at any point of the slab; 

Sb = bending stiffness of the plate; 

q the applied lateral load; 

(2.1) 

k X w = the reactive pressure below the slab due to a bed of 

springs of stiffness, k, or the bouyant pressure of a 

dense liquid with density, k 

x and y standard Cartesian coordinate directions. 

The solution of this equation gives the deflection at any point in the 

slab. The following assumptions were made in developing the relationship. 

(1) There is no deformation of the middle plane of the plate during 
bending. 

(2) Planes that are initially normal to the middle plane of the plate 
remain normal during bending. 

(3) Normal stresses in the direction transverse to the plate are dis­
regarded. 

The empirical relationships and experimental investigations have always 

emphasized the importance of stresses near the corners of rigid pavement slabs. 

During the service life of a pavement, the corners in a pavement increase in 

number due to cracks intersecting with other cracks and with joints. A stage 

may therefore be reached in which every square yard of pavement is subjected 

to the stresses equivalent to the application of a load on a corner. Also, a 

corner break in turn generates increased wheel loads due to impact. These 



increased wheel loads on other corners of adjacent slabs cause them to break 

also. The corner area of rigid pavements, which is relatively vulnerable to 

overstress, has therefore been the subject of several major investigations, 

as described below. 

The first attempt towards a design was made in 1919 when Goldbeck (Refs 

38 and 39) suggested formulas for approximating stresses in a concrete pave­

ment under certain assumed conditions of wheel load and subgrade support. 

Among these approximate formulas is one which has since become generally 

known as the "corner fonnu1a." The formula is derived by using the theory of 

elasticity and the following physical assumptions for applying the simple 

bending equation: 

(1) The load is applied on the point of the slab corner. 

(2) The corner receives no support from the subgrade and acts as a 
cantilever. 

(3) The stresses in the slab are uniform in any section at a right 
angle to the corner bisector. 

5 

In 1923, extensive observations of rigid pavement cracking were made by 

Clifford Older at the Bates Road Test (Ref 86) conducted by the Illinois State 

Highway Department. The concept of corner breakage leading to the ultimate 

failure of pavement slabs was demonstrated in this test. It was observed that 

the points which represented the loads causing corner breaks and the thick­

ness of broken slabs clustered around the curve given by Goldbeck's corner 

formula. Though none of the assumptions of the corner formula was present at 

the road test, good agreement between the observations and the corner formula 

was observed. 

In 1925, the structural analysis of plates using the mathematical theory 

of elasticity was extended by Westergaard (Refs 142, 143, and 144) for pave­

ment slabs. It was assumed in the analysis that the ordinary theory of thin 

plates was applicable and that the slab was a homogeneous, isotropic, elastic 

solid of uniform thickness in equilibrium on a continuous foundation. 

Equation 2.1 was solved for three conditions, resulting in the following 

formulas for tensile stresses due to corner, edge, and interior loads: 

0.6 

Uc = ~~ [ 1 - ( :1) ] (2.2) 
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in which 

(J 
e 

(J. 
1. 

L [ { Eh
3 

0.529(1 + 0.54~) ~ 10g10 ~ 
o kb 

L ( Eh
3 

) 0.275(1 + ~) ~ 10g10 ~ 
o kb 

} - 0.71 J (2.3) 

(2.4) 

(J maximum tensile stress in pounds per square inch at the top 
c 

of the slab, in a direction parallel to the bisector of the 

corner angle and at a distance of 2 vfa1£ from the corner; 

(J maximum tensile stress in pounds per square inch directly 
e 

under the load and in a direction parallel to the edge; 

(J. maximum tensile stress in pounds per square inch at the 
1. 

bottom of the slab directly under the load, which is at a 

considerable distance from the edge; 

~ Poisson's ratio for concrete; 

E modulus of elasticity of the concrete in pounds per square 

inch; 

k = subgrade modulus in pounds per square inch; 

a
1 

~a where a is radius of area of load contact in inches; 

b vh.6 a
2 + 02 

- 0.6750 when a < 1.7240 

a when a > 1.7240 ; 

£ = radius of relative stiffness, defined by 

2 
12 (l - ~ )k 

L = load in pounds; 

o = depth of slab in inches. 
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The radius of relative stiffness is a function of the "relative stiffness" 

of the slab and the support. 

Distribution of load over a circular area of radius a in place of a 

paint load as used by Goldbeck creates a reduction of the numerical values of 

the bending moments. Thus, Eq 2.2 predicts lower stresses than the corner 

formula proposed by Goldbeck unless the value of a is zero, in which case it 

is the same. 

In 1942, Spangler (Ref 114) proposed Eq 2.5 for corner stresses on the 

basis of field observations and laboratory investigations at Iowa Engineering 

Experiment Station. The analysis led to the hypothesis that the locus of 

maximum moment produced in a concrete pavement slab by a corner load follows a 

curved path which bends towards the corner as it approaches the edges. Stress 

is not uniformly distributed along this path but is less at the edges than in 

the vicinity of the bisector. It is not necessarily so but is highly probable 

that any corner break would occur near the locus of maximum stress. It should 

be noted that the corner formula and Westergaard's formula were both based on 

the assumption of stresses uniformly distributed along lines normal to the 

corner bisector. Spangler's resulting stress formula is 

a c 
3.2L 
--;- (2.5) 

The formula as reported above is actually a simplification of Kelley's 

formula (Ref 65) which yielded the stresses which were compatible with the 

results of Spangler's experimental studies. 

Picket (Ref 93) in 1951 proposed the following formulas as a result of 

his mathematical work. 

For protected corners 

a 
c 

3.36L [ ~ ] 
D2 1 - 0.925 + 0.22 a/~ (2.6) 
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For unprotected corners 

a c 
4 .2L [ 1 ,;an ] 
-;;:- - 0.925 + 0.22 a 11, 

These were proposed with considerations of lack of subgrade support 

(2.7) 

under a corner as well as non-uniform distribution of moments along the sections 

perpendicular to a corner bisector. A later study (Ref 21) has graphically 

shown this formula to give favorable resulsts when compared with the other 

empirical formulas. 

Numerical Solutions for Stresses in Plates. When the biharmonic equa­

tion 2.1 is derived in terms of bending and twisting moments, closed-form solu­

tions give the exact state of stress, but such solutions are not possible by 

traditional calculus except for some specific cases of homogeneous, isotropic 

plates with simple loadings and boundary conditions. Pavements are not elastic 

and often contain discontinuities such as joints, cracks, and partial subgrade 

supports. There are varying conditions of loads, supports, and stiffnesses. 

Approximate solutions to these involved problems are made possible by the 

''numerical'' methods developed in recent years. 

Hudson and Matlock (Ref 59) have solved the differential equation by the 

substitution of finite-difference forms for derivatives. A thin plate has 

been modeled by a system of discrete elements as described in Fig 1 and the 

components of this model are grouped for analysis into an orthogonal system of 

beam-column elements and forces. A complete state of principal stress and 

deflection is obtained by solving a large number of simultaneous algebraic 

equations. 

Further modifications to the concept were made by Stelzer and Hudson 

(Ref 120) and Pearre and Hudson (Ref 91). Kelly (Ref 64) modified the 

method to include nonlinear support characteristics. 

A second numerical method known as the finite-element method has also 

shown promise (Refs 46, 108, and 153) but has not yet been applied successfully 

to the rigid pavement problem. 

Layered System Analysis. With the successful application of numerical 

techniques and the computer, layered theory may prove useful for the analysis 

of complete state of stress and deflection in rigid pavements. In using such 
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Torsion Bar Representing 
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Fig 1. Finite-element model of a plate or slab and a typical joint i,j 
of the mode I (after Hudson and Matlock, Ref 59). 
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theory, layers of linear elastic materials of finite thicknesses and infinite 

horizontal extensions are assumed to be supported by a semi-infinite elastic 

subgrade. Stresses are obtained for axisymmetric cases and circular loads. 

This theory offers the relative advantages over the plate theory discussed 

earlier, in that 

that 

(1) complete state-of-stress beneath the top layer can also be obtained 
and 

(2) vertical stress is considered as an integral part of the system. 

The disadvantages of layered theory relative to plate theory, however, are 

(1) it cannot be applied at joints and cracks, 

(2) it assumes layers of infinite horizontal extensions and therefore 
the exact state of stress at the edges and corners of pavement slabs 
cannot be evaluated, 

(3) variable slabs cannot be handled, and 

(4) loss of support cannot be input. 

In 1885 Boussinesq (Ref 7), working on stresses in ideal masses, devel­

oped the first concepts of layered analysis and presented equations for verti­

cal and radial stresses and elastic strains in perfectly elastic and homoge­

neous mediums. Foster and Ah1vin (Ref 36) developed charts for computing 

horizontal and vertical stresses and vertical elastic strains at any point 

below the surface due to circular loaded areas. 

Burmister (Refs 9, 10, and 11) presented the first solutions for deflec­

tions directly beneath the load for one elastic layer on a semi-infinite 

elastic subgrade. This finite thickness layer was assumed to be elastic, 

weightless, horizontally infinite, and resting on a half space as used by 

Boussinesq. In addition, this top layer was assumed to be free of normal and 

shearing stresses outside the immediate load area. This analysis showed pro­

nounced effects of relative stiffnesses of layers on stresses and deflections 

in the system. 

Burmister's work was extended (Refs 45 and 92) to analyze for complete 

stresses and strains for three-layered systems. In addition, the states of 

full continuity and of zero continuity were also analyzed (Ref 45). A computer 

program is available that permits analysis of up to 15 layers. The program, 

developed by Shell Oil Company and Chevron Research Corporation, permits the 
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use of any arbitrary number of layers, zero or full continuity between layers 

and the application of multi-loads. The finite-element technique is also 

employed by Duncan et al (Ref 29) to solve probl&ms in pavement layered 

systems. Anisotropic conditions and nonlinear elastic problems can be solved 

with the technique presented. 

A comprehensive study in relation to the applicability of layered theory 

for the analysis of rigid pavements is presented by McCullough (Ref 78). The 

results of layered theory are compared with those given by Westergaard's 

equations for stresses and deflections at the interior of a pavement slab and 

with comparable field data. Wide ranges of variables are tested in these com­

parisons. The following inferences are derived: 

(1) Tensile stresses at the bottom of a concrete slab given by layered 
theory are in general agreement with tensile stresses predicted by 
Westergaard's interior formula over a wide range of parameters 
expected in practice. 

(2) Deflections predicted by the two models differ highly, especially for 
low values of subgrade modulus. In general, layered theory predicts 
two to four times more deflection than the Westergaard interior 
equation. 

(3) Strains predicted from the layered theory agree reasonably well with 
those measured on experimental projects, but predicted deflections 
are considerably higher than those measured in the field. 

(4) Assumed subgrade thicknesses of 2 to 12 feet (in place of infinite) 
resting on a stiff layer cause significant improvement in the de­
flections predicted by layered theory. Subgrade thicknesses also 
have a considerable effect on tensile stresses, but the stresses are 
not as sensitive to these thicknesses as are the deflections. 

A typical comparison of tensile stresses predicted by two theories is 

shown in Fig 2. 

Environmental Stresses 

Various environmental factors affect the mechanical state of the pavement 

and thus produce stresses. The most important environmental factor which has 

been a matter of wide interest in the past is temperature. Temperature in a 

concrete pavement constantly changes due to variations in air temperature 

which take place at a relatively rapid rate. These changes in slab temperature 

can be divided into two parts: 
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(1) the daily and seasonal variations in the average temperature of the 
slab and 

(2) daily variations between the top surface and the bottom. 

One leads to volume change stresses whereas the second produces curling and 

warping stresses in concrete pavements. 

Temperature Volume Change Stresses. Variations in the average temperature 

give rise to frictional forces between the slab and its support. Generally the 

slab tries to adjust itself to the slowly changing seasonal temperature condi­

tions, thereby avoiding excessive stress conditions; but an appreciable fall 

in mean temperature of the slab in a relatively short time, at night or in 

cold weather, gives rise to considerable tensile stresses at or near the mid­

point of the slab. Thus, the maximum contraction stress in a pavement slab is 

not necessarily dependent on the annual change in temperature. It is more 

dependent upon subgrade resistance that can be developed during a single period 

of continuously falling temperature, or at most during relatively few cycles of 

temperature changes in which the general level of the minimum temperature is 

decreasing. It has been observed that the daily change in average slab temper­

ature is generally less than the daily change in the air temperature and the 

relation between the two is influenced by the season of the year and by the 

particular climatic conditions. Also, it has been observed experimentally 

(Ref 65) that in general the maximum daily change in the average slab tempera­

ture is less during the cold months of the year than during the warm months. 

Westergaard (Ref 145) has presented a theoretical analysis of contraction 

stresses in the central area and the edge of a very large panel of a slab by 

assuming that the friction is sufficient to prevent the slab from contracting 

in either direction. Based on experimental observations, Kelley (Ref 65) 

also presented the analysis of such stresses generally known as the "sub grade 

drag theory." This analysis, in place of coefficient of expansion of concrete, 

makes use of a variable coefficient of friction developed at the bottom of the 

slab due to its contraction. The approach has been used for the design of 

reinforcement in RPSI and is described in Chapter 4. 

Temperature Curling Stresses. The daily changes in the differential in 

temperature between the two surfaces of the slab cause it to curl. Since this 

curling is prevented by the weight of the slab, considerable bending stresses 

are induced. The magnitudes of these stresses under certain conditions are 
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quite comparable to the load stresses. The significance of temperature 

differential in the slab is not only due to the stresses induced by curling 

but also to the decrease in subgrade support caused by the slab moving away 

from the subgrade. 

In 1926, Westergaard (Ref 145) presented a theoretical analysis of curling 

stresses for slabs of infinite lengths and widths and for those of finite 

widths and infinite lengths. On the basis of the concepts of Westergaard's 

analysis, Bradbury in 1938 (Ref 8) presented the general equations for temper­

ature curling stresses in the corners and interiors of pavement slabs of usual 

dimensions. The second elastic theory for the estimation of curling stresses 

was presented in 1940 by Thomlinson (Ref 130). The theory assumes a nonlinear 

temperature gradient in the slab as compared to linear distribution assumed by 

Westergaard. Thomlinson assumed that the heat supplied to the concrete slab 

is such as to produce a simple harmonic variation of temperature at the exposed 

surface. Observations by Bergstrom, Sparkes, Venkata Subramanian (Refs 4, 116, 

and 135), and others have shown that the assumption of nonlinear temperature 

gradient is experimentally true to a certain extent, expecially during hot 

clear days. 

An exact analysis of stresses in concrete pavements must add the curling 

and the frictional stresses to the load stresses. The combined stress in the 

edge loading case for daytime when the edges are curled downwards is reported 

to be the maximum (Ref 65) for a certain range of slab lengths, soil moduli, 

and slab thicknesses. 

Stresses Due to Moisture Va~iations. The moisture variations in concrete 

slabs create stresses in much the same manner as do the temperature variations. 

A moisture loss from the top surface of the slab will make the slab warp upwards 

and vice versa. A stress analysis for moisture can be obtained on the same ba­

sic lines as those of stress analysis due to temperature variations (Ref 145). 

Theories of Support Media Used in Stress Analysis 

Support below a concrete slab has usually been represented by two theories, 

a dense liquid or Winkler's model and a semi-infinite, elastic, isotropic, 

solid. 

The dense liquid approach was first introduced by Winkler (Ref 149) in 

1867. According to this approach, the foundation is represented by a bed of 

linear springs having a spring stiffness equal to k or as a dense liquid 
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having a density equal to k. Vertical reactive pressure at any point is 

therefore equal to k multiplied by the deflection. The constant has been 

widely used in the theoretical analysis dealing with plates by, among others, 

Hertz (Ref 47) and Westergaard (Ref 143) and in the numerical analysis of 

plates by Hudson and Matlock (Ref 59). The modulus has always been assumed 

to be independent of the deflections and constant at all points within the 

area of consideration. 

In the second theory, the subgrade is considered as an elastic, isotropic, 

Hookean, semi-infinite solid defined by its modulus of deformation and 

Poisson's ratio. The approach has been used in the analysis of layered systems 

as described earlier. The approach has also been widely used for the analysis 

of thin elastic plates. Hogg (Ref 49) and Holl (Ref 51) independently analyzed 

for deflections of a thin elastic plate of infinite size resting on the so­

called "infinite half space." Among those using this approach are Bergstrom, 

Biot, Picket and Ray, and Vesic (Refs 5, 6, 94, and 136). 

According to Vesic and Saxena (Ref 137) major attention in the structural 

analysis of rigid pavements should be devoted to the evaluation of models rep­

resenting supports. Predictions based on Winkler's assumption show good 

agreement with the observed responses of rigid pavements, but an elastic iso­

tropic solid model may, as shown by the existing evidence, simulate the soil 

response to loads more closely than does Winkler's model. Terzaghi (Ref 125) 

in a critical analysis of k value accepted its usefulness in giving reason­

able estimates of stresses in slabs, provided its correct value can be selected. 

On the other hand, he also accepted that this constant had little to do with 

the actual responses of soils to loads. 

Extending Biot's analysis, Vesic (Refs 136 and 138) presented an expres­

sion for selecting a value of k which can obtain good approximations of 

both bending moments and deflections of an infinite beam resting on an elastic, 

isotropic solid. For plates, "there is no single value of k that can yield 

agreement of all statical influences, such. as pressures, shearing forces, 

bending moments, and deflections, across the slab" (Ref 137). However, a 

value k , modulus of support reaction, can be computed in terms of the param-
o 

eters of elastic subgrade,solid which would give the same bending moments in 

the vicinity of the load in either analysis. The relation given is 
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2 
(1 - 1-1 ) E 

k s 
(2.8) :;:: 

2 2 0 
E (1 - I-1s ) (1 - I-1s )D 

where 

E = modulus of deformation of subgrade material, s 

E modulus of elasticity of slab material, 

I-1s 
:::: Poisson's ratio of subgrade material, 

D :::: slab thickness. 

According to the above equation, k is not a characteristic of the sub­

grade material only but is also a property of the combined slab and subgrade 

system. It is indicated that good agreement in the slab deflections can also 

be achieved by using the above value of k ,provided the subgrade is assumed 
o 

to be of finite depth. In that case, the expression suggested for sub,grade 

modulus is 

where 

k' 
o 

:::: 

1.38 E 
s when 

H the thickness of elastic isotropic subgrade. 

(2.9) 

The modulus of subgrade reaction k can be determined in the field by 

plate loading tests (a comprehensive analysis is given in Ref 82) or by 

loading the existing slabs (Refs 124 and 143). Skempton (Ref 111) has pre­

sented a procedure for determining the load-deflection curve of a plate on a 

saturated clay from the data obtained in the laboratory on compression tests 

of such soils. Lee (Ref 69) and Seed et a1 (Ref 106) have demonstrated the 

usefulness of the approach to predict the deflection of circular plates under 

static and repetitive loads. 



17 

PERFORMANCE AS A DESIGN CONCEPT 

The design methods developed on the concepts discussed above are based on 

concrete stress, a primary response of the pavement system. The thickness of 

the slab is determined by one criterion, holding the stress in the slab below 

a certain level. The cracking mechanism of distress which results from loads 

that produce overstress has been considered a catastrophic event leading to 

the failure of the structure. 

It is accepted that overstress produces a crack, which is undesirable, 

but it is not the only state that has to be determined in designing a pavement 

system. Pavement in its cracked state continues to perform its function, 

although possibly at a reduced service level. Failure is an unacceptable per­

formance condition which develops gradually over a span of life due to the 

accumulated effects of the distress manifestations rupture, distortion, and 

disintegration. These manifestations are the functions of loads, environment, 

construction, maintenance, location, and time (Ref 56). 

The three manifestations of failure given above can be weighted and 

combined through a mechanistic model into a single response called the service­

ability level of the pavement. The best effort in this direction was made at 

the AASHO Road Test, where certain pavement characteristics measured objec­

tively were related to the user's subjective evaluations of the ability of the 

highway to serve them. This present serviceability concept is perhpas the 

most significant single item developed from the Road Test. Present service­

ability index is used to represent the riding quality of a pavement and is 

defined as the ability of the pavement to serve high-speed, high-volume mixed 

truck and automobile traffic in its existing condition. 

The mechanistic model with statistically assigned weighting functions to 

certain objectively measured distress factors on portland cement concrete 

pavements is given as 

PSI 5.41 - 1.78 log (1 + SV) - 0.09 ~Ca + Pa 
(2.10) 

where 

PSI present serviceability index; 
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SV = summary statistic of wheel path roughness as measured by the 

Road Test longitudinal profilometer and mathematically 

defined as the average squared deviation of slope from its 

mean, 

C = class 2 and sealed cracks, in feet per 1000 square feet, 
a 

P patched area in square foot per 1000 square feet. 
a 

The present serviceability concept at the AASHO Road Test was developed 

and reported initially by Carey and Irick (Ref 13). A short discussion of 

pavement roughness and its measuring devices is presented in Refs 12 and 54. 

A high-speed profilometer is evaluated, and regression equations to predict 

pavement serviceability which were developed for the Texas Highway Department 

are discussed by Roberts and Hudson in Ref 98. 

AASHO Road Test Equation 

The serviceability trends of the pavement sections at the AASHO Road Test 

led to a basic assumption that serviceability loss in any trend was propor­

tional to a power function of the axle load applications. 

where 

Defined mathematically, 

P - P 1 
(2.11) 

PI = the average of all initial trend values for Road Test sections, 

p = the serviceability trend value of the section at any time, 

~ = a positive power depending on the load and design variables, 

W the number of axle load applications, 

C a constant. 

Rearrangement of Eq 2.11 gave 

Log W = (2.12) 



where 

19 

G = (2.13) 

PL = serviceability index at which a section was 'out of test' 

at the Road Test - a value of 1.5 was selected, 

p value of W when p = p , i.e., p was the experimental 
L 

life of a section. 

It may be noted that ~ determines the shape of the serviceability 

trend for a section. A value of ~ equal to 1.0 shows the serviceability loss 

to be linear as the applications increase, whereas ~ greater than 1.0 shows 

the serviceability loss to be declining along a steeper and steeper curve with 

the serviceability loss rate increasing with applications. 

where 

The values for ~ and p were determined as 

1.0 + 

p 

3.63(Ll + L
2
)s.20 

(D + 1)8.46
L2

3.s2 

Ll axle weight, in kips; 

L2 one for single axles, two for tandem axles; 

D = slab thickness. 

(2.14) 

(2.15) 

For an l8-kip single axle load which is adopted as a single parameter for 

use in the present design system, Eq 2.12 reduces to 
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where 

= 

and 

G 
log P18 + a--

18 

6 
1 + 16.196 X 10 

(DT)8.46 

.87533 (DT)7.35 

(2.16) 

(2.17) 

(2.18) 

(D + 1) is denoted as the thickness design term DT. W
18 

is the number of 

l8-kip single axle load applications. 

Modifications of AASHO Road Test Equation 

In their general form the relationships shown above have limited applica­

bility because they only relate the slab thickness, magnitude, and configura­

tion of axle load and load applications to the performance of a section. 

To develop a procedure to apply the equations to the structural design 

of rigid pavements in physical environments which generate external and inter­

nal influences appreciably differing from those which existed during the Road 

Test, it is necessary to adopt certain modifications to these equations to 

achieve a rational design procedure. 

Two modified forms of the AASHO model have been presented thus far 

(Refs 57 and 61). The first was carried out by an AASHO Subcommittee on 

Design (Ref 68), which was assigned the responsibility of developing new pave­

ment design procedures utilizing the results of the AASHO Road Test. The 

subcommittee developed the following straight line correlation: 

where 

a + bt log S fa x cs 
(2.19) 
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S fa = the ratio of flexural strength of concrete to the corner 
x cs 

stress calculated by the Spangler equation for the Road 

Test pavements, 

a a constant, 

b
t 

= the slope of the straight line defined by Eq 2.19 and is 

a function of terminal serviceability p , as 

4.22 - 0.32 p (2.20) 

Substituting Eq 2.19 into the basic AASHO equation, the following correlation 

was obtained: 

where 

and 

where 

Log W18m 

Log ~ 

= Log W18 + Log ~ (2.21) 

the modified number of 18-kip single axle applications 

that a pavement with different physical properties will 

sustain 

(2.22) 

fc J, a
1

, and t are the parameters of the pavement being 

designed, 

f allowable flexural strength of concrete, 
c 

J load transfer characteristic coefficient = 3.2 for free corners, 
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and 

where 

= .j2 a , where a 

the loaded area. 

is radius of a circle equal in area to 

Assumed value of a = 10 1 

(2.23) 

E modulus of elasticity of concrete; 

~ Poisson's ratio of concrete, assumed to be equal to 0.20; 

k modulus of subgrade reaction. 

The second attempt to modify the basic AASHO equation (Ref 57) involves 

the use of corner load stresses observed at the Road Test and their correla­

tion with the thickness design term DT . 

Corner stresses a
18 

given by 18-kip single axles in Loop 1 of the AASHO 

Road Test are related to the stresses predicted by Spang1er ' s equation, acs ' 

by the correlation 

o 301 1.01 . acs 

Also, the thickness design term was correlated to 018 by 

DT 
98.855 

.517 
a18 

substituting Eq 2.24 in 2.25, 

DT = 
183.9 

.5222 
acs 

(2.24 ) 

(2.25) 

(2.26) 
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For the purpose of inserting the flexural strength of concrete into the 

design equation, it was assumed that the term 
S 

a cs 
can be replaced by 

x 
acs T where Sx is the fixed flexural strength of Road Test pavements 

c 
(690 psi ± random variation) and f 

c is the flexural strength of any concrete 

used in design. 

where 

and 

Thus W18m in this case is given as 

Log W18m = 7.35 Log (DTm) - 0.05782 + ---G----::'6 
1 + 16.196 X 10 

(DT )8.46 

DT = m 
183.9 

(
a 690),5222 

cm f 
c 

m 

(2.27) 

(2,28) 

(2,29) 

L, J , aI' t ,and f are defined in Eqs 2.5, 2.22, and 2.23. 
c 

EXISTING CONCEPTS APPLIED TO PAVEMENT DESIGN PROCEDURES 

The design of rigid pavements has mostly been based in the past on the 

criterion of limiting stresses and therefore the empirical and semi-empirical 

formulas described above have been widely used for the design of rigid pave­

ments by predicting such stresses, Corner loads have been of primary interest 

because of the higher magnitude of stresses they produce as compared to other 

load positions. The use of standard sections of concrete pavements has also 

been adopted by various design agencies. The standard sections were evolved 

through the design of concrete thickness by empirical stress formulas and the 
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subsequent observations of the performance of such designs under actual field 

conditions. 

The design of rigid pavements has been evolved by different agencies in 

the form of simple tables of standard thicknesses, charts, curves, nomographs, 

and in one case a somewhat more refined procedure by the Fortland Cement 

Association (Ref 128). The main basis of all procedures has been the attempt 

to hold the level of stress computed by an empirical formula below a certain 

level. 

Various design criteria have been developed in the past to be used with 

empirical stress formulas. The allowable stress in concrete has always been 

specified with a large factor of safety, to take into account the stresses 

developed due to unforeseen factors not accounted for in the design. Allow­

able concrete stress has generally been specified as one-half of the concrete 

flexural strength, to account for the fatigue of concrete due to repeated 

stress applications. The factor of safety is based on the fatigue curves of 

concrete which show that a pavement can sustain unlimited load applications 

without a failure if the maximum stress produced does not exceed one-half the 

flexural strength. 

The load for which the pavement is designed has been represented by 

various criteria such as 

(1) maximum anticipated load during the life of the pavement, 

(2) predicted average value of a particular number of highest loads, 

(3) nth highest load where n is a specified number, or 

(4) a specified legal load. 

The load thus determined has mostly been increased by a ratio or safety factor 

depending upon general engineering judgment to take into account the dynamic 

nature of highway loads. 

The Portland Cement Association in 1951 (Ref 21) presented a procedure 

for designing concrete sections for highway pavements. The procedure is based 

on the empirical corner stress formula proposed by Picket (Ref 93). 

The pavement is designed for a controlling wheel load which is the average 

of the heaviest 100,000 anticipated wheel loads. The loads are increased by 

20 percent for impact, and a factor of safety of 2 is used for allowable flex­

ural strength of concrete. The effect of loads heavier than the controlling 

wheel loads is checked by the fatigue resistance consumed by heavier load 



groups. It is stated that pavements designed by this method have enough 

excess strength to offset the curling stresses also. 

The Portland Cement Association in 1966 modified the design procedure 

(Ref 128). The following are the main features of the modification: 
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(1) The stress is computed by charts developed for single and tandem axle 
loads at transverse joint edges. The charts are prepared by using 
influence charts developed by Picket and Ray (Ref 94). 

(2) Different load safety factors are proposed for various types of 
facilities to be designed. 

(3) Traffic is projected with the help of standard charts using design 
life and a yearly rate of traffic growth. 

(4) The design is based on a method which computes fatigue resistance 
used by each load group. 

(5) Increase in modulus of subgrade reaction due to subbases is con­
sidered by the use of tables which are based on Burmister's analysis 
of the two-layer systems. 

A second design procedure is based on the performance concept and is 

developed using AASHO Road Test data. The procedure is reported in the 

Interim Design Guide (Ref 61). The design equations are developed by modify­

ing the basic AASHO Road Test equations. Design can be carried out by the use 

of charts presented in the guide (the method is for the design of jointed con­

crete pavements only). Rigid pavement thickness for a design life of 20 years 

is designed by this procedure, using the following values: 

(1) equivalent daily l8-kip load applications, 

(2) working stress in concrete, 

(3) modulus of support reaction, and 

(4) final Serviceability Index value. 

By using the modified equation (given in the Interim Design Guide) in 

place of charts, two more variables can be considered in design: 

(1) modulus of elasticity of concrete, and 

(2) initial Serviceability Index value. 

Two design procedures based on two different concepts of analysis are 

described above. These are by far the best methods available for design of 

rigid highway pavements. 

Various concepts related to the analysis of rigid pavements are discussed 

in this chapter. The concepts show great promise in understanding and 
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quantifying different models of design and analysis. Layered theory and 

numerical plate solutions can achieve, for the first time, a complete analysis 

of stresses and deflections in rigid pavement structures. Theories for sup­

port media help understand the most controversial phase of rigid pavements, 

i.e., how to represent the strength of foundation materials. Theories for 

temperature stresses take into account probably the most important environ­

mental factor affecting the mechanical state in rigid pavements. The perfor­

mance concept is the latest and by far the best concept for understanding the 

progressive failure of rigid pavements. An understanding of these concepts of 

rigid pavement design and the study of referred literature will help develop 

a basic understanding and the directions for accomplishing a more rational 

procedure for the structural analysis and design of rigid pavements. Such a 

conceptual procedure of design is discussed in the next chapter. 



CHAPTER 3. SYSTEMS ANALYSIS OF RIGID PAVEMENT DESIGN 

Pavements are complex structures. This is mostly due to the variety of 

loads, materials, and environments but is also due in part to various economic 

parameters involved. To simplify the problem, eXisting design procedures 

have always been oriented towards emphasizing certain important features of 

design and neglecting others even though they may have significant effects. 

A good description of the problem, a new insight into the complexity, and an 

optimization of techniques in the face of various economic criteria may lead 

to achieving a rational pavement design procedure. This chapter is directed 

towards the application of systems engineering to this design problem. 

A system can be described as a device, procedure, or scheme which be­

haves in a describable manner to accomplish an operational process (Ref 56). 

Accordingly, pavement is defined as a system which obeys physical laws to 

transform the effects of input variables into various responses leading to 

pavement distress or success. Design of such a system needs a coordinated 

set of procedures to detail the use of money and materials in the most eco­

nomical combinations. Such a procedure of resource allocation is a system 

and should be carried out by the application of classical economic concepts. 

Systems concepts help accomplish an operational process in the most effi­

cient manner through an integrated approach rather than a piecemeal synthesis 

of important parts. The entire system is viewed as an entity and not as an 

assembly of individual parts functioning by themselves. The most successful 

system does not necessarily require the individual parts to be operating most 

efficiently at all times. An integrated approach can achieve this efficient 

system by trade-offs among the different interests of its various subsystems. 

The coordinated approach towards the solution of the overall problem, 

called systems analysis, offers several advantages: 

(1) The development of a complete problem description provides new in­
sight and perspective into the complexity of the problem, includ­
ing the feedbacks and interactions involved. 

(2) This insight, in turn, provides a structure for coordinating and 
utilizing research from many sources. 
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(3) A system description rapidly points out the areas of weakness and, 
consequently, areas of urgently needed research. 

(4) A coordinated approach to the problem helps in understanding and 
developing the functions and theories which can be used to deter­
mine optimal choices of designs in the face of various judgment 
criteria and weighting functions. 

(5) The analysis permits the use of various techniques in optimization 
and operations research to solve the problem. 

(6) In the process of developing an overall optimal solution, immediate 
benefits can be gained by use of current state-of-the-art informa­
tion in the systems framework until better techniques of analysis 
are developed. 

PHASE DEVELOPMENT OF CURRENT DESIGN PROCEDURES 

In attempting to apply the concepts to the design of rigid pavements, 

existing design procedures will be used as a first step in a systems frame­

work. These procedures in fact are the first phase of the ultimate system 

to be developed. Figure 3 is a simple systems diagram of the early rigid 

pavement design procedures. The diagram shows a constant feedback from the 

actual behavior of highway pavements to lhe formulation of design criteria 

for satisfactory designs. 

Formulation of design criteria has been refined by successive cycles 

of designing new pavements and observation of their performance. Satisfac­

tory designs have generally been repeated for construction and the designs 

which performed poorly have been discontinued. In both cases, the observa­

tions added to the design criteria existing at the time helped to modify 

them for future use. 

Early design procedures, when viewed in a systems framework, exhibit a 

number of deficiences (Ref 60): 

(1) The mechanisms of pavement failure in these procedures are poorly 
defined. The progressive and cumulative nature of pavement de­
terioration is not considered; rather, the pavement failure is 
assumed to be indicated by such primary responses of the system 
as deflections and stresses. A pavement is termed to be satisfac­
tory or unsatisfactory and the concept of the degree of dissatis­
faction is not defined. In other words, no correlation is estab­
lished between the design and performance. 

(2) Environmental effects are not quantified and are taken into account 
only in a subjective way. The design procedures are, therefore, 
not widely transferable from one geographic locality to another. 
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(3) Variations in material and construction qualities cannot be taken 
into account. 

(4) The optimization between the alternative pavement strategies is 
not possible because of the lack of data and procedures for economic 
comparison of alternatives. 

FORMULATION OF AN IDEAL DESIGN SYSTEM 

According to the system definition stated above, a comprehensive formu­

lation of the design process characterizing various technical and economic 

aspects is needed before a more realistic pavement design system can be pro­

posed for immediate use involving state-of-the-art information. Figure 4 

details an attempt to describe many factors involved in a conceptual rigid 

pavement system. 

Physically, the pavement system can be defined as an operator which when 

acted upon by the excitation functions gives system responses. The response 

is generally characterized by an immediately observed mechanical state de­

fined by stresses, strains, deflections and coefficient of friction between 

the tire and the pavement surface, and eventually by the time-dependent ac­

cumulated effects of these primary responses in the forms of rupture, dis­

tortion, disintegration, and low friction. 

System excitation variables, often termed as system inputs, have been 

the subject of a great amount of research with respect to their effect on 

the system and its responses. An example to this effect is given of various 

models developed in the past to predict the stresses and deflections due to 

loads applied on the system. System inputs and their main effects are de­

scribed in the following sections. 

SYSTEM DESCRIPTION AND INTERACTIONS 

System Inputs 

The effect of loads caused by tr~ffic is to create a certain mechanical 

state in the pavement at a certain time. The materials in the system respond 

to this mechanical state in various ways. Main load variables are 

(1) magnitudes; 

(2) distribution with respect to time as frequency, rate, and duration; 
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(3) total accumulated applications; and 

(4) distribution with respect to placement. 

An excessive magnitude of load can produce a well-known distress mode 

called rupture through overstress, whereas the repeated application of stress 

to pavement materials with nonlinear viscoelastic properties can produce sys­

tem distortion and rupture through such phenomena as fatigue (Refs 16, 66, 

74,84, and 85) and creep in concrete and other support materials. Magnitude 

of load and repeated applications also produce physical disturbances in sub­

bases and subgrades with respect to the macroscopic reorientations of the 

material structures resulting in densification, distortion, and failures. 

Environmental inputs are varied and cyclic. Among them are temperature, 

moisture, humidity, and rainfall. Temperature variations and their magnitudes, 

frequencies, and durations produce stresses in the pavement structure due to 

warping, expansion, and contraction. Moisture and humidity variations in 

concrete slabs affect stresses in much the same manner as temperature. Rain­

fall affects the ground water conditions which may produc3 such physical re­

sults as pumping and loss of sUPFort. Maintenance is also an external input 

to the system, but its intended effect, contrary to other inputs, is to in­

crease the life of thp. nystem by improving the system's responses as well as 

riding quality. 

There is frequently interaction among various inputs to the system. 

Environment, for example, may affect the volume of traffic or the amount of 

maintenance required; or the presence o£ molsture may affect the amount and 

distribution of heat in and beneath the pavement. 

The System 

The physical system is characterized by the material properties, material 

arrangements, amount of materials and the shape given to them, and the quality 

of construction. The material properties of the system as constructed, gen­

erally described by various engineering characteristics, are very important 

parameters of the system. The basic properties of materials are complex 

physical functions dependent upon numerous parameters. The significant basic 

properties, for engineering purposes, are defined as fUnctions which quantify 

material responses to one or more external inputs and are necessary to com­

pute responses of the pavement system. Materials are nonlinear viscoelastic 

in nature and their properties are never constant over time. Inputs such as 



loads and environments are the main reasons for the ever changing basic 

properties of the materials. 

The following general phenomena are important in rigid pavements with 

respect to interactions within the system: 
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(1) excessive loads change load deformation characteristics of pavement 
materials, 

(2) repeated stress applications produce fatigue and creep in paving 
materials, 

(3) densification and consolidation of support materials affect their 
characteristics, 

(4) thermal and moisture variations in concrete change its properties, 

(5) moisture variations in subgrades stimulate their swelling character­
istics, and 

(6) traffic produces surface abrasion. 

System Responses 

System responses consist of two types, primary and limiting. Primary 

response is defined by the mechanical state (stresses, strains, deflections, 

and surface characteristics) of the system, whereas limiting response is 

obtained by the progressive effects produced due to the repetitive existence 

of the state of primary response. The limiting response is the actual cri­

teria of failure of pavements. 

Limiting response interacts with inputs such as loads and maintenance. 

Roughness of a pavement at any time influences the dynamic magnitude of the 

traffic loads and the maintenance required. 

As defined by Hudson et a1 (Ref 56) the limiting response denoted as 

distress can be conceptually expressed as 

where 

s=t 
DI(~, t) = I [£(~, t), §.(~, t), Q(~, t)~, tJ 

s=o 

t = time; 

~ = position vector of a point referred to in a coordinate 

system; 

(3.1) 



34 

DI(~,t) 

£(~,t) 

~(~,t) 

Q(~,t) 

= 

= 

= 

= 

distress index, a matrix function of space and time; 

measure of fracture, a matrix function of space and 

time; 

measure of distortion, a matrix function of space and 

time; and 

measure of disintegration, a matrix function of space 

and time. 

The progressive deterioration of pavement is of great importance in its 

systematic design which takes into account its interactions with inputs and 

effects on human responses. Discomfort to the rider is a measure of pave-

ment deterioration. The vibrations of a vehicle moving on a pavement deter­

mine this discomfort and are functions of factors such as suspension character­

istics of vehicles, their speeds, and pavement roughness (Refs 40 and 60). 

The average of these human responses characterizes the serviceability 

of a pavement, i.e., the extent to which the traveling public is served. 

Serviceability-age histories of pavements are essential to evaluate the cost 

implications of the system. 

Development of mathematical theory to compute the distress index DI in 

the above equation will require a comprehensive set of models for input assess­

ment, material behavior, primary and limiting outputs, and finally the human 

responses to the motions generated. As an alternate, the best procedure 

presently available involves the Present Serviceability Index equations devel­

oped at the AASHO Road Test. These equations were developed by correlating the 

subjective ratings of pavements to their objective characteristics, thus by­

passing the formulation of models for the individual subsystems described 

above. 

Solution Generation and Evaluation 

This phase of the system process involves generation of potential alter­

native strategies and their evaluation for the selection of the best. A 

strategy is defined as a set of resource allocations necessary for a design 

to last the required life, according to the specifications laid down. Possible 

strategies are evaluated for obtaining the optimum by invoking the various 

decision criteria shown in Fig 4. Each decision criterion has to be 
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quantified and weighted to define a function which can be called a Decision 

Criteria Index. Such a function is another complex formulation in the system. 

In the past, this function has always been used in its simplest form, i.e., 

by subjective evaluation of various factors such as riding quality, safety, 

and availability of funds. 

Evaluation, Storage, and Feedback 

Evaluation and feedback are the long-range planned objectives of any 

management system. A pavement management system involving these fulfills 

the requirements of a self-sufficient system. 

The system's models, when continuously synthesized by feedback from 

various sources, improve the system and its capabilities. The feedback con­

sists of 

(1) analysis of deviations from predicted capabilities, 

(2) research investigations, and 

(3) sensitivity analysis of the existing system. 

A pavement system data bank is an important part of the feedback sub­

system. It consists of, among other things, the performance evaluations of 

the optimal strategies constructed in the past. Data from construction 

monitoring, measurement of performance over time, and the observation of 

subsequent expenditures are the important characteristics to be observed 

from the implemented strategies. 

SYSTEMS FORMULATION OF RPSl 

Comprehensive formulation of a rigid pavement design system, as dis­

cussed above, is the ultimate goal which may be achieved through stages of 

implementation and feedback as well as additional research. In the systems 

framework the development of RPS1 can be described by the following terms: 

(1) objectives, 

(2) inputs, 

(3) constraints, 

~) decision criteria, 

(5) system analysis, and 

~) output. 
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Objectives 

A large amount of research has been done in the past on various individual 

models or groups of models defining various parts of the comprehensive system 

discussed above. A large payoff can be obtained from this research while the 

ultimate design system and its models are being developed. 

Therefore, it was planned to go through the available research literature, 

analyze the significant models, and formulate the first v~rsion of the rigid 

pavement design system utilizing every model which is available in the exist­

ing state-of-the-art and which can be fitted efficiently into the system. It 

was also desired that such models which are important links in the system and 

for which the research is not available should be mathematically developed 

considering their relative importance and time available. Various mathemati­

cal models and their development are described in Chapter 4. 

The computer program is developed with the following main objectives: 

(1) to evolve an efficient solution process, 

(2) to serve as a first block in the continuing research, and 

(3) to possess an easy and generalized procedure so that future modifi­
cations can be incorporated in it with a minimum of effort. 

Inputs 

System inputs consist of about 115 parameters and are described in 

Chapter 5. These inputs are dictated by the models used in the system. 

Enough inputs are provided so that in general 

(1) all traffic loads can be accounted for effectively; 

(2) existing performance models can be evaluated with the help of the 
required material properties; 

(3) serviceability-age histories can be estimated; 

(4) different concretes, subbases, and reinforcements can be tried; 

(5) subbases can be effectively designed and evaluated; 

(6) joints in initial construction can be designed; 

(7) seal coats can be provided where required; and 

(8) sufficient maintenance can be provided. 

Constraints 

Adequate constraints must be provided in the system so that only reason­

able amounts of computation time are required for problem solving. This can 



be accomplished by limiting the number of potentially feasible designs to 

be analyzed. Three major constraints with respect to the types of designs 

are built into the system so that it is possible to constrain the system to 

design one or both types of any of the following items: 

(1) pavement types (jointed and continuous), 
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(2) overlay types (asphalt concrete and portland cement concrete), and 

(3) reinforcement types (wire mesh and deformed bars). 

Decision Criterion 

Minimum total overall cost is selected as the prime decision criterion 

for the selection of the optimal pavement strategy. Availability of initial 

funds is another decision criterion and will also act as a restraint. Safety 

will be controlled by the provision of seal coats and by specifying the mini­

mum serviceability level. Riding quality and maintainability will be con­

trolled also by the minimum specified serviceability level. 

For rational economic analysis and decision making in the case of a 

public enterprise such as a highway, it is desirable that an interest rate 

be built to properly evaluate the future investments with respect to current 

revenues. A salvage value of the pavement at the end of the analysis period 

is also used to enhance the rationalization of economic analysis. 

System Analysis 

The concepts of stage construction are used for designs which reach 

the minimum specified serviceability levels at times less than the analysis 

period. Reinforcement and joints are designed for each initial design. 

Subbase, concrete, and overlay thicknesses are computed for each strategy 

designed. 

All costs of initial and future construction are calculated. Future 

costs include those for overlays, maintenance, seal coats, and traffic de­

lays during overlay operation. Initial costs consist of sub grade preparation, 

subbase, concrete, reinforcement, and joints. 

Output 

The decision criteria included in the present system are not compre­

hensive enough to make judgments other than total overall cost. For this 

reason and others, the designer is presented with a set of alternative designs 



38 

resulting from various strategies and other pertinent information in the form 

of a summary table. The most economical design for each pavement-overlay com­

bination and a complete analysis of the number of initial designs, strategies, 

and relative constraining effects of various restraints are also printed. 

For each strategy in the output, a complete description of thicknesses, 

materials used, overlays, serviceability lives, joint and reinforcement de­

tailing, and each cost involved are printed. 



CHAPTER 4. SYSTEM MATHEMATICAL MODELS 

The working system RPSl, described in Chapter 5, is developed using 

various mathematical relationships called systems models. Some of these re­

lationahips exist in the literature and were developed as a result of observa­

tions on experimental test roads, laboratory experiments, and other theoretical 

analyses. Certain other relationships which are deemed necessary for develop­

ing a rational working system are derived theoretically by the authors. This 

chapter describes the developments, assumptions, and limitations of all the 

models used for RPSI. They are subdivided into the following major categories: 

(1) performance models, 

(2) models for traffic analysis, 

(3) subgrade affected performance models, 

(4) foundation strength models, 

(5) stochastic variations in the material properties, 

(6) models for overlay design, 

(7) models for reinforcement design, 

(8) economic models, and 

(9) miscellaneous. 

PERFORMANCE MODELS 

The performance model used in this design system originates from the data 

and results of the AASHO Road Test. The statistical models that were developed 

and the data used for their development are described in the reports of the 

AASHO Road Test (Ref 127). The subsequent modifications of these models have 

been presented in Chapter 2. A thorough understanding of the work done in 

response to the AASHO Road Test equations and their modifications, the basic 

assumptions involved, and the validity of the results produced is essential 

for using the developed models in any kind of a design. 

The two modified models (Eqs 2.21 and 2.27) discussed in Chapter 2 encom­

pass the same variables and both can be used for design with the same confidence. 
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Equation 2.27 is programmed in RPS1 because the slab continuity coefficient 

J for this equation has been reported in detail (Ref 57). Continuously rein­

forced concrete pavements can be designed using this equation but with a differ­

ent value of continuity coefficient J. The model given by Eq 2.21 can also 

be programmed easily if required. 

The design equation 2.27 has been modified for using different concretes, 

support media strengths, and different load transfer characteristics. Still, 

it relates specifically to 

(1) 

(2) 

(3) 

(4) 

the environment of the test site and the climatic cycles experienced; 

the range in pavement thicknesses, axle loads, and their specific 
times and rates of ap1ications; 

the construction techniques employed at the Road Test; and 

the assumption that E, k, a
1 

and f have the same effect on 
load applications carried as varying slabCthickness D. 

The modified equations are accepted for RPS1 as good approximations. As 

additional knowledge is obtained, the validity of these approximations will be 

questioned and improvements will be made. The use of these equations for a 

design procedure is therefore provisional in nature. 

Correction Factor for Age 

A life-term factor modifies the AASHO Road Test equations to the form they 

would have taken had the Road Test pavements (a two-year period of time) been 

subjected to traffic over a period of time equaling the life of a normal high­

way pavement under conditions of regular service, i.e., long-time traffic and 

gradual deterioration from climatic exposure. 

The establishment of such a factor was first attempted in Illinois (Refs 

17 and 18), an area where physical environment and foundation conditions were 

similar to the AASHO Road Test conditions and thus could be eliminated as 

variables. This significant effect of a longer period of service was clearly 

reflected when actual performance of selected pavements was compared with the 

performance as predicted by the AASHO Road Test equations. 

This comparison led to a factor known as the time-traffic exposure factor 

T
f 

' the ratio of the required thickness to the predicted thickness D, both 

of which are capable of carrying the same traffic loads to the same level of 

serviceability. 

The design term DT in Eqs 2.17 and 2.18 can be modified to be 
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DT (4.1) 

The value for T
f 

was established as 1.3, showing that on the average 

the performance equation predicted higher levels of performance than could 

actually be obtained on pavements in regular service. 

To account for such an effect, the AASHO Subcommittee for the development 

of the Interim Design Guide (Ref 68) recommended the use of .75f as the work-
c 

ing stress in concrete for design by Eq 2.21. This corresponds to reducing 

the logarithm of the predicted applications by a factor in the range of .924 

to .949. 

For using Eq 2.27 it was suggested in Ref 57 that the logarithm of pre­

dicted applications be multiplied by a factor of .9155. 

Though a value of .9155 is used in the present RPS1, it can easily be 

replaced by the other values for life term as discussed above if they provide 

a better estimate for this life effect. The Illinois time-traffic exposure 

factor shows promise of being a better estimate. 

MODELS FOR TRAFFIC ANALYSIS 

The AASHO Road Test equation pertained to definite identical axle loadings 

and configurations which traveled on the test sections. Pavements in actual 

service are not subjected to one type of load but to mixed traffic containing 

different axle weights and axle configurations loaded to different capacities: 

above, equal to, or below the legal limits. 

An ideal design equation can be obtained by transforming the AASHO Road 

Test equation to a mu1ti10ad form so that it includes the effects of magnitudes, 

configurations, and number of repetitions of various wheel loads as variables. 

Such an equation is described in Refs 101 and 102 and is very complicated to 

solve. 

The second approach is that of combining the effects of various axle loads 

into a single summary statistic, for example, the equivalent applications of 

an 18-kip single axle load. The AASHO Road Test single load equation can be 

used for computing equivalence factors for transforming the applications of 

various loads into the equivalent applications of 18-kip single axles. The 

equivalence factor Ei is a ratio of the 18-kip single axle applications W18 
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to the number of applications Wi of any other load producing the same amount 

of distress, i.e., that which brings the pavement to the same level of ser­

viceability index: 

(4.2) 

where Wl8 and Wi are defined by Eqs 2.16 and 2.12 respectively and i 

represents any axle load. 

where 

For RPSI total equivalent la-kip axles are determined as 

j 

I 
i=l 

W. == the 
1.C 

E. the 
1.C 

j the 

Ei w. c 1.C 

counted number of axles in the 

computed equivalency factor for 

. th 
1. 

the 

category, 

.th axle 1. 

total number of categories of axle loads. 

(4.3) 

per day, 

load, 

The average number of axles in both directions per day in each category 

is the input. A category is characterized by a load range with lower and 

upper values of L' and L' respectively. 1 2 

L' 
2 

Load L~ , used to determine Ei , is taken as the average of Ll and 

L~ == 
1. 

L' + L' 1 2 
2 

(4.4) 

Calculating IS-kip equivalent single axles per day by Eq 4.3, the total number 

for the entire analysis period WAP is given as 

== 

A 
365Wtot X Dfl X Dfd (1 + GfaX f) X Ap (4.5) 
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where 

A the length of the analysis period, 
p 

Dfd the directional distribution factor, 

Dfl the lane distribution factor, 

Gfa 
the axle growth rate, per day. 

A distribution pattern of total 18-kip axles W
AP 

, calculated above, is 

developed for use by the Texas Highway Department. The correlation is given 

below: 

where 

A 

and 

where 

W AP [ A (! ) 
2 

+ B (! ) ] 
p p 

(4.6) 

Wt the number of equivalent 18-kip axles experienced by the 

design facility up to time t , 

WAP the number of equivalent 18-kip axles which will be exper­

ienced by the facility for the entire analysis period AP. 

and B are constants: 

A X G
F A E 

A X G
F 

+ 2 
P 

(4.7) 

2 
B 

A X G
F 

+ 2 
P 

(4.8) 



44 

G
F 

the one-direction ADT growth factor per year. 

Equation 4.6 is described graphically in Fig 5. 

SUBGRADE AFFECTED PERFORMANCE MODELS 

Subgrade soils exhibit varying properties with changing physical and 

environmental conditions. One of the detrimental effects of soils on highway 

pavements is the producing of differential vertical movements which may de­

crease the serviceability index by making the pavements rougher. 

The vertical movements of soils can be determined with some degree of 

success by complex theoretical and empirical relationships, but the correlation 

of the resulting differential movements with the decrease in serviceability of 

the pavement imposes a very complex problem. The simplest way to consider such 

effects of soils is to assume a relationship for the loss of serviceability 

over time. The variables of such a relationship can then be determined by 

actual observations of pavements over different soils. 

Scrivner et al (Ref 104) have presented such a relation in the form of an 

exponential curve as shown in Fig 6. The curve starts at an initial service­

ability index value and is completely defined by the lowest serviceability 

index it will attain and the rate at which this value will be reached. 

The lowest serviceability index, denoted as P , is theoretically defined p 
as the ultimate value of serviceability index that a pavement will attain over 

infinite time when subjected to no traffic or traffic so light that its effect 

on the pavement can be neglected. The relative rate at which the service­

ability index P will approach its ultimate value is called b . 

The mathematical form of the relation is derived in terms of a service­

ability loss function and is given below: 

¢ (4.9) 

where ¢ is defined as the serviceability loss function for time t and the 

corresponding present serviceability index P, 

¢ = 
(5 _ p)0.5 _ (5 _ P )0.5 

1 
(4.10) 
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¢I is the final value of the serviceability loss function at infinite time 

when the serviceability index is P 
P 
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¢' (5 _ P )0.5 _ (5 _ P )0.5 
p 1 

(4.11) 

PI is the initial value of the serviceability index. 

Substituting the values of ¢ and ¢' in Eq 4.9, P at any time t 

can be defined as 

(4.12) 

If solved for t , the equation yields the form used in RPSl: 

Log [{ 

(5 - P )0.5 _ (5 _ P )0.5 
P 1 t 

e (5 _ P ) 0.5 - (5 _ 
p 

(4.13 ) 

The serviceability loss curve due to swelling clay is modified after an overlay 

construction (Ref 103). Assuming that the slope of the serviceability loss 

function ~ 
dt 

remains the same before and after an overlay construction and 

that the ultimate value of serviceability index 

following new value for b results: 

P remains unchanged, the 
p 

b 
c 

¢' 
¢/~ b 

P 
e 

-b t 
P P (4.14 ) 

where b is the new value for b for the present performance period, b 
c p 

is the value of b for the previous performance period, ¢' and ¢' are the 
p c 

values of total serviceability loss functions for the previous and the present 

performance periods respectively, and 

formance period. 

t is the duration of the previous per­
p 
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FOUNDATION STRENGTH MODELS 

The strength of the pavement foundation enters the design equation as a 

factor k which, as used by Spangler and originally defined by Westergaard 

(Ref 143), is a linear stiffness constant of an assumed bed of foundation 

springs. It was assumed that an appropriate value of this modulus k will 

lead to a sufficiently accurate analysis of the deflections and stresses in 

pavement slabs. 

The value of this empirical constant can generally be improved by pro­

viding an intermediate layer of material above the subgrade. This layer under 

a rigid pavement is called subbase. The improved value of k, according to 

performance models, reduces the thickness requirement of the concrete slab. 

Subbases under rigid pavements are also provided for other functions such 

as to provide a uniform and stable support for the concrete slab, to minimize 

the effects of volume changes of subgrades, and to prevent pumping. These 

improvements tend to increase the performance of concrete pavements through­

out their lifetime of service. 

The theoretical increase in the lives of pavements as calculated by the 

performance equation is analyzed in light of the economics in RPS1. The 

improvement in the value of modulus k is determined by the models developed 

using elastic layered theory. The statistical equations or models are developed 

to simulate the results given by elastic layer theory. The procedure for de­

veloping these models is presented in Appendix 6A. The models are built into 

the computer program and the program user may avoid the details of the develop­

ment or the models. 

Three prediction models are developed and used in RPS1. The following 

are the relationships along with the transformations used for the analysis. 

Subbase thickness 0-6 inches: 
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(4.15) 

Subbase thickness 6-12 inches: 

~ 578.62 + 115.16T1 + 0.59T2 + 108.03e1 + 13.3ge2 + 13.0ge3 

(4.16) 

Subbase thickness 12-18 inches: 

~ 810.62 + 115.99T1 + 200.53€1 + 23.21€2 + 18.75e3 + 116.5OM1 

(4.17) 
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Tr ans forma ti ons are defined as 

Log10E3 - 5.05 
€1 0.35 (4.18a) 

2 
- 4 (4.18b) €2 €1 

3 
- 7€ €1 1 (4.18c) €3 ::= 

6 

Ml 
E4 - 8100 

(4.18d) 1500 

3M 2 _ 35 
M2 

1 (4.18e) = 8 

5M 3 - 101M 
M3 

1 1 (4.18f) 24 

'!'1 and "2 are different for the three equations. 

For 0-6 inches: 

D - 3 
3 (4.19a) '!'1 3 

3"1 
2 

- 2 (4.19b) '1"2 = 

For 6-12 inches: 

D - 9 

"1 
3 (4.20a) = 

3 

3"1 
2 

- 2 (4.20b) "2 



For 12-18 inches: 

D -3 
15 

T1 3 

3'1"1 
2 

2 '1"2 -

D
3

, E
3

, and E4 are defined in Appendix 6A. 

For each of these equations the values of correlation coefficient 

and the standard error of residuals are given below: 

Equation, 0-6 inches 

Equation, 6-12 inches 

Equation, 12-18 inches 

Standard Error 

3.752 

3.797 

7.178 

.9998 

.9999 

.9998 
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(4.21a) 

(4.21b) 

The value of the modulus as determined above is liable to variations due 

to the instability caused by traffic and environmental factors during the 

lifetime of the pavement. Erosion, pumping, repetitive loadings, and freeze 

and thaw are detrimental parameters which result in a system's loss of integ­

rity and support media strength. 

Susceptible soils (generally fine-grained) go into suspension in the free 

water if present immediately below the pavement and are pumped out along the 

edges and jOints by repetitive deflections of the slab due to the wheel loads. 

The phenomenon is characterized as "pavement pumping" and results in void 

spaces of varying sizes along the edges and the joints. 

Models to quantify the loss of support due to the above factors and their 

effects on performance have never been attempted. For rigid pavement system, 

a model is developed for this purpose using numerical solutions for stresses 

in plates. The details of development are given in Appendix 6B. The model 

developed is given below. 

1.685 - 0.21E~ + 0.007 E:' + 0.023E~" + 0.081k~ 
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- 0.002E~' k~H - 0.0004E~k~" 

Polynomial regression transformations are 

E - 1.5 
E' f 

f 2 

E,2 _ 5 
E" f 

= 4 f 

5E,3 - 41EI 
E 111 f f 

f 12 

k' 
t 10 (Log

10
k
T 

- 2.3) 

- 21 
kif 

t 

k /3 - 37k l 

k /I' t t 
t 12 

- 0 002E Ik 1/ - O. 006E
f
'l k

t
' . f t 

(4.22) 

(4.23a) 

(4.23b) 

(4.23c) 

(4.23d) 

(4.23e) 

(4.23f) 

~, k
T

, and Ef are defined in Appendix 6B. 

Figure 7 describes the model graphically. The value kT as given on 

the abscissa, with an erodabi1ity factor E
f

, modifies to a value ~,as 

given on the ordinate. 

This is the first attempt to quantify the effects of this particular 

kind of deterioration. For simplification, slab dimensions, load intensities, 

and certain other parameters are held constant. Values given to them are 

based on engineering judgment. As additional knowledge is obtained through 
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further research, the validity of this approach will be improved and the 

models presented above will be verified or modified. 

STOCHASTIC VARIATIONS IN THE MATERIAL PROPERTIES 

In RPS1, probability is applied in computing the design values of the 

following variables: 

(l) flexural strength of concrete, 

(2) modulus of subgrade reaction, and 

(3) Texas triaxial class of the subgrade. 

It is assumed that these properties in a large population of samples, if 

plotted against percentages of occurrences, will fall along a continuous prob­

ability distribution defined by a normal curve. 

For this type of data, the probability that x will assume a value 

between x and x + dx is by dP as 

dP 1 
-~- e- (4.24) 

Ci 
J2TI 

where TI and Ci are, respectively, the universe mean and standard deviation. 

The integral of the above equation over all values of x is equal to unity. 

This integral can be solved by using an inverse error function subroutine in 

the computer. However, for RPSl the following procedure for solution is 

adopted. 

A value 

the input: 

A 

A is determined based on the confidence level V 
c 

50 - V 
c 

100 

specified in 

(4.25) 

The absolute value of A is the area under the normal curve from the 

mean value Vm to the design value Vd to be computed. The values of 

corresponding to the values of A are built in RPSl in data arrays where 

z 
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z (4.26) 

A value of z corresponding to the value of A determined above gives 

the design value of the variable as 

or 

v + Q'Z 
m 

v - Q'Z 
m 

according to whether A is 

The limits are 0 ~ z ~ 3.9 

MODELS FOR OVERLAY DESIGN 

+ve 

for 

or -ve 

0.0 s: A ~ 0.5 • 

(4.27a) 

(4.27b) 

Overlays for rehabilitation of existing highway pavements are generally 

designed by evaluating the in-place load-carrying capacities of existing 

structures. Major procedures followed to evaluate the existing pavement 

structures are 

(1) deflection measurements, 

(2) assigning strength coefficients to the various layers, 

(3) estimation or determination of properties of layer materials, and 

(4) condition surveys. 

RPS1, which formulates the alternative strategies by using the concepts 

of stage construction and relative economy, needs the prediction of would-be 

in-place evaluations of the pavement structures overlayed at any time after 

the initial construction. Different procedures available and the ones used 

for RPS1 will be discussed under two categories: 

(1) asphalt concrete overlays and 

(2) portland cement concrete overlays. 
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Asphalt Concrete Overlays 

Asphalt concrete overlays over rigid pavements may be designed by any of 

the procedures given below: 

(1) using the AASHO model for flexible pavements as reported in the 

Interim Guide (Ref 61), 

(2) using the deflection based model for flexible pavements as developed 

by Scrivner et al (Ref 104), and 

(3) using the Corps of Engineers' empirical equation for the design of 

flexible overlays over rigid pavements (Ref 32). 

The above given methods have certain drawbacks. The AASHO model requires 

the use of material coefficients for the layers. The values of these coeffi­

cients can at best be the designer's estimates in the present state of know­

ledge. The deflection based model has more applicability in that the coeffi­

cients used in the model can be quantitatively determined by Dynaflect data 

(Ref 105) on similar existing pavements. However, both the mothods are ques­

tionable extrapolations of the empirical equations derived for the design of 

flexible pavements. The Corps of Engineers' empirical formula involves the 

use of a factor related to the condition of the pavement at the time of over­

lay. This factor is again not quantified properly and its value is mainly 

based on the designer's estimate. 

In view of the difficulties encountered in the use of the above given 

models, a new model for the design of asphalt concrete overlay is developed 

using layered elastic theory. The details of the method adopted for developing 

the model are given in Appendix 6C. The details of the model and its develop­

ment are rather involved, and it is not necessary for a program user to go 

through them. Layer elastic theory was used to develop this model. 

The thickness of the composite pavement, consisting of existing concrete 

thickness D2 and the asphalt concrete overlay thickness D
l

, is theoreti­

cally replaced by a concrete thickness D, which is evaluated in analysis by 

the extended AASHO model (Ref 57) for the design of rigid pavements. The 

model is given as 

D 11.77 + O.8E£ - O.06Eq + O.93D£ + O.03Dq + O.55K£ + O.12Kq 



The transformations are 

E 
q 

D 
q 

Ki-

K 
q 

E1 - 45,000 

350,000 

== 3E 2 _ 2 
i-

Log10 kM - 2.301 

0.699 

= 3K 2 _ 2 
i-
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(4.28) 

(4.29a) 

(4.29b) 

(4.29c) 

(4.29d) 

(4.2ge) 

(4.29f) 
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T 
q 

T 
c 

5T j, 
3 

- l7T t 

6 

(4.29g) 

(4.29h) 

(4.29i) 

\t is the modified value of modulus of support reaction at the top of the 

subbase, and El is the asphalt concrete modulus value. The prediction 

equation has a correlation coefficient R2 of 0.9998. 

The performance of the equivalent thickness determined by the above model 

and analyzed by the extended rigid pavement design equation (Eq 2.27) is com­

pared with the AASHO flexible pavement design model (Ref 61) to gain confidence 

in the new concept. Compari sons ar.e shown in Fig 8. 

Portland Cement Concrete Overlays 

These overlays have not been frequently used in the past, and not much is 

reported in the literature about their design. A rational design method should 

obviously consider factors such as fatigue of concrete, volume change stresses, 

and reflection cracking. The Corps of Engineers (Refs 2 and 31) has reported 

an empirical equation for the design of such overlays, primarily for airfield 

pavements. The equation is used in RPSl and is given as 

D 1.4~ h 1.4 + h 1.4 
ytD e 0 

(4.30) 

where D is concrete thickness which can be replaced for existing concrete 

thickness h plus a concrete overlay thickness h CD is a coefficient 
e 0 

determined by the condition of the existing pavement at the time of the over-

lay. 

The value of CD generally varies between 0.35 and 1.0 for badly cracked 

slabs and slabs in excellent condition, respectively. A slight variation of 

this coefficient produces considerable differences in computed thickness D. 

For example, a difference of 0.1 in the value of CD for an 8-inch existing 
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pavement produces an average error of 0.63 inches in computed overlay thickness 

(Ref 78). The coefficient can be qualitatively associated with the amount of 

cracking observed on existing slabs, other fatigue considerations, or engineer­

ing judgment. Fig 9 graphically describes this model for two extreme values 

of CD. 

MODELS FOR REINFORCEMENT DESIGN 

Reinforcement is designed in RPS1 for controlling crack widths produced 

by tensile stresses due to volume changes in concrete slabs in horizontal 

directions. Since the magnitude of such tensile stresses is dependent upon 

the free length of the slab, different models for reinforcement design apply 

to jOinted and continuously reinforced pavements. The underlying basic theory 

for design, however, remains the same for both types. 

Total resistance to the horizontal movement of the slab on partially 

elastic support may be considered to be due to three factors: 

(1) resistance due to elastic deformation of the support, 

(2) resistance due to inelastic deformation of the support, and 

(3) resistance due to sliding friction. 

At the lowest temperature, the slab ceases to shorten, and since the 

horizontal movement ceases, the stress due to inelastic deformation and fric­

tional resistance vanishes. The volume change stresses, therefore, are most 

critical in a state of continuously decreasing temperature when all three 

stress producing factors are active. 

If the slab displacement is small only the resistance to elastic deforma­

tion can be developed, but in cases of large displacements all three resistances 

can be active. The magnitude of the coefficient of resistance at each horizon­

tal increment of slab length or width is dependent upon the horizontal dis­

placement of the increment. 

In a pavement slab the total displacement due to contraction increases 

at a nearly uniform rate from zero at the center line to the maximum at the 

end of the slab. Thus, the developed coefficient of support resistance has a 

zero value at the center of the slab, and as the distance from the center of 

the slab is gradually increased the corresponding coefficient of resistance 

also increases until a point is reached where the coefficient reaches a maxi­

mum and a constant value. 
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In the proposed models an average value of this coefficient of resistance 

applied over the entire area of the slab is used for the computation of maxi­

mum contraction stresses. The exact distribution and the procedure to calcu­

late the average value of the coefficient of resistance from its maximum value 

can be found in Ref 65. 

Longitudinal steel in jointed concrete pavements is designed by the 

following model: 

where 

A 
s 

o w Ld F c a 
24f (4.31) 

s 

A cross-sectional area of steel in square inches per foot of s 
slab width; 

o the thickness of concrete, inches; 

w = weight of concrete, pounds per cubic foot; 
c 

Ld distance between free transverse joints, feet; 

F average value of coefficient of support resistance; 
a 

f allowable unit stress in reinforcement, psi. 
s 

Since the total cost of transverse joints decreases as the required 

amount of steel increases, RPS1 optimizes the area of steel to give minimum 

total cost of joints and reinforcement. 

Longitudinal reinforcement for continuously reinforced pavements is 

designed by considering the pavement as a continuous, restrained member. The 

model used in RPS1 is taken from the final report of NCHRP Project 1-11 

(Ref 77) and is given below: 

where T s 

A s 

T 
120(1.3 - O.2Fa} fS 

s 

is the tensile strength of concrete, in psi. 

previously defined. 

(4.32) 

Other terms are as 
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Transverse reinforcement in both types of pavements is designed by the 

model given in Eq 4.31 with the value of Ld redefined to be the free width 

of the pavement. The area of steel required for tie bars across the longitu­

dinal joint is taken to be equal to the area of transverse reinforcement cal­

culated at that section. 

If the reinforcement is to hold the cracks in a tightly closed condition, 

its elongation at cracks should be limited to small amounts. The total elong­

ation of steel is dependent on the length that is free to elongate, and this 

free length is created when the bond is destroyed over a certain length of 

steel at a crack. Since the length over which the bond is destroyed remains 

unknown, it is not possible to compute accurately the total elongation corres­

ponding to a given stress. This, in turn, makes it rather impossible to 

specify an allowable steel stress that will insure the maintenance of tightly 

closed cracks. With this uncertainty in view, a safety factor is specified in 

RPS1 with respect to steel stress. The working stress is taken to be 0.75 

times the yield point strength. Minimum area of steel in continuously rein­

forced pavements is specified to be 0.4 percent because experience has shown 

that the continuity condition across transverse cracks is lost when the per­

centage of steel decreases below this value (Ref 76). 

ECONOMIC MODELS 

Systems analysis results in alternate strategies which are compared and 

optimized in RPS1 by the single decision criterion of overall costs of the 

strategies. Each strategy consists of a variety of expenses incurred at dif­

ferent tbnes during the design life. Relative comparisons, therefore, are made 

with all future costs discounted back to present value. The interest rate for 

this purpose is input by the program user. 

Future costs are discounted to the present worth by a compound interest 

model. 

cost 

For example, the present worth C 
P 

years will be incurred after 

c = 
p (1 + I ) t 

r 

t 

at interest rate I 
r 

of a future 

(4.33) 
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where 

are 

Thus 

Pavement investment can be divided into three main categories: 

(1) initial costs, 

(2) future costs, and 

(3) salvage returns. 

Total overall cost is therefore given by 

C. the cost of initial construction, 
1 

(4.34) 

C
pf 

the summation of present worth of all future costs incurred 

for a strategy, 

C the salvage return discounted to its present value, and 
sal 

C the total cost. 
t 

Initial Costs 

Initial costs consist of the expenses for initial design. These expenses 

(1) cost of subgrade preparation C sp 
(2) cost of in-place concrete C c 
(3) cost of in-place subbase C , 

s 
(4 ) cost of reinforcement C , and r 
(5) cost of joints C. . 

J 

C. C + C + C + C + C. (4.35) 
1 sp c s r J 

The cost of subgrade preparation C consists of the costs of scarifi-
sp 

cation and mechanical or chemical stabilization per square yard of subgrade 

surface. 

The in-place cost of concrete 

inputs. 

C c 
is the sum of three different cost 



C 
c 

C + C + C ce cu cs 
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(4.36) 

where 

where 

where 

C ~ the initial cost of mixing and hauling equipment as well as 
ce 

labor for pouring concrete, per square yard of the pavement; 

C the cost per square yard of concrete in the pavement; and 
cu 

C the cost of curing, finishing, and surfacing the concrete, 
cs 

per square yard of the pavement. 

In-place cost of subbase 

C 
s 

C + C se su 

C 
s 

is the sum of two different costs: 

(4.37) 

C ~ the cost of mixing, hauling, and compaction equipment as se 
well as the cost of labor, per square yard of the pavement; 

and 

C the cost per square yard of subbase in the pavement. 
su 

Cost of reinforcement C is the sum of three different costs: 
r 

C 
r 

C
rl 

Crt 

Crb 

the 

the 

the 

cost of 

cost of 

cost of 

longitudinal reinforcement, 

transverse reinforcement, and 

tie bars provided in the longi tudina 1 

(4.38) 

jOints. 

Cost of reinforcement is computed by the areas of steels designed 

for the section: 
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30.625 Ar1 X Cs1 (4.39) 

30.625 A X C t rt s (4.40) 

where and A 
rt are respectively the required areas per foot width of 

longitudinal and transverse steels, in square inches, and C
sl 

and Cst are 

respectively the costs of longitudinal and transverse steels, in dollars per 

pound. 

where 

153.13 Drb Arb Nj1 CSb 
B 

(4.41) 

Arb the area of tie bars required per foot length of the longi­

tudinal joint; 

D
rb 

the diameter of tie bars used, inches; 

Nj1 the number of longitudinal joints provided in the pavement; 

B the total width of pavement, feet; and 

Csb the cost of tie bar steel, dollar per pound. 

Cr1 ' Crt' and Crb are costs computed per square yard of the pavement. 

Steels are assumed to weigh 490 pounds per cubic feet. Lengths of tie bars 

are assumed to be 60 times the diameter of the bars provided. 

Cost of jOints C. 
J 

is the sum of two costs: 

C. 
J 

(4.42) 

where C
j1 

and C
jt 

are respectively the costs of longitudinal and transverse 

joints per square yard of pavement. 

C. (4.43) 
J 



where 

C
1f 

cost per foot of longitudinal jOint excluding the cost of 

tie bars; 

C
tf 

cost per foot of transverse jOint including dowels, sawing 

and sealing, etc.; and 

Sjt computed spacing of transverse jOints in feet. 

Future Costs 

The expenses subsequent to the initial construction are accumulated 
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throughout the analysis period. These expenses are 

Thus, 

(1) 

(2) 

(3) 

the 

C 
o 

present 

present 

present 

present 

C 
mt 

worth of the overlays C 
0 

worth of the maintenance C 
mt 

, and 

worth of the seal coats C 
sc 

value of all future costs Cpf 
is given as 

(4.44) 

C are costs computed per square yard of the pavement. 
sc 

Cost of Overlays. There are two specific aspects of overlay cost analysis: 

(1) overlay construction cost C ,and 
oc 

(2) traffic delay cost during overlay operations Cod • 

Overlay construction cost is the present worth of all future overlays. 

For asphalt concrete overlays C 
oc 

is computed as 

where 

C oc 

T 
n 

N T I n 

n=l 36(1 

C + C a ae 
t 

+ I ) n 
r 

th 
thickness, in inches, of n overlay; 

(4.45) 
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t 
n 

C 
a 

C 
ae = 

time, in years, when th 
n overlay is provided; 

cost per cubic yard of compacted asphalt concrete overlay; 

cost per square yard of equipment, labor and other charges; 

and 

N number of overlays computed for design strategy. 

Cost analysis of PCC overlays is the same as that of concrete in the 

original PCC pavement (Eq 4.36). The model is 

N 
C \ oc L 

n=l 

T 
n • C + C + C cc ce cs 

t 
(1 + I ) n 

r 

(4.46) 

where C is cost per cubic yard of PCC provided in the overlay and all other cc 
terms are as previously defined. 

Traffic delay cost during overlay construction deals with indirect costs 

which an overlay operation will incur due to the disturbances it produces in 

traffic flow. Speed fluctuations and delays caused thereby give rise to these 

costs. 

The following basic types of delays and time losses are considered during 

the overlay operations: 

(1) having to stop outside the restricted area because of congestion, 

(2) having to stop in a restricted area because of the movement of 
personnel and equipment, and 

(3) having to travel at a reduced speed in the restricted area. 

The following basic costs are calculated for traffic delay: 

(1) excess time and operating cost due to the cycles of reducing from 
a particular speed to a stop and returning to that speed, 

(2) excess time and operating (idling) cost due to being stopped, 

(3) excess time and operating cost due to a cycle of reducing from the 
approach speed to the through speed and returning to the approach 
speed, and 

(4) excess time and operating cost due to traveling a certain distance 
at a reduced speed instead of the approach speed. 

The first two kinds of costs occur 



(1) outside the restricted area due to congestion when hourly traffic 
input into the area is greater than the output from the area and 
therefore a certain amount of traffic is stopped, and 

(2) inside the restricted area when the vehicles have to be stopped 
because of the movement of overlay equipment and personnel. 
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The excess time and operating cost of slowing or stopping from different 

speeds and traveling at reduced uniform speeds and the costs of idling are 

calculated in RPSI by the tables in the form of data arrays. The tables for 

these costs are taken from Ref 104. The original sources of information are 

Refs 1, 44, 112, 123, 134, and 148. The procedure and models for traffic 

delay costs are described in Appendix 7. 

Total traffic delay cost of all overlays discounted to the present worth 

Cod per square yard of pavement is given by 

where 

N 

\' 
I 
n~ 

C 
n 

t 
(1 + I ) n 

r 

(4.47) 

N number of overlays computed for the design strategy; 

I interest rate; 
r 

t 
n 

C 
n 

= time, in years, when 
th 

n overlay is provided; 

total cost of traffic delay per square yard of pavement during 
th 

the construction of n overlay as determined in Appendix 7. 

Cost of Maintenance. NCHRP Report 42 (Ref 62) describes a comprehensive 

nationwide study undertaken to quantify maintenance requirements on interstate 

highways. Twenty-eight test sections were selected in five states: New York, 

Florida, OhiO, Texas, and California. Different maintenance cost requirements 

were compiled for a period of 12 months on these sections. A regression analy­

sis of data with respect to maintenance requirements for pavement and shoulders 

gave the following model: 

19.72 xi + 13.72 X2 - 183 (4.48) 



70 

where 

U yearly pavement and maintenance requirement units for a 
m 

centerline mile of four-lane interstate highway or its equiva-

lent in interchanges or its equivalent in multilane pavements, 

Xl age of pavement in years after initial or an overlay con-

struction up to the beginning of the year for which 

calculated, 

U is 
m 

X2 number of days in a year when the maximum daily temperature 

is below 32 0 F. 

The requirement units U 
m 

include comparable units of labor, equipment, 

and materials. The total units are divided into quantities of each component 

by the factors based on average distribution of these components. The factors 

are 

Labor 

Equipment 

Material 

Urban 
Areas 

60'1. 

19'1. 

21'1. 

Rural 
Areas 

44'/0 

21'1. 

35'1. 

The units can be interpreted directly as dollars if the following conver­

sion rates, as assumed in regression analysis, are used: 

Composite labor rate $2.20 per maintenance unit 

Composite equipment rental rate $2.72 per maintenance unit 

Material cost $1.00 per maintenance unit. 

The original report should be referred to for definitions of "Composite" 

values. The above rates are averages of the values determined for the five 

states. The values considered in the analysis for labor, equipment, and mate­

rials for the State of Texas are respectively $1.98, $2.66, and $1.00. In 

RPS1 maintenance, the model uses any values for these rates specified by the 

designer. 
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There are accuracy limitations on the model developed because of 

relatively small samples taken in five states over a single year. On the 

other hand, it should be noted that the State of Texas had six sections in an 

analysis of a total of 28 test sections. The sections in Texas were spread 

throughout the state. 

The model is reported to be best suited for large segments of the inter­

state system and should be modified for other types of highways. The predic­

tion accuracy of the model with respect to the original data is an overall 

difference of 0.85 percent. 

Assuming that each year's maintenance cost calculated by the model is 

paid at the beginning of the year, the total discounted maintenance cost for 

a strategy is given as 

J 

') 
L.J 

)
N. + L. 

+ I J J 
r 

j=l 

(4.49) 

where 

j 
'"' N. 

J L 
, 

Lk_l 
k=l 

0.0 

A - N. 
P J 

The quantities are defined as 

C n • 
;c..,J 

year number after initial or overlay construction for which 

C n • is calculated; 
!(",J 

cost of maintenance for tth year in . th f J per ormance 

period after initial or an overlay construction, per square 

yard of pavement; 
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L. 
J 

value of L~ 
J 

in .th 
J 

the lower whole number; 

performance period, rounded off to 

L~ life of the jth performance period; 
J 

j performance period number; 

J == total number of performance periods within the analysis 

period; 

Ap == analysis period; and 

I interest rate. 
r 

Cost of Seal Coats. Seal coats in RPS1 are provided for strategies where 

asphalt concrete overlays are provided. The time to the first seal coat after 

an overlay and the time between consecutive seal coats within the same perform­

ance period are specified by the designer along with the cost of one seal 

coat per lane mile. 

If J
k 

number of seal coats are provided in the kth performance period 

and if the cost per square yard of one seal coat is given by 

ent worth of all seal coats provided on a strategy will be 

C ,the pres-one 

where 

K 
J k C 

C I I one (4.50) 
sc t. 

k==2 j=l (1 + I ) Jk 
r 

K total number of performance periods for a strategy, with the 

last performance period ending with the end of the analysis 

period, and 

time when the particular seal coat is provided after the 

initial construction. 

The number of seal coats and their schedules in a performance period are 

calculated by simple additions. 
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Salvage Returns 

The salvage returns of a pavement are the values of usable materials at 

the time when pavement is abandoned. Since the utility of pavement materials 

when abandoned cannot be generalized and depends upon circumstances at that 

time, a salvage percentage is built into the program, to be specified by the 

user. 

The salvage percent P is defined as the returns in percent of the 
sv 

cost of initial and overlay materials provided in the pavement. 

where 

The present worth of salvage returns as calculated in RPSl is 

C 
sal 

P 
C) sv 

• oy 3600(1 + I )Ap 
r 

T thickness of concrete, inches; 
cc 

C cost of concrete per cubic yard in the pavement; 
cy 

(4.51) 

T total thickness of all overlays during the life of the 
ov 

pavement, inches; 

C cost of overlay material per cubic yard in the pavement; and 
oy 

A analysis period, years. 
p 

MISCELLANEOUS 

Certain models used in RPSl do not fall in any of the categories 

described previously. They are given here. 

Simultaneous Solution of Equations 

Finding the life of a pavement structure requires the simultaneous solu­

tion of the three equations described earlier. They are the performance equa­

tion (Eq 2.27), the traffic equation (Eq 4.6), and the swelling clay equation 

(Eq 4.13). The three equations can be written as shown below. 
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Performance equation: 

W = f (PI' p, D, k, E, fc' J) (4.52a) 

Traffic equation: 

W (4.52b) 

Swelling clay equation: 

t (4.52c) 

Most of the variables in these equations are known. Equations written in 

their simplest forms using only the unknown variables are 

W f (p) (4.53a) 

W f (t) (4.53b) 

t f (P) (4.53c) 

Several attempts were made to combine these equations and to solve them 

simultaneously for the value of t The simplest method would have been to 

combine them mathematically so that they could be solved directly for the 

value of t As the derivation of such a model is very complex, a decision 

was made to solve these equations by an iterative procedure resulting in a 

value of t acceptable within an allowable tolerance. The procedure when 

adapted on the computer showed acceptable efficiency. 

According to the basic AASHO equation, the rate of change of serviceability 

index increases with the number of load applications (or time). Physically it 

means that pavement deterioration at any time is a function of present service­

ability index of the pavement at that time. Expressing this mathematically 

= f (loss of serviceability caused by traffic) 
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A generalized form of this observation is applied to the cases where swelling 

clays are also active. It is assumed that the rate of deterioration caused by 

traffic is a function of present serviceability produced as a result of both 

previous traffic and the swelling clay. 

f (loss of serviceability caused by traffic plus swelling 

clay) 

This approach is used in the RPS1 solution process by using small incre­

ments of serviceability index. A brief description of the method is discussed 

below in reference to Fig 10 which explains graphically the solution process. 

A small decrement dP in P is substituted in the swelling clay equa-

tion and the corresponding increment in t is calculated as 6t. For very 

small values of swelling clay parameter this process is reversed. A small 

increment At in t is substituted in the swelling clay equation and the 

corresponding decrement in P is calculated as dP. 

Increment At is substituted in the traffic equation to give an increment 

AW in the traffic. The value of dP when subtracted from the value of the 

initial serviceability index P
1 

gives a new value Pm' which when used in 

the performance equation along with AW gives a value of p. The value 

(P - p) is the serviceability loss due to the incremental traffic 6W. The 
m 

process is repeated until p approaches the value of terminal serviceability 

P2 within a specified tolerance. The final value of t gives the desired 

life. 

It is obvious from Fig 10 that serviceability loss due to swelling clay 

is considered continuous whereas the loss due to traffic is calculated in dis­

crete steps along the performance curve. For each step, serviceability loss 

due to traffic is dependent upon the serviceability index at the beginning of 

the step. Contrary to this, the loss in serviceability due to swelling clay 

is independent and continuous. Physically it will mean that serviceability 

loss due to traffic is dependent upon swelling clay deterioration, but the loss 

in serviceability due to swelling clay is continuous and is not affected by 

load repetitions. The finer the value of decrement dP, the better the 

answers will be. An exact solution will be obtained when dP tends to zero. 
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Models for Correlation of Material Properties 

Certain relationships correlating material properties are used in RPS1 

and are described below. 
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An empirical relationship is developed correlating the experimental data 

(Refs 61 and 77) available for Texas Triaxial Class TTC of a material and 

its resilient modulus value ~ 

The relationship is 

4.906 - 0.107 T 1.5 
TC 

Since elastic layered theory is used to develop the model for improved 

modulus of support, the same loading is used to generate data to determine k 

values corresponding to various ~ values. The relation developed is 

23.925k (4.55) 

where 

k modulus of subgrade reaction. 
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CHAPTER 5. THE WORKING SYSTEMS MODEL 

The rigid pavement system generates alternate solutions for the design 

with the help of a working systems model in the form of a computer program. 

The explicit mathematical models described in Chapter 4 are solved by this 

computer program. The computer program has been named Rigid Pavement System 

One, RPS1. A number has been added to the system ID to signify the stage of 

improvement. The number 1 designates this as the first working system for 

the design of rigid pavements. Subsequently, improved versions will be called 

RPS2, RPS3, and so on. 

SYSTEM INPUTS 

The design involves the use of a large number of input variables pro­

ducing a large variety of pavement design options in a systematic manner. 

The exact number of pieces of information to be input depends upon the indi­

vidual problem and can be determined from Table 1. 

This relatively large set of inputs is subdivided into the following 

groupings: 

(1) system controls; 

(2) system constraints; 

(3) performance variables; 

(4) traffic volume, growth, and distribution variables; 

(5) traffic delay variables; 

(6) material properties; 

(7) stochastic parameters; 

(8) cost variables; 

(9) environmental factors; 

(10) dimensional inputs; and 

(11) miscellaneous parameters. 

A brief discussion of these groupings, the variables in each group, and 

their functions are described below. 
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TABLE 1. NUMBER OF INPUTS FOR PROGRAM RPS1 

Type of Input 

(1) Program controls 

(2) Traffic volume 

(3) Traffic growth and distribution 

(4) Designer's restraints 

(5) Performance variables 

(6) Traffic delay variables 

(7) Concrete 

(8) Concrete dimensions 

(9) Subgrade 

(10) Subbase 

(11) Bar stree1 longitudinal 

(12) Bar steel transverse 

(13) Wire mesh 

(14) Tie bar steel 

(15) Steel sizes 

(16) Overlays 

(17) Seal coats 

(18) Joints 

(19) Maintenance, dimensions, and miscellaneous 

Definitions 

NL - number of load groups, 
NC - number of concretes, 
NSB - number of subbases, 
NLB - number of longitudinal bar steels, 
NTB - number of transverse bar steels, 
NWM - number of wire mesh s tee 1s, 
NTB - number of tie bar steels, 
NB - number of deformed bar numbers, 
NW - number of wire mesh sizes, 
NT - number of tie bar numbers. 

The program uses 114 different types of numerical inputs. 

Number of Inputs 

5 

1 + NL X 4 

5 

9 

5 

16 

1 + NC 

3 

6 

1 + NSB 

NLB 

NTB 

NWM 

NTB 

NB + 2 X 

6 

3 

5 

8 

X 

X 

X 

X 

xll 

X 9 

3 

3 

3 

3 

NW + NT 



System Controls 

The operation of the computer program is controlled by these optional 

parameters. To create maximum flexibility in design, three main options, 

giving rise to eight different types of designs, are built into the computer 

program. The options are for 
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(1) pavement type: jointed concrete pavements or continuously reinforced 
concrete pavements; 

(2) overlay type: asphalt concrete overlays or portland cement concrete 
overlays; and 

(3) reinforcement type: wire mesh reinforcement or deformed bar rein­
forcement. 

Table 2 describes these different types of designs. 

The user can specify both types of pavements and/or overlays and/or 

reinforcements to be analyzed. 

able: 

The output for RPSI can be varied also. The following options are avail-

(1) the number of alternate strategies desired and 

(2) the long or the short form of output. 

Designs are printed in a summary table where the optimal design appears 

first, and the others are presented in the order of increasing total overall 

cost. 

The long and the short forms of the output determine respectively whether 

or not to print out reinforcement size and layout and the seal coat schedule 

for each strategy printed in the summary table. 

It may be noted that program controls largely determine the operation and 

output of the system, and thus, with their proper use, computation time can be 

largely decreased. 

System Constraints 

As the name implies, this set of variables enforces different restraints 

on the working system. A set of specified constraints generates the overall 

number of possible designs, which are then analyzed and checked against a num­

ber of other constraints located at various places in the system. The designs 

are rejected or accepted at these checks. A strategy which fulfills all the 

requirements of these restraints is a feasible strategy and is considered for 

the optimization process. 
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TABLE 2. TYPES OF DESIGN STRATEGIES WHICH CAN BE ANALYZED BY RPSI 

Design type 

Pavement type 

Overlay type 

Reinforcement type 

1 2 3 

JCP JCP JCP 

AC AC PCC 

WM DB WM 

JCP - jointed concrete pavements, 

4 5 

JCP CRCP 

PCC AC 

DB WM 

CRCP - continuously reinforced concrete pavements, 

AC - asphalt concrete, 

PCC - portland cement concrete 

WM - wire meshes, 

DB - deformed bars. 

6 

CRCP 

AC 

DB 

7 

CRCP 

PCC 

WM 

8 

CRCP 

PCC 

DB 



System constraints are different from the system controls in the sense 

that the latter control the types of solutions to be generated whereas the 

former formulate or reject the individual designs within those types. 
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Generally system constraints are the designer's decisions to generate a 

reasonable number of solutions, but at certain times they can be the actual 

physical limitations advocated by the special conditions of design and con­

struction. The constraints decide the number of feasible designs considered 

for a particular problem and therefore may at times be very restrictive and 

reject some designs which are otherwise more economical. On the other hand, 

opening these restrictions beyond certain values may result in bringing a num­

ber of unnecessary designs under consideration and thereby increasing the com­

putation time. For certain cases these constraints may increase the computa­

tion time considerably, and the solution process may itself become uneconomical. 

Therefore an efficient use of these variables should be made. These con-

straints are of two major types. 

Constraints which limit the number of designs to be generated are 

(1) minimum allowable concrete thickness; 

(2) maximum allowable concrete thickness; 

(3) increment at which concrete can practically be poured or the incre-
ment at which the solutions should be tried, whichever is greater; 

(4) minimum allowable compacted thickness of each subbase; 

(5) maximum allowable compacted thickness of each subbase; 

(6) practical increment at which the subbase can be constructed or at 
which the solutions should be tried, whichever is greater, for each 
subbase; 

(7) minimum asphalt concrete and/or portland cement concrete overlay 
thickness at one time; 

(8) maximum total asphalt concrete and/or portland cement concrete 
overlay thickness; and 

(9) wire mesh and/or deformed bar sizes to be tried for reinforcement. 

Constraints which reject the generated designs or which partially abandon 

the process of generating designs of a certain kind are 

(1) maximum funds available for initial construction, 

(2) maximum total allowable thickness of initial construction, 

(3) minimum time allowed for the first overlay, 

(4) minimum time allowed between two consecutive overlays, and 

(5) length of the analysis period. 
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Performance Variables 

These variables are used in the system performance models to determine the 

life of an initial design or the overlayed structure when its serviceability 

index is allowed to drop from its initial value to a certain level specified 

as the minimum allowable for the facility under consideration. The performance 

model was developed by the statistical analysis of the serviceability trend 

values observed on the AASHO Road Test sections and therefore is supposed to 

be defined on the basis of the same distress responses as used at the Road 

Test or any other correlation thereof. 

The following performance variables are used in RPS1: 

(1) anticipated initial serviceability index of new pavement, 

(2) minimum serviceability index to be maintained at all times for the 
facility, 

(3) serviceability index which can be obtained after an overlay con­
struction, and 

(4) a theoretically assumed minimum value of the serviceability index 
which a pavement with no traffic will attain over an infinite period 
of time due to the effects of the swelling type of foundation soils. 

Traffic Volume, Growth, and Distribution Variables 

These inputs are used to specify the loads the pavement will have to 

carry during its analysis period. They are divided in two main groups: 

(1) initial traffic volume and 

(2) traffic growth and distribution. 

Initial Traffic Volume. This includes 

(1) number of axle load ranges which will sufficiently divide the axle 
weights into a reasonable number of groups, 

(2) lower and upper value of each load range, 

(3) type of axle, 

(4) frequency of axles per day in both directions, and 

(5) initial expected average daily traffic in one direction. 

Traffic Growth and Distribution. These data determine the distribution 

of the above given traffic volume data over space and the projection in time 

during the analysis period. These growth and distribution variables of traf­

fic are generally very complex and difficult to define and evaluate in a 

simple way. This design system contains simple versions of these growth 
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factors which can easily be defined and quantified with the present state of 

available data and knowledge. These variables are 

(1) percent per year of linear growth of the number of axles in each 
load range, 

(2) percent per year of linear growth of the average daily tra ffic, 

(3) percent of directional distribution of traffic, and 

(4 ) percent of one-directional distribution of traffic for the design 
lane. 

Traffic Delay Inputs 

This set of variables is used to analyze the indirect economic costs of 

overlay construction incurred due to the inconvenience to traffic users. The 

present design system considers such inconvenience by mathematically calculat­

ing the costs of traffic delays and operating time losses. 

Variables used to determine traffic delay costs are given in the following 

subgroups. 

Speed Profile Variables. These variables indicate the anticipated changes 

in the speeds of vehicles at the time of overlay construction. They are 

(1) approach speed of the vehicles from both directions to the overlay 
area, 

(2) average through-speed of the traffic in the overlay direction, and 

(3) average through- speed of the traffic in the nonoverlay direction. 

Time Related Variables. These variables describe the time losses during 

traffic delay. They are 

(1) average delay per vehicle moving in the overlay direction when it is 
stopped in the restricted zone by the construction equipment and/or 
personnel and 

(2) average delay per vehicle moving in the nonoverlay direction when it 
is stopped in the restricted zone by the construction equipment 
and/or personnel. 

Overlay Site Description Variables. These variables describe the overlay 

site and the distances over which the traffic will be affected. These vari­

ables are 

(1) the model number describing the handling of traffic during the 
overlay operation, 

(2) distance in the overlay direction over which the traffic is slowed, 
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(3) distance in the nonover1ay direction over which the traffic is 
slowed, 

(4) distance of the alternate route if the traffic in the overlay direc­
tion is diverted, 

(5) number of open lanes in the overlay direction in the restricted zone, 

(6) number of open lanes in the nonover1ay direction in the restricted 
zone, and 

(7) location of the facility, in a rural or urban area. 

Traffic Variables. These describe the amount of original and affected 

traffic volumes during the overlay operation. They are 

(1) percent of vehicles stopped by road equipment and personnel in the 
overlay direction, 

(2) percent of vehicles stopped by road equipment and personnel in the 
nonover1ay direction, and 

(3) percent of average daily traffic arriving during each hour of over­
lay construction. 

Construction Time Variables. These variables determine the total number 

of hours that it will take to construct an overlay of a particular thickness. 

They are as follows: 

(1) cubic feet per hour of asphalt concrete production, 

(2) cubic feet per hour of cement concrete production, and 

(3) number of hours per day that the overlay construction takes place. 

Material Properties 

These variables are required by various models of the system for analyzing 

the pavement structures. These are generally the engineering characteristics 

of the materials and can be determined in the laboratory or in the field with 

the exception of some which are theoretically defined. These properties are 

given below. 

Subgrade. It is represented by the following properties: 

(1) mean value of modulus of subgrade reaction or the mean Texas Triaxial 
Class of subgrade material, 

(2) erodabi1ity factor for subgrade, 

(3) swelling clay parameter, which is a mathematically described property 
of the subgrade representing the rate of loss of pavement service­
ability of the system due to the swelling nature of the subgrade, and 

(4) coefficient of friction between the subgrade and the concrete slab. 
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Subbase. Subbase is the layer of material which is used above the 

subgrade to improve its load supporting capacity. In the present procedure 

the improvement achieved by using a particular subbase is considered by com­

puting the increased value of modulus of support reaction. The following 

properties of each of the subbase materials are input: 

(1) resilient modulus or Texas Triaxial Class of subbase material, 

(2) erodabi1ity factor for the subbase, and 

(3) coefficient of friction between the subbase and the concrete slab. 

The coefficient of friction is used to determine the temperature stresses 

produced in concrete due to the shrinkage or expansion of the concrete slab. 

Concrete. In addition to the supporting strength of the foundation below 

the slab, the properties of the concrete are vital factors for the performance 

of a design. They are used in the performance models of the system to deter­

mine the life of a design as well as the amount of steel to be used in the 

design. The parameters to be input in the present system are 

(1) mean value of the flexural strength of concrete, the position of the 
testing loads, and the age of the concrete samples when tested in 
days; 

(2) modulus of elasticity of concrete at 28 days; 

(3) weight of cmlcrete; and 

(4) tensile strength of concrete. 

Reinforcement. This is generally used in concrete slabs to minimize 

temperature cracking.. The steel property used for this purpose is the tensile 

yield pOint strength of steel. 

Overlays. Overlays are provided on designs where the original slab does 

not last the required analysis period. Various models and techniques are 

built into this working system for the design and analysis of the composite 

structures resulting from the overlay thicknesses of different materials. For 

rigid overlays the same properties of concrete are used for overlays as for 

the concrete used in the initial design. In addition, the program requires 

the input of a theoretical concrete coefficient determining the load-carrying 

capacity of the existing slab as compared to a new slab. For asphalt concrete 

overlays the mOdulus of elasticity of asphalt concrete is the required input 

for the design. 
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Stochastic Parameters 

For the nonhomogeneous materials used in pavements, the material properties 

change from point to point and are functions of time and environment. To take 

such variations into account, the dispersion data of the laboratory tests con­

ducted to determine these properties can be utilized. Assuming the dispersion 

data for a material property to fall along a normal distribution curve, a 

design value can be found by specifying a certain level of confidence desired 

for design with respect to that particular material property. The present 

design system utilizes this concept for two important variables of design and 

requires the following inputs: 

(1) standard deviation for the flexural strength of concrete, 

(2) confidence level desired with respect to the flexural strength of 
concrete, 

(3) standard deviation for the modulus of subgrade reaction or Texas 
Triaxial Class of subgrade, and 

(4) confidence level desired with respect to the modulus of subgrade 
reaction or Texas Triaxial Class of subgrade. 

Cost Inputs 

The criterion of total overall cost is used for this working system to 

indicate the preference of any design over the other. The overall cost is 

calculated by considering the cost of materials, construction, maintenance, 

and other operations. A number of cost inputs are therefore required by the 

computer program for its evaluation of different strategies. These cost 

inputs are 

(1) cost per lane-mile of subgrade preparation, 

(2) initial cost per lane-mile of construction equipment for each subbase, 

(3) in-place cost per compacted cubic yard of each subbase, 

(4) initial cost per lane-mile of construction equipment for each type 
of concrete, 

(5) unit cost per cubic yard for each concrete, 

(6) cost per lane-mile of surfacing (curing and finishing) each concrete, 

(7) cost per pound of each type of reinforcement, 

(8) initial cost per lane-mile of construction equipment for asphalt 
concrete overlays, 

(9) in-place cost per cubic yard of compacted asphalt concrete, 



(10) present worth of any additional cost per square yard incurred for 
any special treatment of old pavement before an overlay construc­
tion, 
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(11) cost per lane-mile of providing a seal coat. The seal coats are 
used for pavement strategies provided with asphalt concrete over­
lays. The total cost of seal coats is determined with the help of 
the following schedule which is to be input: 

(a) minimum time to the first seal coat after an asphalt concrete 
overlay and 

(b) minimum time allowed between two consecutive seal coats, 

(12) cost per foot of transverse joint, 

(13) cost per foot of longitudinal joint, 

(14) composite labor wage per unit of maintenance, 

(15) composite equipment rental rate per unit of maintenance, 

(16) cost of materials per unit of maintenance, 

(17) salvage percent of structural value at the end of the analysis 
period, and 

(18) percent interest rate or time value of money. 

Environmental Factors 

The only environmental effect built into the system at present is needed 

to compute the maintenance requirements of various designs and is an index of 

the number of days with freezing temperature per year. 

Dimensional Inputs 

These inputs determine the dimensions of the facility to be provided. 

They are 

(1) number of total lanes to be provided in both directions, 

(2) width of each lane, 

(3) number of transverse construction or warping joints (if any) to be 
provided for continuously reinforced concrete pavements, and 

(4) range of spacing (lower and upper values) specified for transverse 
joints in jointed concrete pavements. 

Miscellaneous Parameters 

Certain inputs do not fall in any of the above categories. They are 

provided to aid in other inputs and the computer output. They are 

(1) number of concretes, 

(2) number of subbases, 
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(3) description of subbases, and 

(4) identifications for all reinforcements. 

INPUT SUMMARY 

For the sake of quick reference, all the inputs discussed earlier are 

presented in Table 3. The subdivisions of variables for this table are 

different from those described above and are the ones used in the computer 

program, for the sake of the convenience of data input. The names assigned 

to the variables in the computer program are also given. 

GENERAL DESCRIPTION OF RPSI 

The computer program RPSI is written to solve various performance and 

cost models, giving arrays of designs and pertinent information. These stra­

tegies are stored and scanned for optimization by a technique utilizing mini-
, 

mum storage requirement and computational time. A general procedure of analy-

sis is described in this section. A thorough understanding of the program 

can be achieved by going through, in addition to this section, various mathe­

matical models used, the general flow diagram, and the listing of the computer 

program. Appendices 1 through 5, respectively, describe the operating manual, 

general flow diagram, listing of computer program, sample input, and the 

output for the example problem. 

A summary flow chart for the program is shown in Fig 11. The program 

begins by reading all input data. A number of checks have been included for 

wrong data input and invalid parameters. A relevant error message is printed 

in such cases and the program is terminated. All data, if successfully read, 

are echo printed. 

Based upon data input the design values of certain variables are found 

using probability. The subsequent design process can broadly be divided into 

the following major parts: 

(1) generating possible initial designs, 

(2) selecting feasible initial designs, 

(3) developing overlay strategies, 

(4) storing, optimization, and scanning, and 

(5) output. 

Each major part is discussed separately in the following sections. 
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TABLE 3. PROGRAM INPUTS, RPSI 

(1) Program controls 

(a) Control switch deciding the type or types of pavements to be designed, 
NCSI 

(b) Control switch deciding the type or types of overlays to be designed, 
NCS2 

(c) Control switch deciding the type or types of reinforcements to be 
designed, NCS3 

(d) Control switch to decide whether to print the long or the short 
form of output, PSNI 

(e) Control switch to specify the number of designs for the output in 
the summary table, PSN4. 

(2) Traffic volume 

(a) Number of axle load ranges, NL 
(b) Lower value of load range, Ll 
(c) Upper value of load range, L2 
(d) Type of axle, NCODE 
(e) Number of axles per day in both directions for each load range, NA 

(3) Traffic growth and distribution 

(a) Axle growth factor, AGF 
(b) ADT growth rate, ADTGR 
(c) Directional distribution factor, DDF 
(d) Lane distribution factor, DFL 
(e) Initial one direction ADT expected, ADT 

(4) Program restraints 

(a) Maximum funds available for initial construction, CMAX 
(b) Maximum total thickness of initial construction, TMAX 
(c) Minimum time to the first overlay, OFMIN 
(d) Minimum time between overlays, BOMIN 
(e) Maximum accumulated thickness of all AC overlays, OMAXA 
(f) Minimum thickness of a single AC overlay, OMINA 
(g) Maximum accumulated thickness of all CC overlays, OMAXC 
(h) Minimum thickness of a single CC overlay, OMINC 
(i) Length of the analysis period, AP 

(5) Performance variables 

(a) Initial serviceability index, PI 
(b) Terminal serviceability index, P2 
(c) Serviceability index after an overlay, POV 
(d) Minimum serviceability index which will be reached due to swelling 

clay alone, P2P 
(e) Swelling clay exponent, BONE 

(Continued) 



92 

TABLE 3. (Continued) 

(6) Traffic delay variables 

(a) Distance over which traffic is allowed 
(1) in overlay direction, DTSO 
(2) in nonover1ay direction, DTSN 

(b) Detour distance of the alternate route, if adopted, DDOZ 
(c) Percent of ADT arriving during each hour of overlay construction, 

PAPH 
(d) Number of hours per day that the overlay construction takes place, 

HPDC 
(e) Number of open lanes in the restricted zone 

(1) in overlay direction, NOLO 
(2) in nonover1ay direction, NOLN 

(f) Project location, rural or urban, ITYPE 
(g) Percent of vehicles stopped by road equipment and personnel 

(1) in overlay direction, PVSO 
(2) in nonover1ay direction, PVSN 

(h) Average delay per vehicle stopped in the restricted zone 
(1) in overlay direction, DEQO 
(2) in nonover1ay direction, DEQN 

(i) Average approach speed of vehicles, AAS 
(j) Average speed through restricted zone 

(1) in overlay direction, ASOD 
(2) in nonover1ay direction, ASND 

(k) Model describing the traffic situation, MODEL 

(7) Materials, concretes 

(a) Number of concrete types, NC 
(b) Number of days at which concrete strength was measured, ND 
(c) Position of loads for flexural strength test, center or third 

point, NP 
(d) Mean value of concrete flexural strength, SX 
(e) Concrete flexural strength standard deviation, SXSD 
(f) Confidence level desired with respect to concrete flexural 

strength, SXCL 

(g) Weight of concrete, WC 
(h) Modulus of elasticity of concrete, E 
(i) Tensile strength of concrete, TS 
(j) Initial cost of construction equipment, CIC 
(k) Unit cost per cubic yard of concrete, CPCYC 
(1) Cost of surfacing concrete, CSC 

(8) Concrete dimensions 

(a) Minimum allowable concrete thickness, TCMIN 
(b) Maximum allowable concrete thickness, TCMAX 
(c) Practical increment at which concrete can be poured or the solutions 

to be tried, CINC 

(9) Subgrade properties 

(a) Sub grade k, mean value, SGK 
(b) Subgrade k, standard deviation, SGKSD 

(Continued) 



TABLE 3. (Continued) 

(c) Subgrade k, confidence level, SGKCL 
(d) Texas Triaxial Class, mean value, TTC 
(e) Texas Triaxial Class, standard deviation, TTCSD 
(f) Texas Triaxial Class, confidence level, TTCCL 
(g) Friction factor for subgrade, FFSG 
(h) Erodability factor for subgrade, EFSG 
(i) Cost of subgrade preparation, CPLMSG 

(10) Materials, subbases 

(a) Number of subbase types, NSB 
(b) Description of subbase, NAME 
(c) Erodability factor for the subbase, EF 
(d) Friction factor for subbase, FFSB 
(e) Texas Triaxial Class for subbase, TTCS 
(f) Subbase material modulus value, ES 
(g) Initial cost of construction equipment, CIS 
(h) Cost per cubic yard of compacted subbase, CPCYS 
(i) Minimum allowable subbase thickness, TSMIN 
(j) Maximum allowable subbase thickness, TSMAX 
(k) Practical increment at which subbase can be poured, SINC 

(11) Materials, reinforcements 

(a) Longitudinal and transverse 
(1) bar steel identification number, NAMEBS 
(2) tensile yield point strength of bar steel, TYSBS 
(3) cost per pound of bar steel, CPPBS 

(b) Wire mesh steel 
(1) wire mesh steel identification number, NAMEWS 
(2) tensile yield point strength of wire mesh steel, TYSWS 
(3) cost per pound of wire mesh steel, CPPWS 

(c) Tie bar steel 
(1) tie bar steel identification number, NAMETS 
(2) tensile yield point strength of tie bar steel, TYSTS 
(3) cost per pound of tie bar steel, CPPTS 

(d) Steel sizes 
(1) bar numbers to be tried, BARN 
(2) mesh spacings to be tried, 

(a) longitudinal, SL 
(b) transverse, ST 

(3) tie bar numbers to be tried, TBARN 

(12) Materials, overlays 

(a) Initial cost of construction equipment for AC overlays, CIOV 
(b) Cost per cubic yard of asphalt concrete, CPCYAC 
(c) Asphalt concrete modulus value, ACE 
(d) Asphalt concrete production rate, ACPR 
(e) Concrete production rate, CPR 
(f) Concrete coefficient, COEF 
(g) Any additional cost per square yard, present value, CPSYR 
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TABLE 3. (Continued) 

(13) Seal coats 

(a) Time to first seal coat after an AC overlay, TFS 
(b) Time between seal coats, TBS 
(c) Cost per lane-mile of a seal coat, CPLMS 

(14) Joints 

(a) Cost per foot of transverse joint, CPFTJ 
(b) Cost per foot of longitudinal joint, CPFLJ 
(c) Transverse joint spacing 

(1) lower value, SLY 
(2) upper value, SUV 

(d) Number of transverse joints, if any, provided for CRC pavements, 
N~ 

(15) Maintenance, Dimensions, and Miscellaneous 

(a) Days of freezing temperature per year, DFTY 
(b) Composite labor wage for maintenance, CLW 
(c) Composite equipment rental rate for maintenance, CERR 
(d) Cost of materials for maintenance, CMAT 
(e) Interest rate or time value of money, RINT 
(f) Salvage percent of structural value at the end of analysis period, 

PSVGE 
(g) Width of each lane, WL 
(h) Total number of lanes in both directions, NLT 
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Generating Possible Initial Designs 

The thicknesses of concrete and subbases, starting with their minimum 

values and incrementing up to the maximum, produce a number of combinations of 

initial designs. These initial designs, when considered with different sets 

of concrete and subbase properties and for different types of pavements, pro­

duce a large number of initial designs, each of which is considered and 

analyzed separately. For efficiency in programming and to avoid unnecessary 

calculations, the initial designs are generated in RPSI in the order shown in 

Fig 12. 

Selecting Feasible Initial Designs 

Each design of the possible initial design array discussed above is 

further analyzed as follows: 

(1) equivalent traffic loads are computed for the design; 

(2) improved roadbed support due to the subbase is calculated and then 
reduced for the specified erodability effect; 

(3) initial life of the design is computed; 

(4) reinforcement is designed and joint spacings are determined; and 

(5) initial cost of the design is computed. 

During this analysis, the initial design is subjected to three restraints 

specified by the designer: 

(1) maximum allowable total thickness of initial construction, 

(2) minimum time allowed for the first overlay after initial construction, 
and 

(3) maximum allowable cost of initial construction. 

If the design under consideration does not satisfy any of these three 

restraints, it is rejected. All the designs which do meet these restrictions 

are feasible initial designs. 

The first restriction is active when the sum of the thicknesses of the 

concrete slab and the subbase is more than the maximum allowable total speci­

fied thickness. In terms of structural design, this restriction generally 

helps to avoid some of the designs having high subbase thicknesses. 

The second restriction is applied when the first three of the above given 

steps of the analyses have been carried out. All the designs having their 

initial lives less than the allowable time before they can be overlayed are 
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rejected as being unfeasible designs. Generally this restriction rejects 

initial designs which are relatively weak in their structural strength. For 

a designer following general current practices for providing overlays over 

initial construction, this restriction proves helpful in rejecting weak 

designs which require overlays in a short time after the initial construction. 

Cost of initial construction is checked when all phases of an initial 

design contributing to cost are analyzed. The design is rejected if the cost 

of the design is more than the money available for initial construction. This 

is a very useful restriction for the designer who has a limited amount of 

money to start with and hopes to get more funds in the future. 

The restrictions discussed above are very effective and useful from the 

analysis point of view but can be misleading if not properly used. For a par­

ticular set of design variables, certain values of these restrictions may 

reject initial designs which might otherwise have been found to be more econ­

omical, had the values of the restrictions been a little less restrictive. 

On the other hand, highly nonrestrictive values may in certain cases produce 

a large number of initial designs resulting in very high computation time. 

It is therefore recommended that values used for these restrictions be those 

which give a fair representation of all types of designs with respect to cost 

and strength. 

The length of analysis period, though used as a parameter in several 

phases of the design process such as predicting traffic loads and being the 

ultimate criterion for a successful design, also acts theoretically as a 

restriction on initial designs. If an initial design with a particular con­

crete and subbase lasts the analysis period, all such designs which have the 

same concrete thickness and larger subbase thicknesses are rejected. 

The designs which meet all the restrictions are called feasible initial 

designs and, except for the designs whose initial lives last the analysis 

period, are taken to the overlay subsystem for designing overlay strategies. 

Developing Overlay Strategies 

Every initial design which does not last the analysis period but meets all 

other feasibility requirements is overlayed with portland cement concrete or 

asphalt concrete overlays, as specified. Miminum thickness of the overlay and 

maximum combined thickness of all overlays is specified by the program user. 
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As soon as an initial design falls to its terminal serviceability index level, 

an overlay is provided and the composite structure is reanalyzed for its life. 

Every overlay life is subjected to a restraint specified by the designer. 

If a strategy requires its next overlay before the minimum specified time 

between overlays, it is abandoned. Once an initial design is started to be 

overlayed, the program adopts the following procedure: 

(1) The minimum thickness of an overlay is provided and again the life 
up to the minimum allowable serviceability index is calculated. 

(2) If this life is less than the minimum time between overlays, the 
overlay thickness is incremented and the structure is reanalyzed. 

(3) If the life of a composite structure does satisfy the time-between­
overlay requirement but the total life including overlay life is 
still less than the analysis period, the structure is again over­
layed with the minimum allowable thickness. This procedure is 
followed until any of the following haprens: 

(a) Number of overlays exceeds eight. 

(b) The total thickness of all overlays provided exceeds the speci­
fied value. In this case, the procedure increases the thickness 
of the previous overlay and analysis is resumed. 

(c) The total life after an overlay is more than the analysis 
period. This is considered to be a successful strategy. The 
program, having met this condition, tries other overlay stra­
tegies which can be possible. 

For a successful overlay, the cost of providing the overlay, the cost of 

traffic delay during the overlay operation, and the cost of maintenance over 

the life of the overlay are calculated. The total cost for each individual 

item is also computed and stored. 

For the sake of illustrating the number of possible overlay strategies 

which may be analyzed for a design, the following simple example is given. 

If an overlay with a minimum thickness value at one time of 2 inches and 

a total maximum overlay thickness of 9 inches is to be provided, and if the 

increment specified is one inch, there will be 21 different overlay strategies 

possible. Table 4 illustrates the patterns of these overlay thickness com­

binations. 

In the actual solution process, all the strategies shown in this table 

mayor may not be tried. For example, if strategy number 2 does survive the 

analysis period, number 3 will not be considered. Similarly, if the first two 

overlays of strategy number 1 survive the analysis period, the next one to be 
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Strategy 
Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

TABLE 4. AN EXAMPLE FOR THICKNESSES OF VARIOUS 
POSSIBLE OVERLAY STRATEGIES 

(Minimum overlay thickness at one time = 2.0 inches, 
maximum total overlay thickness = 8.0 inches, 
thickness increment = 1.0 inch.) 

Thickness Thickness Thickness Thickness 
of of of of 

Overlay 1 Overlay 2 Overlay 3 Overlay 4 

2.0 2.0 2.0 2.0 

2.0 2.0 3.0 

2.0 2.0 4.0 

2.0 3.0 2.0 

2.0 3.0 3.0 

2.0 4.0 2.0 

2.0 5.0 

2.0 6.0 

3.0 2.0 2.0 

3.0 2.0 3.0 

3.0 3.0 2.0 

3.0 4.0 

3.0 5.0 

4.0 2.0 2.0 

4.0 3.0 

4.0 4.0 

5.0 2.0 

5.0 3.0 

6.0 2.0 

7.0 

8.0 

Total 
Overlay 

Thickness 

8.0 

7.0 

8.0 

7.0 

8.0 

8.0 

7.0 

8.0 

7.0 

8.0 

8.0 

7.0 

8.0 

8.0 

7.0 

8.0 

7.0 

8.0 

8.0 

7.0 

8.0 
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tried will be number 9, in anticipation that the increased thickness of the 

first overlay may last the analysis period. Designs number 2 through 8 will 

be rejected in that case. 

Figure 13 graphically illustrates the general overlay performance patterns 

and also compares the relative differences in the performance patterns of ini­

tial designs with low, medium, and high structural strengths. This figure 

does not represent an actual problem. 

Storing, Scanning, and Optimization 

Storage of generated information can be a considerable problem in a pro­

gram such as RPSI. The program is designed to consider an unlimited number of 

initial designs and overlay strategies. The big volume of pertinent informa­

tion accompanying every strategy makes it necessary to store at one time as 

small a number of designs as possible. 

Designs are optimized for total overall cost and a certain number of 

designs NREQ, as specified by the program input, are printed out. The optimi­

zation process, therefore, itself requires a design storage at least equal to 

the NREQ number of spaces. A method is devised to use this minimum storage 

at all times. 

The computational process is arranged so that every strategy is designed 

and its pertinent information computed up to its overall cost. This overall 

cost is compared with the overall costs of all the strategies previously 

stored and the new design is either rejected or accepted according to decision 

criteria built into the program, as follows. 

The program keeps every design until the first NREQ designs are stored. 

For every design after this, the total costs of the designs in storage are 

scanned and the index number of the design which has the maximum total cost is 

determined. If the total cost of the new design is less than this cost, the 

new design is accepted and it takes the place of the design with the highest 

total cost. Otherwise, the new design is rejected and the program analyzes 

the next design. 

The output is printed, with the summary table having the information of 

the designs in the order of increasing total overall cost. As is indicated by 

the process explained above, a minimum of computer storage is utilized with 

the method adopted. The computer work for optimization is also kept to a 

minimum. The whole optimization process consists of scanning the total cost, 
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finding the index numbers of designs, replacing a design if required, and 

finally determining the order of designs for output by their index numbers. 

The output part of the program gets a little involved with this kind of opti­

mization process, but the relative disadvantage is insignificant. Figure 14 

illustrates the process discussed above, in the form of an easily understand­

able flow chart. 

During the optimization process, the program also stores the optimal 

design for each combination of pavement-overlay type. Every new design 

belonging to a particular combination is tested against the design already in 

storage for that combination. The design is rejected or accepted according 

to whether its cost is more or less than the design in storage. There being 

a maximum of four different pavement-overlay combinations, four storage spaces, 

NREQ+l to NREQ+4, are reserved to keep these optimal designs. If an initial 

design lasts the analysis period, further designs with increased thicknesses 

of the same concrete and subbase are not considered for analysis. The most 

optimal initial design which lasts the analysis period, if any, is stored in a 

separate array NREQ+5. Thus, in addition to NREQ storage arrays used for 

storing the specified number of designs for output, five more arrays are 

reserved for optimal designs out of various combinations. 

Output 

The design and cost information stored as discussed in the previous sec­

tion is finally printed when all possible strategies are analyzed. Due to 

methods used for economizing storage and computation time, the program stores 

information in arrays which can be printed very easily with the use of sub­

scripted subscripts. Because of the inability of the present FORTRAN compilers 

to handle such arrays, a new procedure is adopted for the output. The designs 

are handled in groups of six in increasing order of their total costs starting 

with the optimal design. Each group is shuffled in six spaces assigned for 

this purpose and then printed for output. The procedure requires very small 

additional storage, as it reuses five already reserved spaces for keeping the 

optimal designs, as discussed above. 

DESCRIPTION OF RPS 1 OUTPUT 

All information necessary for the designer to investigate a variety of 

pavement strategies is printed at the end of the problem analysis. Three 

kinds of output are printed. 
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Is the cost of new design 
less than the most optimal 
design in storage for 
that combination? 

Yes No\,-~~ 

I 

An initial design 
+ 

An overlay pattern 

A STRATEGY 

Are all the NREQ* 
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I 

Determine which design in storage 1 
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I 
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with the new design 

If all the designs are finished; 
Scan the total costs of all NREQ designs 
Determine the indexes of designs in 
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NMB(l) = index of optimal design 
NMB(2) = index of next to optimal design 
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Fig 14. Optimization procedure RPS1. 



Optimal Designs for the Combinations 

There are four types of pavement-overlay combinations which can be 

analyzed by the program: 

(1) jointed concrete pavements with asphalt concrete overlays, 
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(2) jointed concrete pavements with portland cement concrete overlays, 

(3) continuously reinforced concrete pavements with asphalt concrete 
overlays, and 

(4) continuously reinforced concrete pavements with portland cement 
concrete overlays. 

The optimal designs for the combinations specified by the designer are printed 

in RPSI output. In addition, the optimal initial design which lasts the analy­

sis period without any overlays, if there is one, is also printed. 

Summary Table 

A summary table describing as many nearly optimal strategies as specified 

by the designer is also printed. These strategies are printed in the increas­

ing order of total overall cost. The optimization for summary table includes 

all the designs of every combination tried, including the one without overlays. 

The first design of the summary table is therefore the most economical design 

possible for the given input. 

Design Analysis 

The last page of the output contains a summary of the number of possible 

strategies, the rejected number of strategies due to each restraint specified 

by the designer, and the total strategies possible for the problem. All 

important information is given in two parts. 

Initial Design Analysis. This describes the following: 

(1) the total initial designs possible for the problem, 

(2) number of designs rejected because their initial thicknesses are 
greater than the allowable value, 

(3) number of designs rejected because their initial lives are less than 
the allowable minimum time to the first overlay, 

(4) number of designs rejected because their costs are more than the 
money available for initial construction, 

(5) number of acceptable initial designs lasting the analysis period, 

(6) number of unacceptable initial designs lasting the analysis per-iod, 
and 
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(7) number of initial designs for which overlay strategies are 
formulated. 

Overlay Subsystem Analysis. This describes the following for each com­

bination analyzed by the program: 

(1) total number of acceptable strategies designed, 

(2) number of strategies rejected during analysis because of maximum 
overlay thickness restraint, 

(3) number of strategies rejected during analysis because the lives of 
the overlays provided are less than the minimum specified time 
between overlays. 

(4) number of strategies rejected because the number of overlays required 
is more than eight, and 

(5) number of times when each subroutine is called. 

Contrary to the initial design analysis which accounts for every possible 

initial design, overlay subsystem analysis is only indicative of the relative 

constraining effects of various constraints provided. The process of discon­

continuing the analysis of a strategy on meeting a restraint, the selection of 

the next strategy for analysis in such cases, and the automatic rejection of 

several strategies due to criteria built into RPS1 is a complicated process. 

The designer should understand the computer program and the general flow 

diagram for completely understanding this part of the output. 

Output Information for a Design 

The following information is provided for each design listed in the out­

put of the program. 

(1) the type of pavement, overlay, and reinforcement; 

(2) identification of concrete, subbase, and reinforcement used; 

(3) thickness of concrete and subbase used for initial construction; 

(4) reinforcement size and spacing; 

(5) subsequent overlay thicknesses to be provided; 

(6) initial life, life after each overlay, and the total life of the 
strategy; 

(7) various initial construction costs; 

(8) various costs of subsequent construction and maintenance; and 

(9) overall cost of the design. 



107 

Total overall cost of a design, in addition to initial cost, consists of 

(1) overlay construction cost, 

(2) traffic delay cost during overlay construction, 

(3) maintenance cost, 

(4) seal coat cost, if provided; and 

(5) salvage returns. 

It may be emphasized that all costs incurred in the future are discounted 

to their present values by the interest rate specified by the designer. Over­

lay and traffic delay cost is the sum of all such costs discounted separately 

from the time they are incurred. Maintenance cost is calculated only for the 

analysis period even if the design life exceeds the analysis period. The cost 

shown for the maintenance is the sum of each year's separately discounted 

maintenance cost. Similarly, for the seal coats, if provided, the costs are 

discounted to the present value from the time they are provided. Salvage 

returns are discounted from the end of the analysis period. 

EXAMPLE PROBLEM 

An example problem has been solved and its output is given in Appendix 5. 

The output consists of the echo printing of the input data as well as the solu­

tion of the problem. The example problem is described as follows. 

A facility on the interstate system is designed for a rural area to carry 

high-speed high-volume traffic. The facility will carry an initial average 

daily traffic of 10,000 vehicles with a 5 percent per year growth. The traffic 

loads are such that about 5 million equivalent l8-kip single axles will be 

obtained during a lifetime of 20 years. Serviceability index values after the 

initial construction and after an overlay construction are estimated to be, 

respectively, 4.2 and 4.0. A minimum serviceability index of 2.5 will be 

maintained at all times. 

Initial funds of $6.25 per square yard of pavement are available. It is 

specified that pavement will not be overlayed during the first five years after 

the initial construction or in the first six years after an overlay construc­

tion. Initial total thickness of construction is not restricted. 

The facility passes through an area of moderate swelling clays. The 

subgrade has a mean value of modulus of subgrade reaction of 100 pci with a 

standard deviation of 15 pci. Two subbases, one granular and one cement-treated, 
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are available with modulus values of 20,000 and 900,000 psi, respectively. 

Granular subbases are observed to create a mild loss of support during their 

service life, whereas cement-treated subbases remain very stable. A low and a 

high strength concrete are available with mean flexural strengths of 450 and 

650 psi and standard deviations of 40 and 60 psi, respectively. It is speci­

fied that the design should have a confidence level of 95 percent with respect 

to both subgrade modulus and concrete flexural strength. 

The solution for the above problem generated 196 initial possible designs 

out of which 117 designs were rejected due to the different restraints speci­

fied above. The remaining 79 initial designs gave rise to 751 strategies, out 

of which 657 were feasible. 

Twelve nearly optimal designs are printed in the output. These consist 

of jOinted and continuously reinforced pavements with wire mesh or deformed 

bar reinforcements to be provided in initial construction and asphalt concrete 

overlays to be provided in the future. Present worth of the total cost for 

these designs varies from $5.432 per square yard (for the optimal design) to 

$5.606 per square yard (for the 12th nearly optimal design). 



CHAPTER 6. SENSITIVITY ANALYSIS OF THE WORKING SYSTEMS MODEL 

Program RPSI is the first version of a systematic design procedure for 

rigid pavements. It links a large number of mathematical models quantifying 

various aspects of design into a working systems model. A large number of 

variables known to influence pavement performance are considered in the pro­

cedure. 

The validity of such a system can only be ascertained through actual 

implementation and the feedback. Implementation requires enough initial con­

fidence in the system and its concepts with respect to design and economy to 

stimulate the process of its adoption. Such confidence can be gained by a 

sensitivity analysis of the system, studying the behavior of different models 

and the relative effects and interactions of individual variables. 

The complete study of this nature, being very elaborate and complex, will 

be a topic of future research. However, a small experiment for sensitivity 

analysis was undertaken at this stage with the following objectives: 

(1) to gain confidence in the use of the computer program; 

(2) to establish the "reasonableness" of the solutions; 

(3) to check the functioning of various models and concepts used; 

(4) to debug the program, find anomalies and problem areas, and deter­
mine approximate estimates of computation time required; and 

(5) to have a feel for the cost sensitivity of some important variables 
of the system. 

With these objectives in view a small experiment was undertaken. Based 

upon engineering judgment, all the variables of the system are given certain 

values called their "average" values and a solution is obtained for this aver­

age problem. The output for this average problem is given in Appendix S. 

STUDY OF IMPORTANT DESIGN VARIABLES 

By the experience gained during the development of the program and other 

studies (Refs 67 and 132), ten important variables are selected and each vari­

able is assigned a low and a high value. Two problems are solved for every 
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variable, one with each of the low and the high value, while the values of all 

other variables are held at their average levels. Table 5 describes the 

variables chosen for study, the low and high values given to these variables 

and the design information obtained by solving the problems at these levels. 

Figure 15 describes the plots of optimal costs versus the values of the vari­

ables, both as percentages of the values for the average problem. The cost 

and design sensitivity of each variable are discussed as follows. 

Total Equivalent l8-Kip Axles 

Total applications of equivalent l8-kip axles determined by the traffic 

input are distributed over the entire analysis period according to the traffic 

equation (Eq 4.6). A higher traffic density, say in terms of applications per 

year, requires structurally stronger designs which cost more and thereby result 

in an optimal design having higher cost. As can be noticed by comparing opti­

mal cost curves in Fig 15 this is one of the variables highly sensitive to 

cost. 

One Direction Initial Average Daily Traffic 

This variable is used for the calculation of traffic delay cost during 

the overlay construction and does not affect the structural strength require­

ments of the system. However, with a higher value of ADT the designs having 

higher serviceability lives and fewer overlays are preferred. The designer 

should be careful about the input for this variable and not make the facility 

saturated with traffic. 

Traffic delay cost increases very rapidly beyond a certain value of ADT 

arriving during overlay construction. Such a trend can be noted in Fig 15. 

A traffic volume of about 1500 vehicles per hour in one lane during the over­

lay construction period will result in exceptionally high traffic delay cost 

(Ref 67). 

Initial and Terminal Serviceability Indices 

These limits on serviceability indices are imposed, depending on the type 

of facility to be designed. Performance as determined by traffic is always 

modified by the serviceability loss function due to the swelling clay. Since 

the combined effect is complex, observations on the effects of initial and 

terminal serviceability indices are very involved. However, it has been noted 

that the difference in initial and terminal serviceability, called '~ange of 

serviceability loss," is an important factor from the design and cost point of 



TABLE 5. SENSITIVITY ANALYSIS OF VARIABLES 

Value, Most optimal Most optimal Feasible Total 
percent cost, dollars cost, percent initial feasible 

Value of average per sq. yd. of average designs strategies 

Average Problem 100% 5.432 100% 79 657 

Total 18 kip axles, two directions 

Low .5x106 10% 4.528 83.3 126 329 

Average 5x106 

High 10x106 200% 5.800 106.7 49 618 

Average daily traffic, one direction 

Low 1,000 10% 5.362 98.7 79 657 

Average 10,000 

High 15,000 15070 5.800 106.7 79 657 

Initial serviceability index 

Low 4.0 95% 5.448 100.2 71 544 

Average 4.2 

High 4.5 107% 5.411 99.6 81 632 

Terminal serviceability index 

Low 1.5 60% 5.103 93.9 192 427 

Average 2.5 

High 3.0 120% 5.652 104.0 55 1058 

t-' 

(Continued) t-' 
t-' 



Value 

Average Problem 

Swelling clay parameter 

Low 0.0 

Average 0.06 

High 0.15 

Concrete flexural strength, psi 

Low 360, 520 

Average 450, 650 

High 540, 780 

Sub grade k value, pci 

Low 40 

Average 100 

High 300 

Asphalt concrete modulus, psi 

Low 80,000 

Average 200,000 

High 1,000,000 

. . 

TABLE 5. (Continued) 

Value, Most optimal Most optimal 
percent cost, dollars cost, percent 

of average per sq. yd. of average 

100% 5.432 100% 

070 5.115 94.1 

25070 5.834 107.4 

8070 6.003 110.5 

120% 5.020 92.4 

40% 5.481 100.9 

300% 4.855 89.3 

40% 5.437 100.1 

500% 5.345 98.4 

Feasible 
initial 
designs 

79 

81 

42 

39 

100 

59 

95 

79 

79 

Total 
feasible 

strategies 

657 

370 

703 

617 

535 

527 

534 

702 

468 

(Continued) 

..... ..... 
N 



TABLE 5. (Continued) 

Value, Most optimal Most optimal Feasible Total 
percent cost, dollars cost. percent initial feasible 

Value of average per sq. yd. of average designs strategies 

Average Problem 100/0 5.432 100% 79 657 

Salvage percent 

Low 0.0% 0'10 6.178 113.7 79 657 

Average 50.0'10 

High 100.0% 200% 4.543 83.6 79 657 

Interest rate, percent 

Low 0.0% 0% 4.840 89.1 79 657 

Average 5.0% 

High 10.0% 200% 5.412 99.6 79 657 
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view. This range is the "serviceability loss potential" for a facility and a 

higher value of this range reduces the structural strength requirements by in­

creasing the lives of the designs. The cost of the optimal design is therefore 

reduced. 

To isolate the effects of the "range of serviceability loss" a set of 

problems with no swelling clay effects is solved. It has been observed that 

the higher a particular "range" is placed on the serviceability index scale, 

the longer the lives of the designs will be. 

Swelling Clay Parameter 

Initial studies conducted to incorporate this variable in the system 

revealed a very high sensitivity of the variable with respect to structural 

requirements of the system. The life of a design is shortened with a higher 

value of this parameter. 

It has been found that a smaller value for minimum time to the first 

overlay should be used with a high value of this parameter. The smaller value 

of time will allow more such designs to be considered which have small initial 

thicknesses. Since serviceability loss due to swelling clay has the same rate 

irrespective of the thickness provided, weaker initial designs will be more 

economical in the long run. 

Concrete Flexural Strength 

The optimal cost curve for flexural strength has the maximum average slope 

per percent change in the variable. Similar observations are also made in 

another study (Ref 132) done in relation to the effects of flexural strength 

on the load applications given by the performance equation used in RPSI. This 

is the main reason that a confidence level has been included in RPSI to take 

into account the statistical variations of this important variable under actual 

construction conditions. 

Modulus of Subgrade Reaction 

In the analysis this parameter is modified by the standard deviation and 

confidence level specified with respect to this parameter, the thickness, and 

the type of subbase used. The modified values used for analyzing the struc­

tural capacities of different designs therefore make a direct inference as 

to the effect of this variable very difficult. In general, the cost of the 



most optimal design reduces with an increase in the value of the modulus of 

subgrade reacLion. 

Asphalt Concrete Modulus Value 
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A higher value of this variable gives higher lives for the pavements with 

asphalt concrete overlays. The variable has a relatively small effect on cost. 

Salvage Percent 

This variable is defined as the returns in percent of the cost of initial 

and overlay materials at the time when a pavement is abandoned. As can be 

noted from optimal cost curves, salvage percent is one of the important vari­

ables. A change in this variable causes proportionate changes in the total 

costs of all feasible strategies. The changes in costs of all the strategies in 

turn affect the selection of near optimal designs for the output, their order, 

and their costs. 

Interest Rate 

The interest rate gives the present value of money spent in future over­

lays, maintenance, and seal coats. Likewise, it gives the present value of 

salvage returns. A change in interest rate varies all parts of total overall 

cost except that of initial construction. 

In general, the further in future a cost is incurred, the smaller the 

present value will be. A rearrangement of the strategies is observed in the 

summary table with a change in this parameter. Generally the designs with 

smaller initial lives are shifted towards the optimal design when interest 

rate is increased. 

STUDY OF SYSTEM CONSTRAINTS 

In addition to the above analysis, effects of system restraints are 

studied by changing their values from those used in the average problem. Var­

iations and the results are shown in Table 6. 

In each case a more restrictive value of the parameter is used to demon­

strate the effect on cost of improper use of these parameters. The number of 

feasible initial designs may decrease with more restrictive values of these para­

meters. The optimal cost is not affected until any of these parameters becomes 

a restriction over the solution. Therefore, the designer should be careful in 



TABLE 6. A STUDY OF RESTRAINTS 

Ini tia1 designs 
(out of possible 196) 

Most rejected due to 
optimal the restraint of 

Value cost 
for dollar Total ini tial Initial Initial Feasible Total 

average Value per thickness not life not funds not initial feasible 
Restraint solution studied sq. yd. satisfied satisfied available designs strategies 

Average Problem 5.432 0 56 61 79 657 

Time to first overlay 5.00 7.50 5.510 0 86 61 49 190 

Time between overlays 6.00 9.00 5.609 0 56 61 79 440 

Length of analysis 
period 20.00 25.00 5.782 0 56 61 79 1289 

Maximum total initial 
* thickness 24.00 12.00 5.552 188 5 0 3 32 

Maximum initial funds 
* available 6.25 4.50 5.552 0 28 160 8 80 

* For obtaining reasonable solution, time to the first overlay was taken = 2.5 years along with this 
variation. 
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selecting values so that, if selected to decrease the computation time, they 

do not reach levels where the optimal design is rejected. 

Minimum allowable times to the first overlay and between overlays give the 

designer a varied choice to obtain different patterns of stage construction. 

As these values are increased, the thickness requirements of initial designs 

and overlays also increase. 

INFERENCES 

Sensitivity study shows that the system developed meets the limited test 

of reasonableness of solutions and procedure logic. The designs and their 

costs are realistic. 

It may be noted that the cost and the design sensitivities of the system 

with respect to the changes in different variables and restraints, as discussed 

in this chapter, are only relative. Slope of a curve in Fig 15 will change 

with the level of the average value used for the variable as well as for other 

variables of the system. However, the qualitative trends will remain the same. 
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CHAPTER 7. SUMMARY AND FUTURE RESEARCH 

This report presents a rigid pavement design procedure as a part of an 

overall pavement management system based on broad principles of systems engi­

neering. Existing state-of-the-art models modified and improved by additional 

mathematical work have been combined in a rational and meaningful way, based 

upon economic concepts. A sound basic structure has been given to the computer 

program in an easy and generalized framework so that future modifications can 

be incorporated in it with a minimum of effort. 

As additional knowledge is obtained through further research, the preci­

sion and validity of the assumptions and extrapolations will be questioned 

from time to time, and thus the present working systems model is provisional 

in nature. 

Within the available time, great effort has been made to evolve an effi­

cient computer program and design procedure. Certain additional improvements 

in the program, with a small amount of additional effort, will be of great 

value to the user. The improvements are suggested as follows: 

(1) The program logic of subroutine LIFE which consumes a major portion 
of computer time should be improved. 

(2) Subroutine TDC to calculate traffic delay cost can be improved to 
obtain additional accuracy in the results. 

(3) Deteriorated condition of the pavement should be adequately consid­
ered at the time of overlay construction. Fatigue prinCiples can be 
used for this purpose. 

(4) The model for the design of portland cement concrete overlays is 
inadequate and should be improved. 

(5) Stochastic concepts can be extended for other parameters as well as 
for overall design. 

(6) The maintenance model used at present is mainly developed for inter­
state highways. It should be modified to take into account other 
types of roads. An option can be provided for using the maintenance 
cost as a direct input. Also, maintenance schedules for the stra­
tegies should be printed out for the designer's future use. 

(7) The model for the value of the swelling clay parameter BONE, used 
after an overlay construction, needs to be revised as it gives 
apparently undesirable results for certain ranges. 
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(8) The strategies as designed by the program always last more than 
the analysis period. The additional life thus obtained beyond the 
analysis period should be considered in some way in the economic 
analysis. 

(9) The optimizing of one overlay for each initial design should be 
studied. This approach may give a wider selection of initial 
designs. A designer may care more for an initial design and plan 
to make final decisions regarding overlays later on. 

(10) Several models developed for the working system are based on the 
concept that stress is a good predictor of performance. Validity 
of this assumption should be checked. The concept can be very 
helpful in evolving future modifications of the system. 

(11) The importance of subbases should be established by more comprehen­
sive models. The concept of the erodability factor should be ex­
panded and more generalized correlations should be attempted. 

(12) Alternative methods of optimization should be explored, including 
the possibilities of random programming techniques. 

(13) A sensitivity analysis should be performed to ascertain the ration­
ality of the computer program, to evaluate the relative effects of 
the variables being considered, and to set priorities for further 
research needs. 



REFERENCES 

1. Adkins, W. G., A. W. Ward, and W. F. McFarland, "Values of Time Savings 
of Commercial Vehicles," NCHRP Report No. 33, Highway Research 
Board, Washington, D. C., 1967. 

2. "Airfield Pavement Design Engineering and Design - Rigid Pavements, " 
Air Force Manual 88-6. 

3. Barte1smeyer, R. R., and E. A. Finney, 'Use of AASHO Road Test Findings 
by the AASHO Committee on Highway Transport," Special Report 73, 
Highway Research Board, 1962. 

4. Bergstrom, S. G., Temperature Stresses in Concrete Pavements, Stockholm, 
1950. 

5. Bergstrom, S. G., '~ircu1ar Plates with Concentrated Load on an Elastic 
Foundation," Bulletin 6, Swedish Coment and Concrete Research 
Institute, Stockholm, 1946. 

6. Biot, M. A., "Bending of an Infinite Beam on an Elastic Foundation," 
Journal of Applied Mechanics, Vol 4, 1937. 

7. Boussinesq, J., '~pp1ication des Potentie1s a l'Etude de l'Equi1ibre et 
du Mouvement des Solids E1astiques," Paris, Gauthier-Villard, 1885. 

8. Bradbury, R. D., ''Reinforced Concrete Pavements," The Wire Reinforcement 
Institute, Washington, D. C., 1938. 

9. Burmister, D. M., "The Theory of Stresses and Displacements in Layered 
Systems and Applications to the Design of Airport Runways," 
Proceedings, Vol 23, Highway Research Board, 1943. 

10. Burmister, D. M., "The General Theory of Stresses and Displacements in 
Layered Soil Systems," Journal of Applied Physics, Vol 16, 1945. 

11. Burmister, D. M., '~va1uation of Pavement Systems of the WASHO Road 
Test by Layered Systems Methods," Bulletin 177, Highway Research 
Board, 1958. 

12. Carey, W. N., Jr., H. C. Huckins, and R. C. Leathers, "Slope Variance 
as a Measure of Roughness and the CHLOE Profi1ometer," Special 
Report 73, Highway Research Board, 1962. 

13. Carey, W. N., Jr., and P. E. Irick, '~avement Serviceability Perfor­
mance Concept," Bulletin 250, Highway Research Board, 1960. 

123 



124 

14. Carey, W. N., Jr., and P. E. Irick, "Relationships of AASHO Road Test 
Pavement Performance to Design and Load Factors," Special Report 73, 
Highway Research Board, 1962. 

15. "Cement-Treated Soil Mixtures," HIghway Research Record No. 36, Highway 
Research Board, 1963. 

16. Chang, T. S., and C. E. Kesler, "Fatigue Behavior of Reinforced Concrete 
Beams," Journal of the American Concrete Institute, Title No. 55-14, 
August 1958. 

17. Chastain, W. E., Sr., J. A. Beanblossom, andW. E. Chastain, Jr., "AASHO 
Road Test Equations Applied to the Design of Portland Cement Concrete 
Pavements in Illinois," Highway Research Record No. 90, Highway 
Research Board, January 1964. 

18. Chastain, W. E., Sr., "Application of Road Test Formulas in Structural 
Design of Pavement," Special Report 73, Highway Research Board, 1962. 

19. Childs, L. D., and J. W. Kapernick, "Tes ts of Concrete Pavements on 
Gravel Subbases," Proceedings, Vol 83, HW3, Paper No. 1800, American 
Society of Civil Engineers, October 1958. 

20. C1ennner, H. F., ''Fatigue of Concrete," Vol 22, Part II, American Society 
for Testing Materials, Proceedings, 1922. 

21. Concrete Pavement Design, Portland Cement Association, Chicago, 1951. 

22. Concrete Roads Design and Construction, Her Majesty's Stationery Office, 
1955. 

23. Croney, D., J. D. Coleman, and W. P. M. Black, "Movement and Distribution 
of Water in Soil in Relation to Highway Design and Perfonnance," 
Water and Its Conduction in Soils, Special Report 40, Highway Research 
Board, 1958. 

24. Davies, O. L., Statistical Methods in Research and Production, Hafner 
Publishing Company, New York, 1958. 

25. Deacon, J. A., and R. C. Deen, "Equivalent Axle Loads for Pavement 
Design," Highway Research Record No. 291, Highway Research Board, 
1969. 

26. Deacon, J. A., et a1, '~teria1 Characteristics and Solution Techniques 
Theoretical Design Implications for Structural Pavement Design," 
Paper presented at Joint Connnittee Meeting, Highway Research Board, 
January 1968. 

27. Derdeyn, C. J., "A New Method of Traffic Evaluation for Pavement Design," 
Highway Research Record No. 46, Highway Research Board, 1963. 

28. Draper, W. R., and H. Smith, Applied Regression Analysis, John Wiley & 
Sons, 1967. 



29. Duncan, J. M., C. L. Monismith, and E. L. Wilson, "Finite Element 
Analysis of Pavements," Highway Research Record No. 228, Highway 
Research Board, 1968. 

30. Endres, F. E., "SLAB 43 - Improved Version of SLAB 40," unpublished 
development at Center for Highway Research, The University of 
Texas, Austin. 

125 

31. "Engineering and Design - Rigid Airfield Pavements," Corps of Engineers I 

Manual EM 1110-45-303, 1958. 

32. "Engineering and Design - Flexible Airfield Pavements," Corps of Engineers I 

Manual EM 1110-45-302, 1958. 

33. Ellis, D.O., and F. J. Ludwig, Systems Philosophy, Prentice-Hall, Inc., 
Englewood Cliffs, New Jersey, 1962. 

34. "Final Report on Road Test One-MD," Special Report 4, Highway Research 
Board, 1952. 

35. Fordyce, P., and W. E. Teske, "Some Relationships of the AASHO Road Test 
to Concrete Pavement Design," Highway Research Record No. 44, 
Highway Research Board, 1963. 

36. Foster, C. R., and R. G. Ahlvin, "Stresses and Deflections Induced by a 
Uniform Circular Load," Proceedings, Highway Research Board, 1954. 

37. Gardner, W., and J. A. Widtsoe, "The Movement of Soil Moisture," Soil 
Science, Vol II, 1921. 

38. Goldbeck, A. T., "Researches on the Structural Design of Highways by the 
United States Bureau of Public Roads," Transactions, Vol 88, 
Paper No. 1557, American Society of Civil Engineers, 1925. 

39. Goldbeck, A. T., "Thickness of Concrete Slabs," Public Roads, April 
19l9. 

40. Haas, R. C. G., and W. R. Hudson, "The Importance of Rational and Com­
patible Pavement Performance Evaluation," presented at the Highway 
Research Board Western Summer Meeting, Sacramento, California, 
August 1970. 

41. Haas, R. C. G., and B. G. Hutchinson, "A Management System for Highway 
Pavements," presented at Austrailian Road Research Board, September 
1970. 

42. Hall, A. D., A Methodology for Systems Engineering, Van Nostrand, 1962. 

43. Halm, H. J., "An Analysis of Factors Influencing Concrete Pavement 
Cost," Portland Cement Association, A paper presented at Highway 
Research Board, January 1962. 



126 

44. Haney, D. G., and T. C. Thomas, The Value of Time for Passenger Cars, 
Stanford Research Institute, Menlo Park, California, May 1967. 

45. Hank, R. J., and F. H. Scrivner, "Some Numerical Solutions of Stresses 
in Two and Three-Layered Systems," Proceedings, Vol 28, Highway 
Research Board, 1948. 

46. Herrman, L. R., "Finite-Element Bending Analysis for Plates," Journal of 
the Engineering Mechanics Division, Vol 93, No. EM5, Proceedings of 
the American Society of Civil Engineers, 1967. 

47. Hertz, H., "Uber das G1eichgewich t Schwinunender E1as ticher Platten," 
Weidemann's Annalen der Physik und Chemie, Vol 22, 1884. 

48. Hogentog1es, C. A., and C. Terzaghi, "Interrelationship of Load, Road 
and Subgrade," Public Roads, Vol 10, No.3, May 1929. 

49. Hogg, A. H. A., "Equilibrium of a Thin Plate, Symmetrically Loaded, 
Resting on an Elastic Foundation of Infinite Depth," Philosophical 
Magazine, Vol 25, Series 7, 1938. 

50. Holbrook, L. F., "An Examination of Concrete Pavement Structural Perform­
ance," Highway Research Record 311, Highway Research Board, 1970. 

51. Ho11, D. L., "Thin Plates on Elastic Foundation," Proceedings, 5th Inter­
national Congress for Applied Mechanics, Cambridge, Mass., 1938. 
John Wiley & Sons, New York, New York, 1939. 

52. Hudson, W. R., "Comparison of Concrete Pavement Load Stresses at MSHO 
Road Test with Previous Work," Highway Research Record No. 42, 
Highway Research Board, 1963. 

53. Hudson, W. Ronald, B. F. McCullough, F. H. Scrivner, and J. L. Brown, 
"A Systems Approach Applied to Pavement Design and Research," 
Research Report 123-1, published jointly by Texas Highway De­
partment; Texas Transportation Institute, Texas A&M University; 
and Center for Highway Research, The University of Texas at 
Austin, March 1970. 

54. Hudson, ',;I". Ronald, and Robert C. Hain, "Calibration and Use of the BPR 
Roughometer at the MSHO Road Test," Special Report 66, Highway 
Research Board, 1961. 

55. Hudson, W. Ronald, "High-Speed Road Profile Equipment Evaluation," 
Research Report No. 73-1, Center for Highway Research, The 
University of Texas, Austin, January 1966. 

56. Hudson, W. R., F. N. Finn, B. F. McCullough, K. Nair, and B. A. Va11erga, 
"Systems Approach to Pavement Design: System Formulations, Perfor­
mance Definition, and Material Characterization," Interim Report, 
NCHRP Project 1-10, Materials Research and Development, Inc., sub­
mitted to National Cooperative Highway Research Program, Highway 
Research Board, March 1968. 



127 

57. Hudson, W. R., and B. F. McCullough, "An Extension of Rigid Pavement 
Design Methods," Highway Research Record No. 60, Highway Research 
Board, 1964. 

58. Hudson, W. R., and F. H. Scrivner, "AASHO Road Test Principal Relation­
ship-Performance with Stress, Rigid Pavements," Special Report 73, 
Highway Research Board, 1962. 

59. Hudson, W. R., and Hudson Matlock, '~iscontinuous Orthotropic Plates and 
Slabs," Research Report No. 56-6, Center for Highway Research, The 
University of Texas, Austin, May 1966. 

60. Hutchinson, B. G., and R. C. G. Haas, "A Systems Analysis of the Highway 
Pavement Design Process," Highway Research Record No. 239, Highway 
Research Board, 1968. 

61. "Interim Guide for the Design of Flexible Pavement Structures," AASHO 
Committee on Design, October 1961. 

"Interim Guide for the Design of Rigid Pavement Structures," AASHO 
Committee on Design," April 1962. 

62. "Interstate Highway Maintenance Requirements and Unit Maintenance 
Expenditure Index," NCHRP Report 42, Highway Research Board, 1967. 

63. Irick, P. E., and W. R. Hudson, "Guidelines for Satellite Studies of 
Pavement Performance," NCHRP Report 2A, Highway Research Board, 
1964. 

64. Kelly, Allen E., and Hudson Matlock, "Dynamic Analysis of Discrete-Element 
Plates on Nonlinear Foundations," Research Report No. 56-17, Center 
for Highway Research, The University of Texas at Austin, January 1970. 

65. Ke lley, E. F., "Applications of the Results of Research to the Structural 
Design of Concrete Pavements," Public Roads, Vol 2, Nos. 5 '3.nd 6, 
1939. 

66. Kesler, C. E., "Effect of Speed of Testing on Flexural Fatigue Strength 
of Plain Concrete," Proceedings, Vol 32, Highway Research Board, 
1953. 

67. Kher, R. K., B. F. McCullough, and W. R. Hudson, "Sensitivity Analysis 
of Flexible Pavement System, FPS-2," Research Report No. 123-8, 
published jointly by Texas Highway Department; Texas Transportation 
Institute, Texas A&M University; and Center for Highway Research, 
The University of Texas at Austin, July 1971. 

68. Langsner, G., T. S. Huff, and W. J. Liddle, "Use of Road Test Findings 
by AASHO Design Committee," Special Report 73, Highway Research 
Board, 1962. 

69. Lee, C. E., "The Determination of Pavement Deflections Under Repeated 
Load Applications," Ph.D. Dissertation, University of California, 
Berkeley, 1961. 



128 

70. Lerner, A. C., and F. Moavenzadeh, "An Integrated Approach to Analysis 
and Des ign 0 f Pavement S truc ture," Highway Research Record No. 291, 
Highway Research Board, 1969. 

71. Lewis, K. H., and M. E. Harr, "Analysis of Concrete Slabs on Ground 
Subjected to Warping and Moving Loads," Highway Research Record No. 291, 
Highway Research Board, 1969. 

72. Lytton, R. L., "Theory of Moisture Movement in Expansive Clays," Research 
Report No. 118-1, Center for Highway Research, The University of 
Texas at Austin, September 1969. 

73. Lytton, R. L., and Ramesh K. Kher, "Prediction of Moisture Movement in 
Expansive Clays," Research Report No. 118-3, Center for Highway 
Research, The University of Texas at Austin, June 1970. 

74. McCall, J. T., "Probability of Fatigue Failure of Plain Concrete," 
Title No. 55-13, Journal of the American Concrete Institute, August 
1958. 

75. McCullough, B. F., and W. B. Ledbetter, "LTS Design of Continuously 
Reinforced Concrete Pavement," Highway Division, Paper 2677, Vol 86, 
No HW 4, Proceedings of the American Society of Civil Engineers, 
1960. 

76. McCullough, B. F., '~esign Manual for Continuously Reinforced Concrete 
Pavement," United States Steel Corporation, Pittsburgh, Pennsylvania, 
1968. 

77. McCullough, B. F., et al, "Evaluation of AASHO Interim Guides for Design 
of Pavement Structures," Draft of Final Report of NCHRP Project 1-11, 
Materials Research & Development, Inc., 1968. 

78. McCullough, B. F., "A Pavement Overlay Design System Considering Wheel 
Loads, Temperature Changes, and Performance," Ph.D. Dissertation, 
University of California, Berkeley, 1969. 

79. McCullough, B. F., "Overlay Design: What are the States Presently Doing?" 
Highway Research Record No. 300, Highway Research Board, 1969. 

80. McCullough, B. F., ''What an Overlay Design Procedure Should Encompass," 
Highway Research Record No. 300, Highway Research Board, 1969. 

81. McKnight, J. W., '~escription and Cost Comparisons of Modern Concrete 
Paving Equipment Systems," CR045 .01P, Portland Cement Association. 

82. McLeod, N. W., "A Canadian Investigation of Load Testing Applied to 
Pavement Design," Symposium on Load Tests of Bearing Capacity of 
Soils, Special Technical Publication No. 79, American Society for 
Testing Materials, 1947. 

83. Middlebrook, T. A., and G. E. Bertram, "Soil Tests for Design of Runway 
Pavements," Proceedings, Vol 22, Highway Research Board, 1942. 



129 

84. Murdock, J. W., and C. E. Kesler, '~ffect of Range of Stress on Fatigue 
Strength of Plain Concrete Beams," Title No. 55-12, Journal of the 
American Concrete Institute, August 1958. 

85. Nordby, G. M., "Fatigue of Concrete - A Review of Research," Title No. 
55-11, Journal of the American Concrete Institute, August 1958. 

86. Older, C., ''Highway Research in Illinois," Transactions, Vol 87, 
Paper No. 1546, American Socity of Civil Engineers, 1924. 

87. Olson, R. E., "Effective Stress Theory of Soil Compaction," Journal of the 
Soil Mechanics and Foundation Division, Vol 89, No. SM2, American 
Socie ty of Civi 1 Engineers, 1963. 

88. Pagen, C. A., "Rheological Response of Bituminous Concrete," Highway 
Research Record No. 67, Highway Research Board, 1965. 

89. Papazian, H. S., "The Response of Linear Viscoelastic Materials in the 
Frequency Domain," Proceedings, International Conference on the 
Structural Design of Asphalt Pavements, Ann Arbor, Michigan, 1962. 

90. "Pavement Design in Frost Areas, Part II, Design Considerations," 
Highway Research Record No. 33, Highway Research Board, 1963. 

91. Pearre, Charles M., Ill, and W. R. Hudson, "A Discrete-Element Solution of 
Plates and Pavement Slabs Using a Variable-Increment-Length Model," 
Research Report No. 56-11, Center for Highway Research, The University 
of Texas, Austin, 1968. 

92. Peattie, K. R., and A. Jones, "Surface Deflection of Road Structures," 
Proceedings, Symposium on Road Test for Pavement Design, Lisbon, 
Portugal, 1962. 

93. Picket, G., M. E. Ravil1e, W. C. Janes, and F. J. McCormick, ''Deflections, 
Moments and Reactive Pressures for Concrete Pavements," Kansas 
State Engineering Experiment Station, Bulletin 95, October 1951. 

94. Picket, G., and G. K. Ray, "Influence Charts for Concrete Pavements," 
Transactions, Vol 116, American Society of Civil Engineers, 1951. 

95. Reddy, A. S., G. A. Leonards, and M. E. Harr, I~arping Stresses and 
Deflections in Concrete Pavements: Part Ill," Highway Research 
Record No. 44, Highway Research Board, 1963. 

96. Reiner, M., "Phenomenological Macrorheo1ogy," Rheology, Vol I, Frederick R. 
Eirich, editor, Academic Press, New York, 1956. 

97. "Report of Connnittee on Maintenance of Joints in Concrete Pavements as 
Related to the Ptunping Action of Slabs," Proceedings, Vol 28, 
Highway Research Board, 1948. 



130 

98. Roberts, F. L., and W. R. Hudson, "Pavement Serviceability Equations 
Us ing the Surface Dynamics Profilometer," Research Report 73-3, 
Center for Highway Research, The University of Texas, Austin, 1970. 

99. Rogers, C. F., H. D. Cashell, and P. E. Irick, ''Nationwide Survey of 
Pavement Terminal Serviceability," Highway Research Record No. 42, 
Highway Research Board, 1963. 

100. Schwartz, D. R., and C. R. Warning, "Procedure for the Selection of 
Asphalt Concrete Resurfacing Thickness," Highway Research Record 
No. 300, Highway Research Board, 1969. 

101. Scrivner, F. H., "A Theory for Transforming AASHO Road Test Pavement 
Performance Equation to Equations Involving Mixed Traffic," 
Special Report 66, Highway Research Board, 1961. 

102. Scrivner, F. H., and H. C. Duzan, "Application of AASHO Road Test 
Equations to Mixed Traffic," Special Report 73, Highway Research 
Board, 1962. 

103. Scrivner, F. H., and Chester H. Michalak, "Flexible Pavement Performance 
Related to Deflections, Axle Applications, Temperature and 
Foundation Movements," Research Report 32-13, Texas Transportation 
Institute, 1969. 

104. Scrivner, F. H., W. M. Moore, W. F. McFarland, and G. R. Carey, "A 
Systems Approach to the Flexible Pavement Design Problem," 
Research Report 32-11, Texas Transportation Institute, 1968. 

105. Scrivner, F. H., and W. M. Moore, "An Empirical Equation for Predicting 
Pavement Deflections," Research Report 32-12, Texas Transportation 
Institute, 1968. 

106. Seed, H. B., F. G. Mitry, C. L. Monismith, and C. K. Chan, "Prediction 
of Pavement Deflections from Laboratory Repeated Load Tests," 
Report No. TE 65-6, University of California, Berkeley, 1965. 

107. Sheets, F. T., "Concrete Road Design Simplified and Correlated with 
Traffic," (Out of Print). 

108. Shieh, W. Y. J., S. L. Lee, and R. A. Parma lee , "Analysis of Plate 
Bending by Triangular Elements," Journal of the Engineering 
Mechanics Division, Vol 94, No. EMS, Proceedings of the American 
Society of Civil Engineers, 1968. 

109. Shook, J. F., and H. Y. Fang, "Cooperative Materials Testing Program 
at the AASHO Road Test," Special Report 66, Highway Research 
Board, 1961. 

1l0. Shook, J. F., L. J. Painter, and T. Y. Lepp, "Use of Loadometer Data 
in Designing Pavements for Mixed Traffic," Highway Research 
Record No. 42, Highway Research Board, 1963. 



111. Skempton, A. W., The Bearing Capacity of Clays, Building Research 
Congress, London, 1951. 

112. Smith, Walter P., Jr., ''Delay to Traffic Due to Future Resurfacing 
Operations," Traffic Bulletin No.7, Department of Public Works, 
Division of Highways, Sacramento, California, November 1963. 

113. Spangler, M. G., "Stresses in Concrete Pavement Slabs," Proceedings, 
Vol 15, Highway Research Board, 1935. 

131 

114. Spangler, M. G., "Stresses in the Corner Region of Concrete Pavements," 
Bulletin 157, Iowa Engineering Experiment Station, Iowa State 
College, Ames, 1942. 

115. Spangler, M. G., and F. E. Lightburn, "Stresses in Concrete Pavement 
Slabs," Proceedings, Vol 17, Highway Research Board, 1937. 

116. Sparkes, F. N., "Stresses in Concrete Road Slabs," The Structural 
Engineer, February 1939. 

117. Sparkes, F. H., and A. F. Smith, "Concrete Roads," Volume XI, The Road 
Makers Library. 

118. Spencer, W. T., H. Allen, and P. C. Smith, ''Report on Pavement Research 
Project in Indiana," Bulletin 116, Highway Research Board, 1956. 

119. "State-of-the-Art of Rigid Pavement Design," Special Report 95, Highway 
Research Board, 1968. 

120. Stelzer, C. F. Jr., and W. R. Hudson, "A Direct Computer Solution for 
Plates and Pavement Slabs," Research Report No. 56-9, Center for 
Highway Research, The University of Texas at Austin, October 
1967. 

121. "Subgrade, Subbases and Shoulders for Concrete Pavements," Portland 
Cement Association, Chicago, Illinois. 

122. Swanberg, J. H., "Pavement Rehabilitation: Background and Introduction," 
Highway Research Record No. 300, Highway Research Board, 1969. 

123. Tanner, J. C., "A Problem of Interference Between Two Ques," Biometrica, 
Vol 40, Parts 1 and 2, June 1953. 

124. Teller, L. W., and E. C. Sutherland, "The Structural Design of Concrete 
Pavements," Public Roads, Vol 16, Nos. 8,9, and 10,1935; Vol 17, 
Nos. 7 and 8, 1936; and Vol 23, No.8, 1943. 

125. Terzaghi, K., ''Evaluation of Coefficients of Subgrade Reactions," 
Geotechnique, Vol 5, 1955. 

126. Teske, W. E., and P. Fordyce, '~Discussion of Established Design Concepts 
as Related to Road Test Performance," Special Report 73, Highway 
Research Board, 1962. 



132 

127. "The AASHO Road Test," Special Report 61 (7 Reports), Highway Research 
Board, 1961 -1962. 

61A - ''History and Description of Project" 
61B - ''Materials and Construction" 
61C - "Traffic Operations and Pavement Maintenance" 
61D - "Bridge Research" 
61E - "Pavement Research" 
61F - "Special Studies" 
61G - "Summary Report" 

128. "Thickness Design for Concrete Pavements," Concrete Information, 
Portland Cement Association, 1966. 

129. Thomas, E. N., and J. L. Schofer, "Introduction to a Systems Approach 
to Transportation Problems," Appendix B of Report Prepared for 
NCHRP, Project 8-4, 1967. 

130. Thomlinson, J., "Temperature Variations and Consequent Stress Produced 
by Daily and Seasonal Temperature Cycles in Concrete Slabs,", 
Concrete and Constructional Engineering, Vol 35, 1940. 

131. Timoshenko, S., and S. Woinowsky-Krieger, Theory of Plates and Shells, 
2nd Edition, McGraw-Hill, 1959. 

132. Treybig, H. J., "Sensitivity Analysis of the Extended AASHO Rigid 
Pavement Design Equation," Master's Thesis, The University of 
Texas, Austin at Austin, 1969. 

133. Texas Highway Department, "Triaxial Compression Tes t for Dis turbed 
Soils and Base Materials Tex-117-E," Manual of Testing Procedures, 
Vol 1, Revised September 1965. 

134. "Truck Weight and Vehicle Classification, State of Texas, 1966," 
Planning Survey Division, Texas Highway Department. 

135. Venkata Subramanian, V., "Temperature Variations in a Cement Concrete 
Pavement and the Underlying Subgrade," Highway Research Record 
No. 60. Highway Research Board, 1963. 

136. Vesic, A. S., "Bending of Beams Resting on Isotropic Elastic Solid." 
Journal of Engineering Mechanics Division, Vol 87, EM2, Proceedings 
of the American Society of Civil Engineers, 1961. 

137. Vesic, A. S., and S. K. Saxena, "Analysis of Structural Behavior of 
AASHO Road Test Rigid Pavements," NCHRP Report 97, 1970. 

138. Vesic, A. S., "Beams on Elastic Subgrade and the Winker's Hypothesis," 
Proceedings of the Fifth International Conference on Soil 
Mechanics and Foundation Engineering, Vol I, 1961. 

139. Vesic, A. S., and S. K. Saxena, "Analysis of Structural Behavior of Road 
Test Rigid Pavements," (Abridgement), Highway Research Record No. 291, 
Highway Research Board, 1969. 



133 

140. Vetter, C. P., "Stresses in Reinforced Concrete Due to Volume Changes," 
Transactions, Vol 98, Proceedings of the American Society of Civil 
Engineers, 1933. 

141. Volterra, E., and E. C. Zachmanoglou, Dynamics of Vibrations, Charles E. 
Merrill Books, Inc., Columbus, Ohio, 1965. 

142. Westergaard, H. M., "Computation of Stresses in Concrete Roads," 
Proceedings, Highway Research Board, 1925. 

143. Wes tergaard, H. M., "Stresses in Concre te Pavements Computer by 
Theoretical Analysis," Public Roads, Vol 7, No.2, 1926. 

144. Wes tergaa rd, H. M., "Theory 0 f Conc re te P aveme n t Des ign," Proceed ings , 
Vol 7, Part I, Highway Research Board, 1927. 

145. Westergaard, H. M., "Analysis of Stresses in Concrete Pavements Due to 
Variations of Temperature," Proceedings, Vol 6, Highway Research 
Board, 1926. 

146. Westergaard, H. M., "Analytical Tools for Judging Results of Structural 
Tests of Concrete Pavements," Public Roads, 1933. 

147. Westergaard, H. M., ''What is Known of Stresses," Engineering News 
Record, January 1937. 

148. Winfrey, R., Motor Vehicle Running Costs for Highway Economy Studies, 
published by author, Arlington, Virginia, November 1963. 

149. Winkler, E., ''Die Lehre von Elasticitaet und Festigkeit," (On Elasticity 
and Fixity), Prague, 1867. 

150. Yang, N. C., "Systems of Pavement Design and Analysis," Highway 
Research Record 239, Highway Research Board, 1968. 

151. Yoder, E. J., "Pumping of Highway and Airfield Pavements," Proceedings, 
Vol 36, Highway Research Board, 1957. 

152. Yoder, E. J., Principles of Pavement Design, John Wiley and Sons, New 
York, 1959. 

153. Zienkiewicz, o. C., Finite Element Method in Structural and Continuous 
Mechanics, McGraw-Hill Book Company, London, 1967. 



!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
"#$%!&'()!*)&+',)%!'-!$-.)-.$/-'++0!1+'-2!&'()!$-!.#)!/*$($-'+3!

44!5"6!7$1*'*0!8$($.$9'.$/-!")':!



APPENDIX 1 

OPERATING MANUAL FOR PROGRAM RPSI 



!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
"#$%!&'()!*)&+',)%!'-!$-.)-.$/-'++0!1+'-2!&'()!$-!.#)!/*$($-'+3!

44!5"6!7$1*'*0!8$($.$9'.$/-!")':!



GUIDE FOR DATA INPUT FOR RPSl 

with supplementary notes 

extract from 

A SYSTEMS ANALYSIS OF RIGID PAVEMENT DESIGN 

by 

Ramesh K. Kher, H. Ronald Hudson, and B. Frank McCullough 

January 1971 



 

 

 

 

 

 

 

 

 

 

 

 This page replaces an intentionally blank page in the original --- CTR Library Digitization Team 



RPS1 ~ GUIDE FOR DATA INPUT 

RPSl is a computer program which systematically designs rigid pavement structures. The development of 

equations, variables of design, and a working systems model have been discussed in various chapters of this 

report. This appendix is provided for the designer as a concise manual for the use of this program. 

A su:rmnary flow diagram (Fig 11) describes the genera 1 procedure of des ign followed an the program. A problem 

number card at the beginning of each problem controls the start of the solution. The program works any number of 

problems in sequence unless a wrong or unacceptable data input causes an error in the solution process. The pro­

gram finally terminates when a blank problem card is encountered. 

Each problem consists of the following cards: 

Card Variables Number of Cards 

I. Problem Number and Description 1 

2. Program Controls 1 

3. Traffic Volume NL 

4. Traffic Growth and Distribution 1 

5. Designer's Restraints 1 

6. Performance Variables 1 

7. Traffic Delay 2 

8. Concrete Properties NC 

9. Concrete Dimensions 1 

10. Subgrade Properties 1 

1I. Subbase Properties NSB 

12. Longitudinal and Transverse Bar Steel 2 (optional) 

13. Wire Mesh Reinforcement 1 (optional) 

14. Tie Bar Steel 1 (optional) 



 

 

 

 

 

 

 

 

 

 

 

 This page replaces an intentionally blank page in the original --- CTR Library Digitization Team 



RPS1 - GUIDE FOR DATA INPUT 

15. Reinforcement Sizes 

16. Overlay Properties 

17. Seal Coat Data 

18. Joint Data 

19. Maintenance, Dimensions 
Miscellaneous Data 

and 

1 

1 

1 (optional) 

1 

1 

Values for NL, NC, and NSB should be carefully specified equal to the number of cards in each. 

Two cards of Item 12 should not be provided if only Mesh Reinforcement is to be designed (NCS3 = 2). Cards of 

Items 13 & 14 should not be provided if only bar reinforcement is to be designed (NCS3 = 1). The card of Item 17 

should be omitted if asphalt concrete overlays are not to be designed. The above instructions must be followed 

strictly; otherwise, a wrong data input will result. 

For a problem where both types of pavements, overlays, and reinforcements are to be designed, the total 

number of cards will be 

18 + NL + NC + NSB 

An average problem having, say, 25 axle ranges, two subbases, and two concretes to be tried, will have 47 cards 

for one problem. Figure 17 describes the assembly order for the RPS1 program deck with the data. 

Guide ~or Data Input 

The following pages provide a guide for data input comprising variable locations on the cards, their 

formats, definitions, and units. It is expected that these forms and instructions will be revised in the future 

with the new developments and modifications of the present version. 



 

 

 

 

 

 

 

 

 

 

 

 This page replaces an intentionally blank page in the original --- CTR Library Digitization Team 



Blank Card to Halt Prooram 
(End of Data Card f 

Cards for as Many Additional / J; ~ 
Problems as Desired ~ 

Problem Number and Discription 1,1 

I Maintenance. Dimeneiana, a Miscellaneous D~li r-
I Joint Data II 

I Seal Coat Data 

I Overlay Propwties 

I Reinforcement Sizes 

I Tie Bar Data 

I Wire Mesh Reinforcement Data 

I Transverse Bar Steel Data 

I Lonoitudinal Bar Steel Data 

NSB Cards I ~~~~~~~~~=~=J&.~;....,~ 
rsubbase Properties ~ 

Subgrade Properties 

I ~
:oncrete Dimensions 

NC Cards 

Concrete Properties 

I Traffic Deloy I Traffic Delay 

I Performance variables 

I Designers Restraints 

Traffic Growth a Distribution Data 

I Traffic Volume Data 

I Program Controls 

I Problem Number a Description 

J~ 
~-=~~ ~i§~ I'll r-

Prooram RPS I Description Deck :;;;; II 
With Start. Finish and Execute Cards : IIII( 

-

/2 Cards 

-

Cards 

as Required by the Particular Computer I~'t' 
and Compiler used. ' 

Proorom Oeck 
V ~ ______________________________ -J 

-

-

Fig 17. Assembly order for RPS1 program deck with data. 

143 
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RPSI - GUIDE FOR DATA INPUT 

To become familiar with the data input and the program solutions, the user should refer to the example 

problem given in the report. Recoding and resolution of this example problem and the comparison of its 

input with the description of the real problem will prove to be very helpful in gaining practical experience 

and profiency in the use of the program. 
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RPSl - GUIDE FOR DATA INPUT 

PROBLEM IDENTIFICATION (one card) 

NPROB 

PROGRAM CONTROLS (one card) 

NCSl NCS2 

110 110 
10 20 

OPERATION CONTROL SWITCHES 

NCS) 

110 

NCSl decides the type of pavement to be designed 

= 1 if only JC pavements to be designed 

= 2 if only CRC pavements to be designed 

TITLE 

Leave BLANK if both types of pavements to be tried 

NCS2 decides the type of overlay to be designed 

= 1 if only portland cement concrete overlay to be designed 

= 2 if only asphalt concrete overlay to be designed 

Leave BLANK if both types of overlay to be tried 

NCS) decides the type of reinforcement to be used 

= 1 if only deformed bars to be used 

= 2 if only welded wire meshes to be used 

PSNl 

F10.O 

Leave BLANK if both types of reinforcement to be tried 

PSN4 

F10.O 
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RPSI - ~UIDE FOR DATA INPUT 

PRINTING CONTROL SWITCHES 

PSNI decides whether to print the long or the short form of output 

= 1 for short form of output 

Leave BLANK for long form of output 

PSN4 decides number of designs to be printed for summary table (six designs per page) 

BLANK gives 12 designs 

TRAFFIC VOLUME (NL cards) 

NL Ll L2 

110 110 110 
~ ~ 

Ll L2 

I 110 I 110 
D 20 

NL - Number of Load Groups 

Ll-L2 - Range of Axle Loads 

Ll is the lower value (pounds) 
L2 is the upper value (pounds) 

NCODE - Axle Code 

= 1 for single axle 
= 2 for tandem axle 

NCODE NA 

FlO.O 110 
~ 50 

NCODE NA 

I FlO.O I 110 I 
~ 40 

NA - Number of Axles in the Range, both directions, per day 
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RPSI ~ GUIDE FOR DATA INPUT 

TRAFFIC GROWTH AND DISTRIBUTION (one card) 

AGF ADFGR 

FlO.O FlO.O 
10 20 31 

AGF ~ Axle Growth Factor (percent per year) 

ADTGR - ADT Growth Rate (percent per year) 

DDF 

FlO.O 

DDF - Directional Distribution Factor (percent) 

DFL - Lane Distribution Factor (percent) 

DFL 

FlO.O 
40 

ADT - Initial ADT Expected, one direction (vehicles per day) 

DESIGNER'S RESTRAINTS (one card) 

CMAX. TMAX OFMIN BOMIN OMAXA OMINA 

FIO.O FlO.O FlO.O FlO.O I FS.O I FS.O 
10 20 lO 40 45 

CMAX. - Maximum Funds Available for Initial Construction (dollars) 

!MAX - Maximum Allowable Thickness of Slab plus Subbase (inches) 

OFMIN - Minimum Allowable Time to the First Overlay (years) 

BOMIN - Minimum Allowable Time Between Overlays (years) 

OMAXA - Maximum Total AC Overlay Thickness (inches) 

OMINA - Minimum AC Overlay Thickness at One Time (inches) 

OMAXC - Maximum Total PCC Overlay Thickness (inches) 

OMINC - Minimum PCC Overlay Thickness at One Time (inches) 

AP - Length of Analysis Period (years) 

50 61 

OMAXC OMINC 

I FS.O I FS.O I 
50 55 60 

ADT 

FlO.O 

AP 

FlO.O 

70 

70 

...... 
U1 ...... 
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RPS I -GUIDE FOR DATA INPUT 

PERFORMANCE VARIABLES (one card) 

PI P2 POV 

FlO.O FIO.O FlO.O 
10 20 

PI - Initial Serviceability Index 

P2 - Terminal Serviceability Index 

POV - Serviceability Index After an Overlay 

P2P BONE 

FlO.O FlO.O 
40 

P2P - Lower Bound on the Serviceability Index Due to Swelling Clay for Zero 
Traffic and Infinite Time 

BONE - Swelling Clay Parameter 

TRAFFIC DELAY VARIABLES (two cards) 

DTSO DTSN DDOZ PAPH HPDC NOLO NOLN 

FlO.O FIO.O FlO.O FlO.O FlO.O I 15 I 15 I 
10 20 40 50 55 60 

DTSO Distance Over Which Traffic is Slowed in Overlay Direction (miles) 

DTSN - Distance Over Which Traffic is Slowed in Non-Overlay Direction 

DDOZ - Distance Measured Along 

PAPH - Percent of ADT Arriving 

HPDC - Number of Hours Per Day 

NOLO Number of Open Lanes in 

NOLN Number of Open Lanes in 

ITYPE - I for Rural Roads 
2 for Urban Roads 

Detour Around Overlay Zone (miles) 

Each Hour of Construction 

that Overlay Construction Takes Place 

Restricted Zone, Overlay Direction 

Restricted Zone, Non-Overlay Direction 

(miles) 

I1YPE 

FlO.O 
71 80 
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RPSI - GUIDE FOR DATA INPUT 

PVSO PVSN DEQO DEQN AAS ASOD ASND 

FlO.O FlO.O FlO.O FlO.O FlO.O FlO.O FlO.O 
10 20 30 40 60 70 

PVSO - Vehicles Stopped by Construction Equipment and Personnel, Overlay Direction (percent) 

PVSN - Vehicles Stopped by Construction Equipment and Personnel, Non-Overlay Direction (percent) 

DEQO - Average Delay Per Vehicle Stopped by Road Equipment and Personnel, Overlay Direction (hours) 

DEQN - Average Delay Per Vehicle Stopped by Road Equipment and Personnel, Non-Overlay Direction (hours) 

AAS - Average Approach Speed to Overlay Area (mph) 

ASOD - Average Speed Through Restricted Zone, Overlay Direction (mph) 

ASND - Average Speed Through Restricted Zone, Non-Overlay Direction (mph) 

MODEL - Model Number Describing the Traffic Situation During Overlay Construction 

CONCRETE (NC cards) 

NC ND NP SX SXSD SXCL WC E TS CIC CPCYC 

I IS In 112 I FS.O I FS.O I FS.O I FS.O I FlO -:-0- 1 FlO.O I FlO.O I FlO.O I 
I 5 8 10 15 20 25 30 40 50 60 10 

ND NP SX SXSD SXCL WC E TS CIC CPCYC 

j13 112 I FS.O I FS.O I FS. 0 I FS.O I FlO.O I FlO.O I FlO.O FlO.O 
6 8 10 15 20 25 JO 40 50 60 10 

NC - Number of Concrete Types 

ND - Number of Days at Which Concrete Flexural Strength Measured 

NP - 1 for Flexural Strength Obtained by Center Point Loading 
2 for Flexural Strength Obtained by Third Point Loading 

SX - Concrete Flexural Strength, Mean Value (psi) 

MODEL 

no 
eo 

CSC 

FlO.O I 
80 

CSC 

FlO.O 
80 

t-' 
VI 
VI 
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RPSI - GUIDE FOR DATA INPUT 

SXSD - Concrete Flexural Strength, Standard Deviation (psi) 

SXCL - Concrete Flexural Strength, Confidence Level 'percent) 

WC - Weight of Concrete (pounds per cubic foot) 

E - Modulus of Elasticity at 28 Days (psi) 

TS - Tensile Strength of Concrete (psi) 

CIC - Initial Construction Equipment Cost per Lane Mile for Pouring Concrete (dollars) 

CPCYC - Cost per Cubic Yard of Concrete (dollars) 

CSC - Cost per Lane Mile of Surfacing Concrete for Finish, Texture, and Curing (dollars) 

CONCRETE DIMENSIONS (one card) 

TCMIN TCMAX CINC 

I FlO.O I FlO.O I FlO.O I 
II 20 30 40 

TCMIN - Minimum Allowable Concrete Thickness (inches) 

TCMAX - Maximum Allowable Concrete Thickness (inches) 

CINC - Pratical Increment at Which Concrete Can Be Easily Poured or the Increment 
at Which the Solutions Should Be Tried, whichever is larger 

SUBGRADE (one card) 

SGK SGKSD SGKCL TTC TTCSD TTCCL 

FlO.O I FlO.O I FlO.O I FlO.O I 
10 20 30 40 

FlO.O FlO.O 
50 

SGK - Sub grade k, Mean Value (pci) 

SGKSD - Subgrade k, Standard Deviation (pci) 

SGKCL - Subgrade k, Confidence Level (percent) 

FFSG 

IFS.O 
60 

EFSG CPLMSG 

IFS.O FlO.O 
65 70 80 
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RPSI - GUIDE FOR DATA INPUT 

TTC - Texas Triaxial Class, Mean Value 

TTCSD - Texas Triaxial Class, Standard Deviation 

TTCCL - Texas Triaxial Class, Confidence Level (percent) 

FFSG - Friction Factor Between Subgrade and Concrete 

EFSG - Subgrade Erodability Factor 

CPLMSG - Cost per Lane Mile of Subgrade Preparation (dollars) 

SUBBASE (NSB cards) 

NSB NAME EF 

IS I 2A4,A2 I Fs.O 
5 15 21 

NAME EF 

1 2A4,A2 I I FS.O 
6 15 21 

NSB - Number of Subbase Types 

NAME - Description of Subbase 

FFSB 

I FS.O 
25 

FFSB 

I FS.O 
25 

EF - Erodability Factor for Subbase 

TTCS ES 

I FS.O I FlO.O 
30 35 

TTCS ES 

I FS.O I FlO.O 
30 35 

FFSB - Friction Factor Between Subbase and Concrete 

TTCS - Texas Triaxial Class for Subbase 

ES - Subbase Material Modulus Value (psi) 

CIS CPCYS 

I FlO.O I FlO.O 
45 55 

CIS CPCYS 

FlO.O I FlO.O 
45 55 

CIS - Initial Construction Equipment Cost per Lane Mile for Subbase Construction 

CPCYS - Cost per Cubic Yard of Compacted Subbase 

TSMIN - Minimum Allowable Subbase Thickness (inches) 

TSMAX - Maximum Allowable Subbase Thickness (inches) 

I 
65 

I 
65 

SINC - Practical Increments at Which Subbase Can Easily be Poured or the Solutions be Tried 

TSMIN TSMAX 

Fs.O I FS.O I 
70 75 

TSMIN TSMAX 

FS.O I FS.O I 
70 75 

SINC 

FS.O 

SINC 

FS.O 

I 
70 

70 

.... 
Ln 
\.0 
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RPSl ..; GUIDE FOR DATA INPUT 

BAR STEEL - LONGITUDINAL (this card only if NCS3 is not 2) 

I, 
NAMEBS TYSBS 

2A4,Al I FS.O 
to 

CPPBS 

I FS.O I 
15 20 

NAMEBS 

2A4,Al 

TYSBS 

I FS.O 

NAMEBS - Bar Steel Identification Number 

CPPBS 

I FS.O I 
35 40 

TYSBS - Tensile Yield Point Strength of Steel (psi) 

CPPBS - Cost per Pound of Bar Steel (dollars per pound) 

BAR STEEL - TRANSVERSE (this card only if NCS3 is not 2) 

NAMEBS NAMEBS TYSBS CPPBS 

2A4,Al 2A4,Al 

NAMEBS - Bar Steel Identification Number 

TYSBS - Tensile Yield Point Strength of Steel (psi) 

CPPBS - Cost per Pound of Bar Steel (dollars per pound) 

WIRE MESH (this card only if NCS3 is not 1) 

NAMEWS TWSWS CPPWS NAMEWS TYSWS CFPWS 

2A4,A2 2A4,A2 

NAMEWS - Wire Mesh Steel Identification Number 

TYSWS - Tensile Yield Point Strength of Steel (psi) 

NAMEBS 

2A4,A2 

NAMEBS 

2A4,A2 

NAMEWS 

2A4,Al 

CPPWS - Cost per Pound of Wire Mesh Steel (dollars per pound) 

50 

TYSBS CPPBS 

FS.O I FS.O I 
55 60 

TYSBS C'PPBS 

TYSWS CPPWS 

NAMEBS TYSBS CPPBS 

2A4,A2 I FS.O I FS.O I 
10 75 BO 

NAMEBS TYSBS GPPBS 

2A4,Al 

NAMEWS TYSWS CPPWS 

2A4,A2 
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RPS1 • GUIDE FOR DATA INPUT 

TIE BAR STEEL (this card only if NCS3 is not 1) 

NAMETS TYSTS CPPTS NAMETS TYSTS CPPTS NAMETS 

2A4,A2 I FS.O 1 FS.O I 2A4,A2 I FS.O I FS.O I 2A4,A2 
10 15 20 30 35 40 

NAMETS - Tie Bar Steel Identification Number 

TYSTS - Tensile Yield Point Strength of Tie Bar Steel (psi) 

CPPTS - Cost per Pound of Tie Bar Steel (dollars per pound) 

STEEL SIZES (one card) 

TYSTS CPPTS 

I FS.O I FS.O I 
55 60 

BARN 4 values SL(l) ST(l) SL(2) ST(2) SL(3) ST(3) SL (4) ST(4) 

NAMETS TYSTS CPPTS 

2A4,A2 I FS.O I FS.O I 
70 75 80 

TBARN 4 values 

I FS.O I FS.O I FS.O IFS.O I FS.O I FS.O I FS.O I FS.O I FS.O I FS.O 1 FS.O I FS.O I FS.O IFS.O I FS.O 1 FS.O I 
I 5 10 15 20 25 30 

BARN - Bar Numbers to be Tried 
Give only if NCS3 = 0 or = 1 

MESHES Mesh Sizes to be Tried 
Give only if NCS3 = 0 or = 2 
SL is Spacing of Longitudinal Wires 
ST is Spacing of Transverse Wires 

TBARN - Tie Bar Numbers to be Tried 
Give only if NCS3 = 0 or = 2 

OVERLAYS (one card) 

CIOV CPCYAC ACE 

FlO.O FlO.O I FlO.O 
10 20 30 

35 40 45 50 

ACPR 

FlO.O 
40 51 

CIOV - Initial Construction Equipment Cost per Lane Mile for AC Overlays 

CPCYAC - Cost per Cubic Yard of In-Place Compacted Asphalt Concrete 

55 60 65 70 75 80 

CPR COEF CPSYR 
FlO.O FlO.O FlO.O 

60 70 80 



 

 

 

 

 

 

 

 

 

 

 

 This page replaces an intentionally blank page in the original --- CTR Library Digitization Team 



RPS1 - GUIDE FOR DATA INPUT 

ACE - Asphalt Concrete Modulus Value 

ACPR - Production Rate of Compacted Asphalt Concrete (cubic yards per hour) 

CPR - Concrete Production Rate (cubic yards per hour) 

COEF - Concrete Coefficient for Corps of Engineers Formula (Eq 4.30) 

CPSYR - Any Additional Cost per Square Yard for Overlay Construction (present value) 

SEAL COATS (this card only if NCS2 is not 1) 

TFS TBS CPLMS 

FlO.O F10.0 FlO.O 
10 20 

TFS - Minimum Time for First Seal Coat After an Asphalt Concrete Overlay 

TBS - Minimum Time Between Seal Coats 

CPLMS - Cost per Lane Mile of a Seal Coat 

JOINTS (one card) 

1 
1 

CPFTJ CPFLJ SLY SUV 

FlO.O I FlO.O I I FlO.O FlO.O 
10 ZO 31 40 

CPFTJ Cost per Foot of Transverse Joint (dowe 1s, sawing, sealing, 

CPFLJ - Cost per Foot of Longitudinal Joint (excluding cost of the 

SLY - Joint Spacing to be Tried for JCP Pavements, lower value 

SUV - Joint Spacing to be Tried for JCP Pavements, upper value 

I 
50 

etc.) 

bars) 

N:JM 

I no.o 
61 70 

NJM - Number of Transverse Construction or Warping Joints per Mile Provided for CRCP Pavements (if any) 
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RPSl - GUIDE FOR DATA INPUT 

MAINTENANCE, DIMENSIONS, AND MISCELLANEOUS (one card) 

DFTY CLW CERR CMAT RINT 

F10.0 F10.0 F10.0 F10.0 F10.0 
20 30 40 50 

DFTY - Days of Freezing Temperature per Year 

CLW - Composite Labor Wage (dollars per unit maintenance) 

CERR - Composite Equipment Rental Rate (dollars per unit maintenance) 

CMAT - Cost of Materials (dollars per unit maintenance) 

RINT - Rate of Interest or Time Value of Money (percent per year) 

PSVGE - Salvage Percent of Structural Value at the End of Analysis Period 

WL - Width of Each Lane (feet) 

NLT - Total Number of Lanes in Both Directions 

BLANK CARD TO TERMINATE THE PROGRAM 

PSVGE WL ~T 

F10.0 F10.0 110 
60 70 80 



 

 

 

 

 

 

 

 

 

 

 

 This page replaces an intentionally blank page in the original --- CTR Library Digitization Team 



GENERAL PROGRAM NOTES 

Program Controls: 

These optional parameters are built in to obtain various options for designing particular types of rigid 
pavements, overlays, and reinforcements. If all NCS switches are left BLANK, the program designs 
and optimizes out of all possible types of solutions. 

NCS1 and NCS2 can very effectively be used to decrease the computational time in case a particular type 
of design is not required. 

NCS3 can be used to design a particular type of reinforcement if desired, but a BLANK for NCS3 will 
select the most economical type of reinforcement out of bar steels and wire meshes. 

A BLANK for PSN4 automatically gives 12 designs for the Summary Table. The program is at present 
dimensioned for a maximum of 24 designs and, because a number greater than 24 can produce serious 
errors in the design process, PSN4 is assumed to be 24 if a larger number is input. In case the 
program generates less designs than the number specified, the program prints fer the Summary Table 
as many designs as generated. 

The program requires a storage of about 105,000 octal with dimensions for 24 design strategies. The 
storage will increase if the program is redimensioned. 

Traffic Data: 

The number of load ranges in traffic data should be enough to reasonably divide the axle loads 
in various groups. The average value of a load range is used to compute equivalent loads 
and, therefore, traffic analysis gets more accurate with an increasing number of load ranges. 
If it is observed that a particular axle load is considerably more frequent than the other loads 
in a range, the load should be changed into a load group by itself. There is no limit on the maxi­
mum number of load groups. Frequency of loads, NA, is the average daily axles in both directions. 
The values should be as accurate as possible because these data are projected over the entire 
analysis period. 

Traffic Growth and Distribution: 

The growth factors are linear percent increases per year; e.g., a growth factor of x percent per year 
for average daily traffic, X , will make it X + xY after Y years. Average daily traffic should 
be given in one direction. 100 
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Designer's Restraints: 

These inputs should be specified very carefully. For a set of very restrictive values, these restraints 
may reject certain desirable designs, but also certain other values of these restraints may help 
generate a large number of designs requiring a high amount of computational time. 

A complete analysis of the effects of these restrictions is printed for every problem on the last page. 
If this analysis shows that a considerable proportion of designs is being rejected due to a particular 
restriction being relatively too strong, and if the designer feels that some of the optimal designs 
may be lost because of this, the problem should be run again with the restriction a little more open. 

Minimum overlay thicknesses should generally be specified according to the general practices. Maximum 
total initial thickness will become a restriction when its value is less than the sum of maximum 
concrete and subbase thicknesses. A zero value of minimum time to the first overlay will remove this 
restriction from the program. 

Maximum total overlay thickness values should be specified with care. The difference of maximum and 
minimum overlay thickness generally determines the amount of computational work involved in an 
overlay subsystem. A high value may sometimes lead to very large overall computation time. 

Performance Variables: 

In view of the statistical development of performance models used in the program, it is desirable that 
P1 not be greater than 4.5 and P2 not be less than 1.5. Due to the basic assumptions, P2P should 
always be less than or equal to P2. 

Traffic Delay Variables: 

These variables determine the indirect costs due to traffic delay during overlay construction. All inputs 
should conform to the MODEL specified for handling traffic during the overlay. Detour distance, 
DDOZ, is not required unless ModelS is used for handling traffic. The product of PAPH and HPDC 
should not be greater than 100. 

The program is designed to overlay one lane at a time. The number of open lanes in the overlay or 
nonover1ay direction should not be greater than three. Data built into the program do not allow 
the vehicle speeds of more than 60 mph and this value is adopted if higher speeds are input. 
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Materials (concrete): 

The program is presently dimensioned for a maximum of six types of concrete which can be specified. 
The program converts the value of flexural strength if ND = 7 and/or NP = 1. Standard deviation 
and confidence level can be left BLANK if values are not known. In that case, the program will use 
the mean value of flexural strength, SX. 

A value for SXCL must be given in case a value for SXSD is specified. 

TS can be left BLANK if not known. A value of 0.4 times the design value of flexural strength will be 
used if TS is BLANK. 

Flexural strength, SX, should not contain any factor of safety to design. This factor is already built 
into the performance model. 

Concrete Dimensions: 

The minimum and maximum values should be specified carefully based on experience. Increment value, CINC, 
should be decided by the construction equipments to be used and general practices followed. Any value 
of this increment can be specified. A value of 1.0 inch is used in case CINC is left BLANK. These 
values are used for every type of concrete input. 

Subgrade: 

The options of specifying mean subgrade modulus of reaction, SGK, or its mean Texas Triaxial Class, TTC, 
are available. In case both the values are given, the program will use the modulus value. Standard 
deviations and confidence levels can be left BLANK if not known. The program will use the mean 
values in such cases. Confidence levels must be given in case values for standard deviations are 
input. The friction factor and erodabi1ity factor for subgrade may not be given if no solutions 
with the slab directly resting on the subgrade are to be generated. 

Materials (subbase): 

The program is presently dimensioned for specifying a maximum of four different types of subbases. 
The option of specifying either the modulus values of subbase materials or their Texas Triaxial Class 
values is built in the program. Modulus value will be used in case both the properties are input. 
The minimum, maximum, and increment values for each subbase can be specified separately. Increment 
values should be specified based on the general practices followed for constructing subbases. 
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Materials (steels): 

Bar Steels: 

These two cards for longitudinal and transverse bar steels should be provided if NCS3 is not equal to 
2, i.e., if only bars are to be designed or if bars and wire meshes both are to be tried. A 
maximum of four types of bar steels for longitudinal reinforcement and the same number for 
transverse reinforcement can be specified. Tensile yield point strength should not contain 
any factor of safety. A value has been built into the program for this. 

Wire Meshes: 

This card should not be provided if NCS3 is equal to 1. A maximum of four types of wire mesh steels 
can be input. Tensile yield point strength should not contain any safety factor. 

Tie Bars: 

These data are used for providing tie bars whenever wire meshes are designed. This card, therefore, 
should not be provided when only bar reinforcement is specified to be designed, i.e., NCS3 = 1. 
In a case when bar reinforcement is designed, tie bars will be provided of the same steel as 
used for transverse reinforcement bars. 

Steel Sizes: 

This card contains the inputs for determining the layout configuration for reinforcement and tie 
bars. A maximum of four bar numbers can be input for determining the spacing of bar steels in 
case bar reinforcement is provided for the design. In case of wire meshes, pairs of longitudinal 
and transverse mesh spacings are input and corresponding diameters of meshes to be used for the 
design are computed and printed. A maximum of four pairs can be specified. 

In a case when wire meshes are intended to be designed, bar sizes to be used as tie bars should be 
specified. A maximum of four sizes can be specified for tie bars. For designs for which bar 
reinforcement is provided, the same sizes will be tried for tie bars as are used for designing 
transverse bar steel. 

In every case, the program gives the spacing of tie bars along the longitudinal joints. The lengths 
of tie bars is 60 times the diameter being provided. 

The spaces for these steel sizes can be left blank for those types which will not be used in the d~ 
sign according to NCS3 switch. Bar numbers, BARN ( ), may not be provided if NCS3 = 2 and, vice 
versa, the wire mesh spacings SL ( ) and ST ( ) and cie bar numbers, TBARN ( ), may not be 
provided if NCS3 = 1. 
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Materials (overlay): 

This card contains inputs for both types of overlays, but the values may be left BLANK if one is not to be 
used according to NCS2 switch. CIOV, CPCYAC, ACE, and ACPR may be left BLANK if only PCC over1ay~ are 
to be designed and, vice versa, CPR and COEF can be left BLANK if only AC overlays are desired. 
CPSYR is a random additional cost and is built in the program to give the designer an option of 
adding a particular cost to all the designs. A designer may add any such initial or the present 
value of a future cost which is not taken into account in the program and is advocated by the spe­
cial conditions of a site. 

Seal Coats: 

This card should not be provided if only portland cement concrete overlays are to be designed, i.e., when 
NCS2 = 1. Seal coats are only provided on those pavements which are provided with asphalt concrete 
overlays. 

Joints: 

Cost per foot of transverse joints, CPFTJ, should include the cost of sealing and dowels. 
of longitudinal joints should not include the cost of tie bars. SLV and SLU are the 
upper values of transverse joint spacings to be used for jointed concrete pavements. 
determines the most economical spacing of these joints. NJM is provided in case some 
joints are desired for CRC pavements; e.g., construction joints or warping joints. 

Maintenance, Dimensions, and Miscellaneous: 

Cost per foot 
lower and 

The program 
transverse 

For complete explanations of maintenance cost variables, CLW, CERR, and CMAT, refer to NCHRP Report 42 
(Ref 62). Interest rate L~ a very important variable of design and determines the present value 
of all future costs. A zero value for interest rate eliminates this factor. The total number of 
lanes, NLT, should conform to the traffic MODEL used and other inputs specified for traffic delay 
variables. If the road is to be abandoned at the end of the analysis period, zero value for 
PSVGE should be specified. 
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APPENDIX 2 

GENERAL FLOW DIAGRAM FOR PROGRAM RPSI 
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GENERAL FLOW DIAGRAM FOR PROGRAM RPSI 

WRITE 

READ 

READ 

READ 

READ 

Problem Number, NPROB 
Problem identification 

Problem Number and 
Problem identification 

Program control data 

Number of load groups, NL, 
and first for traffic data 

o 

+ 

Error 
Message 

Rest of traffic data from Card 2 
to Card NL and first ten spaces 
for NLCK 

Traffic growth and distribution 
data 

restraints 

181 



182 

READ 

READ 

READ 

READ 

READ 

READ 

READ 

READ 

Performance variables 

Traffic delay cost variables 

Number of concretes NC and 
data for first concrete 

Data for concrete No.2 to 
NC 

Concrete thickness data and 
concrete increment, CINC 

Subgrade 

Number of subbases, NSB, 
data for first subbase 

o 

+ 

Data for subbase No. 2 to 
NSB 

Error Message 1"-"-...... 

Error message 



,~-, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I , 

DO for each subbase 
I = 1 to NSB 

Ye,s 

Yes 

= 3.0 

Set Xl and X2 to print appropriate 
headings for subbase output 

Convert Texas triaxial values to 
modulus values for all subbases 

Read longitudinal an 
transverse bar data 

183 

Read wire mesh data and 
tie bar data to be used 
with wire meshes 

READ 

READ 

READ 

READ 

Bar and mesh sizes to be 
tried in the design 

Maintenance, dimensions, 
and miscellaneous data 

Read seal coat data 



184 

stART WRITING 
Input Data 

DO for all load groups 
,,-- I = 1 NL 
I ~----------------~----~~~ 
I 

• Develop COD (I) data. Find average 
load in kips 

WRITE 
Traffic Data 

WRITE 
Traffic 

For NCSl, NCS2 and NCS3 data 
(= 1, 2 or Blank) 

WRITE appropriate program controls 
For PSNI and PSN4 WRITE appropriate 
statements 

WRITE 
Designer's restraint data 
Performance Data 
Traffic Delay Data 

DO for all concretes I = 1 NC 

to compute design value of 

Yes 

SX(I) 

Yes 

1.23*SX(I) 

SX(I) = O.90*SX(I) 

Yes 

TS(I) = O.4*SXD(I) 



WRITE 
Data for all concretes and 
concrete thickness 

For all steel data 
Determine KOUNT1 to KOUNT7 

IKOUNT) 

185 

WRITE Bar Reinforcement 
_--..... '""----l 

data 

No 

WRITE Wire Mesh & Tie 
I_---II--~ Bar data 

o 

Convert k value of subgrade to its 
E value 

WRITE subgrade k data 
standard deviation if > 0.0 
confidence level if > 0.0 

CALL subroutine PUPY to compute 
design value of k 

Calculate subgrade E value from 
desi n k value 

Calculate SGE value from Texas 
Triaxial value 

WRITE subgrade Texas Triaxial data 
its SD if > 0.0 
its CL if > 0.0 

Call subroutine PUPY to compute 
design TTC values 

Calculate SGE value from design 
TIC value 

WRITE other subgrade data 



186 

I 
I 
I 

• I 
I 
I 
I 
\ --

WRITE data for a subbases 

WRITE AC overlay data 

WRITE seal coat data 

WRITE 
Data for joints, maintenance, 
dimensions, and miscellaneous 

Initialize storage of counters and 
other temporary variables 

Compute cost of subgrade preparation 

Yes 

Set XJ = 3.2 and Pavement identification, 
IDPV = 1 

Set XJ = 2 

DO for NSB 

Yes 

Set KTHCK = KTHCK + 1 

Add to the previous sum the number of 
initial designs this subbase generates 
b itself 



Determine the number of designs generated 
by all the concretes by themselves 

Calculate total number of initial 
designs possible 

WRITE Mes sa e 

,. DO for all J :; 1 NSB 

, 
I 

For THCC analyze traffic data and 
determine total equivalent 
18 kip axles 

DO 

KSUB = KSUB + 1 
Compute cost of subbase 

KREJ :z: KREJ + 1 
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Yes 

Compute transformation decoding 
equations 

Determine improved k value at the top 
of subbase using three different 
equations for THSB < 6.0 inches 
~ 6.0 and ~ 12.0 inches and 
> 12.0 inches 

Convert subgrade modulus value to 
k value (= TOPK) 

Ye~ 

Determine reduced value of k (TOPKE) due 
to erodabi1it factor 

CALL LIFE to determine life of the 
initial 

KLIFE KLIFE + 1 r---... , 

es 
Call MANCE to calculate maintenance cost 

during the initial life (Not beyond 
the AP 

Reinforcement design check counter, 
KRCK = KRCK + 1 

es 



Determine free 
according 

pavement 

Determine bar steel giving mLnLmum 
sum of cost of steel and cost 
of Trans. joints 

Determine mesh steel giving mLnLmum 
sum of cost of steel and cost of 
transverse joints 

No 

Yes 

Determine most economical bar steel 
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I 

I 
I 
A 

: + 

Yes 

No 

Determine most economical bar steel 

Yes 

Determine spacings for all bar sizes 
specified 

Check for bond strength developed 

Determine most economical transverse 
bar steel and its spacing for the 
bar sizes considered 



I 

I , 

1 

I 
Compute cos t of reinforcement (Long. 

+1 Trans. ) and cos t of tie bars 
J 

( 

Determine wire mesh diameters for all 

I long. mesh spacings specified 

IF 
CRC Pavement No 

is being 
designed 

Yes 

Check for bond strength deve loped I 

Determine cos t of trans. s tee 1 providing 
the same mesh s tee 1 as for long. 
direction 

Determine wire mesh diameters for all 
transverse mesh spacings specified 

Determine most economical steel for 
tie bars 

Determine spacing of tie bars 

Compu te cost of reinforcement and cos t I 
of tie bars 

IF 
CRC pavement is No 

being designed 

Yes 
Compute the cost of joints and the 

transverse spacing from the specified 
number per mile 

J 

Compu te cos t of joints with the economical 
transverse spacing determined 

T 
Determine initial cost CTIN I 

= CTSP + CTC + CTSB + CTRF + CTJ + CTTB 
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No 

Yes 

Set up mLnLmum and maximum value of 
AC overlay (OMIN, OMAX). Compute 
decodings and solve the equivalent 
thickness equations partially 

Set up mLnLmum and maximum value of CC 
overla (OMIN, OMAX) 



I 
, I 
I 

I 4 

+ 

Overlay thickness = minimum overlay 
thickness THOV(L) = 0MIN 

Determine total overlay thickness 
THOVT(L) 

Increase same overlay thickness by 
the increment specified 
THOV(L) = THOV(L) + XINCR 

Yes 

Compute Deffective for AC overlays, 
cost of this overlay and total 
cost of all the overla s 

Determine effective thickness, present 
overlay cost and total overlay cost 
for CC overla s 

Call subroutine LIFE to calculate life 
for the overla 

Compute total life of design with this 
overla 

Call TDC and calculate traffic delay 
cost for 

Compute total traffic delay cost including 
this overla 
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I 

I 
I 
I 

A 

,.-----

Call MANCE and calculate maintenance 
cost of this period 

Compute total maintenance cost including 
this period 

Yes 

No 

Calculate seal coat cost for AC 
overlays only;calculate salvage 
cost 

Calculate total cost, TCDST 

Do twice M = I 2 

Determine index of the combination this 
design goes in NLMI = NREQ + LM + I 

Yes 

Yes 

NLMI = NREQ + 5 
Put it in (NREQ + 5) 
array 



XJ 

I 
I 

I 
I 
I 

I 
I 

I 
I 
I 

4 
I 

+ HC I 

0 1 
I I 

0 
HS 

I 
Keep this design in NLMl array I 

INN=NN+ll 

~>-,y:;..:e:;.:;s:...-.. _____ ~ 
T r/ 

Keep the design, cost, reinforcement r 
and overlay information of this 
design in NN array 

DO from 1 to NREQ ) 

Find the total cos t TCT (JAY) and the 
index (JAY) of the design having 
maximum total cost 

~FTCT(JAY) 
.:'1 Yes 

I Y 
"- - - - - - - - - - - - - CONTINUE) 

Count the design information I 

No 
NN 

195 

JAY 

IF 
NCS2 'I O.rN.."o'---.... -----IGo to design second 

type of overlays 
Yes 

rr,---------------------------------~ 

~---_[I~n~c~r~e~a~s~e~s~u~b~b~a~s~e~t~h~~~· c~k~n~e~s~s~1 

-_' __ -_- ~:.. -_-.: :. -_-.:: = :JCONTINUE) 

Increase concrete thickness I 

___ ---II Des i gn second. f--_~_N_O_< 
Ipavement type 

I 
NCSI 'I 0 

es 



I 
I 
\ 

196 

Start printing OUTPUT 

",- - - - - - - - - - - - - - - - -
~~~~~~~~~~=-~~~~ 

Messa e Yes 

Message 

RITE all the information about the most 
optimal design within the combination 

,--------------------------

Determine the lndices of the designs in 
increasing order of total cost 
NMB(l) toNMB(NREQ) 

Determine the number of pages (MPGE) 
required (6 designs/page) for 

table and also extra 
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,- - -- --- DO from 1 to MPGE ) 
l 

Shift the designs NMB(l) to NMB(6) or 
NMB(7) to NMB(12) or NMB(MM) to 
NMB(MMF) in the array (NREQ + 1) 
to (NREQ + 6) 

WRITE information about 6 designs at'] 
a time for the summary table 

Shift reinforcement information in 
I , array (NREQ + 1) to (NREQ + 6) 

WRITE reinforcement size and layout 1 information (if asked) 

Determine seal coat schedule for the I 
designs having AC Qverlays (if asked) 

WRITE seal coat schedule information (if, 
asked) 

I 

'- - ~- - - - - - - - - - - - ~ CONTINUE ) 

For the extra designs cha.nge MM & MMF I 

WRITE initial design analysis ') 

WRITE overlay subsystem analysis 'J 

Return to read data for a new problem I 
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Subrou tine LIFE 

Calcula te 

Calculate WT 
P = PI 

o 

Yes 

Decrease PP by DP. Find T corresponding 
to new PP, find DT 
P = P - DP 

Increase T by DT 
Find PP corresponding to new T 
Find PP and DP, P = P - DP 

Yes 

Calculate GT and equivalencies, WTP, 
corresponding .to P 

TACT = T + TUPTO 
Calculate traffic, WTT, corresponding 
to TACT 

Find DW = WTT - WT 
Set WT = WTT 
Set WTP = WTP + DW 
Find P (PM) corres to WTP 



Bring back P = 
PP "'" PP + DP 
T=T-DT 

No 

Set increment to half 
DP = DP/2, DT = DT/2 

Bring back WT ~ WTT - DW 
WTP = WTP - DW 
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Subroutine PUPY 

For confidence level CL, find area 
under the normal curve (= ± AA) 

Find absolute value of AA (= A) 
Find XA ::: 100*A 
Round off XA to lower whole 
number (= XNA) 

Find the value of standard unit z 
corresponding to XA plus the 
fractional value of z for DA 
(= XZ) 

Yes 

No 

Design value X = mean value 
+ XZ*Standard deviation 



, 
I 
I 
I 
I 
I 
I 
I 
I 

~ 

- .. 

Subroutine MANCE 

Find time T for which maintenance 
is acquired T = PLF - PLP 

Yes 

Find % of maintenance requirements 
for labor, equipment and material 
for urban or rural location 

DO from 1 

Determine maintenance requirement units 
for each 

Yes 

Compute labor, equipment, and material 
costs 

Calculate total cost and find its present 
value 

Yes 

Add this total cost in the previous total 
cost 

l _____ _ 
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I 
For the last fractional year determine 

the proportionate fractional cost 
and add to the previous total cost 

I 
ICalculate cost per square yard I 

I 
!RETURNI 



Subroutine TDC 

Compute LO, LN and K 
Set 

Set POl, PN1, DOl, DNl each = 0.0 
Determine P02, PN2, D02, DN2 

MODEL 

1 2 4 5 

Determine POl, PN1, DOl, DNl 
6140 

Determine output and the recovery 
rates for overla direction 

Yes 

Determine POl and set it = 1.0 if 
greater than 1.0 
Determine DOl 

Determine output and recovery rates 
for overla direction 

Yes 

Determine POl and set it = 1.0 if greater 
than 1.0. Determine DOl 

Determine output and recovery rates 
nonoverlay direction 

203 



204 

I 
Determine PNl and set it = 1.0 if greater 

than 1.0. Determine DNI 

ICONTINUE) 

~Ej 
Determine cost of stopping from approach 

speed (COl, CNl) and cost of slowing 
to thru speed (C04, CN4) for rural 
area 

j 

( 

Determine COl, CNl, C04, CN4 for urbani 
area 

1 
Determine cost of delay due to conges tion ~ 

C02 and CN2 

IF 
Model = S YP.S 

No 

Compute cost of driving at a reduced speed I 
(C03 and CN3) for all models 

J 
( 

Compute C03 and CN3 for Model S having I 
detour distance 

~ 

Ll ITYPE 2J 

T '( 
Compute excess cost of stopping from thru 

speed + cost of idle time (COS and CNS) J 
for rural area 

Compute COS and CNS for urban area 
"t 

Calcula te total traffic delay cost perl 
hour of overlay construction 

Compute total traffic delay cost per square I 
yard and calculate its present worth 

I RETURN I 



APPENDIX 3 

LISTING OF PROGRAM RPSI 
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C 

C 
C 
C 
C 
C 

C 
C 

C 

C 

C 

C 

C 

C 

PROGRAH RPSI IINPUT. OUTPUT. TAPE5 - INPUT. TAPE6 = OUTPUTI 
OCTO~ER. 1970 
DIHEhSION AVGl1301. ATBPFI41. B1301. BARNI41. 

I 
Z 
3 
4 
5 
6 
7 
8 
9 
I 
Z 
3 
4 
5 
6 
7 
8 

BOhYIIZIo 
COHANIIII. 
CPPBSISI. 
CTINER Ill), 
EI61oEFI41o 
Ll130 I. 
NAMEI4.31. 
"CuDEI301. 
"THTI'". 
OVNAMI61. 
RNF 1012 10 
SPAClI41. 
SXCLI410 
TBARNI41. 
THOVT 1111. 
TTCSI610 
WH0191. 

CICI61. CISI41. CODI30.21. CODEI7.2), 
COSOVIIl'. COTRIIII. CPCYCI61. CPCYSI41. 
CPPTSI41. CPPWSI41. CSC(6)' CTMANIIII. 
CTTRAF 1111. DIALI41. DIAMI41. 01 AT 141. 
EQ1301. ES141. ESLC41. FFSBI41. 
l2f301. LFT(41. MANTI41. NA"O" 
NAMEBSIS.31.NAHETSI4.31.NAMEWSI4.31.NCNTI41. 
ND161. NDLTI41. NP(6)' NTDCTI4" 
NTMTI41. NTOTI41. NTOTRI4'. OVIDI3'. 
PLIIZ'. PVIDI21. PVNAM(6" RDIZ.ZI. 
RhFNAHI6'. SINCI4'. SL141. SPACI4,. 
SPACTI41. SPTIEI41. STI4'. SX161. 
SXDI41. SXDATI6.ZI. SXDATAI2.21.SXSOI4', 
TCTMIIII. TCTOVllll. TCTTDlll'. THOVIII" 
TlTLEIISI. TSI6" TSMAXI4" TSMIN(4), 
TYSBSI81. TYSTSI41. TYSWSI4', IIIC161. 
SCOTIZOI. KINI61 

RPSI IS DIMENSIONED TO STORE A MAXIMUM OF 24 DESIGNS 
FOR T~E SUMMARY TABLE. FOR REDIMENSIONING THE PROGRAM 
REPLA~~ I 30 I 110 THE FOLLOWING CARDS BY I 6 + I~K I 
wHERE IJ~ IS THE MAXIMUM NUMBER OF DESIGNS TO BE STORED 

UIME"SION CA(30)' CC130" C11301. CJI30,. 
I CM1301. C01301. CRI30'. CSBI301. CSEAL1301. 
Z CSPI3~1. CSRI30,. CTI30,. CTB1301. 101301. 
31P1301. IR130l, JMR(30)' JNRI301. JPR1301. 
4 HC1301. MLRI30l, MS1301. "'T~130" MTRC301. 
5 NMBIZ4" N0(30)' NPP1301. PlFI30.131o RLNI3t1.41. 
6 RLSI30.4)' RTN130.41. RTSI30.41. ST~1301. SUMOVI301. 
1 TBN13v.41. TBSPI30.41. TC13010 TCT13010 TOI30.121. 
8 TSUB1301 

COMMuN ILIFEI P2. PZP. XJ. TOPKE. ITER. WT 
COMMuh IMANCEI CERR. CLW. CMAT. DFTY 
C0MMO" ITDCI PAPH. HPDC. PVSO. PVSN. DEQO. DEDN. AAS. A~OD. 

I ASND.HODEL. DTSO. DTSN. DDOl. NO~O. NOLN. ADT 

COMMOh IALll AP. ADTGR. ITYPE. RINT 

DATA COOE/3HSIN. 3HTAN. 3HGLE. 3HDEM I 
DATA SXDATA/3HCEN. 3H TH. 3HTER. 3HIRD 

DATA IOVI011l.I-I.31t4H AC • 4H CC • 4HhONEI 
!lATA IPVI0111.I-I.ZI/3H~CP.3HCRCI 
UATA IRNFIDIII. I • I. ZI 14HBARS. 4HMFSHI 

DATA BLAN~/4H.SX.I. Fll/4HFS.ZI. GEO/4HF8.31 
DATA (WHOI1I,I-l,91 13HIH+,4H,28x.6-4H,8x,,4HF8.21 

DATA NOTHIN/5H I. STAR/IHO I 

REAL "CODE 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

C 
C 
C 
C 
C 
C 
C 

C 

C 
C 
C 
C 

REAL MI. MZ. M3 
REAL ~II. KZ2 

READ INPUT DATA 

PROBLEM DESC~IPTION 

Ivvu CONTINUE 
READ 15.10101 NPROB. TITLE 

IvlO FORMAT IA4.6x.15A41 

IF INPROB-NOTHINI IOZO.4650.1020 
IUZO wRITt 16.1-301 NPROB. TITLE 
Iv36 FORMAT (lHl.II,SX,*1-.06X,-RtGID PAVEMENT 

I 'RAMESH ~HER OCTOBER 1970' 19X 
2 I 12X,-PROB -A4, 6X, 15A4 ) 

~YSTE" O~F 
.. I-----TRlr---

lU4U FuRMI"\T 
I 

IIHI. 5X.·I·.06X.*RIGID PAVEMENT SYSTEM ONE 
'RAMESH KHER OCTOBER 1910' 19X ·I-----TRIM. 

Z I 12x,.PROB *A4. 6X, 1~A4 I 

PROG~M CONTROL CAR~ 

10;U 
C 

READ ISoiCSOI "CSI. "CS2. "CS3. PSNI. PSN4 
FORMAT (3110. lOX, FIO.O, lOX, FIO.O 1 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
II 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

1"(5 CONTROL SwiTCH NUMBER 

SET OF SWiTCHES WHICH CONTROL THE DESIGN AND 
OPTI~llATIO" PROCESS. FOR EXAMPLE. 

"CSI DECIDES THE TYP~ OF PAVEMENT TO BE DESIGNED R 
-I FOR JCP TO DE DESIGNED ONLY R 
-Z FOR CRCP TO BE DESIGNED ONLY R 
=BLA~K FOR JCP AND CRCP BOTH TYPES OF PAVE~FNTS R 

TO BE TRIED R 
"CS' DECIDES THE TYPE OF OVERLAYS TO AE D~SIGNED R 

-I FOR CRC OVERLAY TO BE TRIED ONLY R 
-Z FOR AC OVERlAY TO BE TRIED ONLY R 
-~lANK FOR CRC AND AC OVERLAYS TO BE TRIED R 

~CS; DECIDES THE TYPE OF REINFORCEMENT TO BE USED R 

PS"I 

-I FOR DEFORMED BAR REINFORCE"·ENT ONLY R 
-Z FOR WELDED WiRE MESH REINFORCEMENT ONLY R 
-bLANK FOR DEFU~MED BARS AND WiRE MESH ~OTH TO BE TRIED R 

PR INTING SWI TCt! NUMBER 

SET OF S~ITChES WHICH UETERMINE IF SOME SPFCIAL 
OUTPUT IS DESIRED TO BE PRINTED OUT. FOR E.AMPLE. 

RIGID PAVEMENT SYSTEM INPUT 
DECIDES WHETHER TO PRINT LONG OR SHORT FORM OF OUTPUT 
-I FOR SHORT FORM OF OUTPUT 
=8lANK -OR LU"G FORM OF OUTPUT 

R 
R 
R 
R 
R 
R 
R 
R 
R 

"~ ,.n 
~'O 
bDM 
blO 
b70 
630 
640 
6~0 

6"0 
670 
60n 
69C 
700 
710 
7~0 
730 
740 
7~0 

760 
770 
780 
790 
81"\~ 

810 
8 zn 
B~O 
.40 
8'0 
BbO 
B70 
B80 
B90 
9~0 

910 
920 
930 
940 
9~0 

9bO 
970 
980 
990 

1000 
1010 
10ZO 
1030 
1040 
10~~ 

1060 
1070 
10M 
1090 
1100 
1110 
1170 



C 
C 
C 
C 
C 
C 

C 

PSII" NUMBER OF DESIGNS FOR THE OUTPUT 
BL4NK • GiVES TWELYE DESIGNS ( SIX PER PAGE) 

TIlArn C INPUT 

READ (5.1060 I NI.. I. I! I" L2 ( II. NCOOE ( 11. NA 4 It 
1060 FORMAT 43110.rlO.0.1101 

IF 1"1.-11 1070.1100.1090 
1070 WRITE 16.10801 
l08Q fvRMAT I 1.20X.45H··················**················.····**·· 

I 1.20X.4SH" ERROR IN INPUT DATA FOR fRAFFIC " 
2 1.20x."SH" NUMBeR Of LOAD GROUPS OR CARDS 
3 1.20X.,,5H" NOT III ORDER " 
4 1.20x.45H" " 
5 1.20x.4SH" PROGRAM TERMINATED " 
6 1.20x.45H, •••••••••• • .............. ••• ••••••••••••••••• ttl 

(,0 TO 4650 
C 

10110 00 1100 I • 2. NL 

IltlO 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

1110 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

READ 15.10601 NLCK. Lilli. L2111. IICOOEIII. IIAIII 
IF INLC~ .NE. 01 GO TO 1070 
CONT WUE 

NUMBER OF LOAD GROUPS 
RAN6E OF AXLE LOADS 
AXLE CODE 
I FOR SIH6I.E AXLE 
2 FOR TAHDEM AXLE 
NUMBER OF AXLES III THE RANGE. BOTH DIRECTION. 

TRAFFIC GROWTH AND DISTRIBUTION 

REAO 15.11101 A6r. ADT6R. DDF. DFL. ADT 
FORMAT 1212FIO.C.IOXI.FIO.OI 

AGF 
AOTGR 
DOf 
OFI. 
ACT 

AXLE GROWTH fACTOR IP£RCENT P£R YEARI 
ADT GROWTH RATE (PERCENT PER YEAR) 
DIRECTIOHAL DISTRIBUTION FACTOR IPf~CENT 1 
LANE DISTRIBUTION FACTOR IPERCENT! 
INITIAL ADT EXPECTED. ONE DIRECTION 1VEH. PEP DAn 

USERS OECISIONS OR RESTRAINTS 

REAO 15.1120, (MAX. TMAX. Of MIll, BOMIN. OMAXA. OMINA. O~A'(' 
1 OMI~C. AP 

1120 FORMAT 14FIO.C.4fS.O,FIO.01 
C 
C 
C 
C 
C 
C 

CMAX 
THAX 
60HIN 
\JFMlli 
vMAXA 

MAXIMUM 
MAXIMUM 
MINIMUM 
MINIMUM 
MAXIMUM 

FUNDS AVAILABLE (DO~LARSI 
ALLOWABLE THICI<NE5S. SLAB PLUS SU'!!ll'fllflCI"(q 
TIME BETWEEN OVERLAYS {YEARSl 
TIME TO FIRST OVERLAY {YEARSI 
TOTAL AC OVERLAY THICKNESS <INCHESI 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
P­
I! 
R 
R 
It 

f> 
II 
R 
R 
R 
R 
R 
R 
R 
R 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
II 

Il 
R 
f> 
R 
R 
R 
R 
R 
R 
R 
R 

lt30 
1140 
II~O 
IHO 
117!' 
1l~0 
\ 190 
1200 
1210 
1220 
12)0 
1240 
IHO 
12M 
12 7 0 
l?l4n 
1290 
1'00 
1'10 
132~ 
13~0 
1340 
13~0 
1360 
1170 
!lec 
1390 
14(\~ 

141~ 

1420 
14'0 
14 4!' 
14~0 

1460 
147C 
:4RO 
1490 
1'1"0 
15\1'1 
H20 
n~o 
1--4f'1. 
I~,n 

1~60 
1570 
BAO 
15'10 
1600 
1610 
162t'1 
16~0 
~64l" 

J 6~f\ 
1660 
1670 
16M' 

(. 

C 
C 

1130 
C 
( 

C 
C 
( 

C 
C 
~ 

C 
C 
C 

1140 

1150 
C 
( 

(. 

C 
C 
C 
C 
~ 

C 
~ 

C 

~ 

( 

c 
( 

C 
C 
C 
C 
C 
( 

t 
C 
C 

~MI~A MINlMUM AC OV~R~AY T~lCKN~SS AT O~f Tl~E ttNCHESt R 
"MAX( M"XI~'UI" Tv TAL ("'''(RE' E OYER~AY THICKNESS {INCHrSI R 
","Ih( "'I'''MU~, (0NCRLT~ OVERLAY THI(KNES~ AT ONE TIME I {N(HES} R 
~p Ltf'.;GTH UF A"ALY~IS PERICD IvEAf~SI " 

PERFURMANCE VARiABLES 

READ IS.1lll)) PI, P2. POv, P2P. BONE 
FORMAT l~flO.O' 

tiuNt.. 

1~ITIAL SERVICEAbiLITY I"Dtx 
TU""INAt ,lRVICt.ASILITY I"<)EX 
Sf~VICEABiLITY INDEX AFTER .'" OvERLAY 
LO~EST $ERVIClAbILITY INDEX REACHED IN INrlNITE TIME 
D~E fO •• lLLI"G CLAy AND NO TRArFIC 
~.EL.ING CLAY PAiAMfTlR 

TRAFFIC DELAY COST V'RI'~LES 

R(AD 'S,114~1 CISO. OTSN. DoOI. 
F0RMAT (~FIO.C.215.10X, 113 ~ 
R£AO (5.115¥1 ?VS~. PVSN. DEaG, 
FORMAT 11FIO.0.1IOI 

R 
R 
R 
R 
R 
R 
R 
R 

R 
R 

R 
R 
II 
R 
R 
fI 
II 

" II 
~ 

R 
R 

DISTANCE UVER "'HICH {RAFfIC IS SLOWED. OV.DIR,O'TLE51 R 
DISIANCE OVER ~H!CH TRAFfiC IS SLOwED. N.Dv.DIR.(~ILfS! R 
DISTANCl MEAsuRlD ALONG L1[TOUR AROUND DVERi,.Av 1014£'MLSI R 

1 TYPE 

f"v~1"I 

~·:vSI''' 

.... t::IJV 

MAS 
':'SOO 
1.~tiO 
,'Ivl>e:.t. 

PlRCENT OF ADT ARRIVING EACH HOUR OF COS5TRU(TION R 
,",UC/SER Of HOuRS Of OVERt AV (ONSTF'JCT 10>< PER rAY R 
,",1.1. uF OPEN L""ES I" RESTPICTfD lONE. OV, olR. II 
~U. OF uPE~ LA~E~ :~ Rf$f~ICT£~ lONE, ~.OV.DIR. 
"uLO OR NOL" SHvULD NCT &E GR'ATEP T.;A" 3 
I FOR R~RAL ROAD 

FOR IJRSAN ROAD 

V(~ICLE~ STuPP,; b' R~AD EOU,P, OV.DIR. IPFRCENTl 
v;:,<ICLES ST"Pi'ED Bv R ~,;o E~ul~. ".OhO{R. IPERCE"TI 
~V~ DELAY PER VlMICLE ~TOP~ED I~ O(STRICTEO ZONE 
~y ROA~ lC~lPMtl.l A~D P[RSO~~FL. ov. orR. tHOU~S) 
'V~ DELAY PER VEHICLE STOPPfD IN RE"TRICT£D 10"E 
uy )~CAL.. E",,'L'JPi<'.[rH A"'ID PERS'J A4N£L. ~o\. Ov. DIR. {HOURS~ 

AV":;. :.PPROACH 5PEEt'l TO :JV.ERl...AV .RFA {MPH. 
AvG SPlEO TH~uU.::JH RF.S1Rf("TFD lOkf' .. O\t.01R. (MPHl 
AVt: ~Ptf.1.) THi'JU(,M RfST 7 ICTE{'I lONf. f'q.C".DIR. f~PH) 
Mvt,..£:L. f\.:...,",cER ""H),'::H ['I(~.(RJf\[C. THi T~A.FFtC SITuA.lJO~ 

~ATER1AL5 l{vNC~fT(SI 

Q 

R 

" R 

.... E:.AL {'.llbO! Ne, ND(l), "'Pf11, ~"(lt. S:tSDC1J, ,S)(CL<ll. we.l'. 
EIlI. TSII!. (1(111, (O(Y(II', :~CIII 

11tt: f".jKM ... T ! 1~.J3td2.4FS.:).SF!O.Sl 

R 
il 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
Q C 

1690 
17!\O 
1710 
Ino 
1730 
1740 
17~/I 

176~ 

177~ 
11M 
1190 
IAN' 
1810 
1810 
1~30 
1840 
18~O 
lAM 
1 ~'70 
I ~~o 
IB9r 
19"'1~ 

191~ 
1920 
19"'0 
1940 
19~0 

1960 
1970 
19QO 
1~9(\ 

2~fjO 

2nt~ 
202!l 
20'0 
2';40 
n~o 
2060 
207!) 
20RO 
2090 
21~0 
211~ 
2120 
21)~ 

214(\ 
21~~ 

2160 
21 ?r 
21Ar 
219C 
nor 
2?1~ 

2220 
22"),r" 
2240 

N 
o 
00 



C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

1170 WRITE Ib.IIBOI 
1180 FURM~T (/,20X.45H·················.*.·····.*·.*.··.··.··.* ••.. 

1 1.20X.45H* NO DATA ON CONCRETE 
2 1,20X,4SH* 
3 1.20X.45H* PROGRAM TERMINATED 

1.20X,4SH···················*················.··.* ... ·) 
GO TO 4b50 

1190 READ 15.12001 IINDIII. NPIII. SXII" SXSDCI I. SXCLI I I. WC II I • 
CSCIIII. 1·2. NCI I EIII. TSIII. CICIII. CpeYCIII. 

1200 fORMAT 15X.13.12.4f5.0.5f10.01 
1210 CONTINUE 

r.C 

SXCL 

NP 

E 
WC 
TS 

CIC 
CPCYC 
CSC 

NUMBER Of CONCRETE TYPES 
NO. Of DAYS AT WHICH CONC STR ISXI WAS MEASURED 
CONCRETE FLExURAL STRENGTH. MEAN VALUE IPSII 
CONCRETE FLEXURAL STRENGTH. STANDARD DEviATION 
LEAVE SXSD BLANK IF NOT KNOWN 
CONCRETE FLEXURAL STRENGTH. CONfiDENCE LEVEL IPER.I 
DO NOT LEAVE SXCL BLANK If SXSD IS GIVEN 
I fOR CENTER POINT LOADING fOR fLEXUR~L STRENGTH TEST 
2 fOR THIRD POINT LOADING FOR fLEXURAL STRENGTH TEST 
MODULUS Of ELASTICITY AT 2B DAYS IPSII 
WEIGHT Of CONCRETE IPOUNDS PER CUBIC FOOTI 
TENSILE STRENGTH Of CONCRETE IPSII 
LEAVE TS BLANK If NOT KNOWN 
INITIAL COST uf EOUIP PER L.M. fOR POURING CONCRETE 
COST PER CUBIC YARD Of CONCRETE 
COST PER LANE MILE Of SURfACING CONCRETE 
If OR fINISHING.CuRING.AND TEXTUREI 

1220 
C 

READ 15.12201 TCMIN. TCMAX. elNC 
fORMAT 110x.3f10.01 

C 
C 
C 
C 
C 
C 

C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 

TCMIN 
TCMAX 
CINC 

MINIMUM ~LLOWABLE CONCRETE THICKNESS IINCHESI 
MAXIMUM ALLOWAB~E CONCRETE THICKNESS IINCHESI 
PRATICAL INCRlMENT AT WHICH CONCRETE CAN BE 
EASILY POURED OR THE INCREMENT AT WHICH THE 
SOLUTIONS SHOULD BE MADE 

IF ICINC .Eo. 0.01 CINC • 1.0 

MATERIALS (SUBGRADEI 

READ (5.12301 SGK. SGKSD. SGKCL. TTC. TTCSD. TTCCL. FFSG. 
1 EfSG. CPLMSG 

1230 FORHAT 16F10.0,ZF5.0.FID.DI 

SGK 

GIVE ONLY SGK OR TTC 
IF BOTH ARE GIVEN. SGK WILL BE USED 
LEAVE SGKSD ~ND/OR TTCSD BLANK IF NOT KNOWN 
00 NOT LEAVE SGKCL BLANK IF SGKSD IS GIVEN 
DO NOT LEAVE TTCCL BLANK It TTCSD IS GIVEN 

SUBGRADE K VALUE.MEAN VALUE IPCII 

R 2?~0 
R 2260 
R 2270 
R 22BO 
R 2290 
R 2300 
R 2310 
R 2320 
R 2330 
R 2340 
R 2350 
R 2360 
R 2370 
R 2390 
R 2390 
R 2400 
R 2410 
R 2420 
R 2430 
R 2440 
R 2450 
R 2460 
R 2470 
R 24RO 
R 2490 
R 25(\~ 

R 2510 
R 2520 
R 2530 
R 2540 
R 2550 
R 2560 
R 2~70 
R BStl 
R 2~90 
R 2600 
R 261~ 
R 2b20 
R 2630 
R 2640 
R 2650 
R 2660 
R 2670 
R 26RO 
R 2690 
R 2700 
R 2710 
R 2710 
R 2730 
R 2740 
R 2HO 
R 276~ 
R 2no 
R 27R0 
R 2790 
R 2Bno 

C 
C 
C 
C 
l 

C 
l 
l 
C 
C 
C 
C 

SGKSD 
SG"CL 
TTC 
TTCSD 
TTCCL 
FFSG 
"F SG 
CPLMSG 

SUBGRAOE K VALUE.STANDARD OEVIATION 
SUBGRADE K VALUE.CONFIDENCE LEVELIPERCENTI 
TEXAS TRIAXIAL C'_ASS. MEAN VALUE 
TEXAS TRIAXIAL CLASS. STANDARD DEVIATION 
TEXAS TRIAXIAL CLASS. CONFIDENCE LEvELIPERCENTI 
FRICTION FACTOR FOR SUBGRADE 
ERODABILITy FACTOR FOR SUBGRADE 
CUST PER LANE MILE OF SUBGRADE PREPARATION 

MATERIALS (SUBBASEI 

READ 15,1240. NSB, (NAMEII. J), J. 1. 3" EFfl" ffSBIII. 
TSMAX (1 " I TTCSII" ESIiI. CISI1I. CPCYSIiI. TSMINII" 

2 S I NC 111 
1240 FUR~AT 115.2A~,A2.5X,3F5.0,3FI0.0,3F~.OI 

C 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

If INSO-II 1250.129001270 
1250 WRITL 16.12601 
12b~ FORM~T I 1,20X,~~H·····.·····.· •••••••••••••••••••••••••••••••• 

I 1.20X.45H* NO DATA ON SUBBASE * 
2 1,20X,~~H. 
3 1,20x,~5H. PROGRA~ TERMI NA TED 

1.2~X,~~H·················.·· •• • .••••.•••••..••.••••.• ) 
<..0 TO 4650 

127u READ (~"1"8u. (((NA"',E(J, J), J • 1. 3', EFcth FFS8(llt TTCS(l), 
1 ESIII. CISIIIo CPCYSlil. TSMIN(II. TSMAXIII. SINCIIJ" 
2 I • 2. NS~) 

1280 FuRMAT (5X,2A4,A2,5X,3F~.~,3F10.O.3F~.O. 
1290 CuNTINUE 

"SB 
,.AMl 
Ef 
fFSb 
TTCS 
ES 

CIS 
CPCYS 
T SMIN 
T 5MAX 
51NC 

NUMBER OF SUABASE TYPES 
DESCRIPTION Of SUBBASE 
ERODABILITY fACTOR FOR THE SUBBASE 
fRICTION FACTOR FOR SUBBASE R 
TEXAS TRIAXIAL CLASS FOR SUBBASE R 
SUBBA5E MATERIAL E V'LUE IPSII R 
GIVE O~LY TTCS OR ES. ES WiLL BE USED IF BOTH ARE GIVEN R 
INITIAL COST PER L.M. OF EOUIP FOR CONSTR. Of SUBB.Sf R 
CUST PER C~BIC YARD OF CO~PACTED SUBBASE R 
MINIMuM ALLUWABLE SUBBASE THICHNESS IINCHESI R 
MAXIMUM ALLO~ABLE 5uBBASE THICKNESS IINCHESI R 
PRATICAL INCRlM<NTS AT WHICH SUBBASE CAN EASILY R 
BE POURED OR THt 50LUTIONS BE MADE R 

OU 130_ I = I. NSB 

13,,0 
C 

If IT5MAX(11 .GT. 18.CI TSMAXIII = 18.0 
IF (SI~C(II .Ea. o.nl SI~1I1 • 3.0 

R 
R 
R 
R 
R 
R 
R 
R 

C 
C 

IF ITTCS(II .NE. 01 lET • 
'f (E~!11 .NE. vi lET = 2 
IF (lET-II 133001310 

tS VALUE5 _ILL BE CALCULATED FOR ALL TYPES OF SUBBASES 

R 
R 
R 

281~ 

2A20 
2B3~ 
2B40 
2B~0 
2B60 
2B'0 
2AAO 
2B90 
2900 
2910 
2910 
2~30 
2940 
2950 
2960 
297~ 

29M 
2990 
30no 
3010 
302~ 
30~0 

3040 
30~0 

3060 
3070 
3080 
309~ 
3100 
~1!0 
31ll) 
31")0 
3140 
31~O 
3160 
3170 
31M 
3190 
320n 
3ZI0 
3220 
3230 
3240 
3250 
3260 
3no 
32M 
32~0 

33M 
3~10 
3320 
3330 
3340 
33~0 

3360 

N 
a 
\0 



( 

1310 

1320 
C 
C 
C , 
C 
C 
( , 
( 

C 
( 

C 
C 
( 
C 
C 

1330 
1 

( 
( 

c: 
( 
( 

C 
( 

C 
C 
( 
( 

C 
( 

( 

( 
( 

C 
( 

C 
( 

C 
C 
C 
( 

C 

1 

1 

FROM 
DO 

THEIR TTCS VALUES 
132D I • I. NS8 

ESLIII • 4.90~56-0.I0144*TT(SII'**1.~ 
E5111 • IO.O**ESlIII 

MATERIALS ISTEEll 

NAXIMUM OF FOUR TYPES CAN BE 
1. LONGITUDINAL 8AR STEEL 
2. TRANSVERSE 8AR STEEL 
3. WIRE MESH REINFORCEMENT 
4, TIE SAR STEEL . 

SPECifiED FOR EACH OF 

8ARS 

PROVIDE THESE TwO CARDS ONLY IF NC53 • 0 OR 
NO CARDS IF NCSl • 2 

A. lONGITUDINAL 8ARS 
IF (NCS! .NE. 21 READ (~.ll401 (((NANE8S(I. JI. J. 1. 

ll. TYSBS(II. CPPBSlll,. I • I. 41 

B. TRANSVERSE BARS 
IF INCS3 .NE. 21 READ 15013401 IIINAME8S!I. JIo J. 1. 

3 If TY SBS I 11. 'PP 8S II II. I • 5. 8 I 

NAMEBS BAR STEEL IDENTIFICATION NUM8ER 
TYSBS TENSILE YIELD POINT STRENGTH OF STEEL IPSII 
(PPBS (OST PER POUND OF BAR STEEL 

MESHES 

PROVIDE THIS CARD ONLY IF NCS3 • 0 OR • 2 
NO CARD IF NCS3 • 1 

IF INCS3 .NE. 11 READ 15.13401 (IINAMEWSII. JIt J. 1. 
31. TYSWSIII. CPPWSIII'. 1 • 1.4 1 

NAMEWS WIRE MESH STEil IDENTIFICATION NUMBER 
TYSWS TENSILE YIELD POINT STRENGTH OF STEEL (PSI' 
CPPWS COST PER POUND OF WIRE MESH STEEL 

TI E BARS 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

PROVIDE THIS (ARD ONLY IF WIRE MESHES ARE BEING USEO R 
INCS) • 0 OR • 21. FOR BAR REINFORCEMENT THE P~oc;RA" R 
USES THE SAME STEEL AS USED IN THE TRA~SVERSf DIRECTION R 

II 
IF INCS3 .NE. 11 READ 15>1340' (((NAMETSIJ. Jl. J. I. 

31. TYSTSIII. CPPTSIIIl. I • 10 41 
(412A4.A2.2F5.011 1340 FORMAT 

R 
R 
R 
p C 

C NAMETS TIE BAR STEEL IDENTIFICATION NUM8ER R 

3310 
BRO 
3390 
34011 
3410 
3420 
3430 
3440 
3450 
3460 
3410 
3480 
3490 
35011 
3510 
3~?0 

3530 
3540 
3550 
3560 
3510 
35110 
3590 
3bOO 
3610 
3620 
36)0 
3640 
365" 
3660 
3610 
3UO 
3690 
3700 
3710 
31~0 
)1,0 
3140 
3750 
376" 
3710 
31~/I 

H'10 
3800 
3810 
3820 
383~ 

3840 
3850 
3860 
~a711 

38 All 
)5911 
~qt)t'l 

391" 
392(' 

c 
c 
c 
C 
C 
C 
C 

TYSTS 
CPPTS 

TE~SILE YIELD POINT STRENGTH OF TIE BAR STEEL (PSI, 
(UST PER POUND OF TIE BAR STEEL 

oAR AND MESH SIZES TO BE TRIED 

~EAO \5.1350) IBARN!I). := 1. '" I. «SL t I J. ~ T « 1 t. I • 1. 4). 
I TIlARN 

R 
R 
R 
R 
R 
R 

1350 FORMAT 116F5.0) 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

C 
C 
C 
C 
C 
C 
C 
C 
c: 
C 
( 

C 
C 
C 

1%0 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

1)70 
C 
( 
( 

c 
C 
( 

tlARN 

Mf.SHS 

lBARN 

BAR NUMBERS TO DE TRIED 
NOT REQUIRED IF ~CS3 • 2 
MESH SI!ES TO BE TRIED 
NOT REOUIRED IF NCS3 • 1 
SL IS SPA(ING OF LONGITUDINAL ~IRES 
sT IS SPACING OF TRANSVERSE WI~ES 
TIE BAR NUMBERS TO BE TRIEO 
NOT REQUIREO IF NCS3 • I 

MATERIALS (OVERLAY I 

R 
R 
R 
R 

REAO 1~.13~OI CIOV. CPCYA(, ACE. ACPR, CPR. (OEF. CPSrR 
FuR~AT t 4Fl0.0.l0X.3FI0.0l 

R 
R 
R 

ClOV 
CPCYAC 
ACE 
"CPR 
CPR 
ltiEF 

CPSYR 

R 
INITIAL COST PER LANE MilE OF EQUiP FOR AC OVERLAYS R 
COST ICU yo OF 1/. PLACE COMPACTED ASPHALT CONCRfT£ R 
ASPHALT CON(RETE E VALUE R 
PROOUCTIUN RATE Of COMPACTED ASPHALT CONCRfTF(CU YOIHR, R 
CONCRETE PRODUCT ION RATE !CUBIC YAROS PER HOUR! R 
CONCRETE (O(rFIClfNT F~R CORPS OF ENGINEERS FORMULA R 
I • 0.35 FOR BADLY CRA(~EO SLAP-So AND. II 

• 1.00 FOR SLAas j~ E~CEL.ENT CONDITION I R 
ANY ADUITIONAl CCST ISOYARD SPECIFIED BY THE USER R 

R 

MATERIALS (SEAL (OATSI 

IF I"'CS2 .NE. 11 REAO ,5.13101 TFS. TBS. (PLMS 
FORMAT 13Fl0.01 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

PROVIDE THIS CARC ONLY IF NC~3 • 0 OR NC53 • 2 

TINE TO FIRST SEAL COAT AFTER AN A.C. OVERLAY 
TINE BETWEEN SEAL COATS 
CUST PER lAN~ MILE UF A SEA~ COAT 

C R 
C JOINTS R 
( R 

READ 1~.13~CI CPFTJ. CPFlJ. S'V. suv. NJ~ R 
1380 FORI1AT 12FIO.0.IOX.ZFlO.0tlOX.110' R 

C R 
C CPFTJ COST PER FOOT OF TRANS. JOINT R 
C CI'FLJ (UST PER FOOT OF LONG. JOINT CE~CLUDING TIE RARS! R 

3930 
3940 
3950 
3960 
3'1~" 
3980 
3990 
400(\ 
4010 
4nzO 
4D3n 
4040 
4D~0 
4060 
4070 
4080 
4090 
41011 
4110 
412(1 
413(1 
4140 
4150 
4160 
4170 
4180 
4190 
4200 
4210 
4210 
4230 
4240 
425<) 
4~60 
4?~0 

42RO 
4290 
4300 
4310 
4320 
4330 
4340 
4350 
43"(\ 
4370 
43~O 

4~90 

44nO 
4410 
4420 
"'30 
4440 
4450 
4460 
4410 
44~0 

N 

'""' a 



c 
c 
~ 
( 
( 

( 
C 
( 

( 
( 
( 
( 
( 

1)90 
( 

C 
( 

( 
( 

C 
( 
( 

SLY 
SUV 
"JM 

GIVE THE RANGE OF SPACING BETWEEN CONTRACTION JOINTS 
TO BE TRIED FOR JCP 
NOT REQUIRED IF NCSI ~ 2 
LOwER VALUE OF SPACING 
UPPER VALVE OF SPACING 
NUMBER OF TRANSVERSE cONSTRUCTION OR WARPING JOINTS 
PER MILE PROVIDED FOR (R(P PAVEMENTS 
NOT REQUIRED IF NCSI ~ 1 

MAINTENANCE.OIMENSIONS AND MISCELLANEOuS 

READ 1~.13901 OFTY, CLW. CERR. CMAT. RINT, PSVGE. WL, NLT 
FORMAT (7flO.O,110I 

uFTY 
(LW 
CERR 

CMAT 

DAYS Of FREEZING TEMPERATURE PER YEAR 
cOMPOSITE LABOR WAGE IOOLLARS PER UNIT MAINTENANCE 1 
(OMPOsITE EQulPMEliT RENTAL RATE {DOLLARS PER 
VNIT MAINTENANCEI 
(OST OF MATERIALS (DOLLARS PER UNIT MAINTENANCEI 
REFER TO MAINTENANCE MODEL IN NCHRP REPORT 42 

R 
R 
R 
R 
R 
R 

" R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

C 
( 

RINT 
PSVGE 

RATE OF INTEREST OR TIME VALUE OF MOIIEY IPERCENT/YRI R 
SALVAGE PERCENT OF STRUCTURAL VALUE AT THE END OF '. P. R 

C 
( 

C 
( 
( 

( 
( 

( 
( 

14"0 
( 

"L 
NLT 

WIDTH OF EA(H LANE IFEETI 
TOTAL NUMBER OF LANES III BOTH DIRECTIONS 

PRINT INPUT DATA 

DO 1_00 I • 1. NL 
M • NCOOEII, 
COOII. II • (OOEIM. 11 
COOl I. 21 • (ODE 1M, 21 
AVGL III • L I {1I+L2 10 
AVGLIII • AVGL111/2000. 

AVGL AVERAGE LOAD IN KIPS 
WRITE (&.1_101 

1410 FORMAT ( 11144X*TRAff1C INPUT"11124X,"LOAD RANGE".IOX."AVG. " 
1 .LOAD* .. ObX •• AXLE. ... eX .. ·No. Of AXLE· I 45-x •• IN ,UPS-. 
Z 07X."(00E",ORX,*APPLICATIONS" II 

WRITE Ib,14201 IIL!!I>' L2(II. AVGLlII. ICOf>!l. Jl. J. I, 
I 2 I, NA Ill" I • I, NL I 

1_20 FORMAT (leX,18,2H -,18,7X,F8."lX,2A3,5X,1101 
C 
C 

WRITE Ib,14301 AGF, ADTGR, DDF, DFL. 
143U fORMAT 1111.35X,"TRAFFIC GROWTH AND 

1 20X"AXLE GRowTH FACTOR 
2 lOX"AOT GROWTH RATE 
3 lOX"DIRECTIONAL DISTRIBUTION 
4 2uX*LANE DISTRIBuTION FACTOR 

ADT 
DISTRIAUTION"III 

FACTOR 

*14X,F8.21 
*14X.F8.21 
*14X,F8.21 
*14x,1='6.21 

R 
R 
R 
R 
R 
R 
II 
R 
R 
R 
R 
II 
R 
R 
R 
II 
~ 
II 
R 
R 
R 
II 
II 
R 
R 
R 
R 

R 
R 
II 
R 

449~ 

45"0 
4510 
4520 
4530 
4540 
45!>0 
4560 
4~70 

4~aO 

4590 
4bOO 
41>10 
4620 
46,0 
4640 
4650 
4&&0 
4670 
4680 
4690 
4700 
4710 
4720 
47'0 
4740 
4750 
47&0 
4770 
47$1~ 

4190 
"8011 
4~1" 
4821'1 
48:!O 
4841'> 
4A.,0 
4860 
41>70 
46AO 
4890 
491'10 
4910 
4920 
49~O 

4940 
49~0 

4"60 
4970 
4981') 
4990 
50~O 

~Ol() 
50,0 
50'0 
5040 

C 
2.X"INITIAL AVERAGE DAILY TRAFFIC 

WRITE 10,luJOI NPROB, TITLE 
WRITE (0.1440, 

1440 F~RMAT (II J7X,"PROGRAM CONTROLS"I.2CX,"DESIGNER SPECIFIES"I) 
C 

1450 
1400 

1470 
14BO 

1490 
15uO 

C 
1510 

15LO 
1530 

1540 
155U 

151>0 
1570 

C 
15bv 

~1 • NCS1+1 
GO TO 11450,147v.149~1. ~l 

wRI TL 16014001 
FvR~AT 13vX"BOTH CRCP AND JCP PAVE~ENTS TO BE TRIEO"' 

(;u TO 1510 
WR I Tf (I> 01480 1 
FORMAT (3eX'OESION JCP PAVEMeNTS ONLY"' 

Go TO 1510 
WRITt 16,1500, 
FoRMkT I"X"DESION (R(P PAVEMENTS ONLY"I 

~2 • NC~2+1 
uU To (1520.1540.151>0,. K2 

wR I TE (1),15301 
FuRMAT (luX"BOTH CC AND AC OVERLAYS TO BE TRIEO*I 

Gu TO 1580 
WRI T( II> .15501 
FuR~AT (,"X'PRovIDE CC uVtRLAY ONLY"I 

(,0 TO 1580 
WRITE (1),1570, 
FuRMAT (30x'PROVIDE AC OVERLAY ONLY"I 

I() • "C~3+1 

00 TO '1590,1010.10301, K3 
15~0 WRITe (0.10001 
II>UU FoRMAT c,uX*BOTH DEFORMtO BAR AND WiRE ~ESH REINFORCEMENT TO " 

I "BE TRIEU"' 
(,0 TO 1650 

11>10 wRITE 16,16201 
1020 FORM~T (IOX"DESIGN DEFORMED BAR REiNFORCEMENT ONLY"' 

GO TO 11>50 
163C 
104v 

C 
Ib50 
lb6(' 

wRITE ,o.16_CI 
FuRM~T (3_X*OESIC,N WELDlD wiRE ~ESH REINFORCEMENT ONLY"' 

IF ,PSNI .EC. 1.1 WRITE Ib,lbbOl 
FvRMhT (J.X"PRI~T SHORT fORM Of OUTPUT") 

IF ,PSNI .EC. v.1 .RITE 16.1670) 

C 
C 

1670 FO~MhT ()OX,'PRINT LONG FvRM OF OuTPUT"1 
IF IPSN ... EO. 0.01 PSN. = 12. 
IF (PSN4 .GT. 24.) PSN4 • 24. 

WRIn. 16.16801 P!1.N. 
1680 F0RMAT 13ux."PRINT FIRST" '1.0* DE!1.1GNS IN INCREASING ORDER OF * 

I "TuTAL COST'I 

wRITe (6.16901 CMAx. TMAX. OFMIN. BOMIN 
16~v FuRM~T 111.10X."DE~1&NERS DECISIONS OR RESTRAINT~"II 

1 ZUX"MAXIMUM INITIAL FUNDS AVAILABLE {OOLLARS1"14X.FB.21 
2 'OX"MAX INITIAL TH1C~NESS. SLAB PLUS SUBBASE (INCHES'" 
J 06X.F8.21 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

~05n 

5'160 
5070 
5080 
5090 
5100 
5110 
~120 
5130 
5140 
~"O 
5160 
5170 
51An 
519(1 
~2Q(1 

5210 
5221) 
5230 
5240 
5250 
5200 
5770 
5280 
5290 
530" 
5310 
5320 
5330 
5340 
5350 
53&0 
5370 
5380 
5390 
5400 
~410 
5420 
5430 
54,,1) 
5"50 
5460 
5470 
5480 
5490 
5500 
~510 

5~20 
5530 
55"0 
55~0 
5~60 
5570 
55BO 
5590 
56~O 



IF 
1700 FoRHAT 

1 
2 

IF 
1710 FORH"T 

1 
Z 

ZOX.HIN TIHE TO FIRST OVERLAY (YEARSI 
20X.HIN TIME BETwEEN OVERLAYS IYEARSI 

(NCS2 .NE. II WRITE (6.17001 OMAXA. OHINA 

*14X.F8.21 
*14X.F8.2) 

( ZOX.MAX TOTAL AC OVERLAY THICKNESS (INCHESI .I.X.FS.ZI 
ZOX.HIN AC OVERLAY THICKNESS AT ONE TIME (INCHESI. 

CNCS2 .NE. 
I ZOX.MAX 

ZOX.HIN 

lox.Fe.2' 
ZI WRITE 16.17101 OHAXC. OHINC 
TOTAL CONC OVERLAY THICKNESS (INCHESI.I.x.Fe.ZI 
CONC OVERLAY THICKNESS AT ONE TIME CINCHESI. 

08X,FB.21 
WRITE (6,17Z01 AP 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

17Z0 
C 

FORHAT (ZOX.LENGTH OF ANALYSIS PER I 00 (yEARS I 
R 

*14X.FB.l ) R 
R 

C 

C 
C 

wRITE 16,17301 PI, PZ. POV, PZP, BONE 
1730 FORHAT III,'.X,.PERFORHANCE VARIABLES.II 

1 ZOX.INITIAL SERViCEABILITY INDEX 
Z ZOX.TERHINAL SERviCEABILITy INDEX 
, ZOX.SERVICEABILITY INDEX AFTER AN OVERLAY 
4 ZOX.LOWER BOUND ON SERv.INDEX.NO TRAFFIC •• 

*14X,F8.21 
*14X.F8.21 
*14X,F8.21 

5 "INFINITE TIHE"O.x.FS.ZI 
6 ZOX"SWELLING CLAY PARAMETER. BONE "I.X.Fe.z I 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

WRITE 16,17401 DTSO, DTSN. NOLO. NOLN R 
WRITE 16.17S01 Pvso, PvSN, DEao, DEaN, ASOD. ASND, AAS R 
WRITE (6.17601 DOOl, PAPH. HPDC, HODEL R 

1740 FORHAT 111.31X,.TRAFFIC DELAY COST VARIABLES· II ZOX R 
1 .DISTANCE OVER WHICH TRAFFIC IS SLOWED, OV.DIRECTION. R 
2 02x.f8.2 I 59X. *N.OV.DIRECTION*,2X.F8.2 I 20X R 
3 .NO. OF OPEN LANES IN RESTRICTED ZONE. OV.DIRECTION. R 
4 OZX, 18 I 59X, .N.OV.DIRECTION.,Zx.18 I R 

1750 FORH~T (ZOX.PERCENT VEHICLES STOPPED BY ROAD EQUIP. Ov.. R 
1 .DIRECTION. OZx.FS.Z I S9X.·N.OV.DIRECTION".ZX.Fe.ZI Zox R 
Z .AVG DELAY CAUSED bY ROAD EaUIP IHOURSI. OV.DIRECTION" R 
3 OZX.F8.z I 59X,"N.Ov.DIRECTION",ZX.F8.ZI Zox R 
4 .AVG SPEED THROUGH OVERLAY lONE IMPHI. OV.DIRECTION" R 
5 ozx,FS.Z I 59X,"N.OV.DIRECTION".ZX.F8.ZI ZOX R 
6 .AVERAGE APPROACH SPEED TO OVERLAY AREA" 17x.F8.Z I 

1760 FORHAT IZOx"DETOUR DISTANCE AROUND OVERLAY ZONE 
1 lZx,F8.Z I ZOX "ADT ARRIvING EACH HOUR OF " 
Z .CONSTRUCTION • 07X.FS.Z I ZOX "NO. OF " 
3 "HOURS/DAY OVERLAY CONSTRUCTION OCCURS" IIX.F8.Z I 
4 ZOX"TRAFFIC HODEL USED IN THE ANALYSIS" Zlx.18 I 
5 ZOX"ROAD LOCATION" I 

IITYPE .EO. II WRITE 16.17701 
IITYPE .EO. ZI WRITE 16017801 

1770 
1780 

C 

IF 
IF 

FORHAT 
FORHAT 

CIH+. 77X. -RURAL-) 
C IH+, 77X. ·URBAN*) 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

C 
C MATERIALS 
C 

WRITE 16,lv30) NPROB, TITLE 
C 

DO 1790 I • I, NC 

5610 
5620 
5630 
5640 
56S0 
5660 
S670 
56M 
5690 
5700 
S710 
57Z0 
5730 
5740 
5HO 
S760 
5770 
S780 
S790 
5800 
salO 
SS20 
5830 
S840 
S8S0 
5860 
S870 
S8M 
S890 
S900 
S910 
S920 
S9,0 
59.0 
S95' 
S9U 
5970 
S9~O 

5990 
6000 
6010 
60Z0 
60'0 
6040 
60S0 
6060 
6070 
60~0 
609n 
6100 
6110 
6110 
6130 
6140 
6150 
6160 

C 

IF IHPIII .Ea. 01 NPCII • Z 
IF CNOCII .Ea. 01 NDIII • ZS 

CALL PUPY CSXIII. SXSOIII. SXCLIII. SXDIIII 
IF INOIII .Ea. 71 SXDIII = 1.23"SX~111 
IF INPIII .EO. II SXDIII 'O.90"SXD(11 
IF (lS( II .LE. ".C I TSC II = O •• O"S~.DIII 

1790 

I SX = !liP ( II 
SXDATII. II = SXDATAIISX. II 
SXDATII. ZI = SXDATAIISX. ZI 

WRITE C6018~JI II. I = I. t.CI 
18vu FOR~AT 1111 3SX."HATERIALS ICONCRETEI.II 

I IZX."CONCRlTE MIX DESIGN t.UHBER "7X.6115.5XII 
wRlTL 16018101 CNUIII. I = I. NCI 

I~IO FURMAT IIZX.*AGE OF TESTING CONCRETE 
wRITE (6.1820) ((!;,XOATtl • .Jl, J • 1. 

18ZU FURMAT (IZX."MEASuRING POINT 
WRITE C6.18301 ISXIII. I = I. NCI 

-7X.6( 1~.5X) 1 
2 •• I &' It Ne) 

*6X.6C2A3.4XII 

1830 FORMAT 112X.·FLEXuRAL STPE~GTH.MEAN VALUE"Zx.6FIO.ZI 
WRITE IbolS.OI ISXSDIII. I' I. NCI 

IS,O FURMAT IIZX."FLEXURAL STRENGTH.STD. OfV. "ZX.6FIO.ZI 
WRITE 16.18501 CSXCLIII. I • I. HC' 

1850 FORMAT IIZX."FLEX.STR.DESIGN CONF.LEVEL *2x.6FIO.21 
WRITE 16.IS601 ITSIII. I • I. NC' 

1860 FORMAT 112X."TENSILE STRENGTH 
wRITE 16.IS701 IEIII. I • I. NCI 

187~ FuRM~T IliX."ELASTIC MODULUS 
WRITE 16.18S01 IWCIII. I • I. NCI 

18S~ FORMAT 112x."WEIGHT 
wRITE 16.18901 ICICIII. I = I. NCI 

18~0 FuRMAT CI<X."CONSTRUCTluN EQUIPMENT COST ·2x.6FIO.21 
WRITE 16.19001 ICPCYCIII. I • I. ~CI 

19uO FORMAT 112x."COST P~R CUBIC YARD 
wRITE 16.191~1 ICSCIII. I = I. NCI 

-2x.bFIO.2) 

FuRMAT 112X."COST uF SURFACING CONCRETE "2X.6FIO.21 

WRITl 16.19201 TCMIN. TCMAX. CINC 
1920 FvRM~T 11120X"MI~IMUM ALLuwABLE CO~CRETE THICKNESS" OSx. 

1 Flh2./~OX·1"'AXl"'·u'" ALLOWABLE CONCRETE THICKNESS' 
i ~8X,F8.2./2Cx·PRACTICAl l~tRfMENT FOR POURING. 
3 "CONCRETE" 0.x.F8.21 

"OUIiTl • 0 
II:OUNT2 • 0 
"OuNT) • a 
~OUNT'" • C 
KOUNT5 • 0 
KOUliT6 0 
KuuNT7 ~ 0 

DCJ 19ltJ 1 ~ 1. It 
IF ITYoBSCl1 .NE. 0.1 ~OuNTl • KOUNT!+I 

J • 1+4 
IF ITYSBSIJI .NE. 0.1 KOUNT2 KOUNTZ+I 
IF ITYSWSrl, .NE. e.l IC:.OUNTl • ';OUNT:!-+l 
IF (SLit) .NE. ::i.) KOUNT4 .I(OUNT4+1 

R 6170 
R 61~0 
R 6190 

6200 
6210 

R 622n 
R 621n 
R 62.0 
R 6150 
R 6260 
R 6770 
R 62~0 

R 6290 
R &300 
R 6310 
R 63Z0 
R 6330 
R 63.0 
R 6150 
R 61611 
R 6370 
R 63~0 
R 6390 
R 6400 
R 6'10 
R b'20 
R 6'30 
R 6"0 
R 6'50 
R 6460 
R 64"'0 
R 6'~0 

R 6'90 
R 6~OC 
R 6510 
R 6~20 
R 6~30 
R 65.0 
R 6~50 

R 6560 
R 6~70 

R 65RO 
R 6590 
R 66~O 

R 66111 
R 6620 
R 6630 
R 66.0 
R 6650 
R 6660 
R 6670 
R 6680 
Q 6690 
R 6700 
R 671n 
R 6720 



19)0 
C 

IF ITYSTSIII .NE. 0.1 KOUNT5 = KOUNT5+1 
IF CBARNel1 .NE. 0.) KOUNT6 • KOUNT6+1 
IF ITBARN(\ I .NE. 0.1 KOuNT7 = KOUNT7+1 
C()NT! NUE 

C 

C 

C 

C 

C 

IKOUNT • MAXOIKOUNTI, KOUNTl. KOUNT3. KOUNT51 
KOUNT2 • KOUNT2'0 

wRITE 16.19001 II. I = I. IKOUNTI 
1900 FORMAT 111.36X.*MATERIALS ISTEELI*1138X,OIIOx.1211 

IF INCS3 .EO. 21 GO TO 1990 
wRITE (6.1950) ((NAMEBS( 1. J). J • 1, ~). 1. KOUNTl) 
WRI TE 16.19601 ITYSBSC1 I. I = 1. KOUNTII 
WRITE 16.19701 ICPPBSIII. I. I. KOUNTlI 
wRITE 16,19801 IINAMEBSII. JI. J. I. 31. • 5. KOUNTll 
wRlTt 16.19601 ITYSBSIII. I • 5. KOUNTlI 
WRITE 16.19701 ICPPBSIII. I • 5. KOUNTll 
wRITE 16.19751 IBARNIII. 1'1. KOUNT61 

1950 FORMAT 112x.*BARS* I 16X.*LONGITUDINAL'1 
1 18X*BAR STEEL ASTM DESIG' OllX.lAO. Al II 

1960 FORMAT 118X*TENSILE YIELD PT STR* 012X.FIO.211 
1970 FORMAT 118X*COST/LB OF BAR STEEL* 01lX,FIO.311 
1975 FORMAT 116X*BAR NOS. TO BE TRIED *OllX.FIO.OII 
1980 FORMAT 116X*TRANSVERSE*1 

1 18X*BAR STEEL ASTM DESIG* OllX.lAO. Al II 

1990 IF INCS) .EO. 11 GO TO l070 
wRITt 16.2000) IlNAMEWSC1. JIo J : 1. 3), I : I. KOUNT31 
wRITE 16.19(0) ITYSWSII). I • I. KOUNT31 
wRITl 16.lwl0) ICPPWSIII. I • 1. KOUNT31 
WRITt 16.20l0) ISLII). I • I. KOUNTO) 
wRITE 16.2030) ISTII). I • I. KOUNT41 

20UO FORMAT I/llX*wIRE MESHES* I 
1 18X*WIRE MESH ASTM DESIG* OllX.lAO. Al II 

2010 FORMAT IlaX*COST/LB OF wiRE MESH* 0IlX.FIO.311 
2020 FORMAT 116X*MESH SIZES TO BE TRIED*I 

I 17X'LONG. WIRE SPACING 41lX,FIC.211 
20)0 FORMAT 117X*TRAN. wiRE SPACING OllX,FIO.lII 

wRITE 16.20001 IINAMETSII. JI. J 1.31. I = I. KOuNT51 
wRIT[ 16.19601 ITYSTSIII. I • 1. KOUNT5) 
wRITE 16.2~50) ICPPTSIIIo I' I. KOUNT51 
wRITE 16.2u601 ITBARNIII. 1'1. (OUNnl 

2000 FORMAT 1/12X*TIE BARS USED wiTH W. MESH * I 
I 18X*TIE BAR ASTM DESIG.· 4IlX.lAO. Al II 

2050 FORMAT 118X*COST ILB OF TIE BARS' 01lX,FIO.311 
2060 FORMAT 116X*TIE BAR NOS TO BE TRIED *0IFIO.0.2XI) 
2070 CONTINUE 

WRITE 16.10001 NPROB. TITLE 

ITEST • 0 
If ISGK-ITESTI 2080.lI00.l080 

C 
2080 

C 

MODULUS VALUE ISGEI FOR SUBGRADE WiLL ~E CALCULATED fROM SGK 
SGE • 23.92S*SGK 

R 67~0 
R 6700 
R 6750 
R 6760 
R 6170 
R 67~0 
R 6HO 
R 6800 
R 6RI0 
R 6R~0 
R 6830 
R 6R40 
R 68~0 
R 6860 
R 6870 
R 6880 
R 6890 
R 6900 
R 6910 
R 6920 
R 6930 
R 6900 
R 6<1~O 
R 69M 
R f,Q70 
R 69fH' 
R 6990 
R 7000 
R 7010 
R 7020 
R 7030 
R 7040 
R 7050 
R 706n 
R 7070 
P 70AO 
R 7GQO 
R 7100 
R 7"110 
R 7120 
R 7130 
R 7140 
R 7\50 
R 7\60 
R 7 ~ 70 
R 71RO 
R 7190 
R 7:'01" 
R 7?IO 
R 7220 
R 7230 
R 7200 
R 7250 
R 7260 
R 7270 
R 72RO 

WRITl 16.lu901 SGK 
2090 FORMAT 1113SK*MATERIALS ISUBGRADEI'1120X'SUBGRADE' 

1 • K MEAN VALUE- 34X,F8.Z) 

IF ISG(SD-ITESTI 2100.2l00.lI00 
lluO WRITl 16.l1101 SGKSD 
211u FURM~T cZvX.-SUBGRADE K VALUE, STANOARO DEVIATION- 19X,FB.Z) 

C 

C 

iF (SGKCl-ITESTJ 2120.2200.2120 
ll20 wRITL 16.21301 5GKCL 
2130 FORMAT IloX"SUOGRADE ( VALuE. DESIGN CONFIDENCE LEvEL' 

I 14x.F8.2l 

C~LL PUPY TO CALCULATE SGKD 
CALL PUPy ISGK. SGKSD. SGKCL. SGKDI 

SGE • l3.9l~'SGKD 
<.>0 TO 2200 

MQ~ULU5 VALUt ISGEI FOR SUBGRADE WilL BE CALCULATED FROM TTC 
C 

l100 SGEL ~ 4.90S86-C.I0744-TTC--l.5 
SGE • 10.0--SGEL 

wRITL 16.21501 TTC 
215u FuRMAT (11146X-SUBGRADE-11120X-TEKAS TRIAXIAL CLASS. ~FAN VALUE-

1 23X,F8.2J 

If ITTCSD-ITESTI 2160.2l00.l16C 
216U wRIT. Ib.l1701 TTCSD 
l170 FukMAT (2wX,-SUBG. TEXAS T~IAXIAL CLASS,STD. DEVIATION-,Qx,FB.21 

C 
If ITTCCL-ITESTI lI8~.llOO.2180 

21bu .RITl (6,219u) TTCCL 
219u FvRM~T (2vX,-SUBG. TEXAS TRIAXiAL CL. CONFIDENCE LfVfL-IOx,F8.21 

C 
CALL PUPY TO CALCuLATE TTCD 

CALL PUPY (TTC. TTCSO. TTCCL. TTCOI 

SGEL = 4.90S86-C.I0744-TTCD--l.~ 
SGf:. • 10.0--SGEL 

2100 "RITE Ib.22101 FFSG. EFSG. CPLMSG 
221u FuRM~T (.20X,-SUBu RAOE FRICTION FACTOR-,31x,F8.2, 

1 1,20K.-SUBGRADE ERODABILITY FACTOR-,28X,Fe.2. 
2 1,20X,-CUST PER LANE MILE OF SUBGRAOE PREPARATION-, 

13X. F8.2 ) 

WRlll (6,22201 (CNAMEfi. JI, J ~ I, 3), I = 1. NSBI 
2220 FORMAT 'II 3Sx.-MATERIALS (SUBBAsE) - II 20X 

I 'SUBBASE TYPE 012Ao.A211 
wRITE (6.22301 IEFIII. I = 1. NSB) 

223~ FuRM~T I 20X-EROOAS!LITY FACTOR - 4FIO.2 I 
wRITE 16,2:24CI IFF5BIII, 1 .. I, NSBI 

224u FvRMAT (lOX-FRICTION FACTOR - 4FI0.2 
,f 11[1 .EO. II wRIT[ 16.l2501 {TTCSIII. I. NSBI 

ll~w fvRMAT (leX-TExAS TRIAXIAL CLASS - 4FI0.2 1 

R 
R 
R 
R 
R 
R 
R 
fl 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

R 
R 
R 
R 
R 
R 
R 
R 

7190 
nne 
7110 
7320 
73~0 
7300 
7350 
7360 
7370 
7380 
7390 
7400 
7410 
7420 
74~0 
7440 
7450 
7460 
7470 
7480 
7490 
7500 
7510 
7520 
7~~0 
7500 
7550 
7560 
7570 
7580 
7590 
7600 
7610 
7620 
7630 
764f'1 
7650 
7660 
7670 
76BO 
7690 
7700 
7710 
7720 
7730 
7700 
7750 
7760 
7770 
77Rf'I 
"'79n 
7800 
7Bl0 
7820 
7830 
7800 

N .... 
w 



2260 

2270 

2280 

2290 

~3uo 

2)1\1 
C 

IF IIET .EO. 21 wRITt 16.2260) IE511,. I • 1. NSBI 
FuRMAT I 20X'ELASTIC MODUlUS • 4FI0.0 I 
WRITE 16.22701 ICISIIIo I. 1. Nsel 
FORMAT I 20X-CONSTR EQUIPMENT COST" 4F10.2 
IoiRITE 16.22801 ICPCY5111. 1 • 1. NSBI 
FORMAT I 20X-C05TI COMPACTED CU YD " 4FI0.2 ) 
IoiRITE 16,2290) ITSMINllI. 1 • I. NSB) 
FORMAT I 20X'MIN A~~OWED THIC~NES5 • 4F10.2 ) 
WRITE 16.23001 nSMAXI1!. 1 • 1. NSBI 
FORMAT 1 20X-MAX ALLOwED THIC~NESS • 4F10.2 
WRITE 16.23101 15INCIII. I • 1. NS61 
FORMAT 1 2vX*INCREMENT FOR SUBBASE - 4FIO.2 

WRIT~ 16.23201 ClOV 
2320 FORMAT 111.46X*OVERkAY- II 

1 <OX-INITIAL COST PER 
2 

LANE MILE OF EOUIPMENT FOR. 
• AC OVERLAYS* OXyF7.21 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
It 
R 
R 
R 
R 
R 
R 

IF INCS2 .NE. 11 WRITE 16.23301 CPCYAC. ACE. ACPR R 
233\1 FuRM"T 

1 
2 
3 
4 

IF 
2340 FORMAT 

1 

I 20X'COST/CU YO OF IN PLACE COMPACTED ASPHA~T CONCRETE- R 
06X.F8.21 R 

20X-ASPHA~T CONCRETE MODULUS VALUE -13X.F8.01 R 
20X.PRODUCTION RATE OF COMPACTED ASPHALT CONCRETE" R 

INCS2 .HE. 21 WRITE 16.2,40, CPR. COEF 
I 20X.CONCRETE PROD~CTION RATE 

20X.CONCRETE COEFFICIENT 

IOX.F8.21 R 

*13x.n3.21 
*13x.F8.2) 

R 

IF 
23~O FORM"T 

C 

ICPsyR ,NE. 0.0) WRITE 16.2'501 CPSYR 
120X.RANDOM ADDITIONAL COST ISO YD FOR 

It 
R 
R 
R 
R 
It 
R 

C 

C 

IF TFS. T6S. CPLMS 
2360 fORMAT 

1 

INCS2 .NE. 11 wRITE 16.23601 
II .4~X.*SEAL COATS* II 
20X'TIME TO FIRST SEA~ COAT 
,0X*TIME BETWEEN SEAL COATS 
20X*COST PER LANE MI~E OF A 

AFTER AC GVERLAY -14X.F8.21 
2 
3 SEAL COAT 

IoiRITE (6.23701 CPFTJ. CPF~J. S~V. suv 
2370 FORMAT (I •• 7X.'JOINTS. II 

*l~X ,F8.21 
*1~X,FS.2' 

I 'OX*COST/FT OF TRANS. JOINT ISAWING. DOWE~S AND_ 
2 "lOR SEA~rNGI-OOX.F7.21 
3 20X-COST/FT OF LONG. JOINT ISE~LINGI* ?~x.Fe.? 
4 20X-RANGE OF SPACING FOR CONTRACTION JOINTS. -
~ .LOWER VALUE' 3X.F8.2 I 61X. 
6 *UPPER VALvE- 3X. F8.21 

IF INCSI .NE. 11 _RJTE 16.2'801 NJM 
238V FORM~T (2uX.NO OF TRANS. CONST. OR WARPING JOINTS/~ILE-

1 - FOR CRCP- 4X. 181 
IF INJM .EO. 01 XNJM • 10."10. 

WRIT~ 16.23901 OFTY. C~ •• CERR. CMAT. PSVGE. WL. ~~T. RINT 
2390 FuRMAT 1/ .37X •• MAINTENANCE. DIMENSIONS AND MISCELL~·~EO·JS* /I 

I 20X-OAYS OF FREEZING TEMPERATURE PER YEAR -14X.F6.21 
2 20X'COMPOSITE LABOR WAGE FOR MAINTEN~NCF OPERATIONS*, 
3 OAX.F8.;1 
4 20X*COMPOSITE EOUIPMENT RENTAL RATE FOR MAINT op[RATIONS* 
~ O~x.F8.21 
6 20X.COST OF MATERJALS FOR MAI~TENANCE OPERATIONS-

R 
It 
It 
R 
R 
R 
R 
R 
R 
It 
It 
R 
R 
It 
R 
It 
It 
It 
It 
R 
It 
R 
l> 
It 
It 

78'0 
1860 
7870 
18eo 
7890 
7900 
7910 
1920 
1Q~0 
1'1.0 
79~0 

7960 
7'170 
7980 
1990 
8000 
AOI0 
8020 
8030 
8 0 40 
80~0 
8060 
8070 
80AO 
8090 
8100 
8110 
8120 
8130 
RhO 
SUO 
8160 
8110 
8180 
H90 
11200 
11210 
8no 
~2'n 
I\?O 
8?~0 

8?M 
8210 
11280 
8290 
8'00 
8310 
8320 
83)0 
81 .. 0 
93')0 
~160 

9370 
8180 
81qr 
8400 

C 
C 
C 

C 

2410 
C 

C 

243~ 

C 

Ilx.F8.V 
20X"SALVAGE PERCENT AT THE END OF ANALYSIS PERIOD-

lOx.F8.21 
20X-WIDTH OF EACH LANE -14X.FB.21 
20X"TOTAL NUMBER OF LAN£~ I" Bon. DlRECTIONS -l&x.l61 
20X,-RATE OF INTEREST OR TIME VALuE OF I'.ONEY- 16X.F8.2 1 

INIT IALlZING 

NN • a 
.!J • a 
NREO • PSN4 
KSUB • 0 
PiNT • (J 

"'L1F • 0 
NNe. 0 
"'LIFE. 0 
KREJ • 0 
NNR • 0 
",FUND • 0 
Nlil • 0 
MORI • NC52 
NCS12 • NCSI>NCS2 
NulN • 0 
~ANAL • 0 

PU 240" 1.. • 1. 4 
NTHTtL) • 0 
lFTtL) • 0 
"'ANTIll' v 
NTDCTfL) .. C 
NTMTILI • 0 
NCNTtLl • 0 
NDLTI~l • 0 
NTOTR(L' • ~ 

NTOTIU • 0 
~I"ILI • 0 

CONTI NUE 

NREOI • "RtC>1 
NRE~5 • NREQ.~ 

vO 241~ ~~M • NR£Ol. NIIEQ5 
TCTIK~M) • 10000.0 

CTSP • CPLMSG-3.0/11160.0-WLI 

IF INC51 .EO. 21 :'0 TU <420 
XJ • 3.2 
IDP\! = I 

~u TO 2430 
¥..~ &: 2.2 
IDP\! • 2 

THce • TCI>IIN 

R 8410 
It 8420 
II A410 
II A6,,0 
II 8.50 
R a460 
R A67~ 

R 8480 
II A490 
II 850~ 

It ~~ I~ 

R 8~20 
R ~530 
R 8, .. 0 
II 8550 
R 8560 
~ 8570 
R A580 
R 8~90 

II A61'~ 

R '61~ 
R 8~20 
R ~~11" 
II 8~40 
II 86~O 

R 8660 
II 8670 
R 8680 
II ~6'10 
II 870Q 
!l 8710 
II 8720 
R .730 
II 8740 
R 8750 
R 8760 
It 8770 
R e7R1' 
R q79r: 
II 8800 
R 8810 
R A820 
II 8830 
R 8840 
It R8~O 
R ~86''''' 
R A!I.I'70 
R .RAO 
Q. ~890 

AqC'O 
9910 

R 8Q20 
~ ~9"O 
R 89,.0 
Q A~~O 

89M\ 



2440 
C 

2450 
C 

C 

NOS • 0 
KTHCK • 0 

DO 2440 I • I. NSB 
IF I ITCMIN+TSMINI II I .GT. TMAXI KTHCK = KTHCK+I 

SON = IT5MAXIII-T5MINIII1/SINClII 
NON • SON 
SONS = NON 

IF ISON .GT. SONSI NON' NON+I 
NOS. NOS+NON+I 

CONTINUE 

NOC = 0 
00 2450 I = I. NC 

SON. (TCMAX-TCMINI/CINC 
NON • SON 
SONS • NON 

IF (SON .GT. SONSI NON. NON+I 
NOe • NOC+NON+I 

CONTINUE 

NOlO. NOS*NOC 
NOIN • NOIN+NOID 

IF IKTHCK .LT. NSBI GO TO 2470 
WRITE (6.24601 2460 FORH~T (/.20X,45H···················.·.·.·.·· ... · ............ . 

C 
2410 

C 

1 1.20X.45H* NO COMBINATION OF CONCRETE AND 
2 1.20X.45H* SUBBASE THICKNESSES IS POSSIBLf 
3 1.20X.45H* EVEN AT THEIR MINIMUM LEV,LS 
4 1,20x.45H* 
5 1.20X.45H* PROGRAM TERMINATED * 
6 1.20X,4~H··.·· •• •••• •••• • •••••••• •••• •• • •••••••••••••• J 

GO TO 4650 

CONTINUE 

DO 2480 J • I. NSB 
IF ((THeC+TSMINIJI I .LE. TMAXI GO TO 2490 

2480 CONTINUE 

C 
C 
C 
C 

2490 
C 
C 

C 

e 
C 

C 

C,U TO 2510 

COMPUTING eQUIVALENT IB KIP SINGLE ALXE LOADS 

COMPUTE SERVICEABILITY TERM 
GT • ALOGIOIlPI-P2'/(Pl-I.511 

BETA FOR 18-KIP. SINGLE AXLE LOAD 
818 • 1.+3.b3*19 ••• S.20'CTHCC+I" •• 8.46 

WT • 0 
DO ~500 I = I. NL 

XN • AVGL(I'+NCODEIII 

CALCULATE BETA FOR EACH AXLE LOAD GROUP 
B(.) • 1.+3.63*XN •• S.20'(THC(+1.' •• S.46 

R 8970 
R 8980 
R 8990 
R 9000 
R 9010 
R 9020 
R 9~30 

904~ 
90~0 

o 9n"n 
R 907n 
R 9080 
R 9090 
R 9100 
R 9110 
R 9120 
R 9130 

9140 
9150 
9160 
9170 

p. 91RO 
R 9190 
R noo 

92l n 
9220 
9230 
9240 
9250 
9260 
9270 

II 9280 
R 929" 
R 9300 
R 9310 
R 9320 
R 9330 
R 9340 
R 93'>0 
R 9360 
II 9370 
II 9380 

9390 
9400 

II 9410 
947 0 

943~ 

II 9440 
P 94~0 

9460 
R 9470 

9 '.~O 
9490 

R 95CO 
R 9; 10 

9;20 

C 
C 

2~""O 
C 
<. 

C 
C 
C 

C 
C 

2510 
C 
C 
C 
C 

C 

L 

C 
C 

C 
2520 

C 
2530 

C 
C 
<. 
C 

C 

C 
<. 

C 

CALCULATE EOUIVALENCY FACTOR FOR EACH lOAD GROUP 
EOtI, • eXNl19,'··':.b2*lO,,·.CGT/B1B-GT/Btl)/N<:ODE[I' 

··3.28 

CALCULATE TOTAL EOUIVALENT 18-KIP AXLES 
\IT • WT+NAIU*ECtl) 

CONTINUE 

",ClUDE GRO~TH A"'D DISTRIBUTION rACTORS 
~T ~ ~T.3bS.C.DFL.DDF/(lO.C •• 4) 
WT • ~T.(1.C+AGF.AP/200.0) 

WT • jI,'T.AP 
WT TOTAL 18 KIP SINGLE AXLES FOR ENTIRE ANALYSIS PERIOD 

COMPUTE FINAL ADT 
AOTF : ACr.(l.+ADTGR/IOO •• AP, 

ADTF FINAL ADT 

KLFCK = G 
KLFC .. CUTS THE l,dTIAL DESIGNS AFTER FINDING THAT INITIAL 

LifE FOR ALL CONCRETE AND SUBBASE TYPES IS MORE THAN 
THE ANALYS!S PERIOD 

DO 321~ I • i. NC 
MNOC • I 
CTC :a 3.:J/C l1bO.O.wL).(CIC( II+C5((I) '+CPCYCII J/36. 

·THCC 

DO 3270 J • 1. NSB 
MNOS = J 
KRCK = :) 

KR<'k CHlCKS THE REINF0"CEMENT fROM BEING DEsiGNED MORE 
THAN O"CE WIT" THE INCREMENTS OF SUBBASE THICKNESS 

THSB • TSMINIJI 
THHAX II: TSMAX LJ) 

iF tlTHCC+THS!:H .Lt. TMAXI GO TO 21)30 
KREJ I: I(REJ+l 

('0 TO 3260 

KS'..ib = KSUB+l 
~~UB IS A CvUNTER TO GIVE THE "UMBER OF SUCH DESIGNS 

( OUT UF ALL THE POSSIBLE DESIGNS I WHICH DO MEET THE 
MI"IMUM l"ITIMl THICKNESS RlCUiREMENT 

(SJ = ESUI 
HF = EFIJI 

,TA_T E~UATIONS FOR flNOING , AT THE TOP Of THE SUBnASE 

'f ITHSB .EO. 0.0' GO 10 257(. 

El • IALOGIOIESU'-5.05'/0.35 

R 91C, 3() 
R 9'40 
R ~5~r 

II 9S6r, 
R 9S70 
R 958n 
R 9590 

9bOO 
R 9610 
R 96~~ 
R 9f:,~1"1 

R 9b40 
R 9b~n 

9660 
9670 
Qf:, AO 
9691"1 
9100 

R 9710 
R 9720 
R 9730 
R 9740 
R 971)~ 

97M 
'1710 

R 97AO 
R 979~ 

R 9ROn 
R 9810 
R 98 ~O 
P. 9830 
R 9840 
R 98~O 

R 9%0 
R 9870 
R 9880 
R 9A90 
R 99~0 

R 9 Q }1"I 

R 99~0 
R 99~O 

9940 
99~0 
9960 
9970 
9980 
99 0 0 

10GOO 
lMl O 

10020 
loo~n 

R 10040 
R 10050 
R 10060 
R 1001" 
R 1008n 



N 
E2 E1·*2-4.0 R 10090 2S~U IF H.i:.f .EO. C,.0) GO TO 2590 Q lO6a;n ...... 
E3 : 1.0/8.0*[£I**3-7.0*El) R H)lO~ C R 10660 0\ 
MI !5GE-8100.l/l~00. R 10 II" EF I . EEF R IOb7C 
1012 1.0/6.0*'3.0*Ml··Z-35.01 R 1012~ EF2 IEFI**2-5.VI/4.0 R 106~~ 
1013 • 1.O/24.0*(S.O*Ml**3-101.a*~1) Il 11'11 ~~ En !~.0*EFI··3-41.0*'Fl!/I?O R 10690 

C R 10140 XLK t ALOGIO(TOPKI R 1070'1 
IF IT"S8 .LT. 6.01 GO TO 2540 R Inl~" XL OK : 10.O*!XLK-2.31 R 107]0 
IF ITH5B .LE. 12.01 GO TO 2~50 R 10160 XLOK2 c IXLOK**Z-21.01/4.0 R 107 20 
GO TO 2560 R 1017e XLOK3 • IXLOK·*~-37.0*XLOKI/12.0 R 10130 

C R 101RO C R 10740 
2~40 Tl « ITHS8-3.01/3.0 R 10190 TUPKEL = 1.6e~37-0.21029*EFI.0.00681*EF2.0.0210S R 107<;1) 

TZ • 3.0*T1**2-2.0 R 102("0 I *EF3+c.ca051*XLOK+O.OO478*XLOKZ+C.CC175*XLOK3 R 10760 
TUPK = 385.76Z0Z+69.697S*TI+S.S899.*T2+27.0bI17*EI R 10210 2 -0.OI030·EFI·XLVK-0.OOI51*EFI*XLOK2-0.C05~3 R 10770 

+3.98Z85*E2+S.~5074·E3+b6.4e248*MI-I.b037.*MZ R 10?20 3 *EFZ*XLOK-u.OO54S*EF2*XLOK2+0.00563*EF3*XLOK R 10780 
+O.43241·M3+31.07086·Tl*El+4.40539*Tl·E2+~.05764 R 10'~O 4 +~.OO3e2*EF3*XLOK2+0.00116*EF3*XLO~3-~.~0196 R 1079~ 
*Tl*E3+7.08Z~4*Tl*MI-Z.35151*TI*M2+4.C0969*T? R 1~74~ > *~FZ*XLOK3-C.O~043*EFI*XLOK3 q 10900 

4 *El+0.42Z~4*TZ*E2+I.lZ694*T2*MI+3.55564*EI*MI P IOl~O TvPKE IO.O**TOPqL R ICSIC 
~ -0.38~~6*EI*MZ+0.3~171*E2*MI-O.19788*E2*M2+I.05619 R 10260 GO TO 2~OO R 10810 
~ *E3*Ml+4.2190~*TI*EI*MI-0.4555~*TI*EI*~2+0.47Ib9 Il 11'2'10 C R 108'10 
7 *Tl*E2*MI-O.17973*TI*EZ*MZ+0.66~~I·T2*EI*~1 R I070n <59c TvPKE • TOPK R 1084'" 
a +0.10999*T2*E2*MI+0.13451*EI*M3+0.13786*TI*EI " 102QO C R IOB~r 
9 *M3+0.2491S*Tl*M3 " 10300 C THIS FINISHES THE TR~ATMENT Of K VALUE R lOS 60 

GO TO 2~80 R 10310 C R 10870 
C R 10320 260U IF I TOPI;E .L. T. !).Ol TOPKE • 5.0 R lOB ~O 

2550 T 1 • ITHSB-9.0)/3.0 R 103'0 C R 10890 
TZ • 3.0*T1**2-2.0 R 10340 PL II' II; 'O.!.. R 109CO 
TOPK • 578.61706+115.1~060*TI+I08.03355*EI+13.,9099 R 103~0 CALL .. Iff (Ph 80"E • THCC t PL t 2.1, sxottl • Ell'. PL! I I' R 10910 

*E2+13.090a3*E3+88.39701*MI-7.08q38*~'+I.'!4638 q 10,"0 C R 1092n 
*M3+45.94402*Tl*El+4.57328*T1*E2.·1.Q240~*Tl R l(\~'10 IF IPLIZI .GE. OrMINl 00 TO 261C R 109~o 
*E3+13.81048*TI*MI-2.9967*TI*MZ+C.5B481*TI*M~ R 10~RC KLIFE KLlFE+1 R 1094~ 

4 +15.35~Z4*EI*MI-I.4586Z*EI*MZ+0.396~7*EI*M3 R IO~'1n C ¥. .. l Ft. COUNTER OF DESIGN5 REJECTED BY INITIAL LIFE RfSTRA!NT R 10950 
~ +1.S452S*E2*MI-O.4~OZ2*E2*M2+0.0702.*EZ*M3+2.35879 R 10400 00 TO 32~0 R 109/10 
~ *E3*MI+6.927Z8*Tl*EI*Ml-0.~636Z*TI*EI*M2+0.12992 R 10410 C R 10970 
7 ·Tl·El*M3+0.~OS21·Tl*E2*MI-0.09651*Tl*E2*M2 R 10410 261U KLIF • KLIF+I R 10'lRO 
tl +C.~9329*T2 R 10430 C Ulf IS THE MUNSER vF SUCH OESIGNS WHICH P'S~EO THF TIMF TO R In990 

GO TO 2560 R 10440 C THE FIRST OVERLAY RESTRAINT R 11000 
C R 10450 C R 11010 

2560 T 1 • tTHSB-15.0113.0 R 1046(' PLIlI = 0.0 R 11020 
T2 & 3.0·11*·2 .... 2.0 R 10''''10 PLP • PLl2 J R IIO~O 
TOP" & 810.622ZZ+II~.96810*Tl+2CC.5.012*EI+23"OP6~ D l('\t..An IF tPLf) .C>E. API PLP c AP R 11040 

1 *E2+1S.74713*E3·116.49BS4*Ml-13.3~744*M2+/.~6'S 
, 1('4'11) CALL MM'CL (PL( I I, PLP. CO>,""! I J J R !lOSO 

2 *M3+46.S383~*TI·El+5.34689*rl*E2+2.7~181*TI R 10500 C R 11060 
3 *E3+14.18~43*Tl·Ml-3.~0254*Tl*M2+0.71233*TI R 1()~Hl .:Rcr .• KilCK+l R 11070 
4 *M3+29.34840*EI*MI-Z.93899*EI*M2+0.73752*FI R 10~7~ C <.RCK PREVENTS THE 6TEEL FRO~ BEING DES.GNED MORE THAN ONC, R 1I0~0 
5 *M3+2.99aO~*E2*Ml-O.72239*E2*M2+0.16778*E2*M3 R 10"1'10 C WITH All INCREASE '" THICKNESS OF THE SAME SU6~"SE R 11090 
6 +3.19113*E3*MI-0.53567*E3*M2+7.0a050*Tl*EI*MI R 10"140 IF (KRCK .('T. II GO TO 2910 R lllt"n 
7 -O.92383*Tl*EI*M2+0.19601*TI*EI*M3+0.a8196*Tl R 105~0 C R 11110 
8 *E2*MI-0.16~6~*Tl*E2*M2 R 10560 10RF • 1 R 11120 

GO TO n8() R IO~"O CTRJ8 • 0.0 R 111'30 
C R 1~~ Rfl CTL5B • 0.0 R 11140 

2S70 TOPK « SGE/23.?2~ ~ 10<;91) JI'. • 0 R 11150 
EEF • EF5G " I('\~M JM • 0 R 11160 

C R H'lb1" jP .. 0 R 11170 
C R 10620 C R 1I1RO 
C 5TART EQUlTiONS fOR FINDING K AT THE TOP AFTER ERODlA1L1TY R IO~31' XNL T • NL T R 11190 
C R 10641) wIDTH' XNLT*WL I! 11200 



C 

C 

C 

2620 

2630 
1 

2640 

26~U 
( 

C 

C 
2660 

C 

2670 
1 

2680 

2690 
C 

., 

XNJN a: NJNT 
IF IMODEL-21 2840.2840.2620 

WIDTH. WIDTH/2.0 
NJNT • NLT-2 
XNJN :a NJHT 

If IXJ .NE. 3.21 GO TO 2700 
CTRJ • 1000. 

IF (NCS3 .EO. 21 GO TO 2660 

DO 26~Q ISTEEL • I. ~OUNTI 
SPATJ • SLY 
ASPFW. THCCl24.*WCIJ I*SPATJ*FFSPIJIIITV58SIJSTFELI 

·0.75) 
COSTLS • 12.0*ASPF.*CPPBSIISTEELI*.90.0/1728.0 
COSTTJ • CPFTJ/SPATJ 
CTLRTJ • COSTLS+CUSTTJ 

IF ICTLRTJ .GE. CTRJI GO TU 2640 
CTRJ • CTLRTJ 
ClLS • COSTLS 
CTTJ • COSTTJ 
ASPF • ASPFW 

~BOYE COSTS ARE PER SO FT AND AREA OF STEEL 15 PER FT WiDTH 
MNOLR • ISTEEL 
SPTJ • SPATJ 

IF ISPATJ .EO. SUVI GO TO 2650 
SPATJ E SPATJ+IO. 

IF (SPATJ .GT. SUVI SPATJ • SUV 
(i() TO 2630 
CONTINUE 

CTRJB • CTRJ 

IF INCS3 .EO. II GO TO 2740 

DO 2690 IMESH • I. KOUNT3 

SPATJ • SLY 
ASPFW = THCC/24.*WCIJ '.SPATJ*FFSBIJ./I TVSWSCl~F~HI 

-0.75J 
COSTLS s 12.0*ASPFW*CPPWS(lMESH)*4QO.O/172A.O 
COSTTJ • CPFTJ/SPATJ 
CTLRTJ • COSTLS+COSTTJ 

IF (CTLRTJ .GE. CTRJI GO TU 2680 
CTRJ • CTLRTJ 
ClLS • COSTLS 
CTT J • COSTT J 
ASPF = ASPFW 
MNOLR • IMESH 
SPTJ • SPATJ 

IF ISPATJ .EO. SUVI GO TO 2690 
SPATJ • SPATJ+IO. 

IF ISPATJ .GT. SUVJ SPATJ E suv 
('0 TO 2670 
CONTI ,..UE 

R 11210 
R 1122n 
p 11230 
R 11240 
R 112~0 
R 11260 
R 11270 
R 112RO 
R 11790 
R 113no 
R 11310 
R 11320 
R 113~0 
R 11340 
R 11350 
R 11360 
R 113 70 
R 113RO 
R 11390 
R 11400 
R 11'10 
R II'?~ 
R 11430 
R 1144n 
R 114~n 
R 11460 
R 1147n 
R 11480 
R 11490 
R 11500 
R "'10 
R 11~2~ 
R 11530 
R 11540 
R 11 ~~o 
R 11 '60 
R 11570 
R IISRO 
R II ~90 
R 11600 
Q 11610 
~ II~?O 
R 11630 
R 1164(1 
R 11650 

11660 
1167/\ 
11~'0 
IlbOO 

R 117(1(1 
R 11710 
~ 1 l7?1"'i 
R : \13(1 
R 11740 
R IPSO 
R I !7bO 

C 

C 
27UO 

C 

2710 
C 

C 

t 
272U 

2730 
C 

C 
2140 

2160 

2770 
( 

IF (CTRJ .EC. CTRJ~1 Gu TO 2740 

FON J(P AND (~(P B01H iHE PROGRA~ DESIGNS THE RAQ~ IF 
THE (O~TS CF ~ESHES A~~ R~RS HAPP~~ ro BE T~~ SAMF 
oIriIH[N BOTH T'1'PES uF kllNFOR(Er-4[NT ARE TO AE TRIED 

IORF = 
(,0 T0 2800 

CTLS < 1000.0 
ASLIM ~ 0.4*12.0*THC(/I00.0 

IF (NCS3 .EO. 21 GO TO 272~ 

DU 2710 ISTEEl = I. <OUNTI 
A!.oPFW = 12.C*TH((*ll.'-O.2*FF~B(J) I*T5( 11/10.7C;* 

TYS~S( ISTEELII 
~F ~ASPFW .LT. ASL"iMI A!:tPFw c ASLIM 

CuSTLS • 12.0*A~PF.·(PPB5(15TEELJ*490.0/177R.O 

IF Icu~TLS .G(. ClLSI GO TO 2710 
ClLS • C05lLS 
ASPF .. ASPFW 
M,..OLR ISTEEL 

CO,.. T I ,..UE 

CTLSB = ClLS 

IF INCS3 .E~. II GQ TO 2740 

DO 273~ Ir-4ESH • I. ~UUNT3 
J,SPFw:: 12.0*YHCC.ll.3-0.2*rFSB!JI )*T511i/tO.7-:'*T'1'SW5Irr-4E 

SHI J 
IF (ASPFW .LT. ASLIM. ASPFiIi :: ASLIM 

CCSYLS • lZ.O*ASPFW*CPP~SIIM[SH)*4qO./1728. 
IF ICOSTL5 .GE. CTLSI GO TO 2730 

CTLS • COS T LS 
ASPF .. ASPFW 
MNOLR • I ME SH 

(0NTI"'UE 

IF ICTLS .LT. CTLSDI GU TO 2800 

DO 277v ISP = I. KOu~Tb 
S,,",AC(15PJ = 3.0Ib4.u*3.141~C;*(BARNI ISP) J**2.0/Aspr 

IF IXJ-3.21 275J.27b~.27bC 
~0ND • 3.141~q.eAkN{!SPl/le.O*SPA(~ISPI*TH((1 

iF IB0ND .LT. C.C3' GU Tv Z77C 
J~ .. IN+l 
~PACLIJNI ~ SPACIISPI 
DIAL(JN) .oAP'\I115r::1 

(vN T I/>IUE 

CITS = jJOU.C 
ou "76 .... ISTEEL = ~, KOUNT2 

AT!.JF:: TH((/24.C*'W(fll*wlDTH*Fr5p.tJI/IT'1',c:,BSIISTrELI 
*0.751 

11 7~r 
117AO 

R 117q~ 
R Ilq~O 
R 11810 
R 11 820 
R 11830 
R II B40 
R 118'0 
R 11860 
R 1187C 
R 11 RRO 
R IIROO 
R 119" 
R 1191e 
R II 0 20 
R 11910 
R 11040 
R 11950 
R 11960 
R 11970 
R 119A~ 
R 11990 
P 1201"10 
R 12010 
R 1202n 
R 12030 
R 12040 
R 12050 
R 12060 
R 12070 
R 120R~ 
R 12090 
R 121CO 
R 12110 
R 1212(1 
" 121,n 
R 1214n 
R 121 SO 
R 121A0 
R 12170 
R 121 RO 
R 12190 
R 12700 
R 12210 
R 122 20 
Q 12i30 

12 i'4" 
12?~1 

R l2?bO 
R 1227~ 

IVAO 
1270r 

R 12300 
R 12310 
R 1 £' ~ i'n 



27BO 
C 

2790 
C 

C 
C 

C 

C 
26UO 

2810 

2820 

2830 
C 

284U 
1 

2B~0 

C 

2860 

COSTTS. 12.0*ATSF*CPPBSIISTEELI*490.0/1728.0 
IF ICOSTTS .GE. CTTSI GO TU 2760 

CTTS • COSTTS 
ATSPF • ATSF 
MNOTR • ISTEEL 

CONTlNUE 

DO 2790 ISP • I. ~OuNT6 
SPA.Ce ISP) .. 3.0/64.0*3.14159*(BARN( lSP11 •• 2.0/ATSPF 
JM .. JM+l 
SPACTIJMI • SPACIISPI 
DIATIJMI • BARNIISPI 

CONTINUE 

JP • JM 
CTTBR. XNJN*ATSPF*60.0*DIATIII/8.0*CPPBSIMNOTRI 

*490.0/1728.0*1.O/IXNLT*WL' 
CUST OF TIE BARS IS CALCuLATED FROM FIRST TIE BAR PPINTED 

CTRF • ICTLS+CTTSI*9.0 

CTTS • CTTBR*9.0 
GO TO 2880 

IDRF • 2 
DO 2830 ISP • 1. KOUNT4 

o lAM liSP 1 • I ASPF*SU I SP 1113.0*3.141 ~911 **0.5 
IF IXJ-3.21 2810.2820.2820 

BOND • 3.141~9*DIAMIISPI/ISLIISPI*THCCI 
IF IBOND .LT. 0.C31 GO TO 2830 

IN • IN+l 
SPACL(JNI • SLIISPI 
DIAL IJNI • DIAM( ISPI 

CONTINUE 

ATSPF. THCC/24.0*WClll*WIDTH*FFSBIJI/TYSWSIMNOLRI 
.4.0/3.0, 

CTTS • 12.0*ATSPF*CPPWSIMNOLRI*490.0/172~.0 

MNOTR • MNOLR 
DO 2850 ISP • 1. KOUNT4 

DIAM( ISPI • IATSPF*STIISPIII3.0*3.1415911**0.~ 
JM • JM+l 
SPACTIJMI • STIISPI 
DIATIJMI • DIAM(ISPI 

CONTINUE 

CSTTB • 1000.0 
DO 286v ITB • 1. KOUNT~ 

ATBPFIITBI • THCCI24.0*wClll·WIDTH*FFSBIJIITYSTSIIT~1 

*4.0/3.0 
COSTTS. 12.0*ATBPFIITBI*CPPTSIITBI*490.0/1726.0 

IF (COSTTB .GE. CSTTBI GO TO 2860 
csTTB • COSTTB 
ATS • ATBPF( ITSI 
MNOTB • ITS 

CUNTl NUE 

R 12330 
R 12140 
R 121~0 
R 12~~0 
R 1231'n 
R 123AO 
R 1219n 
R 12400 
R 12410 
R 12420 
R 12430 
R 12440 
R 124~0 
R 12460 
R 12470 
R 124M 
R 1249~ 
R 12~00 
R 12510 
R 12~ 20 
R 12530 
R 12540 
R 12 5~0 
R 12560 
R 12571) 
R IBAO 
R 12590 
R l?~nn 
R 12610 
R 12620 
R 12630 
R 12640 
R 126~O 
R 12660 
R 12670 
R 12660 
P 12690 
R 1270n 
p 12710 
R 12770 
R 127'0 
R 12740 
R 12HO 
R 12760 
R 12770 
R 12780 
R 12791) 
R 12 A ~O 
R 12" 10 
• 12 R 2~ 
R 12610 
• 12 A 40 
p 12 n~" 
R 12A6~ 
R 12" 7~ 
~ 128 AO 

2J7G 

C 

C 
2~~(J 

C 

28~(J 

C 
29<>0 

C 
2910 

C 

C 

C 
C 
C 
C 

C 

192u 

00 ;;:87.., JPP II:: 1. KOUNT7 
JP II:: JP+ 1 
SPTIF(JPP, II:: 3.0/64.0.3.141~9.(TBARNIJPPI) •• 2.n/ATR 

U;NT INUE 
CTTBR = XNJ~·ATBPF(11.60.0·TBARN{1)/e.O·CPPTS(1' 

·490.0/172B.C*1.C/(XNLT*WLJ 

CTRF ICTLS+CTTSI*9.0 
CTTB ,.. CTTeR"9.0 

',UNT INUE 

IF (XJ-3.2) 2B90,290C.2900 
CTJ • XNJ~.CPFLJ/(XNLT.WL)*9.C+NJ~/1760.0·3.0*CPFTJ 

SPTJ = ~26v.O/XNJM 
GO TO 2910 

CTJ = 'XNJN.CPFLJ/(X~LT·WL)+CTTJ'.9.0 

CTIN • CTSP+CTC+CTSB+CTRF+CTJ+CTT8 
(Tl~ INITIAL COST 
IF {CTlN .GT. CMAXI GO TO 3260 

KFUND z KFUTtO+l 
'FUND IS THE ~UMBER UF SUCH DESIGNS WHICH PASS THE 

RESTRAI~T OF THE ~AXIMUM INITIAL FUNDS AVAlcABcE 
KIND IS THE NUMBER OF DESIGNS ~HICH PASS ALL RESTRAINTS 

~ITHIN EACH COMdlNATJON 

LM • C 
IF I (NCSl .EO. OJ .AND. IXJ .EO. 2.21' LM 
!F tlXJ .EQ. 2.21 .A.ND. INCS2 .EO. 0'1 LfIII 2 
IF ((NCS2 .EO. :)J .AND. INCSI .NE. 'J), L~ • 0 

IF (PU21 .LT. AP' GU TO 2Q20 
L • 1 
LPL • L + 

JDOV = 3 
KLFCK : KLFCK+l 
':'ANAL • ':'ANAL+l 
CUTRII. = 0.0 
CC;SOVII. = 0.0 
THOVTlll • 0.0 
CTSC = J'O 
THOV ( l' = (.. C 
PL(l) : 0.0 

..,v Tv 309C. 
,F (OFjI41N.GE.API ~O TO 3260 

KI ND = ,I lOW + 1 
,,,THICK = C 
NTI~E = 0 
~DUEL = 0 
~,CONS = 0 
UFCAL • 0 
NTDCCAL = ;) 

R 12890 
R 12'>00 
R 12910 
11 12Q2C 
R 12Q30 
R 12940 
11 129~~ 

• 12960 
R 12'91'n 

12Q~0 

12990 
R 1300D 
R 13010 
R 13020 
R 130'0 
R 13040 
R 13J~O 

R 13060 
R 130'0 
R 130.0 
R 13090 
R 13100 
R 13110 
R 13120 
R 13130 
R 13140 
R 13150 
R 13160 
• 13170 
R 131~" 
R 131 o r, 
R 13200 
R 13210 
R 13220 
R 132'0 

• 13240 
R 13 2 ~O 
R 137~~ 
R 1327r 
R 13?~0 
R 13790 

R 13300 
R 1331~ 
R 13 '2~ 
R 133~" 
R 13340 
R 13 3 ~O 
R 13360 
R 13370 
R 13100 
R 13 3 Q~ 
R 1~4::'1~ 

R 13'" 10 
R 1342" 
R 134"'a 
R 13440 

N 
I-' 
00 



294U 

2950 
29b0 

C 
2910 

C 
C 

C 
2980 
299U 

3UlIU 
C 
C 
C 
C 
C 

I 
2 
3 
4 
5 
6 

MANCAL = 0 
(OTR(l) = 0.0 
COSOVIII = 0.0 
THOVIII = 0.0 
THOVTIII = 0.0 
PLII'=O.O 
CTSC = 0.0 

BONYI21 • BONE 
BONYIII • 0.1234 
XINCR = 0.5 

IF INCS2 .EO. II GO TO 2940 
OMIN = OMINA 
OMAX = OMAXA 

Ell' IACE-450000.01/250000.0 
E22 K 3.0*E11 •• 2-2.0 
011 • THCC-9.0 
022 ~ 1.O/4.0.(Oll.~2-5.0) 

D33 • 1.0/12.0*(5.0*011 •• 3-41.0*0111 
Kll • IALOGI0ITOPKEI-2.301031/0.6ge91 
K22 K 3.0*Kll •• 2-2.0 

EFOV • 11.71033+0.19408*EII-0.05925*E22+0.93256*011 
+O.032*D22+0.5545*Kll+O.1155*K22-0.0195Z*Fll 
*011-0.15887*EII*KII-0.02921*fll*K22+0.00113 
*E22*011+0.01438*E22*KII-0.03193*011*KII-0.023~6 
*011*K22+0.043*022*KII+0.OI433*022*K22+0.02228 
*EII*011*KI1+0.G0814*EII*011*K22-.0223A*EII 
*022*Kll 

GO TO 2950 
OMIN = OMINC 
UMAX • OMAXC 
L = I 
L • L+l 

IF IL-91 2980.29~0.2910 

NOUEL = NOUEL+I 
NOU~L IS THE NUMBER OF TIMES THE TOTAL NUMBER OF OVERLAYS 
REuUIREO WERE MORE THhN THE MAXIMUM NUMBER SPECIFIEO 
GO TO 3010 

THOVILI = OMIN 
THOVTILI = THOVTIL-II+THOVILl 

IF ITHOVTILl .GT. OMAXI GO TO 3000 
BONYIL+II = BONYILI*EXPI-BONYILI*IPLILI-PLIL-IIII 

GO TO 3030 

NTHICK = NTHICK+I 
NTHICK IS THE NUMBER OF TIMES THE MAXiMUM TOTAL OVFRLAY 
THICKNESS RESTRAINT ~AS HIT WHILE THE STRATEG" WAS TRYING 
TO HEACH THE ANALYSIS PERIOD 

R 134 ~O 
13460 
13410 
134qn 
134QO 

R 13S00 
R 13510 
R 13520 
R 13510 
R 13540 
R 13550 
" 13560 
R 13510 
R 135RO 
R 13590 
" 13600 
R 13610 
R 13620 
R 136'" 
R 13640 
R 13~~0 
R 13660 
" 13610 
" 136AO 
" 136~0 
R 13100 
R U'IO 
R 13120 
R 13730 
R 1314(1 
R 13150 
" 1316(1 
R 13170 
R 13180 
R 13190 
" 13~OO 
" 13810 
R 13820 
" 13830 
R 13840 
" 13350 
R 13R60 
R 13R'" 
Q l",P Rf"'I 

Q 13F1qn 
R 13QOO 

1'l:91n 
13 0 20 
13930 
13 0 40 
l)~'St 

~ 13960 
13Q""C" 
139M 
13 0 90 

R 14n"('1 

C 
C 
C 

c 

C 

3010 

C 
3u40 

;, 
3 
4 

~ 

o 
1 

L = L-I 
IF IL .EO. II GO TO 3240 
THE AB~vE STATEMENT QUITS THE OVERLaYING PRGCFOuRF FOR A 
~AKTICULhk INITIAL OESIGN. THIS WiLL HAPPEN IN ANY nF THE 
h'LLuWING CASES. 

1. ~HE~ OVERLAY ~UMbER 1 THICKNESS,PASSING THE THICKNF55 
.ESTRAINT IS ~UFFICIFNT TO LAST THE ANALYSIS PERIOD 

<. WHEN THE OVERLAY NUMBE" I THIC~NESS HITS THE THICKNESS 
RESTRAINT 

lIR 3. WHEN AFTER CONslUERING A NUMBER OF SuCCESSFUL OVERL6Y 
5TQATEG1ES. THE PROGRAM RFACHES ~NY OF THF AqOvF ~T~TFn. 

TH0V(LI = THOV(LI+XINCR 
(;0 TO 2990 
CALL LIFE TO CALCULATE THE LIFE OF THE PAVEMENT OVERLAY COMB. 
iF (NCS2 .EO. 1) GO TO 3040 

100V = I 
Til' ITHOVTILI-o.01/3.0 
T22 • T11**2-3.0 
T33 K 1.0/o.0*f5.G*T11**3-11.0*T111 

EFOT & 1.50661*T11+0.1104*T22-C.D2219*T3~+0.4269' 
*T11*E11-C.038l9*Tl1*E22-C.03936*T11*D11+~.C1219 

*T11*D22+0.~083*T11*E11*D11*K11+0.2~962*T11 
*~II+u.05293*TII*K22+v.02232*T22*EII-0.00196 
*T22*E22-0.Cv461*T22*D11-0.01509*T2?*K11-0.01425 
*T33*E11-Q.0081*T11*E11*DI1-0.093AS*T11*El1 
*KII-0.01642·T11·E11*K22+~.0~422*T11*E'2·D11 

-O.00864·T11*011·K11-0.009~1*T11*011*K2? 

OEFF • EFOV+EFOT 

CT0VERfLl = (CICV*3.0IC1160.~*WLl+THOVILl/36.0*CPCYAC) 
II (1.+RINT/1Qu.0)**PLfLI I 

COSOVILI = COSOVIL-Il+CTOvE"ILI 
HPSY = THOVILI/136.u*ACPRI 

uU TO 3:J5C 

I DOV = 2 
RR • THOVTCLI**1.4+COEF*THCC**1.4 
OEFF = "R""11.01l.41 
ClISOV I I J = J. 0 
CTOVEP.(LI = f3.0/C 1160.0*WLI*CCIC(t I+C~("( 1 J I+("PCYCI t) 

136.*THOVIL1I/((1.0+RINT/100.0).*PLCLl I 
C05vVILl ~ COSOVIL-11+CTCVER(LI 
HPSY = THuVIL'/t3b.~·CPR) 

CAL..i... ... U~ (PuV. ~(;I"Y(L+11., CEFF, pp, SXOII" E(I), PLtLII 
LIFCAL = LIFCAL_I 

llFCAL IS THE NUMeER OF TI~FS LIFr SUPROUTINE IS CAL~ED 

CALCULATE DELAY COSTS 

R 14()11'" 
~ 1407~ 

" 1403(' 
14~40 

14~ 50 
" 140M 
" 14~10 
" 140/1() 
R 140~n 
R 141~0 
R 14110 
R 1417" 
" 14130 
II 14140 
R 14150 
" 14160 
R 14110 
II 141M 
" 14190 

14 ?!"'If'''1 

14710 
" 1422" 
" 147'Q 
R 14240 
R 14250 
" 14260 
" 14210 
R 142"0 
R 14?qn 
R 1431'\('1 
" 14310 
" 1432" 
R 14330 
" 14340 
R 14350 
R 14360 
" 14370 
" 14360 
" 14390 
R 144nO 
R 14410 
R 14470 
P 144'3.n 
R 1444n 
" 14450 
R 1446n 

1441('" 
144FlO 

R 14490 
14500 
14510 

" 1 4 520 
" 14530 
R 14'S4" 
R 1455(1 
R 14~bO 



COTR (11 • 0.0 p 14~70 Nt< • NLln R 1~13n N 
N 

CALL TOC IPLILJ, THOV!LI. CTTRA'CLI. HPSYI R 14~90 GO TO 31100 .R 1~14~ 0 
NT DCCAL • I'ITOCCAL+I R 14~"O C R 1~15~ 

COTR III • COTRCL-II+CTTRAFILI R 1461'0 H30 1'11'1 = NN+I R 1~160 
C R 14610 NRI • I'IRI+I R 151 TO 

PLP • AP R 14620 IF INN .GT. NREOl GO TO 3200 R 15hO 
IF (PL(L+l1 .LT. API PLP • PLIL+ll R 110630 31100 CONTINUE R 15190 

C CALCULATE "AINTENANCE FROM PLIL) TO PIL+I) R 110640 C R 152ro 
CALL MANCE cPLILI. PLP. CTMANIL)) R 146~O IP(NNI · IDPV R 1~21~ 

MANCAL • MANCAL+I R 14660 101NN) • 100'1 R 15220 
COMAN ILl • COMANIL-ll+CTMAN(LI R 1106"11'1 lRCNNI • IORF R 152'0 

C R 1106AO TCINNI • THCC R n2100 
IF IPLIL+Il .GE. API GO TO 3060 R 1469/\ H(lNN) • HNOC R 15250 
IF cPP .GE. aOMINI GO TO 2960 R 14711n TSOOINNI ~ THSR R 152~O 

C R 110710 MSINN) • MNOS R 15270 
NT IME • NTlME+l R 14 720 00 315\1 KI<. • 10 IN R 152fto 

C /'IlIM£ IS NUMBER OF SUCH STRATEGIES WHICH WERE ABANOONED R 1107'0 RLS INN. KK) • SPACLIKKI 15,.,,, 
C BECAUSE TIME BETWEEN OVERLAYS AS CALCULATED AT ANY TIME R 110740 3150 RLNI NN. KKI • OIALCKKI R 153('10 
C WAS LESS THAN THE MINIMUM SPECIFIED. R 110750 JNR INNI • IN R 15310 

GO TO 3020 1476() HLR INNI • MNOlR R 15320 
3060 CONTINUE R lIo7TO DO 316~ KK • 10 JM R 15330 

LPL • L+1 R l107A/\ RTSINN. KKl • SPACTIKK) R 15340 
IF IIDOV .EO. 21 GO TO 3090 R 1107''~ 310C RTNINN. KKI • OIATIKKI R 1535() 

C R llo'~~ JMR I NNI • J". R 1~360 

OHSEAL • CPLMS*3.0/11760.0*WLI R lloAIO MTR INNI • MNOTR R 15~TO 
CTSC • 0.0 R 14820 DO 3170 KK ~ I. JP R 153ftI' 
NOSE • 0 R H8l0 TBSPINN. KKI • SPTIEIKKl R 15390 

00 lOILO ISL " 3, LPL R 148100 3110 TSNINN. KIU • T6ARNIKKI R 15100/\ 
PLIS • PLIISLl R l108~0 JPRINNI • JP R 15410 

IF IPLiS .GT. API PLIS • AP R 110860 MTBlftNl • "NOTIl R 15420 
TIME. PLlS-PLIISL-ll R 14870 !oTJINN) • SPTJ R 15430 
SEAL· 0.0 R 148M U" 3tSv KI(, • 2. LPL R 15440 

3070 TISt • TfS+SEAL*TSS R 148 .. ., 318(; PLfINN. 1<.1<.1 • PLIKKI R 15450 
IF ITISL .GT. TIMEI GO TO 3080 R 14900 PLF IN/>!. UI • PL ILPLl R 15460 

eTSC • CTSC+ONSEAL/I{I.0+RINT/I~0.01*·IPLIISL-11 R 1491~ NPPINNI • L 
R 15·70 

+T1SLlI R 14910 00 3t 9" KK • I. L R 154~0 
SEAL. SEAL+1.0 R 1493("0 3190 TOINN. KKI • THOVIKKI R 15490 

GO TO 3010 R 1494~ SUMOVlftNl • THOVT C L 1 R 1'~~~ 
3080 CONTiNUE R 149~~ CSPINNI • CTSP r{ 15510 

C R 14960 ((INN' • CTC R I ~o;,o 
3090 !lISt. PSVGE/IIOO.O"II.O+RINT/IOO.OI··API R 14970 CSI!INNI • CTSS R 155!0 

IF 1100'1-2) 3100.3110.3110 R 149~0 CRINNI • CTRF R 1554 0 

l100 OVCOS • THOVTILI/36.0*CPCYAC R 14990 (JINNI • CTJ R 15550 
GO TO l120 R 15onO ere INNI • CTTS R 15560 

3110 OVCOS. THOVTILI/36.0·CPCYCIII R I~OIO C II NN I • CT IN R 155 70 
3120 CTSR • -ITHCC/3b.*CPCYCIII+OVCOSI*R1SL R 15020 CWINNI • COSOVILI R 155M 

C R 150,1) CT INN) • COTRILI R 15590 
TCOST • CTIN+COSOVILI+COTRILI+COMANILI'CTSC+CT~R R 1504~ CHINNI • COIolANILI R 156(10 

+CPSyli R 150~0 CSEALINNI • cTse R 15611l 
C p 1~~6'" (SR INN) • CTSI! R 1562" 

JJ • 0 R 15071' CAINNI • CPSYR R 1563(' 
DO nlO"·1.2 R 150lln T(1INN! • TCOST R 15640 

NLMI • NREO+U4+ 1 R 15091' C R I~"''''' 
If IlOIN .EO. 31 NLMI • NREO+5 R 15100 NN • NRI R 1'6~O 

IF 1M .EQ, 21 GO TO 3130 R 15110 C R 15670 
IF ITCOST ,GT. TCTINL"I!! GO TO 3210 R 15120 If 1M .E;;I. II GO TO 3230 R 156110 



C 
32\)0 

3210 

3220 

C 
323(' 

C 

C 

C 
C 
C 

C 
)240 

C 
C 

C 

J2~O 
C 

3260 

C 
3270 

C 
C 
C 

C 

GO TO 3230 

TCTHAX • 0.0 
DO 3220 KUSH' ). NREO 
IF ITCTCKUSHI .GT. TCTMAXI GO TO 3210 
GO TO 3220 

TCTMAI • TCTIKUSHI 
JAY. KUSM 

CONTINUE 
IF ITeOST .GT. TCTCJAYI I GO TO 3230 

NN • JAY 
('0 TO 3140 

CONTINUE 

IF (IDOV .EO. 3) GO TO 3270 

NeONS • NeONS+1 
NcONS IS THE NUM8ER OF SUCH STRATfGI~S ~HJ(H PASSt~ ALL T£<T5 
ANO RE~TRAINTS AND HIT THE ANALvSIS PERIOD. EACH STRATEGV 
~ILL MAKE ONE DESIGN Ih COMBINATION WITH THE INITIAL DESI~N. 
GO TO 3010 

CONTINUE 

10M • LM+I 
NTHTCLMI • NTHTCLM)+NTHleK 
LFT(LM, • lFTILM'+LIFCAL 
NTDCTCLMI • NTDCTILMI+NTDCCAL 
MANTILM, • MANTILM1+MANCAL 
NTMTCLHI • NTMTILM!+NTIME 
N(NTILM, = NeNHLM1+1'lC0>!S 
NDLTCLMI • NDLTILMI+~DUEL 

NTOTRCLMI c NTHTCLMI+NTMTILMI+NDLTILMI 
NTOTILM' • NTOTRI~MI+NeNTCLMI 
KINILMI • KIND 

IF INC52 .NE. 01 GO TO 3250 
NCS2 • I 

GO TO 2930 
NCS2 = MORI 

IF ITH58 .EO. THMAXI GO TO 3270 
THse • THSB+SINCIJI 

[F tTHSB .GT. TH~AXl THsa ;. THMAX 

MINnICK· " 
<'0 To 2~2C 

CONTINUE 
RBOVE ~TATEMENT IS FDR SU6saSE TYPES A~G CONC~ETE TVPES LC'~~ 
AS WELL AS SUBBASE THICKNESS INCREMENTS. 

N(SS 2 N(*NSB 
IF CKLFeK .EO. NCSS) GO TO 3260 
'LFCK HAS TO BE EOUAL TO Ness BV CONSECutiVE ADDITION TO 

R 15690 
R 15700 
R 1 ~71'" 
R 15 720 
R IS7~O 
R 157"0 
R 15HQ 
R 1 ~760 
R IS77e-
R 15780 
R ISHO 
R 1'800 
R I,SIO 
R 15820 
R I~A3n 
R 1584C 
R I~R~O 
R 15~6C 
R 1~87(1 
R 1~8RO 
R 1~·9n 
R 15900 
R H910 
R 15920 
R 1~930 
R 15940 
R 15"50 
R 1~960 
R 159""!! 
R 15".0 
R lS~ot'\ 
p Ib0:>0 
R IbOl0 
P 16020 
R 16030 

1604~ 

16050 
e 1606" 
R 16~70 
R 160 Rr'I 
R 16091' 
q 16100 
R 16110 
" 161?O 

161~O 
16140 
161'" 

R 16161' 
, 16171' 
, 161"0 
Q 161r;n 

16700 
R 16210 
Q l~?'''' 
R If.',,\f' 
R 1 ('240 

C 
C 
C 

C 

«"iT CUNO,!;TE Tn ICKNES!> LOuP. OTHER'I\Sf. THE DES IGN poocr <s 
wILL GU ON IN THE NORMAL FASHION 

IF lTriCe .EO. T(~XI GO TO 3280 
TriCC • THCC+C1NC 

IF CTHeC .GT. TtMAXI TriCC • TCMAX 
<.0 TO <470 

326U CONTINUE 
IF (lJ .fC,. 2.21 CO TO 3290 
IF (ke!)l .r .. E. 0) GO TO 3290 
GO TO 2420 

C 
3Z9v L:-1 • 2 

C 

C 

IF INCS12 .EO. 01 LM = 4 
IF I"CSIZ .GT. 21 LM = 1 
IF lCNCS12 .£~. ,I .AND. INCSI .EO. III LM 
0(1330.15 I,LM 

NNT • NN1'NTDTIISI 
NNR = NNR~!~TOTP(lS; 
NNe ~ ~N(+NCNl{IS) 

IF {KfLJNO .GT. :it GO Tv 3320 
wRli( '6.1030) ~PQOB, TIllE 
WRITE (6,3310) 

331-v f",,",~ ..... T (/,,,·.~X.1t5N·······*··*···*···*.··*··.·*··**····.··*····· 
1 1,20X.45ii. CUT Of" ALL CO~Ll~ATlONS TPlf.D • 
2 1.2CX.4~M. ~o INITIA~ DESIGN 
3: 1,~OX,4~r. ;""':::£T5 THE R(QL1REMENT~ 
4 l,iOX.4~H. 

S It20 •• 4~H. PROGRAM TEP~INATED 

l,lCX'-~rl··*··¥·**********·····*···**···············** ) 
~O TO 4~'O 

332U iF l~NC .G;. 0] ~O T~ 3340 
wP1Tt l6,1",30t "JPFtOB. TITL= 
wRITe Ib.3J30) 

Jl,v rvR~i"T (/.2~X.~Srl···*·**·····*·········*····**·**······*·**·*· 
1 1,20).4~H. C~T O~ ALL OVFRLAY STRATfG:ES • 
2 1.2J~t4~~· THAT kERE TRIED 

I,ZO) __ Srl. NO )vE~l~Y STRATEGY 
4 1,20X,4~H· MF,.ETS rH[ ~EOIJIREME'NTS 

~ 1'''OX.4~rl· 
6 I .2CX,4SH. PR:JGRAfoI. DARTI.oLLY CO"iTrNUED 
1 1,20X.~~H ••• 4* •• ***.*"*.**.'*.*** •• * ••• ** •• *'.* •• ¥ •• *J 

),J T" :3 71:; 

;3~L 00 371~ IRK ~ ). LM 
:,t>. I: N,q:EQ-+l Rt. 

~R!T tb,!~lv; NPR00, TiTll 

;r p:.It>" dRt...I .G7 .. Cl G0 TO 336C 
wklTl (b.,?:35C) 

4J~~ ~v~M~; (/,2vx.4Srl···························****···**······*·· 

, 
6 

1.20X.45H. ~C INITIAL OFSIGN POS~rBLF • 
1.20X.4SH. FOR THIS CO~R!~.TION 

1,2tX,4Sh· ~RO~~A~ ~I~L BE CON1INll£t 
I ,~CX,4'Jh' i·OR 7'r:f OTHi.:R (OMBINAiI81'>.S 
l,ilX.~~~·······>~····*··*****···**·***~·*·«*·**··**··) 

R 162~O 
~ 16l6() 
R 16270 
R 16200 
R 16290 
~ 16300 
R 16310 
R 16310 
R 16 ~~~ 
R 1614('1 
R 161~O 
R 16360 
P 163'0 
" 16380 
R 16390 
R 164M 
R 16410 
R I b42e 
R 16430 
R 16440 
R 164~0 
R 1646('1 
R 164 7~ 
R 164~O 
R 1 !;4~O 
R Ib~OO 
R 16~10 
R 16~20 
R 16~'O 
R 16540 
R 165~" 
R 16560 
o 16570 
R 16580 
R 16~q ... 
R 16600 
R 16610 
R 16620 
R 16630 
R 16640 
R 166~0 
R 1666C 
R 15671' 
R 166RO 

16690 
167f'1r 

R 16710 
R 1677" 
R 16 7~r, 
II 16740 
R 16150 
" 16160 
R 16170 
R 167RO 
R 16190 
R 16RO('l 
R 16SlC 
R 1682~ 
q 16830 
R 16P4('\ 



Gu TO 3710 
C 

33bO IF INCNTIIRK) .GT. 0) GO TV 3380 
WRITE Ib.3370) 

3370 FORMAT t 1.20X,45H··················· .•.. ··.··.·.··· .......... . 
1 1.20x.45H. 
2 1.20X.45H. NO OVERLAY STRATEGY POSSIBLE • 
3 1.20x.45H' FOR THIS COMBINATION 
4 1,20x.45H* • 
5 1.20x.45H' PROGRAM WI~L BE CONTINUED • 
b 1.20X.45H' FOR THE OTHER COMBINATIONS • 
7 1,20x.4~H ••••••••••••••••••••••••••••••••••••••••••••• ' 

C;O TO 3710 
C 

3380 IDPVR • IPINN) 
IDOVR • 10lNN) 
IDRFR • IRINN) 
NPPR • NPPINN) 

C 
WRITE Ib.3390) PVIDIlDPVRI. OVIDIIDOvRl. PLFINN. 21t TCINNI. 

I MCINN). TSUBINNI. MSINN) 
3390 FORMAT I/.15X .MOST ECONOMICAL '.A3.' PAVEMENT DESIGN' 

I 'WITH '.A4.' OVERLAY' II lOX. 'INITIAL CONSTRUCTION •• 
2 • LIFE IS • F7.3 • YEARS' II 13X 'MATERIALS' 43X 
3 'DESCRIPTION • I 61X 'MATERIA~ MATERIAL' I 
4 62X 'NUMBER' 7X 'NAME' II 13X 'CONCRETE 
5 F8.2 • INCHES' 25X. II I 13X 'SUBBASE 
b F8.2 • INCHES' 25X. II , 

JNRN • JNRINNI 
MLRN • MLRINNI 
JMRN • JMRINNI 
MTRN4 • MTRINN)-4 
MTRN • MTRINNI 
JPRN • JPRINNI 
MTBN • MTBINNI 

C 
C BAR REINFORCEMENT 

IF IIDRFR .EO. 21 GO TO 3440 
IF IJNRNI 3420.3400 

34vC wRITE 16.3410) 
3410 FORMAT I 13X'LONG. REINF. BAR SPACING NOT AVAILABLE DUF TO BOND'I 

GO TO 3430 
3420 wRITE 16.34901 IRLNINN. I). I • I. JNRNI 

wRITE Ib.35101 MLRN. INAMEBSIMLRN. I I. I • I. 31 
WRITE Ib.35001 IRLSINN. II. I • I. JNRNI 

3430 WRITE Ib.35201 IRTNINN. II. I • I. JMRNI 
WRITE Ib.35101 MTRN4. INAMEBSIMTRN. II. I • I. 3' 
WRIT£ Ib.35001 IRTSINN. I It I = I. JMRNI 
WRI T£ Ib.35bOI IRTNINN. I It I • I. JMRN' 
WRITE Ib.35101 MTRN4. INAMEBSIMTRN. II. I 1.31 
WRITE 16.35uOI IRTSINN. II. I • I. JMRNI 

GO TO 3510 

R Ib850 
R Ib8bO 
R Ib870 

·R IbB~O 
R IbB90 
R Ib900 
R Ib910 
R Ib9?~ 
R 16930 
R Ib940 
R Ib950 
R Ib960 
R 16970 
R Ib9AO 
R Ib990 
R 17000 
R 17010 
R 17020 
R 170'0 
R 17040 
R 1705/\ 
R 17060 
R 17070 
R 170AO 
R 17090 
R 17100 
R PliO 
R 17120 
R 171'0 
R 17140 
R 171~/\ 

R 171t,n 
R 17 I 70 
R 17180 
R 17190 
R 17200 

17210 
177~0 

R 1723/\ 
R 172.0 
R 17Z~/\ 
R 172bO 
R 11770 
R 172AO 
R 17290 
R 17300 

17'10 
1"20 

R 1 "30 
R 17140 
R 173~/\ 
R j7 '60 

C 
C MESH REINFORCEMENT 

C 

3440 IF IJNRNI 3470.3450 
3450 WRITL 16.34bOI 
3460 FORMAT 113X'LONG. REINF. MESH DIAMETER NOT AVAILABLE DUf TO pONn' 

11 

3470 

34Bu 

3490 
35"0 
3510 
352(' 
3530 
3540 
355G 
3560 
3570 

GO TO 3480 
wRIT,- 16.35301 IRLSINN. 110 I = I. JNRNI 
WRITl Ib.35101 MLRN. INAMEWSIMLRN. II. I I. 31 
WRITE Ib.35401 IRLNINN. II. I' I. JNRNI 
WRITE 16.3550, (RTSCNN. II, 1= 1. JMRNl 
WRITE 16.35101 MTRN. INAMEWSIMTRN. II. I I. 31 
wRITE 16.35401 IRTNI"N. II. I = I. JMRNI 
WRITE Ib035601 ITBNINN. 110 I = I. JPRNI 
wRITE 16.35101 MTON. INAMETSIMTBN. II. I • I. 31 
wRITE Ib.35001 ITBSPINN. II. I • I. JPRNI 
FORMAT 113X *LONG. REINF. BAR NO.* 4F6.0 
FORMAT 129X 'SPACING' 4Fb.1 
FORMAT CIH+. 64X, II. 5X, 2A4, A2 ) 
FORM~T 113X 'TRAN. REINF. BAR NO.' 4Fb.0 
FuR~~T 113X 'LONG.kLINF.MESH SPACINC;' 4Fb.1 
FuRMAT 123X 'MESH DIAMETER' 4Fb.2 
FURMAT 113X 'TR4N.kEINF.MLSH sPACING' 4Fb.1 
FuRMAT 113X 'TIE BARS BAR NUMBER' 4Fb.0 

C"NTINUE 

ISTJ • STJINNI 
WRITE 16.35801 ISTJ 

)5Bu FORMAT I I 25X 'TRANSVERSE JOINT SPACING 
wRITl 16.35901 wL 

15 • FEET • 1 

J5Wu FuR""T I 25X 'LONGITUDINAL JOINT SPACING' F5.0 • FEET' 1 
wR I Tl 16. 3bOO I 

3buO F~RMAT 1 II lOX "SU&SEQuE"T CUNSTRUCTION • I 
VO 36lv KK ~ 2. NPPR 

~PRINT • ~IC.-I 

30lu wRITE 16.36201 IKPRINT. TOINN. ~I<.I. OVIDIIDOvRI. PLFINN. I<.K)I 
362u FuRMAT I13X. 11 •• OVERLAY WITH. F5.2 • PKHES OF • 

1 A4 • AFTER· F7.3 • YEARS· , 
.RITl (b.363~1 SUMOVINN). PLFINN. NPPR+ll 

303" F0RMAT I I 15X 'TUTAL OVERLAY THICKNESS' F6.2 • INCHE~" 
1 • TOTAL LIFE. F7.3 • YEARS· ) 

..... RITt. 16.3640) CsPtM~). (CI~N" cseIN~I. CRINNI. CJINN) 
3640 F"RM"T 1 II IJX "COST ANALYSIS UOLLARS PER SQUARE YARD' 

I I 15X 'I~ITIAL CONSTRUCTION' I 
2 lex 'CvST OF SUBGRADE PREPARATION' 
3 18' 'COST uF CONCRETE 
4 IHX .COST uF SUBBASE 
~ 18X 'COST uF REINFORCE~ENT 
6 18X 'COST OF JOINT, 
.RITl ttH3b5Cl CTEtNNI 

l6X. 
l6X. 
l6X. 
l6X. 
16X, 

F6.~ / 
F6.3 / 
F6.3 / 
F6.3 

36~u FoRMAT II&X "COST OF TIE BARS • 16X. F6.3 I 1 
wRli( (6.36601 (1INr." CC(~I"iI. CTINN). CMIN~j 

3~60 FuRMAT 115X.TOTAL INiTIAL :ONSTRUCTION COST 
I 15X 'TOTAL OVERLAY CONSTRUCTION COST 

15X 'TOTAL T.O. COST DURING OV. CONSTRUCTION 
I~X "TOTAL MAINT(~ANCf COST 

·O,?X.F6.il 
·07X.F6.3/ 
·07X.F6.il 
·07X,F6.3 ) 

R 17310 
R 113 AO 
R 1739~ 
R 17400 
R 17410 
R 17420 
R 17430 
~ 17440 
R 17450 
R 174M 
R 17470 
R 174~0 
R 17490 
R 175~0 
R 17510 
R 17510 
R 17~~0 
R 17540 
R 17~50 
R 17560 
R 17~ 70 
R 175AO 
R 17590 
R 176~0 

1761~ 
17620 

R 176'0 
R 11640 
R 17650 
R 17660 
R 17610 
R 176M 
R 17690 
R 17700 
R 17710 
R 17120 
R 171~0 
R 17140 
R I 71~0 
R 17760 
R 17710 
R 177M 
R 17790 
R llAnO 
R 17810 
R 17920 
o 17 B ~O 
~ 17840 
R 178~0 
o 17 B 60 
R 17B10 
R 1 '?8 ACI 
R IHqn 

17900 
17910 

R 17910 



IF !IDUVR .EO. II WRITE 1&.36701 CSEAl!NNI 
367u FORMAT !I~X"TOTAL SEAL COAT COST AFTER OV. CONSTRUCTION' 

1 4X. F6.3 , 
WRITE !6.36601 CSRINNI 

3680 FORMAT 11~X'SALVAGE RETURNS' 32X. F6.3 I 
IF ICAINN) .NE. 0.0) WRITE 16.3690, CAINNI 

3690 FORNAT tl~X'ANY ADDITIONAL COST SPECIFIED* lax. F6.~ I 
C 

C 

JERK. NOIO-KIN!IRKI 
WRITE (6.37001 TCrtNN'. NOlO. JER~. ~IN!IR~I. NCNT(IR~) 

37uO FORMAT II 14X 'TOTA~ OVERALL COSTa 30X. F6.~ II 
1 lOX 'DESIGN A~ALYSIS • I 
;2 13X 'TOTAL" 14" INITIAL DESIGNS WERE EXAMINED. O"T OF • 
3 "wHICH •• I 18X. 14 * DESIGNS WERE REJECTED our TO " 
4 'USER RESTRAINTS' I lex. 14* REMAINING INITIAL DESIGNS' 
~ * PRODUCED • 13. OVERLAY STRATEGIES* I 

3710 CONTINOE 
IF t~ANAL .EO. 01 GO TO 3750 

/'IN • NREQ • 5 
IDPVR • IP!NN) 

WRITE !6.)('301 NPROB. TITLE 
wRITE (6.3720) PYID(IOPYRI. TC{NNI. M(tNN1. TSU8INNI. Msr~N) 

372U FORMAT I I.I~X *MOST ECONOMICAL INITIAL DESIGN LASTING THE. 
I *ANALYSIS PERIOD* II. 13X 'PAVEMENT TYPE IS • A3 I 
;2 I. 54X.MATERIAL* I. S5X-NUMSER 
3 I. 13)( "CONCRETE "F8.2 * INCHES * 17 •• II. 
4 I. DX *SUBBASE * F8.2 * INCHES" I7X. II 

ISTJ • STJINNI 
wRITE 16.3'80, ISTJ 
wRITE 16.3~901 Wl 
~RITE 16.3635) PLFINN.13) 

3635 FORMhT !11.13X*LIFE OF THE DESIGN IS 'F7.3" YEARS*) 
WRITE !6.3640) CSPINN). «INN). (S6!NN). (RINM). (4rNNI 
~RITE (6.3650) (TBINN) 
wRITE 16.37301 CIINN). CM(NNI 

3730 FORM~T 115X"TOTAL INITIAL CONSTRUCTION (OST *1~X.F6.31 
1 15X*TOTAL MAINTENANCE (OST *15X.F6.3 I 

wRITe (6.368e) (SRINN) 
IF !CAINN) .NE. C.Ol wRITE (6.3090, (AINNI 

WRITE 10.3140) TeTtN"). I(ANAL 
3140 FORMAT (I 14X *TOTAL OVERALL (OST' 30X. F6.3 II 

I I~X *DESIGN ANALYSIS * I lOX *THIS 15 TH~ * 
2 *MOST OPTIMAL DESIGN" I 20x *OUT OF * 14 • AC~FPTASLF* 
3 * DESIGNS" I lOX .OF THIS ~IND " ) 

3750 CONTINUE 

IF INRI .LT. NREQ) NREV • NRI 
TCTMM : -1.0 

DO 377~ J • I. NREQ 
T(TMIN ~ 10.0 •• 10. 

00 376J I • I. NREQ 
IF IT(HII .GT. T(TMINI GO TO 3760 
IF !TerOl .LE. TCTMMI GO TO 3760 

NMBtJ) • I 
TCTMIN • TeT! II 

3760 (ONTINUE 

R 179~0 
R 17940 
R 179~O 
R 17960 
R 1797!l 
R 179R() 
R 1799/) 
R 18000 
R 1 aOIO 
R 18020 
R 180~O 
R 18040 
R 180~/) 
R 180bry 
R 1807ry 
R IMso 
R 1809(' 
R 181(1) 
" 18110 
R 18120 
R IAI30 
R 18140 
R 181'10 
R 18160 
R 18170 
R 18180 
R 1819!l 
R 187(1n 
~ I·n~ 
R 1"220 
R 1 A ,~<' 
R 18240 
R 18250 
R 18260 
R leZ70 
R 187'0 
R 18290 
R I Rl!lO 
R 18'1~ 
R ;A370 
R 18 l~'l 
R 1~~4fl' 
R 1~3'O 
R 18'1\(\ 
Q: 1A'1:7(1 

R 18380 
R 18390 
R leL~~ 

" 18410 
K 1'p,;:t1"l 
~ :fi4"'1"l 
~ lRio,"" 

q ! q 4~' 
R 1 q4~1'\ 
R lIH • ...,"'" 
Q lA"P" 

~770 
( 

3780 

3790 
C 

T(TM'" • TCT~IN 
CUN TI NUE 

MPGE ~RE\l/6 

~XTRA • NAEO-6"MPGE 
" ("puE. .Ea. 01 GO TO •• 20 

11 • 6 

DO '51~ ML • I. MPGE 
M~ It i+6.{ML .... l) 
HMF =' 6+6*{ML-IJ 
1M • 73 
II • NREO 
MeA s NREQ+ 1 
~TY • NREQ'6 

VV J79~ I s ~(A, ~TY 

JQ 3790 ~ • 3. 12 
PLFtI, J:.) Ji:: 0.0 

DO 3800 1 • MM. MMF 
II • ll+l 
K,Z :- NM81 J) 
IP(1l1 • IPt"ll 
IOlill • IOIKll 
lRllll • IR!~ll 
Melll) M(I~ll 

MStIll • MsrKll 
T(lll1 TCI"ll 
TSU8l1l1 • TSUB!~ll 

::"TJlIZ) • sr.J!KZ) 
CSPlIl! • CSP'~ll 

«llll • (C<Kl! 
(SBrll) • CSBIKl! 
C~IIl! • (R(KlI 
CHIll. C.H,;,Zl 
CTSftZt • CTelK!} 
({(Ill' CI!KlI 
COIIll • COlo:.ll 
CTt IZ) '& (T(kll 
CMt I I) :: C ..... I F:.I I 
(SRt IIi s CSRtKIl 
(SEAL(lll • CSEALIKll 
(A!lll : (A(~l) 

TCTill) & TCTf~l) 

..INR(fll I' .JNR{Kll 
"L R ( II ~ "'LR« II 
JM~~ll} $ JMRtKll 
:.1TR'I!l ... ",",TPfKIl 
~TB(!~I s ji,r·'~.tKl; 

..IPRtll) JPRtJ:Il 
l'IItJL iii ".pp{.(Z) + 1 
",r'Pt lL) 'IIi hPP{~ll 

PLF Ill., 1~->l.1 PlFtKIt 131 
v >kuw J~I • 2., NPL 

1,,')(11.ll:.l; TCJIKl, IKlJ 
PLFtlZ" Ir.ll ~ PlIC(-..Z, IKZl 

" 18490 
R IA5f)fl 
" 18<10 
R 18520 
R 18,,1) 
R 18'40 
R 18<S0 
R B,~f) 
R 18,7,., 
R IA'An 
R lA~(H"! 

R P~6(\~ 

R lR6)1') 

R 1"670 
R 18630 
R 18640 
R 18M0 
R 18660 
R 18670 
R 18680 
R 18601) 

lRi"r 
I A 71 r 
IQ7?O 

R lR.7'111" 
R l1n4~ 
R 1 ~"~r, 
R 1876(1 
R 18110 
• 18780 
R 18790 
P 18~n(" 

p IB~I" 
p l"l~?" 
R 18'~0 
R lA:fI;4'1 
R 18850 
R 18860 
R 18870 
R 188M 
R lRe90 
R 1891)(, 
R 18"10 
RIA?'" 
R lAO',., 
R 189LO 

1 Rq ~r'} 

lA9~" 
18070 

R 18981) 
R 1899C' 

1 QI1~~ 

1901r 
190Z0 
190.,., 

q lCl':l4" 



38VO 
C 

~ONT INUE 

WRITE 16.lu301 NPROB. TITLE 
wR I n 16.3810 I I MX. MX • MM. MMF I 

3810 FORM~T 1112IX •• SUMMARY OF DESIGNS IN IN~REASING ORDER OF TOTAL * 
I .COST* II 12X *DESIGN NUMBER* 12X. 618 I 

WRITE 16.38201 ISTAR. MX • I. IMI 
3820 FORMAT Il2x.73AII 

3830 

DO 3830 I = I. II 
INP • IPINREQ+II 
PVNAMIII • PVIDIINPI 
INO. 10INREO+II 
OVNAM I II • ov I D (I NO I 
INR • IRINREO+II 
RNFNAMIII = RNFIDIINRI 

wRITE 16.38401 IPVNAMI II. I • I. III 
3840 FORMAT 112X •• PAVEMEr.T TYPE. 12X. 615X.A311 

wRlTl 16.38501 10VNAMlilo I • I. III 
3850 FORMAT Il2X.*OVERLAY TYPE·12x.614X.A411 

WRITE 16.38601 IRNFNAMIII. I • I. III 
386v FORM~T 112X.*REINFORCEMENT TYPE* 7X.614X.A41 

IN • NREO+l 
16 • IN+ll-l 

WRITE 16.38701 IMCIII. I • IN. 161 
3870 FORMAT 1/12X.*CONCRETE TYPE* 12X. 6181 

WRITE 16.38801 IMSIII. I • IN. 161 
3880 FORMAT 112X.*SUBBASE TYPE. 12X. 618 I 

WRITE 16.38201 ISTAR. 13 • 1. IMI 
WRITE 16.38901 ITCIII. I • IN. 161 

3890 FORMAT 1/12X.*SLAB THICKNESS. liX. 6F8.21 
WRITE 16.39001 ITSUBIII. I • IN. 161 

3900 FORMAT 112X.*SUBBASE THICKNESS* 8X. bF8.2 
wRITE 16.39101 ISTJIII. I • IN. 161 

3910 FORMAT II 12X.*SPACING TRANS. JOINTS· 4X. 6F8.2 I 
WRITE 16.39201 IWL. I • IN. I!I 

3920 FORMAT Il2x •• SPACING LONG. JOINTS· 5X. 6F8.2 
wRITE 16.38201 ISTAR. 13 • I. IMI 

3930 

wRITE 16.39901 
LMAX • 0 

DO 393u I • IN. 16 
IF INPPIII .GT. LMAXI LMAX • NPPIII 
IF ILMAX .EO. 11 GO TO 3970 
D~ 396~ J • 2. LMAX 

Jl • J-l 
WRITE 16.39401 Jl 

3940 FORMAT Il2X.*OVERLAY THICKNESS* 121 
DO 3950 I • IN. 16 

11 • I-NREO 
WHOlll+21 • BLANK 
WHOlll+31 • F IL 

IF INPPIII .LT. JI GO TO 39~0 

39S0 
39bV 

C 

IF CTUll. JI .NE. 0.01 WRITE 16.WHOI (Tall. Jl) 

CONTINUE 
CONTiNUE 

C PERFORMANCE PERI0DS 

R 190~O 
R 190,;0 
R 19070 
R 190.0 
R 19090 
R 19100 

19110 
19120 

R 19130 
R 19140 
R 191~0 

19160 
lCJ170 

R 191M 
R 19190 
R 19700 
R 19210 
R 19220 
R 19230 
R 19240 
R 192~0 
R 19260 
R 19770 

192QO 
19790 

R 19300 
R 191\0 
R 19320 
R 19330 
R 19340 
R 193~0 
R 19360 
R 19370 
R 193M 
R 19390 
R 19400 
R I 941~ 
R 19~20 
R 19~3n 
R 19~~0 
R 194~0 
R 19~60 
R 19470 

1~4AO 

19~90 
R 19~00 
R 19~ I Q 

R 19~ 70 
R 19~ 30 
R 19~40 
R 19~ 50 

1 "'1~60 
19~'O 

19~80 

19~90 
R 19600 

3~7V wRITl 16.3980) IPLFli. 2), 1 = IN. 161 
3980 FORM~T 1/121."INITIAL LIFE. 13X. 6FB.2 

wRITE 16.39901 
3?90 FORMAT (lOX) 

LMAX.l :: L~AX+ 1 
DO ~020 J • 2. lMAX 

J2 • J-I 
~RITE (6,~uoO) J2 

.Uvu FORMAT C12x,.OVERLAY PERF. LIFE* 121 
DU ~010 I = IN. 16 

II • I-NRED 
WHOIII+21 = BLA"'K 
WHO I II + 3 I = F I L 

IF INPPIII .LT. JI GO TO ~010 
IF (PLFIl. J+l) .NE. 0.01 wRITE (6,WHO) IPLFfl. J+l" 

~OIO CUNTINUE 
~020 CUNTINUE 

wRITl 16.~v301 IPLFII. 131. I = IN. 161 
.u3~ F0RMAT 1/12X,-TOTAL PERFORMA~CE LIFE- 3X. 6F8.2 

C 
WRITt. Ib,3d20) (STAR. 13 • 1, IMI 
wRITE Ib.~~~O) (CSPII'. 1 = tN. Ib) 

~"~O F0R~hT II 121. *C05T OF 5UBG. PREPARATION* 6F8.3 1 
wRITL Ib.~v~O) (CCel I, 1· IN. Ibl 

~J5u FORMAT tI2X,-COST OF CO~CRETE* 9X, bFB.31 
wRIT[ Ib,~..JbO' ICS611,. 1 = IN. Ibl 

406" FORMAT 112~.*COST OF suBEASE* lOX. 6F8.31 
~R1Tl Ib,4~10) (CRell, 1 • IN, Ibl 

~~7v F~R~hT (12~,-(OST OF REINFORCEMENT- ~X, bF8.31 
~RJTl Ib,~v8JJ ICJII). I = IN. Ibl 

~~8u FvRMAT t12~,-CGST OF JOINTS- llx, bF8.31 
WRITt. 'b.~~901 I(TOI' I. 1 = IN, 161 

~v~O FvR~AT 11tx.-C05T OF TIE BARS- 9X, 6F8.3 
..... RITl 16.~1~OI 1(1111. t = IN. 161 

~Iv~ FVKMAT 1/12X,-I~lTIAL CON5T. COST4 t), 6F8.31 
..... RJH. Ib.~ll~1 ICOell. I '"' IN, 161 

411u FGRM~T 112X,-CvERlAY CONST. COST4 6X, 6F8.3) 
w~ITt 16.~120) ICTII l, 1 = IN, Ib) 

~12J FJRMAT t 12X,-TRAFFIC DELAY CUST* 7X. 6F8.~) 

\yRITE (f:,413CI ICMII), I = IN, 161 
~13~ FORMhT (12x.-MAINTENANC( (CST- 9X, bF8.11 

wRIT(. (b,~l~OI (C,SRlllt I:; IN, 161 
~l~ .... FORMAT 112X,-SALVAGE RfT'JRN~J* lCx.6F8.31 

IF INCS2 .EO. 11 GO TO ~160 
wRIT£' tb,~1501 

~1~J FuRMhT t12X,*SEAL (0AT C0ST*1 
Dv ~lb~ I • IN, 16 

II • I-NRE{'; 
WHOt rI+21 ::. 8LA~K 

WHOIII+31 ' GEO 
iF IUV"'A~III) .~E. OVIDt211 wRITE 16,WHOI t':::SfALIl)I 

~l6~ (0"'TI~UE 

OU ~17~ I :; IN. 16 
IF ICAllI .NE. O.CI GO TO 4180 

~17J C~NTINUE 

vO TO ~200 

R 19610 
R 1962(\ 
R 196'0 
R 196~0 
R 196~n 
R 196M 
R 1967n 
R 196AO 
R 19690 
R 197C~ 
R 1971n 
R 19720 

197~0 

197~0 

R 197~0 
R 1976n 
R 1977n 
R 1978n 

19790 
19800 
19810 

R 19820 
R 19830 
R 198~0 
R 198~0 
R 198M 
R 19870 
R 19880 
R 19Rqn 

19900 
19910 
19920 
19930 
199~0 

R 199~0 
R 19960 
R 19970 
R 199M 
R 19990 
R :?(U"H'H~ 

R 20010 
R 2007" 
R 200~0 

2004'0 
200~0 

200bO 
2007C 
200~'" 

R 20n9~ 
R 2010n 
R 20110 
R 20120 

2011~ 
20140 
2CI~O 

R 20160 



c 
c 

C 

4180 
4190 
42uO 

4210 

WRITE 16,4190) eCAIII. I • IN, 161 
FORMAT (12X.*ANY ADDITIONAL COST" 5X. 6F8.]) 

CONTINUE 
WRITE 16.39901 
wRIH 16,38201 (!;TAR. MX • I, 1M) 
WRITE 16,42101 (TCTI11. I = IN. 161 
FORMAT ! 12x.*TOTAL COST PER SO YARD" 3X, bF8.31 
wRITE 16.3820) (STAR. MX • I, 1141 

IF IPSNI ,NE. 0.0) GO TO 4510 
wRITE (6,10401 NPROS, TITLE 
wRITE 16.4220) 

4220 FORMAT II ,36X,'REINFORCEMENT DESIGN' I 
I 13X*DESIGN* O~X 'REINFORCEM~NT DESCRIPTION' I1X'MATERIAL* 
2 MATERIAL'/13X'NUMBER- 4ex 'NVMBER NAME'/I 

004420 IX • IN. 16 
JNRN • JNR II X 1 
MLRN • MLRllxl 
JMRN • JMR II X) 
MTRN. MTRIIXI 
MTBN • MTllIlx) 
JPRN • JPRIIX I 
MTRN4 • MTRIIXI-4 
MY • MM+lx-NREO-1 
MU • NMBIMYl 

DO 4230 I • I, JNRN 
RLNllx. II • RLNIMU. II 

4230 RLSIIx.11 RLSIMU.)) 
00 4240 1 • 1. JMRN 

RTNllx, I) • RTNIMU. I) 
4240 RTSllx, I) • RTSIMU. II 

00 4250 I • 1. JPRN 
TSNIIX. II • TSNIMU. II 

4250 Tasp Ilx, I, = TSsP IMU. II 
WRITE 16.42601 MY 

4260 FORMAT 1/14X.121 
IF IIRIIX) .EO. 21 GO TO 4350 
If IJNRNI 4280.4270 

4270 WRITE 16.34101 
GO TO 4320 

4280 WRI TE 16.42901 IRLN!lX. In. IY • 1. J~RNI 
wRITE 16.43001 MLRN. INAMEBS(MLRN. 1). I ••• 31 
wRlT£ 16.43101 IRLStiX. lit 1'1. JNRNI 

4290 FQRMAT (lH+. l8X. -LONG. REtNF. BAR NO ••• F6.0 
43vO F0RMAT (lH .... , 69X. 11. LoX. 2A4, A2 1 
4110 f~RMAT I 35X. -SPACING' 4F •• I I 
4320 wRln Ib43301 IRTNIIX. II. 1'1. JMRNI 

wRITE 16.43001 MTRN4. (NAMEBSIMTRN. 11. I I. 31 
~RITt 16.4310) IRTSIIX. II. I· I. JMRNI 
WRIIE 16.4340) IRTNIIX.II. I • I, J~RNI 
WRITE 16.4300) MTRN4. INAME8SCMTRN. II. I It 31 
WRITE 16,4310, IRTSIIX. II, I ~ I. JI<RtH 

GO TO 4420 
4330 FORMAT 119~ -TRAN. REINF. RAR NO.- 4F6.0 I 

R 20110 
R 201~n 
R 20190 
R Z0200 
R 20210 
R 20220 
R zono 
R 20240 
R 2(12 ~~ 
R 20260 
R 20Z70 
R 20280 
R 20290 
R Z0300 
R 20310 
R 20'20 
R 203:-0. 
R 20'40 
R 203~0 
R 20360 
R 21'310 
R 20380 
P, 20390 
R 20400 
R 20410 
R ?r420 
R 204'0 
R 20440 
R 204~O 
R 204M 
R 204~O 
R 204M 
R 20490 
R 20~OO 
R 20510 
R 20520 
R 205~O 
R 2<'~4f') 

D 20'S~" 

" 20'1>0 
~ 2057" 
R 20580 
R 20590 
R 2o.I,no 
~ 10610 
R 2C620 
p 20630 

20640 
2Ob~0 

R 2';:)1)60 

!:1 20t-1C" 
2C6Rn 
206'10 

R 207!"r; 
" n11~ 
t{ 7011') 

4340 FORMAT (19~ 'TIE 8ARS BAR NljM8ER* 4F6. C , 
4350 IF (IN.RNI 4310.4360 
4360 wRITE 16.34601 

':.JO TO 440C 
431~ ~Rl'~ (6.43801 (RLS11X. 1), I ~ 1, JNRN) 

WRITE (6,43001 MLRN, (NAMEwSIMlRN, 1). I. 1. 3' 
wRITE 16.43901 IRLNIIX. II. I. I. JNRNI 

4,eo FORMAT IIH+, 18X ·LCNG.REINF.MESH SPACING- 4F6.1 
4~'O FORMAT 129X 'MESH DIAMETER- 4F6.2 I 
44v" wRITE (b44101 IRTSI!X. II. I = 1. JMRNI 

wRITE 16.43COI MTR~. INAMEWSIMTRN. II. I 
wRITl 16.~3901 IRT~IIX. I" I = I, J"RNI 
wRiTE l6.43401 (T5tH IX, I)' I ;:; 1, JPR,u 

1, '3 I 

wRlTL 'Qt~3(':O) MTblu (NAMETSlj~T6r'", ft. J:;; 1,?l 
WRITE 16.43101 ITBSPIIX. II. I = I. JPRNI 

4410 FORMAT lIn 'T:<AI\.RElNF.ME$H SPACI~G* 4F6.1 I 
44Z0 

<: 
CONTI NUE 

C 

4430 

444G 

44bu 

NNOSE = 0 
wRITE 16.44301 
F~RM~T fll.12X, -DESIGN. 17X .SEAL COAT SCHEDULF*' 13~*NUMAFR* J 

00 449"; I = li'-. 16 
IF 110111 .GT. II GO TO 4440 

',NOH. N"OSE"I 
MY • MM+l-NREO-l 
NOsi:. ,I) 0 
NPL • NPP.l )+1 

o~ 445v ISL z ~, NPL 
• ISL-I 

Pkt • PLFij, lSL} 
IF IPLIF .GT. API PLIF • AP 

TIME. PLiF-PLFII. ISLlI 
SEAL 0.0 
T I SL 

If (lISL ..... 50 
NOSE 
5C'.)1 , T.. ! Sl...-l ) .. T (SL 
;,EAL 

,,<,,) T0 444C 
~()"T I NUE 
if 'NOSE .GT. 01 ~o TO 4470 

wRl!t ~6.446C) ~y 
FOR,.'.\T C )4X.12,3X, *NO SEAl ::O.AT 1S FE".ASfBLE* J 

\,,10 TO ·.t.qO 
",Riff (t.44S01 MY, !~,(UTll ),;~ '1::), NCSE) 
FOlo<r"-:i..T 114X,12.P?x.18ff..Z) 

~<)N 1 I flUE 
IF INNOSE .EO. C • .cf'.JTE r-:·,"''3lt:Ol 

F~RM~T IIQX.*SEAL CUATS GENERALLY NOT PROVIDED ON THE5F JE5IGN~'1 

(",rH! NUE 

.F lMMf .EC. :-'R[;:)) GC; ' .... 4530 
MM • MM+6 
Jt.\MF' ·~..." .. po.tX"RA-l 

R 2:i7~O 

R 20140 
R 20HO 
R 20760 
R 20170 
R 201en 
R 20190 
R 20~OI) 
R 20810 
R 20820 
R 206~O 
R 20840 
R 208~0 
R 20860 
R 20R70 
R 208S0 
R 20890 
R 20900 
R 20RIO 
q 209,1'1 
R 209,0 
R 20941'1 
R 209~O 
R 
R 
~ 20980 
R 20990 
R 21000 
R 21010. 
R 21021'1 
R ?10~n 
R 2104n 
q ?1~-;('1 

R 21 0 M 
R 21171'1 
R 21 CM 
R 2P90 
R ? 1100 
R 21111'1 
p 21120 
p. :'lI~('\ 

p 21141'1 
R 7l1~n 
~ 21161') 
R 21171; 
P 21lAn 
R 21190 

21?nr'l 
2lnO 
ZI~20 

R 21?'1:C" 
P 21740 
R 21 ?~Ij 
p 21<'60 
~ 2lnn 
R 212e~ 

N 
N 
\Jl 



4~20 

4~30 

C 
C 

IF IMXTRA .EO. 01 GO TO 4~30 
II • MKTRA 
1M • 2~+8.MXTRA 

GO TO 3780 
MM • 1 
H>lF ; MXTRA 
II • MMF 
1M • 25+S-""XTRA 

GO TO 3780 
CONTINUE 

NORTH = NOIN-KREJ 
KOIN a KSUB+KREJ 
KAP • NOIN-KOIN 
KFD a KLIF-KFUND 
JOIN a KFUND-KANAL 

WRITE 16.10301 NPROB. TITLE 
WRITE.. (6,4540) NOIN. KREJ. NORTH, KAP, KSUB, KLIFE. KLIF. 

1 KFD. KFUND. KANAL. JOIN 
4540 FORM~T I 41/', 33X. 'INITIAL DESIGN ANALYSIS' " 

1 17X 'OUT OF A TOTAL OF'14' INITIA~ POSSIBLE DESIGNS.',23X.Tl 
2 • WERE REJECTED DuE TO MAX. INITIAL THICKNESS RESTRAINT' , 

4 
~ 

6 
7 
8 
9 
1 
2 
3 

l1X .OUT OF-13- DESIGNS THUS LEFT,./2~X, 13. IX, 
'DESIGNS WERE REJECTED SINCE THEY ARE OVERDESIGNS OF THE' , 
27X -INITIAL DESIGNS WHICH LAST THE ANALYSIS PERIOD' '17X 
'OUT OF'13' DESIGNS THUS LEFT.' I 23X. 13 
• DESIGNS WERE REJECTED DUE TO THEIR LIVES BEING LESS ., 
27X 'THAN THE MINIMUM ALLOWABLE TIME TO THE FIRST OVERLAY" 
17X 'OUT OF' 13' DESIGNS THUS LEFT.', 23X. 13 
• D[SIGNS WERE REJECTED DUE TO THE RESTRAINT OF MAXIMUM' , 
27X 'INITIAL FUNDS AVAILABLE' , 17x.'OUT OF'.13 •• DESIGNS' 
• THUS LEFT.' ,23X.13.' DESIGNS wERE ACCEPTABLE INITIAL 
'DESIGNS WITH LIVES"27X. 'MORE THAh THE ANALYSIS PERIOo"17X 

R 21290 
R 21300 
R 21310 
R 21120 
R 213 30 
R 21340 
R 211~0 
R 21360 
R 213 70 
R 21380 
R 21390 
R 214~0 
R 21410 
R 21420 
R 21430 
R 21440 
R 214~0 
R 21460 
R 21470 
R 21480 
R 21490 
R 21 ~OO 
R 21~10 
R 21~20 
R 21 ~30 
R 21~"0 
R 21~~0 
R 21~60 
R 21~70 
R 21580 
R 21~90 
R 21600 
R 21610 

'ANO THUS' 3X.13.' DESIGNS .ERE PASSED TO THE OVERLAY SURSYST' 
R 21620 
R 21630 
R 21640 6 'EM TO' '32X 'FORMULATE THE POSSIBLE OVERLAY STRATEGIES' 1 

IF IJOIN .EO. 01 GO TO 46~0 
WRITE 10.4o;~01 II. I a I. LMI 

4550 FURM~T I 31/1. 32X 'OVERLAY SUBSYSTEM ANALYSIS' " lOX. 
1 *OESIGN COMBINATION NUMBER'26X. 41~ I 

>lRITE 16.45001 IliTHTII'. I al. LMI 
4500 FORMAT 1/10X'NUMBER WHEN MAX. OV. THICKNESS RESTRAINT WAS HIT 

1 41~1 
WRITE 10.4570, INTMTII'. I • I. LM' 

4570 FORM~T IleX'NUMBER WHEN MIN TIME BETWEEN Ov RESTRAINT W'S HIT 
1 41~' 

WRIT[ 16.4~801 INOLTIiI. I a I. LMI 
458v FORMAT 110X'NUMBER WHEN OVERLAYS NEEDED WERE MORE THAN EIGHT 

1 41~1 
WRIT~ 16.4~90' ILFTIiIo I a I. LM, 

4590 FORM~T 11UX'NUMBER OF TIMES SUBROUTINE 'IH"LIFf 'IH" W'S' 
I • CALLED' 3X. 41~ I 
.RITE 10.46001 IMANT I II. I • 1. LMI 

46UO FORMAT 110X'NUMBER OF TIMES SUBROUTINE 'IH"MANCE'IH" wAS' 
1 • CALLED' 3X. 41~ I 

WRIT[ 10.40101 INTOCTIII. I • I. LMI 

R 216~0 
R 71660 
R 2\070 
R HoBO 
R 21090 

• R 21700 
R 21710 
R 21720 
R Z 1730 
R 21740 
R 2 17~0 
P 21760 

217'"''' 
H780 

R 21HO 
R 218CO 
R 21810 
R 21820 
R 71830 
" 21840 

461u FuRM~T (l~X.N~MBER UF TIMES SU8ROUTJNE *lH •• TDC *lH*. WAS· 
1 • CALLED* 3X. 415 , 

WRITE 16.46201 INCNTIII. I = I. LMI 
4620 FuN""T II.X'NUMBER vF POSSIBLE OVERLAY ~TRATEGIES OBTAINED 

I 415 1 
WRIT[ 10.40301 INTOTIII. I • I. LMI 

463u FORM~T (,lJX.*OUT OF A TOTAL QF * 33X. 41~) 
C 

WR1T~ (6.46.0) NNT. hNR. NNe 
404U FvRMAT I 31".2IX'THUS FOR THE ENTIRE DESIGN SYSTEM' , 21X 

40~U 

C 

I 'OUT OF A~ 0VERALL TOTAL OF'14' OVERLAY STRATEGIES',25X. 
2 14' WERE REJECTED DUE TO DIFFERENT RESTRAINTS" 21X 
3 'AND '14' w~RE CONSIDERED FOR OPTIMIZATION PROCESS' ) 

ENO 

GO TO lOCO 
CONT INUE 
ABO'E STAT~MENT I~ USED TO END THE PROGRA~ 

218~C 

21860 
21870 

R 218 ~o 
R 21890 
R 21900 

21910 
21920 

R 21910 
21940 
219 ~o 
21960 
21970 
219~O 
21990 
22000 
22010 
22020 
22030 

N 
N 
0'1 



C 

C 
C 
C 
(. 

C 
C 

c 

C 

( 

( 

100 

1111 

SUBRLVTINE liFE IPI. BONE. O. T. SX. E. TUPIOI 

CO/'IM"" IUFE/ P2. PZP, X.J. 10PKE. ITER, WTOT 
COHMuN IALll AP. AOTGR, ITYPE. RINT 

LlFE FINOS THE TIME IN YEARS TO GRING A DESIGN FROM ITS 
INlTlAL TO ITS TERMINAL 5ERVICEAelliTY 

BEST • O.OO~ 
PEST * 0.005 
TEST ; 0.005 
SAFETY * 0.9155 
Z * E/ToPKE 
CI * AP'ADTGR/IAP'AOTGR+200.1 
C2 • 200./IAP'AOTGR+200.1 
MT • WTOT*(CI*(TuPTO/AP)'*2+C2*TVPTO/API 
OTOTAl • SORT!~.-p2PI-SaRT(5.-Pll 

PRO • ~.85-4.62*ALOGIOI19.01 
XL • (Z*(0-*3.01/11.52)**0.25 
RHQSP = ,Xj*90CO./O**2.I*fl.-7.1S*SQRTI2.'/XL) 
R18~ • 1.OIO*ALOGIOIRHOSP*690./SXI+ALOGIOIO.3ryll 
OIL. 1.995-0.517*RI8L 
01 • lO.ouOIL 
BETA. 1.+(3.63*19.0.*S.20./(Ol.**e.46 
F • SAFETY/BETA 
CL • SAFETY·17.35*01~+PROI 
C ., 10 ••• CL 

OP !If 0.10 
OT • 1.00 
TOPt:: • 100.0 
YlT ., 1.0 

T .. 0.0 
ITER • 0 
,-,TP Ie o.e 

P • PI 
PP • PI 

IF IBO"E .LT. BESTI GO 10 IIG 
pp • pp-op 
p .. P-DP 
Q·SQRTI5.-PP)-SQRTI5.-P11 
Rt:: • OTOTAl/IOlOlAl-OI 
II • Il./BONEI*ALOGIRK) 
OT • ABSITT-Tl 
I = TT 

(,0 TO 120 
1 It 1+0T 
PSC & ~.-IS~RTI~.-Pl)+QTOTAL*'l.-E~PI-~GNE*TII 1**2 
DP • PP-PSC 
PP • PSC 

R 2204(\ 
R zzo~o 
R 22060 
R 22070 
R 22080 
R 22090 
R 22100 
R 22110 
R 22120 
R n1~O 
R 2214,' 
q 2Z 150 
~ 22160 
q 22170 
R 221ftll 
R Z:'190 
R 22200 
R 2211" 
Q 22220 
R 2Z230 
R 2lZ40 
R ZZ2~O 
R ? 2?60 
R 2221~ 
R ?2'RO 
R 22290 

" 2Z300 

" 22110 
R 22320 
R 22Hl! 
R 22340 
R 2<3~0 
R 22360 
R 22'?'?'O 
R 223." 
R 223911 

221.i~(\ 

22410 
" 224 '0 
R 2"24V' 
R 224.0 
R 22"~0 
R Z2"~0 
P 22470 
• 224"0 
~ 22""0 
Q ?25n'" 
R ?Z"ll"" 
R 77~'O 
R 22 ~,,., 
p ?;::'41"1 
• n'~o 

22"'~('" 

22"0 
22l\R('\ 

Q 2Z!i91'\ 

Ilv 

1311 

14U 

lSU 
C 
<: 
<: 
( 

P = P-OP q 226f'\O 

IF lOP .. EO. 0.01 GO TO 130 R 22610 
GT · IPI-P)/IPI-I.SI R 22620 
wlPl . (L+f*AlOGI0IGTI R 22630 
wTP · 10. **'WTPL P. 22~4" 
TACT . T+TLPTO R 22650 
"TT = _TOT*tCl*,TACT/API**Z+CZ*TACT/API R 22660 
ow • wTT-WT R 22670 
>IT » wTT R 22MO 
WTP • WTP+OW R 22690 
PM • PI-IPl-1.51·I>lTP/CI*·11./FI R 22no 
ITER. ITER+l R 22710 

IF IPM .L T. 1'21 GO TO 14" R 2272" 
P • PM R 22 7 30 

If IP .EO. P2) GO TO 150 R 22740 
GO 10 100 " 221~O P . P+DP R 22760 

pp • pp+op R 22770 
T . T-OT R Z2HO 

IF lOT .l..T. TEST .ANC. DP .LT. PHil GO TO 150 R 22790 
fiT " 0.0 R 22aco 
DP • OP/2. R 2281C 
vT · ot 12. R 2Z~2~ 
.. I • 'wTT-Dw R 22R3~ 

"TP · IoITP-I.;>I R 21840 

~o TO 100 R 22850 
(ONT INUE R 228"'11 

R 22870 
15 THE LIFE OF THE DESIGN R 228AO 
THlb wiLL BE lA~EN ~ACK TO tHE ~\.IN PROGRAM R n8<!O 

R 22900 
RETURri R 22910 
EN" R 22 9 20 



C 
C 
C 
C 
C 
C 
C 
C 

C 

C 
C 
C 
C 
C 
C 
C 

C 
C 
C 

lOU 
C 
C 

SUBROUTINE PUpy IXMEAN. SO. CL. XI 

~Upy MEANS PREDICT USING PROBABILITY 
THIS SUBROUTINE DETERMINES THE OESIGNEO VALUE Of CERTAIN 
VARIABLE OEPENDING UPON THE OISPERSION Of TEST RESULTSISOI 
Uf THAT VARIABLE AND THE CONFIDENCE LEVEL REQUIRED fOR THE 
OESIGN WiTH RESPECT TO THAT VARIABLE 

DIMENSION ZI~lI 

DATA 
I 

(ZII). 1 ~ 1.51 ) I 0.000.0.025,0.0503.0.07503.0.1005.0.1256. 
0.1510.0.1764.0.2017,0.2274.0.2533.0.2792,0.3055.0.3318. 
O.3584.0.3854,O.4124,O.4~OO.O.4678,o.4958,O.5244,n.553 4, 
0.5829.0.6127.0.6433,0.6744.0.7062.0.7387.0.7721.0.8066. 
0.8415.0.8779,0.9154,0.9542.0.9946. 1.0365,1.0804,1.1264. 
1.1750.1.2263.1.2817.1.340b.I.4053.1."757.1.~55C.l.64~O. 
1.7~11,1.8814,2.0540,2.3267,3.900 I 

2 
3 

" ~ 
6 

XMEAN 
SO 
CL 

IS THE MEAN VALUE Of THE VARIABLf 
IS THE STANDARD DEVIATION fOR ?Hf VARIABLE 
IS THE CONfiDENCE LEVEL DESIRED fOR THE VARIABLE 
100 PERCENT MEANS NO RISK AT ALL. USE THE LOWfST V~LtJF 

AA • I~O.-CLJ/IOO. 
A • ABS(AAJ 
XA • lOO.-A 
NA • XA 
XNA • NA 
DA • XA-XNA 
XZ • lCNA+IJ+CZ(NA+21-lCNA+IJI"OA 

If CAA .LT. 0.001 XZ • -Xl 
X • XMEAN+XZ"SD 

X IS THE DESIGNED VALUE Of THE VARIABLE. THIS VALUE wiLL 
BE TAKEN BAC~ TO THE MAIN PROGRAM 

CONTINUE 

RETuRN 
END 

22930 
R 22940 
R 22950 
R 22960 
R 22970 
R 22980 
R 22990 
R 23000 
R 23010 
R 2 '020 
R 23030 
R 23040 
R 23050 
R 23060 
R 23070 
R 23080 
R B~qO 
R 231nO 
R 23110 
R 2'120 
~ 23130 
R 23140 
R 23Ho 
R 23160 
R 23170 
R 231"0 
R 23190 
R 23200 
R 23210 
R 23220 
R 232)0 
R 13741' 
R 23250 
R 23260 
R 21270 
R 23280 
R 23290 
R 23300 
R 23310 
R 23320 
R 233 30 
R 23340 

C 
C 
C 

C 

C 
C 

C 

C 
C 
C 
C 
C 

4UU 

41" 
C 

420 
C 

43\i 

C 
C 

C 
C 
C 
C 

SUBRuUTIN( MANCE IPLP. PLf. TNPSYI 

~ANCE MEANS MAINTENANCE 

COMMUN IMANCEI CERR. CLW. CMAT. DfTY 
COMMUN IALLI AP. ADTGR. ITYPE. RINT 

REAL LAB. MAT. MTOT 

uATA ARRAY fOR PERCE~TAGE Of MAINTENANCE REOUIREMENTS 
OATA PLW,PERR,PMAT/O.60,Q,19,O.211 
OATA PL~R,PERRR,PMATR/0.44.0.21.0.351 

T .. PLF-PLP 
If IPLf .GT. API T • AP-PLP 

PLP PERfORMANCE LifE PREVIOUS 
?Lf PERfORMANCE LifE fOLLO~lNG 
T - YEARS Of MAINTENANCE 

If IITYPE .EO. 21 GO TO 400 
XL~ ~ PLiWR 
XERR • PERRR 
xMAT • PMATR 

e.U TO '010 
XL~ • PL ... 
XERR • PERR 
XHA T • PMAT 

CONTINUE 

MTOT :;. 0.0 
NT • T+l.0 

ou 42v 1 • 1. NT 
X II • I-I 
YP • 19.72*'Xlll**2.+13.72*OFTY-183.0 

iF IYP .lE. :t .. O, GO TO 420 
LAB" YP*X.L'Ili*CLW 
[QuIP c rP*xERR*CERR 
~AT • YP*XMAT*C~AT 
TOT" ILAB+EOUIP+MATI/II.+RINT/lOO.I**CXll+PLP) 

If " .[0. NTI e.0 TO '030 
MTOT ,. MTOT+TOT 

CUNT INU[ 

TI • NT 
fTUT = TOT*ITI-TI 
TOT. TOT-flOT 
'iTOT = MTDT-TUT 

~TOT TUTAL MAINTENANCE CUST fOR T yRS AfTER APPLYING RINT 

TMPSY = MTOT/II760.0*16.01 
TMPSY TOTAL MAINTENANCE CUST PER SQUARE YARD 

RETURN 

END 

THIS ~ILL B[ TAKEN BACK TO THE MAIN PROGRA~ 

R 23350 
R 23360 
R 23HO 
R :?~3 ~('\ 

R n3QO 
R 234n~ 
R B410 
R 23470 
R 23430 
R 23440 
R 23450 
R 23460 
R 234 ~O 
R 23480 
R 23490 
R 23~1"'-f\ 

R 23510 
R 23~70 
R 23530 
R 23540 
R 2 3~ 50 
R 23560 
R 235~O 
R 23580 
R 23590 
R 2360n 
R 236]n 
R 23620 
R 23630 
Q 23640 
R 2?650 
R 23660 
R 23670 
R 23680 
R 23690 
R 237("10 
R 23710 
R 23720 
R 237~0 
R 2314n 
R 2375 n 
R 237M 
R n170 
R 237~0 
R 23790 
R 23ROO 
R 23@1~ 
R 23820 
R 23830 
R 238'00 
R 2~e~n 
R 23860 
R 23870 
R 23A"O 
R 23890 
R 23Qon 

R 23°10 

N 
N 
ex> 



C 
< 
< 

C 

C 

SUbR~UTIHE TDC (PLAT. OVTH. TDCSY. HPSYI 

TDC MEANS TRAFFI< DELAY COST 

CUMMvN ITO<I PAPH. HPOC. PVSO. PVSN. OEao. DE~~. 4A5. ASOD. 
I ASHD.MODEL, DTSO. DTSH. ODOZ, NOLO. ~OLS. ADT 

COMMuN IALLI AP, ADTI,;R. ITYPE. RINT 

OIME~SION <CSRI6.610 «SUI6.61. CURS(6.21. (OD11021o (AP" .. 3) 

C THE FOLLOWING ARE TASLES CONTAJNING THE USER (OSTS. 
C 
( 

( 
( 

C 
C 
C 

C 
C 

C 

CUST OF SLOWING DOWN IN A RURAL AREA IN TEXAS. 

EXCESS (OST ABOVE CONTINUING AT INITIAL SPEED 
I T Ir;C~UDES OPERATlN(' AS WELL AS TIME COST OF SPEED (HA"r,~ CYCLE 
•• DOLLARS PER 1000 CYCLES •• 

DATA CCSR/8.473tlB.2,31.55.~O.36t77.9~2.120.S46tO •• 9.41'.21 ,49\, 
1 39.6v9t66.233.106.979.2.0 •• 11.354,28.422.~3.917.o2.4g2.~ 
2 *0 •• lS,'95.39.~41.76.02Z.4.0.t22.612.S~.405.~*O •• '2.48~1 

COST OF 
DATA 

I 
2 
3 

SLGwlNG DOWN IN AN URBAN AREA 
CCSU/5.869. 11.769. 19.~. 30.03. 45.002. 67.868. 0 •• 
~.6J2. 12.8~7. 22,933, 37.338. 58.992. 2·~ •• 6.5C1. 
IS.916. 29.61. 49.114. 3+0 •• 6.601. 21.44e. 40.242. 
4.0 •• 11.aS6. 29.36. 5*0 •• 16.4321 

C COST OF OPERATING AT A UNIFOP~ SPEED IN TfXAS 
C UIFFERANCE Of TWO VALUES GIVES THE EX(ESS COST OF OPERATI~G AT 
C REDUCED SPEED 
C IT INCLUDES OPERATING AS WELL AS TIME COST 
C ** DOLLARS PER 1000 VEHICLE MILES •• 

DATA CURS/393.47, 214.53. 156.0~. 129.03. It~.~I.IIO.16. )62.43. 
1 197.00. 142.57 , 116.84. 103.24. 96.731 

C 
C COST OF IDLING 
C IT IN(LUDES OPERATIN(' AS WELL TIME COST 
< *. DOLLARS PER 1000 VEHICLE HOURS •• 

OATA (00/3499.76.3263.111 
C 
C CAPACITy TASlE 
C OUTPuT AND RECOVERY RATES. VEHICLES PER HOuR I~ ONE OIRECTION 
( USED TO CALCULATE POI. P~I. DOl, ANO ONI FOR MODEL NOS ~ •• AN~ • 

C 
C 

C 
( 

C 
C 

DATA CAP/13~O •• 3000 •• 140C •• 3000.t2700 •• 4~OC •• 2800 •• 4700 •• 
I 43S0 •• 6200.,4~OO.,64ryO.1 

ADTT < AUT'II.O+ADTG~/IOO.O'PcATI 
MPSY TUTAL TJME IN HOURS TO OVERLAY PER SY. YD. OF PAVf~ENT 
"VTH IS TOTAL OVERLAY THICKNESS DUR\NG ON, C'VERLAy 

LO • IASOO+4.991/10.0 
LN • (ASND+4.991/10.0 
K • IAAS+5.01/10.0 

R 23920 
R 23930 
R 23940 
R 23950 
R 23960 
R 23970 
R 239M 
R 23990 
R 74000 
R 2401~ 
R 24020 
R 24030 
R 24040 
R 24050 
R 24060 
R Z4070 
R 24080 
R 24e90 
R 24\~0 
F 241\0 
R 24\?~ 
R 24\3(> 
R 24140 
R 24150 
R 24160 
" 24170 
R 24180 
R 24190 
R 24Z(>0 
R 2421~ 
R 24Z20 
!> 242'~ 
" 24240 
R 242~" 
R 24160 
R Z4no 
R 242M 
o 24290 
R 24300 
~ 2"'t') 
" 24320 
R 24'lO 
R 24341) 
24'~0 
24'6(' 
24l7'" 
243q~ 

R 24390 
P '44"0 
R Z4410 
p ? .... 2() 
R ~44'1,('I 

R l41.4"" 
Q 2441i(l 

24£.6t"1 
244"" 

IF 'LO .GT" 6) LO • 6 
IF ILN .Gf. 6. LN • 6 
IF C~ .GT. &1 K II: 6 

VPH • AOTT*PAPH/IOO. 
C VPH TOTAL NUMBER uF VEHICLES PASSING THE OVERLAY AREA IN 
C ONE DIRE(TION PER HOUR 
C SAME NUMBER OF VEHICLES ARE ASsuME~ TO BE PA~SING IN 
( THE OTHER DIRECTION ALSO c···· 
( MODEL NUHBER ONE c···· 
( 

( 

c 
C 
( 

POI = o. 
PHI • O. 
001 • O. 
DNI • O. 

ABOVE VALUES ARE BEING GIVEN FOR MODEL NUMBER ONE SUT THESE 
VALUES ARE ALSO USED fOR OTHER ~ODELS IN CASE SEPEQATE VALUES 
uF THESE VARIABLES ARE NOT COMPUTE~ FOR THEM 

paz C" PvSO/l 00. 
PN2 • pvSN/IOO. 
DGZ • DEao 
ON2 • DEaN 
D • 1.112. 

~O To 1540.5JO.~IC.52C.~lO). MOOEL 
( 

c···· 
C MUDfL I'U;.SER TWO 
C 
C 

50u A • OTSOIASOO 
AQ !If A*VPH 
POl c O.5*{1.-[XP(-AQJ ; •• 2 
PHl & POl 
001 • (1.+E~P'2 •• Avtl.(EXP'AQj-AO-t.)/(2 •• VPH.POl 

4'[XP(1.*Au;-f.XP!ACI+l •• l 
0"1 0 DOl 

Ctu TO 540 
c -••• 
( HOUEl "UV,vcRS THREE AND FivE 
( .... 
C 
~lv VUTRAT ~ CAP'2.1T¥PE~1, ~OLO) 

....... 

RECRAT • CAP(Z'lT¥PE. ~OLCI 
IF 'VPH .Lt. OuTRATI (>(; TG 540 

POl ~ HPDC*'VPH-OUTRATt/(2.*VPH.n) 
IF CPOI .GT. I.i POI. 1. 

OUl I: HPOC*'VPH-OUfF\ATII IRECR/ii-OUTRAT1/C2.*VPH.POl 
*(RECRAT-V!1Hl i 

~~~EL ~UHBER FOUR ...... 

244~0 

244()rI 
~ 24~ro 

~ 24510 
R 2452~ 
II. 24~ 30 
R 24540 
R 24~5~ 
R 24560 
R 24Sl'l"'\ 
R 245~O 

24590 
246/)" 

R 2461" 
R 24620 
R 2463(\ 
R 24640 
R 24650 
R 24660 
R Z4670 
R 246J1r1 
R 24~9n 
R 2471'0 
R 2471" 
p 24 72" 
R 24730 
R Z4740 
R 24750 
R 24760 
R 24170 
R 2.780 
R 2.790 
R 24enO 
R 2"'S\0 
R 24~'() 
R 24A'n 
R ?4A40 
II. 24850 
R 24860 
II 24870 
R 24S8') 
Il 24890 
P 24900 
R 2491" 
R 24920 
Q 24t)~O 

R 24940 
R 249-'0 

24tt)6~ 

249 7 0 
R 240RO 
? 24990 
R 250nr 
R 25010 
R 25020 
R 250~(' 



5ZU OUTRAT • CAPIZ*ITYPE-l. NOLOI 
RECRAT • CAPIZ*ITYPE. NOLOI 

IF IVPH .LE. OUTRATI GO TO 530 
POI. HPOC*IVPH-OUTRATI/12. o VPHoOI 

IF IPOi .GT. i.1 POI. i. 
001 • HPOC*IVPH-OUTRATl o IRECRAT-OUTRATI/12. oVPHoPOl 

*IRECRAT-VPHII 
~)O OUTRAT • CAPIZ*ITYPE-l. NOLNI 

RECRAT • CAPIZ*ITYPE. NOlNI 
IF IVPH .LE. OUTRATJ GO TO 540 

PHI' HPOC*lvPH-OUTRATI/12.*VPHoOI 
IF IPNi .GT. 1.1 PNi • i. 

OHi • HPDC*IVPH-OUTRATloIRECRAT-OvTRATI/{2.oVPH*PNI 
*IRECRAT-VPHII 

540 
C 

GO TO 540 
CONTINUE 

C 
C 
C 
C 

START CvlLECTING ALL PERTINENT INFORMATION AeOUT DiFFERENT TYPES OF 
DELAY COSTS. THE FOLLOWING ARE THE DIFFERENT TYPES OF TRAFFIC DELAY 
COSTS PER VEHICLE. 

GO TO 1550.5601. iTYPE 
C COST OF STOPPING FROM APPROACH SPEED IN A RURAL AREA. 

550 COi • CCSRI~. iI/IOOO. 
CNi • COi 

C COST OF SLOWING TO THRU SPEED IN A RURAL AREA. 
C04 • CCSRI~. LO+iI/IOOO. 
CN4 • CCSRI~. LN+ll/iOOO. 

GO TO 510 
C COST OF STOPPING FROM APPROACH sPEED IN AN UReAN AREA. 

560 COl • CCSUI~. il/iOOO. 
CHi· COi 

C COST OF SLOWING TO THRU SPEED IN AN uReAN AREA. 
C04 • CCSUI~. LO+II/IOOO. 
CN4 • CCSUI~. IN+I1IIOOO. 

C COST OF DELAY DUE TO CONGESTION OUTSIDE THE RESTRICTED AREA. 
510 C02. OOI*COOII. ITyPEI/IOOO. 

CNZ • ONI-COOII. ITYPEI/IOOO. 
C COST OF DRIVING AT A REDUCED SPEED. 

IF {MODEL .EO. 51 GO TO ~80 
CO) • lCuRSllO. ITYPEl-CURSI~. ITYPEII*OTSO/IOOO. 
CN) • {CURSILN. ITYPEI-CURSIK. lTYPEII*DTSN/IDOO. 

GO TO 590 
580 CO) • {CURSILO. ITYPE'.ODOl-CuRSIK, ITyPEloOTSOl 

11000. 
CN) • ICURSILN. ITYPEI-CURSI~. ITYPEI'.OTSN/I000. 

C EXCESS COST OF STOPPING FROM THRU SPEED + COST OF IDLE TIME.Acc 
C ~ITHIN TNE RESTRICTEO AREA. 

C 
C 

59u GO TO 1600.6101. ITYPE 
60v C05 • CCSRILO, 11/1000.+002-COOI1. ITYPEI/IOOO. 

CNS • CCSRILH. 11/1000.+0N2*(00(1. ITYPEl/I000. 
GO TO 620 

610 C05 • CCSUILO. 11/1000.+00Z*CODll, ITYPEI/IOOO. 
CN5 • CCSUILH. 11/1000.+0NZ*COOll. ITYPEI/IOOO. 

R 7504() 
R 250'0 
R 25060 
R 25071) 
R 250RO 
R 25090 
R 25100 
R 2511 0 
R 25120 
R 25130 
R 25140 
R 2~BO 
R Z5160 
R 2~ 17~ 
R 251 ~n 
R 2'190 
R 2'21\(' 
R H210 
R 25220 
R 25no 
R 25Z40 
R 2'2'0 
R 25260 
R 25270 
R Z52110 
R 25290 
R 25300 
R 25310 
R 25320 
R 25no 
II 25340 
R 253~0 
R 2'360 
R 2'370 
R H380 
R 25390 
R 254r'l 
~ 25"ln 
R 25420 
R 254'0 
R 254"0 
R 25450 
p 25"60 
R 25470 
R 25480 
R 25490 
R 2'~CO 
Il 25510 
Q 2~~2'n 

R 25,,0 
R 25~"0 
R 25550 
R 25560 
R 255'" 
R <~~~O 
R 25~"(' 

C START TuTAL CUST CO~PuTATIOhS 
C 

C 
C 
C 

C 

C 
C 
C 
C 
C 

62u 
1 
2 

DCH • VPH*CPOl*CCOI+C02+C031+ll.-POII*CC03+C041+P02 
·C05}+VPH·CPNl·ICNl+CN2+C~3'+ll.-PN1J·(CN1+CN4) 
+PN2-CN51 

DCH IS TOTAL TRAFFIC DELAY COST PER HOUR OF OVERLAY CONSTR. 

DCSY • HPSyoDCH 

IPLAT • PLAT+0.5 
TDCSY • DCSYIII.+~INTlIOO.,ooPLAT' 

TOCSY [S THE PRESENT wORTH OF TOTAL TRAFFIC DELAy COST PeR 
SQUARE YARD DURING OVERLAy CONSTRUCTION 

RETuRN 
END 

THIs WILL BE TAKEN BACK TO THE ~AIN PROGRAM 

R 25600 
R Z561(' 
R 2S671\ 
R 7~~~O 
R 25640 
R 2565('\ 
R 25660 
R 25~7n 
R Z5b~O 
R 25690 
R 25700 
R 25710 
R 25720 
R 257~O 
R 25740 

257'n 
25760 
257"1('\ 
2578(' 



APPENDIX 4 

INPUT DATA LISTING FOR SAMPLE PROBLEM 



!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
"#$%!&'()!*)&+',)%!'-!$-.)-.$/-'++0!1+'-2!&'()!$-!.#)!/*$($-'+3!

44!5"6!7$1*'*0!8$($.$9'.$/-!")':!



RR~ RIGID PAI/EMENT SYSTEM AVERAGE PROBLE~ 
0 0 0 0 0 

26 "000 3000 5418 
3000 6999 3359 
7000 7999 2005 
8000 11999 1633 

12000 15999 415 
16000 !BOOO 71 
18001 18500 10? 
Inol 20000 31 
20001 21999 11 
22000 23999 .. 
24000 25999 I 
26000 29999 1 

0000 6000 21>8 
1>000 11999 2 4151 

12000 11999 2 2521 
18000 23999 2 1302 
24000 29999 2 306 
3IJOOO 32000 2 51 
32001 325QO 2 43 
3lS01 33999 2 24 
34000 3S999 2 11 
36000 31999 2 11 
38000 39999 2 1 
40000 41999 2 4 

42000 43999 2 ) 

44000 45999 2 2 
46000 49999 2 I 
50000 54999 2 0 

5.u 5.0 50.0 60.0 10OOtl.c 
6.25 24.0 5.0 6.0 9.0 2.0 2t...O 5.0 20.0 
4.20 2.5 4.0 1.5 Q.06 

0.5 0.5 0.0 6.0 8.0 2 
5.0 5.0 0.1 0.1 50.0 30.0 4().O 
7 2 450 40 95 140 2000000.0 195.C 10C.C 1?O 401"1.1'\ 

7 2 650 00 95 ISO ~5000uO.O 2~O.0 1100.0 14.",\ 'H'I'O.f'I 

6.0 12.0 1.0 
100. H.o 95.0 J .0 "hO l,!s).n 

GRANULAR I. 1.5 ?OOOO. 400.0 ?o 6. 10. ,. 
C.TREATE.D O. 3.0 90000~. 600.0 3.0 ;. U. ~. 

A-bn.GR7510000 ~.II A-43Z60000 0.10 
A-I~ STR33000 oJ.01 A-I~ II'IT40000 O.OS 

"'SH •• A-4~b700,,0 ,.;.10 
A-615.(,R4u40000 \;.08 A-IS S TR3 3000 0.01 

3 4 5 .. 12 5 I' " 16 
1000.0 11.0 ,00000 ICC 2'~ '::'.(,0 

5.0 5.0 llOO.t, 
1.4 0.3 15 100 

10.v 2.0 2.3 I.e 5.C c,D." iJ.f' 4 
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APPENDIX 5 

SAMPLE COMPUTER OUTPUT FOR PROGRAM RPSl 



!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
"#$%!&'()!*)&+',)%!'-!$-.)-.$/-'++0!1+'-2!&'()!$-!.#)!/*$($-'+3!

44!5"6!7$1*'*0!8$($.$9'.$/-!")':!



,d~[c 

P~lJt3 
"'''vt.''''![f'q ::-YSTE,""' rfA"!tSioI "\hEQ .):)1 t 141J 

~ .. ,II <> I D PA\j~~E'''l S.~rtM ~\q;:""~Gt ,",I;v~l t "! 

l~AfFIC T·,LJUT 

LO.C "A"Gt I'.'YG. Le.n AXLr 

,) - 3000 
3')00, · 6~99 
1UOO, - l'i'~ 
svon - 1l~9" 

12000 · 15~99 
ioilOG - IdGOO 
ISv!!1 - 18500 
le501 - lOOOO 
20001 - lh99 
CeOOO • <3999 
.4uon - 25999 
<600(; - 29~~9 

" - bllOO 
o~OO · 119~9 
12l0~ - IH"" 
18000 - i3~99 
240~O - c999~ 

Joo~o - 3<.00 
~2uOl _ •• 500 
32501 · n999 
)4000 - 35'iY9 
J6000 - 3199'i 
J8VOO - 39999 
40JOO - 41i99 
42uOO - ",Hh 
44~OO - .5~99 
41>,)00 - ",9999 
SOiJO~ - S49i9 

~'LE G~cwlM FACTO" 
IlLlT t;QO .. Tr1 ... AlE 

I'" ~IPS 

1,500 
4."99 
1.499 
9.999 

14 .000 
17,~on 
18,25~ 
19,25~ 

?I.OOO 
23.000 
25,000 
28.000 

3.000 
8.999 

IS.000 
21.000 
21.000 
31.000 
32.250, 
33.150 
34.99'1 
36.99~ 
38.Q'I9 
.0.999 
42.999 
4it.Q"'9 
U.999 
S2.4'1q 

cl"f:.CljC~~l ~IST~I&IIT!O', FACTO" 
LA~E ~IS1"I~U1IO~ F.Clv~ 
1~lillL •• t~.eE GAll' , •• fFIC 

COOF 

5 l"li( E 
Sirdl E. 
51"'''lf 
S[f>fHl ~ 
S 1 ~13t.E 
SI".t;t_E 
~lt.,jr" E 
51"" ( 
51";;I.f 
<i!Nu,E. 
51"'''lE 
S Ii'Ii(jlE. 
TA-.Dr:'l>I; 
TA~"')FM 

TA";')j':'M 

rA"dFJ1 
iANOF'" 
TA"Df~ 
1 AfrII')clIl 
TAr.,:')C',.. 
Ta"J')t:''4 

T'~Of" 
T 'N')E'''' 
fA. /\iI'J,.fIII 
T'~OF~ 
Tt."Ij'JF"1"1 
TA-..i)r'1W 
lA~J~M 

"40. OF AxLt. 
,PPllCA T10 ,S 

~41B 

1lS9 
Z~CS 

1<33 
415 

11 
102 

31 
11 

?oB 
4151 
2<;21 
1)02 
)06 

51 
43 
24 
17 
II 

1 

3 
l 
1 
0 

".,. 00 
-,' .1) 

':)." J 
e,i ... ' J 

I "'t1 \-.;., U 

.,~!~ ~A~l5~ ~HFu 
.. ~':j "'A,.'~····t: ~T Sy';;TF'jIoI 

~~("lMA~ CO~TWCl~ 

It..Sl,,'t,. '~·<':lt!tS 

J'JI'1 i'HLI 
A"~"'&l.f,E Pq.OHLt.-' 

~~1. C"C~ 4~U ~C~ ~AvEM~"TS 10 ~~ T~lF~ 

r,. CVE~lAr~ '0 ~E "~fE~ 
fl' t:!,;4 6~r: wl~E ,\tS~ :1l1"'F'l~'':''l'·E .. r Tu ... £, '.Jltn 
P""ll\T \,:)1'(1'; 1'0'0(1" OF' (l1.;'I'Ollf 
"',,11\1 ~i"""'T ill! r::e:C::IG"'-S T l",.CRE.4.c:.I·13 f),.(vti'1 OF "OT ... L ... ;'T 

1' .. \1" ... 1 "P10i:L "')"'r,~ fl..: ILAqL£ t"'" jLL/ol~Sl 

f"",A f' Itt ... !.. fr-IC',,,E"ili. ~lAR "ll~ ~·J8B .. SE ('f'''{''''1~\q 
/''It TIJI't IV f T O"'F''''L~Y (Y~AS:;S) 
!l"lh Tl'~t '>t,1 lh't4LA15 (YF,'ARS, 
..... ;r. f'iI .. L At ('VEf.<LA'f Ti'11CI'\~ES<j 0",["1'1£" 
1'1" t"c""l~T TrICfC"ES) AT ONE T'~~E .!I\iCP1tSl 
,. .. :l. Cv"'" v'lt:..tLAY h·le"NES~ t ii'~"'ES} 
.,l!~ "'H,t. -·\ir.~l.AY ltil,="li(Nf.~S AT r-~~ flMt q ~r-tiF~; 
Lef<';j!"" ,. ilhALi:SIS ;"''::l«J0G \;,FA":S) 

J..""ll r,'L ~:';';;\"1CE.4.hiLjTY I:-..CE.: 
1t.. ... · .. : ."L :n .. lJict",:1.IL!Tr 1l\DEx 
~tSJtI!'-Er:) .. LIIT rt~,JEI AFIEFt A~ ,:VFDLAV 
.... \,.. .. t. .. ,':.,..J ~>J (..1\. 'St.kll1.P~i..lt.,J;.I'''C H'iMr,.:C~ J",IrZ'JITE Tiro-£, 
)~FLLt~( LLal ~a~~~~TEW, ~O~E 

l,.lST'<,.JCE. ~\lr'" "''''it''' Ho:AfrlC Ie; 5L"IwEO. ''l\l.rIHEC~luN 

"I.I)\J.!"'1~1'·Cl10'" 
1....... ,'"'t.,. L .. ·.t.~ I .. "'E~J"'lcT£r Z;"",'E. ~)v.""l,.f~Cq()\Io,j 

f'o4.0V.t"I{H€:cr leN 
~t~l~"1 ~t"it.~~S S':~~(0 ~y ROAn r~UI~, O\l.hl~ECI1~N 

·".Ov."IR~Ct Ip'v 
",,\1'1 "EL~T C .. \,:~tl ..,Y ~"'Ao.I (QUIP { ....... -W'$h ov.nl~€clI(lN 

"'.':'1\1."'l~~Cllf)~ 
~ 'lib · ... .Jf:h . ..- r,..f1lUI,j'" 0 .... t."L".'t Z"';fII,]E (vo"". nV.!il~,!,C f iUN 

,,"t-" ... ;·,~t ,· .. ~ .. :...::'·C,.. "P~Etl I~, U'Yf~U'" .~E~ 

Lc.l 1 J') ~l,:) I .. "Ct ; .... 0:/".,1 .)'-'f"L.l Y jI',.., .. ,,€ 
.·\~l ........ { if l. ... :, ::.ACr- ..... "I~ vt cr.;'''SlRI'r r 10"1 

1.,j.'1V ,r- t~1=::t: 1 lOt,! 

.. ,(: ~l· , .... S/t:; • ., ':-y'e""'l..l.f CU"''SlJ;iJ~,.l;JfII,] vee '1:-1) 
~.J.ari"·l ~ .··_:'_L ,'Si'J !, ''''Ii A~~",TSr' 
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~.f!':'J 
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.".v!i 
;.'11) 

C4-.l,1) 
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AIIOIO PAVt."E~T 
!'Alltt H" 

S~STEM PAMf~K KKE~ 

RIGIO PAVE~(~r SISTe-

c'Z"""ETl "I ~ oESI" .• """bE" 
AGt. 0F I~STING CO~CKETE 
MEj.SURI1i~ POINT 
f'LE1.\J'IAL STRENGTI""!.A'" VALVE 
fLExu!<AL ~TRENG1H.STC. OEY. 
fLEX.STH.UESIGN CONF.LE~EL 
TENSILE STIlENGTt< 
nAST IC ~OIl\lLIJS 
_ElGIn 
CONSlrtVC1lON (CLl~~~"T CuST 
COS) ~E~ CVSIC ~ARO 
CO~T Of' 5URFACI"G CO"CRETE 

I 
1 

TMIRO 
4~Q.no 
.0.00 
9';'00 

I'!!I.OO 
2000uOO 

1"0.00 
100.00 

17.00 
'00.00 

J'JI ¥ 191\1 
"VtS-lAG~ ,",PJq. (~, 

2 
• 

1~1;:t.J 

6:00.00 
00.00 
y,,>,OO 

2'oO.uO 
">S·IOOOO 

1,>0.00 
10vO.vO 

14. UP 
3,'0.00 

I'IN!''''M A'-LUO"Lt. CONCRETE THICKNrSS 
'~alMU~ A~L~.A~LE C0~cAET£ TNICKN.SS 
P"~CTICoL I~CME~£~T FOR PCORI~~ C~~C~<TE 

SAHS 
LON.ITuUI',AL 

dAk STEEL AST~ IlESIG 
T£~SILE Yll'-D PT STR 
COST/L6 Of o.~ STeEL 

T "AI.SVEn$E 
6A~ STEEL A~r~ DES1S 
T("SILl YIELD PT STR 
CoST/,-a OF 8A~ STE~L 

BAR ~uS. TO Itt. rRIEO 

.IHt. "ES"lS 
WI"E ~ESM AST~ UESle 
TE"SILE YIE,-O PT STR 
cOST/,-e OF -1"E ~ES~ 

~€5" ~IZES TO SE TRIEO 
LONG. -IPE S~ACl~G 
TRA~. WI~E S~AC1NG 

Tit bAQ, VSEn 'IT~ " "ES~ 
TIE bAq A~l~ Oi516. 
Tf"~lL~ ~lfLU PT ST_ 
(vST ILS Cf TTE ~ •• S 

TI~ •• P "'~S 1 ~E T~IEO 

A-6IS·Gp15 
700~0.O~ 

.\10 

A-I~ STI< 
3:!UOO.QO 

.vlO 
) 

AST .. ,A-,,96 
1QOOO.00 

_100 

A-bl.,.GR.f) 
.. " .• 00.00 

.OM 
J 

•• .. 3~ 
~OO~O.OO 

.100 

·\-I~ INT 
• 00"0. 00 

.010 

" 

A-I<; ST~ 
J3 Muu.0.) 

.010 .. 

'".luI..; pJ-f\'J~. 'r:" I S1~Tt:.·; UAkE'S~ '1\;.- ..... 

PfH,.iU >i'" "']b]C IJAJl!foIE.1T SViSn::", 

~'JI"H"h.aOf 1\ ·~i"f\, VIlLlJE 

JHLV lQ7\1 
AVc,riA(ii! P~;J~LEI"" 

~"flli".IJE " <ALUt. SUN.)M'C OEVIATT,·N 
~.)Bu"ADE " vALL'E. IlESt"" CO~F1CEI\jC~ LeVEL 
Sl.'bhoo!f,t)E ;:;.1.1C110"; FACTO...: 
~USu~ADE L"~U~HILITY FAC1CR 
CvsT PL; LA'",t. ""'IL( OF ~UtsGR:Af\E y~J:"">AUkoT h)l'\I 

~l..·r,,:~?j" T '(PF 

E~0W~SILJ I' rA(TO~ 
r~ICT11)l"· f'ACJt;r.t 
tt..f.ST IC ,.,IJOULUS 
~L~:~fIJ E~uIP~f~T CO~T 

LLSTI CC~~AlTEu CU fO 
"iN hLLC.tO T"IC~NESS 
••• ALLC.~v T"ICK~ESS 
IhC~E"f~T FOR 5~B~A5E 

G;;A"ULAI< 
1.00 
I .!:-O 

2000" 
"00·00 

2.00 
6.00 

le.oo 
2'.00 

OV!:RLAY 

r.T~!:.ATEIJ 
0.01) 
'.OC 

~uO~OO 
6.0.00 

3>00 
<!>.OO 

le.OO 
c·OO 

INITIAL ,~ST ~E~ LANE M1LE OF r~UTP"E~T ro~ ~VEq~.YS 
lYSI/~V YU UF IN PLAcE CO~PACTEO ASPKALT C~NC~ETE 
~~"""'. T C"~~~E1E "OOULUS VA, UE 
fi;rt~)t.hlCT fCI'( .... A fE Of C:1~PACTE.O ASP,,-,l. T COI;IC~.TF 

(vNCkEf[ ~RCOUCTION AATE 
teA/CRffE !;UUftcIENT 

'1 .. t TO f 1"51 SE'L COAT "FTE'" oe "'"JE~LAY 
11~ ~fT~tE' SEAL enoTS 
~vST Pf." ~.~( ~[L£ ~F A ~EAl crAT 

(OST/'T v t ""'4"S. ">11!"'4T tSr,~T"G. f"l' "EI..S .m/("lQ C:£ __ llH,;, 
\.t:~T/FT Of \...0,,( •• JOTJolT 'SE.Ll~~l 
~~~~f ~f ~~~Cl~G fOQ CaNT~A~frc~ '1~IS. L~.'W VAL~~ 

l,p~£>l '/""UE 
""V Vr lw~ .S, CCl\j~J. l'~ .A~PtNG JOT JS'''''LE ,,;n'''' "'~\,op 

~'YS Af tMlEll~G TEMPEkaTL~E PfR .lA~ 
C\I"'''OSI Tt '-AOC" ".GF. fO~ ~AINT~"'''CE ~"EiI .. I(! .. S 
,0fl~0~ITt f~~'~-E~T Q[NIAL ~ATE ~~~ ~.I~T ~~r~~Tl~~5 
CO~l ('II' M.TEkIALS 1'0" "al"pJA'eE \I~E" .. T 10-,,, 
~'L': ~.~~t" OT T~E toe ~F .~Al'~13 pr~TOr 
~'Iul~ ~AC~ La~E 
IJf~1 ~~Mt,t~ 0F LA~ES f'~ BOTH ~TQ~CrlJNS 

J"A.TC: ~t l'''h:thST (M' 11""t.. VA! IJ( OF "'ONt,Y 

1 o(,_u J 

1,\. fH) 
y..,.td; 
l.liJ 
3.\Jv 

J 350. :~ll 

100~.ot) 

1 t. ,H) 

It'IHHH; 
100")') 
240"'-1 

.'10 

.,.\lQ 

".JO 
ilOfJ.tJv 

1",.'J·1 
1 (Jr:, uv 

,j 

1· • ;'1\1 

2"" .I 
2 41 ,j!l 

1.,\,1 
c:- ) .• 'J 
l-!.t";.i 

4 

!'),,;,;? 



RIGID ~A\l'1£NT 
PRUa; Htc 

SYSTE~ "AMESH KHER 
AlGID ~AWEMEMT S,STE~ 

[hIT1AL CUhSTHUCTIUI~t L I~E IS 

CONC"Elt ~.\JO INCHES 
SIJtlBASE D_OO INCHES 
lU"G. REI NI' .M~. Sk SPACING 4.0 5.0 6." 

MES" uIA_ETEQ .19 .22 .2. 
THA,...H.E.lfI;F .totES'" ~"ACING 12.0 14.0 16.n 

MESH ulhETER .22 .24 
TIE eAAS BAI' NIi"dEW 3 4 

~P.CI~G 19.6 34.9 

TR .... ~VENSE JOINT SPACING 
LO~GITUOINAl JOINT SPACING 

susStQUENT CO~STRIJCTION 
I' OVEHlA' ~IT.. 2.00 I"'CHES OF 
2 O'EklAY ~IT.. 2.00 INCHES 01' 

.2~ 

fOTAl OVERLAY fHIC<"ESS 4.00 INCHES 

COST A"l·5IS COllARS PER S~UA"E 
INITIAL CO,<ST""CTIO" 

COSI OF Slb~R.OE PREPARATIO~ 
COST 01' CCNlAET~ 
COST VI' SltldASE 
COST UF HEI"I'OI<CE"ENT 
COST 01' JCI",TS 
COST ur Tit dAAS 

TCTAl I~ITIAL cONSTRUCTION CuST 
TOTAL O¥EHLA' CO,5TI<UCTION COST 

'ARO 

TOTAL T.O. COST OIJ"I"G OV. CONSTRUCTIO~ 
lOTAl ~AINTE~ANCE COST 

JUl. y 1~70 
AVt.kAGE ~PI.lAU::1"\ 

OE~C"IPTION 

~.TEHI.L HATERI.l 
",UIoIo[O ~~Mt 

2 

6-."5 YEA~~ 
,3.571 YEA"S 

TVTAL LIFE 2'.~19 TEARS 

dQ7. 
3."85 

.390 

.389 

.J4? 

.Oll 

rOTAl SEAL COAl COST AI'TF.R ot. CONSTAurTIO'" 
SALVAGE RETURNS 

S.OI~ 
.93A 
.01Q 
.144 
.152 

-.~9n 

10TAl OVERALL COST 

DES Ie;" A"ALY51~ 
TOTAL 98 l"ITIAl oESIGNS WERE EXblNEO, ,'VT OF ."lrH, 

sa uE5IGN~ wEHE "EJECTEu CUE TO Uc_N HE5T~.I,TS 
40 I<E"AINI~G INITIAL OE~IGNS PROO"CEO 2~1 OVERL.T STRATEGl,.5 

I4IlJIL ... AvE .... E'" 
P~UI:! ... .. 

MAIE~IAlS 

CU~C"ETE 
SUtll::lI, St 
LU""G.HE.Ifljf'."ES~ 

HES~ 

S,ST~~ . AAMESH ~HER 
~IGlu PAVF.~ENT S~SlEM 

1<.00 I~CH£S 

0.00 I~CHES 
~P.CING '.U ~.O 6." 

U1AIoOET[M .20 .22 .?4 
lIoo:4".FlElfljF.""4[S~ ::.Pa,CING 12.U 14.0 16.('1 

Tl< ~A"S 
HE5k iJ1A~~ TEA .25 .27 

b. k NU~j:;EH 3 4 
,p.CI~G 15.8 2P.O 

TRtNSVEHSE JOI~T SP~CINr. 

LC'bITUOI~'L JOINT SPACTNG 

SUl:iSt..lJE,r..Y (OtiSTkliC11UfIj 
C¥EhLAY .1T~ S.oo l~CHES OF 

.,a 

TCTAL OVE~l'Y THIC<NESS 5.UO hCHES 

cnST A,Al.SIS [U.LA~5 PEH SQUAHt TARO 
l'ITIAL CO~ST"UCTION 

cuS T OF SLo~"ADE P"EP'R.TIO~ 
CuST 01' CC~CWETE 
CuH OF SLtlDASE 
COST or REINFORCE~ENT 
cuST UF JCINIS 
COST OF TIE daNS 

IQTAL I~ITI.L CO,STRuCTID~ CuST 
ICTAL UVl~LA~ CO~SfkUC110~ C~5T 
ICTAL I.U. C 1,;.:' 1 I-U ... JPl.G Uv. CUN5T~UCTION 
TOTAL ~AINTt.'A·'Ct COST 
~tlLVAGE. ~(Tur.iflj~ 

OfOSlb/lr, .c.~ ... d.YS1<;j 

JULY 1970 
AVtWA,C;E. PPO~LEM 

OESC"IPTlDN 
~.TE"IAL ~ATEAIAl 
~~~~EP NA"E 

ASTM,A-49e, 

~STM,A- ... Q6 

A-61S,G~40 

9-3", 't'I:.AQS 

TuTAL liFE 2J.579 '~A~S 

')Q2 

" ,lSI'> 
.39(, 
.423 
.39' 
.01 .. 

5.569 
1.15~ 

• 04 2 
.357 

-1.D6A 

0.U50; 

TVI~L ~~ l~lTIAL l~lSlGNS -ERE E.xA~l~~O' OUT UF ~~lrH' 
~b lj£~l~N~ ~lWE. ~EJfrTE~ CUr TO uc~H "ESTq~I~T5 
"\.I "(rMAI"lN(, I\.111AL Of~JGNS PQOOI' .... EO ~l OVE~LAf ST~ATfGI,.-S 



RIGID "AVEi'E'" 
PROt! 11k 

SYSTE~ RA~~SH K~fQ 
~IGlr PA.EME~T SySTE" 

JUt y 1910 
A,v:"MA,GE ~ROF1LE'" 

••••••••••••••• 9 •••••••••••••••••••••••••••••• 0 •••• 0 ••••• o ••••• o.o •• ~o ••• 
PA~f~ENI 1Y~~ J.P C~C CRC rAC CRr JCP 
OvERLAY lYPE ic AC AC .C A~ AL 
RElhFORtE~E~T TYP~ ME'~ ~ES~ ,(SH ~E'" ~AR~ ~ES~ 

CONCRETE TyPE 2 2 l 2 
S~tlt!ASE hi'E 1 1 2 2 '1 I 
•••••••••••• O ••••••••••••••••••••••• o ••• o •••••••• ~o •••• O ••••••• o •• O ••• ~oo 

SLA~ THICKNESS 
SUtiBASE THICK~ES~ 

OVl~LAY lHIC~NESS I 
ovEWLAY 1HICKNo~S Z 

I~IlIAL LIF~ 

OVERLAY PERF. LI~E 1 
OVERLAY PERF. LIFE 2 

TO!AL PtkFORWANCE LIFE 

2.00 
2.1.10 

Il.!)7 
21.82 

6.00 
6.00 

2.5r 
2.00 

5.02 

11.37 
29.0. 

20.0. 

b.OD 
)v.DO 

t.OO 
2.00 

11.~9 

20.9~ 

7,!'lJ 
6 •. ,'] 

7.7<'. 

le.6J 
27.q4 

27.94 

'.00 
2.0n 

5.114 

12.J~ 
20.40 

z,; .40 

".50 
2.00 

SPALI~G TkA~S. "U1NIS !~."O .00 .~~ .0" .DO 55.00 
SP.CI~G LON~. J~I~TS Il.ue 12.00 I~.OO 12.00 1~.", 11.00 
.Q4 •••••• 0 •• 0 •••••••••• w ••••• O ••••• O •••• ~ •••••••••••••••••••• u ••• ~o •••••• 

COST OF SUBu. PREPA~AIIUN 
COSI OF CONt~ETE 
CCST CF :iUBtl.SE 
COSl OF ~EINFUkCE"EN1 
(CSl OF JOINTS 
,:')51 CF 1 IE iURS 

1~ll1AL LuriST. (VST 
ovE"LAY CON~T. CUST 
TRAfFIC UEL~Y CCST 
MUhTENAhCE COS1 
SAL.AGE I<ETURNS 
SE"L COAl CUST 

.1~2 
3.685 
.3~0 
.3H9 
c3 ... Z 
.01) 

~.OH' 

."Je 
.01'" 
.1 •• 

-.8VO 
.1~2 

.192 
2·51A 

.752 
\.0)9 

.11:1 
.011 

4.e31 
10)42 

.091 

.\48 
·.69~ 
.1~6 

0[92 
2.~18 

.919 
1.039 

.112 

.LI1 

4. 1~~ 
.997 
.0dO 
0141 

-.670 
.162 

.192 
2. 9 0 1 
.,~, 

I,ZIJ 
• l\i 
.f)?U .. 

5.0,.'1 
.~~1 
.01b 
.21J 

-.7 .. J 
.OG4-

.I'll 
2·4 q O 
.7!)~ 

1·26Cl 
.11;> 
.01Q 

4.83. 
.97Q 
.O~~ 

.139 
-.67n 

.ISq 

'I~Z 
J.6M5 

.HO 
• 3~9 
• J"2 
• Lll3 

5.J10 
1.04) 

.JQ9 
0148 

·.~19 
•• "1 

•• Oooo •••• o.o •••• * ••••••••• o •••••••••••••••••••••••• ~ •• o ••••••••••• n ••••• 

••• oo.oo~oo ••• o •••••••••• o.o ••••• o •• o •• o •••••••••• o •••••• ~ ••••••• G ••••••• 

i..:lS ! (:".1 

"U"'~ I:.~~ 

~ 

t,,;~..:,.., 

"".h",E,r-

t-",'I.yr-·"!:.'·1 515ft·"'! ~.I4·"ESH t<"",[Q ,JIILY 191U 
"!lJl,' ~A\!F:IoiEhr SY'"'"'fY A'.jt,fo(A,(:J£ P~(lf.\t.E.'" 

,,,;E, I "'Jr()RCE~f:"T f"If..ST'jU 
';F' r I F i)~Ct::""E.· 1 ~)rscr;;q~T ION ~1:. rt: I-' I AL 

~l.r"'lti .. _R 

LI.,;"'G.~f p.F .,...£~,", SI-'ACT..,(j 4.0 5." ~.O 

~t~~ ;lTtI,~E.1EH 019 • n .? .. 
,",~i"'.'~f Ji-f ,"'rS'" :.,j.)I1C' ~,IG 1;.1'\ 14 •. , 11:1·0 

~t.~., nIAr"'ET~~ .n .2t. .l6 
If t'!Q"S CA,< "JU~H~€,Q 3 

SI'ACI"<' 1~·6 )4,0 

LI,.;"'l·.~f I ,,, .. ''''L S,.. s .. · ... c T', f,) 4.0 5.n ~.? 

<tES.-: ul"'~El~~'" .J~ .)Q .,,3 
r"""'rl. ~E I ~.f '''''t. 51'( :-f-'ACP-;G ~2·r lit-.i' 11>·0 

""E.t.;., ut A~ETE~ .2e • ? .30 
ra. !b:lIofS "A~ "lJ"'~EIl 3 • 

:'f.-"cr~r; 1".7 (t6." 

1.";·1l.1.fr: I"'~ • ""Ir.S", S"AC:"G '.0 5.' ... 0 
""E.SI"I "I',-O[G • 35 .]Q .03 

f"",.H·I. € I ... f' • ~t S~ SPACING 12. 0 i •• n '''.U 
r'!£S" CI'>,ETER .26 .2A • '0 

, I~ tiAQS EA.M NuMo-i": .... ) 4 
SPACI"'; 14.7 Z6.;> 

,-C~r;:.~El ,f. .. (. S~ ;~ACJ "G ".~ !-.n b.O 
,'.-:='I"I ,) J ~JIIIIE fER .38 .4? •• 6 

T .......... I'fF t r..f. -.{ S., c,~.l::: l"JG ,2·n t ~.:'I )6.0 
~' -;~ ~ f A-'t. TER .2e .)n .)2 

T ; E 1j.l°S 9.14f.i ~"'U""~E~ 3 • 
'<iPACPrlC, ! c." 22.4 

'_\.~c, • ~E.INI" • ~A'" >.('. 3 • 
~'"'ACt'''G 3.9 1.0 

ft-. "If .• j.Jf [""''' • ':1I'" . ~ . , ~ 

~"'~Cr"'G 13.<; ;;".r ] 1.6 
I ~ :. ",~s ('IA:.o ,"'.J~g[oJ 5 2 

S~.\C INf, !3.~ 2'4. jl " I.e 

~\"",:, '~1'd· .Mf::r S ... o.C'"",6 4.0 ~.n ~.o 

o't.S'" LiIP.~[l!'- R .1. .n .20 
,r a.,~j. ,'~ :' , ,""f S,.. S":;A( i"iG lr:.t'1 1".'" 1u.\,I 

':..,. ,l~""~ rE·~ .£:2 .Z' .2" 
I It ~~r,.~ 0.' NU..,q~", ) 4 

50Q ct',G 1,.,.. )4 •• 

~tA.1 (0'" ! St,;t··ECULF:' 

l! ... 7 It'·~7 
le. " 1" • j., 
, II ... ~ lr:."1"1 
Jt'.I,> 
.1.\'. 1'J'.~t! 

I 1 •• I I, ... 

.... ~TF+-![4L 
tl,jrrH:. 

ASTM,A- .. q':! 

A.c;T"" A_ .. Uf:I 

A_6i'"}t, ... ~ItLi 

A~T"' • .A-4-~e 

AS T~~. A- .. 96 

A.f>l t;,G~40 

"'IS H' • ... -~ .. u, 

AC;T~.A-"""b 

.1\_61C;,( .. ~--.\' 

A~T"':.A.-It~e 

Ac,fM.A- .. ~e 

4_6l5,(," .... 0 

0.032 

A-iS 1-;1 

A-IS l'JT 

AC ~,. .• A- .. ~,.. 

AC;T"', A .... C.Jf, 

A_" l"',"~"(' 

tv 
~ 
o 



AIlil!: PAVEMENT 
PROII AR 

SYSTEM RAMES>4 K~tR 
RIGID PAVEMENT SYSTEM 

JULY 197. 
AI/"PIGE PR08LE" 

HOST ECONO~ICA~ CRC PAVEMENT DESIGN WITw AC OvEPLAy 

INITIA~ CO~STRUCTION. ~ lfE IS 

MA IERIALS 

CONCRn! b.OO lr;C>4ES 
SUBBASE 11.110 INC~fS 
~ONG.REJNF.MESk SPACING 4.0 5.0 6.0 

"'ESI1 OU"ETER .35 .39 .43 
TAIN.REJNF.~ESk SPICING 12.0 14 ~o 16.0 

ME';H OIA"ETER .<!6 .Ze 
TIE SAPS B~R NUMeER 3 4 

SPACING 14.' 26.2 

TRAr;SYERSE JOINT SPACING 
l~G1TUOINA~ JOINT SPACINa 

SUSSEQU£NT CONSTRuCTION 
1- QVERl4v wIT~ 2.50 INC>4ES OF 
2 OVEHLAY wIT~ 2.00 INCHES Of 

.3n 

TOTA~ OVERLAY !>4ICKNESS 4.50 INC>4E$ 

COST ANAlfSlS CO~LARS PE~ SQUARE YARO 
1NITIAL CONST~UCTIQN 

COST OF S~8bRAOE PREPARATIO~ 
COS t OF CaNtREll 
CoST OF SLf:!iiA5! 
cuST OF REINFoRCEMENT 
COST OF JOINTS 
cost Of TIE !:lARS 

TCTA~ It<ITI~L 'ONSTRUCTloN CO~l 
10TAL OVERLAV CO~STRVcTION CUST 
TCTAL T.U. ccS T OURING OY. CONST~UCTION 
TOTAL HAINTEhANCl COST 

o FEET 
12 FtET 

UESC"II'TlON 
MATE~IAL HATFAIAL 

NVM8(Q NAME 

2 
le 
I 

5.016 VEARS 
11.311 YEARS 

ToTAL L\FE leu.0!8 VEARS 

.192 
2.518 

.7Si? 
1.039 

.112 

.01'1 

TOTAL SEAL COA! COST AFT£~ 0., CONSTRUCTIO~ 
SALI/AGE RETupr;S 

4.1>31 
I.Hz 
.09\ 
.14'" 
.166 

-.699 

TOTA~ O~EHALL evST 

DESIGN ANALYSIS 
TOTAL i6 iNITIAL ~E5I~N5 _ERE E-A~INEO. OUT OF "MlrM, 

S9 UE~IG~S wERE k[JECTEU DU. Ta U~'~ "E5T~.I.TS 
3i HE"'A1 N ING l~!TlAl DE'IGNS PROOncEO 221> OVERl,.f ST"AT~G!ES 

"1"le '4VE~E~1 
P~Ot:J .., .. 

SYSTt~ "A~fSH K"fR 
01110 ~AV[~ENT SYST£~ 

CO~C"£I~ I, ~ ~ I"'C"E~ 
SU~~'Sf 0,(;0 !"'CrtES 
L ()~G '''<1 ~F. ~~S~ :'P.Cl"G 4.0 5·0 6 •• 

"'ESH UlA~fTE" .3e ."2 .. " TWAl\.RE I"" .~n. ,P~ct"G 12,0 14. n 16.n 
~ES'" Ul"~ETEQ .28 .30 

Tit BA~S cAR "'U~tI€R l 4 
"~'CI"G 12.0 2l.4 
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APPENDIX 6 

DEVELOPMENT OF MATHEMATICAL MODELS 
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APPENDIX 6A. DEVELOPMENT OF MODELS FOR FOUNDATION STRENGTH 

Layered elastic theory is used to compute the increase in the value of 

modulus of support due to a subbase. Figure 19 describes the two-layered 

system analyzed for developing this model. The system is loaded with 10 psi 

pressure applied uniformly over a 30-inch-diameter circular plate. The de­

flection at the bottom of the plate is computed using program LAYER, developed 

by Chevron Research Corporation. The Poisson's ratios of the subbase and the 

subgrade are held constant to reduce the dimensions of the analysis and also 

because their effects, relative to the variables which are being considered, 

are not significant. 

A wide range of values for the subbase thickness and the modulus of 

subbase and the sub grade are adopted for the analysis. The table on Fig 19 

shows the numerical values and the number of levels for each variable con­

sidered for analysis. The levels used for the variables are equally spaced 

to analyze the results using orthogonal polynomial regression analysis for 

developing the prediction equation. 

The external pressure of 10 psi when divided by the maximum deflection 

computed under the plate gives the modulus value at the top of the subbase 

in terms of pounds per cubic inch. 

The complete factorial comprised of 6 X 7 X 6 (=252) problems is analyzed 

and the k values at the top of the subbases are computed. Table 7 shows 

typical data for a 6-inch subbase. 

A regression analysis was run to develop a prediction model for all 

levels of the three variables analyzed. It was found that a model of accept­

able accuracy could not be obtained due to the wide range of response. Vari­

ous transformations were tried for the variables and the response but it did 

not improve the results and, therefore, the decision was made to divide the 

data into three smaller factorials. These factorials were comprised of all 

the values of E3 and E4 and the values of subbase thicknesses at the 

following levels: 
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10 PSI 

t*t*ttt~ittt:t 
~30In.~ t 

Modulus = EJ 
Subbase OJ 

Poisson's Ratio = 0.35 

Subgrade 

Modulus = E4 
Poisson's Ratio : 0.45 

Levels of Variables for Subbase Analysis 

Level Number I 2 3 4 5 6 7 

0J(in.) 0 3 6 9 12 15 18 

Log E: 4.0 4.35 4.70 5.05 5.40 5.75 6.10 

E4 (psi) 600 3600 6600 9600 12,600 15,600 

Equi - spaced Log 10 E J Values Were Taken to Cover a Wide Range of E3 

Fig 19. Schematic of layered system for subbase analysis. 



TABLE 7. k VALUES AT THE TOP OF 6-INCH SUBBASE 
(ELASTIC LAYERED SOLUTIONS) 
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(1) 0, 3, and 6 inches; 

(2) 6, 9, and 12 inches; and 

(3) 12, 15, and 18 inches. 

Three models developed along with the transformations used for orthogonal 

polynomial analysis are given in Chapter 4 (Eqs 4.15 through 4.21). 

Application of the theory of elasticity to the solutions of layered 

system requires certain essential assumptions regarding boundary and con­

tinuity conditions. These assumptions are therefore indirectly active on 

the models developed. Soils in each of the two layers are assumed to be 

homogeneous, isotropic, and linearly elastic materials. The subbase layer 

is assumed to be weightless, infinite in horizontal extent, and continuously 

in contact with the subgrade. The subgrade is assumed to be infinite in 

extent both horizontally and vertically downwards. Also, the subbase is 

assumed to be free of any normal and shearing stresses outside the loaded 

area. 

The procedures to determine the values of subbase modulus E3 and sub­

grade resilient modulus E4 for input into the prediction models will be 

described in the rigid pavement design user's manual which is currently being 

prepared. 



APPENDIX 6B. DEVELOPMENT OF MODEL FOR LOSS OF SUPPORT 

A theoretical attempt is made to evaluate the effects of systems loss 

of support characterized by a term "erodability factor." This factor essen­

tially defines the size of the area of pavement slab which experiences a 

complete loss of support due to erosion. Based upon experience and engineer­

ing judgment, three sizes and shapes of these areas, as explained in Fig 20, 

are chosen under a standard slab to define the erodabi1ity factors of one, 

two, and three. Resulting structures are analyzed for stresses and deflec­

tions by Program Slab 43 (Ref 30). The largest principal stresses are plotted 

against the modulus of support as shown in Fig 21. 

It has been established at the AASHO Road Test that stresses produced 

in a concrete pavement slab are proportional to the number of load applica­

tions it can carry. Utilizing this observation, the equivalent modulus value 

can be determined, which would give the same largest principal stress in the 

slab as that given by the slab with partial support. 

Table 8 gives the computed modified values of the modulus, ~,for 

different erodabi1ity factors, Ef , and various initial modulus values, kT 

An orthogonal polynomial regression analysis is performed to predict the 

value of kM to be used in RPS1. The equation with the transformations is 

presented in Chapter 4 (Eqs 4.22 and 4.23). 

Theoretically Ef should be a function of factors such as precipitation, 

amount of water on and under the pavement, erosion, cross slope, grades, joint 

patterns and sealing efficiency, subbase materials, subgrade, compaction, 

slab thickness, and traffic loads and their repetitions, etc. 
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Fig .20. Slab and support conditions for erodability analysis. 
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TABLE 8. DATA FOR ERODABILITY ANALYSIS AND PREDICTION EQUATION 

Log o£ Largest 
Principal Stress Predicted 

Log k k Produced, psi Log kM Log k * 
T T M 

E£ = 0.0 

1.6 39.8 2.506 1.600 1.600 
1.8 63.1 2.464 1.800 1.800 
2.0 100.0 2.428 2.000 2.000 
2.2 158.5 2.400 2.200 2.200 
2.4 251.2 2.383 2.400 2.400 
2.6 398.1 2.370 2.600 2.600 
2.8 630.9 2.357 2.800 2.800 
3.0 1000.0 2.344 3.000 3.000 

E£ = 1.0 

1.6 39.8 2.5750 1.280 1.273 
1.8 63.1 2.5410 1.435 1.451 
2.0 100.0 2.5060 1.600 1.600 
2.2 158.5 2.4710 1. 765 1. 751 
2.4 251.2 2.4380 1.939 1.933 
2.6 398.1 2.4050 2.160 2.176 
2.8 630.9 2.3750 2.515 2.511 
3.0 1000.0 2.3460 2.970 2.969 

E£ = 2.0 

1.6 39.8 2.6425 0.970 0.968 
1.8 63.1 2.6140 1.095 1.099 
2.0 100.0 2.5860 1.225 1.228 
2.2 158.5 2.5580 1.358 1.353 
2.4 251.2 2.5330 1.475 1.473 
2.6 398.1 2.5100 1.585 1.587 
2.8 630.9 2.4875 1.690 1.694 
3.0 1000.0 2.4650 1. 795 1. 793 

E£ = 3.0 

1.6 39.8 2.6910 0.730 0.730 
1.8 63.1 2.6690 0.835 0.834 
2.0 100.0 2.6475 0.935 0.938 
2.2 158.5 2.6250 1.045 1.041 
2.4 251.2 2.6040 1.140 1.142 
2.6 398.1 2.5830 1.240 1.239 
2.8 630.9 2.5640 1.330 1.332 
3.0 1000.0 2.5450 1.420 1.419 

* in Log ~ ; 0.0077 and R2 value 0.999. The standard error for residuals 



APPENDIX 6C. DEVELOPMENT OF MODEL FOR ASPHALT CONCRETE OVERLAY DESIGN 

A model for the analysis of composite structures resulting from asphalt 

concrete overlays provided over cement concrete pavements is developed by 

using layered elastic theory. Considering the correlations developed between 

stress and performance using the Road Test data (Ref 58), it can reasonably 

be assumed that a pavement overlay combination is equivalent in performance 

to "an equivalent concrete thickness" if both experience the same maximum 

tensile stresses. It is assumed further that such an equivalent concrete 

thickness can be analyzed by the performance model used to analyze rigid pave­

ments. 

Figure 22 describes two such equivalent structures. The following 

procedure is adopted for development of the model for the equivalent concrete 

thickness, based on the above assumption and using layered elastic theory. 

As regards the large number of variables affecting the stress in the 

layered system formulated for analysis, the structure below the concrete slab 

is represented by the single parameter, the modulus of support k Three-

layered structures, fairly representative of usual field designs, were chosen 

with the layered analysis for their deflections giving respective k values 

of 40, 200, and 1000 psi. A load of 9000 pounds with 60 psi pressure was 

chosen for analysis. The structures are shown in Fig 23. 

Keeping in view the polynomial regression analysis to be attempted to 

formulate a prediction model, a complete factorial analysis of the involved 

variables was desired. The following four most important variables were 

chosen for analysis: 

(1) concrete slab thickness: 6, 8, 10, and 12 inches; 

(2) asphalt concrete overlay thickness: 3, 6, 9, 12, and 15 inches; 

(3) modulus of asphalt concrete: 100,000, 450,000, and 800,000 psi; 

(4) modulus of support values: 40, 200, and 1000 psi. 

and 

For achieving an orthogonal polynomial fit for data, the variables were 

equally spaced. Log k was used in place of k. Poisson's ratio for 
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concrete and overlays, as well as the modulus value for concrete, was held 

constant for the analysis. 

Each structure with a particular concrete thickness, AC modulus, and k 

value was analyzed for each overlay thickness by the LAYER Program. A num­

ber of problems with varying concrete thicknesses and no overlay were also 

solved. Curves of the type shown in Fig 24 were plotted for overlay thick­

ness versus maximum stress at the bottom of concrete and concrete thickness 

versus the maximum stress. 

The equivalent thickness of concrete corresponding to each overlay thick­

ness was picked from these graphs. Figures 25 and 26 show comparative 

plots of overlay thicknesses versus equivalent concrete thicknesses for dif­

ferent k values, asphalt concrete moduli, and concrete thicknesses. About 

250 problems were solved by the LAYER Program to develop this data. 

An orthogonal polynomial regression analysis was carried out for 180 

data points. The overlay thickness of 15 inches, considered to be relatively 

large, was dropped from the analysis to achieve a better fit of data. A 

complete study of main effects and interactions was carried out to explore 

all possible combinations of variables which could help to improve the pre­

dictions. The developed model for equivalent concrete thickness is given 

in Chapter 4 (Eqs 4.28 and 4.29). 

The following limitations can be stated with regard to the model de­

veloped: 

(1) Composite structures are analyzed by the elastic layered theory 
and, therefore, all the assumptions relating to the theory are 
active on the model developed. 

(2) A number of material properties and the load applied for the layered 
analysis were held constant for the model. 

(3) The deterioration of the existing PCC pavement at the time of the 
first overlay or that of composite pavement at the time of subse­
quent overlay is not considered in this model. 

(4) Analysis is based on equivalent stress concept. The assumption is 
well supported by the observations at the AASHO Road Test but the 
following, as stated by Hudson and Scrivner (Ref 58), should be 
held as regards this assumption: 

Theory says that stresses in concrete slabs are 
influenced by many variables, including load, thickness, 
support, modulus of elasticity, Poisson's ratio and the 
contact area of the applied load. Excluding load and thick­
ness, the other factors listed were held constant for the 
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Road Test pavements, within the limits of measurement error. 
With these other factors held constant the stresses obtained 
from strain measurements for the study pavement proved to 
be reasonably good predictors of the performance which these 
pavements ultimately gave. 

It is not known whether these same relationships be­
tween stress and performance could hold if the variations 
in stress were due to factors other than load or slab thick­
ness, presumably they would. However, the factors and inter­
actions involved in such a determination are so complicated 
as to require additional experimental evidence ••• 
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APPENDIX 7. MODELS FOR CALCULATING TRAFFIC DELAY COST 
DURING AN OVERLAY CONSTRUCTION 

The stops and speed reductions of traffic during an overlay construction 

are assumed to follow certain speed profiles, as shown in Fig 27. Five dif­

ferent methods of handling traffic during an overlay construction are built 

into the program and anyone can be specified by the designer. The methods 

are described in Fig 28. 

The procedure for computing traffic delay cost is as follows: 

Average daily traffic 

provided is 

= 

at the time t 
n 

th 
when the n 

where ADT. = 
~ 

initial one direction average daily traffic and 

daily traffic growth factor per year. 

overlay is 

(7A.l) 

= average 

If Pph is the percent of 

tion, vehicles arriving per hour, 

arriving each hour of overlay construc-

= 
P

ph 
ADT t . 100 

, are 

(7A.2) 

Traffic delay cost in overlay direction is calculated in three parts. 

(1) The proportion of vehicles, POI' stopped by congestion gives rise 

to the following cost: 

(7A.3) 

where 

CO = cost of congestion per vehicle; 
c 
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(b) Model II: alternating traffic in one lane. 

1~""-------LS0----------tl.·1 

f-4-L0-

~ ~---.------SA .. 
~--...... -------------------.....;;----... SO ---/- SA .. 

i---LSN • 

(c) Model III: two lanes merge, nonover1ay direction not affected. 
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Fig 28. Models for handling traffic during overlay construction 
(after Scrivner et a1, Ref 104). 
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= 

= 

= 

cost of one cycle of stopping from and returning 
to the approach speed per vehicle; 

cost of idling and time loss per vehicle; 

cost of driving at the reduced speed through the 
restricted area per vehicle 

26,9 

(2) The rest of the vehicles, 1 - POl ' which are not stopped but travel 

at the reduced speed incur the following cost: 

where 

CO 
s 

CO 
s 

C03 

C0
4 

= 

= 

(7A.4) 

cost of slowing per vehicle; 

cost of driving at reduced speed per vehicle; 

cost of one cycle of slowing to the through speed 
and returning to the approach speed per vehicle. 

Cost of disturbances in the regular flow of traffic per hour is 

therefore 

(7A.5) 

(3) A proportion, P0
2

, of all vehicles passing through the restricted 

area is stopped due to movement of overlay equipment and personnel. 

The cost, 

where 

= 

= 

CO , is the sum of two following costs: 
p 

(7A.6) 

cost of one cycle of stopping from and returning to 
the reduced speed in the restricted area per vehicle; 

cost of idling while stopped per vehicle. 
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Cost per hour due to being stopped by equipment and personnel, 

caE ' is, therefore, 

= (7A.7) 

Total traffic delay cost per hour in the overlay direction is thus 

= (7A.8) 

The above analysis can be reached for the nonoverlay direction by 

replacing ° in each term by N. The total traffic delay cost per hour 

in the nonoverlay direction, CNDE ' is therefore 

= (7A.9) 

Assuming equal traffic per hour in the nonoverlay direction, total 

traffic delay cost per hour in both directions, CT ' is thus 

= (7A.lO) 

p 
r 

If the production rate of overlaying material is denoted by 

cubic feet per hour, the number of hours to construct one square yard of 

overlay, 

where T 
n 

H will be sy 

H sy = 

th is the thickness of the n overlay, inches. 

(7A.ll) 

th 
Total cost of traffic delay during the n overlay, Cn ' per square 

yard of pavement will be 

C = n 
(7A.l2) 
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