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ABSTRACT 

A procedure is developed to estimate the remaining service life 

of flexible pavements base(i upon predicted ride and distress condi­

tions. These conditions are forecast using equations that involve 

measurable values of material properties, climatic conditions, and 

design factors. In particular, life predictive models are developed 

for the Texas flexible pavement network. Predicted pavement lives are 

correlated with actual Texas data and acceptable results are obtained. 

The most si gnifi cant di stress types affecti ng pavement servi ce 

life were identified using a discriminant analysis approach. For each 

of the prevalent Texas flexible pavements the probability of needing 

rehabilitation is assessed for different levels of ride and distress, 

using discriminant functions. 

A second method for estimating the remaining service life in 

terms of maximum likelihood estimators is also developed. Curves for 

estimating service life are constructed for different categories with­

in each of the following three prevalent flexible pavement types: 

asphalt concrete, overlaid and surface treated. 

Present worth and savings/cost analyses are provided to assess 

the economic impact of delaying rehabilitation decisions once the 

predicted life is reached. This analysis considers maintenance, user 

and rehabilitation costs. 
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IMPLEMENTATION STATEMENT 

The typical pavement service I ives developed in this project 

can be Immediately used to predict an average amount of money needed 

to rehabil itate each of several pavement types within the most 

important highway functional classifications of the State network. 

The typical remaining service I ife estimates combined with traffic 

growth rates wll I result in an average mileage to be rehabilitated in 

each year of an extended planning horizon. The mileage to be 

rehabil itated and typical costs of rehabilitation for specified levels 

of PSI or distress can be used to estimate average rehabil itation 

money needed each year. This money can be compared against the money 

that wil I be saved by the users of the highways, using the user cost 

methodology developed in the project. Each District of the entire 

State network can thus benefit from the results of the present 

project. 
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1. INTRODUCTION 

The efficient maintenance and rehabilitation of existing pavement 

systems has become a critical planning aspect, due to increasing 

transportation demands and insufficient available funds. 

During the past five years the State of Texas has spent approxi­

mately $180,000,000.00 annually in rehabilitating and/or maintaining 

the flexible highway system, which consists of approximately 158,000 

lane miles of pavement. Budget projections for 1983 made by the Texas 

State Highway Department are in excess of $400,000,000.00 to help 

alleviate the maintenance and rehabilitation backlog accumulated over 

the past decade. Due to a sharp decline in the physical condition of 

the State hi ghway system, fundi ng necessary for mai ntai ni ng it at 

acceptable levels of user serviceability by far exceeds available 

budgets. 

In an effort to provide for maintenance and rehabilitation needs, 

a number of State transportation agencies are currently experiencing a 

shift in pavement expenditures from construction to maintenance and 

rehabilitation. Figure 1 illustrates the share of funds expended for 

capita 1 improvements and for hi ghway mai ntenance from 1962 through 

1979 in the United States (1). During this period, construction fund­

i ng decreased from 60% to 42%, whil e mai ntenance and rehabil itat ion 

funding increased from 23% to 33% of the total highway disbursements. 

The capital allocation problem is further complicated by the dif­

ficulty in establishing priorities for pavement maintenance that maxi­

mize or significantly improve the benefits to the users of the highway 

system. Perhaps the most fundamental aspect in any procedure that 
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allocates capital resources to achieve the previously stated goal is a 

reliable model for estimating remaining service life of pavements. 

The overall purpose of this research project i~ to develop a model for 

predicting service life for different types of Texas flexible pave­

ments. 

The specific objectives of this research project can be outlined 

as follows: 

a. To develop systematic and reliable procedures to estimate 

the remaining service life of an existing flexible pavement 

on the basis of predicted values of serviceability and dis­

tress; input factors in this development are traffic levels, 

climatic conditions, material properties, design character­

istics, and highway type. 

b. To quanti fy road user cost sa vi ngs resulti ng from pavement 

improvements, and to estimate the effect of delaying such 

improvements once the predi cted 1 i fe is reached. The quan­

tification of these benefits provides a basis for a'savings/ 

cost analysis which takes into consideration rehabilitation, 

maintenance, vehicle operating costs, and discount rates. 

c. The development of a computer program that integrates objec­

tives (a) and (b) to provide an accessible tool for estima­

ting the time at which a pavement should be rehabilitated. 

3 



2. LITERATURE REVIEW 

2.1 Pavement Life 

Many of the previous attempts in determining the remaining life 

of existing pavements have involved either individual judgment, or 

methods based upon a servi ceabil ity performance concept such as that 

established in the American Association of State Highway Officials 

(AASHO) Road Test (~) in the late 1950's. A typical example of this 

work was conducted by Corvi and Bullard (1). They described a method 

based on the performance concept established in the AASHO Road Test to 

predict when a pavement will need resurfacing. Whiteside et ale (~) 

consi dered the use of the AASHO performance concept to eval uate the 

effect of increasing truck weights and dimensions. Similarly, Hicks 

et ale (~) utilized this concept to measure the effect of increased 

truck weights on pavements that had been in service for several 

years. A shortcomi ng of these procedures is the use of the AASHO 

performance equations in places other than the test site. 

A more systematic approach was developed for the NULOAD computer 

program (~) whi ch estimates the effect of changes in truck size, 

weight and configuration to pavement remaining service life; this 

effect is measured in terms of pavement maintenance and rehabilitation 

costs for each period in a specified planning horizon. This approach, 

however, also uses the AASHO performance concept. 

Other procedures not using the AASHO performance model, such as 

the RENU Method (L), California Method (~), Texas Method (~), Asphalt 

Institute Method (.!.Q.), and Elastic-layered theory methods (.!.!.) are 

based upon some form of structural failure of the roadway. 

4 
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In addition to roughness as a measure of pavement performance, 

signs of distress such as cracking and rutting should also be consid-

ered. To this effect, in a workshop attended by a group of top 

ranking pavement experts (li), the need for relating pavement distress 

to performance was identified as a primary research need. Smeaton, 

Sengupta, and Haas (~) present a suggested framework and methodology 

for identifying the objective relationships between pavement distress 

and performance. Results of this study indicate that different forms 

of pavement distress are interdependent through time and depend not 

only on variables such as traffic loads, environment, structure, 

structural capacity, pavement conditi on, and roughness, but al so on 

their historical behavior. 

In 1973, Lu, Lytton, and Moore (11) utilized data from test pave­

ment sections in Texas to predict serviceability loss in flexible 

pavements. A two-step constrained regression procedure was developed 

to examine the effect of selected variables on the loss of service­

ability. Recently, Lytton et al. (l2) again used this procedure to 

develop a set of equations to describe the performance of flexible 

pavements in Texas; these equations are based upon measurable values 

of material properties, climatic conditions and design features. An 

explanation of pavement performance is proposed in terms of two basic 

concepts: 

a. Performance as a function of the serviceability index. This 

is a general measure of roughness measured on a scale 

between 0 and 5 where a val ue of 5 represents a perfectly 

smooth surface. 
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b. Performance as a function of distress. Cracking, rutting, 

and ravelling are common types of physical distress found in 

a pavement. 

Pavement performance is theorized in terms of an S-shaped curve, 

re 1 at i ng the servi ceabil i ty index or percentage of di stress to the 

life of the pavement as shown in Figure 2. In this figure, pavement C 

is stronger than Band B is stronger than A. 

A function that has been proposed to describe the S-shaped curve 

is: 

(1) 

where 

N = number of traffic loads (l8-Kip equivalent single axle 

loads, ESAL1s) and 

p,S = deterioration rate constants derived from a regression 

analysis. 

Scull ion, Mason and Lytton (l&) util i zed the Texas performance 

equations to predict the reduction in the service life to rural farm­

to-market roads in Texas due to the increased traffic generated by oil 

field development. 

In an attempt to construct a model similar to NULOAD applicable 

to conditions found in Texas the computer program RENU (~) was devel­

oped using the best features of NULOAD. One of the most important 

aspects of this program is the use of Texas based pavement performance 

equations in lieu of the AASHO performance equations. 

6 
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In another related study, Noble and McCu11 ough (11.) descri be an 

application of discriminant analysis to define a criterion based upon 

signs of distress for determining the need for either major rehabili­

tati on or overl ay on conti nuously rei nforced concrete pavements in 

Texas. Barber (~), and Darter and Hudson (12.) developed rel i abil ity 

models based on deterministic equations using field data related to 

pavement deterioration. These models provide a method of determining 

the probability that a pavement will last for a certain period of time 

or number of vehicle loadings. 

In summary, the state of the art of models for predicting pave­

ment 1 He progressed from totally subj ect i ve methods to models that 

include a rideability concept, and from this stage it evolved to 

models considering signs of pavement distress. 

2.2 Vehicle Operating Costs Related to Pavement Condition 

A comprehensive study of vehicle operating costs in the United 

States was conducted by Cl affey (~) in 1971. Wi nfrey (Q) used the 

results of this and similar studies to prepare tables of vehicle oper­

ating costs. However, the costs in these tables were not related to 

the pavement condition expressed in terms of a serviceability concept. 

In an extensive project recently sponsored by the Federal Highway 

Administration, Zaniewski et ale (~) updated information on the 

interactions between roadway characteristics and vehicle operating 

parameters. Over 600 references were reviewed to develop these 

interactions for the following vehicle operating parameters: 
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(a) running speed 

(b) fuel consumption 

(c) accidents 

(d) oil consumption 

(e) tire wear 

(f) maintenance and repair 

(g) use related depreciation 

As a result of this study, comprehensive tables were produced for 

determining operating costs for different types of vehicles at differ­

ent speeds and grades. The study al so produced a means to differen­

tiate these costs on the basis of the serviceability index (PSI). 

This section presents a survey of the literature reported by Zaniewski 

relating vehicle operating costs to pavement condition for the differ­

ent vehicle cost parameters. 

Two principal studies have been conducted relating pavement 

roughness and vehicle speed. Karan et ale (23) developed regression 

equations relating pavement roughness, volume capacity ratio, and 

speed 1 imit to the average travel speed. The study was performed on 

two-lane asphalt concrete pavements in Canada. Investigations of this 

relationship were also conducted in Brazil by Zaniewski et ale (24) on 

paved and unpaved roads and regression equations were obtained for 

automobiles, trucks, and buses. The general trend observed in the two 

studies indicates that travel speed decreases with increases in pave­

ment roughness (i.e., travel time increases). 

Five studies have been performed that report the effects of 

roadway characteristics on fuel consumption. Claffey (20) reported an 

9 



increase of 30% in fuel consumption for travel over a badly broken and 

patched surface compared to travel over a good paved surface. Zaniew­

ski et ale (~), in the Brazil study, found a difference of 10% over a 

range of rough to smooth pavements (PSI of 1.5 and PSI of 4.5). Hide 

(~) in a study in Kenya found no effect of pavement roughness on fuel 

consumption, however, the range of roughness used was very small. In 

a more recent study in Wisconsin, Ross (~) reported that for a scale 

of 1.5 to 4.5 (serviceability index), fuel consumption is 1.5% higher 

on the rough section. Zaniewski et ale (22) reported no significant 

difference in fuel consumption on asphalt concrete pavement sections 

of different roughness rangi ng in PSI from 1. 5 to 4.5. Cl affey' s 

work, being the first, has been widely used to estimate differences in 

fuel consumption on surfaces with different levels of serviceability. 

An example is the approach for selecting resurfacing projects devel­

oped by the Kentucky Bureau of Highways (28). However, the later 

studies cast some doubt on the validity of using Claffey's relation­

ship, and in fact, cloud the issue such that one is obliged to choose 

among sometimes conflicting theories in settling this relationship. 

Two studies were reported relating pavement surface condition and 

accident rates. Tignor and Lindley (~) studied accident rates on the 

two-lane rural highways before and after resurfacing (thus, increasing 

the PSI), and found no statistically significant relationship between 

acci dent rates and pavement improvements, but di d report a trend 

toward an increased accident rate as pavements are improved. In 

Zaniewski's Federal Highway Administration study, varied results were 
I 
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obtained relating accident rates to PSI on a sample of Texas pave-

ments. A small statistically significant relationship was found 

between PSI and accident rates, however, the direction of the rela-

tionship varied for different highway classifications. In some 

instances, the hi gher PSI roads had hi gher acci dent rates and in 

other instances thi,s trend was reversed. The general concl usion of 

this study was that a larger and more controlled study is necessary to 

establish a meaningful relationship. 

The only studies available to relate pavement condition to oil 

consumption, tire wear, vehicle maintenance and repair, and use rela­

ted depreciation emanated from the Brazil study (~). Results of this 

study estab 1 ish a set of factors for each type of operating cost, to 

be multiplied by the vehicle operating cost, to reflect the effect of 

varyi ng the roughness of the pavement. The trend of these factors is 

such that an increase in roughness (decrease in PSI) refl ects an 

increase in operating costs. 

11 



3. PAVEMENT LIFE METHODOLOGY 

3.1 Introduction 

Highway pavements, like many other durable goods, are designed to 

perform for a specific length of time. Pavement design methods pre­

scribe materials and layer thicknesses capable of absorbing a known 

traffic load over a specified design period. In the past fifty years 

pavement design procedures have evolved from empirical approaches to 

the use of sophisticated mechanistic models. The common shortcoming 

of ear 1 i er des i gn procedures was the 1 ack of an adequate concept for 

the study of pavement performance. The performance model developed 

from the AASHO Road Test represented a significant contribution toward 

the quantification of the riding conditions of both flexible and rigid 

pavements; in this model, the failure of a pavement is predicted in 

terms of a si ngle measure that summari zes the pavement's abi 1 ity to 

carry out its intended function without causing user discomfort or 

high vehicle stress. 

In order to defi ne the scope of thi s research project, three 

basic terms are first discussed: (a) maintenance, (b) rehabilitation, 

and (c) reconstruction. 

Maintenance operations include all those activities related to 

the preservation, repair, and restoration of a highway facility as 

nearly as possible to its original condition. Routine maintenance 

includes the normal day-to-day operations which keep the facility 

functional. Major maintenance includes activities which are more 

extensive in scope than routine maintenance and may involve work which 

overlaps with safety, betterment, and rehabilitation. 
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Rehabilitation generally is defined as the restoration of an 

existing facility to its former serviceability, capacity, or condi­

tion, including safety considerations and operational improvements. 

Reconstruction consists of actually rebuilding an existing facility, 

possibly adding structural capacity. Rehabilitation may be required 

more than once during the pavement's design life as illustrated in 

Figure 3; typical rehabilitation alternatives for flexible pavements 

are seal coats and asphalt overlays. According to this observation, a 

pavement service life is defined as the time between resurfacings or 

overlays. 

Data on flexible highways in Texas indicate that many sections of 

pavement with acceptable riding serviceability have been rehabilitated 

during their design life due to the presence of structural distress in 

the form of cracking, patching, and rutting. The aim of this rehabil­

itation has been to strengthen the original structure thus assuring 

that the pavement wi 11 reach or surpass its design 1 ife without the 

need of a major reconstructi on effort unl ess warranted by capacity 

restrictions. In order to model the performance of a pavement section 

that requ ires rehabil itat i on due to vari ous di stress types before 

reaching a terminal serviceability index, several analysts (12,30) 

have proposed and used the performance curve shown in Fi gure 4. In 

thi s fi gure, the Pf val ue represents an asymptote of the performance 

curve, and Pt is a specified terminal value. This specified value is 

never reached and one or more types of distress become serious enough 

to cause the need of rehabilitation. 
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A performance analysis based on the serviceability criterion is 

possible by defining a damage function that reflects the loss in 

serviceability after a given traffic load. Let Pi' Pf' and Pt be the 

initial asymtotic and terminal values of the serviceability index; 

therefore, the relative loss of serviceability can be represented by 

gt = 
Pi _ Pt 
Pi - Pf 

(2) 

Assuming that the above reduction in serviceability was caused by a 

traffic load equal to N, it is possible to provide the alternative 

expression for gt given in Eq. (2); that is; 

gt (N) = e-(p IN) S (3) 

From Eqs. (2) and (3) it can be concluded that 

(4) 

This performance function is the same as that presented in Figure 4. 

A similar analysis is possible when using the distress criterion; 

in this case, the maximum allowable loss in performance before 

rehabilitation can be represented as 

for area 
(5) 

for severity 
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where at is the maximum allowable area covered by a specified type of 

distress, and St is the maximum allowable severity level of the same 

type of di stress. Both at and St are expressed as numbers between a 

and 1. Since g(N), as defined in Eq. (I), also varies between a and 

1, it is therefore possible to equate g(N} to gt and conclude that 

and 
= e-( pIN} S 

St 

(6) 

(7) 

The graphical representation of either of the above equations is given 

in Fi gure 5. 

concluded that 

As a result of the undergoing discussion, it is 

p 

N = (-In g(N}}l/S 
(8) 

More specifically, 

Pi - Pt -lIS 
.f( -1 n ) for servi ceabil ity 

Pi - Pf 

N = f ( -1 n at) -1 I S for area (9) 

for severi ty 

Estimates of parameters p and S are required to use Eq. 3. 

Regression equations developed at the Texas Transportation Institute 

(TTl) by Lytton et a1. <.!§) estimate these parameters for different 

classifications of flexible pavements. Flexible pavements in Texas 
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have been categorized as asphalt concrete, overlays, and surface 

treated. The performance equations, developed at TTl predi ct the 

affected area or degree of severity for each of the following types of 

distress: (a) rutting, (b) ravelling, (c) flushing, (d) corrugations, 

(e) alligator cracking, (f) longitudinal cracking, and (h) patching. 

Assuming the S-shaped performance curve of Figure 4, these 

parameters can also be estimated using the method of maximum likeli­

hood estimators (MLE) where p and [3 are the scale and shape parame­

ters, respectively. 

Appendix A contains a description of the use of maximum likeli­

hood estimators to predict the service life of a pavement. This 

section also contains a description of a life prediction model devel­

oped using discriminant analysis in conjunction with the pavement 

performance equations developed for Texas. The model is based on the 

assumption that a combination of ride and different modes of distress 

determine when a pavement is to be resurfaced, and discriminant analy­

sis is used to weight the contribution of each in determining the 

service life. Appendix C contains a description of dis~riminant 

analysis. 

3.2 Parameter Estimation by MLE 

The TTl flexible pavement data base served as a source for 

providing a sample of pavement service lines for each of the three 

pavement types predominant in Texas. Prior to utilizing the method­

ology described in Appendix A for estimating the parameters p and [3, 

an analysis of variance was conducted in an attempt to identify any 

19 
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specifi c characteri st i cs that mi ght warrant groupi ng observations of 

pavement lives into subsets for each of the three pavement types. For 

asphalti c concrete pavements the characteri st i cs analyzed were geo­

graphical location, thickness of the asphaltic concrete layer, and the 

highway classification. For surface treated pavements geographical 

location, number of surface treatment layers placed, and the highway 

classifications were tested. Similarly, characteristics analyzed for 

overlaid pavements included geographical location, thickness of the 

asphaltic concrete overlay, the highway classification, and the compo­

sition of the original pavement was also considered since a number of 

concrete pavement sections were included under this classification. 

Due to relatively small sample sizes for each of the pavement 

types 30,330 and 51 for asphaltic concrete, surface treated and over­

laid pavements respect~vely, the state was divided into two geographi­

cal areas; one incl uded south and east Texas (the wetter and warmer 

part of the state) and the other i ncl udi ng north and west Texas (the 

dr yer, colder portion of the state). Fi gure 6 illustrates the two 

geographical areas that were used. 

Highway classifications utilized included Interstate, U.S.jState, 

and Farm-to-Market highways. Table 1 lists the results obtained from 

the analysis of variance performed using the generalized linear model 

(GLM) available in the Statistical Analysis Systems package (SAS); in 

this statistical test a level of significance of 0.05 was used. 

These resu lts i ndi cate that there is no sign ifi cant difference 

between service lives due to changes in geographical location. High­

way classification did prove to be a significant factor as intuition 
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Table 1. Factors Which Cause Significant Difference in Pavement 
Performance as Determined by Analysis of Variance. 

Factor Asphaltic Concrete Surface Treated Overlaid 

Geographical Location No No No 

Highway Classification Yes Yes Yes 

Thickness of 
Asphalt Concrete Layer No N/A N/A 

Number of Surface Courses N/A Yes N/A 

Thickness of 
Asphalt Concrete Overlay N/A N/A No 

Composition of Original 
Pavement N/A N/A Yes 

would tend to indicate; Interstate highways are usually designed for a 

heavier traffic load that is expected on U.S./State highways and a 

similar situation exists between U.S./State highways and Farm-to­

Market highways. Surface layer thickness was not found significant 

for asphaltic concrete and overlaid pavements; the number of courses 

in the case of surface treated pavements, however", did prove to be 

significant. Maximum likelihood estimates for p and S were obtained 

for different subsets of observations as shown in Table 2. 

3.3 Central Tendency Estimators 

In order to obtain a good estimate of the pavement service life, 

several central tendency statistics were evaluated. The particular 

statistics considered in this analysis were: 
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Table 2. MLE Values of p, 13. 

A A 

Pavement Type No. Obs. p S 

Asphalt Concrete 

US/State 20 0.3259 1. 3678 

Interstate 10 1.0648 2.7889 

Surface Treated 

US/State, IH, 
Single Treatment 73 0.310 0.9938 

US/State, IH, 
Multiple Treatment 160 0.4030 1.0531 

FM, Single Treatment 138 0.0056 1.1303 

FM, Multiple Treatment 53 0.0050 0.9444 

Overlay 

US/State on Flexible 21 0.1324 1.1100 

US/State on Concrete 22 0.2262 1.4354 

Interstate 7 1.2163 2.6206 

(a) the sample average 
(b) the MLE estimator of the population mean 
(c) the MLE estimator of the population median 
(d) the MLE estimator of the population mode 

The sample average is calculated L:: ni 
as -, where nl, n 2, ••••• , 

m 

nm are a random sample of test sections corresponding to a specifi ed 

pavement classification. 

The MLE estimator ~ of the population mean can be obtained as 
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A 

_(£.) 6 
n dn (10) 

where P and S ~re the MLE estimator s of the parameters p and 6. The 

above integral can be found to be equal to 

jJ = 

A 

A 

A (6-1) pf -A-

S 

for 6) 1. In Eq. (10), r (.) is defined as 

r (a) = J:oo ya-1 e-y dy for a) 0 

(11 ) 

(12) 

Severa 1 estimates for the shape parameter 6 were 1 ess than one, 

thus making the expression (S-l/S) less than zero. The result of 
A A 

evaluating Eq. (11) for S:c..1f 6 < 0 is a negative number, therefore, 

the expected value of estimates for less than one will not be used. 

The MLE estimator jl 0.50 of the population median can be com­

puted as 

11 O. 50 = 
P A 

(-lnO.5)1/6 
(13) 

A A 

where p and 6 are MLE estimators of p and 6. 

Finally, the MLE estimator of the mode is the value N = jJ* such 

that 

(14) 
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Table 3. Statistics for Pavement Types Derived from Maximum Likeli­
hood Estimates for p and 8 (Millions 18-Kip ESALS). 

Arithme-
Pavement tic Percentiles 

Type E(n) Median Average Mode 10 90 

Asphalt Concrete 

US/State 1.0940 0.4260 0.6161 0.230 0.1771 1. 6889 

Interstate 1.4922 1.2143 1.4458 0.950 0.7896 2.3862 

Overlays 

Interstate 1. 7617 1.3989 1. 6552 1.08 0.8848 2.8706 

US/State, 
(Fl ex i b 1 e) 1.2715 0.1842 0.2742 0.07 0.0625 1.0054 

US/State, 
(Composite) 0.6690 0.2742 0.4051 0.16 1.1265 0.0848 

Surface Treated 

US/State, 
(Single) **** 0.0448 0.0751 0.02 0.0134 0.2984 

US/State, 
(Multi pl e) 0.7783 0.0571 0.0926 0.03 0.0183 0.3415 

FM (Single) 0.04591 0.0077 0.0131 0.005 0.0027 0.0410 

FM (Multiple) **** 0.0074 0.0166 0.0021 0.0060 0.0542 

**** Expected value not given, 8 < 1. 
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The location of the pavement distribution can be more completely 

described by calculating several percentiles; two meaningful percen-

tiles are tenth percentile (PlO) and the ninetieth percentile (P90)' 

The PlO estimates the traffic load that will cause 10% of the total 

pavement mileage to be rehabilitated; similarly, PgO estimates the 

traffic load that wi 11 cause 90% of the mi leage to fai 1. Any percen­

tile can be obtained from the cumulative probability distributions 

given in Appendix B. A summary of results for the Texas highway system 

is given in Table 3. 

In all cases, with the exception of those having estimates of S 

less than one, the expected service life was greater than the median. 

This is so because the probability density function is skewed to the 
A A 

right. For cases with (S-1)/S values between .05 and .11, the expec-

ted service life exceeded the P90 percentile. 
A 

An analysis of Eq. (11) reveals that as S increases the gamma 
A 

function of (S-1)/S decreases, and as S approaches one the gamma func-

tion increases rapidly. Hence, the expected value of the pavement 

service life is very sensitive to the value of S. Table 4 gives the 

va 1 ue of the gamma function for different values of S • The values of 

the gamma function were generated using the built-in function GAMMA(*) 

available with the FORTRAN WATFIV compiler. 

Also, an examination of the probability density functions shown 

in Appendi x B shows that as S approaches zero, the degree of peaked­

ness (kurtosis) increases as indicated by a decrease in the percentile 

coefficient of kurtosis shown in Table 5; subsequently, the expected 
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A 

(¥). Tabl e 4. Relationship Between (3 and r 
i3 

(3 
(3 -1 r( cd a =-
B 

1. 0531 0.0504 19.3117 

1.1100 0.0991 9.6036 

1.1303 0.1153 8.1991 

1. 3678 0.2689 3.3570 

1.4354 0.3033 2.9574 

2.6206 0.6184 1.4484 

2.7889 0.6414 1.4014 

value is further from the median mode, and the sample average. There-, 

fore, as (3 approaches one the expected value of the service life 

becomes less meaningful for estimation purposes. In this case, the 

median is a better estimate. Confidence intervals for i3 are obtained, 

since this parameter has a strong effect on the estimate of the 

expected value. These confidence intervals can be obtained as shown 

in Appendix D. 

Using the methodology of Appendix D, a 95% confidence interval 

for (3 was obtai ned for each of the predomi nant pavement types. The 

corresponding results are given in Table 6. From the intervals shown 

in Table 6, it can be noted that for values of (3 close to one, the 

upper limit of the interval is also close to one. Therefore, the 

expected value would not significantly increase in importance for 

estimating the service life of a pavement. 
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Table 5. Percentile Coefficient of Kurtosis for Different Distribu­
tions. a 

Distribution Defined Percentile 
A by A Coefficient 
p B of Kurtosis 

0.0050 0.9444 0.1459 

0.310 0.9938 0.1514 

0.0430 1. 0531 0.1578 

0.1324 1.1100 0.1612 

0.0056 1.1303 0.1658 

0.3259 1.3678 0.1831 

0.2262 1.4354 0.1871 

1. 2163 2.6206 0.2223 

1.0648 2.7889 0.2247 

a Coefficient of Kurtosis = 0.5 
P75 - P 25 

(P90 -
) P10 
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Table 6. 95% Confidence Intervals for s. 
A 

( S) Pavement Type S Var Interval 

Asphalt Concrete 

Interstate 2.7889 0.5138 (1.3839, 4.1939) 

US/State 1. 3678 0.0510 (0.9250, 1.8106) 

Overlays 

Interstate 2.6206 0.5866 (1.1195, 4.1217) 

US/State (Compos ite) 1.4354 0.0512 (0.9918, 1. 8790) 

US/State (Flexible) 1.1100 0.0299 (0.7711, 1. 4489) 

Surface Treatment 

US/State (Single) 0.9938 0.0070 (0.8302, 1.1574) 

US/State (Multi p 1 e) 1.0531 0.0092 (0.8647,1.2415) 

FM (Single) 1.1303 0.0086 (0.9487, 1.3119) 

FM (Multiple) 0.9444 0.0092 (0.7563, 1.1325) 
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3.4 Discriminant Analysis 

A model for predicting the service life of a flexible pavement 

was developed based upon a combination of predicted ride and distress 

conditions. The technique explained in Appendix C was utilized to 

measure the re 1 at i onshi ps of the di fferent contri but i ng factors that 

warrant a decision concerning the rehabilitation of a pavement. 

3.5 Development of Discriminant Functions 

Discriminant analysis (Appendix C) was used to determine which 

type of distress or serviceability index causes a decision to resur­

face. This decision consists of assigning a particular section of 

pavement to the group of pavements that are in need of rehabilitation. 

The variables used to calculate the discriminant functions were 

the servi ceabil ity index (range 0-5) and the area (range 0-3) and 

severity (range 0-3) of the different types of distress. The distress 

types considered for this analysis were: 

(a) rutting area and severity 

(b) longitudinal cracking area and severity 

(c) ravelling area and severity 

(d) alligator cracking area and severity 

(e) transversal cracking area and severity 

(f) patching area and severity (only for surface treated 

pavements.) 

Other distress types usually evaluated were not considered 

because the associated prediction models were not found to be reli­

able. 
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Periodic pavement condition surveys have been performed on selec­

ted pavement sections in Texas to monitor the serviceability index and 

both the severity and extent of distress. The area of distress is 

rated according to the numbers 0, 1, 2, or 3, as shown in Table 7. 

Additionally, distress severity is rated as none, slight, moderate, 

and severe, corresponding to numerical ratings of 0,1,2, and 3, 

respectively. These ratings can be converted into area or severity 

percentages; for applications reported in this study, 16.6, 33, and 

50% correspond to ratings of 1, 2, and 3, respectively. This rela­

tionship is used in the development of the service life prediction 

model to numerically express the extent of each type of distress. 

Table 7. Definition of Ratings for Distressed Area. 

Rating Corresponding Physical Area Affected 

o None to less than one wheel path 

1 One wheel path to less than two wheel paths 

2 Two wheel paths 

3 Area greater than two wheel paths 

Once the extent of distress is estimated, the service life of a pave­

ment can be determined from Eq. (I). 

For each pavement type, the estimation procedure was based on a 

sample of sections with condition survey information available for the 

years 1973-1978. The observations in each sample were classified into 

two groups; those that had been resurfaced during the 1973-1978 period 
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and those that had not. Ratings from the 1977 surveyor from the 

years precedi ng a deci si on to rehabil itate (resurface) were used as 

the variable values that describe the condition of each section. 

The rule for assigning test sections to either of the two groups 

involved in the analysis should discriminate as much as possible on 

the basis of observed variable values. The complexity of this rule, 

referred to as a "discriminant function" may be reduced by limiting 

the set of variables to those that contribute the most to the assign-

ment of the observations int 0 two groups. A regression analogy, due 

to Cramer (l!.), applicable to linear discriminant analysis with two 

groups, allows the problem to be treated as a multiple regression 

problem with the creation of a dummy variable indicator of group 

membership. To accomplish this, a new variable, Vi is defined so that 

or 

where 

, if Xi is a member of group 1 

-Nl 
Y2 = Nl + N2 ' if Xi is a member of group 2 

Yi = dependent variable for observation i, 

Nl = number of observations in group 1, and 

N2 = number of observations in group 2. 

{15 ) 

(16) 

The use of this substitute variable makes it possible to examine 

all of the linear regression relations among the dependent and inde­

pendent variables. The model with the smallest mean square error was 
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chosen to provide the set of variables (distress types or serviceabil­

ity index) that are used in the discriminant function. An alternative 

approach to thi s one coul d have used a forward or backward stepwi se 

regression model available in many standard computer software pack-

ages. However, it was bel i eved that the procedure used here was 

superior to the stepwise procedure since the order that the variables 

enter into the model does not affect the final set of variables. 

Table 8 g;vesthe list of distress types which proved to be the 

best i ndi cators of the need to resurface each of the three pavement 

types. The number of variables used in the model is greatly reduced 

for each of the pavement types. Interestingly, the serviceability 

index (PSI) was chosen for only the overlaid pavements. This result 

Table 8. Serviceability/Distress Types by Pavement Type Selected for 
Use in the Discriminant Analysis. 

Asphalt Concrete 

Alligator Cracking 
Severity 

Longitudinal Cracking 
Severity 

Longitudinal Cracking 
Area 

Transverse Cracking 
Severity 

Pavement Type 

Overl ay 

Servi ceabil ity 
Index 

Alligator Cracking 
Area 

Longitudinal 
Cracking Severity 

Longitudinal 
Cracking Area 

33 

Surface Treated 

Rutting Severity 

Rutting Area 

Longitudinal 
Cracking Severity 

Transverse Cracking 
Area 

Patching Area 



corresponds to the widely held opinion that Texas pavements are 

rehabilitated mainly because of existing distress rather than the 

qua 1 ity of the ri de. The set of vari ab 1 es for each pavement type 

includes some of the most important distress types, such as rutting 

and alligator, longitudinal and transverse cracking. 

Using the variables listed in Table 8, discriminant functions are 

developed to identify pavement sections in need of resurfacing. Hypo­

thesis testing of the covariance matrices of the two groups (resur­

faced and not resurfaced) revealed that they are not statistically 

equal, resulting in quadratic discriminant functions, which are more 

appropri ately handl ed by a computer program. The resul t i ng quadrati c 

discriminant functions are listed in Appendix F. Classification is 

accomplished by calculating the probability of belonging to a group 

according to Eq. (C-2) in Appendix C. The classification performance 

of the models is found to be acceptable by exami ni ng the number of 

correct assi gnments made usi ng the test data. The results of thi s 

analysis are displayed in Tables 9, 10, and 11. The apparent error 

rates (1 - % of correct prediction), and the maximum likelihood error 

estimates were evaluated. It is noted that a limited number of obser­

vations existed for cases of resurfaced pavements in the asphalt 

concrete and overlay categories. The resulting functions may be some­

what biased because of this fact. However, the results displayed in 

Tables 9, 10, and 11 demonstrate that the models are fairly good 

discriminators. 
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Table 9. Number of Observations Correctly Predicted by the Quadratic 
Discriminant Functions for Asphalt Concrete Pavements. 

Group Number of Cases Number of Correct Percent 
Predictions 

Resurfaced 5 4 80.0 

Not Resurfaced 76 71 93.4 

Total 81 75 92.6 

Apparent Error Rate 7.4 

Maximum Likelihood Error Estimate 9.5 

Table 10. Number of Observations Correctly Predicted by the Quadratic 
Discriminant Functions for Overlaid Pavements. 

Group Number of Cases Number of Correct Percent 
Predictions 

Resurfaced 16 10 62.5 

Not Resurfaced 64 58 90.6 

Total 80 68 85.0 

Apparent Error Rate 15.0 

Maximum Likelihood Error Estimate 19.3 
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Table 11. Number of Observations Correctly Predicted by the Quadratic 
Discriminant Functions for Surface Treated Pavements. 

Group Number of Cases Number of Correct Percent 
Predictions 

Resurfaced 56 39 69.6 

Not Resurfaced 77 62 80.5 

Total 133 101 75.9 

Apparent Error Rate 24.1 

Maximum Likelihood Error Estimate 17 .0 

3.6 Life Prediction Model 

In contrast to the servi ce 1 i fe predi ct i ve method based on the 

MLE estimators, which is applicable to families of similar pavements, 

a second method was developed to predict the service life of a 

specifi c pavement section. This model predicts service life based 

upon physical and climatic conditions in conjunction with historical 

decision making policies on the timing of rehabilitation. 

The serviceability/distress performance equations listed in 

Appendix G are used in combination with the discriminant functions of 

Appendi x F to predi ct the 1 ife of a section of pavement. As agi ng 

occurs or loads accumulate, signs of distress become evident and the 

serviceability index may decrease. At the point where the equations 

predict a change in the condition rating, the overall rating for each 

of the corresponding distress/serviceability variables is evaluated by 
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the corresponding discriminant function. This process continues until 

the probability of being assigned to the group of pavements in need of 

resurfacing reaches or exceeds a specified value. Since the goal of 

the model is to determine when a pavement is in need of rehabilita­

tion, which may be considered a critical decision, a relatively high 

assignment probability is warranted. The probabilities used in the 

model are 0.70, 0.70, and 0.80 for asphalt concrete, overlays, and 

surface treated pavements, respectively. However, if the deteriora­

tion rates of two distress types reach their maximum value (3) and the 

probability has not been achieved, the pavement section will automa­

tically be reassigned to the group of pavements in need of resur­

facing. Figure 7 shows the overall concept of the life prediction 

model. 

The estimated pavement life in 18-kip ESAL's is translated into 

time by performi ng as traffi c ana lysi s util i zi ng the current average 

daily traffi c (AADT), estimated traffic growth, percent trucks and 

truck traffic axle load information for 1980 obtained from weigh 

stati ons located throughout the State and commonly known as W-4 and 

W-5 tables. 

Rural highway axle weight distributions (W-4 Table) are shown in 

Appendix E for all truck types and includes each axle load group 

(single and tandem) with its respective percentage of the total trucks 

weighed. Appendix E also contains a summary of all truck combinations 

of each of vari ous gross wei ghts (W-5 Tabl e) and 1 i sts the percent 

di stri buti on of vari ous truck types deri ved from the 1980 W-5 Tabl e 

for all rural roads in Texas based on the fi ve state wei gh stat ions. 
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38 



Factors derived from the AASHO Road Test Data are used to convert the 

various weight classes into l8-kip ESALls and are listed in Table E-4 

in Appendix E. 

Assuming that all highways have the same distribution of truck 

configurations and weight distributions the information from Appendix 

E, AADT, percent trucks, and percent trucks in main traffic lane, the 

total ESAL I S for a month can be determi ned. If a linear traffic 

growth rate is assumed, the following expression relates time in 

months to the accumulated load: 

where 

and 

where 

A = NO[1 + 0.5 Gl(l-l)J 

NO = monthly l8-kip ESALls at time 0, 

I = number of months, 

G = monthly growth rate, 

A = accumulated l8-kip ESALls 

Nc = current monthly l8-kip ESALls 

Is = surface age in months. 

(17) 

(18) 

Once the current monthly l8-kip ESA~ls has been determined and a 

l8-kip ESAL life has been estimated, Eqs. (17) and (18) can be used to 

calculated the number of months that the pavement will last. Given 

the current age of the pavement, the remaining service life in months 
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is obtained by subtracting it from the total life. This is also con-

verted into 18-kip ESAL's by the relationship shown in Eq. (17). 

Results produced from the life prediction model were correlated 

with actual data from Texas pavements. Sample averages for the 

sections used in the correlation analyses were found to be consistent 

with those obtained using the MLE estimators and are listed in Table 

12. The statistical findings from regression and correlation analyses 

are shown in Figures 8, 9, 10, and 11 for asphalt concrete, overlaid 

flexible, overlaid composite and Farm-to-Market surface treated 

pavements. Estimates for other surface treated pavements did not 

correlated acceptably with actual data. 

Table 12. Means of Estimated Service Lives for Sections Utilized in 
the Life Prediction Model. 

Pavement Type 

Asphalt Concrete 

Interstate 

US/Sate 

Overlays 

Interstate 

US/State (Flexible) 

US/State (Composite) 

Surface Treated 

US/State 

Farm-to-Market 

No. of 
Observations 

10 

17 

7 

19 

17 

25 

31 

40 

Average 

1.1058 

0.6595 

1.1779 

0.5783 

0.5898 

0.1206 

0.0206 
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The resulting regression lines are close to the desired 0 inter­

cept with a slope of 1 (a 45° line on the graphs). With correlation 

coefficients in the .5 to .6 range, about 26-37% of the variation in 

the actual service life is accounted for by the linear relationship. 

However, an examination of the F values (6.7 - 14.6) reveals that a 

si gnifi cant amount of the vari at ion in the response vari ab 1 e (actual 

life) is accounted for by the linear model. Although these results 

may not be extremely impressive, they are promising, especially when 

it is real i zed that there has been a wi de range in the deci s ion 

process for determi ni ng when a pavement shoul d -be resurfaced, i ncl ud­

ing the availability of funding, which mayor may not have been 

related to the need for resurfacing. 
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4. USER COST METHODOLOGY 

A fundamental aspect in the economic analysis of a road construc­

tion or rehabilitation policy is the quantification of the correspond­

ing savings in user costs. The two types of variable user costs that 

are generally associated with the operation of a transit system are 

the mileage-dependent cost and the time-dependent cost. 

Mi 1 eage-dependent costs i ncl ude the cost of power and the cost of 

keeping vehicles in operative condition. Time-dependent costs are 

rel ated to the val ue of passenger travel time and the wages paid to 

operating personnel driving the vehicles. 

One of the objectives of this study, and the purpose of this Sec­

tion, is to develop a methodology to assess the savings in user costs 

resulting from a decision concerning the rehabilitation of a pavement. 

The quantification of the time delay and extra vehicle operating costs 

during the rehabilitation (resurfacing) activity will not be 

considered in this study. Only those cost items directly measurable 

for different levels of roughness will be studied. These items 

generally can be classified as (11,~): 

(a) fuel consumption 

(b) oil consumption 

(c) tire wear 

(d) repair parts and maintenance 

(e) travel time 

(f) depreciation 
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The above costs are affected by the type of road, the type of 

vehicle, the operator, the weather and the topographical conditions. 

Here, it is assumed that only the type of vehicle and the type of road 

are relevant. It should be mentioned that the speed of the vehicle is 

an important parameter since it affects the consumption rates of some 

other basic inputs of the mileage-dependent cost. 

The following types of vehicles will be considered in the present 

analysis: 

(a) automobiles (mid-sized) 

(b) single unit 2 axle trucks (SU-2) 

(c) single unit 3 axle trucks (SU-3) 

(d) tandem unit 4 axle trucks (2-S2) 

(e) tandem unit 5 axle trucks (3-S2) 

Table 13 1 i sts the component pri ces used for each vehicle type. 

The number of each type of vehicle traveling over a pavement section 

is derived using AADT estimates, percent of trucks, and the percent 

distribution of each truck type (Appendix E, Table E-3). 

Roughness, measured in terms of PSI, will be used to describe the 

riding condition of a given pavement. The performance equations 

developed by Lytton et ale (li) to predict PSI values for different 

pavement types in Texas will be used to estimate the riding conditions 

at the time a rehabilitation decision is scheduled. Appendix G lists 

the equations used in this study for predicting PSI values for each of 

the three pavement types. 
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Table 13. Component Prices. 

Auto-
Item mobile SU-2 SU-3 2-S2 2-S3 

(Mid-
Size) 

Fuel ($/gal) 1.25 1.25 1.25 1.25 1.25 

Oil ($/qt) 1.00 1.00 1.00 1.00 1.00 

aTires* ($/tire) 68.00 194.00 465.00 465.00 465.00 

aMaintenance and 
Repairs ($/1000 mi) 41.60 99.00 140.00 145.00 145.00 

aDepreciable Value 
($/veh) 7,501.00 8,673.00 45,350.00 48,687.00 51,630.00 

* Truck tire cost includes 2.5 recaps per tire for all trucks except 
SU-2 which has 1.5. 

a Source: Reference 22. 

4.1 Fuel Consumption 

Fuel costs represent the largest portion of the total outlay for 

vehicle operation. However, the fuel consumption rate varies little 

with changes in pavement condition. For automobiles, the difference 

between rates was found to be 1.5% when the PSI is varied from 4.5 to 

1.5 (26). Figure 12 represents the relationship between fuel consump­

tion and PSI. In this figure, it is assumed that the fuel consumption 

rate can be linearly reduced as a function of PSI. In this study 

this relationship will be used for all types of vehicles. Fuel con-

sumption savings derived from improvements in serviceability are 

calculated on the basis of the concept illustrated in Figure 13 (28). 

This concept assumes that costs linearly increase up to a point (8) at 
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whi ch they remai n constant; resurfaci ng (G) woul d update the age of 

the road and reset the cost structure to zero. The savings associated 

with the rehabilitation decision are represented by the area BDEG for 

a service life of N years. 

Using the above concept, the following equation was developed to 

calculate fuel consumption savings due to resurfacing: 

where 

Sf = 365 [F2N/2 - .5 (F2-F1) (N-N(F1/F2))J(AADT) (Ls) 

(CG)/GC/N (19) 

Sf = savings from fuel savings due to resurfacing/year, 

F2 = maximum percent reduction in fuel costs (1.5%) due to 

resurfacing, 

F1 = percent reduction in fuel costs based on PSI before 

resurfacing, 

N = service life, 

AADT = average annual daily traffic, 

GC = average miles/gallon, 

CG = cost of a gallon of gasoline, and 

Ls = length of section. 

The percentage reduction in fuel usage is given by: 

where 

F1 = 0.0001879(PSIA-PSI B)/(0.043771-0.0001879PSIA) (20) 

PSIA = serviceability index after resurfacing and 

PSIB = serviceabi}ity index before resurfacing. 

The average number of miles per gallon of gasoline is estimated as 
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where 

GC = 
5 

1000 E 
;=1 

AADT + PVi 
S; 

PVi = percent of ith vehicle type 

PVi for automobiles = AADT(l-PCTRK) 

PVi for trucks = AADT(PCTRK) (PCTRj) 

PCTRK = percent trucks 

PCTRj = percent of jth truck of total trucks 

Si = fuel consumption (gallon/1000 mi) for a given speed. 

(21) 

Appendix H lists fuel consumption rates for the different 
vehicle types. 

4.2 Oil Consumption 

Under normal operating conditions oil consumption costs are the 

least important of the non-fuel vehicle operating costs. The best 

available data for relating oil consumption to pavement roughness are 

those collected in a recent study in Brazil (g). The results from 

that study may not be directly applicable to the United States due to 

differences in design and economic conditions. Figure 14 illustrates 

the relationship between PSI and fuel consumption that will be used in 

this research project for automobiles and trucks. 

Costs savings for oil consumption and all other user costs 

described hereafter are calculated using the concept illustrated in 

Figure 15 (28). This concept assumes that costs are equal to C2 until 

resurfacing, at which time (T1) they decrease to a level C, and remain 

constant. Although the serviceabil ity index probably decreases with 

time, it can be assumed that routine maintenance will maintain it 

relatively constant. 
52 



2.0 

Autos 

1.5 / 
0::: 
0 
~-
u 
c:::c: 
L.l.. 

~ z 1.0 

\ 
I...L..I .,.... 
0<-

~ 
V} 
:::;) 

'"":! 
Cl 
c:::c: 

Trucks 
0.5 

o 1.0 2.0 3.0 4.0 5.0 

SERVICEABILITY INDEX 

Figure 14. Influence of Pavement Condition on Oil Consumption (22). 

53 



COST 

I 

TIME 

Figure 15. Time -vs- Cost Concept II (28). 

54 



, Approximating the relationship shown in Figure 14 to a linear 

function the following equation calculates the oil consumption savings 

due to resurfacing: 

So = 365 [(2.2847-0.3188(PSIB)-0.85)( PV 1)(AAOT)(OC1) 

5 (22) 
EPVi(AAOT)OCJL (CO) 

. 2 s 1= 
+ (1.261-0.0561(PSIB)-1.05) 

where So = oil consumption cost savings due to resurfacing/year 

PSIB = PSI before resurfacing 

OC i = oil consumption (quarts/mi) for ith vehicle type 

CO = cost of a quart of oil 

Appendix H summarizes the oil consumption rates for different types of 

vehicles and different levels of speed •. 

4.3 Tire wear 

For each individual type of vehicle,tire wear can be measured as 

the percentage of the tire worn per mile. Appendix H contains the 

percentage worn/lOOO miles as a function of speed and vehicle type. 

An important factor for calculating tire wear costs is the number of 

tires per vehicle. Automobiles, SU-2, SU-3, 2-S2 and 3-S2 trucks use 

4, 6, 10, 14, and 18 tires, respectively. Roughness adjustment 

factors developed from the Brazil study (~) for automobiles and 

trucks are presented in Table 14. Subtracting the factor for the PSI 

after resurfaci ng from the factor for PSI before resurfaci ng, and 

multiplying the result by the tire cost yields the savings due to 

resurfacing. 
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Table 14. Tire Expense Adjustment Factors for Roadway Surface 
Condition. 

Serviceability 
Index 

Passenger Cars Single Unit SU-2, SU-3, 
2-S2 & 3-S2 Semi·s 

1.0 

1.5 

2.0 

2.5 

3.0 

3.5 

4.0 

4.5 

2.40 

1.97 

1.64 

1.37 

1.16 

1.00 

0.86 

0.76 

1.67 

1.44 

1.27 

1.16 

1.07 

1.00 

0.95 

0.92 

The following equation can be used to calculate the tire consump-

tion savings associated with an increase in the serviceability index: 

where 

5 
St = 365 [L: NTi(CTi)(TCi)TFi(PVi)(AADT)](L$) (23) 

i=l 

St = tire cost savings due to resurfacing/year 

NTi = number of tires for ith vehicle 

CTi = cost of tire for ith vehicle 

TCi = % tire worn/mile for ith vehicle at a given speed 

TFi = difference in roughness adjustment factors for PSIB-PSI A 
for the ith vehicle. 
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4.4 Vehicle Maintenance and Repair 

Maintenance and repair represent a major portion of the vehicle 

operating costs. This cost ;s composed of the cost of repair compo-

nents and the cost of labor. The general vehicle components 

considered for the development of these costs include (~): (a) body, 

(b) brakes, (c) power train, (d) chassis, (e) electrical, and (f) 

engi nee Appendi x H 1 i sts the percent of the average mai ntenance and 

repair costs/lOOO miles for different speeds for each vehicle type. 

Results from the Brazil study are used to adjust the expenditures to 

di fferent 1 evel s of servi ceabi 1 i ty. The adj ustment factors for each 

vehicle type are listed in Table 15. 

The following equation describes the savings in maintenance and 

repair costs brought about by an increase in serviceability: 

where 

5 
Sm = 365[ E CMi(MCi)(MFi)(PVi)AADT](Ls) 

i=1 
(24 ) 

Sm = maintenance and repair cost savings due to resurfacing/year 

CMi = average yearly maintenance cost for ith vehicle 

MCi = percent of CMi per mile at a gi ven speed for the ith vehicle 

MF; = difference in roughness adjustment factor before and after 

resurfacing for the ith vehicle 
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Table 15. Maintenance and Repair Expense Adjustment Factors for Road­
way Surface Conditions. 

Serviceability Passenger Cars Si ngl e Unit 2-S2 & 3-S2 
Index Semi Trucks 

1.0 2.30 1. 73 2.35 

1.5 1. 98 1.48 1.82 

2.0 1.71 1.30 1.50 

2.5 1.37 1.17 1.27 

3.0 
I 

1.15 1.07 1.11 

3.5 1.00 1.00 1. 00 

4.0 0.90 0.94 0.92 

4.5 0.83 0.90 0.86 

4.5 Depreciation Cost 

The depreciation expense of a vehicle is related to the time and 

use of the vehicle. Controversy exists as what portion, if any, of 

this expense should be assigned to operation on the road. Appendix H 

contains percents of the vehicle new value for estimating the depreci­

at i on expense for different types of vehi c 1 es. These factors were 

developed using a procedure outlined by Daniels (1£) for using vehicle 

survivor curves to proportion depreciation costs due to time and use. 

The adjustment factors of Tabl e 16 can be used to rel ate surface 

roughness to depreci ati on expense. These factors were developed for 

the Brazil study (~). 
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where 

The depreciation cost savings can be calculated by: 

5 
Sd = 365 [L VCi(DCi)(DFi)(PVi)AADT](LT) 

i=l 

Sd = depreciation cost savings due to resurfacing per year 

VCi = purchase cost of ith vehicle 

DCi = percent of VCi per mile at a given speed for 

the ith vehi cl e 

DFi = difference in roughness adjustment factor before and 

after resurfacing for the ith vehicle 

4.6 Travel Time 

(25) 

Vehicle operating costs are directly influenced by the speed of 

the vehicle. To adjust the vehicle running speed for different levels 

of PSI, Hazen (33) has transformed an equation developed by Karan et 

ale (Q). The transformed equation establishes the following 

relationships based on average running speeds (ARS): 

(a) For ARS greater than or equal to 35 mph: 

ARS' = ARS [O.8613(PSI)O.0928] 

(b) For ARS between 15 and '35 mph: 

ARS' = ARS[O.8613(PSI)O.0928 + 

(1_0.8613(PSI)O.0928)/(35-ARS)/20 

(c) For ARS less than 15 mph: 

ARS' = ARS 
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Table 16. Use Related Depreciation Adjustment Factors for Roadway 
Surface Conditions. 

Serviceabil ity Passenger Cars Si ngl e Unit 2-S2 & 3-S2 
Index Semi Trucks 

1.0 1.14 1.33 1.32 

1.5 1.09 1. 23 1.22 

2.0 1.06 1.15 1.14 

2.5 1.04 1.09 1.09 

3.0 1.02 1.04 1.04 

3.5 1.00 1.00 1.00 

4.0 0.99 0.97 0.97 

4.5 0.98 0.94 0.94 

Assuming that these relationships hold for all types of vehicles, 

the travel time cost savings due to resurfacing can be expressed as: 

where 

Ss = (365)(Ls/ARS - Ls/ARS') V (AADT) (29) 

Ss = savings in cost of travel time due to resurfacing per year 

V = average value of operator time ($/hr) 

ARS = average running speed after resurfacing (speed limit) 

ARS ' = adjusted average running speed due to roughness 
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5. ECONOMIC ANALYSIS 

The purpose of the economic analysis developed in this Section is 

two-fold: (a) to assess the impact of delaying rehabilitation deci­

sions using a present worth analysis, and (b) to examine the degree of 

desirability associated with a given rehabilitation policy by provid­

ing the corresponding savings/cost ratio. The proposed analysis is 

based on the following items: initial capital costs of rehabilitation, 

maintenance costs, and savings in travel and maintenance costs due to 

resurfacing. 

5.1 Rehabilitation Costs 

The initial capital cost of rehabilitation depends on the speci­

fi c rehabil itat i on strategy used to upgrade a road. The strategi es 

used in this analysis are customized versions of those suggested by 

the California pavement management system (34). A summary of these 

strategies appears in Tables 17, 18 and 19 for asphalt, concrete, 

overlaid, and surface treated pavements, respectively. The use of the 

rehabilitation strategies summarized in Tables 17 through 19 provides 

realistic cost information based upon typical rehabilitation alterna­

tives; however, these alternatives are not suggested as rehabilitation 

pol i ci es for specifi c resurfaci ng projects. A more detail ed and 

fact-finding approach is needed in this case. 

The costs associated with a particular rehabilitation alternative 

includes labor, equipment and material costs. These costs generally 

depend on the length, number of lanes, lane width and the presence or 
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Table 17. Rehabilitation Strategies for Asphalt Concrete Pavements. 

Conditi on 

Cause Slight Moderate Severe 

All i gator Fill Cracks 111 Overlay and 511 Overlay 
Cracking Local Digout 

Longitudinal Do Fi 11 Chip Seal 
and Transverse Nothing Cracks 

Cracking 

Table 18. Rehabilitation Strategies for Overlaid Pavements. 

Condition 

Cause Slight Moderate Severe 

All i gator Fill Cracks 111 Overlay and 511 Overlay 
Cracking Local Digout 

Longitudinal Do Fill Chi P Seal 
Cracking Nothing Cracks 

Serviceability PSI < 2.9 . Level i ng and 111 Overlay -Index 
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Table 19. Rehabilitation Strategies for Surface Treated Pavements. 

Conditi on 

Cause Slight Moderate Severe 

Rutting Seal Coat Double Seal Coat Sectional 
Reconstruc-

tion 

Longitudinal Do Do Fi 11 
and Transverse Nothi ng Nothing Cracks 

Cracking 

Patching Do Nothing Seal Coat Double Seal Coat 

absence of shoulders. Appendix I lists formulas developed for calcu-

1 at i ng the cost of several typi ca 1 rehabil i tat ion strategi es for two 

lane, multilane, and freeway type highways. This appendix also lists 

1 abor and materi a 1 costs comparable to those used ina recent budget 

preparation study conducted by Garcia-Diaz, et ale (~). 

As part of the customizing, the alternatives have been stated in 

terms of the scores obtai ned for PSI and for each di stress type from 

the condition survey. The alternative is matched with the predicted 

condition for each applicable distress type (and serviceability index, 

if applicable), and the most costly strategy is chosen as the cost of 

rehabilitation. The value of the surface is assumed to be negligible 

at the end of the estimated service life. If rehabilitation is 

delayed, the performance equations predict the pavement condition on 

one year intervals, thus making possible the selection of a more 

costly rehabilitation strategy. 
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5.2 Maintenance Costs 

Pavement maintenance costs are assumed to increase with age. For 

lack of a more precise model developed for specific Texas conditions, 

the EAROMAR (36) equations are used. These equations were actually 

developed to predict maintenance work loads for multilane freeways in 

terms of: (a) patching, (b) crack sealing, and (c) base and surface 

repairs. The general form of the EAROMAR model can be formulated as 

follows: 

where 

Ct = annual maintenance cost in year t per lane mile, 

Cl = $/sq yd of bituminous skin patching, 

C2 = $/linear foot of crack sealing 

C3 = $/cu yd of bituminous base and surface repair 

Cost esti mates by the SDHPT for C1, C2 and C3 are $3.47, $0.25 

and $450 i , respectively. For highway types other than freeways, the 

EAROMAR results are appropriately modified by multiplying them by a 

reduction coefficient reflecting past maintenance data. Table 20 sum­

marizes the results of this analysis after comparing maintenance costs 

of Farm-to-Market, and US/State highways to those on Interstate routes 

in Texas (1) As an illustration, Table 20 indicates that the mainten­

ance cost on Farm-to-Market roads is 38.2% of the cost per lane mile 

computed by the EAROMAR equations. 
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Table 20. Comparison of Maintenance Costs per Lane Mile. 

Hi ghway System Number of Average Maintenance % of Interstate 
Observations Cost/Lane Mil e 

Interstate 4 $1,028.00 100.0 

Farm-to-Market 23 391. 00 38.2 

US/State 62 325.00 31.6 

5.3 Discount Rate 

The selection of a discount rate depends on whether estimates are 

made in terms of constant dollars (costs stated at price levels pre­

vailing at a particular date in time regardless of when they occur) or 

current dollars (prices stated at price levels prevailing at the time 

the costs are incurred). A di scount rate based on the market rate of 

return is consistent with the use of current dollars in estimating 

future costs. One using the real interest rate (increase in real 

purchasing power) is consistent with the use of constant dollars. 

Erroneously, common practice has been to conduct present worth 

analyses using constant dollars together with the market rate of 

return which in turn allows for expected future inflation. If the 

estimation of future costs makes no provision for anticipated infla-

tion, (a rather dangerous task, one that is not highly suggested(lI)), 

only the real cost of capital should be represented in the discount 
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The real long-term rate of return on capital has been between 3.7 

and 4.4 percent since 1966 (38,40). Since constant dollars are to be 

used for estimating rehabilitation, maintenance and users costs, a 

discount rate of 4% will be used in the sample runs of Appendix J. 

If current (inflated) dollars were to be used in the analysis, a 

range of 8 to 12% waul d be appropri ate (The United States Offi ce of 

Management and Budget prescribes a 10% discount rate for most federal 

government studies using current dollar costs (40)). 

5.4 Analysis Period 

The analysis period selected for this study is chosen as the 

estimated service life of a rehabilitation strategy. Experience has 

shown that overlays or seals placed upon pavements are most likely to 

1 ast four to twel ve years, even though many are desi gned to last 20 

years. A 20-year analysis period would therefore require additional 

estimates for rehabilitation and maintenance costs during the period. 

Possible changes in technology and the inherent uncertainty of the 

events occurring when predicted may invalidate the cost analysis. 

The life prediction model described in Section 3.6 will be used 

to estimate the service life for rehabilitated pavement. This 

estimate in turn will be utilized as the analysis period. 

5.5 Present Worth Analysis 

The present worth analysis method will be used to assess the cost 

of delaying rehabilitation beyond the estimated service life. This 

analysis focuses on the cost of the rehabilitation strategy prescribed 
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for a pavement in a given condition and the annual maintenance cost 

during the analysis period. The comparison of alternatives using the 

present worth method requires that all alternatives be considered over 

the same time span, which in this case is the analysis period. 

It is assumed that the service life of the rehabilitation strate~ 

gy applicable at the end of the estimated life holds for rehabilita-

tion strategies corresponding to the pavement condition after delaying 

rehabilitation for one or more years. It is then apparent that if the 

common analysis period is the service life of the rehabilitation at 

the end of the estimated life, a portion of the value of subsequent 

rehabi 1 itati ons wi 11 remai n unused. In order to compare the al terna-

ti ves over equal time spans, the unused val ue of the rehabi 1 itated 

pavement is taken into consideration. However, as the delay 

approaches the end of the analysis period, the present worth val ue 

becomes 1 ess meani ngfu1 for compari son purposes si nce a cons i derab 1 e 

portion of the value of the improvement remains unused. 

The present worth of the rehabi 1 i tat ion p1 us mai ntenance at the 

end of the estimated service life may be expressed as: 

m 
PWo = Rc + E Cn·P/Fi ,n 

n=l 

where: 

i = discount rate 

Rc = rehabilitation cost 

m = analysis period 

Cn = maintenance cost in year n 
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P/Fi,n = single payment present worth factor 

= 1/(1+i)n 

If rehabilitation is delayed, maintenance accrued prior to resurfacing 

must be considered and the present worth may be represented as: 

r m 
PW = E (Cn°P/F. ) + [RcoA/P. + E (Cn°P/Fi .noA/Pi .m)] 

n=1 l,n l,m n=1 ' , 
(32) 

(P/Ai ,m_roP/Fi J) 
where 

A/Pi,n = equal payment series capital recovery factor, 

= [i {1 + qn ] 
(1 + i)n - 1 

P/Ai ,n = equal payment series present worth factor, 

= If( A1Pi ,n) 

and the unused value at the end of the analysis period may be 

expressed as: 

(33) 

506 Savings/Cost Ratio 

The benefit/cost method has experienced considerable usage in the 

public sector and has been promoted by the American Association of 

State Highway Officials (.!!.) for comparing investment alternatives 0 

The benefit cost rat i 0 represents the ratio of the present worth of 

net benefits to the present worth of net costs o 

For this analysis, benefits will be measured in terms of user and 

state agency savi ngs due to the improvement of the pavement surface, 

thus the term savings/cost ratio will be utilizedo 
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Savi ngs to the SDHPT are in the form of reduced mai ntenance 

costs. Mai ntenance costs, increase with pavement age as di scussed pre-

viously in Section 5.2, hence resurfacing updates the pavement age, 

thus reducing maintenance costs. User cost savings considered include 

savings in fuel consumption, oil consumption, tire wear, vehicle 

repairs and maintenance, depreciation, and time. Inherent in this 

analysis is the assumption that the responsible agency will not permit 

the road to completely disintegrate causing complete disruption of 

service to users and possibly insurmountable costs. 

The savings/cost ratio may be written as: 

SIC 
Sf + So + St + Ss + Sd + Sm + Srm ] = [ R PIA. c 1 ,m 

(34) 

where 

Srm = savings in road maintenance 

=N (llOOCl + lOOOC2 + 5C3) ~ ((1/1+e- i / l . 16) _ (1/(1+e-(i-lO)/1.16)) 
i i =1 

(35) 

In Equation (35), Ni is the number of lanes of the pavement section. 

Benefits derived from reduced maintenance costs are estimated by calculating 

the difference between maintenance costs when there is no resurfacing and 

when resurfacing takes place. 
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6. APPLICATION AND DISCUSSION OF RESULTS 

The methodology for predicting remaining service life and for 

assessing the economic impact of delays in rehabilitation decisions 

will be illustrated using three typical pavement sections, one from 

each of the three major pavement types of the Texas highway network. 

The life prediction model described in Section 3.6 and listed in 

Appendix J is utilized for the first part of the methodology. The 

first pavement section consists of a 1-1/2" asphalt concrete surface 

with a 14" flexible base located in the Texas panhandle. The second 

section is a flexible pavement consisting of a 1" overlay over 3" of 

asphalt concrete with a 14" flexible base located in southeast Texas. 

The third section is representative of a surface treated pavement with 

a 6" flexible base and is located in the proximity of Burleson County. 

Table 21 lists the climatic, design and traffic data for each of the 

sections under consideration. 

The cost information used in the economic analysis is listed in 

Tables 22A and 22B. To illustrate the effect of the discount rate, 

the economic analysis was performed considering rates of 4% and 12%. 

The distribution of the vehicle types considered in this applica­

tion described in Section 3.6 and Tables E-2 - E-4 of Appendix E. 

This distribution is used along with the average daily traffic and the 

percent trucks to calculate the number of equivalent single-axle loads 

per month. 
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Table 21. Description of Sections Used in Analysis. 

Pavement Type 
Variable 

Aspha It Overlay Surface 
Concrete Treatment 

AADT 3290 16780 350 

Percent Trucks 18.7 13.9 5.0 

Percent Trucks/Lane 40.0 50.0 50.0 

Percent Traffi c Growth/Yr 3.5 3.5 3.5 

Highway Type US/State Interstate Farm-to-Market 

Facil ity Type Multilane Freeway Two-Lane 

Number of Lanes 4 4 2 

Section Length 1 mi 1 mi 1 mi 

Speed Limit (mph) 55 55 55 

Age of Surface Layer (months) 60 60 20 

Thickness of Asphalt 
Concrete (in) 1.5 N/A N/A 

Thickness of Overlay & 
Original Surface N/A 4.0 N/A 

Thickness of Flexible Base 14.0 14.0 6.0 

Structural Number 2.62 3.28 N/A 

Subgrade Plasticity Index 27.5 38.9 23.1 

Subgrade Liquid Limit 47.5 63.4 41.6 

Mean Temperature - 50°F 8.2 18.3 17.4 

Thornthwaite Index + 50 31. 3 89.1 52.1 

Average Annual 
Freeze Thaw Cycles 83.0 11.0 35.5 

Dynaflect Maximum 
Deflection (mils) N/A N/A 1. 55 
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Table 22A. Cost Information Used. 

Rehabilitation Rehabi 1 i tat ion Road Maintenance Maintenance 
Strategy Cost Strategy Cost 

Overlay $10000./in/lane mile Patching $3.47/sq yd 

Base and Base and Surface 
Repair Patch 140000./1ane mile Repair 450.00/cu yd 

Seal Coat 3000./1ane mile Crack Sealing 0.25/1inear 
ft 

Fi 11 Cracks 1000. /1 ane mil e 

Table 22B. Vehicle Related Costs. 

Vehicle 

Item Auto SU-2 SU-3 2-S2 3-S2 

Tires (ea.) 68.00 194.00 465.00 465.00 465.00 

Maintenance 
and Repairs 
(l1O00 mi) 41.60 99.00 140.00 145.00 145.00 

Depreciable 
Value ($/veh) 7501.00 8673.00 45350.00 48687.00 51630.00 

Gasoline 
($/gal) 1.20 1.20 1.20 1.20 1.20 

Oil ($/qt) 1.00 1.00 1.00 1.00 1.00 

Average Value 
of Ti me ($/hr) 6.00 6.00 6.00 6.00 6.00 
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6.1 Results 

Results for each of the sections considered are classified as 

follows: 

(a) Service life and remaining life predictions. Thisinforma­

tion is summarized in Table 23. 

(b) Predicted condition of the pavement at the end of the esti­

mated servi ce 1 i fe, and at the end of each year thereafter 

if no rehabilitation occurs. This information is summarized 

in Tables 24, 25 and 26. 

(c) Present worth and savings/cost analyses for discount rates 

of 4 and 12%. This information is summarized in Tables 27A, 

27B, 28A, 28B, 29A, and 29B. 

6.2 Analysis of Results for Asphalt Concrete Section 

Thi s pavement section has approximately three years of remai ni ng 

service life; after this time a rehabilitation strategy costing $4000 

is recommended. Further development of pavement di stress does not 

tri gger a more costly rehabil i tat i on strategy until the thi rd year; 

however, the PSI decreases, translating into greater potential savings 

to be obtained from the rehabilitation. After the third year the 

proposed rehabilitation costs increase si.gnificantly. Therefore, the 

savings/cost ratio using either a 4 or 12% discount rate indicates 

that the best time to rehabilitate (highest savings/cost ratio), is 2 

years after the end of the estimated service life. On the other hand, 

rehabilitating at the end of the estimated service life gives the 
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Table 23. Estimated Service Life. 

Asphalt Concrete Overlaid Surface Treatment 

Estimated Service 714,805 1,526,561 21,908 
Li fe (ESAL) (100 months) (48 months) (80 months) 

Remaining Life 303,810 0 16,790 
(ESAL) (40 months) (60 months) 

ESAL/Month 7,411 35,120 264 

Table 24. Predicted Pavement Condition for Asphalt Concrete Section. 

Years After All i gator Longitudinal Transversal 
Estimated Cracki ng Cracking Cracking PSI 
Service Life Severity Severity Area Severity 

0 1.00 1.00 2.00 1.00 2.43 

1 1.00 1.00 2.00 1.00 2.37 

2 1.00 1.00 2.00 2.00 2.31 

3 2.00 2.00 3.00 3.00 2.26 

4 2.00 2.00 3.00 3.00 2.22 
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Table 25. Predicted Pavement Condition for Overlaid Section. 

Years After \ Alligator Longitudinal 
Estimated PSI Cracking Cracking 

Life Area Severity Area 

0 3.02 2.00 2.00 2.00 

1 2.96 3.00 3.00 3.00 

2 2.91 3.00 3.00 3.00 

Table 26. Predicted Pavement Condition for Surface Treated Pavement. 

Rutting 
Years After Longitudinal Transversal Patching 
Estimated Sever- Area Cracking Cracking Area PSI 

Life ity Area 

0 1.00 0.00 1.00 1.00 0.00 3.78 

1 1.00 0.00 1.00 1.00 0.00 3.74 

2 2.00 1.00 1.00 1.00 0.00 3.59 

3 2.00 1.00 1.00 1.00 0.00 3.44 

4 3.00 2.00 2.00 2.00 1.00 3.30 
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lowest present worth of road rehabilitation and road maintenance 

costs. For the fi rst 2 years the difference in the present worth 

val ue is due to greater road mai ntenance costs whi ch in turn are a 

function of pavement age. 

6.3 Analysis of Results for Overlaid Section 

This pavement is one year past the end of the estimated service 

life at which time it would have been preferable to rehabilitate 

accordi ng to both the present worth and savi ngs/cost ratio. The sav­

ings/cost analysis indicates that rehabilitation should not be delayed 

since the cost of rehabilitation increases after a one-year delay. An 

examination of the pavement condition reveals that each distress type 

consi dered reaches a maxi mum after a one-year del ay, and thus the 

rehabilit.ation'strategy selected is the most costly after this time. 

This indicates that rehabilitation should probably not be delayed fur­

ther si nce the pavement may deteri orate to the poi nt where a major 

reconstruction effort will be necessary. 

6.4 Analysis of the Results for Surface Treated Section 

Both the present worth and the savi ngs/cost analyses i ndi cate 

that the best time to rehabil itate is one year after the estimated 

service life. The effect of the discount rate is evident if we were 

to rank the alternatives according to the present worth value. For 4% 

the order of preference would be (a) in one year, (b) now, (c) in 2 

years, and (d) in 3 years. For 12% the order would be (a) in one 

year, (b) in 3 years, (c) now, and (d) in 2 years. 
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Table 27A. Cost Analysis Results for Asphalt Concrete Section Using 4% Discount Rate. 

Analysis Period = 7 yrs 

Present Worth of Savings 

Road Savings 
Delay Present Rehab Fuel Oil Tire Vehicle Depre- Travel Mainten- Cost 
Yrs. Worth Cost Con sump- Consump- Wear Repair ciation Time ance Ratio 

(R+M) tion tion Savings 

0 4934. 4000. 1280. 5113. 13695. 157751. 24300. 21778. 41328. 66.31 
-....J 
-....J 1 6468. 4000. 1295. 5254. 13695. 157751. 24300. 22484. 47447. 68.06 

2 10088. 4000. 1312. 5425. 13695. 157751. 24300. 23365. 51873. 69.43 

3 65746. 97560. 1325. 5551. 13695. 157751. 24300. 24033. 54526. 2.88 

4 58824. 97560. 1333. 5646. 19894. 252606. 32469. 24548. 55885. 4.02 
- ----- -- --_ .. _--_ .. _------ '--- -- - ----------
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Table 27B. Cost Analysis Results for Asphalt Concrete Section Using 12% Discount Rate. 

Analysis Period = 7 yrs 
.. - _._, 

Present Worth of Savings 

Road 
Delay Present Rehab Fuel Oil Tire Vehicle Depre- Travel Mainten-

Yrs. Worth Cost Consump- Consump- Wear Repair ciation Time ance 
(R+M) tion tion Savings 

0 4592. 4000. 973. 3888. 10413. 119949. 18477 • 16559. 29992. 

1 6006. 4000. 985. 3995. 10413. 119949. 18477. 17096. 35138. 

2 9010. 4000. 998. 4125. 10413. 119949. 18477 • 17766. 38955. 

3 57482. 97560. 1007. 4221. 10413. 119949. 18477 • 18274. 41276. 

4 49082. 97560. 1014. 4293. 15127. 192073. 24688. 18665. 42473. 
- --------

Savings 
Cost 
Ratio 

50.06 

51.51 

52.67 

2.19 

3.06 
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Table 28A. Cost Analysis Results for Overlaid Section Using 4% Discount Rate. 

Analysis Period = 4 yrs 
~ 

Present Worth of Savings 

Delay Present Rehab Fuel Oil Tire Vehicle Depre- Travel 
Yrs. Worth Cost Con sump- Consump- Wear Repair ci at ion Time 

(R+M) tion tion 

0 109769. 109560. 3966. 11479. 23141. 274023. 47244. 58223. 

1 279534. 379739. 4059. 11964. 23141. 274023. 47244. 60579. 

2 279534. 379739. 4059. 11964. 23141. 274023. 47244. 60579. 

c~ . . -~-
L ______ '------

Road Savings 
Mainten- Cost 

ance Ratio 
Savings 

5674. 3.87 

11988. 1.14 

11988. 1.14 

~~ -~-
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Table 28B. Cost Analysis Results for Overlaid Section Using 12% Discount Rate. 

Analysis Period = 4 yrs 

Present Worth of Savings 

Delay Present Rehab Fuel Oil Tire Vehicle Depre- Travel 
Yrs. Worth Cost Consump- Consump- Wear Repair ciation Time 

(R+M) tion tion 

0 109723. 109560. 3319. 9606. 19363. 229292. 39532. 48718. 

1 268461. 379739. 3397. 10011. 19363. 229292. 39532. 50690. 

2 169376. 379739. 3451. 10305. 19363. 229292. 39532. 52146. 

~-~ ---------_ .. _---- ------- ------------ --

Road Savings 
Mainten- Cost 

ance Ratio 
Savings 

4446. 3.23 

9432. 0.95 

17834. 0.98 
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Table 29A. Cost Analysis Results for Surface Treated Section Using 4% Discount Rate. 

Analysis Period = 6 yrs 
~ ,:-; ~ .. =-~ -'. ---

Present Worth of Savings 

Road 
Delay Present Rehab Fuel Oil Tire Vehicle Depre- Travel Mainten-
Yrs. Worth Cost Con sump- Consump- Wear Repair ci at ion Time ance 

(R+M) tion tion Savings 

0 7374. 7200. 70. . 174. 115. 1607. 325. 956. 8399. 

1 6211. 7200. 73. 186. 284. 3886. 650. 1000. 11396. 

2 8685. 12240. 82. 223. 284. 3886. 650. 1140. 14313. 

3 7648. 12240. 90. 260. 284. 3886. 650. 1284. 16820. 

4 12447. 28800. 97. 295. 284. 3886. 650. 1430. 18641. 

Savings 
Cost 
Ratio 

1.62 

2.43 

1.68 

1.90 

0.88 
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Table 29B. Cost Analysis Results for Surface Treated Section Using 12% Discount Rate. 

Analysis Period = 6 yrs 

Present Worth of Savings 

Road 
Delay Present Rehab Fuel Oil Tire Vehicle Depre- Travel Mainten-
Yrs. Worth Cost Consump- Consump- Wear Repair ciation Time ance 

(R+M) tion tion Savings 

0 7318. 7200. 55. 137. 90. 1260. 255. 750. 6035. 

1 5930. 7200. 57. 146. 223. 3048. 510. 784. 8374. 

2 7955. 12240. 64. 175. 223. 3048. 510. 894. 10750. 

3 6669. 12240. 70. 204. 223. 3048. 510. 1007. 12864. 

4 10369. 28800. 76. 232. 223. 3048. 510. 1122. 14437. 

Savings 
Cost 
Ratio 

1.19 

1.83 

1.28 

1.46 

0.68 



7. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

This report presents a complete methodology to aid in making 

decisions concerning the selection and schedul ing of alternative 

rehabil itation projects. 

The principal objectives of this study were: (a) to develop 

procedures to estimate the remaining service life of an existing 

flexible pavement; (b) to quantify savings in user costs associated 

with delaying rehabil itation beyond the predicted service I ife; and 

(c) to develop a computerized procedure integrating the two previously 

stated objectives to provide an accessible method for estimating the 

time at which a pavement should be rehabil itated. 

Two methodologies were presented for estimating the service life 

of a flexible pavement from which the remaining I ife can be 

determined: (a) using maximum I ikel ihood estimators, and (b) a 

prediction 

method uses 

model based upon ride and distress conditions. The first 

maximum I ikel ihood estimators for the parameters of 

performance equations for three main highway 

US/State, Farm-to-Market) and three types of 

concrete, overlaid, surface treated). 

types (Interstates, 

pavements (asphalt 

The second method is based on a set of serviceabil ity and 

distress performance equations and a discriminant analysis approach. 

The purpose of the discriminant analysis was to identify the distress 

types that most significantly affect the I ife of a pavement and to 

identify the combination of effects of these distress types that 

produce a need for pavement rehabi I itation. Both methods were in 

general agreement in estimating the service I ife of similar pavement 
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sections. 

Using truck traffic data from axle distribution data (W-4, W-5 

Tables) and traffic count data, service I ife estimates in equivalent 

single-axle loads were translated into time estimates. 

Delays In rehabil itation decisions were assessed using present 

worth and ,savings/cost analyses. The present worth analysis includes 

rehabil itation costs, road maintenance costs, and the value of the 

unused portion of the rehabil itated pavement. User savings were 

quantified for different pavement conditions measured in terms of 

roughness or serviceabi I ity index as predicted by the pavement 

performance equation. 

7.1 Summary 

A summary of the results obtained in this research project is 

given as fol lows: 

(a) Using the maximum I ikel ihood estimates method, service life 

estimates were provided for the fol lowing types of highways: 

(1) Asphalt concrete, Interstate: 

(2) Asphalt concrete, US/State: 

(3) Overlaid, Interstate: 

(4) Overlaid flexible, US/State: 

(5) Overlaid composite, US/State: 

(6) Multiple surface treatment, 

US/State: 

(7) Multiple surface treatment, 

Farm-to-Market: 
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1,214,300 18-Kip ESALS 

426,000 18-Kip ESALS 

1,398,900 18-Kip ESALS 

184,200 18-Kip ESALS 

274,200 18-Kip ESALS 

57,100 18-Kip ESALS 

7,400 18-Kip ESALS 



(8) Single surface treatment, 

Farm-to-Market: 7,700 18-Kip ESALS 

(b) All igator, longitudinal and transverse cracking were 

identified as the major cause of the rehabll itation of 

asphalt concrete pavements. 

(c) A reduction in the serviceabil ity Index was found to be 

significant in causing the need for rehabilitation of 

overlaid pavements. 

(d) Rutting and patching were identified as significant factors 

for identifying surface treated pavements in need of 

rehabil itation. 

(e) Results from the I ife prediction model were correlated 

acceptably weI I with actual service lives. 

(f) In general, results from the present worth and savings cost 

analyses indicate that pavements should be rehabil itated 

some time after the end of the predicted service I ife before 

a more costly rehabilitation alternative is needed. 

Appendix J I ists the computer program which was developed to 

Integrate the I ife prediction model and the cost analysis. The 

program consists of approximately 825 I ines of Fortran Code and can be 

executed in about 1/3 of a second for five pavement sections using the 

WATFIV compiler. 

7.2 Conclusions 

1 • The method deve loped is very usefu I I n est I mat I ng the 

remaining life of flexible pavements in Texas. 

2. The decision rules for rehabilitation which were discovered 
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by discriminant analysis showed that distress is the 

primary determining factor in decisions to rehabil itate. In 

asphalt concrete pavements, various types of cracking were 

the principal factors, whereas with surface treated 

pavements, rutting and patching dominated. 

3. The technique developed in this report should be used for 

evaluating and improving the util ity decision rules that are 

presently used in the Pavement Evaluation System. 

4. The performance and distress equations and the decision 

rules developed in this report would measurably improve and 

should be incorporated into the latest version of the RENU 

program (RENU2). 

7.3 Recommendations 

area. 

The fol lowing recommendations are made for further work in this 

(a) Modification of Discriminant Functions. 

Discriminant functions were developed for each of the 

prevalent Texas flexible pavements to determine if a 

pavement should be rehabil itated based upon calculated ride 

and distress values. In this development, the number of 

asphalt concrete and overlaid pavement sections 

rehabil itated between 1974-79 played a fundamental role. 

This number, however, is bel ieved to be particularly low. 

More test sections and thus more data wil I probably change 

the discriminant function developed in this report. Also, 

both I inear and quadratic discriminant functions should be 
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evaluated. 

(b) Val idation of User costs-Pavement Condition Relationships. 

User costs due to fuel and oil consumption, tire wear, 

depreciation, vehicle maintenance and repair, and travel 

time, were derived based upon techniques directly applicable 

to prevail ing conditions In the United States. However, the 

relationships between these costs and pavement roughness 

were taken from a study recently conducted in Brazil. Basic 

research is necessary in this area to validate the results 

derived from the Brazil study to assure that they are 

appl icable to Texas conditions. 

(c) Development of a Model for Predicting Road Maintenance 

Costs. 

Inherent to most economic studies performed on 

the inclusion of routine maintenance costs. 

highways is 

The EAROMAR 

equations for predicting these costs based 

were used in the development of this 

realistic analysis would be possible If 

on pavement age 

model. A more 

maintenance costs 

were expressed as a function of pavement condition in terms 

of ride and different distress types. 

(d) Cal ibration of Performance and Distress Equations. 

Statistical estimates developed by the methods in this 

report can be used to cal ibrate the performance curves 

obtained by regression analysis as functions of material, 

climatic and design properties. Ideally, statistical 

estimates for the parameters of the performance curve should 

be approximately equal to those obtained by regression 
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analysis. 

between the 

An analysis of any significant differences 

two methods for estimating parameters will be a 

topic worthy of future research efforts. 

(e) Determination of Decision Rules for Pavement Rehabil itatlon. 

The methods developed in this report may be used with the 

pavement 

and the 

condition data in the Pavement Evaluation System 

record of rehabil itation decisions that were 

actually made to update and refine the utility decision 

rules that are presently used in the Pavement Evaluation 

System. 
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APPENDIX A 

MAXIMUM LIKELIHOOD ESTIMATORS 

A very useful technique for deriving point estimators is the 

method of maximum likelihood. In general, these estimators are 

attractive because they possess many very desirable statistical 

properties. 

One of these properties is that of consistency which implies that 
A 

as the sampl e size increases the estimator e approaches the parameter 

to be estimated e. A second desirable property is that of being 

asymptotically efficient, implying that for a large m, rm e has a 

vari ance that approaches the lower bound of the vari ance of all 

unbiased estimators of e. This lower bound is defined as the Cramer-

Rao Inequality. 

A third desirable property of a maximum likelihood estimator is 

that of being asymptotically normally distributed. An estimator is 

said to be asymptotically normally distributed if for a large sample 

size m, the random variable lii1(e-e) approaches the distribution of 

a normally di stri buted random vari able with zero mean and vari ance 

equal to: 

A 2 n (Xi-X) 
(J = L (A-1) 

i =1 m 

In this application, the method of maximum likelihood consists of 

selecting the values of p and S for which f(n, n2, ••• ,nm;p,s), the 
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probability of obtaining the sample values (n1' n2, ••• ,nm), is a maxi-

mum. 

Assuming that n1' n2 ••• nm are values of service lives from a 

random sample taken from the population described by Eq. 1, (which is 

a cumulative density function) the density function is given by 

pS S -( p/n)S 
f(n,p,S) = nS+1 e (A-2 

and the likelihood function is given by 

L(p,S) 
m Sm m m (3 

= II f(ni) = ~ ~+1 exp(.L: - (p/ni) ) 
i=l L ni 1=1 

(A-3) 

i=l 

The values of p and S which maximize L will also maximize the natural 

log of likelihood function and is given by 

m 
,c( p,S) = [Sm ln p + m ln (3 - (S+l) L: 

i =1 

m 
ln niJ + L: -(p/ni)S 

i=l (A-4) 

Differentiating Eq. A-4 with respect to S, equating the derivative to 

zero and simplifying yields 
A 

A m mAS A 
m lnP + m/s - L: ln ni + L: (-(P/ni) ln p/ni) = o. (A-5) 

i=l ;=1 

Differentiating Eq. A-4 with respect to p, equating the deriva­

tive to zero and simplifying yields 

A 
A liS' m (A-6) p = 

m 1 .L: --1 =1 ni 
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The second derivatives of J:(p,S) with respect to p and also with 

respect to S are less than zero thus proving that indeed maximums have 

been obtained. 

An explicit function for p and S cannot be obtained from Eqs. 

(A-5) and (A-6), therefore suggesting the use of a numerical method 

for their approximation. The roots of Eqs. (A-5) and (A-6) were found 

using an iterative process (42). Assuming initial estimates of the 

parameters, and iterating through the following relationship yields 
A A 

the val ues of p and S: 

n i + 1 = f (n i ) (A-7) 

Convergence of this method is met by satisfying the following 

criteria: 

1 i m (n i+ 1 - n i) = 0 
;-+ 00 

(A-8) 
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APPENDIX B 

PROBABILITY AND CUMULATIVE DENSITY FUNCTION 

CURVES USING MLE I S FOR p AND i3 • 
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APPENDIX C 

DISCRIMINANT ANALYSIS 

Discriminant analysis is a statistical technique concerned with 

the problem of assigning an observation of unknown origin to one or 

more distinct groups, based on the value of the observation (~). The 

linear discriminant factor first introduced by Fisher (44) discrimi­

nates among groups using a linear combination of the observations. 

The coeffi ci ents of thi s 1 i near re 1 at i on are chosen to maxi mi ze the 

difference in the means of the linear combination of each of the two 

groups to its variance. 

The general assumptions that are inherent to the use of discrimi­

nant analysis in general may be stated as: 

a. The groups being investigated are discrete and identifiable. 

b. Each observation in each group can be described by a set of 

measurements on each discriminating variable. 

c. The discriminating variables in each group are assumed to 

have a multivariate normal distribution. 

In addition to these assumptions the linear discriminant function 

also requires equal covariance matrices for the variables in each 

group. If this assumption is violated the result is a quadratic 

discriminant function. 

In essence, the purposes of discriminant analysis are to test for 

mean group di fferences and to descri be the overl aps among groups and 

then to construct classification schemes based upon a set of discrimi­

nation variables in order to assign unclassified observations to 
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appropri ate groups. Thi s cl ass ifi cat i on scheme is referred to as a 

discriminant function which defines a boundary such that the observa­

tion of each group can be separated and the function can ultimately 

serve to assign new observations into one of the predetermined groups. 

Frequently, the distance from each individual observation to each 

of the group centroids, commonly known as Mahalanobis· D2 statistic 

(45), is used as the criterion for assigning observations to a partic­

ular group. The smallest distance dictates the assignment rule and 

this distance may be stated as: 

where 

Dj2(x) = the generalized squared distance from observation x to 

the centroid of group j, 

x 

r" J 

= vector of the variables in an individual observatinn, 

= vector of the means of variables in group j, 

= inverse of the covariance matrix for group j, 

= determinant of the covariance matrix for group j, and 

= the prior probability of assignment to group j (the 

proportion of observations in group j to the total 

numbr of observations in all groups. 

When the covariance matrices are equal, the quadratic terms 

cancel because of symmetry and the resulting discriminant function is 

linear. 

Akin to the smallest distance rule is one which assigns observa-

tions based on the probability of the observation belonging to a 
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particular group. This rule utilizes the Mahalanobis'distance measures 

and yields the same classification results as the smallest distance 

rule. The probabi 1 ity of assi gni ng an observati on to a group as 

described by Eisenbers and Avery (45) is given by: 

P[j/xJ = exp[-O.5 Dj 2 (X)J/E exp[-O.5 DK2 (x)J (C-2) 
K 

Where P(j /x) is the posteri or probabil ity of observati on x bel ongi ng 

to group j. 

After a discriminant function has been calculated, its perform­

ance should be evaluated. A good or useful classification scheme is 

one that minimizes the expected probability of misclassification. 

Even when the error rate is minimized it may be quite large. This 

would occur when the group means are close together relative to the 

group dispersions so that the groups overlap significantly. The eval-

uation of a discriminant function1s usefulness requires the estimation 

of the associated error rates. 

Anderson (46) demonstrated that when the population parameters 

and probability density functions are known it is possible to con­

struct discriminant functions which minimize the expected classifica­

tion errors and the errors themselves are relatively easy to calcu­

late. However, when the parameters are estimated from samples, the 

classification errors themselves are subject to error inherent in the 

sampling process. Calculating the classification error rates is not 

trivial, although various techniques have been proposed for these 

estimating error rates. 
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Lachenbruch and Mi ckey (iZ.) di scuss a number of methods for 

esti mat i ng the expected error rates. Among those di scussed were the 

apparent error rate, the maximum likelihood estimate and the leaving 

one out method. The apparent error rate is that obtained by reclassi­

fying the data utilized to form the discriminant function and noting 

'the number of misclassifications. The maximum likelihood estimate for 

the error rate is given by 

where 

o E=<P(-/2) 

~ = cumulative normal distribution function 

o = Mahalanobis' distance between the two groups (for the 

two-group case) 

(C-3) 

This estimate is consistent and asymptotically efficient, however, it 

is not unbi ased and has been found poor for use wi th small samples. 

The 1 eavi ng-one-out method ori gi nally proposed by Lachenbruch (48) 

involves eliminating the discriminant function, omitting one observa-

tion, and then using that function to classify the remainder of the 

observations. This is done for all observations and the number of 

miscJassifications is tallied. 

The apparent error rate and the MLE produce bi ased esti mates, 

especially for small samples. For variables that are not normally 

distributed, Lachenbruch and Mickey concluded that the apparent error 

rate and the leaving-one-out method were viable candidates for estima­

ting the error rate with the latter being preferable for small sample 

sizes. 
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APPENDIX D 

CONFIDENCE INTERVALS 

Let T = liN. It can be shown that the transformed variable has a 

Wei bull distribution; that is: 

13 
f(t) = SpSt S- 1 e-(Pt) for t~O, S >0, p >0 (0-1) 

Cohen (49) and Hunter and Moore (50) proposed MLE estimators for 

the Wei bull di stri but i on with resul ts consistent to those presented 
" 

previously in Appendix A. An approximate value of the variance of 13 

may be determined by 

" 
Var (13) 

(" A_8) Cov 13, p 

Cov (S, ; - 13) 
A 

Var (p -13) 

C 
(D-2) 

A -1 

C B 

where Am" 
A = ~ + pS 1.: tiS (In ti)2 (0-3) 

13 2 i =1 

" m " 
C = _(~S)2 1.: tiSln ti (0-5) 

;=1 

For a large sample the distribution of 13 ,p.,.S is approximately 

bivariate norma~ with mean (S,p-S) and variance as given in Eq. 

(D-3). The approximate 100 (l-a) percent confidence interval for S 

is: 

(D-6) 
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APPENDIX E 

TRAFFIC TABLES 

Table E-1. W-4 Table for 1980 
State of Texas, All Rural, Includes 5 Stations 

Single-Unit Trucks 
Axle Loads in Pounds 

2 Ax 1 e, 6 Ti re 3 Axl e or More 

Single Single 
Axle Percent Axle Percent 

Under 3,000 62 6 0 
3,000 - 6,999 690 64 27 20 
7,000 - 7,999 92 9 9 6 
8,000 - 11,999 121 11 85 61 

12,000 - 15,999 45 4 16 12 
16,000 - .18,000 29 3 2 1 
18,001 - 18,500 7 1 ° 18,501 - 20,000 13 1 0 
20,001 - 21,999 6 1 0 
22,000 - 23,999 3 0 
24,000 - 25,999 2 0 
26,000 - 29,999 0 0 
30,000 or over 0 0 

Total Single Axles Weighed 1070 100 139 100 

Tandem Axl e Groups 

Under 6,000 0 0 
6,000 - 11,999 0 25 18 

12,000 - 17,999 0 29 21 
18,000 - 23,999 0 21 15 
24,000 - 29,999 0 17 12 
30,000 - 32,000 ° 7 5 
32,001 - 32,500 0 4 3 
32,501 - 33,999 0 1 1 
34,000 - 35,999 0 13 10 
36,000 - 37,999 0 7 5 
38,000 - 39,999 0 4 3 
40,000 - 41,999 0 3 2 
42,000 - 43,999 ° 3 2 
44,000 - 45,999 0 3 2 
46,000 - 49,999 0 2 1 
50,000 or Over 0 0 

Total Tandem Axles Weghed 0 139 100 
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Table E-1. Cont. 

Axle Loads in Pounds Tractor Semi-Trailer 

5 Axle 
3 Axle Percent 4 Axle Percent or Over Percent 

Under 3,000 0 0 1 0 
3,000 - 6,999 17 13 35 9 45 2 
7,000 - 7,999 13 10 30 8 193 7 
8,000 - 11,999 46 36 176 46 2353 88 

12,000 - 15,999 30 23 52 14 69 4 
16,000 - 18,000 15 12 30 8 5 
18,001 - 18,500 0 7 2 0 
18,501 - 20,000 3 2 22 6 1 
20,001 - 21,999 2 2 13 3 0 
22,000 - 23,999 3 2 14 4 0 
24,000 - 25,999 0 1 0 
26,000 - 29,999 0 2 0 
30,000 or over 0 0 0 
Total Single 
Axles Weighed 129 100 382 100 2667 100 

Tandem Axle Groups 

Under 6,000 0 0 3 
6,000 - 11,999 0 31 16 616 12 

12,000 - 17,999 0 67 35 841 16 
18,000 - 23,999 0 58 30 695 13 
24,000 - 29,999 0 26 13 1041 19 
30,000 - 32,000 0 2 1 511 10 
32,001 - 32,500 0 1 1 139 3 
32,501 - 33,999 0 5 3 373 7 
34,000 - 35,999 0 0 453 9 
36,000 - 37,999 0 0 286 5 
38,000 - 39,999 0 ° 185 3 
40,000 - 41,999 0 1 1 90 2 
42,000 - 43,999 0 0 34 1 
44,000 - 45,999 0 ° 11 
46,000 - 49,999 0 0 8 
50,000 or Over 0 ° 2 
Total Tandem 
Axl es Wei ghed 0 191 100 5288 100 
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Axle Loads in Pounds 

Under 3,000 
3,000 - 6,999 
7,000 - 7,999 
8,000 - 11,999 

12,000 - 15,999 
16,000 - 18,000 
18,001 - 18,500 
18,501 - 20,000 
20,001 - 21,999 
22,000 - 23,999 
24,000 - 25,999 
26,000 - 29,999 
30,000 or over 
Total Single 
Axles Weighed 

Under 6,000 
6,000 - 11,999 

12,000 - 17,999 
18,000 - 23,999 
24,000 - 29,999 
30,000 - 32,000 
32,001 - 32,500 
32,501 - 33,999 
34,000 - 35,999 
36,000 - 37,999 
38,000 - 39,999 
40,000 - 41,999 
42,000 - 43,999 
44,000 - 45,999 
46,000 - 49,999 
50,000 or Over 

Total Tandem Axles Weghed 

Table E-1 Cont. 

5 Axle 

o 
38 
20 

138 
111 

54 
12 
34 
20 

7 
5 
1 
o 

440 
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o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

Semi-Trailer - Trailer 

Single Axle Groups 

Percent 

8 
5 

31 
25 
12 

3 
8 
5 
2 
1 

100 

6 Axle 
or more 

o 
o 
o 

14 
11 

5 
o 
2 
o 
o 
o 
o 
o 

32 

Tandem Axle Groups 

o 
o 
2 
4 
2 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
8 

Percent 

44 
34 
16 

6 

100 

25 
50 
25 

100 



Table E-l. Cont. 

Axle Loads in Pounds Truck and Trailera 

Single Axle Groups 

5 Axle 
3 Axle Percent 4 Axle Percent or Over Percent 

Under 3,000 0 0 0 
3,000 - 6,999 52 22 52 22 52 22 
7,000 - 7,999 53 22 53 22 53 22 
8,000 - 11,999 79 34 79 34 79 3 

12,000 - 15,999 53 22 53 22 53 22 
16,000 - 18,000 0 0 0 
18,001 - 18,500 0 0 0 
18,501 - 20,000 0 0 0 
20,001 - 21,999 0 ° 0 
22,000 - 23,999 0 0 0 
24,000 - 25,999 0 0 0 
26,000 - 29,999 0 0 0 
30,000 or over 0 ° 0 
Total Single 
Axles Weighed 237 100 237 100 237 100 

Tandem Axle Groups 

Under 6,000 0 0 0 
6,000 - 11,999 ° 0 0 

12,000 - 17,999 0 26 33 52 33 
18,000 - 23,999 0 0 0 
24,000 - 29,999 0 53 67 106 67 
30,000 - 32,000 0 ° 0 
32,001 - 32,500 ° 0 ° 32,501 - 33,999 0 ° 0 
34,000 - 35,999 0 ° 0 
36,000 - 37,999 0 ° 0 
38,000 - 39,999 0 0 0 
40,000 - 41,999 ° ° 0 
42,000 - 43,999 0 0 0 
44,000 - 45,999 0 0 0 
46,000 - 49,999 0 0 0 
50,000 or Over 0 0 0 
Total Tandem 
Axl es Wei ghed ° ° 79 100 158 100 

a Probable number combinations used due to lack of 1980 data. 
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Tab 1 e E-2. W-5 Table for 1980. 

State of Texas, All Rural, Includes 5 Stations. 

Number of Loaded and Empty Trucks and Truck Combinations of 
Each Type of Various Total Weights During 1980 

Axle Loads in Pounds Single-Unit Trucks 

Panel 
and Pickup 2 Axle 2 Axle 3 Axle 

(Under 1 Ton) 4 Tire 6 Tire Or More 

Under 3,999 a a a a 
-4,000 - 9,999 a a 205 a 
10,000 - 13,499 a a 150 3 
13,500 - 19,999 a a 101 24 
20,000 - 21,999 0 a 13 8 
22,000 - 23,999 0 a 23 12 
24,000 - 25,999 0 a 19 7 
26,000 - 27,999 0 a 9 4 
28,000 - 29,999 a a 9 5 
30,000 - 31,999 a a 5 7 
32,000 - 33,999 a a 0 5 
34,000 - 35,999 0 0 1 5 
36,000 - 37,999 a 0 0 2 
38,000 - 39,999 a 0 0 6 
40,000 - 44,999 0 0 0 17 
45,000 - 49,999 0 0 0 23 
50,000 - 54,999 0 a a 8 
55,000 - 59,999 a a 0 3 
60,000 - 64,999 0 a a 0 
65,000 - 69,999 0 a 0 0 
70,000 - 72,000 0 0 a 0 
72,001 - 74,999 0 a a 0 
75,000 - 79,99 0 0 a a 
80,000 - 84,999 0 a a a 
85,000 - 89,999 0 a 0 a 
90,000 - 94,999 a 0 a 0 
95,000 - 99,999 0 a 0 a 
100,000 - 104,999 a a 0 a 
105,000 - 109,999 a 0 0 a 
110,000 or Over a a a a 
Total Vehicles Weighed a a 535 139 
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Table E-2 Cont. 

Axle Loads in Pounds Tractor Semi-Trailer 

5 Axle 
3 Axle 4 Axle Or More 

Under 3,999 ° ° ° 4,000 - 9,999 ° ° ° 10,000 - 13,499 ° ° ° 13,500 - 19,999 1 1 ° 20,000 - 21,999 1 4 ° 22,000 - 23,999 6 2 5 
24,000 - 25,999 1 6 12 
26,000 - 27,999 1 9 45 
28,000 - 29,999 4 8 74 
30,000 - 31,999 1 7 84 
32,000 - 33,999 5 15 107 
34,000 - 35,999 2 12 96 
36,000 - 37,999 7 12 76 
38,000 - 39,999 4 9 58 
40,000 - 44,999 5 31 147 
45,000 - 49,999 4 29 159 
50,000 - 54,999 1 14 159 
55,000 - 59,999 ° 22 138 
60,000 - 64,999 ° 7 210 
65,000 - 69,999 ° 2 247 
70,000 - 72,000 ° 1 137 
72,001 - 74,999 ° ° 193 
75,000 - 79,999 ° ° 337 
80,000 - 84,999 ° ° 226 
85,000 - 89,999 ° ° 99 
90,000 - 94,999 ° ° 27 
95,000 - 99,999 ° ° 5 
100,000 - 104,999 ° ° 1 
105,000 - 109,999 ° ° 1 
110,000 or Over ° ° 3 

Total Vehicles Weighed 43 191 2646 
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Table E-2 Cont. 

Axle Loads in Pounds Semi-Trailer - Trailer 

6 Axle 
5 Axle Or More 

Under 3,999 0 0 
4,000 - 9,999 0 0 

10,000 - 13,499 0 0 
13,500 - 19,999 0 0 
20,000 - 21,999 0 0 
22,000 - 23,999 1 0 
24,000 - 25,999 1 0 
26,000 - 27,999 2 0 
28,000 - 29,999 3 0 
30,000 - 31,999 2 0 
32,000 - 33,999 0 0 
34,000 - 35,999 0 0 
36,000 - 37,999 1 0 
38,000 - 39,999 0 0 
40,000 - 44,999 2 0 
45,000 - 49,999 2 ° 50,000 - 54,999 5 0 
55,000 - 59,999 6 0 
60,000 - 64,999 8 ° 65,000 - 69,999 11 4 
70,000 - 72,000 3 0 
72,001 - 74,999 9 1 
75,000 - 79,99 16 2 
80,000 - 84,999 9 0 
85,000 - 89,999 4 1 
90,000 - 94,999 2 0 
95,000 - 99,999 1 ° 100,000 - 104,999 0 ° 105,000 - 109,999 ° 0 
110,000 or Over 0 0 

Total Vehicles Weighed 88 8 
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Table E-2 Cont. 

Axle Loads in Pounds Truck and Trailera 

Under 3,999 
4,000 - 9,999 

10,000 - 13,499 
13,500 - 19,999 
20,000 - 21,999 
22,000 - 23,999 
24,000 - 25,999 
26,000 - 27,999 
28,000 - 29,999 
30,000 - 31,999 
32,000 - 33,999 
34,000 - 35,999 
36,000 - 37,999 
38,000 - 39,999 
40,000 - 44,999 
45,000 - 49,999 
50,000 - 54,999 
55,000 - 59,999 
60,000 - 64,999 
65,000 - 69,999 
70,000 - 72,000 
72,001 - 74,999· 
75,000 - 79,99 
80,000 - 84,999 
85,000 - 89,999 
90,000 - 94,999 
95,000 - 99,999 
100,000 - 104,999 
105,000 - 109,999 
110,000 or Over 

Total Vehicles Weighed 

3 Axle 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

27 
26 
o 
o 

26 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

79 

4 Axle 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

27 
26 
o 
o 

26 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

79 

a Probable number combinations used due to lack of 1980 data. 
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5 Axle 
Or More 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

27 
26 
o 
o 

26 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

79 



Table E-3. Percentages of Trucks for 1980 on Rural Texas Highways. 

Truck Types 

Single-Unit 

2 Axle, 6 Tires 
3 Axle or More 

Tractor-Semi-Trailer 

3 Axle 
4 Axle 
5 Axle or More 

Semi-Trailer-Trailer 

5 Axle 
6 Axl e or More 

Truck and Trailer b 

3 Axle 
4 Axle 
5 Axl e or More 

Total Vehicles Weighed 

a From W-5 Tables for 1980 

Total Trucks Weigheda 

535 
139 

43 
191 

2646 

88 
8 

79 
79 
79 

3887 

b Probable number combinations 
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Percent 
(Rounded) 

14 
4 

1 
5 

68 

2 

2 
2 
2 

100 



---------

Table E-4. Summary of Developed Equivalency Factors for Flexible 
Pavements for a Terminal Serviceability Index of 1.5.a 

Total Axle 
Load, Ki ps 

2 
4 
6 
8 

10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 
32 
34 
36 
38 
40 
42 
44 
46 
48 
50 

Single 
Axle 

.002 

.008 

.03 

.07 

.16 

.32 

.59 
1.00 
1.57 
2.39 
2.95 
4.47 
7.70 

10.38 
14.26 
19.56 
25.98 
33.54 
42.79 

a Compiled from reference (6) page 120. 

131 

Tandem 
Axle 

.006 

.01 

.02 

.04 

.05 

.09 

.13 

.21 

.30 

.42 

.58 

.76 

.98 
1.30 
1.64 
2.11 
2.76 
3.48 
4.24 
5.13 
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APPENDIX F 

DISCRIMINANT FUNCTIONS 

Table F-1. Discriminant Functions for Asphalt Concrete Pavements. 

Group Not Resurfaced 

2 DO(X) = Xl -0.632 
X2 -0.843 
X3 -0.539 
X4 -0.829 

T 

1.466 0.428 - 0.366 -0.663 
0.428 7.286 - 6.830 -2.997 

-0.366 -6.830 10.818 0.988 
-0.663 -2.997 0.988 3.199 

and for Resurfaced Group 

2 D1 (X) = Xl -2.2 
X2 -1. 0 
X3 -1. 2 
X4 -1.8 

T 

1.089 -1.325 0.308 
-1.325 15.527 -10.462 
0.308 -10.462 8.000 

-0.497 1.822 -0.923 

where Xl - alligator cracking severity 
X2 - longitudinal cracking severity 
X3 - longitudinal cracking area 
X4 - transverse cracking 

-.497 
1.822 
-.923 
1.183 

Xl -0.632' 
X2 -0.843 
X3 -0.539 
X4 -0.829 

Xl -2.2 
X2 -1. 0 
X3 -1. 2 
X4 -1.8 

-3.767 (F-1) 

+3.54623 (F-2) 
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Table F-2. Discriminant Function for Overlaid Pavements 

...... 
w 
w 

Group Not Resurfaced 
T 

D5(X) = Xl -3.777 5.632 1.018 
X2 -0.563 1.018 1.916 
X3 -0.922 0.462 -0 .• 153 
X4 -0.672 -1.097 -0.251 

and for Group Resurfaced 

T 
2 Xl -3.258 4.114 0.846 D1(X) = 

X2 0.938 0.846 1.128 
X3 -l.125 0.888 -0.761 
X4 -1. 375 0.089 1.181 

where Xl - Present serviceability index 
X2 - alligator cracking area 

0.462 
-0.153 
3.635 

-4.009 

0.888 
-0.761 
4.775 

-3.852 

X3 - longitudinal cracking severity 
X4 - longitudinal cracking area 

-1.097 Xl -3.777 
-0.251 X2 -0.563 I 
-4.009 X3 -0.922 
6.501 X4 -0.672 

0.089 Xl -3.258 
1.181 X2 -0.938 I 

-3.852 X3 -1.125 
4.539 X4 -1.375 

-3.777 (F-3) 

to.470 (F-4) 



I-' 
w 
+=:> 

..... 

Table F-3. Discriminant Functions Surface Treated Pavements 

Group Not Resurfaced 
T 

D6(X) = Xl -1.013 11. 072 
X2 -1.662 -1.657 
X3 -0.351 -0.839 
X4 -0.260 0.884 
X5 -0.766 -1. 599 

and for Group Resurfaced 

T 

D~(X) = Xl ,;,1.143 3.208 
X2 -1. 429 -1. 320 
X3 -0.643 -0.254 
X4 -0.677 0.166 
X5 -1.446 0.029 

where Xl - rutting severity 
X2 - rutting area 

-1. 657 
3.134 
0.248 

-0.706 
0.375 

-1. 320 
2.305 
0.500 
0.077 

-0.139 

X3 - longitudinal cracking area 
X4 - transverse cracking area 
X5 - patching area 

-0.839 0.884 -1. 599 Xl -1.013 
0.248 -0.706 0.375 X2 -1.662 
3.922 -1.183 -0.006 X3 -0.351 I -5.050 

-1.183 4.164 -0.250 X4 -0.260 
-0.006 0.250 1.277 X5 -0.766 

-0.254 0.166 0.029 Xl -1.143 
0.500 0.077 -0.139 X2 -1.429 
2.017 -0.344 -0.135 X3 -0.643 I -0.472 

-0.344 1.185 0.010 X4 -0.679 
-0.135 0.010 0.781 X5 -1.446 

(F-5) 

(F-6) 



APPENDIX G 

PERFORMANCE EQUATIONS 

Table G-1. Performance Equations for Asphalt Concrete Pavements. 

Alligator Cracking Severity 

p = -0.25 + 0.38 SN - 0.044 AVT - 0.10 TK, 
(G-1) 

0.45 ~ p ~ 0.78 

s = 2.38 - 0.02 TI + 1.27 TK-0.09 PI, 1.0 ~ S ~ 8.15 (G-2) 

Longitudinal Cracking Severity 

p = 0.27 + 0.13 SN - 0.038 AVT - 0.0037 FTC + 0.16 TK (G-3) 

+ 0.012 PI, 0.25~pi1.12 

S = 4.58 + 0.84 SN - 0.17 PI - 0.35 TK 

Longitudinal Cracking Area 

1.0 < S < 8.10 (G-4) 

p = 4.45 - 0.26 AVT + 0.53 TK - 0.033 FTC, 

0.23 < p < 1.51 

S = -3.67 + 0.13 SN + 0.38 AVT + 0.067 FTC - 0.14 PI, 

0.76 ~ S i 4.23 

Transverse Cracking Severity 

PSI 

P = 1.4 - 0.094 AVT + 0.17 TK - 0.0088 FTC + 0.01 PI, 

0.20 < P < 1.06 

S = 3.28 

P = 3.51 + 0.0092 SN - 0.0042 TI + 0.014 BA - 0.023 FTC 

+ 0.0026 PI - 0.18 AVT 

S = 2.06 

135 

0.0063 < P < 0.98 

(G-5) 

(G-6) 

(G-7) 

(G-8) 

(G-9) 

(G-10) 
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Table G-2. Performance Equations for Overlaid Pavements. 

Serviceability Index 

p = 0.065 + 0.084 TH - 0.0041 SLL 

[3 = 1. 00 

Alligator Cracking Area 

p = -10.93 + 3.26 SN + 0.33 AVT 

[3 = 1. 86 

Longitudinal Cracking Severity 

p = -3.1 + 0.47 SN + 0.21 AVT 50, 

[3 = -0.19 + 0.54 SN + 0.059 TI - 0.092 PI, 

Longitudinal Cracking Area 

p = -2.78 + 0.39 SN - 0.034 TI + 0.35 AVT, 

0.12 i p i 1.4 (G-11) 

(G-12) 

0.12ip < 1.70 (G-13) 

(G-14) 

0.12ipi1.75 (G-15) 

(G-16) 
0.61 i [3 < 3.19 

( G-I7) 
O. 10 i p < 1. 80 

[3 = 0.41 + 0.22 SN + 0.036 TI -0.053 PI, 0.74 i[3 i 2.21 (G-18) 
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Table G-3. Performance Equations for Surface Treated Pavements. 

Rutting Severity 

p = -0.0678 + 0.0032 AVT + 0.00566 FL - 0.00031 SLL 
+ 0.00048 FTC, 

8 = 1. 78 
0.0027 ~ p ~ 0.121 (G-19) 

(G-20) 

Rutting Area 

p = -0.1035 + 0.00549 AVT + 0.0067 FL - 0.0015 SLL 
+ 0.00162 PI + 0.00077 FTC 

8 = 1.540 + 0.0169 TI - 0.072 FL 
0.0036 <p < 1.70 (G-21) 

0.615 <8 < 6.27 (G-22) 

Longitudinal Cracking Area* 

p = -63.1 + 4.52 AVT + 0.541 TI + 7.41 FL + 1.1145 FTC, 

30.0 < p ~ 172.0 (G-23) 
8 = 1.15 (G-24) 

Transverse Cracking Area* 

p = -66.4 + 2.156 TI + 10.12 FL + 0.718 FTC, 

41.0 < p ~ 176.0 (G-25) 
8 = 2.059 - 0.0734 FL - 0.06 SLL + 0.0607 PI - 0.00375 FTC, 

0.61 < 8 < 2.65 (G-26) 
Patching Area 

PSI 

p = 0.00799 + 0.00252 AVT + 0.000218 TI + 0.00166 FC 

-0.00125 PI ~ .0036 < p < 0.104 (G-27) 

8 = 1. 75 (G-28) 

p = -0.173 + 0.00687 AVT - 0.000632 TI + 0.0133 FL 
(G-29) 

+ 0.00075 SLL + 0.00153 FTC - 0.0214 DMD, 0.0009 < P < 0.511 

8 = 1.0 (G-30) 

* pis stated in months 
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Table G-4. Variables Used in Performance Equations. 

SN = AASHO structural number 

AVT = average monthly temperature (OF) - 50° 

TK = thickness of surface asphalt concrete layer (inch) 

TI = Thornthwaite index + 50 

PI = subgrade plasticity index 

FTC = annual average freeze thaw cycles 

BA = thickness of base (inch) 

TH = thickness of old asphalt concrete plus overlay thickness (inch) 

SLL = subgrade liquid limit 

FL = thickness of flexible base (inch) 

DMD = dynaflect maximum deflection (mils) 
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APPENDIX H 

VEHICLE OPERATING COST TABLES 
/ 

Table H-l. Constant Speed Fuel Consumption. a 

(gal/lOOO mi) 0% Grade 

Vehicle 

Speed Car SU-2 SU-3 2-S2 2-S3 
(mph) mid-sized 

5 55.4 212.0 236.0 465.0 470.0 

10 55.4 , 207.0 217.0 367.0 370.0 

15 47.3 167.0 198.0 284.0 287.0 

20 38.3 132.0 179.0 203.0 205.0 

25 38.0 121.0 168.0 198.0 204.0 

30 37.3 112.0 156.0 193.0 204.0 

35 37.6 113.0 153.0 186.0 202.0 

40 38.0 115.0 149.0 180.0 201.0 

45 40.5 123.0 149.0 174.0 199.0 

50 43.0 133.0 149.0 169.0 199.0 

55 47.9 139.0 153.0 168.0 202.0 

a Compiled form reference (~), Appendix B. 
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Tab 1 e H-2. Constant Speed Fuel Consumption. a 
(gal/1000 mi) 0% Grade 

Vehicle 

Speed Car SU-2 SU-3 2-S2 2-S3 
(mph) mid-sized 

5 3.8 6.5 9.6 9.6 19.6 

10 2.4 4.1 6.2 6.2 12.7 

15 1.8 3.4 4.9 4.9 10.1 

20 1.6 3.0 4.4 4.4 9.0 

25 1.5 2.8 4.1 4.1 8.3 

30 1.4 2.7 3.8 3.8 7.7 

35 1.4 2.5 3.6 3.6 7.2 

40 1.4 2.3 3.4 3.4 6.5 

45 1.4 2.1 3.1 3.1 5.7 

50 1.3 2.0 3.0 3.0 5.0 

55 1.2 2.1 3.2 3.2 5.2 

a Compiled form reference (~), Appendix B. 
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Table H-3. Constant Speed Tire Wear.a 
(% worn/1000 mi) 0% Grade 

Vehicle 

Speed Car SU-2 SU-3 2-S2 2-S3 
(mph) mid-sized 

5 0.08 0.10 0.10 0.09 0.12 

10 0.08 0.12 0.11 0.09 0.12 

15 0.09 0.14 0.13 0.10 0.13 

20 0.11 0.18 0.15 0.12 0.15 

25 0.13 0.22 0.18 0.14 0.16 

30 0.16 0.28 0.21 0.16 0.18 

35 0.20 0.36 0.25 0.19 0.21 

40 0.26 0.46 0.29 0.23 0.23 

45 0.32 0.57 0.34 0.27 0.27 

50 0.41 0.72 0.40 0.33 0.31 

55 0.51 0.90 0.47 0.40 0.36 

a Compiled form reference (22), Appendix B. 
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Table H-4. Constant Speed Vehicle Maintenance and Repair. a 
(% avg cost/1000 mi) 0% Grade 

Vehicle 

Speed Car SU-2 SU-3 2-S2 2-S3 
(mph) mid-sized 

5 46.9 45.7 46.1 44.6 45.9 

10 47.8 44.7 47.1 45.6 45.5 

15 49.4 45.5 48.2 46.8 46.4 

20 51.6 47.6 49.7 48.2 48.4 

25 54.4 50.6 51.4 50.0 51.4 

30 57.4 54.3 53.4 52.3 55.1 

35 60.6 58.7 55.7 55.0 59.6 

40 64.0 63.7 58.5 58.3 64.5 

45 67.6 69.1 61.7 62.3 69.8 

50 71.3 74.7 65.4 67.0 75.4 

55 75.2 80.5 69.7 72.5 81.2 

a Compiled form reference (~), Appendix B. 
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Table H-5. Use Related Depreciation Expense. a 
(% depreciable value/1000 mi) 0% Grade 

Vehicle 

Speed Car SU-2 SU-3 2-S2 2-S3 
(mph) mid-sized 

5 1.22 0.74 0.74 0.23 0.25 

10 1.03 0.59 0.59 0.18 0.19 

15 0.93 0.50 0.50 0.15 0.16 

20 0.85 0.44 0.44 0.13 0.14 

25 0.79 0.40 0.40 0.12 0.12 

30 0.73 0.37 0.37 0.11 0.11 

35 0.66 0.34 0.34 0.10 0.10 

40 0.63 0.33 0.33 0.10 0.10 

45 0.61 0.31 0.31 0.09 0.09 

50 0.59 0.30 0.30 0.09 0.09 

55 0.59 0.29 0.29 0.09 0.09 

a Compiled form reference (~), Appendix B. 
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APPENDIX I 

FORMULAS FOR COSTING REHABILITATION STRATEGIES 

Rehabilitation Strategy 

111 overlay + local digout 

511 overlay 

111 overlay + 1 evel-up 

Fi 11 cracks 

Chi p Seal 
(reflection cracking 
analysis) 

Seal Coat 

Double Seal Coat 

Sectional Reconstruction 

Formula 

L (NL + 1)(F2 CT) + L(NL)(.06 CE) 

L (NL + 1 )(6.0 CJ) 

L (NL + 1 )(1.56 CT) 

L (NL) CP 

L (NL){1.2 CK) 

L (NL){1.2 CL) 

L (NL){2.04 CL) 

L (NL){4.8 CL) 

In the above table, the following notation is used: 

L = project length 
NL = number of lanes 
CJ = cost of 111 overlay/lane mile ($10,000) 
CE = cost of base and repair patching/lane mile ($140,000) 
CP = cost of filling cracks/lane mile ($1,000) 
CK = cost of ship seal/lane mile ($10,000) 
CL = cost of seal coat/lane mile ($3,000) 
1 = 0.67 for a 2-lane highway 

= 1.33 for a multilane highway 
1 = 2.33 for a freeway 
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Program Li sti ng 

2 
3 
4 

5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
IS 
16 
17 

18 
19 

20 
21 

22 
23 
24 
2S 

26 
27 
2a 
29 
30 
31 

IIJACK JOB (WI89,007A,S02,005,JAI,'ALLISON' 
II~MAIN USER=WI89$JA 
II*TAMU HOLDOUT 
//*PASSWORD*+***+****~********+*~**.*****.***.~*·~.**.**t**tt*t***~****** 
II*XBM WATFIV 
C 
C 
C 
C 
C 
C 
C 
C 

MAIN PROGRAM 
THIS PROGRAM CALCULATES THE LIFE OF A PAVEMENT 
AND ASSESSES DELAYS IN REHABILITATION 

THE MAIN PROGRAM IS THE DRIVER AND PERFORMS PRESENT 
WORTH AND BENEFIT-COST ANALYSES 

COMMON/ALL/ICOM,IPVT,RHO(SI,BETA(SI,XN(IS,2I,X(SI,XI(2SI,XJ(2SI,PS 
%II,RHP,BETAP,XMI(5I,XM2(51,SCOR,XLIFE,NI,N2,XNI8,PCTTRK,PCTLNE,ADT 

COMMON IREMI NM,RG,RMLIF,NMR,NR,LP 
COMMON ICS/XIN,CJ,CK,CE,CL,CP,CCI,CC2,CC3,XlT,Nl,IHT,ITF 
DIMENSION Y(SI,PSIJ(SI,CST(SI, PS(6I,CSTT(6I,CMC(30I, PW(SI ,SI (SI 

I ,SII(SI,R(5I,B(SI,BC(6I,BTT(6I,BFF(6I,BMM(61 
2 ,PCCT(4I,XTT(SI,BO(6I,BMR(6I,BD(6I,BTR(6I,OILC(51 
3 ,TIRC(SI,DEP(S),REP(5) 

DATA PCCT/.14, .04, .01, .81/ 
RHO(5)=0.0 
BETA(5)=0.0 
X(S)=O.O 
READ(5,10)MN,NRO 

10 FORMAT(2X,2131 
READ(5, 1011iNTRA,CG, VT, CJ ,CK, CE, Cl,CP, CCI, CC2, CC3 
READ(S, 1I0ICQO,CTRI,CTR2,CTR3,CMRI,CMR2,CMR3,CMR4,CMR5 
READ(5, IIO)VV I, VV2, VV3, VV4, VV5 

110 FORMAT(IOF7.0) 
101 FORMAT(2X,12, IOF7.0) 

WRITE(6,102)CJ,CCI,CK,CC3,CE,CC2,Cl,CG 
102 FORMAT(' I' ,1111111111, sax, 'COST INFORMATION', / I, 23X, 'OVERLAY' , 

I 22X, '$' ,Fa.O, '/IN/LANE MILE' ,4X, 'PATCHING', 17X, '$' ,FS.2, 
2 '/SQ YD',I,23X,'CHIP SEAL',2IX,F8.0, 
3 '/lANE MIlE',7X,'BASE AND SURFACE REPAIR',IX,F7.2,'/CU YD', 
4 1,23X,'BASE AND REPAIR PATCH' ,9X,F8.0,'/lANE MilE' ,7X, 
S 'CRACK SEAlING',13X,FS.2,'/lINEAR FT',I,23X,'SEAL COAT',21X, 
6 F8.0,'/LANE MllE',7X,'GASOllNE'.18X,FS.2,'/GAl') 

WRITE(6,103ICP,CQO,VT,INTRA 
103 FORMAT(23X,'FILL CRACKS',19X,F8.0,'/LANE MIlE',7X, 

# '0IL',23X,FS.2,'/QT',I,78X, 
I 'VALUE OF TlME',13X,F5.2,'/HR',II,23X,'INTEREST RATE', 
2 4X,13,'%') 

WRITE(6,130) . 
130 FORMAT(/III,58X, 'VEHICLE RElATED COSTS',III,23X,'ITEM',8X, 

I 'AUTO' ,ax, 'SU-2' ,ax, 'SU-3' ,ax, '2-S2' ,ax, '3-S2') 
WRITE(6, 131 )CTRI,CTR2,CTR3,CTR3,CTR3 

131 FORMAT(/,20X,'TIRES (EA)',5X,F5.0,4(7X,F5.011 
WRITE(6,132ICMRI,CMR2,CMR3,CMR4,CMRS 

132 FORMAT(/,20X,'MAINTENANCE',4X,FS.2,4(7X,F5.0),I,20X, 
I 'AND REPAIRS (/1000 MI)') 
WRITE(6,133)VVI,VV2,VV3,VV4,VV5 

133 FORMAT(/,20X, 'DEPRECIABLE' ,3X,F6.0,4(6X,F6.0) ,I,20X, 'VALUE') 
XIN=INTRA/IOO.O 
DO II I = I, MN 
READ(5,100))COM,IPVT,ADT,PCTTRK,PCTLNE,NM,RG,XLT,NL,IHT.ITF,SL 

100 FORMAT(IX,II,II,FIO.O,2FS.O,2X,14,FS.2,FS.2,312,F5.2) 



32 
33 
34 
35 
36 
37 
38 
39 
40 
4 I 
42 

43 

44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
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~ 58 
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60 
61 
62 
63 
64 

65 
66 
67 
68 
69 
70 
7 I 
72 
73 
74 

75 
76 

77 
78 
79 
80 
8 I 
82 
83 
84 

WRITE(6,1501 
150 FORMAT('I',56X,'SECTION DESCRIPTION') 

IF(IPVT.EQ.IIWRITE(6,1511 
IF(lPVT.EQ.2)WRITE(6,152) 
IF(IPVT .EQ.3)WRITE(6, 153) 

151 FORMAT(/,75X, '(OVERLAID PAVEMENT)') 
152 FORMAT(/,75X,' (SURFACE TREATED PAVEMENT)') 
153 FORMAT(/,75X,'(ASPHALT CONCRETE PAVEMENT)') 

WRITE(B,8IADT,SL,PCTTRK,NL,PCTLNE,XLT 
WRITE(B,9IRG,IHT,NM,I~F 

8 FORMAT(//,35X,'AADT',15X,F7.0,3X,'SPEED LIMIT (MPH)',3X, 
I F5.0,I,35X,'% TRUCKS',IIX,FB.2,4X,'NUMBER OF LANES', 
2 7X,12.1,35X,''Yo ILANE',12X,FB.2,4X,'SECTION LENGTH',7X,F6.2) 

9 FORMAT(35X, ''Yo GROWTH IYR',7X,FB.2,4X,'HIGHWAY SYSTEM' ,8X,I2, 
I 1,35X,'SURFACE AGE (MON)',4X,14,4X,'FACILITY TYPE',9X,12) 

XTT( I)=ADT*( I-PCTTRK/IOO.) 
XTT(2)=ADT*PCCT( 1)+PCTTRK/l00. 
XTT(3)=ADT+PCCT(21*PCTTRK/IOO. 
XTT(41=ADT*PCCT(31*PCTTRK/IOO. 
XTT(5)=ADT*PCCT(4)*PCTTRK/IOO. 
CALL MPG(SL,XTT,ADT,GC) 
CALL OILCON(SL,OILCI 
CALL TIRCON(SL,TIRCI 
CALL DEPCON(SL,DEPI 
CALL REPCON(SL,REPI 
RG=RG/1200. 
MM=O 
OV=O.O 
IF(IPVT.EQ. I)CALL OVlAY(MM,OV) 
IF(IPVT.EQ.2)CALL STREAT 
IF(IPVT.EQ.3)CALL HOTMX 
XNI8=XNI8*10.0"6 
XLIFE=XLIFE*IO.O"B 
CALL REMLlF(MM) 
WRITE(6,201) 

201 FORMAT(II.58X,'LIFE PREDICTION',II,40X, 
I 'PREDICTED PAVEMENT CONDITION AT END OF SERVICE LIFE :'1 

IF(IPVT.EQ. IIWRITE(B, I) 
IF(IPVT.EQ.2)WRITE(6,21 
IF(IPVT.EQ.3)WRITE(B.3) 

I FORMAT(/,52X, 'PSI' ,4X, 'ACA' ,4X, 'LCS' ,4X, 'LCA') 
2 FORMAT (/,5 I X,' RUTS' ,3X,' RUTA' ,3X, 'LCA' ,4X, 'TCA' ,4X,' PATA' ) 
3 FORMA T (/ ,52 X, • ACS' ,4 X, ' LCS' ,4 X, ' LCA' ,4 X, ' TCS' ) 

WR I TE (6,200 I (X (J I ,J = I, N I I 
WRITE(B,300IXNI8,SCOR,XLIFE,NR,RMLIF,NMR 

200 FORMAT(49X,5(3X,F4.211 
300 FORMAT(/,28X,'NI8/MONTH = ',EI5.7,8X,'PROB OF CLASSIF =' ,E15.7 

I ,I,28X,'EST. LIFE = ',EI5.7,IX,'NI8',3X,15,' MON',I,28X, 
2 'REMAINING LIFE(NI81 =' ,EI5.7,4X,'REMAINING LIFE (MONI =' ,151 
WRITE~6,211) 

211 FORMAT(II,40X,'PREDICTED CONDITION PER YR (NO REHAB) AFTER SERVICE 
I LI FE :') 
IF(IPVT.EQ. I)WRITE(B, I) 
IF(IPVT.EQ.2)WRITE(6,21 
IF(IPVT.EQ.3)WRITE(B,3) 
CALL REHAB(X,IPVT,Nl,COST,OVI 
COSTI=COST 
DO 19 II = 1,5 
R ( II ) = RHO ( II I 
B(III=BETA(l11 
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C 

19 Y(IU=X(II) 
XNI8=XNI8/10.0"6 

MM=1 
XLIFE=XLIFE/tO.0'*6 

NRI=NR/12+0.5 
NN=5 
IF(IPVT.EQ.2)CALL REMLIF(MM) 
IF(IPVT.EQ.2)GO TO 21 

IF(OV.EQ.O.O)GO TO 20 
IF(IPVT.EQ. I.OR.IPVT.EQ.3)CALL OVLAY(MM,OV) 
CAll REMlIF(MM) 
GO TO 21 

20 NR=NRO 
21 IF(NR.LT.5)NN=NR 

XX=XNI8/(I.+NM+RG)+12.0 
NRR=NR1+NN 
NR11=NR1+l 
RG=RG'12. 
IJ=O 
DO 30 M=NRll,NRR 
AC=XX*(M+M*(M-l)/2.+RG) 
CALL DAMAGE(AC,Nl,RHP,BETAP,R,B,IPVT,XNI8,Y,PSI) 
CALL REHAB(Y,IPVT,NI,COST,O) 
IJ=IJ+I 
WRITE(6,210)IJ,(Y(K),K=I,NI) 

210 FORMAT(/,45t,12,2X,5(3X,F4.2» 
PSIJ( IJ)=PSI 

30 CST(IJ)=COST 
CALL MAINT(CMC) 

C CALCULATE PW(O) 
C 

114 S=O.O 
115 DO 31 M=I,NR 
116 XMC=CMC(M)/«I.+XIN)"M) 
117 31 S=S+XMC 
118 PWO=COSTI+S 

C 
C CALCULATE PW(I)-PW(NN) 
C 

119 DO 32 M=I,NN 
120 J=NRII 
121 SI(M)=O.O 
122 DO 33 II=I,M 
123 XMC=CMC(J)/«I.+XIN)*'II) 
124 J=J+I 
125 33 SI(M)=SI(M)+XMC 
126 J=I 
127 SII(M)=O.O 
128 IF(M.LT.NN)13=M+I 
129 IF(M.EQ.NN)GO TO 40 
130 DO 34 11=13,NR 
131 XMC=CMC(J)/«I. 'XIN)"J)'(XINo(I.+XIN)+'NR/« I.+XIN)"NR-l» 
132 SII(M)=SII(M)+XMC 
133 34 J=J+l 
134 40 PW(M)=(CST(M)*XINo(I.+XIN)'ONR/«I.+XIN)"NR-I)+SII(M» 

I '«(I.+XIN)"(NR-Ml-l)/(XIN+(I.+XIN)"(NR-M»)/( l.oXIN) 
2 **M+SI(M) 

135 32 CONTINUE 
136 NNN=NN+I 
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137 J=I 
138 00 37 M=2.NNN 
139 CSTT(M)=CST(J) 
140 PS(M)=PSIJ(J) 
141 37J=J+I 
142 CSTT( Il=COSTI 
143 PSI I)=PSII 
144 DO 36 M=I,NNN 

C 
C BENEFIT COST ANALYSIS 
C 
C FUEL BENEFITS 
C 

145 F2=.015 
146 FI=0.0001879'(4.7-PS(M»/(0.043771-0.0001879*4.7) 
147 BF=(F2'NR/2.-(F2-FI)/2"(NR-NR~FI/F2»*CG/GC*365'ADT'XLT/NR 

148 
149 

150 
,51 
152 
153 
154 

155 

156 

157 
158 

159 

160 

161 

162 

163 

164 

C 
C TI ME BENEF ITS 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

IF(SL.GT.35.0)SB=SL*(0.8613*PS(M)**0.0928) 
IF(Sl.LE.35.0.AND.SL.GE. tS.0)SB=SL*(0.8613*PS(M)"0.0928 

I +«1-0.8613+PS(M)*'0.0928)'(35.0-SL)/20.0» 
IF(SL.LT.15.0)SB=SL 
BT=(XLT/SB-XLT/Sl)*AOT*36S+VT 
FAC=«I.+XIN)**NR-I.O)/(XIN+(I.O+XIN)"NR) 
BT=BT+FAC 
BF=BF+FAC 

OIL SAVINGS 

OOC=(2.2847-0.3188*PS(M)-0.8S)*XTT(I)+0ILC(I) 
1 +(1.261-0.0561*PS(M)-1.05)*(XTT(2)'0IlC(2)+XTT(3)+0ILC(3) 
2 +XTT(4)*0ILC(4)+XTT(S)+0ILC(5» 

OOC=00C*365*CQO*XLT*FAC 

TIRE WEAR SAVINGS 

CAll TABLE(PS(M).TF.TF1.ZMRS,ZMRS1.ZMRS2,OP.OPI.OP2) 
OTC=TF*4*CTRI*TIRC(I)*XTT(I)+TFI*(6+TIRC(2)+CTR2+XTT(2) 

1 +10*TIRC(3)*CTR3+XTT(3)+14*TIRC(4)*CTR3tXTT(4) 
2 +18*TIRC(5)*CTR3*XTT(5» 

OTC=OTC*365*XlT+FAC 

VEHICLE MAINTENANCE ANO REPAIR SAVINGS 

OCM=CMRI*ZMRS*XTT(I)*REP( 1)+ZMRSI+(CMR2+XTT(2)+REP(2)+ 
I CMR3+XTT(3)+REP(3»+ZMRS2+(CMR4+XTT(4)+REP(4)' 
2 CMRS+XTT(5)+REP(5» 

OCM=OCM*365*XlT+FAC 

OEPRECIATION SAVINGS 

OOP=OP'OEP( I)+VVI*XTT( 1)'OPI*(OEP(2)+VV2+XTT(2) 
I +OEP(3)*VV3+XTT(3»+OP2*(OEP(4)'VV4*XTT(4) 
2 +OEP(5)+VV5*XTT(5» 

OOP=00P*36S*XLT*FAC 

BENEFITS OUE TO REOUCEO MAINTENANCE 

J=M+NR1-1 
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BM=O.O 
DO 35 11=I.NR 
J=J+I 
IF(J.EQ.30)J=30 

35 BM=BM+ (CMC (J) -CMC ( I I) ) 1 ( ( 1 .0+ X IN) * * I I ) 
BTT(M)=BT 
BFF(M)=BF 
BMM(M) =BM 
BO(MI=DOC 
BTR(M)=DTC 
BMR(M)=DCM 
BD(M)=DDP 

36 BC(M)=(BF+BT+BM+DOC+DTC+DCM+DDP)/CSTT(M) 
MM=O 
WRITE(6,55)NR 

55 FORMAT(II,58X,'COST ANALYSIS' ,II,50X,'ANALYSIS PERIOD ='. 
I 14,' YRS',II,8X,'YR',4X,'PRESENT',5X,'REHAB',7X,'PSI', 
24X,'FUEL',6X,'0IL',7X,'TlRE',6X,'REPAIR',4X,'DEPR' 
3 ,6X, 'TIME' ,6X, 'MAINTENANCE' ,3X, 'SAVINGS') 

WRITE(6,56) 
56 FORMAT(14X,'WORTH',7X,'COST',14X,'SAVINGS',3X, 

1 'SAVINGS' ,3X, 'SAVINGS' ,3X, 'SAVINGS' ,3X, 'SAVINGS' ,3X, 
2 'SAVINGS',3X,'SAVINGS',7X,'COST RATlO',I,15X,'(R + M)') 

WRI TE (6, 50)MM, PWO, CSTT( 1), PSI 1) ,BFF (I), BO( I) ,BTR( I), BMR( I) 
I ,BD(I),BTT(I),BMM(I),BC(t) 

50 FORMAT(8X,12,3X,F8.0,4X,F8.0,4X,F5.2,2X,F8.0,2X, 
I F8.0,2X,F8.0,2X,F8.0,2X,F8.0,2X,F8.0,2X,F8.0,4X,F7.2) 

IF(NNN.LT.2)GO TO II 
DO 51 11=2,NNN 
N4=11-1 

51 WRITE(6,50)N4,PW(N4),CSTT(IIJ,PS(II),BFF(II),BO(II),BTR(II),BMR(II 
I ),BD(II),BTT(II),BMM(II) ,BC(II) 

COST=O.O 
II CONTINUE 

STOP 
END 

SUBROUTINE OVLAY(MM,OVI 

THIS SUBROUTINE CALCULATES RHO AND BETA FOR PERFORMANCE 
EQUATIONS FOR OVERLAID PAVEMENTS 

COMMON IPROPI FLEXL,PI,AVT50,TI50,YLL,FTC,SNB 
COMMON/ALL/ICOM,IPVT,RHO(5),BETA(5),XN(15,2),X(5),XI(25I,XJ(25),PS 

%II,RHP,BETAP,XMI(5),XM2(5),SCOR,XLIFE,NI,N2,XNI8,PCTTRK,PCTLNE,ADT 
o I ME NS I ON X I I ( 25) , XJ I ( 25 ) , XM 11 (5) , XM2 1 (5) 
DATA XIII 5.63243,1.01758, .461747,-1.09697, 1.017580, 1.916100, 

% -. 152991 , - . 2514 18, .461747, - . 152991 ,3.63527, -4 . 00867 , - I .09697, 
& -.251418,-4.00867.6.50071,9*0.01 

DATA XJ II 4.11354,.845663, .887592, .0887682, .845663, 1.12764, 
% -.760766,1.18094, .887592,-.760766,4.77476,-3.85191, .0887682, 
& 1.18094,-3.85191,4.53873,900.01 

DATA XM111 3.77664, .5625, .921875, .671875,1*0.01 
DATA XM211 3.25770,.9375,1.125,1.375,1*0.01 
IF(MM.EQ.I)GO TO 5 
READ (5, 100) FLE XL, PI, YLL, AV T50, Tl50, FTC, OVT , SNB 

100 FORMAT(8FIO.0) 
WRITE(6,250) 
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205 250 FORMATIII,56X,'SECTION PROPERTIES') 
206 WRITEI6,200)FLEXL,YLL,OVT,AVT50,SNB,TI50,PI,FTC 
207 200 FORMATI/, 17X, 'THICKNESS OF ORIGINAL SURFACE + OVERLAY', tX,F7.2. 

1 4X,' SUBGRADE LIQUID LIMIT'. 19X, F7. 2 ,I, 17X, 'OVERLAY THICKNESS'. 
2 23X,F7.2,4X,'MEAN TEMPERATURE - 50',19X,F7.2,I,17X, 
3 'STRUCTURAL NUMBER',23X,F7.2,4X.'THORNTHWAITE INDEX + 50',17X, 
4 F7.2,I,17X,'SUBGRADE PLASTICITY INDEX',15X.F7.2,4X. 
5 'AVERAGE FREEZE THAW CYCLES' .14X.F7.2) 

208 GO TO 6 
209 5 FLEXL=FLEXL+OV 
210 OVT=OV 

CC 
C PSI 
C 

211 6 BETAlt)=1.00 
212 RHOll)=.084*FLEXL-.0041*YLL+.065 
213 IFIRHOII).LT.O. 120)RHOll)=. 120 
214 I F I RHO I 1 ) . GT . 1.4) RHO ( 1 ) = 1 .4 

C 
C ALLIGATOR CRACKING AREA 
C 

215 RHO(2)=3.26*SNB+.33*AVT50-10.93 
216 BETA(2)=1.86 
217 IFIRHO(2).LT.0. 12)RHO(2)=. 12 
218 I F I RHOI 2) . GT . 1 .7000) RHO (2) = I .7000 

C 
C LONGITUDINAL CRACKING SEVERITY 
C 

219 RHO(3)=.47*SNB+.21*AVT50-3.1 
220 BETA(3) =. 54*SNB+. 059+TI50-. 092+PI -.19 
221 IFIRHO(3).L T. 0.12 )RHOI3) =.12 
222 IFIRHO(3).GT.I.7500)RHOI3)=1.7500 
223 I F I BE TA (3) . LT. 0.6 I) BE TA I 3) = .61 
224 IFIBETA(3) .GT.3.1900)BETAI3)~3.1900 

C 
C LONGITUDINAL CRACKING AREA 
C 

225 RHO(4)=.39*SNB-.034+TI50+.35*AVT50-2.78 
226 BETA(4)=.22*SNB+.036*TI50-.053*PI+.41 
227 IF (RHO (4) . LT. O. 10) RHO (4) = . 10 
228 IF (RHO I 4) . GT. 1 .8000) RHO (4) = 1 .8000 
229 IF(BETA(4).LT.0.74)BETA(4)=.74 
230 IFIBETA(4).GT.2.21)BETA(4)=2.21 

C 
231 DO 1 1=1.4 
232 IF(ICOM.EQ.0)RHO(I)=.18275+0.787086+RHOII) 
233 IF ( I COM. EQ. 1 ) RHO ( I ) = . 130989' 0.372461' RHO ( I ) 
234 CONTINUE 
235 IF(MM.EQ.I)GO TO tIl 
236 RHP=RHOI I) 
237 BETAP=BETA( I) 
238 111 N I =4 
239 N2=16 
240 CALL EQXIXll,XJ1.XMtl.XM21) 
24 I CALL OVRL(MM) 
242 RETURN 
243 END 

C 
C 
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SUBROUTINE STREAT 

THIS SUBROUTINE CALCULATES RHO AND BETA FOR 
SURFACE TREATED PAVEMENTS 

COMMON/ALL/ICOM,IPVT,RHO(5),BETA(5),XN(15,2),X(5),XI(25),XJ(25),PS 
%II,RHP,BETAP,XM1(5),XM2(5),SCOR,XLIFE,Nl,N2,XNI8,PCTTRK,PCTLNE,ADT 

DIMENSION XI2(25),XJ2(25),XMI2(5),XM22(5) 
DATA X12/ 11.0724, - 1.65675, -.839039, .884178, - 1 .59906, - 1 .65675, 

1 3.13376,.248454,-.705718,.374911,-.839039,.248454,3.92245, 
2 - 1.18322, -.0064125, .884178, -.705718, -1.18322,4.16391, 
3 -.249918, - 1.59906, .374911, -.0064125, -.249918,1.2767/ 

DATA XJ2/ 3.20761. - 1.31988, - .254 131,.16609, .0287696, - 1.31988, 
1 2.30474, .499743, .0769393, -.138614, -.254131, .499743,2.01727, 
2 -.344275,-.134904,.16609,.0769393,-.344275,1.1852,.0103449, 
3 .0287696, -.138614, -.134904, .0103449, .780667/ 

DATA XMI2/ 1.01299,1.66234, .350649, .25974, .766234/ 
DATA XM22/ 1.14286,1.42857, .642857, .678571,1.44643/ 
N 1 =5 
N2=25 
READ(5,100)FLEXL,PI,YLL,AVT50,TI50,FTC,DMD 

100 FORMAT(7Fl0.0) 
WRITE(6,200)FLEXL,TI50,PI,FTC,YLL,DMD,AVT50 

200 FORMAT(//,56X, 'SECTION PROPERTIES' ,//,28X,'THICKNESS OF FLEXIBLE 
lBASE' ,F7.2,4X, 'THORNTHWAITE INDEX' 50' ,3X,F7.2,I,28X,'SUBGRADE PL 
2ASTICITY INDEX' ,2X,F7.2,4X, 'AVERAGE FREEZE THAW CYCLES' ,F7.2,I, 
328X,'SUBGRADE LIQUID LIMIT' ,6X,F7.2,4X,'DYNAFLECT MAX DEFLECTION' 
4,2X,F7.2.1,28X, 'MEAN TEMPERATURE - 50' ,6X,F7.2) 

RUT SEV 
RHO(I) = -0.0678 + 0.0032*AVT50 • 0.00566*FLEXL - 0.00031oYLL 

& + 0.00048*FTC 
BETA(I) = 1.780 

IF( RHO(I) .GT. 0.121 ) RHO(I) = 0.121 
IF( RHO(t) .LT. 0.0027) RHO(I) = 0.0027 

IF( BETA .GT. 5.94 ) BETA = 5.94 
IF( BETA .LT. 0.527 ) BETA = 0.527 

RUT AREA 
RHO(2) = -0.1035 + 0.005490AVT50 + 0.0067oFLEXL - 0.00150YLL 

& + 0.00162*PI + 0.00077oFTC 
BETA(2) = 1.540 + 0.0169*TI50 - 0.072*FLEXL 

IF( RHO(2) .GT. 0.117 ) RHO(2) = O. /17 
IF! RHO(2) .LT. 0.0036 ) RHO(2) = 0.0036 

IF! BETA(2) .GT. 6.27 ) BETA(2) = 6.27 
IF! BETA(2) .LT. 0.615 ) BETA(2) = 0.615 

LONG AREA 

RHO(3) = -63.1 + 4.52*AVT50 • 0.541oT150 • 7.41*FLEXL + 1.1145*FTC 
BETA(3) = 1.15 

IF! RHO(3) .GT. 172.0 ) RHO(3) = 172.0 
IF( RHO(3) .LT. 30.0 ) RHO(3) = 30.0 
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IF( 8ETA .GT. 2.65 
IF( BETA .LT. 0.68 

TRANS AREA 

8ETA 
8ETA 

2.65 
0.68 

RHO(4) = -66.4 + 2.156*Tl50 + 10.12+FLEXL + 0.718*FTC 
BETA(4)= 2.059 + 0.0734oFLEXL - 0.060YLL + 0.0607'PI - 0.00375*FTC 
IF( RHO(4) .GT. 176.0) RHO(4) = 176.0 
IF( RHO(4) .LT. 41.0 ) RHO(4) = 41.0 

IF( 6ETA(4) .GT. 2.65 ) BETA(4) 2.65 
IF( 8ETA/4) .LT. 0.61 ) BETA/4) = 0.61 

PATCHING 

RHO(5) = 0.00799 + 0.00252ohVT50 • 0.0002180TISO • 0.00166oFLEXL 
I - 0.0012SoPI 
BETA(S) = 1.75 

IF( RHO(S) .GT. 0.104 ) RHO(S) = 0.104 
IF ( RHO (S) . LT. O. 0036 ) RHO / S) = 0.0036 

IF/ BETA .GT. S.36 ) BETA 5.36 
IF/ 6ETA .LT. 0.63 ) 8ETA = 0.63 

CALL TRAFIC 
RHP=-0.173+0.006870AVT50-0.0006320TISO+0.01330FLEXL 

I +0.0007S*YLL.0.00IS3*FTC-0.0214*DMD 
IF/RHP.GT.0.511)RHP=0.511 
IF/RHP.LT.0.0009)RHP=0.0009 
BETAP= 1. 0 
CALL EQX(XI2,XJ2,XMI2,XM22) 
CALL SURTR 
RETURN 
END 

SUBROUTINE HOTMX 

THIS SUBROUTINE CALCULATES RHO AND BETA FOR 
ASPHALT CONCRETE PAVEMENTS 

COMMON /PROP/ FLEXL,PI,hVT50,TI50,YLL,FTC,SN8 
COMMON/ALL/ICOM,IPVT,RHO/5',BETA/5),XN/ 15,2',X/S',XI/25',XJ/2S',PS 

%II,RHP,BETAP,XMI/S),XM2/S),SCOR,XLIFE,NI,N2,XNI8,PCTTRK,PCTLNE,ADT 
DIMENSION XI3(2S),XJ3(25),XMI3/S),XM23(S) 
DATA X13/ 1.46S68,.42772I,-.366242,-.662588, .427721,7.2861, 

1 -6.83016,-2.99698,-.366242,-6.83016, 10.8184, .987962,-.662S88, 
2 -2.99698, .987962,3. 19869,900.0/ 

DATA XJ3/ 1.08876,-1.32S44, .307692,-.49704I,-1.32544,IS.S266, 
I - I 0 . 46 I 5, I . 82249, . 307692 , - I 0 . 46 I 5 , 8 . 0 , - . 923077 , - . 49704 I , 
21.82249,-.923077,1.18343,900.0/ 

DATA XMI3/ .631579, .843105, .S39474, .828947, 1'0.0/ 
DATA XM23/ 2.2,1.0,1.2,1.8,1*0.0/ 
N I =4 
N2=16 
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READ(5,100)FLEXL,PI,AVT50,TI50,FTC,SNB,YLL,BASE 
100 FORMATI8FIO.0) 

WRITE 16.250) , 
250 FORMAT(II.56X.'SECTION PROPERTIES') 

WRITEI6.200)FLEXL,YLL.BASE.AVT50.SNB.TI50,PI.FTC 
200 FORMAT(/.25X,'THICKNESS OF ASPHALT CONCRETE',F7.2.4X,'SUBGRADE LIQ 

WID L1MIT',8X.F7.2.1,25X.'THICKNESS OF BASE',12X.F7.2,4X.'MEAN TEM 
2PERATURE - 50' .8X,F7.2.I,25X. 'STRUCTURAL NUMBER', t2X,F7.2.4X, 
3'THORNTHWAITE INDEX + 50',6X.F7.2,1.25X,'SUBGRADE PLASTICITY INDEX 
4',4X.F7.2.4X,'AVERAGE FREEZE THAW CYCLES',3X,F7.2) 

ALLIGATOR CRACKING SEVERITY 

RHO(I)=.38+SNB-.0044*AVT50-.I*FLEXL-.25 
BETAII)=-.02*TI50+1.27*FLEXL-.09*PI+2.38 
IF (RHOI I ) . l T. 0.45) RHO( I) =.45 
IF(RHOI I) .GT .0. 78)RHOI 1)=.78 
IF(BETAII).LT.I.OO)BETA(t)=I.O 
IF(BETA( I) .GT.8. 1500).BETAI 1)=8.1500 

LONG SEV 

RHO(2)=. 13*SNB- .038*AVT50- .0037oFTC+. 16*FLEXl+ .012oPI+ .27 
BETA(2)=.84*SNB-.17+PI-.35*FLEXL+4.58 
IFIRHO(2).LT.0.25)RHOI2)=.25 
IF(RHOI2).GT. I. 12)RHOI2)=I. 12 
IFIBETA(2).LT.1.0)BETA(2)=1.0 
IF(BETA(2) .GT.8.1000)BETA(2)=8. 1000 

LONG AREA 

RHO(3)=-.26*AVT50+.53*FlEXL-.033*FTC+4.45 
BETA(3)=. 13*SNB+.38*AVT50+.067*FTC-. 14*PI-3.67 
IFIRHO(3).LT.0.23)RHO(3)=.23 
IF (RHO( 3) . GT. 1.5 I) RHOI 3) = I .51 
IFIBETA(3).LT.0.76)BETA(3)=.76 
IF(BETA(3).GT.4.2300)BETA(3)=4.2300 

TRANS SEV 

RHO(4)=-.094*AVT50+.17*FLEXl-.0088*FTC+.010PI+1.4 
BETA(4)=3.2800 
IF(RHO(4).LT.0.20)RHO(4)=.20 
IF(RHOI4).GT.I.0627)RHO(4)=1.0627 
DO I I = 1,4 
RHO(I)=0.2016+1.487457+RHO(I) 
RHP=3.51+0.0092 oSNB-0.0042 oTI50+0.014+BASE-0.0230FTC 

1 +0.0026*PI-0.18'AVT50 
IF(RHP.GT.0.98)RHP=0.98 
IF(RHP.LT.0.0063)RHP=0.0063 
BETAP=2.06 
CALL EQX(XI3,XJ3,XMI3,XM23) 
CALL HOTM 
RETURN 
END 

SUBROUTINE OVRL(MM) 



C 
C 
C 
C 
C 

339 

340 
341 
342 
343 
344 
345 
346 
347 
348 
349 

C 
C 
C 

350 
C 
C 
C 

351 
C 
C 
C 

352 
I-' C 
Ul C 
Ul C 

353 
354 
355 
356 
357 
358 
359 
360 
361 
362 
363 
364 
365 
366 
367 
368 
369 
370 
371 
372 
373 
374 
375 
376 
377 
378 
379 
380 

THIS SUBROUTINE CALCULATES NI8'S FOR G(W) VALUES OF 
0.165 ,0.33 ,0.50 FOR OVERLAID PAVEMENTS, ORDERS THEM 
AND FORM CONDITION DATA FOR EVALUATIONS WITH THE 
DISCRIMINANT FUNCTION. RETURNS SERVICE LIFE (XLIFE). 

COMMONI ALL II COM, I PVT. RHO (5) ,BE TA (5) , XN ( 15,2) , X (5) , Xl (25) , XJ (25) , PS 
%II,RHP,BETAP,XMI(5),XM2(5),SCOR,XLIFE,NI,N2,XNI8,PCTTRK,PCTLNE,ADT 

COMMON IREMI NM,RG,RMLIF,NMR,NR,LP 
XQ=O.O 
XP=O.O 
Pl=4.5 
PF=2.7 
M=1 
IF(MM.EQ.O)CALL TRAFIC 
DO 1 J= 1,3 
XQ=XQ+0.165 
XP=XP+0.28 

PSI 

XN(M, I)=RHO(I)/(-I.*ALOG(XP»**(I./BETA( I» 

ACA 

XN(M+I,I)=RHO(2)/(-I.*ALOG(XQ»O*(I./BETA(2» 

LCS 

XN(M+2,1)=RHO(3)/(-I.*ALOG(XQ»**(I./BETA(3» 

LCA 

XN(M+3, 1)=RHO(4)/(-I.*ALOG(XQ» •• ( 1./BETA(4» 
M=M+4 
DO 6 I = I , 12 

6 XN(I,2)=0.0 
CALL ORDER 
DO 2 I = I, 12 
X(I)=PI-(PI-PF)oEXP(-I.o«RHO(I)/XN(I,I»"BETA(I») 
DO 7 KK=2,4 

7 X(KK)=EXP(-I.*«RHO(KK)/XN(I, I»"BETA(KK») 
DO 3 J=2,4 
IF(X(J).LE.0.1649)GO TO 101 
IF(X(J).LE.0.329)GO TO 102 
IF(X(J).LE.0.499)GO TO 103 
X(J)=3.0 
GO TO 3 

101 X(J)=O.O 
GO TO 3 

102 X (J ) = I . 0 
GO TO 3 

103 X(J)=2.0 
3 CONTINUE 

II = I 
5=0.0 
DO 8 J=2,4 
S=S+X(J) 

8 CONTINUE 
ISS=O 
IF(X(I).LT.3.0)ISS=1 
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DO 9 J=2.4 
IS=O 
IFIXIJ).EQ.3.0)IS=1 
ISS=ISS+IS 

9 CONTINUE 
CAll SCORE 
IFISCOR.GE.0.700.AND.S.GE.3.0)GO TO 5 
IFIISS.GE.2)GO TO 5 

2 CONTINUE 
5 XlIFE=XNIII.ll 

IFIMM.EQ.O)PSII=X(I) 
RETURN 
END 

SUBROUTINE SURTR 

EQUIVALENT TO OVRl BUT FOR SURFACE TREATED PAVEMENTS 

COMMON/AlL/ICOM.IPVT,RHO(5),BETA(5),XN(15,2),X(5),XI125),XJ(25),PS 
%II,RHP.BETAP.XMI(5).XM2(5).SCOR.XlIFE.NI.N2.XNI8.PCTTRK.PCTlNE.ADT 

COMMON /REM/ NM.RG,RMlIF,NMR.NR.lP 
XQ=O.O 
M=I 
DO 1 J= 1,3 
XQ=XQ+.165 

RUTS 

XN(M.I)=RHO(I)/I-I.OAlOGIXQ))o'(I./BETA(I)) 
XN(M.2)=XN(M.I)/XNI8 

RUTA 

XN(M+I.I)=RHO(2)/I-I.'AlOG(XQ))"(I./BETAI2)) 
XN(M+I.2)=XN(M+I.I)/XNI8 

lCA 

XN(M+2.2)=RHO(3)/(-I.OAlOG(XQ))'O(I./BETAI3)) 
XNIM+2.1)=XNIM+2,2)'XNI8 

TCA 

XN(M+3.2)=RHOI4)/(-I.OAlOGIXQ))O'(I./BETAI4)) 
XN(M+3.1)=XN(M+3.2)'XNI8 

PATA 

XN(M+4.1)=RHO(5)/(-I.oAlOG(XQ))"(I./BETA(5)) 
XN(M+4.2)=XN(M+4.1)/XNI8 
M=M+5 
CAll ORDER 
DO 2 1=1,15 
X ( 1 ) = E XP ( - I .• ( ( RHO ( 1 ) / XN ( I • 1 ) ) • 'BE T A ( 1 ) ) ) 
X(2)=EXP(-I.'«RHO(2)/XN(I.I))"BETA(2))) 
X(3)=EXP(-I.o«RHO(3)/XN(I.2))"BETA(3))) 
X(4)=EXP(-I.o«RHO(4)/XN(I.2))ooBETA(4))) 
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X(5)=EXP(-I.*«RHO(5)/XN(I,I))"BETA(5))) 
DO 3 J= 1,5 
IF(X(J).lE.0.1649)GO TO 101 
IF(X(J).lE.0.329)GO TO 102 
IF(X(J).lE.0.499)GO TO 103 
X(J)=3.0 
GO TO 3 

101 X(J)=O.O 
GO TO 3 

102 X ( J ) = 1 . 0 
GO TO 3 

103 X(J)=2.0 
3 CONTINUE 

II = I 
S=O.O 
DO 8 J= 1,5 

8 S=S+X(J) 
ISS=O 
DO 9 J= 1 ,5 
IS=O 
IF(X(J).EQ.3.0)IS=1 
ISS=ISS+lS 

9 CONTINUE 
CAll SCORE 
IF(SCOR.GE.O.800.AND.S.GE.3.0)GO TO 5 
IF(ISS.GE.2)GO TO 5 

2 CONTINUE 
5 XlIFE=XN(II,ll 

PSII=4.2-(4.2-0.83)'EXP(-I"«RHP/XlIFE)"BETAP) 
RETURN 
END 

SUBROUTINE HOTM 

EQUIVALENT TO OVRl BUT FOR ASPHALT CONCRETE PAVEMENTS 

COMMON/All/ICOM,IPVT,RHO(5),BETA(5),XN(15,2),X(5),XI(25),XJ(25),PS 
%11,RHP,BETAP,XM1(5),XM2(5),SCOR,XlIFE,Nl,N2,XNI8,PCTTRK,PCTlNE,ADT 

COMMON /REM/ NM,RG,RMlIF,NMR,NR,lP 
XQ=O.O 
M=1 
CAll TRAFIC 
DO I J= 1,3 
XQ=XQ+.165 

ACS 

XN(M, 1)=RHO(I)/(-I.*AlOG(XQ))"(I./BETA( 1) 

lCS 

XN(M+l, 1)=RHO(2)/(-I.+AlOG(XQ))"( 1./BETA(2» 

lCA 

X N ( M + 2, I ) = RHO ( 3 ) / ( - 1 .• A lOG ( X Q) ) •• ( I . / BET A ( 3) ) 

rcs 
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XN(M+3,1)=RHO(4)/(-I .• ALOG(XQ» •• (I./BETA(4» 
M=M+4 
DO 6 I = 1,12 

6 XN(I,2)=0.0 
CALL ORDER 
DO 2 I = I , 12 
DO 7 KK= I ,4 

7 X(KK)=EXP(-I.+«RHO(KK)/XN(I, 1».*BETA(KK») 
DO 3 J=I,4 . 
IF(X(J).LE.O. 1649)GO TO 101 
IF(X(J).LE.0.329)GO TO 102 
IF(X(J).LE.O.499)GO TO 103 
X(J)=3.0 
GO TO 3 

101 X(J)=O.O 
GO TO 3 

102 X (J ) = I . 0 
GO TO 3 

103 X(J)=2.0 
3 CONTINUE I 

II = I 
S=O.O 
DO 8 J= 1,4 

8 S=S+X(J) 
ISS=O 
DO 9 J= I ,4 
IS=O 
IF(X(J).EQ.3.0)IS=1 
ISS=ISS+IS 

9 CONTINUE 
CALL SCORE 
IF(SCOR.GE.0.700.AND.S.GE.3.0)GO TO 5 
IF(ISS.GE.2'GO TO 5 

2 CONTINUE 
5 XLlFE=XN(II,1l 

PSII=4.7-(4.7-2.06)*EXP(-I.*«RHP/XLIFE).*BETAP» 
RETURN 
END 

SUBROUTINE ORDER 
THIS SUBROUTINE ORDERS A SEQUENCE OF NI8 VALUES 

499 COMMON/ALL/ICOM,IPVT,RHO(5),BETA(5),XN(15,2),X(5',XI(25),XJ(25),PS 
%II,RHP,BETAP,XM1(5),XM2(5),SCOR,XLIFE,NI,N2,XNI8,PCTTRK,PCTLNE,ADT 

500 DIMENSION XL(2) 
501 N=Nl*3 
502 DO 8 1=I,N 
503 CALL XMAX(N-I+l,J,XL) 
504 DO 8 K=I,2 
505 XN(J,K)=XN(N-I+l,K) 
506 8 XN(N-I+I,K)=XL(K) 
507 RETURN 
508 END 

509 

C 
C 

C 
C 

SUBROUTINE XMAX(N,J,XL) 

THIS ROUTINE FINDS A MAXIMUM VALUE 
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COMMON/All/ICOM,IPVT,RHO(5),BETA(5I,XNCI5,21,XC5),XI(25I,XJ(25).PS 
%II,RHP,BETAP,XMIC5I,XM2(5I,SCOR,XlIFE,NI,N2,XNI8,PCTTRK,PCTlNE,ADT 

DIMENSION XL(2) 
XL(1)=XNCI.lI 
J=I 
IF(N.EQ.1)GO TO 7 
00 6 1=2,N 
IF(XN(I, II.lE.Xl(IIIGO TO 6 
XLI lI=XN(I ,II 
XL(2)=XN(I,2) 
J=I 

6 CONTINUE 
7 RETURN 

END 

SUBROUTINE SCORE 

THIS ROUTINE PERFORMS DISCRIMINANT FUNCTION EVALUATION 
D(X)=(X-XBAR)'Y(X-XBAR)+LNCDET Y)-2LN(PRIORI 
P(X/JI=EXPC-.5D(J)I/SUMCK) EXP(-.5D(K» 

COMMON/ALl/ICOM,IPVT,RHOC5I,BETA(5),XNCI5,2I,X(5),XI(25),XJ(25I,PS 
%II,RHP,BETAP,XMI(5),XM2C5I,SCOR,XlIFE,NI,N2,XNI8,PCTTRK,PCTLNE,ADT 

DIMENSION Y(5),CONST(3),CONSTI(3),Xl(5),X2(5) 
CONST(I)=-3.77687 
CONSTI(I)=0.47005 
CONST(2)=-5.04973 
CONSTI(21=-0.47177 
CONST(3)=-3.76657 
CONSTI(3)=3.34623 
DO 2 J=I,NI 
Y(J)=X(J) 
XCJ)=X(JI-XMI(J) 

2 Y(J)=YCJ)-XM2(J) 
J I = I 
DO 3 J= I, N I 
X1(J)=O.O 
X2(J)=0.0 
DO 4 K=I,NI 
Xl(J)=X(K)*XI(Jll+Xl(JI 
X2(JI=Y(KI.XJCJ1)+X2(J) 

4 JI=Jl+1 
3 CONTINUE 

XK=O.O 
Xl=O.O 
DO 5 J= I, N I 
XK=XK+Xl(JI*X(J) 

5 Xl=XL+X2CJ)*Y(JI 
XK=XK+CONST(IPVTI 
XL=XL+CONSTICIPVT) 
SCOR=EXP(-.5.Xll/(EXP(-.5.Xll'EXP(-.5tXK» 
DO 10 I = I, N 1 
X ( I I = X ( I 1+ XM 1 ( I ) 

10 CONTINUE 
RETURN 
END 
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SUBROUTINE TRAFIC 

THIS ROUTINE CALCULATES MONTHLY NI8'S USING TRUCK 
DISTRIBUTION INFORMATION FROM W-4 AND W-5 TABLES 

COMMON/ALL/ICOM,IPVT,RHO(5),BETA(5),XN(15,2),X(5),XI(25),XJ(25),PS 
%11,RHP,BETAP,XM1(5),XM2(5),SCOR,XLIFE,Nl,N2,XNI8,PCTTRK,PCTLNE,ADT 

REAL NSING, NTAND, NSINGL, NTANDM,N18SIN, N18TAN, NTRUKS 

DIMENSION DISTSN( 10, 13), DISTAN( 10,16), ESING( 13), ETAND( 16), 
+ NSING( 13), NTAND( 16), NSINGL( 10), NTANDM( 10), PERCNT( 10), 
* SINGLE (10), TANDEM( 10), TTYPE (10) 

DATA DISTSN / 6.0,9+0.0,64.0,20.0,13.0,9.0,2.0,8.0,0.0,3+22.0, 
+ 9.0,6.0, 10.0,8.0,7.0,5.0,0.0,3 *22.0, 11 .0,61.0,36.0,46.0,88.0, 
* 31.0,44.0,3+34.0,4.0, 12.0,23.0, 14.0,3.0,25.0,34.0,3*22.0,3.0, 
& 1.0, 12.0,8.0,0.0,12.0, 16.0,3*0.0,1.0,2+0.0,2.0,0.0,3.0,4+0.0, 
) 1.0,0.0,2.0,6.0,0.0,8.0,6.0,3+0.0, 1.0,0.0,2.0,3.0,0.0,5.0,4+0.0, 
( 2+0.0,2.0,4.0,0.0,2.0,4*0.0,5+0.0,1.0,4+0.0, 10+0.0, 10+0.0 / 

DATA DISTAN I 10*0.0,0.0,18.0,0.0,16.0,12.0,0.0,25.0,3+0.0,0.0, 
+ 21.0,0.0,35.0, 16.0,0.0,50.0,0.0,33.0,33.0,0.0, 15.0,0.0,30.0, 

13. ,0. ,25. ,3*0. ,0. ,12. ,0.,13. ,19. ,0. ,0. ,0. ,67. ,67. ,0. ,5. ,0., 
+ 1.,10. ,5+0. ,0. ,3. ,0.,1. ,3. ,5+0. ,0., I. ,0. ,3.,7. ,5+0. ,0.,10., 
& o. ,0. ,9. ,5*0. ,0. ,5. ,0. ,0. ,5. ,5+0. ,0. ,3. ,0. ,0. ,3. ,5+0. ,0. ,2., 
) 0.,1. ,2. ,5+0. ,0. ,2. ,0. ,0. ,I. ,5+0. ,0. ,2. ,8+0. ,0. ,I. ,8+0. ,10+0./ 

DATA ESING / 0.0, O. 005, O. 025, O. 07,0.32, O. 795,1.0,1.285,1.98, 
+ 2.67,3.71,6.085,0.0 / 

DATA ETAND / 0.0,0.003,0.03,0.11,0.36,0.67,0.76,0.87,1.14,1.47, 
+ 1.875,2.435,3.12,3.86,5.13,0.0 / 

DATA SINGLE / 2.0,1.0,3.0,2.0,1.0,5.0,2.0,3.0,2.0,1.0 / 
DATA TANDEM /0.0,1.0,0.0,1.0,2.0,0.0,2.0,0.0,1.0,2.0 / 

DATA PERCNT /14.0,4.0,1.0,5.0,68.0,2.0,0.0,3+2.0/ 

NTYP 10 

ADT = ADT + (PCTLNE/l00.0) 
NTRUKS = ADT + 365.0 • (PCTTRK/l00.0) 

DO 10 I = I, NTYP 
TTYPE( I) = PERCNT( I) + NTRUKS + 0.01 
NSINGL( I) TTYPE(I) + SINGLE (I) 
NTANDM(I) = TTYPE(I) + TANDEM(I) 

10 CONTINUE 

DO 14 J = I, 13 
14 NSING(J) = 0.0 



~ 
0'1 
~ 

C 
579 DO 15 J = I, 16 
580 15 NTAND(J) = 0.0 

C 
C 

581 DO 30 K = I, 10 
582 DO 20 J = I, 13 
583 20 NSINGIJ) = NSINGIJ) + NSINGLIK)*OISTSNIK,J)/100.0 
584 30 CONTINUE 

C 
C 

585 DO 50 K = I, 10 
586 D040J=I,16 
587 40 NTAND(JI = NTAND(JI + NTANDMIKI*DISTAN(K,J)/IOO.O 
588 50 CONTINUE 

C 
C 

589 NI8SIN 0.0 
C 

590 D060J=I,13 
591 60 NI8SIN NI8SIN + NSING(J) * ESINGIJ) 

C 
C 

592 N18TAN 0.0 
593 DO 70 J = I, 16 
594 70 NI8TAN = NI8TAN + NTANOIJ) * ETANOIJ) 

595 

596 
597 
598 

C 

C 
XNI8 = NI8SIN + NI8TAN 

XNI8=XNI8/12.0/1000000. 
RETURN 
END 

599 SUBROUTINE EQX(YI,YJ,YMI,YM2) 
C , 
C THIS ROUTINE RENAMES VECTORS FOR DISCRIMINANT ANALYSIS 
C 

600 COMMON/ALL/ICOM,IPVT,RHO(S),BETAIS),XNI15,2),X(S),XI12S),XJ(2S),PS 
%II,RHP,BETAP,XMIIS),XM2(S),SCOR,XLIFE,NI,N2,XNI8,PCTTRK,PCTLNE,ADT 

601 DIMENSION YI(2S),YJI251,YMI(S),YM2(5) 
602 DO I I = I ,25 
603 X I ( I ) = Y I ( I ) 
604 XJ(I)=YJ(II 
60S DO 2 1=1,5 
606 XMI( II =YMI (J) 
607 2 XM2 ( I ) = YM2 ( I ) 
608 RETURN 
609 END 

610 SUBROUTINE REHAB(X,IPVT,NI,COST,OV) 
C 
C THIS ROUTINE SELECTS REHAB ALTERNATIVES BASED UPON 
C LEVELS OF SERVICEABILITY/DISTRESS 
C 

611 COMMON /CS/XIN,CJ,CK,CE,CL,CP,CCI,CC2,CC3,XLT,NL,IHT,ITF 
612 DIMENSION X(5),C(5) 
613 DA=0.4166 
614 CA=I.2*CJ 
615 DO 20 I=I,S 
616 20 C(I)=O.O 
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672 
C 

IF(ITF.EQ.lIXlNl=Nl+0.67 
IF(ITF.EQ.2)XlNl=Nl+l.33 
IF(ITF.EQ.3)XlNI=Nl+2.33 
IF(IPVT.EQ. I)GO TO I 
IF(IPVT.EQ.2)GO TO 2 
IF(IPVT.EQ.3)GO TO 3 

3 IF(X(II.lT. 1. I)C(II=CP*XlT*Nl 
IF(X(I).GT. 1. I.AND.X(I).lT.2. I)C(I)=XlT*XlNl*CJOI.2+XlT*Nlt.05*CE* 

1 1.2 
IF ( X ( 1) . GT . 2. 1) C ( 1 ) = Xl TtXlN I *DA/O. 1 O*CA * I .2 
IF (X ( 1 ) . LT. 0.9) C ( 1 )= 0.0 
DO 10 1=2.4 
IF (X ( I ) . l T. 1. I) C ( I 1 =0.0 
IF ( X ( I ) . GT . I . 1 . AND. X ( I ) . l T . 2 . 1 1 C ( I ) = CP * Xl T tNl 
IF ( X ( I ) . GT . 2 . 1 ) C ( I ) = X l T * Nl * CK * 1 .2 

10 CONTINUE 
OV=O.O 
IF ( X ( 1 ) . GT . 1 . 1 . AND. X ( 1 ) . l T . 2 . 1 1 OV = I .0 
IF (X ( I) . GT .2. I 1 OV =5.0 
GO TO 4 
IF(X(II.lE.2.9)C(II=XlTtXlNltl.3*CJ*I.20 
IF(X(I).GT.2.9)C(II=0.0 
IF(X(21.GT.0. I.AND.X(2).lT. 1. I)C(2)=CP*XlT*Nl 
IF ( X (21 . GT . 1 . I . AND. X ( 2 1 . l T . 2 . I 1 C ( 2 1 = Xl T. XlN I - CJ. I . 2 + Xl T' Nl- . 05 _ CE * 

1 1.2 
IF (X (21 . GT .2. 1) C (21 = Xl T* XlN 1 *DA/O. I*CA * 1 . 2 
IF(X(2).lT.0.lIC(21=0.0 
DO 11 1=3,4 
IF(X(II.lT.l.lIC(II=O.O 
IF ( X ( I ) . GT . 1 . 1 . AND. X ( I ) . l T . 2 . 1 1 C ( I 1 = CP' Xl T * Nl 
IF (X ( I ) . GT . 2. 1) C ( I ) = Xl TtNl*CK* 1 .2 

11 CONTINUE 
OV=O.O 
IF (X (2) . GT . 1. 1 . AND. X (21 . l T . 2. I) OV= 1 . 0 
IF(X(I).lE.2.910V=I.2 
IF(X(2) .GT.2.1)OV=5.0 
GO TO 4 

2 DO 12 1=1,2 
IF(X(I).lT.0.9'C(II=0.0 
IF(X(I).GT.0.l.AND.X(I).lT.l.1IC(I)=XlTtNl*Cl_I.2 
IF ( X ( I ) . GT . 1 . 1 . AND. X ( I 1 . l T . 2 . I ) C ( I 1 = 1 . 7 * Xl T+ Nl- Cl. I . 2 
IF (X ( I 1 . GT . 2. 1) C ( I 1 =4.0* Xl PNl*Cl* 1 . 2 

12 CONTINUE 
DO 13 1=3,4 
IF(X(I).lT.2.0IC(I)=0.0 
IF ( X ( I 1 . GE .2. 01 C ( I 1 = CP * Xl T+ Nl- 1 .2 

13 CONTINUE 
IF(X(SI.lT.2.0IC(51=0.0 
IF ( X (5) . GT . 1 . 1 . AND. X (51 . l T . 2. I ) C (5) = X l T' Nl' Cl' I .2 
IF(X(S).GT.2.1IC(SI=I.7.XlT*Nl*Cl*I.2 
OV=O.O 

4 COST=C( II 
DO 8 1=2.NI 
IF(C(II.GT.cOSTICOST=C(I) 

8 CONTINUE 
RETURN 
END 

SUBROUTINE REMlIF(MMI 
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THIS ROUTINE TRANSLATES SERVICE liFE AND REMAINING liFE 
TO MONTHS 

COMMON/All/ICOM,IPVT,RHO(S),BETA(S),XNIIS,2),XIS),XI12S),XJI2S),PS 
%II,RHP,BETAP,XMI(S),XM2(S),SCOR,XlIFE,NI,N2,XNI8,PCTTRK,PCTlNE,ADT 

COMMON /REM/ NM,RG,RMllF,NMR,NR,lP 
IFIMM.EQ. I)GO TO 20 
XO=XNI8/11.+NM*RG) 
DO 3 1=1,360 
AC=XO*(I+(I*II-I»/2.*RG) 
IF(AC.GE.XlIFE)GO TO 4 
GO TO 3 

4 NR=I 
GO TO S 

3 CONTINUE 
S CONTINUE 

ACCl=XO*(NM+(NM*(NM-I"/2.*RG' 
RMlIF=XlIFE-ACCl 
NMR=O 
IF(RMlIF.LE.O.O'RMLIF=O.O 
IF(RMLIF.EQ.O.O)GO TO 12 
DO 10 1=2,360 
AC=XNI8*11+(I*(I-I)'/2.*RG' 
IF(AC.GE.RMlIF'GO TO II 
GO TO 10 

II NMR=I 
GO TO 12 

10 CONTINUE 
GO TO 12 

20 X X = X N 18/ ( I. + NM. R G , * ( I. + N R * R G , 
DO 2 I I = I ,360 
AC=XX*(I+(I*(I-l"/2.*RG/12.) 
IFIAC.GE.XlIFE)GO TO 22 
GO TO 21 

22 NR=I 
NR=NR/12.+.S 
RETURN 

21 CONTINUE 
12 RETURN 

END 

SUBROUTINE DAMAGE(AC,Nl,RHP,BETAP,RHO,BETA,IPVT,XNI8,Y,PSI' 

THIS ROUTINE PREDICTS THE PAVEMENT CONDITION WHEN 
REHABiliTATION IS DELAYED 

DIMENSION RHO(S),BETA(S',Y(S),Pl(3',PF(3) 
PI ( l' =4. S 
Pt(2'=4.2 
P1(3)=4.7 
PF(1)=2.7 
PF(2)=0.83 
PF(3)=2.06 
J= I 
IF(JPVT .EQ.lIJ=2 
DO I I =J, N 1 
A=AC 
IF(IPVT.EQ.2.AND.I.EQ.3'A=AC/XNI8 
IF(IPVT.EQ.2.AND.I.EQ.4)A=AC/XNI8 
Y(I'=EXP(-I.O'«RHO(I'/A)'.BETA(I») 
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PSI=PI(IPVT)-(P1CIPVT)-PFCIPVT»*EXPC-I.0*C(RHP/A)"BETAP» 
IFCIPVT.EQ.I)YCI)=PSI 
DO 2 I=J,N' 
IF(Y(I).LE.O. 1649)GO TO 101 
IF(Y(I).LE.0.329)GO TO 102 
IF(Y(I).LE.0.499)GO TO 103 
Y ( I ) =3.0 
GO TO 2 
Y (I) =0. 0 
GO TO 2 
Y(I)=I.O 
GO TO 2 
Y(I)=2.0 
CONTINUE 
RETURN 
END 

SUBROUTINE MAINT(CMC) 

THIS ROUTINE CALCULATES EAROMAR MAINTENANCE COSTS 
FOR PAVEMENT AGES CI-30 VRS) 

COMMON /CS/XIN,CJ,CK,CE,Cl,CP,CCI,CC2,CC3,XlT,Nl,IHT,ITF 
DIMENSION CMC(30) 
IF( IHT. EQ. IICC= 1. 0 
IF(IHT.EQ.2)CC=0.316 
IF(IHT.EQ.3)CC=.382 
DO I 1=1,30 
CMCCI)=CC*C(1100*CCI+IOOO*CC2+5 0 CC3)/CI.0+EXP(-I.OO(I-10)/1.16») 
CMCCI)=CMCCI)*Nl 
RETURN 
END 

SUBROUTINE OILCONCSL,OllC) 

OIL CONSUMPTION FOR A GIVEN SPEED 

DIMENSION OllC(5),X51(44) 
DATA X51/3.8,6.5,9.6, 19.6,2.4,4. 1,6.2,12.7, 1.8,3.4,4.9,10. I, 

I 1.6,3.0,4.4,9.0,1.5,2.8,4.1,8.3,1.4,2.7,3.8,7.7, 
2 1.4,2.5,3.6,7.2,1.4,2.3,3.4,6.5,1.4,2.1,3.1,5.7, 
3 1.3,2.0,3.0,5.0,1.2,2.1,3.2,5.2/ 

ISl=Sl/504-3 
OllC( I) =X5 I (ISl)! 1000. 0 
0ILC(2)=X5ICISL+I)/1000.0 
0IlC(3)=X51CISL+2)/1000.0 
OllC(4)=0IlC(3) 
OllC(5)=X51(ISL+3)/1000.0 
RETURN 
END 

SUBROUTINE TIRCONCS,T) 

TIRE WEAR FOR A GIVEN SPEED 

DIMENSION T(5),X52(55) 
DA TA X52!. 08, .08, .09, . I 1 , . 13, . 16, .20, .26, .32, .41, .51 , 

I .10, .12,.14, .18, .22, .28, .36, .46, .57, .72, .90, 
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I=S/ 

. to, .11, .13, .15, .18, .21, .25, .29, .34, .40, .47, 

.09, .09, .10, .12, .14, .16,.19, .23, .27, .33, .40, 

.12,.12, .13, . 15, . 16, . 18, .21, .23, .27, .31, .36/ 

T(I) X52CI)/100.0/1000.0 
T(2) X52(1+11)/1000.0/100.0 
T(3) X52(1+22)/100.0/1000.0 
T(4) X52(1+33)/100.0/1000.0 
T(5)=X52(1+44)/100.0/1000.0 
RETURN 
END 

SUBROUTINE DEPCONCS,D) 

DEPRECIATION CHARGE FOR GIVEN SPEED 

DIMENSION D(5),X53C44) 
DATA X53/1. 22,1.03, .93, .85, .79, .73, .66, .63,.61, .59, .59, 

I .74, .59, .50, .44, .40, .37, .34, .33, .31, .30, .29, 
2 .23, . 18, . 15, . 13 •. 12, . 1 I , . 10, . 10, .09, . 09, .09, 
3 .25, . 19, . 16, . 14, . 12, . I 1 , . 10, . 10, .09, . 09, . 09/ 

I=S/5 
D(I)=X53(1)/100.0/1000.0 
D(2)=X53(1+11)/100.0/1000.0 
D(3)=X53(1+22)/100.0/1000.0 
D(4)=D(3) 
D(5)=X53(1+33)/100.0/1000.0 
RETURN 
END 

SUBROUTINE TABLE(PS,TF,TF1,ZMRS,ZMRSI,ZMRS2,DP,DP1,DP2) 

CONTAINS FACTORS FOR TIRE WEAR, REPAIRS, DEPRECIATION FOR 
DIFFERENT LEVELS OF SERVICEABILITY 

DIMENSION X54(8),X55(8),X56(8),X57C8),X58(8),X59C8),X60CS),X6IC8) 
DATA X54/1.64, 1.21, .88, .61, .40, .24, .10,0.0/ 
DATA X55/.75, .52, .35, .24, .15, .08, .03,0.0/ 
DATA X56/1.47,1.15,.88,.54,.32,.17,.07,O.0/ 
DATA X57/.83, .58, .40, .27, .17,.10, .04,0.0/ 
DATA X58/1.49, .96, .64, .41, .25, .14, .06,0.0/ 
DA TA X59/. 16, . I I , .08, .06, .04, .02, .01,0.0/ 
DATA X60/.39, .29, .21, .15, .10, .06, .03,0.0/ 
DATA X61/.38, .28, .20, .15, .10, .06, .03,0.0/ 
XXJ=1.0 
DO I 1=1,8 
IFCPS.LE.(XXJ+.25»GO TO 2 
GO TO I 
K=I 
GO TO 3 
XXJ=XXJ+0.5 
TF=X54(K) 
TF I=X55( K) 
ZMRS=X56(K) 
ZMRSI=X57(K) 
ZMRS2=X58(K) 
DP=X59(K) 
DPI=X60(K) 
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DP2=X61 (K) 
RETURN 
END 

SUBROUTINE MPG(S,XTT,ADT,GC) 
DIMENSION XTT(5),X62(55) 
DATA X62/55.4,55.4,47.3,38.7,38.0,37.3,37.6,38.0,40.5,43.0,47.9, 

1 212.0,207.,167.,132.,121.,112.,113.,115.,123.,133.,139., 
2 236. ,217. ,198. ,179. ,168. ,156. ,153. ,149. ,149. ,149. ,153., 
3 465. ,367. ,284. ,203. ,198. ,193. ,186. ,180. ,174. ,169.,168., 
4 470.,370.,287.,205.,204.,204.,202.,201.,199.,199.,202. I 

I=S/5 
GC=(XTT(I)/X62(1)+XTT(2)/X62(I+ll)+XTT(3)/X62(1+22)+ 

1 XTT(4)/X62(1+33)+XTT(5)/X62(1+44)'1000.0/ADT 
RETURN 
END 

SUBROUTINE REPCON(S,REP) 

% AVE COST OF MAINT / REPAIRS FOR DIFFERENT SPEEDS 

DIMENSION REP(5),X70(55) 
DATA X70/46.9,47.8,49.4,51.6,54.4,57.4,60.6,64.0,67.6,71.3,75.2 

I ,45.7,44.7,45.5,47.6,50.6,54.3,58.7,63.7,69. 1,74.7,80.5 
2 ,46. 1,47. 1,48.2,49.7,51 .4,53.4,55.7,58.5,61 .7,65.4,69.7 
3 ,44.6,45.6,46.8,48.2,50.0,52.3,55.0,58.3,62.3,67.0,72.5 
4 ,45.9,45.5,46.4,48.4,51.4,55. 1.59.6,64.5,69.8.75.4,81.2/ 

I=S/5 
00 I J= 1,5 
REP(J)=X70(1)/100.0/1000.0 
I = I + II 
RETURN 
END 

I/SDA TA 

Sample O&ta 

03 7 
41.20 6.00 10000.10000.140000.3000. 1000. 3.47 .25 

1.0068.0 194.0465.041.6 99.0 140.0145.0145.0 
7501. 8673. 45350. 48687. 51630. 

3 3290.0 18.7 40.0 2 60 3.5 1.0 4 3 2 55. 
1.5 27.5 8.2 31.3 83.0 2.62 47.5 
1 16780. 13.9 50. 2 60 3.5 1.0 4 1 3 55. 

4.0 38.9 63.4 18.300 89.100 11.000 1.0 
2 350.00000 5.00 50. 2 20 3.5 1.0 2 2 I 55. 

6. 23.1 41.63 17.4 52.1 35.52 1.55 
/*END 

450. 

14.0 

3.2800 
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Sample Output 

OVERLAY 
CHIP SEAL 
BASE AND REPAIR PATCH 
SEAL COAT 
FILL CRACKS 

INTEREST RATE 4% 

ITEM AUTO 

TI RES (EA) 68. 

MA I NTENANCE 41.60 
AND REPAIRS (/1000 MI) 

DEPRECIABLE 7501. 
VALUE 

SU-2 

194. 

99. 

8673. 

COST INFORMATION 

$ 10000./IN/LANE MILE 
10000./LANE MILE 

140000./LANE MILE 
3000./LANE MILE 
1000./LANE MILE 

PATCHING 
BASE AND SURFACE REPAIR 
CRACK SEALING 
GASOLINE 
OIL 
VALUE OF TIME 

VEHICLE RELATED COSTS 

SU-3 2-S2 3-S2 

465. 465. 465. 

140. 145. 145. 

45350. 48687. 51630. 

$ 3.47/SQ YO 
450.00/CU YO 

0.25/L1NEAR FT 
1.20/GAL 
I.OO/QT 
6.00/HR 
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YR 
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PRESENT 

WORTH 

( R • M) 
4934. 

6468. 

10088. 

65746. 

58824. 

52829. 

SECTION DESCRIPTION (ASPHALT CONCRETE PAVEMENT) 

AADT 
% TRUCKS 
% /LANE 
% GROWTH /YR 
SURFACE AGE (MON) 

3290. 
18.70 
40.00 
3.50 

60 

SPEED LIMIT (MPH) 
NUMBER OF LANES 
SECTION LENGTH 
HIGHWAY SYSTEM 
FACILITY TYPE 

55. 
4 
1.00 
3 
2 

SECTION PROPERTIES 

THICKNESS OF ASPHALT CONCRETE 
THICKNESS OF BASE 
STRUCTURAL NUMBER 
SUBGRADE PLASTICITY INDEX 

1.50 
14.00 
2.62 

27.50 

SUBGRADE LIQUID LIMIT 
MEAN TEMPERATURE - 50 
THORNTHWAITE INDEX' 50 
AVERAGE FREEZE THAW CYCLES 

LIFE PREDICTION 

PREDICTED PAVEMENT CONDITION AT END OF SERVICE liFE 

ACS 
1.00 

LCS 
1.00 

LCA 
2.00 

TCS 
1.00 

NI8/MONTH 0.7411004E 04 PROB OF CLASSIF = 0.9554008E 00 
EST. LIFE 0.7148051E 06 N18 100 MON 
REMAINING LIFE(NI8) = 0.3038098E 06 REMAINING LIFE (MON) = 39 

47.50 
8.20 

31.30 
83.00 

PREDICTED CONDITION PER YR (NO REHAB) AFTER SERVICE LIFE 

ACS LCS LCA TCS 

1.00 1.00 2.00 1.00 

2 1.00 1.00 2.00 2.00 

3 2.00 2.00 3.00 3.00 

4 2.00 2.00 3.00 3.00 

5 2.00 2.00 3.00 3.00 

COST ANALYSIS 

ANALYSIS PERIOD = 7 VRS 

REHAB PSI FUEL OIL TI RE REPAIR DEPR TIME 

COST SAVINGS SAVINGS SAVINGS SAVINGS SAVINGS SAVINGS 

4000. 2.43 1280. 5113. 13695. 157751. 24300. 21778. 

4000. 2.37 1295. 5254. 13695. 157751. 24300. 22484. 

4000. 2.31 1312. 5425. 13695. 157751. 24300. 23365. 

97560. 2.26 1325. 5551. 13695. 157751. 24300. 24033. 

97560. 2.22 1333. 5646. 19894. 252606. 32469. 24548. 

97560. 2.20 1340. 5719. 19894. 252606. 32469. 24950. 

MAINTENANCE SAVINGS 

SAVINGS COST RATIO 

41328. 66.3 

47447. 68.0 

51873. 69.4 

54526. 2.8 

55885. 4.0 

56515. 4.0 



I--' 
0'\ 
1.0 

YR 
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4 

AADT 
% TRUCKS 
% /LANE 
% GROWTH /YR 
SURFACE AGE (MON) 

SECTION DESCRIPTION 

(OVERLAID PAVEMENT) 

16780. 
13.90 
50.00 
3.50 

60 

SPEED LIMIT (MPH) 
NUMBER OF LANES 
SECTION LENGTH 
HIGHWAY SYSTEM 
FACILITY TYPE 

SECTION PROPERTIES 

55. 
4 
1.00 
1 
3 

THICKNESS OF ORIGINAL SURFACE + OVERLAY 
OVERLAY THICKNESS 

4.00 
1.00 
3.28 

SUBGRADE LIQUID LIMIT 
MEAN TEMPERATURE - 50 
THORNTHWAITE INDEX + 50 
AVERAGE FREEZE THAW CYCLES 

STRUCTURAL NUMBER 
SUBGRADE PLASTICITY INDEX 38.90 

LIFE PREDICTION 

PREDICTED PAVEMENT CONDITION AT END OF SERVICE LIFE 

PSI 
3.02 

ACA 
2.00 

LCS 
2.00 

LCA 
2.00 

NI8/MONTH 0.3512024E 05 PROB OF CLASSIF 0.8134362E 00 
EST. LIFE 0.1526561E 07 NI8 48 MON 
REMAINING LIFE(NI8) = O.OOOOOOOE 00 REMAINING LIFE (MON) o 

PREDICTED CONDITION PER YR (NO REHAB) AFTER SERVICE liFE 

PSI ACA LCS LCA 

2.96 3.00 3.00 3.00 

2 2.91 3.00 3.00 3.00 

3 2.88 3.00 3.00 3.00 

4 2.86 3.00 3.00 3.00 

COST ANALYSIS 

ANALYSIS PERIOD = 4 YRS 

PRESENT REHAB PSI FUEL OIL TI RE REPAIR DEPR TIME 

WORTH COST SAVINGS SAVINGS SAVINGS SAVINGS SAVINGS SAVINGS 

(R + M) 
109769. 109560. 3.02 3966. 11479. 2314 I. 274023. 47244. 58223. 

279534. 379739. 2.96 4059. 11964. 23141. 274023. 47244. 60579. 

183483. 379739. 2.91 4125. 12315. 23141. 274023. 47244. 62319. 

92042. 379739. 2.88 417 I. 12571. 2314 I. 274023. 47244. 63606. 

5884. 379739. 2.86 4206. 12766. 23141. 274023. 47244. 64594. 

63.40 
18.30 
89.10 
11.00 

MAINTENANCE 

SAVINGS 

5674. 

11988. 

22497. 

36822. 

52809. 

SAVINGS 

COST RATIO 

3.8 

1. I 

1.1 

1.2 

1.2 
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7374. 

6211. 

8685. 

7648. 

12447. 

10237. 

SECTION DESCRIPTION (SURFACE TREATED PAVEMENT) 

AADT 
% TRUCKS 
% /LANE 
% GROWHi /YR 
SURFACE AGE (MON) 

THICKNESS OF FLEXIBLE BASE 
SUBGRADE PLASTICITY INDEX 
SUBGRADE LIQUID LIMIT 
MEAN TEMPERATURE - 50 

350. 
5.00 

50.00 
3.50 

20 

SPEED LIMIT (MPH) 
NUMBER OF LANES 
SECTION LENGTH 
HIGHWAY SYSTEM 
FACILITY TYPE 

55. 
2 
1.00 
2 
I 

SECTION PROPERTIES 

6.00 
23.10 
41.63 
17.40 

THORNTHWAITE INDEX + 50 
AVERAGE FREEZE THAW CYCLES 
DYNAFLECT MAX DEFLECTION 

LIFE PREDICTION 

PREDICTED PAVEMENT CONDITION AT END OF SERVICE LIFE 

RUTS RUTA LCA TCA PATA 
1.00 0.00 1.00 1.00 0.00 

52.10 
35.52 

1.55 

NI8/MONTH 0.2635046E 03 PROB OF ClASSIF 0.9171120E 00 
EST. liFE 0.2190803E 05 N18 80 MON 
REMAINING LIFE(NI8) = 0.1679044E 05 REMAINING LIFE (MON) 59 

PREDICTED CONDITION PER YR (NO REHAB) AFTER SERVICE LIFE 

RUTS RUTA LCA TCA PA TA 

1.00 0.00 1.00 1.00 0.00 

2 2.00 1.00 1.00 1.00 0.00 

3 2.00 1.00 1.00 1.00 0.00 

4 3.00 2.00 2.00 2.00 1.00 

5 3.00 2.00 2.00 2.00 1.00 

COST ANALYSIS 

ANALYSIS PERIOD = 6 YRS 

REHAB PSI FUEL OIL TI RE REPAIR DEPR TIME 

COST SAVINGS SAVINGS SAVINGS SAVINGS SAVINGS SAVINGS 

7200. 3.78 70. 174. 115. 1607. 325. 956. 

7200. 3.74 73. 186. 284. 3886. 650. 1000. 

12240. 3.59 82. 223. 284. 3886. 650. 1140. 

12240. 3.44 90. 260. 284. 3886. 650. 1284. 

28800. 3.30 97. 295. 284. 3886. 650. 1430. 

28800. 3.17 104. 329. 489. 7262. 1271. 1575. 

MAINTENANCE SAVINGS 

SAVINGS COST RATIO 

8399. 1.6 

11396. 2.4 

14313. 1.6 

16820. 1.9 

18641. 0.8 

19734. 1.0 



Data Preparation for Use of Computer Program 

Card 1 

Cols. 

3-5 

6-8 

Format 

13 

13 

Card 2 Cost Information 

Col s. 

3-4 

5-11 

12-18 

19-25 

26-32 

33-39 

40-46 

47-53 

54-60 

61-67 

68-73 

Format 

12 

F7.0 

F7.0 

F7.0 

F7 .0 

F7 .0 

F7.0 

F7.0 

F7.0 

F7.0 

F7 .0 

Variable Description 

Number of sections included in computer run 

Estimated life of seal a coat 

Variable Description 

Discount rate 

Cost of gasoline ($/gal) 

Value of time ($/hr) 

Cost of 111 overlay ($/lane mi) 

Cost of chip seal ($/lane mi) 

Cost of base and repair patching ($/lane mi) 

Cost of seal coat ($/lane mi) 

Cost of filling cracks ($/lane mi) 

Patching (Maint) ($/sq yd) 

Crack sealing (Maint) ($/lane ft) 

Base and surface repair (Maint) ($/cu yd) 
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Card 3 Cost Information 

Cols. 

1-7 

8-14 

15-21 

22-28 

29-35 

36-42 

43-49 

50-56 

57-63 

Card 4 

Col s. 

1-7 

8-14 

15-21 

22-28 

29-35 

Format 

F7.0 

F7.0 

F7 .0 

F7.0 

F7.0 

F7.0 

F7.0 

F7.0 

F7.0 

Cost Information 

Format 

F7.0 

F7.0 

F7.0 

F7.0 

F7.0 

Variable Description 

Cost of qt of oil 

Cost of tire for automobile 

Cost of tire for single unit truck 

Cost of tire for semi-truck 

Cost of maintenance and repairs for 
automobile ($/1000 mi) 

Cost of maintenance and repairs for SU-2 
($/1000 mi) 

Cost of maintenance and repairs for SU-3 
($/1000 mi) 

Cost of maintenance and repairs for 2-S2 
($/1000 mi) 

Cost of maintenance and repairs for 3-S2 
($/1000 mi) 

Variable Description 

Depreciable value for automobiles 

Depreciable value for SU-2 

Depreciable value for SU-3 

Depreciable value for 2-S2 

Depreciable value for 3-S~ 
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Card 5 

Cols. 

2 

3 

4-13 

14-18 

19-23 

26-29 

30-34 

35-39 

40-41 

42-43 

44-45 

46-50 

Section Description 

Format Variable Description 

I1 

I1 

FlO.O 

F5.0 

F5.0 

14 

F5.2 

F5.2 

12 

12 

12 

F5.2 

Indicator for composite pavement 

o not composite overlaid section 

1 composite overlaid section 

Pavement Type 

1 overlay 

2 surface treated 

3 asphalt concrete 

Average annual daily traffic 

Percent trucks 

Percent trucks per lane 

Age of surface in months 

Traffic growth rate (%) 

Project length (miles) 

Number of lanes 

Highway Type Indicator 

1 Interstate 

2 Farm to Market 

3 US/State 

Facility Type Indicator 

1 two lane 

2 multilane 

3 freeway 

Speed limit (mph) in multiples of 5 
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Card 6 

Cols. Format 

1-10 FlO.O 

11-20 FlO.O 

21-30 FlO.O 

31-40 F10.0 

41-50 FlOoO 

51-60 FlO.O 

61-70 FlO.O 

71-80 FlOoO 

1-10 F10.0 

11-20 FlO.O 

21-30 F1000 

31-40 FlOoO 

41-50 FlOoO 

51-60 F10.0 

61-70 FlOoO 

71-80 F1000 

Section Pavement Properties 

(Asphalt Concrete) 

Variable Description 

Thickness of asphalt concrete layer (i n ) 

Subgrade Plasticity Index 

Average Temperature - 50°F 

Thornthwaite Index + 50 

Annual average freeze thaw cycles 

Structural number (AASHO) 

Subgrade Liquid Limit 

Thickness of flexible base (in) 

(Overlay) 

Thickness of original surface + overlay (in) 

Subgrade Plasticity Index 

Subgrade Liquid Limit 

Average Temperature - 50°F 

Thornthwaite Index + 50 

Annual average freeze thaw cycles 

Overlay thickness (in) 

Structural number* (AASHO) 

*For composite pavements use 0.55 as rigid 
layer coefficient in place of 1.0. 
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(Surface Treated) 

Cols. Format Variable Description 

1-10 FlO.O Thickness of flexible base (i n) 

11-20 FlO.O Sub grade Plasticity Index 

21-30 FlO.O Subgrade Liquid Limit 

31-40 FlO.O Average temperature - 50°F 

41-50 FlO.O Thornthwaite Index 

51-60 FlO.O Annual average freeze thaw cycles 

61-70 F10.0 Dynaflect maximum deflection (mils) 

For more than one section, repeat cards 5, 6 for each section. Cards 
1-4 contain information applicable to all sections being analyzed. 
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