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PREFACE 

This report is issued as a result of research conducted under Research 

Project No. 1-8-69-123, '~ System Analysis of Pavement Design and Research Im­

plementation." The project was initiated in 1969 and is being conducted jointly 

by the Texas Highway Department, the Center for Highway Research, and the Texas 

Transportation Institute. The study is part of a cooperative research program 

with the Department of Transportation, Federal Highway Administration. 

This study was conducted to include pavement surface skid resistance con­

siderations in the computer program developed by the project for designing 

flexible pavements. 

David C. Steit1e 

B. Frank McCullough 

December 1971 
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ABSTRACT 

This report summarizes work completed by Research Project 123 at the Cen­

ter for Highway Research concerning skid resistance considerations in Flexible 

Pavement System (FPS). The study traces the progression of analysis and the 

development of a skid resistance decay model. Also presented is a method which 

the design engineer may find useful in applying skid resistance considerations 

to FPS. The method allows the elimination from FPS of those aggregates which 

would not provide adequate skid resistance performance for the given roadway 

requirements. 

KEY WORDS: flexible pavement system, flexible pavement, seal coat, overlay, 

aggregate, skid resistance, coefficient of friction, skid trailer, trailer 

coefficient, British Accelerated Polishing Machine, British portable tester 

number, nomograph, Texas Highway Department, Center for Highway Research, Texas 

Transportation Institute, systems analysis. 
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SUMMARY 

This report presents information supplied by Research Project 126 for the 

implementation of skid resistance considerations in Flexible Pavement System 

(FPS). Research Project 123 used this information to develop an equation to 

describe the traffic-skid resistance relationship and included the skid resist­

ance considerations in FPS. 

To avoid calculations for aggregates with infeasible skid decay, a method 

was developed which will eliminate aggregates that have inadequate skid re­

sistance life under given traffic conditions. This method is graphical but can 

be included in FPS with little trouble • 
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IMPLEMENTATION STATEMENT 

The computer program developed by Project 1-8-69-123 for designing flexible 

pavement uses more than 50 physical inputs and constraints to obtain a set of 

recomm~nded pavement design strategies based on the net present worth of the 

lowest total cost. This study was initiated to consider in the calculation of 

pavement design strategies the different skid resistance performance character­

istics of aggrega es used in the surface mix. Certain skid resistance considera­

tions were included in the computer program so that if the proper input param­

eters of the aggregate are known, skid resistance performance can be included 

in obtaining the pavement design strategies • 
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CHAPTER 1. INTRODUCTION 

In a pavement system, many variables affect the performance and physical 

condition of the highway. The effects of these variables will influence con­

struction, maintenance, and managerial decisions, which will in turn affect 

the final cost of the pavement system. Therefore, the more accurately one can 

predict the effects that the variables will have on the pavement, the more 

closely the actual cost can be estimated. 

This report concerns aggregate variables which affect the seal coat 

schedules of flexible pavements. These variables are incorporated as inputs 

in Flexible Pavement System (FPS), where they are utilized in seal coat sched­

ule and overall pavement system cost calculations. 

BACKGROUND 

Due to the complex nature of highway pavements, systems analysis is the 

best means for realistic analyses of pavement design and management problems 

(Ref 1). Research Project 32 at the Texas Transportation Institute developed 

this "Systems Approach" to the design of flexible pavements (Ref 2). The de­

sign system accounts for both physical and cost variabl .s and provides means 

for making design decisions based on probable overall costs rather than on 

initial construction costs alone. 

The set of explicit mathematical models for the systems analysis process 

was formulated in Project 32 by Scrivner, Moore, McFarland, and Carey, in 

Report 32-11, "A Systems Approach to the Flexible Pavement Design Problem" 

(Ref 2). These models have an accompanying computer program for reaching solu­

tions. The computer program, developed by the Texas Transportation Institute 

and being implemented by certain Districts of the Texas Highway Department, 

has more than 50 physical input variables and constraints. However, in com­

puting the seal coat schedule, and the resulting cost, only two input variables 

are considered - the time to first seal coat after initial or overlay construc­

tion and the time between seal coats (Ref 1). Consequently, the program de­

scribes all surfaces as having a fixed life. But, if skid resistance criteria 
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are included in the analysis, different aggregates will provide different 

surface skid resistance performance characteristics. These differences in 

performance will affect the seal coat schedules and resulting costs. There­

fore, the cost analysis should include skid resistance criteria. 

2 

In applying skid resistance criteria to FPS, Projects 45 and 126 of the 

Highway Department provided the required basic information. Project 45 ob­

tained field measurements of skid resistance loss with traffic and criteria 

for upgrading (Refs 3, 4, 5, 6, and 7), and Project 126 suggested a method for 

predicting the skid resistance loss using a laboratory analysis of the aggre­

gate (Ref 8). 

This report concerns work which progresses from information supplied by 

Project 126. The results of this work are to be used in connection with Re­

search Project 123 at the Center for Highway Research in considering skid re­

sistance in FPS. 

OBJECTIVE 

The objective of this study is to incorporate into FPS consideration of 

skid resistance criteria. This report is primarily intended to aid those 

using FPS in design to more easily and effectively choose those aggregates 

which have adequate skid resistance characteristics. 

SCOPE 

Included in this report are a discussion of and the limitations of an 

equation which may be used to predict asphalt concrete pavement skid resistance 

with respect to traffic. Also included is a method of eliminating from FPS 

those aggregates with unsatisfactory skid resistance performance. The method 

is a manual procedure which can, however, be programmed into the FPS computer 

program with little difficulty. In addition, the method can be revised if a 

more desirable formula for traffic-skid resistance prediction becomes available. 

Chapter 2 provides background information used in this report. Chapter 3 

involves the development of the skid resistance performance equation used in 

FPS, and Chapter 4 concerns the development of the procedures used to eliminate 

infeasible aggregates from consideration in FPS. Finally, Chapter 5 outlines 

a user procedure and presents a sample problem to illustrate the procedure. 



CHAPTER 2. BACKGROUND INFORMATION 

In order to predict skid resistance performance and, thereby, incorporate 

skid resistance considerations into FPS, an equation is needed to describe the 

skid resistance performance of the different aggregates used in pavements. 

This chapter summarizes the findings presented by Kenneth Hankins of Project 126 

in developing an equation to describe the skid resistance performance. Also 

contained in this chapter is a laboratory method which Project 126 suggested 

could be used to predict actual skid resistance performance. 

PROJECT 126 FINDINGS 

Project 126 of the Texas Highway Department is currently working to deter­

mine a relationship between laboratory polish (polishing an aggregate with the 

British Accelerated Polishing Machine) and traffic polish (the polishing of an 

aggregate by actual vehicle applications). The findings of Project 126 are 

being used by Project 123 to incorporate skid resistance considerations into 

FPS. To determine the relationship between laboratory polish and traffic 

polish, Project 126 is studying different aggregates to determine the following 

as reported by Hankins (Ref 8): 

or 

(1) The relationship between pavement surface coefficient of friction 
and traffic using the skid trailer to measure pavement surface 
coefficient of friction. Based on previous observations of field 
performance, 1t was assumed that a curve fitted through actual 
traffic polish data takes the form 

= r- \field] f 40- MAX L (N+l) 

(2.1) 

log f 40- N = log f 40- MAX - bfield 10g(N + 1) (2.2) 
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where 

= 

N = 

= 

= 

trailer coefficient at 40 mph (Ref 3) and 
applications, 

N vehicle 

number of vehicle applications (trucks and cars counted 
equally), 

a constant for each aggregate that depends on its traf­
fic polishing characteristic, 

trailer coefficient at 40 mph before any vehicle ap­
plications. 

In other words, a straight-line relationship between log f40 _ N 

and log (N + 1) is assumed, with -bfield as the slope of the line 
(see Fig 1). 

(2) The relationship between the British Portable Tester number (Ref 9) 
and polish hours. A good linear correlation exists between the log 
of the British Portable Tester number and the log of polish hours. 

(3) The relationship between the British Portable Tester number and the 
pavement surface coefficient of friction. 

(4) The relationship between the slopes of the aforementioned plots of 
the log trailer coefficient versus log vehicle applications and the 
log of the British Portable Tester number (converted to trailer 
coefficient versus the log of polish hours). 

LABORATORY METHOD FOR PREDICTING SKID PERFORMANCE 

4 

Project 126 suggested that a laboratory method for predicting actual skid 

resistance performance under traffic could consist of the following: 

(1) Polish a specimen with the British Accelerated Polishing Machine. 

(2) Determine laboratory rate of polish (blab) of the straight-line fit 

of the log of the British Portable Tester number versus the log of 
hours of polish (It is acknowledged that there is a limited coeffi­
cient of correlation in the linear fit above, and better correlations 
may be obtained by a polynomial regression analysis). 

(3) Determine the final laboratory polish value and convert it to final 
trailer coefficient. 

(4) Find a corresponding field rate of polish under traffic (bfield) 

from a relationship which might exist between blab and bfield. 

(5) Determine the number of vehicle applications N at which a specified 
minimum allowable coefficient of friction (f40 _ N) will occur using 

an equation describing actual pavement performance. 
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SUMMARY 

In order to incorporate skid resistance considerations into flexible pave­

ment system, an equation must be available to describe skid resistance perform­

ance of various aggregates. Project 126 is working to determine this equation 

and has outlined the required information. They have also outlined a labora­

tory method for predicting actual skid resistance performance under traffic. 



CHAPTER 3. DEVELOPMENT OF SKID DECAY MODELS FOR FPS 

If a model were available for describing aggregate skid resistance per­

formance, skid resistance considerations could be applied to FPS. This chapter 

discusses the development of the skid resistance performance equation for use 

in FPS. 

DEVELOPMENTAL APPROACH 

If a model were available for calculating the number of vehicle application 

at various coefficients of friction, the number of vehicle applications to a 

minimum allowable coefficient of friction could be determined. This value ob­

tained for number of vehicles N could then be equated to the formula used in 

FPS for defining total vehicle applications over the roadway with respect to 

time: 

tl 
r' 

N = 365 (LDF) 
.; 

r-dt 

t=o 

or 

r r - r o! 2 -
365(LDF)L(ro) (t l ) 

, C 
(3.1) N = + \ 2C )\t l J 

where 

C = design life of pavement in years; 

r = average daily traffic (one direction) ; 

r = average daily traffic (one direction) at initial pavement 
0 construction; 

rC = average daily traffic (one direction) at the end of the 
design life; 
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t = 

= 

8 

time after initial construction, in years; 

time after initial construction to N vehicle applications, 
in years; 

LDF = lane distribution factor of most heavily traveled lane. 

The above equation assumes a linear increase in traffic during the design 

life e to correspond with the assumption in FPS (Ref 2). The equation yields 

the total number of vehicles expected to have passed over the pavement since 

construction at any specified time t. 

After substituting the value of N obtained from a traffic-coefficient 

equation, Eq 3.1 can be solved for t l , the time in years to the first seal 

coato The subsequent seal coats at t2 ' t3 ' etc. can be obtained similarly: 

or 

where 

where 

t2 

N = 365(LDF) J r·de 

tl 

t2 = time after initial construction, in years. 

In general, Eq 3.1 and 3.2 can be expressed as follows: 

(3.2) 

(3.3) 

and = subsequent times after initial construction, in 
years. 
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In calculating the seal coat schedule, FPST-6, a revised FPS program with 

skid resistance considerations included, will compute t
1

, the time to the 

first seal coat; t
2

, the time to the second seal coat; etc. However, if an 

overlay is constructed, e.g., between the time t1 and t
2

, the program con­

siders the time from initial construction to the first seal coat as the first 

skid resistance performance period; the time from the first seal coat to over­

lay is the second skid resistance performance period; and the time from overlay 

to the second seal coat is the third skid resistance performance period. There­

fore, the third performance period is the time the overlay takes to polish to 

the minimum allowable coefficient of friction (see Fig 2). 

POLISH MODEL 

Project 123 considered several formulas for describing the coefficient of 

friction of aggregates with respect to the number of vehicle applications. 

The formula which yielded the desired accuracy for analysis in FPST-6 defined 

the aggregate skid performance in terms of three parameters. 

f 1 
40 - N. b f · 1d ( , 

\ 
l.). l.e 

f Nl..) 
40 - N 

(3.4) N = 

The equation describes the straight-line, logarithmic plot of traffic polish 

(see Fig 3). The value f 40 - N. 
l. 

is the coefficient at 40 mph of the pavement 

initially measured at N. 
l. 

vehicle applications, is a specified mini-

mum allowable coefficient for the particular installation, and -bfie1d is 

the slope of the line. 

The value of f would have to be correlated from laboratory polish 
40 - N. l. 

data. Likewise, bfie1d would have to be obtained from laboratory analysis 

and correlation. Restricted utility in using Eq 3.4 is suspected since the 

number of vehicle applications N. at which the initially measured coefficient 
l. 

occurs would have to be evaluated. However, defining the performance of the 

aggregates by these three parameters implicitly defines the number of vehicle 

applications at which the final coefficient for each aggregate is reached. 
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It may be conceived that the estimation of N. from a laboratory proce-
1 

dure could be a very difficult task. However, if the actual initial trailer 

coefficients of the aggregates in the field used to obtain the laboratory cor­

relation were all measured at the same number of vehicle applications of, say, 

50,000, the aggregate parameter N. would become a constant. This would, of 
1 

course, greatly simplify the field correlation from laboratory data. 

SUMMARY 

Project 123 formulated Eq 3.4 to define the aggregate skid resistance 

performance for determining seal coat schedules in FPST-6. Equation 3.4 aSsumes 

a linear correlation between the log of the coefficient of friction at 40 mph 

and the log of the number of vehicle applications. To utilize the equation, a 

method must be developed to determine the slope of the above line, the coef­

ficient of friction of the pavement measured near its initial exposure to traf­

fic, and the number of vehicle applications at the initial coefficient of fric-

tion measurement. 



CHAPTER 4. DEVELOPMENT OF PROCEDURES 

With the desired equation for aggregate skid performance established, the 

procedure for the useful utilization of the concept needs to be modeled. As 

discussed before, Eqs 3.3 and 3.4 can be used to compute the time between seal 

coats for different aggregates and under different traffic conditions. The 

value thus obtained can be used in two ways. First, it can be used to calcu­

late the cost of seal coats over a specified length of time; FPST-6 uses it to 

calculate the total seal coat cost during the design life of the pavement sys­

tem. Second, the value for time between seal coats can be compared to design 

standards or to the times obtained for other aggregates; FPST-6 currently com­

pares it to the maximum allowable time between seal coats, the smaller of the 

two being used in the cost calculation above. However, the calculated time 

could be compared to the minimum time between seal coats of the project for the 

purpose of eliminating infeasible aggregates. 

This chapter discusses the meaning of the models being used to calculate 

the time between seal coats, the problem with the indiscriminate use of ag­

gregates in FPS, and the solution to the above problem. In addition, a nomo­

graph is presented that can be used to eliminate from consideration in FPS those 

aggregates which are infeasible due to design criteria or other specifications. 

DISCUSSION OF MODELS 

Meaning of Models 

The relative effect of f40 _ N./f40 _ Nand bfield from Eq 3.4 on the 
1-

seal coat schedule will vary depending on traffic volume. In other words, a 

small variation in, say, bfield will have a different relative effect on the 

seal coat schedule of a lightly traveled highway than on the seal coat sched­

ule of a heavily traveled highway. The same relationship is true with 

f40_N./f40_N 
1-

The above consideration can be observed by examining the equations pre-

sented earlier. Consider a particular highway of which the design life and 

13 
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traffic parameters of Eq 3.3 are known. Furthermore, assume that due to econo­

mic considerations a minimum time between seal coats is set at one year and due 

to pavement aging (cracking, weathering, etc) a maximum time is set at six 

years. The above time values substituted into Eq 3.3 will give the number of 

vehicle applications at one year and at six years. Therefore, for the skid 

resistance characteristics of an aggregate on this installation to be used to 

the optimum, the aggregate should reach the minimum allowable coefficient of 

friction within the range of vehicle applications obtained above. Various com­

binations of the aggregate parameters of Eq 3.4 will yield vehicle applications 

within the range. For a given Ni ' the various combinations of f 40 _ N./ f 40 _ N 
1 

and bfie1d which satisfy the range of vehicle applications can be calculated 

and then illustrated graphically. Figure 4 contains aggregate parameter re­

quirements for several different traffic volumes. 

Problem 

Figure 4 shows that, for particular traffic volumes, there is only a 

narrow band of aggregate parameter combinations which will satisfy the seal 

coat requirements. Therefore, only a portion of the several available aggre­

gates may satisfy the required conditions. If the several aggregates are in­

discriminant1y input to an FPST-6 program, the unsatisfactory aggregates will 

consume time in computer operations. 

It should be noted that if an aggregate falls to the right of a particular 

aggregate requirement band in Fig 4 (i.e., requires a seal coat after six 

years), the skid resistance life of that aggregate will not be fully utilized. 

However, this should not eliminate that aggregate from consideration in FPST-6; 

since the aggregate actually lasts longer than is required. In this case, a 

cost analysis (as in FPS) would be necessary to determine its feasibility. 

Therefore, aggregates should be initially eliminated only if they fall to the 

left of the band. 

Solution 

In this analysis, a nomograph was developed to eliminate from consideration 

in FPST-6 infeasible aggregates, i.e., aggregates falling to the left of the 

band in Fig 4. However the aggregate elimination can be performed by the 

computer, if added to FPST-6, sO that for a particular traffic volume, seal 

coat schedules for only the feasible aggregates will be calculated. 
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NOMOGRAPH 

The time between seal coats for the aggregates being examined can be 

determined by using Eq 3.4 to calculate the number of vehicle applications N 

which the aggregate will withstand before reaching the minimum allowable coef­

ficient of friction f
40 

_ N. Then the time between seal coats t can be 

estimated using Eq 3.1 and the value of N obtained above. 

The mathematical procedure described above has been incorporated into a 

nomograph which will solve for t. The procedure for using the nomograph for 

aggregate elimination is included in the next chapter. 
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CHAPTER 5. USER PROCEDURE 

The previous chapters have presented the background and development of a 

procedure for eliminating from FPS those aggregates which have unacceptable 

skid resistance performance. This chapter outlines the procedure and presents 

a sample problem to illustrate the procedure. 

PROCEDURAL STEPS 

The first step in the aggregate elimination procedure, as illustrated in 

Fig 5, is to obtain the required parameters for each aggregate under con­

sideration. The aggregate parameters required are the initially measured co­

efficient of friction at 40 mph 
f 40 - N. 

l. 

being considered; the number of vehicles 

f 40 _ N. is measured; the slope -bfield 
l. 

of a pavement using the aggregate 

N. applied to the pavement before 
l. 

of a straight-line fit of the log 

of vehicle applications versus the log of the coefficient at 40 mph for the 

aggregate; and the final coefficient at 40 mph f
40 

_ MIN to which the aggre­

gate polishes; and the minimum allowable coefficient at 40 mph f
40 

_ N 

These aggregate parameters can be obtained through experience, from data of 

aggregate performance under traffic, or, as mentioned in Chapter 2, through 

correlation, from polishing the aggregate in the laboratory. 

Next, the traffic characteristics should be obtained. These items in­

clude the initial average daily traffic r
o

' the design life of the pavement 

C , the expected average daily traffic at the end of the design life rC and 

the lane distribution factor LDF, for the most heavily traveled lane. 

The third step is to establish the minimum time between seal coats. This 

value lMIN is a design requirement obtained through qualitative analysis of 

climate, roadway use, economics, past experience, etc. 

Then the minimum allowable coefficient is compared to the final coeffi­

cient of the aggregate. If the minimum allowable coefficient is smaller than 

or equal to the final coefficient, the aggregate can be input to FPS without 

additional analysis for elimination. If the minimum allowable coefficient is 

17 
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greater than the final coefficient, the aggregate must be examined further for 

feasibility, using the nomograph in Fig 6. 

If the minimum allowable coefficient is in fact greater than the final 

coefficient, the next step is to enter Fig 6 with the material properties and 

traffic characteristic values and solve the nomograph for t. This value will 

be the approximate time between seal coats for the aggregate being examined and 

under the conditions prescribed. 

Then the value obtained for t is compared to the minimum allowable time 

between seal coats ~IN • If the time between seal coats for the aggregate 

is greater than or equal to the minimum allowable time, use of the aggregate is 

feasible and it can be input to FPS; otherwise, the aggregate .hould be rejected 

from consideration in FPS for this particular application. 

To complete the aggregate elimination process, the material properties 

for the remaining aggregates are obtained and the procedure described above 

is repeated. 

In every case the aggregates can fulfill the feasibility criteria in one 

of two ways - if f
40 

_ N is less than or equal to f or if t ob-
40 - HIN 

tained from Fig 6 is greater than or equal to ~IN. Otherwise, t will be 

less than ~IN' and the aggregate will be rejected. 

EXAMPLE PROBLEM 

The following example of the infeasible aggregate elimination method in­

cludes four aggregates for consideration. The aggregates to be considered are 

lightweight, dolomite, trap, and limestone. 

The minimum allowable coefficient of friction f40 _ N is 35, and the 

material properties for the aggregates are summarized below. 

Lightweight Dolomite Trap Limestone 

f
40 

_ 
N. 

67 58 58 52 
l. 

N. 50,000 50,000 50,000 50,000 
l. 

bfie1d 0.041 0.121 0.096 0.136 

f 40 - MIN 50 34 34 26 
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The pavement will have a design life of 20 years and an initial one-

directional average daily traffic r of 8,000. The lane distribution factor 
o 

LDS is 0.6, and the average daily traffic at the end of the design period rC 

is expected to be 16,000. Also, it is required that resurfacing of the pave­

ment due to skid resistance considerations not be needed at intervals of less 

than two years (~IN = 2). 

The f 40 - N value is now compared to the value of f40 - MIN 
for each 

aggregate. For lightweight, f 40 - MIN is greater than f
40 , and, there-

- N 
fore, lightweight is input to FPS. For the other aggregates f 40 - MIN is 

less than f 40 _ N ' and the value of t for each aggregate must be obtained 

from Fig 6 before the aggregates are input to FPS. 

For dolomite, f40 _ N./f40 _ N = 58/35 = 1.66. Entering Fig 6 with 
1-

the required values for dolomite, extend a line from bfie1d of 0.121 through 

f 40 N/ f40 - N 
of 1.66 to the turning line. From that point on the turning 

1-

line, extend a line through N. of 50,000 to the next turning line. From there, 
1-

extend a line through LDS of 0.6 to the next line. From that point, continue 

to the next line with a line consistent with the two adjacent lines. Connect 

the point thus obtained to r of 8,000 on the scale on the right. Where that 
o 

line crosses r
20 

- ro of 8,000, read t to be slightly larger than two years. 

And, since t is greater than ~IN of two years, dolomite is input to FPS. 

For trap, f40 _ N./f40 _ N also equals 1.66. The value for t from 
1-

Fig 6 is found to be more than six years. And, since t is greater than 

~IN of two years, trap is input to FPS. 

For limestone, f 40 - N /f40 - N 
is equal to 1.49, and the value for 

1-

from Fig 6 is found to be much less than the two-year minimum. Therefore, 

limestone is rejected from consideration in FPS for the design requirements. 

t 

In summary, lightweight, dolomite, and trap are feasible aggregates for 

this highway application from skid resistance considerations and are input to 

FPS. Limestone, however, does not meet the feasibility criteria and is not 

app lied to FPS. 

The output from the application of the above feasible aggregates to FPS 

is included in the Appendix. 
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CHAPTER 6. CONCLUSIONS AND RECOMMENDATIONS 

The conclusions derived from this study are as follows: 

(1) The criteria developed from previous research projects, on skid re­
sistance, 45 and 126, have been incorporated into FPS to provide 
skid resistance criteria for selecting the optimum design. The 
criteria are applied only to seal coats. 

(2) The skid resistance consideration introduces safety as a decision 
criterion for the first time in FPS. 

(3) The skid resistance criterion (minimum allowable time between seal 
coats) for given traffic conditions can be satisfied only by aggre­
gates with particular combinations of properties. If a combination 
of aggregate properties for an aggregate does not satisfy the skid 
resistance criteria, the aggregate should not be considered in FPS. 

It is recommended that 

(1) the revised model of FPS containing the skid resistance criteria de­
veloped herein be designated by an FPS number for use in implementa­
tion, 

(2) the User's Manual be revised to include the required parameters for 
this FPS model, and 

(3) further studies be made to produce skid decay equations with in­
creased utility suitable to a laboratory-field correlation • 

22 
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TI"E CC~ISTHUCTIOI\ i·i~TchlALS UNOEH 
MATERIALS COST ~TR. 

CONSIIlER~TIOfll ARE 
SALIIAGE 

LAYER 
1 

CUOF IJII"'t:: J.'ER C'I' COEFF. 
A ASPH~LTtC CONCREll l~.Oa .75 

MJN. MAX. 
r>EPTH OEPTH 

1.00 6.00 
4.00 16.00 
4.00 ?o.OO 

PrJ. 
35.01') 
35.00 
35.00 

THICKNESS 
h)CREMENT 

.50 
1.00 
?OO 

2 
3 

H CRUS~EO STONE ~.00 .65 
C GR~V~L 1.50 .40 

SUB GRADE .23 

N~MBER OF UUTPUT PAGES cE~lHEW(~ UESIGNS/PAGF) 
TCTAL NUM8ER OF Il'.pUT ,'HERIALS.EXCLIJOING SUI:H3RADF 
LENGT~ OF r~E A~ALySIS FEHICO (YEA~S) 
wIDTH OF E .. CH ,AI\~ (FEE1) 

DrSTRICT TEMPEnftlURE CO~STA~T 
SERVICFGBILITY I~UEX OF THE I~ITIAL STRUCTURE 
SERVICFABILITY II\UEX PI AFTFR A~ OVERLAY 
MINIMUM SEHVtCE.,tHLlTY IrllJO P2 
SWELLING CLAY PAHAMETERS -- P2 PRIMF 

IH 

O~E-DIRECTIC~ AUl AT REGINNING OF ANALYSIS PERTon IVEHtCLES/nAY) 
O~E-DIPECT1CN ~DT AT ENG OF AI\~LySIS PERIOD (VF~IrLES/nAY) 
0H-DIPECTICN 2IJ-yR ACCU11 1JLAfED NO. OF EGUIVALENT IS-KIP AXLES 
PROPOHTIO~ OF nOT ARHI~lN~ EACH HUUR OF CCNSTRUCTTON (PERCENT) 
T~E RClO 15 I~ A HURAL ARtA. 

MINIMU~l TIME TO FIRST O\l[I<LilY (YEAR~) 

MINIMU~ TIME BETWEEN OVERL~'I'S (YEARS) 
MAX TI~F TO FIRST SEAL COAT A~TE~ I~ITIAL OR OVE~'.AY CnNST.(yEARS) 
~~X TI~~ 8ETWEEN CONSEClTIVE SEAL COATS (YEARS) 
MQX FUNUS AVAILA~(E PER S~.'I'D. FOH INITIAL DESIGN (DOLLARS) 
MAxIMUM ALLOwED THICKNfSS OF INITIAL CONSTRUCTTON (TNCHES) 
~INIMUM OVERLAy THICKNESS (INCHES) 
ACCUMUL~TEU ~AXI~UM DEp1 H OF ALL OVERLAYS (INCHE~) 

3 
20.0 
12.0 

25.0 
4.2 
4.0 
3.n 

1.50 
.0200 

ROOO 
16000 

2160000 
1.0 

2.0 
3.0 
6.(' 
6.(1 

4.00 
25.(' 

.~ 

S.c 

ASpHALTIC CUNC~ET~ PROr>~C'ION RATE (TON~/~OUR) 15.0 
ASPHALTTC CCNCPETE COMPACT~C UENSITy (TONS/C.Y.) 1.9~ 
C.L. DTSTANCE oVER ~HIC~ T~~FFIC IS SLowEC IN THE n.o. (MILES) l'On 
C.L. OJSTAN~E OVER WHIC~ lR~FFIC IS SLO~EC IN THE N.O.O. (~ILES) 1'00 
DETOUR [lISTANCE AROUND THE CVERLA'I' ZONE ("'ILFS) 0.00 
OVERLey CONSTRuCTION TJ~~ (~OURS/UAY) 11.n 
NUMBER of OPE~ LANES ttl RcSTHICTEO lONE I~ 0.0. 1 
NU~8ER of UPf~ L~NfS IN kESIHICTEU ZONE I~ N.O.O. 2 

PROPORTTO~ OF VEHICLES STUPPED 8'1' ROAD EQUIPME~T TN o.n. (PERCENT) .01 
PROPOHTIO~ OF VEHICLES STOPPEU 8'1' ~OAO EQUIPMENT TN N.D.D. (PERCENT) .01 
AVERAGE TIME. STOPPED BY fWI\LJ EQUIPMENT IN o.n. (HnURS) .004 
AVERAGF TIME STOPPED BY RU~O EQUIPMENT IN N.O.n. (HOURS) .004 
AVERAGE APPROACH SpEED TO THE OVERLAY ZONE ~MPH) 60.0 
AVERAGE sPEED THHOUGH O\lERL~Y ZONE TN O.U. (MPH) 30.0 
AVERAGE SPEED THROUGH QVEHLAY ZONE IN N.O.D. (~PH) 50.0 
TRAFFIC ~OOEL USED IN T~E A~ALYSIS ~ 
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PROB RdDA 

FIRST yEAR COST OF ROUTINt ~AINTENANCE (DOLLARS/LANf MILE) 
I~CRE~FNTAL l~CREASE IN MAI~T. COST PER YEAi tnOLlARS/LANE MILE) 
I~TERESr RATE Ok rIME VALuE OF ~ONEY (PERCENT) 

T~E NUM~ER OF AGGREGATES USF.D IN SEAL COATS. 
T~E MINIMUM ALLUwABLE CCEFFICIENT OF FRICTION. 
T~E PERCE~r OF AOT IN T~E MCSl HEAVILY TRAVELED LANE. 
T~E AGGREGATES U~UER CO~SlDERMTION ARE. 

FO~ AGGREGATE DOLO 
THE INITIAL COEFFIcIENT OFFRICTIOh., 
THE FINAL COEFFICIENT OF fRICrION. 
THE FIflO RATE OF POLIS~. 
TRAFFIC AT wHIcH INITIAL CUEFFICIENT OF FRICTION IS MEASU~ED. 
COST OF A SEAL COAT (DOLLAH5/LANE MILE). 

FOH AQGREGAT~ THAP 
THE INITIAL COEFfICIENT Of FRICTION •• 
THE FINAL COEFFICIENT Of FHICTION. 
THE FIELD HATE OF POLrSb. 
TRAFFIC .41 WHICri INITIAL COEFFICIENT OF FRICT1I'lN IS MEASURED. 
CCST OF 4 SEAL COAT (DOLLARS/~ANE MllEl. 

FO~ AGGREGA1~ LTWT 
THE INITIAL COEFFICIENT OfFHICTIQN •• 
THE FINAL COEFFICIENT OF FRICrION. 
T~E FIELO k~TE of POLTSb. 
TRAFFIC AT ~HICH INITIAL CUEFfICIENT OF F~ICTIDN YS MEASU~EO. 
COST OF A SEAL COAT (OOLLAHS/LANE MILEl. 

50.00 
20.00 

5.0 

3 
lIS 
60 

S8 
l4 

,121 
50000 

1000 

58 
34 

.09f-
50000 

1110 

67 
50 

.Oltl 
50000 

1182 
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PROS RUDA CALCULAT!UNS FO~ FEhSIBLE AGGRfGATES 

FeR THE 1 LAYER OESIGN WJTH T~E FOLLOWING MATERIaLS.· 
MATERIALS COST STR. MIN. MAA. 

l,.A'yER coor ""A~E. PF.~ CY COEFF. DEPT~ f)EPTH 
1 A ASPHALTIC ~ONCRElc 12.00 .75 1.00 6.00 

SUSGt-lADf .23 

SALVAGE THICKNESS 
PeT. INCREMENT 

35.00 .50 

T~E CONSTRUCTION RESTRTCTIO~S ARE Too Bl~CING TO nATAIN A sTRueTU~E 
T~AT WILL MEET ThE MINJ~U~ lI~E TO THE FIRST OVERLAY AFSTR[CTIo~. 
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PROS AUL)A lALCUlA1IUNS FOR FEASIBLE AGGREGATES 

fOR THE ? LAYt~ DESIGN wITH T~E FOLLOWING ~ATERIALS--
MA TEHI/ILS COST C;TR. ~IN. MAX. SALVAGE 

LA'1ER CODE W~~E PER CV C/JEff. DEPT .. OEPTH peT. 
1 A ASPHALTIC CONCRETE 12.00 .75 1.0" ".00 35.00 
2 B CHUSHED STONE 4.ll0 .65 4.00 1".00 35.00 

SUBGRADF. .23 

2 THE OPTI~AL DESIGN FeR TrE MATERIALS U~DER CONSIDERATION-­
FOR I~lTIJL CONSTRUCT10~ THE UEPTHS S~OULD Af 

ASPHALTIC CO~CHETE 6.00 I~CHE~ 
CHU~HE0 STONE 1.00 INCHES 

THE' SCI OF TME I~ITIAL ST~UCTURE' • .230 
THF LIf~ OF THE INITIAL STRUCTURE. 16.56 YEARS 
THf QIIERLAY SC..,EDIJLE IS -

THICKNI::SS 
INCREMENT 

.50 
1.no 

l.c;:) lNOHES) (INCLUDING 1 INCH LEVEL-UP) AFTER 16.56 YEARS. 
TOTAL LIFE = 30.63 YEARS 

SEAL COATS wITH AGGkEGATE LT~T AFTE~ 
(l) 6.0:> YEAHS 
(2) 12.00 YEAHS 

THF TOTAL co S1s P~R SW. Y~. FOR THESE CONSYOERATIONS ARE 
I~ITIAL CONSTRUCTION COST 1.27A 
TOTAL HOUTINE MAINTENANCE COST .)?7 
TOTAL OVERLAV CO~SlHUCTIQN COST .??3 
TOT~L USER CCST CU~I~~ 

QVERL~Y CO~STRUCTION .OAO 
TOT~L SEAL ceAT COST .330 
S~LVAGE VALUE -.3R8 
10T~L OVERALL COST 1.R49 

NU~~ER Of fEASIBLE CESl~~S EXAMINED feR THIS ~ET -- 99 

fT THE OPTIMAL SOLUTION,THE FOLLOwI~G 
80U"OMIV RE.STRICTIOI~S ARE ACTIVE--

i. THE M~XIMLM OEPTH O~ LAYER 1 
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PROt'S BuDA CALCULATIUNS fOR FEASIBLE AGGREGATES 

FeR T~E l LAVER DESIGN wITH 

I..AYER 
1 
2 
3 

~ATEklIlLC:; 
CODE l\iJ,,,,E 

A ASPMALTJC CONCRETE 
B CRUSHEo STONE 
C (,RAVt:.L 

SU8r"hACf 

T~E FOLLOWING MATERIALS--
COST STR. ~rN. MAK. 
~£A CV CO(FF. DEPT~ OEPTH 
12.00 .75 1.00 6.00 
4.00 .b5 4.00 16.00 
1.50 .40 4.00 20.00 

.23 

SAI..VAGE 
PCT. 

35.00 
35.00 
35.00 

3 THE oPTIMAL OESIGN Fe., T",E MATERIALS U~DER CONc:;TOERATION--
FOR I"lTIAL CONSTRUCTlOJ\ THE DEPTHS SI-OULD 8F: 

ASPHALTIC CO~CKETE 6.00 I NCI-!Ec 
CRUSHED STo;,!': It.OI) INCt"ES 
G~AVE.L 4.00 INCt-ES 

T~E SCI OF THE INITIAL STriUCTURE • .269 
T~r LIFE CF THE I.IITIAL SfRUCTU~E • 14.31 VEADS 
THE OVERLAV SCHE~ULE IS 

fHICKNESS 
.iNCREMENT 

./)o 
1.00 
2.00 

1.C:;J iNCH (F.S) (I"'CLUoING 1 INCH LEVEL-UP) AFTE~ )4.31 YEARS. 
IOT~l LIFE = 26.27 YEARS 

SE~L COATS wITH AAGhEGA1E LT.T AFTEH 
(1) 6.00 YEAHS 
(2) 1.2.00 VEA"S 

T~f TOTAL COSTs PER Sw. vu. FDA THESE CONSTOERATIO~S ARE 
1NITIAL CON~THuCTIaN COST 1.111 
TOTAL HOUTINE Mal~TE~A~CF COST .279 
TOTAL uVERLa, CO~SlRUcTTnN cuST .?49 
lOT~L UsER ceST CU~ING 

OVEHL..,\v CONSTRUCTION .1'I~4 
TCTAL SFAL C~AT cOST .3~O 
S ~LVAGt:. VAL'JE -.31.6 
Tnr~L UVE~ALL COST 1.6~6 

NUMriER c. FE~SIBLr ttSlG~S EXAMINED FeR TMrs sET -- ~77 

aT THE aPTI~AL soLUTION,THE FOLLOWING 
ROUI\IJi.\HV ~t.STHICTIiHS AHE ACT1VE-~ 

1. THE MAXIM~M oEPTH ot LAYER 1 
2. THE MI~IM~M n~PTH OF LAyER 2 
j. Th::: MhnM~M DE.PTH OF LAVER 3 
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A ~UM~ARY Or THE ~EST OfSlG~ FOR EACH cu~eINaTI0N 
OF I"I\TEi<lALS. IN Of {liEf; OF I"CREA~T"IG IOTAI erST 

DESiGN r-.,Ur.'tjE~ 

3 
2 

Turl COc;T 
: .6EI(' 
1.tl49 

T~E MATE~lALS ASSOCIATED ril1~ EACH OF [HE FQLLO~TN~ DESIGN 
"UMBEP~ cu NOT ~AVE AT Lt~~r ONE FEASIdLE DESIGN. 
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PROS BIIOA CALCULATIONS FOR FEASI~~E AGGREGATES 

SU~~AHY Of THE BEST OESIBN STRATEGIES 
I~ uKCE~ OF INC~EASING TOTAL COST 

3 4 5 

31 

7 R 

******************************************************************************** 
MATtRIAL ARR.~GEME~T A8C AS Aac ABC ARC ARC A~C ABC 
I~IT. CONST. COST 1.111 1.278 1.278 1.'0~ 1.333 1.361 1. 3A9 1.411 
OVERLAY CONST. COST .24~ .223 .203 .203 .205 .21? .210 .209 
USER COST .O~4 .080 .077 .077 .077 .07e .078 .07A 
SEAL COAT CCS1 .33C .330 .38~ .384 .38~ .330 .330 .330 
kCUlINE ..,AI/\ r. COST .27':1 .327 .3~!;) .345 .345 .345 .345 .345 
SALVAGE vALut -.3 bO -.388 -.36b -.370 _.374 -.333 -.337 -.341 
******************************************************************************** 
******************************************************************************** 
TeTAL COST 1.too 1.~49 1.92! 1.9~5 1.971 i.9~4 2.U15 2.0l8 
******************************************************************************** 
******************************************************************************** 
~UM8ER OF LAY~RS 3 2 3 3 3 J 3 3 
******************************************************************************** 
~AYER DEpTH (INCHES) 

0(1) 6.00 6.00 5.50 5.50 ~.50 4.50 4.50 4.50 
0(2) 4.CD 7.uo 4.00 5.00 ~.OO 4.00 5.00 6.00 
0(3) 4.00 B.OO 6.00 4.00 10.00 A.Oo 6.00 

******************************************************************************** 
***************************it**************************************************** 
Ne.OF PERF.PEHICn5 2 2 2 2 
******************************************************************************** 
PERF. TIME (YtARS) 

T(l) 14.3 16.0 18.4 18.4 IR.3 17.6 11.8 17.9 
T(2) 26.3 30.0 34.4 34.4 34.2 32.7 33.2 33.2 

******************************************************************************** 
OVE~LAY POLICY CINCH) 
(iNCLUDtNfi LEvEL-U~' 

0(1) 1.5 1.5 1.5 1.5 ;.5 1.5 1.~ 1.5 
*************************~****************************************************** 
NL~BER OF SEA~ COATS 2 ~ 4 4 4 2 2 ~ 
******************************************************************************** 
SEAL COAT SCHEDULE 

~GGREAATE LTwT LTwT TRAP TRAP TPAP 
sC 1) 6.U ti.o 4.9 4.9 4.9 
SC 2) 12.0 12.0 9.0 9.0 q.o 
sC 3) 12.6 12.6 1?6 
sC 4) 15.8 15.8 15.8 

LTwT 
6.0 

12.0 

LTWT 
6.0 

12.0 

LTWT 
6.0 

12.0 

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

THE TeTAl ~U~6ER Lf FEASIBLE DESIG~S CONSIDFREO ~A5 
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