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been gathered since 1967 regarding roughness and surface 

distresses was used to develop relationships which can be used to 

predict the Present Serviceability Rating and the Surface Rating. 

These relationships could then be used to evaluate future 

rehabilitation needs for the highway system. 

The evaluation consisted of obtaining data that was considered to 

be representative of 

within the system. 

the various types 

For that purpose 

and classes of 

all of the past 

pavement 

surface 

condition and ride measurement data for the highways listed in 

Table 1 were downloaded from the Transportation Information 

System files, to form a data base for the analysis. The intent 

of the selection of the routes chosen for the evaluation was to 

obtain a cross section of information for each of the three 

pavement surface types: bituminous surface, concrete surface, and 

bituminous over concrete. Also, for each of those pavement 

surface types the goal was to obtain evaluation sections which 

would be representative of the spectrum of soil strength and 

traffic loadings. In addition to the condition data, a copy of 

the log point listing for all of the highways, and copies of the 

highway construction log books 

the construction log and the 

were obtained. Information from 

log point listing 

determine surface type and date of last surfacing. 

was used to 

Soil strength 

information came from three separate sources, deflection testing, 

the Geologic Map of Minnesota and the Soil Associations of 

Minnesota map. Non-destructive deflection data for all of the 
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TABLE 1. Route List ConcH tion Data Sample 

ROUTE 
NUMBER FROM TO 

2 W STATE LINE TH 46 

7 TH 28 TH 100 

ll w STATE LINE TH 71 

16 I 90 TH 52 

23 I DULUTH 

35 s STATE LINE S LINE DIST. 1 

52 s STATE LINE TH 149 

53 DULUTH TH 1 

59 s STATE LINE N STATE LINE 

60 s STATE LINE TH 61 

w STATE LINE E LINE DIST. 4 

169 s STATE LINE TH 53 

175 w STATE LINE TH 59 
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flexible pavements was downloaded from Mn/DOT computer files for 

all of the highway sections involved in the study. In addition 

to the deflection data, the Geological Map of Minnesota 

(Quaternary Geology 1982) and the Soil Associations of Minnesota 

map was used to identify the various soil formations within the 

state. Traffic data was obtained from the 1982 traffic flow map, 

the 1982 5 axle semi flow map, and the 1980 grain truck flow map. 

The data from all of these sources was then manually processed to 

form an individual data base for each of the pavement surface 

types. The bituminous pavement surface type was further divided 

into two separate data bases, one for sections that were 

bituminous surface from original construction as 

construction log and another data base for all 

per the 

bituminous 

overlaid sections. No information 

continuously reinforced concrete pavement 

was gathered for 

(CRCP) category. 

the 

For 

analysis purposes, the sections within the data bases were 

further divided into three sub-groups based on soil strength 

expressed in resilient modulus and three sub-groups based on 

traffic volumes expressed as daily equivalent 18,000 lb axle 

loadings. The three sub-groups of low, medium and high for soil 

and traffic resulted in nine individual groupings for each of the 

pavement surface types. Over all this resulted in 36 sub-units 

of pavement surface type, soil strength and traffic loadings. 

The development of models to predict future pavement ratings for 

each of the condition attributes involved the process of first 

evaluating available literature and other known sources to 

determine the type of mathematical models that have been used or 
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Mn/DOT PAVEMENT RATING PROCEDURE 

The Mn/DOT pavement rating procedure involves both roughness (or 

ride) measurement and a surface condition survey. The rating 

system was developed under research Investigation No. 189 by 

Patrick c. Hughes (Ref. 1) describes the background and 

development of the rating procedure and the application of the 

rating procedure on an operational basis. 

The rating procedure was developed for three separate pavement 

surface types, rigid or concrete surface pavements, bituminous 

surface pavements, and concrete pavements with bituminous 

overlays called BOC for bituminous over concrete. Each of these 

surface types has a separate rating procedure for the surface 

condition survey. There are only two rating procedures for ride, 

one for concrete surfaces and one for bituminous surfaces which 

includes overlaid concrete. For the purposes of this report the 

ride measurement shall be called PSR for Present Serviceability 

Rating and the surface condition survey shall be called the SR 

for Surface Rating. 

Present Serviceability Rating 

The Present Serviceability Rating or PSR is based on a scale of 0 

to 5 with 5 being the best. 

The PSR rating is intended to give a numerical 0 to 5 rating to 

the pavement that would represent the opinion of the traveling 

6 



ic ng the ride or roughness. The PSR was derived from 

measurements th Portl Cement Association (PCA) Ridemeter 

which was 

trailer mounted 

Ridemeter and 

from 1967 t 

Meters 

1983. 

er measure 

Since 1984, special 

used. Both PCA 

movement between an 

axle the 

The 

as the vehicle t 

1 accumulated movement is 

s along the 

for each 

and is in terms of inches of movement 

per le. 

To 

equi 

The 

ate the ical measurement to a PSR the ride measurement 

is cor;rel 

correlation 

to a rating on an annual basis 

1 of raters ridi i 

over a vari of Each 

the is to give a rating for calibration section. 

derived from The rating for an individual section is 

average all of the individual raters This is hen 

to 

a ation equation is 

squares ression. 

foll figure a 

calibration course ratings and 

calibration curve is 

and concrete 

considered no us 

i 

in terms of inc 1 

using statistical 1 

ical ati ip between the 

measured ratings. A separ e 

bi nous surface s 

nous over concrete s are 

s for the of calibration) 

7 



5 

4 \ 
a:: ~ (J) 

[!_ 

--------2 

0 

0 40 80 120 160 200 240 280 

INCHES PER MILE 

Figure 1. Typical Present Serviceability Rating Calibration Curve. 

During the time when the ride measurements were made with the PCA 

Ridemeter, a single measurement was made for an entire D-record. 

A D-record represents a section of pavement that has common 

traffic, structural and condition characteristics. D-records are 

typically established based on construction limits. Since the 

use of the Mays Ridemeter began, ride measurements are now 

recorded on an individual mile basis or D-record basis whichever 

is smaller. 
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The devel of Sur Rati em involved a review of 

s in all sur to dete ne which of 
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tance or severi of each surface 

distresses a h this I a rating was 1 

rating system for the ree major sur is summa z 

as follows: 

The Concrete Pavement Surface Rating involves the 

observation recordi of eight indivi 1 stresses These 

distresses are as follows: 

Joint distresses: 

Spalled joints (SPA) 

t j nts (FLS) 
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Faul s (FLP) 

Small s ( 

Overlaid ls (OVR) 
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The field rating process involved counting all of the panels and 

all of the joints in the area rated and also recording the number 

of occurrences of the above deficiencies. For each section rated 

the distresses were then expressed as a percentage. 

instance, if the section rated had 100 joints and 15 

exhibited faulting, the faulting would then be given 

For 

joints 

a 15% 

density. These densities were then converted to a rating on a 

scale of 0 to 4 based on Table B-1 in the final report of 

Investigation No. 189 (Ref. 1). A weighting factor is then 

applied to each of these ratings and the resulting weighted 

ratings are summed to determine the Surface Rating for each of 

the evaluation sections. 

Bituminous Pavement Surface Rating System 

The Surface Rating system for bituminous surface pavements 

involves the recording of the following specific distresses: 

Slight transverse cracks (SLT) 

Severe transverse cracks (SET)--added in 1984 

Longitudinal cracking (LNG) 

Multiple cracking (MUL) 

Alligator cracking (ALL) 

Rutting (RUT) 

Raveling and weathering (RVL) 

Patching (PAT) 
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The rating process consists of counting the number of occurrences 

or length of section affected by each of the distresses. The 

Surface Rating is calculated by determining a Surface Rating 

each of distresses, applying a rating factor to those ratings 

and summing up the weighted rating for a final Surface Rating. 

The Surface Ratings are conducted in the same year as the ride 

measurement. The rating was conducted on quarter mile sample 

units in each mile of pavement prior to 1982 and on 500 foot 

sample units since 1983. In the span of 1967 through 1983 the 

physical location of the sample units or section of highway 

surveyed could vary from year to year within the mile span. 

Alsoo on any D-record that exceeds 5 miles in length, the 

sampling was done at every other mile. On two lane roadways the 

sampling was patterned in alternate lanes of the roadway. On 

four lane pavements, ratings were made in the outer lane of 

travel for each mile in each roadway. 

When the length of the area surveyed was reduced from 1300 feet 

to 500 feet in 1983, a change was also made in the method used in 

calculating the density of transverse cracks. For the purpose of 

this evaluation, the most recent definition was applied to all of 

the data. This definition is simply, each transverse crack is 

worth two percent in a 500 foot survey sample. (Ten transverse 

cracks in 500 feet has an assigned density of 20%). 
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The field rating information from six of the nine Mn/DOT 

districts is available back to the beginning of the process in 

1967. Three of the districts, District 1, 3 and 9, did not keep 

field rating sheets, which records the individual distress 

information, from 1967 to 1976. Therefore, surface condition 

information exists from 1967 to 1985 on approximately two-thirds 

of the highway system and from 1976 to 1985 on the remainder of 

the system. PSR and the composite SR ratings are available 1 

way back to 1967 for highways in stricts 1, 3 and 9. Only 

the individual distress information is not available from the 

period of 1967 to 1976. 
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DATA GATHERING 

This project involved two primary types of data gathering. The 

first type consisted of literature searches and reviews of 

research reports that dealt with the topic of predicting future 

pavement conditions based on past pavement condition information. 

The literature available on the performance prediction currently 

falls into two general categories. 

1. Predicting performance of a pavement section based on 

design materials and traffic information. 

2. Prediction performance of a pavement section based on 

previous surface condition trends. 

The information available for predicting future pavement 

condition based on existing pavement condition trends is more 

limited since very few agencies have a history of pavement 

condition ratings. Most agencies that are developing a pavement 

performance prediction procedure do not have the benefit of past 

ratings and are concentrating their effort on predicting 

performance from a design standpoint, which utilizes the 

information available from as-built records, traffic projections, 

material characteristics, etc. The objective in this study was 

to locate or develop models that could be used to predict 

pavement condition from past condition history. These models 

would have either surface age or accumulation of equivalent axle 

loadings as the independent variable and a distress or condition 

14 



attribute as dependent variable. A of ical 

models were found have been or could be used for this 

purpose. These models incl the LINEAR model, IRICK 

prediction model, the PAINTER prediction model, POWER 

(ASSHTO) prediction model, the SIGMOIDAL ( S-Shape) and 

the LOGISTIC model. Other transformed curve could also be 

considered such as standard semi-log or full log curves or 

models. However, above described models have istics 

that are very similar to the ls but are tail 

toward pavement condition rating trends and ictions. 

following sections brie ibe the characteristics 

of these mathematical models and to 

future pavement conditions from past pavement condition 

LINEAR Model 

This is the simplest and most easily understood of 

The 

each 

icting 

e 

considered but has least amount of flexi li in handling 

various curve shapes or relati 

model is of the following form: 

Rating = A - B * (AGE) 

ips that can occur. The LINEAR 

application the LINEAR model simply i ves regressing of 

the actual observed or measured pavement attribute inst time 

or traffic. For the purpose of this study the individual ratings 

such as PSR, SR or distress densities were regressed against the 

surface age as measured in For the r measurements the 
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results of the linear regression were used as a basis for 

comparison to determine how well the other models did with the 

existing data. 

IRICK Model (Ref. 2) 

A description of the IRICK model is given in the 1968 Interim 

Report on Investigation No. 183 in pages 126 and 127. The form 

of the equation as shown in Investigation No. 183 is: 

Log(Sigma Nl8) = A + B Log Log(PSI
0
/PSit) 

Where: 

Sigma Nl8=Summation of Equivalent 18,000 axle loads at time t 

PSI =Original Pre~ent Serviceability Index 
0 

PSit=Present Serviceability Index at time t 

A & B=Constants 

Algebraic transformations show the Irick model to be of the same 

form as the AASHTO model except the dependant variable is log 

(PSit) rather than PSit. For the purpose of this study the term 

the summation of equivalent 18,000 pound axle loads was 

aced with the surface age of the section. For this equation 

the independent variable is the ratio of the original 

Serviceability Rating to the observed Serviceability Rating. 

This vari e should start at a value of 1 and increase with 

t . The Log Log transformation of this variable allows the 

constants A and B to describe the rate of decline and curvature 

16 



of data. This ion was teriz ied to the 
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For the purposes of this study age was substituted for the 

variable Wt. This relationship involves a transformed dependent 

variable of the original serviceability divided by the observed 

serviceability at time t. This ratio begins at the value 1 and 

increases with time. By definition a Log of 1 is 0, therefore, 

this relationship always begins at 0 and is intended to increase 

linearly with respect to the Log of the ratio PSI
0
/PSit. Figure 

2a shows a serviceability versus age curve and Figure 2b is a 

plot of the transform. The purpose of the transform is to obtain 

a straight line for linear regression purposes. 

A restriction of this curve form (as with the Irick model) is 

that the ratio is intended to be greater than the 1, although in 

this case is not a mathematical requirement as we shall see on 

some of the other models to be described. 

AASHTO (POWER) Curve (Ref. 4) 

The POWER Curve is of a general form of: 

Where: 

Y= the Serviceability Rating 

X= the time function or age 

A, B and C= constants. 
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This equation is the basic form of the AASHTO performance 

equation which is of the form: 

It can be algebraically shown that the two equations are the same 

except that the AASHTO equation puts some special restrictions on 

the constants A and B which relate to the initial Serviceability 

Rating, and the final or terminal Serviceability Rating. To 

handle the data for the ASSHTO equation a new variable is created 

as follows: 

g=(PSRo-PSRt)/(PSRo-PSRf) 

This transformation forces the dependent variable, in this case 

g, to range between 0 and 1 increasing from 0 with time. The 

modified equation then is as follows: 

This can be transformed into a linear equation by taking Logs on 

both sides and using standard least square relationships. The 

POWER equation results in identical curve fits. Although the 

POWER curve is not linear, the constants can be found by using an 

iterative least squares process. The independent variable, in 

this case age, is raised to a power and a regression is run. The 

age variable is then raised to a slightly different power and the 

regression is run again. The regression results are compared, 

age is raised to another power and so on until no improvement in 
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or curvature that this model assumes. This curve has horizontal 

at the very low and the very large time values. 

This SIGMOIDAL curve shape, although well suited to handle a 

variety of curve shapes, has some limiting characteristics. To 

apply curve fitting techniques to this equation the 

transformations require that all observed Serviceability Ratings 

lie between 

serviceabili 

the fixed upper (PSR ) 
0 

and lower 

limits. Normally on a case by case basis this 

d not be considered to be a problem, however, the available 

data has occurrences of intermediate ratings being the highest 

ratings at any time, and since the fit is highly dependent on the 

selec initial rating (PSR ), the equation cannot functionally 
0 

be used on groups of data but can only be used on a case by case 

basis, provided a procedure is derived to choose the initial 

Serviceabili Rating. The fit of the equation is also dependent 

on the final serviceability level chosen. The initial intent on 

ng this equation was to have a curve or model that would not 

predict Serviceability Ratings outside of the defined values 

ished for Serviceability Ratings, whereas the ASSHTO or 

POWER curve can predict ratings that can mathematically fall 

outside of the defined Serviceability Rating ranges such as 

ratings of less than 0. 

A ial case of the SIGMOIDAL curve is established by fixing 

the constant Beta to be equal to 1 (Ref. 6). This special case 

was described and used by Scullion in work which utilized 
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nnesota concH tion data. Alt h is mod 1 

equation loses some other acteristics of the SI 

it is much easier to work wi particular! when i 

to densi of distresses are observed for a ion 

was stated Darter that the log of the ili ha 

serviceabili index (distresses) ll be at a ermi 1 l a 

any given t increases wi time (Ref 7) The mod i 

SIGMOIDAL curve model approximates a distress growth 

fit such a definition. 

The LOGISTIC form of curve is also a curve that i 

vari of curvatures Two dif t LOGISTIC models 

which could be used for formance 

first curve form is as follows: 

[l+Bexp(CX)] 

This curve is included as a i 

the regression computer Statpro (Ref. 8) Alt h th 

equation is not directed toward performance pr ic ion, 

trial runs have found that it performs as well as many o 

above curve shapes. A not version of the LOGISTIC curve 

ted at North American Pavement Con e i 

Toronto, Ontario (Ref. 9) and has the general form of: 
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It can be seen that this second curve forms an S shape curve 

which varies from 1 to 0 as f(x) increases. This equation would 

have very similar characteristics to the SIGMOIDAL equation in 

the fact that it requires that the dependent Y variable be 

transformed to range from 0 to 1 and must always remain within 

that range. Also, with the selection of the constant A and f(x), 

the equation can be made to fit a wide variety of data. The 

second version of this equation is included here for reference 

but was not actively used in the analysis of the Mn/DOT pavement 

performance data. 

of the non-linear equations that cannot be effectively 

linearized via transformations require iterative calculations 

generate a best fit. For the data base developed for 

project such equations would result in minor improvements in 

minimizing the residuals of data points that could 

to 

this 

fit 

be 

considered to be outliers. From time to time in the future, when 

pavement maintenance and performance data base is more 

ete, such models should be re-evaluated. 
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SELECTION OF PAVEMENT SAMPLES FOR EVALUATION 
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devel 

Foll ng 

and t 

ir review 

addition of 

to 

hi 

ject 

53 in 

project review 

i ttee 

i 

in 

trunk hig 23 169 

list in Table l 

d not incl 

strict l and 

Districts 3 and l 

Figure 3. The initi 1 

lting 

1 ti 

s were in Dist i 

and l 

back to 

e the historic data for Dist i s onl 

extending 3 and 

ition of 53 would 

1976. Howeveru it was felt 

Districts 3 l us the 

ive sections traffic, soil and c imatic cond 

t were uni 

sel 

to areas. The foll ng fi 

It was ht the routes 

provide a distribution soil and traffic streng 

surface 

l 

all 

Wi in the Minnesota of tation trunk hig 

systemu 

consists of 

is imately 141200 miles f 

2u000 individual units which 

identified as D-records wi in the tati I 

3 

16 

de 

on 

terns data files. 

evaluation ts for 

D-records are established s 

of condition surv 

ndivi 

and rid 

measurement. A D-record is a section of hig h 
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Figure 3. Routes from which Condition Data was Obtained. 
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similar construction and traffic hist , and si 1 

type and condition. Of the 2,000 D-records available t 

surf e 

above 

sample of roadways included over 

initial sample base of over 25% of t 

system. 

D-records making 

ove 1 tru 

The condition histo from Transportation Information 

which consisted of the Present Serviceabili Rating s 

up 

hig 

ctu 

an 

tem 

Rating and observed distresses for each year the section was 

rated was downloaded Transportation Information tern i 

to text files within the Information Services Bureau (ISB) 

computer. 

via tel 

and tedious 

manually for 

se files were then made available for downl 

modem to a cro-computer. 

of re-entering 

of analysis. 

This eliminated 

a into a c 

ing 

e 

The form in which the data was obtained is shown n Figure 4 

Condition data can made available in this format 

applications of prediction models devel in this s 

The surface condition data, as shown in the above figu is s 

for each mile post for D- s that were several miles long. 

Shorter D-record sections (less than a mile long) had onl 

rating sample D-record. 
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n 0200000002024+00. 6 1 02DCI·1fOti'IGE IN EiUf\F YEAn f\D\AlY 1 . 2 t'II E' OF TH 75 0 
H 0200000002024+00 . 6102004 1 ::mos21 1 fB'l:.::Ot ~.rz 24 65 ~~l:_\ 

H 0200000002024+00. 6 102[)041300821203731 c-.. -.-, 
'-J.t .. :.:;~4· 6~) ~:~6 

H 0200000002024+00. 61 02D041 ::::;oo?9 I t n :.::. 6 :::r7 70 
,., 
.L ~5~::·:~ 1 :::; 

11 0200000002024+00. 6 102[)041300791203637 70 ':! 
~-

C:'~"') 
... J.t: .. 1 :::; 

H 0200000002024+00. 61 o:;:~D041. :~:0070 I 1032::::.8 67 
H 0200000002024+00. 6102[)041300701203237 6!3 :~~34 

H 0200000002024+00. 61 02D041. ::::.0068 I 102~::i29 4 62 ::;~6 

H 0200000002024+00. 6102[)041300681202533 50 20 5'"J 
~--

B 0200000002025+00. 00021'1 0 1'111 
H 0200000002025+00. 00021·104 1 :.::.oon2 I 1c.r::;r:.a ~;2 24 6~) 26 
H 0200000002025+00. 00021'1041300821203731 52 :?4 65 26 
H 0200000002025+00 . 0002M041300820103530 1 ~)() !.4 ~):33 7B 
H 0200000002025+00. 0002M04130082D203530 1.50 14 ~;~~:.3 78 
H 0200000002025+00. ooo::::>l•1o4t :::.oo?9 I 1cn6:::::7 70 2 t:''") 

.).<;. 1:::. 
H 0200000002025+00. 00021'1041300'791203637 '70 2 52 1 "!I' ·~:' 

H 0200000002025+00. 0002M041300790103133 t:.::. ~~ 1.4 1:5 1 ·:r .. ;. 
fl 0200000002025+00. 0002M041300790203133 13:;·:~ 14 l :.:;; 1""" . ..;. 
H 0200000002025+00. ooo21'1041 ::;oo?o I 10:.)2:::.B 67 
H 0200000002025+00. 0002M041300701203237 61::1 2~$4 

H 0200000002025+00. 0002M04130070D1B3039 46 6::-j 
H 0200000002025+00. 0002M041300'70D2B303'7 91 26 
II 0200000002025+00. 0002t10413006B I 1. 02~:i29 4 62 26 
H 0200000002025+00. 0002M04130068I202533 50 20 t:",., 

..J...:. 

fl 0200000002025+00. 0002M0413006801B2639 ~)6 6"" ..., ,- ... , 
... ).t:. 

H 0200000002025+00. ooo:;:~I'1041 ::~:oo60D2B2636 100 247 
B 0200000002025+00. 9::)42DOFHJ'vELAND fWE 0 OD 
(~ 0200000002025+00. 9342004500B3I 1029:36 lB 200 
(-\ 0200000002025+00. 934200450083120293'7 :2() 60 
l:l 0200000002025+00. 9342004500830102936 26 180 10 
~~ 0200000002025+00. 9342004500830202924 ,., . .,. 

.L..·-" 50 
H 0200000002025+00. 9:3420o41 :::r.ooE:lO I 1 o::::.4::::7 42 1B2 
H 0200000002025+00. 93420041300801203437 42 1.B2 
H 0200000002025+00. 93420041.300800103438 26 1 ~'i6 
H 0200000002025+00. 9342004130080D203438 26 1.~56 
H 0200000002025+00. 9:.'::4~.2D041. 30078 I 1 u~.2:::r.~?o 6 28 ~:i07 ~546 :~:'6 
H 0200000002025+00. 9342[)041300781202320 6 2B 507 ~)46 26 
H 0200000002025+00. 9342D04130078Dl02323 8 ::::.o 1. 9:'.'.! 247 26 65 
H 0200000002025+00. 93420041300'780202323 B :3:(1 19::.) 247 26 6~i 
H 0200000002025+00. 9::::.1.f.:!D04 1 ::::;oo7::5I 1 n::~~720 6 28 507 546 26 
H 0200000002025+00. 9:S42D04 l. :=:.oo7~5 r 2U272o 6 2B ~50'7 ~)46 ~21., 
H 0200000002025+00. 9342004130075010272'7 12 24 :~:~64 1 17 13 
H 0200000002025+00. 9342D04l30075D20272'7 !.2 24 :.::.64 1 17 1 ..,. . .. ;. 
H 0200000002025+00. 9::':.42D041 :3007:::;; I 102422 IO 16 46£3 546 
H 0200000002025+00. 93420041300731202422 10 16 460 ~.i46 
H 0200000002025+00. 9342D041300730102431 8 .... ~, 

.t::..l:. 481 2B6 
11 0200000002025+00. 93420041300730202431 13 ':'.'r) 4B1 2E36 .. ~. ·'~ 
H 0200000002025+00. 9:::A:?D041300'71 I 102B::?6 10 40 :::;;9 104 
H 0200000002025+00. 9342D04 !.300'71 I 202f:1:.7~6 l.O 40 39 !.04 
H 0200000002025+00. 9342D04130071D102924 1 ,., 

.L 28 273 

Figure 4. Format of Raw Condition Data. 
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In addition to the condition data1 in ion ng he 

construction his of each of individual 

the sur 

tions 

was 

in 

i 

ion about 

maintained Mn 

ne the age ing and g 

road construction 

Office of ation Data 

and Analysist Fi d Service and Data ntenance i was used o 

ain this information. An of a cons ruction og i 

shown gure 5. 

As seen, the construction log shows ical 

lines major hig intersect ons as 

indivi construction projects, while the condition h 

referenced to mile s (or reference posts as 

led). To a in coordinating 

on the construction logs wi the 

point listing was used to 

s of or ical references 

location of 

ition hi 

le 

as coun ines and ma.j 

referencing of project information from the construe on 

0 

i 

to t condition hi required that t i i dual 

construction sections were 1 identified i o 

generated from the condition data shown in fig 

General ions of the g could t be made 

if is a rea e ree of consistency su 

condition within indivi project and to det if e 

is a li ihood of unreported construction withi the 
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TRUNK HIGHWAY LOGPOINT LISTING 

ROUTE 
NUf1BER 

REF-POINT 
CM!LES) FEATURES 

TRUNK HIGHWAYS 

PAGE 66 
JUL 24,1984 

ACCUM C M CNTRL PTRL 
<MILES) D A SECTN STAT CITY 

--------- ---------- ----------~=-------------------------------~-------- ------- -
USTH 2 
USTH 2 
USTH 2 
USTH 2 
USTH 2 
USTH 2 
USTH 2 
USTH 2 
USTH 2 
USTH 2 
USTH 2 
USTH 2 
USTH 2 
USTH 2 
USTH 2 
USTH 2 
USTH 2 
USTH 2 
USTH 2 
USTH 4< 2 
USTH 2 
USTH 2 
USTH 2 
USTH 2 
USTH 2 
USTH 2 
USTH 2 
USTH 2 
USTH 2 
USTH 2 
USTH 2 
USTH 2 
USTH 2 
USTH 2 
USTH 2 
USTH 2 
USTH 
USTH 2 

'USTH 2 
USTH 2 
USTH 2 
USTH 2 
USTH 
USTH 
USTH 
USTH 

USTH 
TH 

MIDDLE BR-9090,N DAKOTA-MINH STATE LINE 
E END BR-9090,RED RIVER OF THE NORTH 
HE EHD BR# 9090 OV RED R & CITY ST * 
WB ENT RAMP LT FROM 4TH ST 
EB EXIT RAMP RT TO 4TH ST 
W END BR#60001 OVER CSAH 64 
E END BR#60001 OVER CSAH 64 
WB EXIT RAMP LT TO 4TH ST 
EB ENT RAMP. RT FROM 4TH ST 
W JCT MNTH-220 
~5TH AVE HE M-98 X-ING 
RR X-ING 16001120 
7TH AVE HE M-80 X-ING 
RR X-ING 16001264C 
E LIM E GRAND FORKS M-132 X-ING 
MEDIAN X-OVER FRONTAGE -RD RT,M-157 -
T-300 X-ING 
S URB BDRY E GRAND FORKS 
RR X-ING 16001263 
CSIIH-17 X-ING 
JCT USTH-2,BUSINESS ROUTE 
CR 226 LT 
E JCT MNTH-220 T-867 L T T-865 RT . ·-.. -
T-280 X-ING 
CSAH-63 LT T-326 RT 
T-412 X-ING 
T-181 X-ING 
T-135 X-ING 
T-847 LT T-846 RT 
T-135 HG 
CSAH-60 LT 
T-121 X-IHG 
JCT CSAH-15 
T-168 X-ING 
T-169 X-ING 
CSAH-18 LT CR-2~ END TURN LAHES,BEG lOWEll TWP 
T-179 X-ING 
T-1131 X-I 
T-189 X-ING 
T-201 X-ING 
BRI a·o23 DITCH 
CSkH-11 RT T-20 l T 
H JCT 5 
U OF ENTRANCE LT,EHD EB LT WB RT TURN l 
CITY T LT,ENT Rl END WB Rl 

ST E 

Figu e 6. Trunk Hig L Pain isting Example. 
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324(J 
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!Hl 
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1075 
1075 
1075 
1075 
1075 
1075 
1075 
1075 
1075 
1075 
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Figure 7. Plot of Original Data used as an Aid in Selecting 
D-Records. 
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D-record sections on the traffic flow maps. For these purposes, 

and for many other purposes, it would be highly recommended that 

a work map of the Minnesota trunk highway system be created which 

shows only the reference post locations for the major 

intersections and physical references along each of the highways. 

Such a resource would be an invaluable aid for many people when 

dealing with references regarding locations that are identified 

by the trunk highway number and its reference location, such as 

trunk highway 53, reference post numberl76. 

Once the location of each of the D-records to be included in the 

base were identified on the traffic flow maps, the daily 

Heavy Commercial ADT, 5-axle ADT and Grain Body ADT values were 

transferred to a data file for inclusion in the data base. 

Sub-grade soil strength 

The last component in the development of the data base for the 

purpose of developing performance models was to identify the soil 

strength or to determine soil strength characteristic for each of 

the D-records within the data base. Three separate sources were 

used for this purpose. The first source was the non-destructive 

testing deflection information that was available for bituminous 

sections. Soil strength for each of the D-record sections could 

be easily calculated from the deflection data. The deflection 

data was made available by downloading the information from main 
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frame to disks. The format of downl deflection 

data is shown in figure 8. 

The relationship to ate soil s 

deflection is based on results from elastic 1 

anal is runs using program ACHEV as in 

Investigation fi 

Road Rater 10 us in 

01 Principles Pavement Desi 

Witc It can be easily 

such as 

programs, 

has ni effects on the 

!I 

tled "Evaluation 

ion er 2 

edition~ 

any vari of 

Model 

text 

and 

is 

rams or finite element 

i and streng 

distance from t center of 1 

deflections are more so influenced 

area. These of 

strength of 

s 

ng 

cal 

ls. influence 

ations used in 

t st on the soil 

ect is estimated to less 

than 10%. The ection data was used to calculate 

resilient modulus of the 

d ections, t equation 

rade soil* 

ed in 

For Road Rater 

final rt of 

Investigation 

an equation 

was modi ed 

was used. For Falling Wei De ectometer 

ficient 

center of 

load ate 

lar was used, 

of 

tionships 

distance 

ted 

(Refo 10). The equations used 

Falling Wei Deflectometer is as follows: 
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0200000002073+00.500010628842FN 560 533 400 320 214 115 65 4510002 
0200000002073+00.500I10628842FN 574 298 149 142 139 122 94 6910002 
0200000002073+00.600010628842FN 563 572 449 371 256 151 92 6610002 
0200000002073+00.600I10628842FN 581 230 125 121 120 102 79 5610002 
0200000002073+00.700010628842FN 584 540 470 396 224 137 88 6510002 
0200000002073+00.700110628842FN 579 274 215 195 186 155121 9210002 
0200000002073+00.800010628842FN 562 573 422 315 215 129 80 5710002 
0200000002073+00.800I10628842FN 581 170 131 124 117 100 78 5910002 
0200000002073+00.900010628842FN 567 543 403 324 213 116 66 4510002 
0200000002073+00.900110628842FN 578 261 143 131 119 99 78 5610002 
0200000002074+00.000010628842FN 561 416 341 249 166 98 59 4110002 
0200000002074+00.000I10628842FN 570 286 174 134 137 119 95 7110002 
0200000002074+00.100010628842FN 566 499 369 295 189 104 64 4810002 
0200000002074+00.100110628842FN 577 199 167 163 152 126 91 6310002 
0200000002074+00.200010628842FN 559 451 322 251 160 86 51 3610002 
0200000002074+00.200110628842FN 569 303 218 207 198 17314111010002 
0200000002074+00.300010628842FN 587 434 357 275 178 99 61 4410002 
0200000002074+00.300110628842FN 574 466 356 280 185 105 64 4510002 
0200000002074+00.400010628842FN 559 484 327 252 164 90 48 2710002 
0200000002074+00.400110628842FN 567 420 316 257 177 105 63 4210002 
0200000002074+00.500010628842FN 568 555 431 350 241 146 94 6510002 
0200000002074+00.500I10628842FN 564 571 413 285 192 114 73 5210002 
0200000002074+00.600010628842FN 592 276 213 176 152 13812410810002 
0200000002074+00.600I10628842FN 566 508 358 272 174 99 62 4310002 
0200000002074+00.700010628842FN 582 259 219 196 168 15013311410002 
0200000002074+00.700I10628842FN 565 445 321 243 155 90 57 4110002 
0200000002074+00.800010628842FN 574 308 247 222 188 16614512010002 
0200000002074+00.800110628842FN 565 584 354 244 154 92 57 4110002 
0200000002074+00.900010628842FN 571 255 221 202 175 15112810610002 
0200000002074+00.900110628842FN 570 432 322 259 171 99 61 4510002 
0200000002075+00.000010628842FN 579 256 202 177 144 119103 8710002 
0200000002075+00.000I10628842FN 566 419 321 258 148 80 51 3710002 
0200000002075+00.100010628842FN 588 267 197 160 109 73 58 4410002 
0200000002075+00.100I10628842FN 560 490 303 225 147 83 52 3810002 
0200000002075+00.200010628842FN 580 223 174 146 106 76 59 4610002 
0200000002075+00.200I10628842FN 561 411 292 228 147 81 49 3710002 
0200000002075+00.30~010628842FN 581 253 205 181 146 108 84 6210002 
0200000002075+00.300I10628842FN 580 392 278 213 134 73 45 3110002 
0200000002075+00.400010628842FN 607 271 210 178 139 111 94 7810002 
0200000002075+00.400I10628842FN 561 526 344 229 150 86 56 3910002 
0200000002075+00.500010628842FN 566 280 216 175 114 67 51 4210002 
0200000002075+00.500I10628842FN 571 330 214 162 104 63 42 3110002 
0200000002075+00.600010628842FN 577 300 244 204 140 76 47 3510002 
0200000002075+00.600I10628842FN 559 583 297 218 138 77 47 3110002 
0200000002075+00.700010628842FN 570 392 341 284 195 122 73 5010002 
0200000002075+00.700I10628842FN 561 526 389 303 195 112 69 4810002 
0200000002075+00.800010628842FN 562 414 341 297 221 137 81 5610002 
0200000002075+00.800I10628842FN 560 481 357 285 186 104 64 4510002 
0200000002075+00.900010628842FN 562 360 296 254 181 102 56 4010002 
0200000002075+00.900110628842FN 579 565 401 294 191 110 68 5210002 
0200000002076+00.000010628842FN 584 215 172 157 133 97 64 4110002 
0200000002076+00.000I10628842FN 561 678 441 325 201 115 70 4810002 
0200000002076+00.100010628842FN 567 486 391 339 254 162101 6910002 

Figure g. Sample of Pavement Deflection Data. 
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TABLE 2. Subgrade Modulus Values by Soil Classification 

SOIL ASSOCIATIONS OF MINNESOTA 
BIT. OVERLAY 

STD. 
SOIL TYPE 

A 
B 
c 
D 
E 

F 

G 
H 
I 

ALL TYPES 

AVG. 
3:9 
11.3 
8.6 

10.6 
10.9 

13.4 
14.6 

11.9 

DEV. 

4.3 
2.3 
3.5 
2.5 

5.0 

4.5 

GEOLOGICAL MAP OF MINNESOTA 

GEO. TYPE 
co 
ir 

was 

dss 
hp 
wig 
do 
dag 
td 

dls 

das 
dpe 

dlc 

dla 

del 
pgd 
scg 
dbg 
dsa 
so 

14.3 
15.1 
12.7 
14.5 
10.5 
8.8 

6.2 

10.1 
11.7 

4.5 

13.2 

11.1 
13.4 
10.1 

11.7 

0.3 

0.9 
5.1 
2.3 
3.7 

2.4 

5.0 

1.7 

ORIG. BIT. 
STD. 

AVG. DEV. 

12.7 1.9 
8.1 2.4 

14.0 2.8 
12.1 0.8 

11.2 

13.4 
19.4 3.5 

14.8 

14.5 

14.2 
16.9 
19.3 
18.3 
8.4 

13.9 

10.6 

12.3 

13.8 

13.4 
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4.1 

0.7 
1.7 
0.3 
4.4 
2.2 

2.3 

DESCRIPTION 
Bogs 
Clayey Lacustrine Sediments 
Lacustrine Sed. over till 
Calcareous laomy glacial till 
Noncalcareous & nonacid loamy 
glacial till 
Noncalcareous loamy drift 
over bedrock 
Loess over bedrock 
Loess over till 
Outwash or glacial drift 
over outwash 

Colluvium 
Weathering residuum/bedrock 
loess covered 
Stagnation moraine mantled 
by drift 
Stagnation moraine 
Peat 
Ground moraine 
Outwash 
Ground moraine 
Remnants of channels & flood 
plains predominant sand 
& gravel w/fines 
Glacial lake sed. silts 
& fine sand 
Stagnant in moraine 
Interbeded red & grey drift 
stagnant or moraine 
Glacial lake sed. Clay 
& clayey silt 
Glacial lake sed. sand 
& gravel 
Clayey till lake modified 
Grey drift 
Clayey till ground moraine 
Ground moraine 
Ground moraine 
Outwash 



This resulted in a general estimation of soil strength for the 

sections that did not have deflection data. 

Data Base 

The processes described in this section resulted in four data 

bases, one for each the major surface types. The bituminous 

pavements were divided into two data bases, one for original 

constructed surfaces and one 

been overlaid. A copy of 

for bituminous pavements that have 

each of the data bases is available 

from the Pavement Management Section. 
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DATA EVALUATION 

The evaluation of the data that resulted from the selection 

processes described in the previous sections consisted of 3 

general areas; evaluation of the ability of models to fit various 

curve shapes, development of models for Present Serviceability 

Ratings and development of models to predict Surface Ratings. 

Matrix summaries for the pavement condition variables are 

included in the appendix. The correlation Matrix shows how each 

of the condition variables in this study relate to one another. 

For instance, the correlation matrix for concrete (rigid) 

pavements shows that the SR is affected to the greatest degree by 

joint spalling followed by joint faulting, broken panels, small 

patches, cracked panels1 faulted panels, D-cracking and overlaid 

panels. Also, it can be seen that the distresses broken panels 

and faulted joints have the highest correlation factor among the 

distresses at 0.5031. 

The relationships shown in the correlation matrixes for each 

surface type show how the distress attributes relate to each 

ot and the surface age. This information can be reviewed to 

evaluate the sensitivities of the SR or PSR to each of the 

recorded distresses. 

The first general area was a basic evaluation of the 5 equations 

that show promise as prediction models for Present Serviceability 

Ratings and also possibility for use in predicting Structural 
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Ratings. These curve types included the AASHTO or POWER CURVE, 

t PAINTER model1 the IRICK model1 the SIGMOIDAL l1 and 

LINEAR model. 

Five general curve shapes representing what we often see in 

literature as performance curves were drawn wi a of a 

french curve as shown in figure 10. 

SERVICEABILITY CURUES 

;;! ' ~~- :: .. f .................... , ........... - ..... + ........... _ ...... ,_ ... _ .. ___ ,f····· .... - ........ f---........... , ..................... , ..................... , ................... -j ........... _ ..... + .... . 
I[. f.~ .:1.. ;;! :;,j: 4, ~ ]; a::• 7 H 'SJI .. l ';:J: 

·r· :r. HE 

Figure 10. Performance Curves used to uate Fits. 

Each of these curve shapes was devised to represent cal forms 

in which pavement condition can deteriorate. The curves include 

a linear decline (curve 1), a concave down curve (curve 2)u a 

concave up curve (curve 3), and two S-shapes, the first having 

horizontal portions at beginning and ending of the 

life (curve 4) and the second having horizontal ion 
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the middle of the pavement life (curve 5). All 5 of these curve 

shapes do occur from time to time. A review of condition data 

will provide examples of all the curve shapes. To evaluate the 

fit of each of the models on the 5 curve shapes, a simple 

spreadsheet was established which contains one column for the age 

scale and one column for each of the 5 individual condition 

scales. Four spreadsheets were then 

IRICK, PAINTER and SIGMOIDAL models. 

developed for the 

Each 

AASHTOI 

the data through the aid of transformations. 

model was fitted to 

All models were, 

therefore, applied to the range of ages from 1-10 rather than 

0-10 since transformations cannot be made for age 0 on several of 

the models. After the best fit was established for each of the 

curve shapes and each of the models, the coefficients were 

transformed back to the constants for the original models and 

residuals were calculated for each curve type. Graphs were also 

made for each curve fit which are included in the appendix. To 

evaluate the performance of each of the models, a tabulation was 

created that lists the fit and residuals from each of the models 

and curve types. Residuals from all 5 curve types were then 

summed for each model. From a tabulation it can be seen that the 

smallest overall residual resulted from the POWER or AASHTO 

curve. 

This evaluation provides information only on the performance of 

the models in terms of fitting data. The ability to predict 

future conditions from regression fits ran on a part of the data 
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Table 3. Comparisons of ts 

SIGMOIDAL Sum of 
Corr. Residuals 

Rho Beta Coef. Squared PSR PSRf 0 

Curve l 9.17 1.716 -.995 .0499 4.31 O(a) 
Curve 2 12.07 2.225 -.971 .6928 4.48 0 
Curve 3 3.24 .529 -.998 .0160 4.77 .52 
Curve 4 7.27 1.970 -.996 .0292 4.41 .29 
Curve 5 14.84 1.760 -.936 .4133 4.02 O(a) 

x=0.240 
s=0.302 

PAINTER 
Inter- Corr. 

Slope cept Coef. 

Curve l .0260 .0305 .997 .0315 
Curve 2 .0240 -.0143 .922 .9564 
Curve 3 .0218 .1123 .967 .2377 
Curve 4 .0308 .0085 .994 .0956 
Curve 5 .0171 .0700 .918 .3842 

x=0.34l 
s=0.370 

AASHTO 
Corr. 

Rho Beta. Coef. PSR PSRf(b) 
0 

Curve 1 .0800 1.000 1.000 0.0000 4.50 2.0 
Curve 2 .0694 2.379 .9959 .0343 4.49 0 
Curve 3 .0035 .021 .9970 .0222 35.00 0 
Curve 4 .0464 .890 .9922 .1112 4.79 0 
Curve 5 .0487 1.524 .9182 .2439 4.03 0 

x=0.082 
s=O.lOO 

IRICK 
Inter- Corr. 

Slope cept Coef. PSRo 

Curve 1 .7973 1.486 .9997 .0017 4.43 
Curve 2 .4006 1.267 .9963 .0904 4.49 
Curve 3 4.0646 2.219 .9972 .0204 7.70 
Curve 4 .8348 1.447 .9939 .0783 4.66 
Curve 5 .7191 1.569 .9609 .2914 4.06 

x=0.097 
s=O.ll5 

(a) Fit continues to improve if PSRf decreases below 0 
(b) PSRf has no bearing on fit, Rho varies to compensate for PSRf. 
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uations di 
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or all a icular surface includi 

all the data for each e as a group, ten groups data 

result 

Wi in 

each surface 

groups, nine 

type for a total of 40 groups. 

sets exist 

concrete pavements and 10 data sets exist 

types resulting in 390 possible sets. 

for each of the models discussed earlier 

the bit nous over 

the other 

Evaluating fit 

d result in 2460 

possible regression runs. Beyond data sets just described, 

the regressions could be run each D-record as an individual 

data set which requires many more regression runs. 

All of regression possibilities were not run. The data was 

reviewed graphically and models were selected for evaluation. A 

large number of regressions were runo exploring various models on 

data sets to determine how well the model fit or if the data set 

exhibited any significant trend. The following sections describe 

the analysis the various pavement attributes. 

Present Serviceability Ratings 

The Present Serviceability Rating for all of the surface types 

exhibit a considerable amount of scatter. Initial regressions 

were run with the Present Serviceabili Rating as the dependent 

variable (y variable) and the surface age as the independent 

variable (x variable). The data set for these initial runs 
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consisted of all of the 

soil strength and daily 

D-records grouped together according 

EALs. Figure 11 shows the results 

to 

of 

these regressions. For the concrete and bituminous surfaces the 

resulting regressions had very flat slopes (0.025 or less on 

linear models) indicating very little loss of Present 

Serviceability Rating with age. However, due to the size of most 

of the groupings, the overall regressions were significant and 

the individual coefficients were meaningful often at the 0.001 

level. Due to the variability in the PSR ratings, the age only 

explained a small portion of the variation in Present 

Serviceability Rating. R-squared values in the range of 10-30% 

were common. Application of those resulting equations to the 

prediction of future PSRs was found to result in extraordinary 

long life predictions. For example, the slope of a LINEAR fit 

would typically be in the 0.02 range indicating that loss of 1.0 

in PSR would take 50 years. The other models, such as Power and 

SIGMOIDAL, resulted in even flatter slopes when the PSR was below 

3.0 since the data exhibited a general concave up pattern. The 

number of pavements rated for each year of surface age physically 

indicated, however, that the sections were not lasting that long. 

Because of the reasons stated, further evaluation of the PSR with 

respect to age was conducted. 

An evaluation of the PSR on concrete and bituminous surfaces 

showed that consecutive ratings of pavement surfaces had nearly 

an equal chance of increasing in value as they did in decreasing 
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in value. A third variable was then created from the PSR and age 

data which we shall call Delta PSR for PSR change per year. This 

variable is calculated simply by dividing the difference in the 

PSRs of consecutive ratings by the number of years between 

ratings. The problem that became apparent was how to deal with 

the numerous and sometimes rather significant increases in PSR as 

they occurred from time to time. General observations indicated 

that the increases tend to be more prominent on bituminous and 

concrete sections after the age approached 10 years or more. 

Figure 12 shows several of the plots of delta PSR versus age. 

A possible cause for this erratic behavior in PSR may be that 

maintenance began to be performed on the section after the 

section has lived approximately half its life and/or significant 

distresses have developed. 

To further the evaluation, a straight linear relationship between 

Present Serviceability Rating and age was applied to the data on 

a D-record by D-record basis with a short BASIC program. The 

program created a file consisting of the highway number, D-record 

identification location, slope and intercept values, and 

correlation coefficient for each D-record. A selection criteria 

was then applied to these results. The criteria was as follows: 

The slopes had to be negative, 

that showed increasing PSRs 

therefore, all D-records 

with time would not be 

considered. The correlation between age and PSR had to be 

at least 0.65. 
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The results using is were much more within reason in 

terms of ign defi tion (i.e. no us s last 

years). The results of those correlations are shown in Tables 4 

and 5. The recommended PSR slopes to use to ict future PSR 

e scatter observed are shown in e 6. Due to the effects 

in the existing 

models would not 

a, ication of more sophisticated 

ide a significant i in fit or 

functi i at this time. s 

analysis for each of sur are in Fi 13. 

PSR versus 

by group 

results also 

data for ages 0 to 10 was also evaluated 

no us two 

sl which were s 

regression 

lar to the results 

shown in e 5. The PSR t 

10 of age were much less defi 

selection li ts pl on the 

PSR prediction purposes excl a 

for t 

e. 

no us 

of PSR 

tion of 

over 

for 

available 

data. It must be t is exists and shows 

PSRs can increase or at leastu not decrease in many instances. 

available data cannot ain this behavior. We would 

that reasons for many of large increases in PSR could be 

found a case by case investi ion. In lieu of using 

recommended values in Table 6, design life for surface 

type was i to a PSR decl of 1.7 (from 4.2 to 2o5) over 

the design life to calculate a PSR loss per year. The resulting 

PSR loss year for prediction pu is show in Table 7. 
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TABLE 4. Linear Regression Results of all Data Points by Grouping 

Regression Results 
Equation: PSR=Intercept + Slope * Age 
Concrete Pavements: Age less than 33 years 

Group 
LL 
LM 
LH 
ML 
MM 
MH 
HL 
HM 
HH 

Intercept 
3.614 
3.216 
3.179 
3.647 
3.394 
3.486 

3.861 
2.855 

BITUMINOUS PAVEMENTS 

Slope 
-0.0779 
-0.0161 
-0.00183 
-0.0450 
-0.0292 
-0.0356 

-0.0383 
-0.00066 

Original Surface Age less than 23 years 

Group 
LL 
LM 
LH 
ML 
MM 
MH 
HL 
HM 
HH 

Intercept 

3.598 
3.647 
3.383 
3.451 

3.686 
3.672 

Slope 

-0.0241 
-0.045 
-0.0225 
-0.0227 

-0.0436 
-0.0564 

Overlaid Surface Age less than 23 years 

Group 
LL 
LM 
LH 
ML 
MM 
MH 
HL 
HM 
HH 

Intercept 
3.116 
3.310 

3.408 
3.415 
3.261 
3.354 
3.552 
3.402 

54 

Slope 
-0.0345 
-0.0144 

-0.043 
-0.0348 
-0.0325 
-0.0779 
-0.0263 
-0.0282 

# of Ratings 
10 
54 
44 
88 

294 
284 

0 
26 

9 

# of Ratings 
0 
6 

10 
88 

154 
41 

2 
117 

39 

# of Ratings 
84 

6 
0 

146 
264 
188 

13 
88 
29 



Table 4. (Continued) 

Bituminous Over Concrete Age less than 15 years 

Group Intercept Slope # of Ratins 
Overall 3.18 -0.0.351 total below 

LL 6 
LM 3.309 -0.057 70 
LH 3.429 -0.079 21 
ML 40 
MM 3.202 -0.0283 267 
MH 3.588 -0.106 36 
HL 0 
HM 3.202 -0.051 18 
HH 3.606 -0.081 24 
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Table 5. Linear Regression Coefficients from Selected D-Records 

MNOOT riOIJEL 5TiJIY/ 

BI1UMIHDUS~ ORISiut1AL CDMS1: 
(i ZZ D-RECOfWS RURILRBLE) 

SOIL & 
Tf!RffiC NO. uf 
GROUP ltHERCEFT SLOPE 0-RECORDS 

l' cL 

lJl 
LH 3~ 595 -D. 024 

ML ·1.m -0.076 6 
MM 3. 866 -0. 0?9 17 
t1H 3. 834 -0.090 

HL 
HM 3. 723 -[). 051 
HLI .ll 3. 809 -D.G8u 

CONCRETE SURfACES 
\184 D-R£C0~:05 RUAILABLE! 

SOIL a 
JRAfTIC No. or 
GROUP IHH:RCEPT SLOPE [)-RECORDS 
======================================::.: 

LL 
LM 3. 44? -0. 0•10 6 
lJI 3. 275 -0.034 

ML 
11M '1.011 ·0.060 36 
MH 3.823 -[). 047 

Hl. 
H.~ 4. 020 -0.048 
HH 5. 330 -0~ 067 

BITUMIHOUS: DUERLBID SECTIDNS 
\191 li-RECORD5 AURILRB!JJ 

SOIL a. 

TRAfTIC HO. OF 
GROUP INTERCEPT SLOPf: [!-RECORDS 

LL 3. '163 -0.038 '12 
LM 
LH 

l1L '3. 520 -0. OS6 £ 
MM 3. 507 -0.062 14 
rlH 3. ·489 -·0.08Z zs 

H' c 

HM 3.610 -0.060 
HH 3. 853 ·-0. 06Z 

BITUtnNOUS OUER CONCRElT \BOC) 

SOIL a 
TRAffiC 

\115 0-RECOROS flVAILAHLD 

NO. Of' 
GROUP INH:W.:PT SLOPE IHECOROS 
========~==================::::::::;:::::======== 

LL 
LM 3. 393 ·G. 076 
LH 3.308 ·-0.0?8 

ML 3.1 '/0 -0.051 ') 
L 

riM 3. 679 ·~O, 080 <') 
If 

MH 3. 866 -0,171 3 

Hl. 
UM 4.145 -0.248 lUI 

HH l47D -0.087 

The above tables contain cwerage regression constan'Ls ir·or. individual regress:ion runs 
on individual 0-records. A selection cri.tei"ia was applied in seleding wh:ich !]-records 
were to Make up the averages. The selection cri tel'ia was as follows: The slope nust 
be negative and the corrolati.on coefficient (I') Must be greater than IJ.65. The nur1ber 
of O·n•cords that Met that criteria in each of the groupings i5 .included in the right 
coluMn of the tables. 
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TABLE 6. Recommended Factors for Predicting PSR 

Group 
Soil (Mr) 
0-8ksi 

8-16ksi 

over 16ksi 

All groups 

Group 
Soil (Mr) 
Surf. 
0-8ksi 

8-16ksi 

over 16ksi 

All groups 

Daily EALs 
0-70 
70-650 
over 650 
0-70 
70-650 
over 650 
0-70 
70-650 
over 650 

Daily EALs 

0-50 
50-300 
over 300 
0-50 
50-300 
over 300 
0-50 
50-300 
over 300 

-----PSR Loss 
Concrete 
-0.055 
-0.040 
-0.034 
-0.055 
-0.060 
-0.047 
-0.055 
-0.055 
-0.055 
-0.0545 

per Year-----------
Bit. over Concrete 

-0.103 
-0.076 
-0.078 
-0.080 
-0.080 
-0.171 
-0.103 
-0.103 
-0.245 
-0.103 

-----PSR Loss per Year-------------
Bit. Orig. Surf. Bit.-overlaid 

-0.0732 -0.0375 
-0.0732 -0.0645 
-0.0732 -0.0645 
-0.0763 -0.0560 
-0.0786 -0.0616 
-0.0901 -0.0817 
-0.0732 -0.0645 
-0.0512 -0.0595 
-0.0803 -0.0623 
-0.0732 -0.0645 
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TABLE 7. 

PSR loss per year based on design definitions. 

Pavement Type Design Life PSR loss per year 

Concrete 35 years 0.0486 

Bituminous/Concrete 12 years 0.142 

Bituminous-Orig. Surf. 20 years 0.085 

Bituminous-Overlay 15 years 0.113 

The PSR los per year coefficients in Table 71 however, are higher 

than those in Table 6 because an initial PSR of 4.2 is assumed 

for Table 7, whereas the data indicates initial PSRs to average 

about 3.6. 
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SURFACE RATINGS 

The evaluation effort for the development of prediction models 

Surface Ratings was centered primarily on development 

distress prediction models which would in turn be used for the 

calculation of future Surface Ratings. This approach was taken 

since results would have the greatest degree of flexibili 

in terms of application to the Mn/DOT pavement management system. 

Future changeso for instance, in weighting factors appli to 

individual distresses would not invalidate the Surface Rating 

prediction process. 

The evaluation process did not include the application of all of 

the available models to each of distresses for all the surface 

types and sub-groups. Neither time nor funds were available to 

do so. A visual inspection of individual distress growth plots 

showed that the SIGMOIDAL curve shape could be utilized for many 

of the distress types. The primary form of equation that was 

used is the simplified form as follows: 

Distress= EXP ([-K/age]~leO) 

The constant Rho described in the section on models is expressed 

as K for the distress equation and the constant Beta is set to 

the value of 1.0. This equation requires that the distress be 

expressed in decimal form and that the actual distress values 

range between 0 and 1. The rate of growth controls the value of 

K. Very low growth rates result in large values of K (50-80) and 

very rapid growth rates result in low values of K (2-10) as shown 

in figure 14. 
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Figure 14. Curve Forms Various 
d=exp[-k/AGE]. 

Initial calculations of the K values d 

ficients (k) of Equation 

not low the least 

squares regression iques1 but inst was based on the 

algebraic solution of K distress age. The 

resulting K values were each of the surface 

types and sub-groups for soil and fie volumes. The average K 

values and the number of ratings (N) were based on are 

presented in Table 8. In addition to calculation of the 

constant K for each of the distress , certain distresses 

were combined and indivi K values ated for them. For 

instanceo for the bituminous surface sections a K value was 

calculated for the total amount transverse cracking of both 

severity levels and for both severity levels of longitudinal 
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c ng on 

definitions 

bi 

i 

nous over concrete 

for assi i 

Under the 

ities to transverse 

c s this could total over 100%. The total, 

however, is of interest since slig transverse cracks can become 

severe so the growth of slight transverse cracks can 1 

decrease while the overall crack count increases. 

off or 

SOu 

longitudinal distresses for tuminous surfaced sections were 

added to a composite longitudinal distress ue. 

These included longitudinal cracking, multi e c ng, 

alligator cracking, and patching. This was done because 

longitudinal cracking, for instance~ was not counted if alli 

cracking was These distresses are mutually 

exclusive which means that if one distress was counted, 

definition other distresses could not be counted. There was 

no combining of distresses 

After evaluation of the 

for rigid pavements i 

distress terns for t 

tially. 

rigid 

pavements1 however1 the cracked, faulted and broken panel 

distresses were summed together to compare the erns of 

the total number of panel distresses to each individual distress 

of cracked panels, broken panels and faulted panels. This was 

done since the growth of cracked panels stopped at about 10 years 

of surface age while the growth of broken and faulted s 

began at about 10 years of age. This be due to two possible 

causes. One cause may be a data recording error when and 

faulted panels existed and i were not counted as 
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Table 8. Ca:j.culated K Values for the Simplified S-Shape 
Equation. 

---------------------------------SOil AND TRAFFIC SROUPS-------------------------------------------------------------

DISTRESS ll lll Ul Ill 1111 HH Hl Hll HH 
TYPE K N r. N K N I< II K II I( II v. N K II K II 

·-----------------------------------------------------------------------------------------------------------------------------------RISID PAVEMENTS 
SPA 55.3 N=l 31!.8 11=25 411.5 N-17 3L7 11=4 37.6 H=m 31 11=2~9 N=fl 36.8 11=17 44.2 11=8 
LFJ 39.9 N-3 37.3 II= II 44.1 II= 2 N=l.l 61.11 11=12il 50.3 N=l31 11=1.1 68.9 N= 6 3~.8 N=2 
CRA 11.9 tl=B 22.9 N=U IS.4 11=36 28.2 II=& 411.9 11=266 27.1 11=261 N=lil 45.2 11=15 19.7 11=9 
BRO 25.1 11=5 47.8 11:: 7 41.8 11=15 19.4 II= I 76.9 11=13!1 58.7 11=121 II=~ 95.4 N= 4 52.2 11=3 
FlP 55.3 N=l 74 N= 9 5t1.7 N= 6 N=~ 76.4 II= 91 53.9 II= 96 N=lil 87.9 N= 6 93.3 N=4 
OVR II=~ 14 II= 2 4.5 N= I N=J 64.4 N= 59 62.7 N= 1 II=S ll= tl N=l 
SSF 11=0 II= S N= 8 39.1 N=l 87.11 N= 78 72.5 II= 38 11=11 N= e N=~ 

DCR II=~ 31.1 N= 2 46.4 N= 2 11=8 29.2 II= B 11!.8 II= 11 N=ll N= ll 11.1.6 N=l 

BOC PAVEHENTS 
SlT U.2 N=4 7.6 11=69 11.3 N=2tl 6.5 N=34 u 11=239 5.1 N=33 N==l 5.8 N=l6 8.4 11=24 
SVT N=il 12.2 N=64 11.1.6 11=19 12.1 11=38 11.2 11=226 u.s 11=2!1 N=IJ 9.9 N=H 12.8 11=18 
Sll 11.8 N=4 18.5 11=68 9.8 N=l9 9.2 N=27 15.1 11=212 16.8 11=28 N=ll 5.2 N=l2 15.5 11=26 
SEL 35.9 ll=2 23.9 11=26 18.2 11=16 7.3 11=16 25.9 11=134 22.8 11=15 N=tl 16.11 N= 8 14.8 N=lll 
l'tUl 46.3 N=2 2&.1 N=3i 32.7 II= 7 11.6 N=IB 28.3 N= 94 24.4 11=13 N=IJ U!.b II= 2 23.4 II= 2 
RVL 11=8 36.9 II= I 27.6 N= I 25.3 II= I 511.6 II= I 11::: S N=ll N= S N= 8 
PAT N=IJ 32.6 11=24 32.2 N= 4 19.4 N= 9 32.7 N= 57 32.1 14=12 11=1 2!1.7 N= 4 27.9 N= 7 
m U.2 N=4 3.5 11=78 3.9 N=21 3.7 N=U 2.5 N=267 2.2 N=36 2.9 N::IB 4 .I N=24 
LCR 3.5 11=4 9.9 11=62 4.8 N=21 3.9 N=36 9.8 11=229 8.4 N=29 4.6 14=13 9.2 N=21 

BIT. ORIGINAl CONSTRUC!DN 
SlT 6.5 N=4 8.2 N=UI 1~.8 11=11 6.5 N=IH 5.5 N=34 11.5 11=2 3.9 N= 69 8.3 N=32 
SET 25.3 N= 2 14.4 N= B 11.3 II= 2 49.1 N= I 18.7 N= 3 
LNS 19.3 N=l 33.3 N=Ul 23.11 11=77 27.4 tt-:119 27.5 11=34 25.11 N=2 11.7 N=107 13.5 N=27 
HUl N=ll ll=tl 39.4 II= 6 39.6 N=45 37.4 N= 71 41.4 N=15 86.1 N=2 36.9 N= 55 36.4 N=13 
All N::~ N=tl 42.7 N= 4 57.8 11=16 55.1 N= 25 3!1.7 N= b 17.1 11=2 48.5 II= 2 33.3 N= 5 
RUT N=S N=l! II= I 44.1 11=32 42.4 N= 44 29.4 II= 5 86.1 11=2 ~8.9 N= 6 27.6 N= 4 
RVl N=S N=~ 36.6 II= 2 21.4 N= 1 25.6 N= 4 N= t N=IJ 31.3 N= 1 34.5 N= I 
PAT tl=ll 11::~ N= ~ 57.8 11=32 55.6 II= 2 31.6 N= 5 7~.8 N=2 57.4 N= 19 37.8 N= 7 
m ~l=S 4.4 N=6 8.2 N=lll 9.7 11=77 6.6 N=l26 4.5 11=34 u.s N=2 3.9 II= 69 6.9 N=32 
lOST 11=8 19.3 N=l 19 11=16 17.6 11=77 21.4 N=ll6 23.5 N=34 2~.2 N=2 16.7 N= 99 12.S N=26 

BIT. OVERLAID SECTIONS 
SlT 5.9 11=76 1.6 N=6 N=6 5.3 11=123 7.4 11=231 5.3 N=152 3.9 II= 9 4.3 N=77 4.5 11=24 
SET II= S N=i.l N=& 27.9 N= 9 2~.9 II= IS 1~.3 N= 8 N= 1.1 31.3 N= 7 9.2 N= l 
Ul6 13.8 tl=59 13.1 N=4 ll=ll 15.4 N= 78 17.8 N= 94 17 .B N= 9b 9.9 N= 7 16.4 N=31! 12.6 N= B 
HUL 28.6 11=59 14.4 N=4 II=S 311.7 II= 78 33.5 N= 94 23.6 N= 96 21.4 N= 1 3B.B 11=3~ 22.3 N= a 
All 43.9 N=21 13.7 N=4 II=IJ 39.9 N= 27 4l!.6 II= I 32.7 N= 9 II= II 411.6 N= 4 N= ~ 
RUT 3b.S N=32 ll=ll N=i.l 42.7 N= 38 33.9 N= 49 27.6 N= 63 N= 8 45.5 11=19 27.6 II= 2 
RVl 77.1 N= 2 N=S 11=1 46.1 II= I 28.6 N= 8 7.1 N= 2 19.9 N= I 56.3 N= 5 4&.7 II= 2 
PAT 41.2 N=22 58.7 11=2 II:: II 39.5 N= 3~ 4U II= 59 29.11 N= 56 N= I 59.1 N= 8 23.5 N= I 
lCR 5.9 N=76 Lb N=6 N=lil 5.2 11=123 b.5 11=231 4.5 11=152 3.9 N= 9 3.7 N=77 4.1 11=24 
lDST 9.2 N=B2 5.6 11=4 II=~ 11.9 11=125 15.8 11=231 12.1 11=166 11.4 11=11 12.2 N=B5 8.6 N=2b 

lCR=SLl t SEl 
TCR=SLT t SET 
LDST=lNG + HUl t All t PAT NOTE: Patch mav not be an exclusive distress. 
NOTE:RUT L RVl are not counted as exclusive distresses on bituminous pavements. 
This table contains the average calculated K and the number of ratings It was based on. 
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cracked ls or all of the that is to occur 

normally occurs thin first 10 

The cracked panels in the medium soil and medium traffic group 

also show a very low growth rate. 

the low growth rate is due to in 

59 and 60. Further evaluation may 

the concrete on 

s. 

Fu evaluation 

uence Trunk Hi 

be appropriate to 

indicated 

23, 

determine 

highways had such low amounts 

Table 9 

distress types. 

the recommended coefficients each of 

These coefficients are recommended for use in 

predicti distress growth and future Surface Ratings. In 

of the sub-categories there was insufficient data avail e 

calculating K values or the resulting K values were not 

cal K calcul in 

cases1 a K value was chosen which is 

representative of 

sub-groups. In 

considered to be tative of the distress h ed. 

which Comparisons the K values in es 8 and 9 11 

ones were modified or chosen. 

The application of the predicted distresses using the modi ed 

S-shape equation described above and the respective constants as 

determined a was applied for of 

predicting Sur Rating. A 

in BASIC was created which can 

patterns for each of the distress 
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Table 9. Coefficients for Modified s-shape equation recoMMended 
to be used for distress predictions. 

CONCRETE PAVEMENTS 

------- LOGJ 
LmJ MED HIGH 

------ MED -----­
LOW MED HIGH 

----- HIGH -----­
LOW MED HIGH 

=~======~=============================================================== 

SPA 
r2·I_.J 
CRA 
BRO 
FLP 
OVR 
5SF 
DCR 

50 
35 
70 
70 

80 
35 

312) 
4:3 

22 g 
65 

60 
75 

25 
35 

10 4 
c:t::: 
....J •.• J 

25 

412) 37 6 31 
65 Ei 1 El 50 3 
4-5 i~0 g 27 1 
80 7f3 g 5(3 7 
80 76 4 53 9 
65 64 4 62 7 
85 87 8 72 5 
35 2 g 2 1 8 8 

BITUMINOUS OVER CONCRETE PAVEMENTS 

SOIL_ 
EALs 

------ LOW -----­
LOW MED HIGH 

------ MED -----­
LOW MED HIGH 

40 35 8 
55 6B '3 
45 4E1 2 

;3(~) 85 
f.JS 7~! 

85 80 

50 
20 
55 
55 
EJ5 
75 
20 

----- HIGH ------
LO~J t·1ED HIGH 

======================================================================== 
SLT ** ** *•* ** * 1.~ •* -~ ** ** ** 
SET 15 1 :~ . 2 1 0o6 1 z 1 1 1 n2 1 < .. 8 1 0 JQ) 1 ;?. 

I I I V..l 

su_ 20 1 R t: 9.8 •I 5 1 5n 1 I r .8 1 5 15 1 c 
.,_. ,.,_,1 ' 0 ·.J 

SEL 25 23u g 1 Q • .., 
u~L 25 25 .. ij ., . .., 

. .:...£.... .8 25 ;~s £:5 
t'IUL 30 26 1 32 7 30 28.3 24~4 25 25 25 I 

RVL 50 50 ~:; ~j 50 sr1 5&) ~.i0 50 50 
PAT CCC 

;_),_j 32 "6 30 35 32 7 ·:z·J I 30 30 30 ,_!£ .. 

** -- A.-u;Rear· grorlh of O.Olper year used for SI.T. 
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Table 3. (continued) 

BITUMINOUS PAVEMENTS -- ORIGIONAL CONSTRUCTION 

SOIL 
E1•;L 2. 

------ LOW ------
f'1ED HIGH 

------ MED ------
L_OW MED HibH 

----- HIGH ------
l'1ED H l GH 

=====c===z==================================~===:======================= 

SLT 

LNG 

ALL. 
RUT 
R\)L 

4-Q) 

60 
40 
50 

8 

30 
50 

1 (i) 

?3 8 
.j'j 6 
57 8 
44 7 
'! 1 II 
,.:., I '"t 

~.J? E 

G 5 
14 4 
27 4 
3"? 4 

42 4 
25 6 
55 G 

11 3 
27 5 
41 4 

BITUMINOUS PAVEMENTS -- OVERLAYS 

SOIL 
E1'1Ls 

------ LOW ------
UJlJ i"IED HIGH 

------ MED ------
LOL~ f'1EO HI Gi-l 

5 

40 
50 

60 

3 g 
~:~ 0 

'\? 7 
:35 ~l 

5~) 

~:iO 

JC: . ,,.} 

4i() 

----- HIGH ------
LOL~ 1"1ED HIGH 

======================================================================== 
SLT 
C'CT 
~:> L ! 

LNG 
i'llJl_ 
AU_ 
RUT 
RIJL 

5 g 

13 8 
?8 6 
4:3 9 

36 
:-:50 

41 2 

8 8 

30 

5 3 
')'/ 0 .;.._ r ,J 

15 4 
]() 7 

39 ':3 
42 ? 

30 
39 5 

7 4 

17 g 
33 5 
4t~J 5 

::-:;o 
44 I 

65 

23 6 
32 '7 

30 
2'3 8 

5 

55 

4 3 

16 4 
38 8 

40 
45 5 

30 
55 

5 
20 
1 ~j 
40 
35 
45 
30 



distress quantity. The predicted distress growth isu therefore, 

based on the curve shape at the last observed level of distress 

rather than the age. The distress growth curve is mathematically 

shifted horizontally (rather than vertically) so that the curve 

will pass through the last distress. The Surface Rating for the 

predicted growth is calculated for each year from the last rating 

until the calculated Surface Rating declines to a level of 2.5 or 

less. This procedure forms the basis of the Surface Rating 

prediction. Initial runs with the basic program for Surface 

Rating predictions were made and evaluated. Problems that were 

observed in the initial runs resulted in modifications to the 

calculating process and to some of 

models that were used. 

g (K) factors or 

Several specific conditions had to solved or dealt wi One 

situation was the case where there is no observed distress for ~ 

pavement section that was1 for discussion purposes, 10 years old. 

Since the S shape curve behavior for those distresses of lower 

growth rates grew very slowly in initial years, it was not 

reasonable to begin the distress growth prediction at age 0 for a 

10 year old section. Also, it was not reasonable to start the 

predicted distress growth at the distress calculated from the 

equation for a 10 year old pavement. Since t distress values 

are recorded in percent, the predicted distress for that 

particular age was calculated and evaluated. If the predicted 

distress was less than l/2%1 the calculated value was assigned as 
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the quantity that distress. If 

was greater than 1/2%, t distress 

calcul distress va 

ue was li ted to 1/ 

Figure 14 shows an illustration of this process. An argument 

this approach is that the very early stages of distress 

manifestation would not be observed or recorded if its overall 

area was less than 1%: therefore, a 0% recorded distress at any 

given age does not mean that no development of distress has 

started, but rather is taken to mean that the amount of distress 

has not reached such a level where it could be recorded. 

distress growth projections for all the remaining distresses 

are at 1% or greater were made by mathematical shifting 

curve for that particular distress curve horizontal right or 

left so that the curve passed through last observed distress 

point. The last observed rating then becomes governing 

factor. 

Exceptions to the use of the S-shaped exponential curve model as 

described above are for the llowing distress: 

For the slight transverse cracking on bituminous over concrete 

sections the standard linear model was used. 
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Figure 14. Distress Prediction Criteria when last Recorded 
Distress Density was 0%. 
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SUMMARY OF FINDINGS 

The following is a list of findings regarding 

trends observed: 

performance 

1. There are large variations of the Present Serviceability 

Ratings, Surface Ratings and individual distresses 

observed in the condition data (see Figure 11 and the 

Appendix for samples of data scatter). Large sample 

populations did allow the development of performance 

models. 

2. Low initial Present Serviceabili Ratings were common 

for all surface types. The PSR intercepts for the 

regression of Present Serviceability Rating versus age 

(Figure 11) for each surface type are 3.37 for concrete 

pavements, 3.18 

pavements, 3.49 

for bituminous overlaid concrete 

for original surface bituminous 

pavements, and 3.34 for overlaid bituminous pavements. 

The individual estimates of PSR for a new pavement at a 

95% confidence limit range as follows: 

2.75 to 4.00 for concrete 

2.45 to 3.95 for bituminous over concrete 

2.75 to 4.20 for bituminous-original surfacing 

2.65 to 4.05 for overlaid bituminous pavement 
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3. The Present Serviceability Ratings for many of the 

individual D-records did not show significant declining 

trends. The D-records were screened to include only 

those that had declining trends. The Present 

Serviceability Rating trends that were developed from 

only those individual D-record are shown in Figure 12. 

These results are 

individual sections 

based on data 

(D-records) that 

from only those 

showed 

trends in PSR versus age. The trends were not 

declining 

related 

to thicknesses of layers or layer types, panel length, 

doweled or undoweled joints and other items that effect 

the performance of pavements. 

4. The average initial Surface Ratings on bituminous over 

concrete pavements was 3.7 due to large amount of slight 

transverse cracking. 

5. Surface Ratings showed dependence on specific distresses 

for various pavement types. For concrete pavements, the 

surface distress was strongly influenced by spalled 

joints. On bituminous over concrete pavements, the 

surface rating was influenced by severe transverse and 

severe longitudinal cracking. On bituminous pavements 

the most significant distresses were multiple and 

alligator cracking. The relationships are shown in the 

correlation matrices included in the appendix. 
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6. Pavement distress growth trends 

t modified sigmoidal model. 

are shown in Table 8. 

could be devel for 

Resulting coefficients 

7. Future or predicted Surface Ratings can be made 

predicting distress growth and calculating a predicted 

Surface Rating. 

LIMITATIONS OF FINDINGS 

The data used to establish the performance prediction models and 

related coefficients in this project were from pavements that 

were in service between the years of 1967 to 1984. This time 

range1 therefore~ can include pavements that were constructed as 

early as the 1940s or earlier for concrete pavements and overlaid 

bituminous pavements and the 1950s for bituminous pavements. 

This initial effort did not include any design variables other 

than surface age and type; the soil strength and daily EALs are 

in-place rather than design values. Conclusions with to 

performance life of pavements by surface type cannot be made on 

the basis of this work. Performance characteristics of 

individual construction sections need 

variables such as layer thicknesses, 

load transfer devices1 etc. Data are 

to be correlate to 

materials, panel 

currently being 

design 

lengths, 

entered 

into computer files that will allow relationships to be examined 

in the near future. 
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RECOMMENDATIONS 

Evaluation of Models 

The work in this project ts only the beginning of what 

should be a continuing process of monitoring pavement trends and 

establishing relationships. The results presented in this report 

are preliminary and d considered as such. Before the 

models developed are used, it is recommended that they be applied 

to a sample of highways. The ting predictions should be 

evaluated for application in pavement management and other 

evant applications. Specific recommendations are: 

- Apply the projection models to a select sample of highways 

- Evaluate 

distresses. 

ic ues PSR, SR and individual 

- Determine if adjustments to models be necessary and 

how the models are to applied. 

Additional Regression Analysis 

The distress prediction models are based primarily on the s-shape 

model described in the report as applied to grouped D-record 

data. Additional regression analysis utilizing other models may 

result in improvements 

regressions should be run 

grouped D-records which 

rejection of outliers. 

in distress 

on individual 

d allow 

72 

predictions. Also, 

D-records rather than 

the identification and 



Prediction models 

is established 

ride should so be evaluated once a data 

th the new Mays Ride Meter equi 

As the data base for the pavement management system 1 

grows and is refined, iodic formance evaluations d 

conducted to refine the prediction models us es ish 

relationships to new data as become available. Data t t 

are known to be relevant to performance such as deflections 

traffic, thicknesses, and materials are available or will 

available. Prediction models can be developed utilize t 

data to provide information for pavement management at both 

network and project level. 

The development of a highway work map is recommended that would 

show reference (mile) post at major intersections coun 

lines for all highways. Such a map would be valuable as a time 

saving reference to many people. 
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APPENDIX A 

MATRIX SUMMARIES 

AND 

CROSS TABULATIONS 



Company Name --> MPM, INC. 

Date --> 2/4/86 

~orkflle filename--> C:\statpro\RIGID 

Workfile title -->RIGID 

Record range: I to 899 

Selection criteria: Selected records meeting this condition: 
AGE 0.0000 to 30.0000 

Number of observations --)· 712 

Means Matr-i>: 

Field ASE PSR SR SPA LFJ CRA BRD FLP OVR SSF 

13.8146 2.9910 3.4077 0.1312 0.0362 0.1816 0.0174 0.0188 8.960674•-l B.b79775e-3 

Sums of Products Matrix 

Field AGE PSR SR SPA LFJ CRA ORO FLP OVR SSF 

AGE 41301.5281 
PSR -1123.1865 101.3625 
SR -1510.7803 60.5894 186.1075 
SPA 548.1776 -21.8334 -60.2516 30.7043 
LFJ 137.9739 -a.ms -17.6299 4.1768 7.4878 
CRA m.em -6.1548 -32.9908 7.0300 1.6599 32.0052 
BRO 55.7270 -3.8526 -8.6127 2.0714 1.9110 1.9447 1.9283 
FLP 64.5343 -I.IH& -10.4745 1.9215 1.9110 3. 9557 0. 7713 3.5432 
OVR 46.8228 -I. 9697 -I. 7803 o. 9260 0.2447 -0.3090 0.0916 -0.0607 1.2670 
SSF 55.6157 -2.9114 -8.5747 3.0867 0. 5977 I. 7565 0. 7033 o. 7277 0.0694 2.0656 
DCR 59.J740 -0.8957 -7.7881 1.9359 !.2326 U184 -0.0164 0.2857 -0.0697 -0.0781 

Covariance MatriM 

Field ASE PSR SR SPA LFJ CRA BRO FLP OVR SSF 

AGE 58.0894 
PSR -1.5797 o.tm 
SR -2.1249 0.0852 0.2618 
SPA o. 7710 -0.0307 -0.0817 o.om 
LFJ 0.1939 -0.0114 -0.0248 5. B744B5e-3 0.0105 
CRA 0.!911 -8.656474.-3 -0.0464 9.887537•-3 2.334558•-3 0.0450 
BRO 0.0784 -5.418606•-l -o. 0121 2.9!3374•-3 2.6BBB98e-J 2. 735!0Bo-3 2. 712096e-3 
FLP 0.0908 -1.609776.-l -O.OIH 2. 702536e-3 2.&07134•-3 5. S636J6e-3 I. OB4935o-3 4. 983416.-3 
OVR o.om -2.770256•-3 -2.S03915e-3 l. 30236Bo-3 3. 4411 06!-4 -4. 346205e-4 1.288006•-4 -8.533479•-5 !. 782041•-3 
SSF o. 0782 -3.954219.-3 -0.0121 4. 3413Bie-3 0.406410•-4 
OCR o.OB35 -t.mme-3 -0.0110 2. 722665•-3 I. 733619•-3 

Correlation Matri>t 

Field AGE PSR SR SPA LFJ 

ASE 1.0000 
PSR -0.5499 1.0000 
SR -0.5449 0.4411 1.0000 
SPA 0.4868 -0.3914 -0.7971 1.0000 
LFJ o.2m -0.2952 -0.4723 0.2755 1.0000 
CRA 0.1192 -0.1081 -o.ms 0.2243 0.1072 
BRO 0.1975 -0.2756 -0.4546 0.2692 0.:1031 
FLP 0.1687 -0.0604 -0.4079 0.1842 0.3710 
OVR o. 2047 -0.1738 -0.1159 0.1485 0.0794 
5SF 0.1904 -0.1943 -0.4373 0.3876 0.1520 
OCR 0.1038 -0.0316 -0.2028 0.124! 0.1601 

Critical Values for Correlation• 

Probability level 0.05 <one-tailed) ----> 
Probability level 0.05 <two-tailed) ----) 

Euclidean Distance Matri>t 

Field ASE PSR SR SPA LFJ 

ASE 0. 0000 
PSR 61.3914 0.0000 
SR 62.6008 0.2339 o. 0000 
SPA 56.5905 0.2472 0.4744 0.0000 
LFJ 57.7121 o.mo 0.3219 0.0420 0. 0000 
CRA 57.7523 o.2m o. 3996 0.0684 0,0509 
BRO 57.9353 0.1561 0.2887 0.0401 7 .865700e-3 
FLP 57.9128 0.1508 0.2962 0.0428 0.0101 
OVR 57.9594 0.1499 0. 2685 o.om 0.0116 
SSF 57.9358 0.1534 0.2888 o.om 0.0118 
DCR 57.9335 0.1562 o. 2949 0.0489 0.0182 

2.470471e-3 ?.B9110Se-4 
5,089179e-3 -2.305247e-5 

CRA BRO 

1.0000 
0.2415 1.0000 
0. 3715 0.2951 

-0.0485 0.0586 
0.2160 0.3524 
0.2273 -4. !93943e-3 

CRA 

0.0617 
0 .. 0735 

BRO 

0.0000 
o.om 0.0000 
0.0389 5. 525B33e-3 
0.0477 4.236525e-3 
0.0430 3.&390! le-3 
0.0460 o. 0139 

t.023475e-3 9. 623493•-5 2. 905146o-3 
4.0!B513H -9. 799736e-5 -I. 09Bl30e-4 

FLP OVR 5SF 

1.0000 
-0.0286 !.0000 
o.mo o.om 1.0000 
0.0539 -0,0220 -0.0193 

FLP DVR SSF 

0.0000 
6.936127!-3 o.oooo 
5.941612•-3 4.mme-3 0.0000 

0.0153 0.0131 0.0143 

OCR 

o. 0169 

OCR 

7. 9206 

OCR 

0.0111 

OCR 

1.0000 

DCR 

0,0000 
--------------------------------------------------------------------------------------------------------------------------------------------------------



Company Name MPM, INC. 

Date --> 2/4/86 

Workfile filename--> C:\statpro\BIT 

Workfile title --> BIT. DRIGIONAL CONSTRUCTION 

Record range: 1 to 492 

Selection criteria: Selected records meeting this condition: 
AGE 0.0000 to 22~0000 

Nun\ber of observations 457 

Means Matri>: 

Field AGE PSR SR SLT SET LNG MUL All RUT RVL PAT 

10.0088 3.2162 3.4746 o.mo 0.0109 0.1581 0.0570 8.533917•-3 0.0223 0.0160 9.4HB36e-3 

Sums of Products Matrix 

Field ASE PSR SR SLT 

ASE 18447.9650 
PSR -503.0648 74.2002 
SR -640.6985 16.3278 154.5256 
SLT 454.9000 -1.8461 -21.6029 49.7132 
SET 30.7564 -2.3446 -2.3886 -1.6272 
LNS 259.5678 -5.9086 -19.4806 16.9476 
11\Jl 115.8788 -4.2426 -20.3906 4.1031 
All 28.3459 -0.7522 -4.0880 o. 3422 
RUT 51.8106 -2.0963 -9.9208 1.2650 
RVL 28.3261 -2.2452 -5.6047 o.om 
PAT 34.2521 -1.8161 -1.5951 0.3505 

Covariance Matrix 

Field 

AGE 
PSR 
SR 
SLT 
SET 
LNG 
MUL 
All 
RUT 
RVL 
PAT 

ASE PSR SR SLT 

40.4561 
-t.I032 o.1m 
-1.4050 0.0358 0.3389 
o. 9976 -4.049423e-3 -0.0540 0.1090 
0.0674 -5.141752e-3 -5.238143e-3 -3.568321e-3 
0.5692 -0.0130 -0.0427 0,0372 
0.2541 -9.304047•-3 -0,0447 0.997941@-3 
o.om -t.mme-3 -8.964927e-3 7.503450e-4 
0.1136 -4.597206•-3 -0.0215 2.774207•-3 
0.0621 -4.923697e-3 -0.0123 5.311432e-5 
0.0751 -3.982706!-3 -3.498009e-3 7.68646!H 

Correlation Matrix 

Field AGE PSR SR SLT 

AGE 1.0000 
PSR -o. 43oo 1.0000 
SR -o.ms 0.1525 1.0000 
SLT o.mo -0.0304 -0.2807 1.0000 
SET 0.1&43 -0.1975 -0.1394 -0.1675 
LHG 0.4557 -0.1636 -0.3739 0.5732 
KUL o.ms -0.1941 -0.6465 0.2294 
All o. 2906 -0.1216 -0.4579 0.067& 
RUT 0.2129 -0.1358 -0.4410 0.1002 
RYL 0.0927 -0.11S9 -o. 2004 1.526B52e-3 
PAT 0.2658 -0.2222 -0.1352 0.0524 

Critical Values for Correlation• 

SET LNG 

1.8987 
0.3087 17.5858 
0,4034 3.1712 
0.0290 9.795186•-3 
o. 4168 1.4180 
0.6315 -o.mo 
0.3748 0.7623 

SET LNG 

4.163886•-3 
6. 769703•-4 0.0386 
B. B46626o-4 6. 954458.-3 
6.359889o-5 2.14806/e-5 
9.141229e-4 3.11136Be-J 
1.384760@-3 -1.17057Be-3 
B.219634e-4 I. 671792e-3 

SET lMS 

!.0000 
0.0534 1.0000 
0.1154 0.2981 
o.om 3. 252565e-3 
0.1689 0.1889 
0.2037 -0.0566 
0.2866 o.tm 

KUL 

b. 4371 
o. 7065 
o. 9986 
0.9684 
0.4260 

0.0141 
I. 549384e-3 
2.!99835e-3 
2.12375Be-3 
9. 341438e-4 

HUl 

1.0000 
o. 3878 
0.2197 
0.1697 
0.1769 

Probability level 0.05 (one-tailed> • 
Probability level 0.05 (two-tailed) ----> 

0.0771 
0.0917 

Euclidean Distance Matrix 

Fi•ld ASE PSR SR SLT SET LNS 

AGE o.oooo 
PSR 42.8252 0.0000 
SR 43.6050 0.4300 0.0000 
SLT 38.5699 o. 2798 0. 5550 0.0000 
SET 40.3253 o. 1772 0.3535 0.1203 0.0000 
LNS 39.3562 0.2272 0.4629 0.0733 0.0414 o.oooo 
HUL 39.9619 0.1954 o.m4 0.1051 0.0165 0.0388 o. 0000 
All 40.3329 0.1671 o.sm 0.1087 5.16764Be-3 0.0397 0.0121 
RUT 40.2359 0.1790 0.3890 0.1105 9.373787•-3 0.0394 0.0168 
RVL 40.3429 0,(837 0.3746 0.1200 0.0125 0.0520 0.0210 
PAT 40.3078 o. 1727 0.3478 0.1095 4.m6B3o-3 0.0372 0.0142 

All RUT RVL 

0.5157 
0.4383 3.2094 
0.0527 -0.1230 5.0616 
0.0119 0.0866 -o.om 

All RUT RVL 

1.130960e-3 
9.611!56e-4 7.03Bl46e-3 
1.155755e-4 -2.697191•-4 0.01!1 
2. 620206e-5 I. B9828Be-4 -!. 516805o-4 

All RUT RYL 

1.0000 
0.3407 1.0000 
0.0326 -0.0305 1.0000 
0.0175 0.0509 -0.0324 

All RUT RVL 

o.oooo 
6.246875•-3 o. 0000 

0.0120 0.0187 0.0000 
3.053219•-3 8.633212•-3 o.om 

PAT 

o. 9005 

PAT 

!.mme-3 

PAT 

1.0000 

PAT 

0.0000 
--------------------------------------------------------------------------------------------------------------------------------------------------------



Company Na1ne --> Mf~M, INC~ 

DL<te --> 2/4/86 

Workfile filename--> C:\statpro\BIT_OL 

Workfile title -->BIT. OVERLAID SECTIONS 

Record range: 1 to 824 

Selection criteria: Selected records meeting this condition~ 
AGE 0~0000 to 22~0000 

Number of observations --> 818 

Means Matr-i >: 

Field AGE PSR SR SLT SET LNG HUL ALL RUT RVL PAT 

7.6235 3.0969 3.5642 0.5244 9.8777512-3 0. !699 o.om e.B99756e-3 0.0203 3. 789731•-3 9. 767726•-3 

Sums of Products Matri>: 

Field AGE PSR 

AGE 19602.0293 
PSR -m.om 124.4624 
SR -797.2323 40.2105 
SLT 404.8406 -20.1499 
SET 32.8223 -0.8163 
LNG 256.2374 -15.0202 
NUL 130.5049 -6.6347 
ALL 34.3711 -1.8208 
RUT 66.1541 -4.8652 
RVL -6.0428 1.2635 
PAT lB. 5485 -2.1816 

Covariance Matrix 

Field AGE 

23.9927 
-o. 7638 
-0.9758 
0.4955 

PSR 

0.1523 
o.om 

-o.om 

SR 

194.6205 
-68.4586 
-o.m6 

-27.0771 
-30.3189 
-7.6342 

-15.6020 
-1.6040 
-3.9648 

SR 

0.2382 
-0.0839 

SLT SET 

65.5308 
-2.8!12 2.3122 
22.0121 0.1855 
10.7960 0.1009 
2.4636 -0.0112 
4.5427 -0.0300 

-0.7522 0.1027 
1.8326 -0.015! 

SLT 

0.0802 
0.0402 -9.991501o-4 -5.3314BOe-4 -3,440826e-3 2.830095e-3 

LNG 

20.2328 
3.2380 
0.8347 
0.4729 

-0.3029 
0.4261 

LNG 

0.3136 -0.0!84 -0.0331 0.0269 2.270412•-4 0.0248 

NUL 

8.3094 
1.2800 
1.7744 
0.0321 
0.6108 

NUL 

0.1597 -8.120773e-3 -0.0371 0,0132 1.234922H 3.963300e-3 0.0102 

ALL 

0.8194 
0.5560 

-0.0141 
0.1308 

ALL 

0.0421 -2.228581.-3 -9.344232e-3 3.01S42Be-3 -1.3720%e-5 1.021706e-3 1.566754e-3 1.002950e-3 

RUT 

4.6152 
-0.0478 
0. 5364 

RUT 

0.0810 -5.979481e-3 -0,0191 5.560205•-3 -3.668230o-S 5.7884He-4 2.17!808e-3 b.BOSOBOe-4 5.648988e-3 

RVL 

2.0907 
-0.0303 

RVL 

-7 .3962B3e-3 1.54M80e-3 -1.963232.-3 -9.206789e-4 1.2567B!e-4 -3. 707131e-4 3. nosose-5 -1. 724509e-S -S.056479e-5 2. SSB937e-3 

PAT 

0.9051 

PAT 

AGE 
PSR 
SR 
SLT 
SET 
LNG 
MUL 
ALL 
RUT 
RVL 
PAT 0.0227 -2.670233e-3 -4.852BB3e-3 2.243140e-3 -1.05106Be-5 5.215252e-4 7 .mme-4 I. 600B6Be-4 6.564970e-4 -3, 70623oe-5 1.1077BOe-3 

Correlation Matrix 

Field AGE PSR SR SLT SET 

AGE 1.0000 
PSR -0.3995 1.0000 
SR -0.4082 0.2584 1.0000 
SLT 0.3572 -0.2231 -0.6062 1.0000 
SET 0.1542 -0.0481 -0.0205 -0.2284 1.0000 
LHS 0.4069 -0.2993 -0.4315 0.6045 0.0271 

"UL 0.3222 -0.2056 -0.7512 0.4610 o.om 
ALL 0.2712 -0.1803 -0.6045 o.m2 -B.I4U2Se-3 
RUT 0.2199 -0.2038 -0.5206 0.2612 -9.174252•-3 
RVL -0.0298 0.0783 -0.0795 -0.0643 o.om 
PAT 0.1393 -0.2055 -0.2987 0.2380 -0.0105 

Critical Values for Correlation: 

Probability level 0.05 (one-tailed> ----> 
Probability level 0.05 <two-tailed) ----> 

Euclidean Distance Matri>: 

Field ASE PSR SR SLT 

AGE o. 0000 
PSR 25.6727 0. 0000 
SR 26.1825 0.2921 0.0000 
SLT 23.0819 0.2819 0.4860 0.0000 
SET 23.9152 0.1572 o.mt 0.0899 0.0000 
LNG 23.3902 0.2139 0.3293 0.051! 0.0271 
NUL 23.6835 0.1788 0.3227 0.0640 0.0128 
ALL 23.90% 0.1578 0.2579 0.0752 3.860487.-3 
RUT 23.8364 0.1699 0.2821 o.om B. 55244Be-3 
RVL 24.0100 0.1518 0.2447 0.0846 5.137676e-3 
PAT 23.9484 o.t5BB 0.2490 o.om 3.974896e-3 

LNG 

1.0000 
0.2488 1.0000 
o. 2050 0.4BBB 
o. 0489 0. 2855 

-0.0466 7.676me-3 
0.0996 0.2219 

0 .. 0576 
0.0685 

LNG MUL 

0.0000 
0.0271 0.0000 
0.0237 8.113502e-3 
0.0293 0.0115 
0.0281 0.0127 
o.om 9.856573e-3 

ALL 

1.0000 
0.2859 

-0.0108 
0.1519 

ALL 

0.0000 
s. 290922•-3 
3. 596377e-3 
I. 790555•-3 

RUT RVL PAT 

1.0000 
-0.0154 1.0000 
o. 2624 -0.0220 1.0000 

RUT RVL PAT 

o. 0000 
9. 325055e-3 0.0000 
5.mme-3 3. HOB42e-3 0. 0000 



Company Name --) MF~, INC. 

Date --> 2/4/86 

Workfile filename--/ C:\statpro\BOC 

~lorkfile title --> BITUMINOUS OVER CONCRETE SECTIONS 

Record range: 1 to 514 

Selection criteria: Selected records meeting this condition: 
AGE 0.0000 to 15.0000 

Number of observations --> 497 

t1ea.ns Matr-i>: 

Field ASE PSR SR SLT SVT SLL SEL MUL RVL PTCH 

6.8310 2.9410 2.9143 0.4076 0.2175 o. 1939 0.0793 0.0366 0.0103 0.0102 

Sums of Products Matrix 

Field AGE PSR SR SLT SVT SLL SEL lrul RVL PTCH 

AGE 8925.8028 
PSR -312.9521 80.7227 
SR -934.1000 67.0886 247.9086 
SLT 143.6889 2. 7358 -16.0210 36.2163 
SVT 182.4187 -13.9117 -50.0151 -5.0267 19.1298 
SLL 100.4562 -5.5072 -27.7426 11.9298 1.4997 26.1456 
SEL 125.7825 -10.7360 -40.7011 4. 2547 3.tm 1.7360 14.7022 
"UL 50.9961 -4.4200 -11.5510 0.2845 1.5623 I. 7362 1.1223 4.0171 
RVL 31.2254 -1.m2 -5.0541 -1.4439 0.6005 0.6933 0.0347 2.6170 4.9541 
PTCH 14.7652 -1.0397 -3.0243 0.3700 0.7531 0.5429 o.ma 0.0877 -0.0519 0.4327 

Covariante Matrix 

Field AGE PSR SR SLT SVT Sll SEL lrul RVL PTCH 

AGE 17.9956 
PSR -o. 6310 0.1627 
SR -1.8833 0.1353 0.4998 
SLT 0.2897 5.515817e-3 -o.om 0.0730 
SVT o. 3678 -0.0200 -0.1008 -0.0101 0.0386 
Sll 0.2025 -0.0111 -0.0559 0.0241 J.023496e-l 0.0521 
SEL 0.2536 -0.0216 -0.0821 s.mme-J 6.331340•-3 3.500041•-3 0.0296 
"UL 0.1028 -8. 911376e-3 -o.om 5. 735433e-4 3.149747•-3 3.50045le-3 2.262b02e-J 8. 099035!-3 
RVL 0,0630 -2.9BOI55e-3 -0.0102 -2.911171•-3 1.210640e-3 1.39781Be-3 6. 996495e-5 5. 276224e-3 9.9B8014e-3 
PTCH 0.0298 -2.096158e-3 -6.097350e-3 7. 459990•-4 1.5!9400e-3 1. 094457e-3 8. 664548e-4 1. 768230e-4 -1.044902•-4 8. 723462e-4 

Cor-relation Matrix 

Field ASE PSR SR SLT SVT Sll SEL lrul RVL PTCH 
------------------------------------------------------------------------------------------------------------------------------------------
ASE 1.0000 
PSR -o. 3687 1.0000 
SR -0.6279 0.4742 1.0000 
SLT 0.2527 0.0506 -0.1691 1.0000 
SVT o. 4415 -0.3540 -0.7263 -0.1910 1.0000 
Sll 0.2079 -0.1199 -0.3446 0-3877 0.0671 !.0000 
SEL 0.3472 -0.3116 -0.6742 0.1844 0.1873 0.0885 1.0000 
MUL 0.2693 -0.2455 -0.3660 0.0236 0.1782 0.1694 o.mo !.0000 
RVL 0.1485 -o.om -0.1442 -0.1078 0.0617 0.0609 4.066222•-3 o. 5866 1.0000 
PTCH 0.2376 -0.1759 -0.2920 o.om 0.2618 0.1614 0.1704 0.0665 -0.0354 1.0000 
-------------------------------------------------------------------------------------------------------------------------------------------
Critical Values for Correlation: 

Probability level 0.05 (one-tailed) ----> 
Pr-obability level 0.05 <two-tailed) ----} 

Euclidean Distance Matrix 

Field AGE PSR SR SLT SVT Sll 

0.0739 
0.0880 

SEL RVL PTCH 
-------------------------------------------------------------------------------------------------------------------------------------------
AGE 0.0000 
PSR 19.4202 0.0000 
SR 22.2619 o. 3920 0.0000 
SLT 17.4892 0.2247 0.6374 0.0000 
SVT 17.2986 0.2574 O.H01 0.1319 0.0000 
Sll 17.6432 0.2371 0.6644 0.0776 0.0852 0.0000 
SEL 17.5180 0.2357 0.69~6 0.0855 0.0555 0.0754 0.0000 
lrul 17.7980 o. 1887 0.5545 0.0800 0.0404 0.0538 o. 0332 0.0000 
RVL !7.8796 0.1787 o. 5302 0.0888 o. 0461 0.0599 0. 0395 7. 534600e-3 0.0000 
PTCH 17.9369 0.1678 0.5129 0.0724 0.0364 0.0514 0.0208 B.617135e-3 0.0111 0.0000 
------------------------------------------------------------------------------------------------------------------------------------------



BI'rUMINOUS -- ClRIGI ION 

CROSS TABULATION OF SUBRRADE SOIL MODULUS BY DAILY EALS 
FOR RATINGS OF BITUMINOUS PAVEMENTS FROM 0 TO 22 YEARS OLD. 

Count 
lim'>! 'f. 
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t1r· in k~si ' 0 .. 00% ' ~57 It 5(>~~1 I 62. 5(>~<. I I I 
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0.00% : 75.00% : 25.00% : 34.14% 
0.00% : 42.24% \ 43.33% : 

Tot.011 

BITUMINOUS 

19. 69~'~ 
90 

60.61'1. 

WITH 

19. 69~~ 
·=Jo 

:lOO.OO% 
4~)'7 
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FOR RATINGS OF BITUMINOUS PAVEMENTS THAT HAVE BEEN OVERLAID 
WHICH ARE 0 TO 22 YEARS OLD. 

Count 
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CONCRETE PAVEMENTS 

CROSS TABULATION OF SUBRRADE SOIL MODULUS BY DAILY EALS 
FOR RATINGS OF CONCRETE PAVEMENTS FROM 0 TO 30 YEARS OLD. 

Count lLOW lHIGI-·i 
Row % lEALs/DAY lEALs/DAY lEALs/DAY 
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CROSS TABULATION OF SUBRRADE SOIL MODULUS BY DAILY EALS 
FOR RATINGS OF BITUMINOUS OVERLAID CONCRETE PAVEMENTS 
FROM 0 TO 15 YEARS OLD. 
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APPENDIX B 

SAMPLE DATA PLOTS 
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MODEL EVALUATION 
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