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Abstract

During the period of 1954 through 1956, the bureau of Public Roads (BPR) collected

asphalt cement samples from 210 construction projects in 26 states. Field performance from 34

of the 210 projects were obtained in 1967 by Materials Research and Development (MR&D).

This paper describes a preliminary analysis of this data in the attempt of relating properties of the

asphalt cements to field performance.

Two analysis techniques were used, including:

• Simple regression

• Discriminate analysis and multivariate general linear modeling

No trends or simple correlations were found between the pavement performance variables

measured (transverse cracking, rutting) and the asphalt binder and mix properties selected for this

analysis. From discriminate analysis and general linear modeling, a relationship was found between

transverse cracking and void content, recovered penetration of the binder at 77°F, and the ring

and ball softening point of the asphalt. For rutting, no single variable was found to be significant

but eight significant two-factor interactions were found with void content in six of the eight.

However, discriminate functions could not be developed due to a lack of projects with good

performance.
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Executive Summary

This paper describes a preliminary analysis of data from a Bureau of Public Works (BPR)

study of asphalt cements. The Bureau collected asphalt cement samples from 210 projects in 26

states during the period from 1954 to 1956. Properties of the asphalt cements included in the

analysis were penetration at 77°F, softening point, viscosity at 140°F and 275°F and stiffness

modulus at 20°F and 140°F. Other variables selected for the analysis were void content, bitumen

index(asphalt content corrected for aggregate surface area), average daily traffic and truck traffic,

yearly minimum and maximum temperature, and number of days per year over 89°F.

Materials Research and Development (MR&D) surveyed 53 of the 210 projects in 1967.

Of these, 34 projects were still in service as constructed and each of these were constructed with

85-100 pen asphalt. Performance measurements consisted of ratings from 0 to 3 (good to bad)

for transverse cracking, polygon cracking (alligator cracking), and rutting. Because almost all

projects had high polygon cracking, it was dropped from the analysis.

Data were analyzed using the SYSTAT and SYGRAPH statistical packages. The following

analysis techniques were used:

• Simple regression

• Discriminate analysis and general linear modeling

Using the regression approach, no simple correlations were found between the pavement

performance variables (transverse cracking, rutting) and the asphalt (and asphalt mix) properties

selected for this analysis. In addition to there being no quantitative correlations, no trends were

visible between the performance variables and the selected asphalt (and asphalt mix) properties.

From the discriminate analysis and general linear modeling, a relationship was found

between the transverse cracking of asphalt pavements and the void content of the mix (as obtained
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from the recovered cores), the penetration of asphalt at 77°F (recovered), and the Ring and Ball

softening point of the asphalt. For rutting, no single variable was found to be significant although

void content appeared in six of the eight significant interactions. Discriminant functions could not

be developed however. Only two projects had no transverse cracking and no projects had zero

rutting and there was not an adequate distribution to discriminate between good and poor

performance.

Based on the results of the preliminary analysis, further and more detailed analysis does

not appear to be warranted. Even if trends could be established and a discriminant function

developed, there would still be a question as to its usefulness. Most of the properties measured

during this (BPR) study have been shown, by SHRP researchers, to be incapable of accurately

characterizing asphalt/asphalt mixture behavior. As such, further studies of the BPR data would

not be useful for the SHRP program.
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Introduction

This paper describes a preliminary analysis of data taken from Bureau of Public Roads

(BPR) study of asphalts. Originally, BPR had collected asphalts from 210 projects in 26 states--a

total of 323 asphalt samples from 105 refineries. Out of these, 146 samples were 85-100

penetration grade asphalts. Nearly all of the producers supplying any grade of asphalt for this

study included one or more samples in the 85-100 pen range. This group was considered the most

representative of aU asphalt cements then produced and used in the United States. The 210

projects in 26 states using these asphalts were constructed during 1954-56. These projects were

subsequently field surveyed by Materials Research and Development Inc. (MR&D) in 1967.

MR&D surveyed 53 of the 210 projects. Of these, 50 were constructed with 85-100 pen.

grade asphalts. When the pavement surveys were done in 1967, 34 of these 50 projects were in

service as constructed. These were categorized as survivors, and the remaining projects that had

been resurfaced were categorized as non-survivors. Only the survivor sections were included in

this analysis since condition information could not be collected for the overlaid pavements.

Data on original asphalts, laboratory-aged asphalts and recovered asphalts for these

projects was available. Field performance data was also available as a result of the 1967 survey.

A complete list of variables stored in the database, i.e., the asphalt properties, mix properties,

environmental conditions, traffic data and the field performance data, is included as Appendix A.

Properties of the original asphalts can be found in the paper, "Properties of Highway Asphalts,

Part I, 85-100 Penetration Grade" (Welborn and Halstead, 1959).

Scope of Analysis

For this preliminary analysis, it was decided to analyze the relationship between select

recovered asphalt properties and field performance. A hierarchy of pavement distress types



measured in the study is presented in Figure 1. The thrc_e performance variables (dependent

variables) selected for this analysis were:

• Transverse Cracking, Y1

• Polygon Cracking, Y2

• Rutting, Y3

Transverse cracking is assumed to be a measure ¢f non-load related thermal cracking.

However, from Figure 1, it is clear that this assumption i.,_not absolutely true. There was no

attempt to distinguish between load-related and non-load related transverse cracks. For a

description of distress types, refer to "Changes in fundamental properties of asphalt during service

in pavements" (Vallerga, White & Rostler, 1970). Polygon cracking (commonly known as alligator

cracking) is assumed to measure load-related cracking. The polygon cracking data showed almost

no spread, with all sections showing high polygon crackiag (i.e., nearly all values were 3.0).

Therefore, polygon cracking, as a variable, was dropped frortLfurther analysis. Rutting is the other

predominant distress concern in A-003A. The other variable s (independent variables) selected for

this study were:

• Project Number, X1

• Recovered penetration, 77°F, dram; X2

• Recovered softening point, OF;X3

• Recovered capillary viscosity, 140°F, Poises; X4

• Recovered capillary viscosity, 2750F, Centist _kes; X5

• Void Content, %; X_

• Bitumen Index, %; X7

• Recovered stiffness modulus @ 20*F, 10 sees.; Xa

• Recovered stiffness modulus @ 1400F, 10 s_es.; X9

• Average Daily Traffic, vpd; Xll

• Average Daily Truck Traffic, vpd; X12

• Maximum Yearly Temperature, *F; X13

• Minimum Yearly Temperature, °F; X14

• Number of days per year over 89°F, days; Xl5

• Thickness of the uppermost layer (wearing c_3urse), inches; XI_

This last variable (X16) was dropped from the analysis be.caase of numerous missing values.
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Analysis

The data were analyzed using:

• Simple regression approach

• Discriminant analysis and multivariate general linear modeling

The simple regression approach was the preferred method of analysis. The discriminant

analysis was intended as a "fall back"method of analysis, in the event that no simple relationships

could be established.

Statistical Software Used

The SYSTAT and SYGRAPH statistical packages _¢ere used (on an IBM-PC) for this

analysis.

Simple Regression Approach (Univariate Linear Model)

It was initially planned that simple regression relationships such as those developed in the

A-003A Literature Review (Finn et. al., 1990, and Finn & E urrani, 1990) should be investigated.

However, scatter plots (see Appendix B) showed a large s:atter in the data and no "healthy"

trends were noted. It is assumed that the large scatter in fie data can be attributed to the wide

range of environmental and loading conditions. Based on this assumption, each project was

treated individually in terms of either the asphalt properties or the pavement performance, or

both. The simple regression model was modified as follows:

CATEGORY X1 = n

MODEL Yi = 13o+ _X i
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where: X1 = Project number
Yi = Pavement performance parameter (dependent variable)
Xi = Asphalt property (i = 2,... 5, 8,... 10)
130,13 = beta coefficients
n --- total number of projects

Such a model has n-1 degrees of freedom in X, and 1 degree of freedom in X i. As

expected, this model provided a high coefficient of correlation (R2). However, despite the high

R2, the p-value for the continuous variable (Xi) were very high. This suggests a non-significant

relationship between the dependent variable (pavement performance parameter) and the

continuous variable. In other words, if all the projects showed similar trends, i.e., similar slopes,

it would result in lower p-values.

Another problem with this approach was the missing data in each project. An overview

of the database is shown in Figure 2. Overall, 34 projects were included in the analysis. Each

project had 6 observations. For six core extracted asphalt properties, there should have been six

corresponding distress measurements. This was not so for all cases, as is shown in Figure 2. For

example, in Figure 2, for Project No. 2 (X 1 = 2) and asphalt property X3, only one observation

is available and, hence, there is no variance. The observation is dropped when the model is

regressed. Again, in the case of two observations per cell, there is but one possible regression

line. This analysis was curtailed due to the problems indicated above and other problems which

were encountered.

In short, no simple correlations were found between the pavement performance variables

(transverse cracking, rutting) and the asphalt (and asphalt mix) properties selected for this analysis.

In addition to there being no quantitative correlations, no trends were apparent between the

performance variables and the selected asphalt (and asphalt mix) properties.

Discriminant Analysis and Multivariate General Linear Modeling

Data Manipulation

For this analysis, the data used were the average observations for each project level; hence,

each project was treated as one data point. All analysesexplained hereafter use one observation

(average of reported values) per project, hence a total of 34 observations. Separate databaseswere
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created for each of the three performance variables. The purpose was to make complete matrices

without missing values 1. As an example, on one project there was no data on the minimum yearly

temperature, so instead of deleting the whole row containing that observation, the row was only

deleted for the transverse cracking database. Thus, in the other database, e.g., rutting, where the

minimum yearly temperature was not of primary concern, the column for the minimum yearly

temperature was deleted. This is similar to a "pair-wise"treatment of missing values analysis of

variance.

Discriminant Analysis

Discriminant Analysis is a statistical technique used to classify data into groups by

maximizing the differences among the group means. To distinguish among the groups, a collection

of discriminant variables (e.g., penetration, viscosity, air voids, etc.) that measure characteristics

on which the groups are expected to differ should be made. The mathematical objective of

discriminant analysis is to weigh and combine linearly the discriminant variables in some fashion

so that the groups are forced to be as statistically distinct as possible. The discriminant analysis

provides a discriminant function in the form of a mathematical equation, and its relative

magnitude. After the development of a discriminant function, a frequency distribution for each

of the two groups (distressed and non-distressed) is plotted (against the z-score) on one

continuous horizontal axis (Figure 3). The shaded area indicates the overlap of the two

distributions. The right half represents the probability (.,) that a pavement which should be non-

distressed is misclassified into the distressed group. Likewise, the left half indicates the probability

(13)that a pavement is classified into the non-distressed group where it is actually distressed. The

break between the two groups is decided such that., = 13= minimum possible value. Figure 4

explains the development of a discriminant function for cracking. Figure 5 explains the practical

uses of such an approach in the "real"world.

In this analysis, the data was separated into two groups, highly distressed pavements and

undistressed pavements (e.g., cracked and uncracked pavements, rutted and non-rutted

pavements). During the MR&D survey, the distresses were ranked on a scale of 0 to 3: zero

1While tryingto do an analysisof variance,these missingvaluesresult in singularmatrices. The inverse
of a singular matrix does not exist; hence, the ANOVA cannot be solved. As a reminder to the reader,
an inverse of a r. r matrix exists only if its rank is 'r'. A matrix with a rank less than 'r' is said to be
singular.
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DISTRESS TYPE * ]

1

l
I I

1 l
I 1

1
DEVELOP DISCRIMINANT FUNCTION

This model would be of the form;

in

Z i = _ ajz_:(i=l ........,n,andj; 1.......m)
j=l

where

Zi -- discriininant score of the i_ observation (pavement project)

aj = weighting coefficient for the jth discriininant variables

z_ -- standardized value for the ith observation and the jth
diseriininant variable used in the analysis

n = total number of observations

In -- total number of discriininant variables

_ NEWPROJECT _ :_ CALCULATEZ"ISCORES '

COMPARE WITH
BOUNDRY BETWEEN

GROUPS

J
NEW PROJECT -- NO CRACKS

OR
NEW PROJECT ---CRACKED

*A similar approach can be used for developingthe distress functionfor other distresstypes.

Figure 4. Development of discriminant function for cracking.
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being no distress and three being highly distressed (failed on the basis of visual condition rating).

The discriminant variables were the independent variables X2-X15, i.e., the recovered binder

properties, asphalt mix properties, and loading and environmental conditions.

The general form of the discriminant function is as follows:

m

Eqn. 1
Zi = _ (i 1,.....,nandj 1,.....,m)

j,---f aj zij : = =

where: Z i = discriminant score of the ith observation (pavement project)
aj = weighting coefficient for the jth discriminant variables
zij = standardized value for the ith observation and the jth discriminant variable

used in the analysis
n = total number of observations
m = total number of discriminant variables

The standardized values, zij, are calculated as follows:

Zij = XiJ - XJ F_,qlL 2

where: xij = value of the jth distress manifestation, for the ith observation being
_ classified;
xj = mean value of the jth distress manifestation; and
oxj = standard deviation of xj, which is equal to:

n

Ox/_ffi[/__ 1 (Xij-Xj) 2 ] (n-l)] 1_

As may be seen in Eqn. 1, the discriminant function is linear, hence transformations of

non-linear discriminant variables are required. A multivariate analysis of variance/multivariate

general linear regression analysis was used to pinpoint the important variables (and the required

non-linear transformations) to be included as the discriminant variables. The results of this

analysis are presented in the next section.

Multivariate General Linear Analysis

The general linear model was used for a multivariate analysis to provide a clue to the

significant variables that effect pavement performance. An elementary statistical analysis provided

11



a good "feel" for possible transformations of the data to &;velop such a linear model. Tables 1

and 2 provide a summary of the statistics for the data used. The general linear model used was:

Y1, Y3 = xllx21x31x,I........ IX16

The "I" indicates all possible interactions. Due to SYSTAT processing limitations, only

first-level interactions were considered.

Moddfor transverse cracking: After a series of transformations and trials the following

model was used for transverse cracking:

Y, =� ,logX + 9   (loXO(x3) 3

where: Y1 = (Transverse Cracking+ 1)"1
X1 = l+Void Content (Range is 1.2 - 14%)
Xz --- Recovered penetration @ 77"F (Range is 5-67 dram)
X3 = Recovered ring and ball softening l_int (range is 120.8-175.5"F)
130 = -0.163 (0.000)
PI -- -18.624 (-7.022)
151' = 0.121 (0.804)
1_2' = 0.108 (7.177)

The R2 for the particular model above is 0.64 (S.E. = 1.088). The values for the

standardized regression coefficients 2 are shown within brack _ts (e.g., 13a = -18.624 (-7.022), which

imply that the regression coefficient is -18.624 and the st_.ndardized regression coefficient is -

7.022). To test the existence of a regression relation (Neter et. al., 1983), the F-statistic was used.

The procedure is explained as follows:

Ho: 131= 132= ........ [$p-a= 0

Ha: not all [3k (k = 1, ........ , p-l) equal zero.

We use the test statistic:
F* ffi MSR Eqn_4

MSE

2Sometimes, these standardized regression coefficients aro interpreted as showing the relative
importance of the independent variables. But, one must be cautious about interpreting regression
coefficients,whether standardized or not. The reason is that when the independent variablesare correlated
amongthemselves,the regressioncoefficientsare affectedbythe other independentvariables in the model.
Not only does the presence of correlations among the independent variablesaffect the magnitude of the
standardizedregression coefficients,but the spacingsof the obser_ations on the independent variablesalso
affect the standardized regression coefficients. Such is the case for this particular (BPR) analysis; the
spacing of observations on the independent variables is quite arl_itrary.

12
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+

The decision rule to control the Type I error at _ is:

If F" < F(1-.,, p-l, n-p), conclude Ho
If F" _ F(1-_,, p-l, n-p), conclude Ha

where: p-1 = degrees of freedom of regression
n-p = degrees of freedom for residuals
MSE = error mean square
MSR = regression mean square
., = significance level

Using the values from Table 3:

F* - 19.681= 16.631 Eqn.5
1.183

Using the percentiles of F-distribution table:

F(.999; 3,28) = 7.217 < F"

Therefore, the above regression relation (Eqn. 3) exists at a 99.9 percent confidence level.

But, it should be borne in mind that the existence of a regression relation by itself does not assure

that useful predictions can be made.

We can conclude that a strong relationship exists between the transverse cracking of

asphalt pavements and the void content of the mix (as obtained from the recovered cores), the

penetration of asphalt at 77"F (recovered) and the Ring and Ball softening point of the asphalt.

However, the low R2 indicates that Eqn. 3 may not be the best model for such a relationship.

Model for ruttin_ No single variable was found significant. The final model is based

on a series of first level interactions as follows:

I:3" 150+ 15_(Xg(I°gX4) + 15_(Xz)(l°gX6) + 15_(Xg(l°gXT) + 15_(X3)(I°gX6)

+ 15/(logX'4)(logX'6) + 15/(logX'6)(XT) + 15/(logX'6)(X15 ) + 15/(logX'a)(X15 )

Eqn. 6

where: Y3 = Rutting rating (0-3)
X2 = Recovered penetration @ 77"F (range is 5.8-67.7 dmm)
X3 = Recovered ring and ball softening point, (range is 120.8-175.5"F)
X4 = 1+Recovered capillary viscosity, 140*F (range is 1,524-700,012 poises)
X_s - l+Void content (range is 1.2-14 percent)

15



Table 3. Analysis of variance results for distress models.

IIIII I

DEPENDENT VARIABLE CRACKING RUTFING

Number of Observations (n) 32 31

Squared Multiple R 0.641 0.742
Standard Error of Estimate 1.088 0.268

Degrees of Freedom of Regression (p-l) 3 9

Degrees of Freedom of Residuals (n-p) 28 21

Regression Mean Square (MSR) 19.681 0.481

Error Mean Square (MSE) 1.183 0.072
II I

16



0

X7 = 1+Bitumen index 3 (range is 10.2-23.8 percent)
X13 = Yearly maximum (range is 51-81"F)
X15 = Days over 89"F (range is 4-99 days)

_o = 3.739 (0.000)

131 = -0.014 (-3.498)

132 = 0.019 (2.022)

1_3 = 0.004 (2.648)

_4 = -0.024 (-27.815)

_5 = 0.239 (21.647)

136 = -0.032 (-2.819)

137 = 0.018 (10.039)

_3s = -0.006 (-3.729)

The R 2 for this particular model is 0.742 (S.E. = 0.268). Referring to Table 3, the F-ratio

(F') can be calculated as follows:

0.481
F" = _ = 6.705

0.072

Eqn.7

Using the percentiles of F-distribution table:

F (0.999; 9,21) = 5.13 < F"

Therefore, the above regression relation exists at a 99.9 percent level.

Although no single variable was found significant, void content appears in six of the eight

significant interactions. We can conclude that rutting is significantly affected by the void content.

As can be seen from the models for transverse cracking and rutting, void content of the

asphalt mix is the most significant variable affecting performance (in terms of transverse cracking

and rutting). Hence, it seems reasonable to use voids as a discriminant variable (actually, the

discriminant variable would be log (1 +void content), to make the discriminant function linear).

However, a discriminant function could not be developed. Recall that one value, i.e., the average

value, was used for each variable for each project. After the pair-wise treatment, this resulted in

thirty-two data points for each data set, i.e., data from 32 projects, for the transverse cracking data

set and thirty-one data points for the rutting data set. Only two projects in the transverse cracking

3

% asphalt (age,.basis)Bitumen /ndex × 10-3 =
100 × corrected surface area

17



P

data had zero cracking and none of the projects in the rutting data set had zero rutting.

Therefore, a discriminant function could not be developed since there was nothing to discriminate

between. (The reader is reminded at this point that had the data been analyzed on a mainframe

using all available data points, such a discrimination could possibly have been made.)

18



Summary Remarks

Originally, only asphalt binder properties were included in the analysis. There was a great

deal of scatter associated with the binder property data (see scatter plots in Appendix B). Later,

select mix properties (void content, bitumen index, etc), environmental (maximum yearly

temperature, etc.) and load variables (average daily traffic, average daily truck traffic) were

included in the analysis. Void content, a "mix-property," was the prime factor of significance in

the model for transverse cracking and was a part of most of the significant interactions in the

model for rutting. This is in keeping with the conclusions drawn in the review of state and

industry reports on asphalt properties and relationship to pavement performance (Finn and

Durrani, 1990).

Discriminant analysis appears to be a viable approach to analyze the data being collected

in the future (SHRP long-term pavement performance studies). It can be used to:

• Specify original asphalt (and asphalt mix) properties for a given service life for the

pavement, and

• Predict remaining service life of pavement based on recovered asphalt (and asphalt

mix) properties.

19



Conclusions

i

i 1. No simple correlations existed between the pavement performance variables (transverse

cracking, rutting) and the asphalt (and asphalt mix) properties selected for this analysis.

In addition to there being no quantitative correlations, no trends were visible between the

performance variables and the selected asphalt (and asphalt mix properties).

2. According to the multivariate general model analyses, the mix properties appear to "over-

shadow" the effect of binder properties in prediction of pavement distress (in this case,

restricted to transverse cracking and rutting.) We can conclude that a strong relationship

exists between the transverse cracking of asphalt pavements and the void content of the

mix (as obtained from the recovered cores), the penetration of asphalt at 77"F (recovered),

and the Ring and Ball softening point (recovered) of the asphalt. However, the low R2

for Eqn. 3 indicates that a better model may exist for such a relationship. Although no

single variable was found to be significant in the rutting model, void content appears in

six of the eight significant interactions. We can conclude that rutting is significantly

affected by the void content.

3. A further analysisof the BPR data is not warranted. Even trends could be established and

a discriminant function developed; there would still be a question as to its usefulness.

Most of the properties measured during this (BPR) study have been shown, by SHRP

researchers, to be incapable of accurately characterizing asphalt/asphalt mixture behavior.

As such, further studies of the BPR data would not be useful for the SHRP program.
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Table A-I Key to Column Headings of Computer Printout

Symbol Explanation Used in Card No.

tEPR DuREAO OF PubLIC ROADS NUMBER 1254567b';,OA6CDEF,-t
CARD NO CARO NUMUER 123456lb'JOAiJCl)i-Frl

[5L NO BLuC,<. NUMBER IRO.bTLER PARAMEII-I_, AND RFGIUN) 12.J456/oJGAP, CDFFFI
PRJ NO i',R AND D PROJECT NUMBER 1.23z, Ebld() r :' . ..)A_C r.[F I-IJ r..
PROJ NO ,qR ANL) D PROJECT NUMBER 123456/LJvOAI_,CDFFtlJ&

•-,14PL NO LON(.,]IuDII',IAL '-_II_,ATA/LATLRAL .5[RATAIL-AMPLL NUI._bL.I_. 1234567o_._OA6CI)LF_
JOJRCE CODE NO,,4tJER FOR CRUDE bOORCE 1
REFY BPR REFINERY NUMBER 1
PEN 39 PENETIV, AIIuN AT 39.2 F O.1 ,;IILLIi,IEIERS 1 4
PEN 45 PENEII,_ATION AT 45. F 0.I MILLIMETERS i 4
PEN 60 PENETRATION AT 60. F 0.i MILLIMETERS l 4

PEN 77 PENE[RAIION AT 77. F 0.I MILLIMETERS 1 4

PEN 95 PENLIRAIION AT 95. F 0.1 MILLIMETERS 1 4
PENRTIO PENETRATION RATIO 1

PV6u/5 oLIDING PLATE .Vl:.,CObI IY 6u F / oE.-,iC 1 4
PV7"(15 .-,LIUING PLAIE VIoCOoITY 77 F / O5oEC 1 4

VlbCl40 .. VISCOSITY' AT 140 F /POI,SES 1

VlbC275 VloCOoII_ AT 275 F /CENTIL_TOKE5 i

DuCT 6u DOCIILITY AT 60 F /CENTIMETERS 1 4

l)uC[ 71 I)uCrILIfY AT I0 F ICFNTIMFTFRS 1 4

JOF[ PT L,OFIENING POIN[ I F l 4

PAL PU PELLFI" At3,_A-blON,LOoS A[ 5OOREV,PEr<CENT,ONAGED 1

PAL PA PELLET AEiRAblON,LOS5 AT .50OREV,PEkCENT AGED ? DAY51
JIAIUb oERV I'CE .., [ A 1"0.5 12 ._4 u6 [oVOABCDEFHJ_.
IPV45/5 oLIDING PLATE VIbCObITY IU5bEC AT 45F AFTER TFOT 3

TPV6OI5 L_LIDING PLATE VIJCOSITY I05SEC AT 60F AFTER TFOT 5
IPV77/5 _LIDING PLATE VISCOaITY IG5$EC AT 77F AFTER TFOT 3

IPV4511 aLIDING PLATE VISCOSITYIOOI,,EC AT 4bF AFTFR TFOT 5

IPV6U/I bLIOIN6 PLATE VIbCOSI[YIOUIbEC AF 6UF AFIER TFOT 3

IPV'IIII ,-,LIDING PLATE VIoCUoITYIOOI:_EC AT 17F AFTER TFUT 5

),.,Hod4b Ol-_EAi_5UoCEPrlBILITY AT 45F AF[E.'_ TFOT __

J,.-'HJ_JbO JHEA'x ovoCEPFIBILITY AT 60F AFTF"- TFOT J
[JHUUIT bHEAs< SUoCEPTIBILITY AT Y7F AFTE K TFOT ._

PV6U/I oLIDING PLATE VISCOSITY 6UF IO01SEC 4

Pq77/1 oLIDING PLATE VISCOSITY 77F /O013EC 4



i

Symbol Explanation Used in Card No.

_HIND6_ _HEAR INOEA 6OF 4

5HIND77 aHEAR INDEX 77F • 4

CAPVI4J CAPILLARY VISCO:_I [Y AT 14OF 4

CAPV275 LAPILLARY VIJCOUJ[Y Al 275F 4

vO CON vOIO CONIENI 4

AJ CON ASPlIAL [ CONTENT 4

.,1[ 2,_,_ i,ilNua 2uu i'IESFI AGGREGAIE 4
bdR AR bJRFACE AREA 4

,,CELl Nr REL. IA_ILITY IHAI A..hPHALT l.b AS 3TAIED 4b I 0 I-

_I I INO 5II.JMEN INDEX 4
PALRPA PELLEI AISP,A_ION LUJL, AI bOUREV PENCENIII_ECOVEI'IFP. ,) 5
PALRMRA PI:-LLEI ABI,tA.-,ION I4G/REV (RECOVERED) 5

PAL,-iI,tu I-'ELb.I:T AL_,<AoION ,46/,',EV AI' 5OOREV,,.,r4AGED 2

PAL,',IRA PLLLLI AL_I,,'Ac,ION i,lu/REV AI" 5uUREV,AGLD 7 DAYS 2
AJPIt AoPHALTENEJ I-)Y I<U.SILLR ANALY.5I:.:, /MER CENT 2 5
NIJASE NIlROSEN _A6ES I_.Y ROSILER ANALYSIb /PER CENT 2 5

IACID FIRoT ACIL)AFFINS I_Y _OSILER ANALYSIo IPEI< CE_'_T 2 5

2,4CIO .:,E._OlqO ALIDAFFINJ bY ROa, ILER ANAL_JIL,/P/-R CL;',IT 2 5
PARAF PARAFFINo eY RUSTLER ANALYSIS /PER CENT 2 5
ROPAR ROJI LER PARAMETER 2 5
,",LTRAN GLAC_J T_ANJIT I,_N TEi.I_'FI<A[URE IF 5 C
,%P GRV :.)PEC IF IC GRAV 1I Y ;_ 0

JIAIE _IAIE NUML_ER - CODE CHAR1 ]d90-t4 2
CONPROJ oI-ATE CUNbTRucTION PkOJECT NU,XlISER 2
ORI/DOP ORIGINAL OR DUPLICATE _AMPLE 2
JUly-.) ,,oUaCRIPI DESIGNAIIUN OF DUPLICATE 2
Cu,,IP COmP,JblTIoN ANAL'(SI5 RUN U=NU 2

1PI-N 4b PENET_AII,.;I'_ 10_GSSEC 45F AFTER THIN FILM UVI-:P_ T,_::,T 3

IP[:N 60 PENETRAIION IUL)GSSEC 6OF AFTER THIN FILM OV[nl IEST 3
IPLN 77 PENEII<AIION LO,JGbSEC 77F AFTER THIN FILM OVEN TFST 3
I,-'EN 9:_ PEI_IEI,<AIIuI,_ 1UuGbSEC 95F AFFE,_ THIn FIL.,H OVEI'_ TFST J
IPLN245 PENETRATION 2uUG6UbEC45F AFTER THIhi FILM OVEI_I TEST 3
IPEN,_,I,J PEr4ETI,_AIIoN NATIL_ AFTE._ THIN FILM UVEtN TEST
I..,oFTPI oUFIENING POINT N AnD i3 AFTER THIm FILM OVEN Ii':ST J

ll)oClZ+b D,JCIILIi'_' AI" 4bF AFTER THI,q FILM UVE_ TEST 3

lO_JclGu OoCIILII_ AI 6,JF AFTER THIN FILM OVEI'_ TEST 3

II_cTTI DucTILITY AT 77F AFTEI _, TI-II'_ FILM OVEhl TeST .,t
IVl-..,I. 4u VIoCOL, ITf AT I4uF AFTER IHIN FILM OVL:N TFST 3
IVI:.,275 vI.-,CublIY AT 275F AFTER THIN FILM OVEN TI..ST 3



Symbol Explanation Used in Card No.

AbPH AM PI.R CENT AoPFIALTENE._, AFTER MIXINu 6

NdAJLAM PeP, CLNI NIIRO_LN bAbE_ AFIER MIXING O

1,_C|UAM PLR CLN[ FIRL_I ALIDAt-F|Nb ,\FTLi,_ I.',lXil,l_ G
2ACIOAI4 PLI,_ tENT ;_i-CONO ACIOAI-'FINb /,rTl::N i,ilXlNu 0

PARAFAN'_ PE,,_ CENT PARAFFINS AFTER ,,iIX[NG 6

ROPARAM ROblLER PARAME[ER AFTER NIXING 6

AoPH AA PERCENT ASPHALIENE5 AFTER AGING 6
Nd,AbEAA PERCENT NI [ROGEN BASE5 AFTER AGING 6
1AtlUAA PERCENT FIROT ACI._AFFINb AFTER AblNu 6
2_CIUAA P_-RCLNT JLCO.NO ALiuAFFIN3 ,_,FTLR ._uiNu 5
PARAFAA PLRCLN | PARAFF INo AFTER AG [ N(., b
ROPARAA ROL_ILEI#` PAI#`AME[ER AFTER AGING 6
PRODt/L PRO JELl .JELECTION l:Oo[l) 2=5AMPLED/JNJ-_ED 6
RID QUA RIDING _.JOALI[Y RATING 7
RAVELL RAVELL I NO RA I" I NG /
SPALL bPALL ING RAT ING 7

LOoMAT LO_._ OF t,IAIRIX RAIING l
OIolNT OIoI,qTEG,_A [ ION YEb=O NO:3 7

RoII R,._TIING RATING 7
COI_,ROG CORRJGAIION [#,ATING . 7
ItRAN CR I IU_NJ,/EI_Z--,E CRACKINO RATING 7
LONGCCR LONGITJI.)INAL CRACKING CON.S'IRUCTION RATING 7
LONGLCR LONGI IJDINAL CRACKING LOA!) RA[ ING !
.:;tlI,IK CR I, HRINKAUE CRACKING l
POLY CR POLY'GONAL CRACKING 7
LADR CR LADDER CRACKIN,J 7
REF/O1H LRAC#,INu CAO,EFO dY RLFLELZ, IION uI..:, OIHER CAU$C 7
JEAL RAI ING FOR MAINTENANCE-bURFACE TREATMENT 7
PAICH NAT Ir_G FUk ,"AINTFNANCF-.-PATCHING l
A:-, AMT AMO_,NT OF A3PHALT RAilNG OF SUFFICIENCY 7

.Ju IEX[ ,auRf'_CE IEAIJRE RAI'ING OF PLRME_dLLITY 7
DRAIN ORAI NAGE RATING ?

AJ EVAL EVALUA[I'JN OF AbPHALI !
Uv EVAL UVERALL EVALOA[ION OF PAVEMENT l

AO[ AVERAGE DALLY TRAFFIC VEH/DAY 7

AOfl Av'LRAGE DMILY IRdCK TRAFFIC VEH/DAY 7

RAIER RATER I=FINN/OLSEN 2--:SPR 3=3TATi ?

YR MAX HEAN DALLY MAXIMU,vl IEMP FC'.k YEAR
_1_ MIN ;,lEAN DAILY MINIMUM [L',IP FOR YEA_



Symbol Explanation Used in Card No.
I

NDEGDJ /'IO,-_NAL DLUREE DAYS PErt YEAR 8
O'ro/8') NuMBEI4 OF DAYb PER YEAR OVER 89F U,
JANMAX NORi4AL DAILY :,lAXlMtJl,! FOR JANUARY II
JANMIN NORMAL DAILY :HINIMUM FOR JANUARY 6

FLI.il.IAA NORMAL UA 1L _' "dp_XINL,'.I FOR FEURJARY o
t:I:IH._IN NONNAL DALLY -IINIM, UI,'. FOR FEBRUARY 6
i-;ARAAA NOix:,,IAL DAILY'iAAImo,.4 FOr< it!ARCH o
mAR,-tlN NOI(,',iAL DALLY ,IINII.1u91 FUR I,,ARCH o
API-_,,IAX hI'JRI.IAL DALLY J',iAXII,iU,.t FOil: APRIL o
AI_I_:,"IIN N,-.,,-;i.IAL DAILf ,4INI,"lu.-i FOI'(. APRIL o

,,IAII-1A/, NOI(MAL DALLY "IAXI,4..,',I POl< _";AY b
;'4AYi.IIN NORMAL DAILY ,,4INISIU,,I FOR 4AY b
J,JNI,4A× NORMAL {)ALLY :,tAX IMO:4 FOR JUNE d
JuNI,IIN NORHAL DAILY :.lI,NI:.4u',! FOR JUNE d

.J,JLI,,IAA NORMAL I)AIL Y ,,,IAXI".4U'4 FOR JULY b
JJLi.ilN NORMAL DAILY MINl;-iu,.' FOI,: JULY
AuG"IAA N'J'_"'AL I)AI L-Y J',A^l,'lu,', Fu,_ AOGuoT o
AJG,HIN I'IUkt:,,IAL DALLY ;,iiNI,,;o,l FOlk.?,AuGu._r o
.bEPMAX NOi<MAL DA I LY ',,,hA l li,;,J,.; FUi-; SFPTr:-I.hy.F,,_ o
5EPMIN NORMAL DAILY _IINIMu'4 FOR 5EPrEi.IE_F_I_ 6
OCIi,IAX NkJI4,,AL DAILY MAXIi4U,,; FOP_ uCTUI_.r-R o
ocrNIN NORMAL DALLY ;_IlNIMu,.: FOlk oCTOBER o
NOVMAX NOI_MAL DAILY I,iAXIMu.,1 FOR NOVE;.Ii._ER o
NO4:vIIN NORGiAL DAIL_' MINI:-IJ.4 FOR NOVE'.i_,ER o
OECMAX NOt<NAL DAILY MAXIF,b_I FOR OECE;IbER o
DECMIN NORMAL DALLY 14INl,\ldi,_ FOR OECEI-Ii'JER d
NOR;4TOT NORMAL tOTAL 8
UAY/°I NUMBER OF DAYS WITH RAINFALL OVER ,_°| INCI4 8
.3NOw 14EAN TOTAL oNO,q U
RLL IIOM RrL_IIVL HJMIUI if A[ o8uu t-IRo il
r.;I,_ ,..,rAI( ,_'Iu/'lllt CUN._I_,oCIION olARI'ED ,j
YR -.,fAR YEAR CONoIRucIION _TAltTEL) v

,q;',l F IN MONTH CON_ I RUC[ ION F IN lbl-I_l) ,,

YR kIN YEAR CON_IRUCIION FINIbHEI) 9
lrYp DESCi-4IP.I-ION OF LAYER 1 SEE CODING .)
2IYP DEoCRIPTIUN OF LAYER 2 SEE CODING 9
3lip DEJCRIPrlON OF LAYER 3 oEl:: CODING ')

41YP uE....,CRIPIION OF LAYER z+ .:,El- CODING ,)
blI'P UEJCI'(IPIIuN OF LAYER 5 DEE CODING -,



Symbol Explanation Used in Card No.

6'IYP uI:._CRIPI IUN OF LAYER 6 .:,EE COUINL, #
IHCIg i rHICK, NE._o OF LAYER 1 V
TitCK 2 IHICK.NESS OF LAYER Z. (j
rHCK. 3 [HICKNESo OF LAXER 3 .)
IHCK 4 IHICKNEs,., OF LAYER 4 y
IIICY. fJ [HICKNES._ OF LAYER b ..s
litCK,6 IHICKNEbJ OF LAYER 6
LAYLR LA'_EI< [_tlCKNE._o L,F LAYER UF INI'ERE:_T ,j
L1FIo NL,,-,BEI< OF LIFTo IO PLACE LAYER uF INTEI<E5[ 'y
Rt-obRF REA.-,ON FOR RE_,JI.IFACING bEE CODE ,)
PLCIqAX MA,XIM_M AIR IEi4PERAIuRE Dut._ING PLACEMENr 9

PLC:"IIN i"ilNIMoM AIR IEiMPERAIoRE l)u',_ING PLAC!-I,1ENT ._
I._]A,.iAA ,'_AAI,-_OJ-I ,,_IA IE,,,t-'ERAIoN E _)bKING ,'IIAI_'_G .j
;.llX,qlN ;_AXI;,'IOH J,ll,_ IE,,IPEI<AIURE I)UI<ING M1AING .j
Dlol HAL, L DI_IANCE
CON I H I AoPIIALI" CON I EN I H 10_-I v
CON[ LO AoPHALI CONIEr,II LO_, v
CONI AV AbPHAL[ CO,NTENi" AVERAGE .j
ILolNO NuI,_L_E_< OF [EaTo tJSED IU I)E[ER,.,INE ASPHALT CONTENT -j
LOCAl LOCAl ION OF LAYER OF IN[I:.iNEaII ,y

;,IIA DRY MIXING Ct'CLL rIME DRY .j
AIX ,_ET MIXING C'rCLE TI;qE ;',EI v
..fix Ioi _'_IXlr_O Cr(LLL lIME IUIAL ,,
IIIPENO PENEIRAI ION OF ORIGINAL AOPHALI :,_,AAII,;UN, 0
LOP[-NO PENEIRATION OF ORIGINAL ASPHALT I",Ii,_II4U,H 0
AVPENO PENEIRATION OF ORIGINAL ASPHALT AVI/RA',:,E 0
PILNloTu _'_o"l_E,< uF PENET'_ATIuo_ II.::.:,TS USED _,_ or_IGIJ_AL _'_r'l-I 0
A_PENR PLNEIRATION OF REC.L)VERI:u _oPHALI AVt:RA,bL 0

_'E'_lbl -'_ ,'_L,,',BE,'_ UF _E_'_F[",ATI_,,_ TESTS USED u_ I_ECUVEI_[- p ASPH 0
A..-,.-fl_'iltt MEIPIuD UF lEa'l .5INENG[I-I UF ASPHALI CLfl_CI._ET E 0
A_al_<LI I<Ea_LT OF IEbT SINE_IGIH OF ASPI-tALI CQ_ICI'_[.IF 0
A_D'f,411t i'_Ell-tOD OF IESI DENc_I IY UF ASPHALI CUNCI<E]'F. 0
A._DY_<LI NEOULT OF TEST DENSITY OF ASPHALT CoNEI<ETf C)
AOURMIH uul<_UILliY OF _GGRLGAIE - lEST ;,,ll-II-iOD 0
AGUR_<LI Uu_<AISILI I _' OF AGGREGATE - IESI RFoULT 0
AUIYPCR IrPL OF COARSE AGLfl_IG_I'E - .bEE COl.)," 0
AGI YHFN I rP.E OF FI,'_E AGG_'_GAIF. - bEE CUB[.: 0
A(._IAIc_< IE/,IJRE CuA_SE AGGreGATE -SEE CUI)E 0



Symbol Explanation Uscd in Card No.

AG[XfFN IEXIuKE FINE AGGI<GAT[- - SEE CUDF 0
FILLIJP I'rPE OF ,,IINEI,_AL FILL[--I_ USED 0

FILLCNI PERCENT UF ,'_INI-RAL F|LLFR USED 0
FIL-2,JO PLRCLN[ kILLER PASLING /'10 2()L) :-,ILVE O
hlNRESOR HONIII RE-_URFACED 0
YRI._E.-,UR _LAN I<L:-.,,-,NFACEI.) 0

IIIr,.REJC IlilCF.,NL.J-_ ON I'IPE I,CLbURFA(.ING k'RuM CORL 0
IIIkL, ORC ItlICt..NE,_,._ o,C I'YPE oUhCFACI.- CUUI,C',I" FI<u,'I cOl<l. 0
ItlKUINC IhICK.Nt-J.-, OR IYPE BINDER COUI-_t.:,L FROM (-OR[ ] U
II-IKBAbC I HICKNE_,-, OR TYPE BAbE COURSE FRQM CORE 0
C_'VI7M3 .:,LID]NG PLATE VISCU.SI TY,7?F,ObSFC ,',[XFD CWu A
Ct-'V/7A3 JLIDING PLA[E VIJCUbIIY,/IF,Ub.,EC ZO() II1<.'_ ('v,u A
Cr'V-/Td5 .-,LIDING PLAIE VIoCU.blIY,77F,(JbL:,FC _OU Hl'<.c.,CWO A

Cl"V/(C) JLI'I.)Ii_G HLAI'E VlbCL, ol I_',YIF,Ob:-,-C oDD )--I,_.': c..;u A
C.PV//L)::) .-,LIUII'_u P'LAI'E VlbCuol IY_'7?F,ub::i.C dUO I-II,c') C,',U A
Cr'vllEp ;-,LIUING PLAIE VIJCublIY,I/F,Ub..,EC 10'.)bll,Kb CAu A
CPV77MI .-_L[,.IIN_J HLAIE VlSCL)bl TY,(IF_UGISEL ,qIALL;, CWU A
CPVlIAI JLIL)ING PLAfE VI,bCU::)II_',ITF,UUIL, EC 2u,J HR.q CYu A

...... o

CPV//B.I. --,LIDING PI-AiE VIoCubITY,//F,LJUI..,EC ':tad Hk:'.., C,_u A
CPv/ICI JLIOIi,IG PLAIE VIL, C_J_I [Y,IIF,UC, ISEC oOu Hkl, C',','u A
CFVIID1 .-,LlOJi'_OPLAIE VIL,CuoITY,IIF,u0lbEC bOO Hk.q Ci',,._ A

C_V/IEI _LIDING PLAIIC VISCUbIIY,7/F,O'JI:J, EC IUUOHk.5 C_'.u A

CJHINL)M .,IIEA!RL,OJC MIXED CALIF ,',LAI.I-tL:I<IN(., L.'.V_::I'I ,)
LJilINL)A -.,tlL.,_R _U..,L AGED 2UU IIRu CALIr _',L,_IHr'I{INL:, OVt..N d

LjtlINUd ..,HL,kI,C L,U_C AGI-U 4UO HRb CALll- :.VL,_I'ItI:I,CING OVL.li .._
t.ali[NO(.. -.H1L_i{ ..,u..,L AGLU 6t)u FII_,J LALIF w,-t_II-ILI<INU OVEN I_
CJH I NL)D oHEAR INUL^
LJII|NL)L at_L_R L_,J.bC AGEU 1OObHl_b CALIF ,_LAIFILRING UVI-h ,3
C,',IC77M MICF,,JOOCIILIIY A[ 77F MIXED P,
C,',ICIYA MIC,_,JI)OCIILITY AT 17F AGFD 200 fIR'.)AFTEN (-'_,:O q

C,"_IC/TB ;'IICI,_uI),JCflLITY AT 771: AGEO 4(;0 IIR5 AFTER CWO "I',
C,',ICI?C. MICI_ODOCIILITY AI 7IF AGED 600 t-It_o AFIEN CV;U • iR
C,-,IC7"10 i'_IC.I_uD_CIILITY hi 77F AGLI) 800 rtlKb AFTER CWu f3
CI,,IC??i P,ICROOUCIILJTY AT 771- AGED 1UOOHI4,L, AFILR C¢_u ;3
CALT/M[ ..)HUT AOI_AJION LObS A/ 77F OF 1.uOuc,ml,'IIXED /Cw_ l_
CAL77AT ol-tuT A_ffA.SION LObS Ar 77F OF lOuuGM/200 IIRL,/CI,,O :3



Symbol Explanation Used in Card No.

CAL//BI ..,HUl AdKA_ION LOS.L, AI 77F OF IU_.JG,',I4CO HR'ICv,'J B

CAL77CT L)HO[ AdRASION LOSS AT 77F OF IUOuGM/6L)O HRS/C',.,O B

CAL77D[ _1-tO1 ABRA,bION L055 AI 77F OF 1d,,uGF,/SgO HRS/C;'_O d
CAL77El oHO[ A_RASION LO.b_ AI 77F OF 1OuuOM/lu0 ttRS/C','_O i]
PPEN45 PI,_E_EJ_r PENETRATION AT 45F OF ORIGImAL ASPHALTS C
PPENOU PtiEoEJ,_I PENEINA.TIoN AI 6(JF .OF uI,_IGI,'_AL ASPHALTS C
PPEN77 PF,EaE,'*I PEJ',EiI<ATI_JN AT 77F _JF u'<IGI'_AL- ASPHALT'-, C
PPEN95 PREuENT PENEIRArlON AI 9bF OF ORIGINAL ASPHALTS C
PI"EN4DX PJ<EoE,_,T PEN 4bF,2OOGV.,OOSEC uF dRIGIrwAL ASPHALT C
PJOFIPF PRESENT oOFTENING POINT OF ORIG A$PHLT C
P.oocI45 PRESENt DOETILITY Al 45F OF O,<IG AbPHLT C
PL>OCf6U PRI-DEJ',IID_-,CIILIfY AT 60F OF ORIG AbPHLT C

P'I)UCI 77 PREbE,,_I I)ucl ILITY AT 77F uF ONIG AoPHLI C
PVUCI4U PI<EJt-N1 VIJLOSIIY A1 14OF OF ORIG AJPI.ILT C

Pv.-,CZ7b PI<E.-,ENI vI.-,CUC, IIY AI ,'YbF OF ONIG AL,PIILI C
PPv45/:_ PNE._E,'_[ JLIDING PLfL VIbC_4bF 05SEC oF of(iS ASI-'IIL. T C

PPVOU/b .PREbE,'II.oLIDING PLI'E VISC,60F ObL,LC UF ul<IG A'.,PHLT C

PPV-17/_ PREbENT .3LIDING PLTE VISC,77F ObSEC UF URIG ASPHLT C

PPVz_5/I PI£ESENT-SLIDING PLTE VISC,45F O01SI-C OF URIG ASPHLT C

PPV60/I PRESI-IIT SLIDING PLTE VISC,60F O01SLC OF ORIG ASPIiLT C

PPV/7/I P_RE_EJ_[ OLIDING PLTE VISC,77F O01SLC UF bRIG ASPI-ILT C
PJHSU4D PREbE_il oHEA_ SJSCEPTIBILITY AT 45F UF bRIG ASPHLT C

PJHJJSu PREJE,I[ bHEAJl buL_CEI-'IIBILIIY AT oUF OF uRIO ASPHLT C
PJHJU7Z PREaENI oHEAR bUL, CEPIIBILI[Y, AT 77F oF URJG A.'-,-'IILT C

MPV6UA5' SLIDIJ_G PLTE V[_C 60F 7FlkS. ODSEC AFIE_ MO[" TFvi D

iqPV77A5 SLIDING PLTE VloC 77F 7MRS OSSEC AFTER MOD TFO] I)

MPV6OA1 SLIDIi_G PLTE VIoC 6OF 7HI<S 0OlSEC AFTER HOD TFOT O

MPv77AI 5LIDI,IG PLTE VloC 77F 7H_S OUISEC AFTER l.iOD TFOT D

MPV6OB5 5LIDI_G PLIE VIbC 60F 9Hl_b 05SEC AFTER MUD TFOT D

mPVI/BD SLIDI_'_G PLTE VI_C 7IE 9HmS ODSFC AFrE_'C roOD TF,-,f D

MPVSUBI SLIDI_,IG PLIE VloC 6oF 9Hkb Uu1L_EC AFIER I40D TFu1 b
MHV7781 5LIDI,_G PLIE VISC IIF 9HK50UISEC AFIE K ML)D TFuT D

AbHSO60 uHEAM 3UJCEPTIBILI[Y AT 60/F AFTER 7 I-tl,_ I,';TFUT D

AoHSU77 .SHEAR SU_,CEPTIBILITY AT 77/F AFTER 7 HR MTFOT D

BJHOL,IOU JHEA_ bd.aCEPTIBILIfY AT 60/F AFTE'" V HR MTFuT D
tS-,HJO77 -_HEAV. JU._CEPTIBILIIY AT -I71F AFTE,_ V HI< I";TFuT D

MV--'CIZ+A CAHI_-_-Ai<Y vlbCuoITY AT_.40/F AFTE,_ 7HI_ ,'IIFOT D
MVbCI4B CAPILLARY VISCOSITY AT 140/F AFTER '-)HI<KTFOT D

MVL,C27A CAPILLARr VISCOSITY AT 275/F AFTER 7HR MTFOI D



Symbol Explanation 'Used in Card No.

M_/SC2/B CAPILLAi<Y VISCOSITY AT 275/F AFTEa_ 9HI< :4TFOT D
FLoTMPA FLo., [E,.,r'EmATUNE( DEGREES /F AFTE '_ I HI< ,%TFOT )

FLoTHPB FLO,_ IE,'_PE,_ATURE( DEGREES /F AFTE,_ 9 HI< MTFOT D

APEN770 AMERICAN OIL CO PEN AT 77F ORIGINAL E
APEN77I AMERICAN OIL CO PEN AT 77F AFTER IFuT L-

APEN77X AMERICAN OIL CO PEN AT 77F RECOVERED SAMPLE I E

APEN77Y AMERICAN OIL CO. PEN AT 77F- RECOV'ERED SAMPLE 2 E

AVbCI40 AMERICAN OIL CO VISC AT 140F ORIGINAL. E

AVbC141 AMERICAN oIL CO VlSC AT 140F AFTER IFL,T F

AVSCI4X AMERICAN OIL CO VISC AT 140F RECOVL,<LD SAMPLE 1 E

ACJC14Y AMERICAN OIL CO VISC AT 140F RECOVL,XED SA,_IPLE 2 E
AVbC270 AMERICAN OIL CO VISC AT 275F ORIOIINAL E

AVbC27T . AMERICAN OIL CO VI`SC AT 275F AF1LR TFOT E
AVSC27X AMERICAN OIL CO VISC AT 275F REC'JVI-RED .SA,HPLL 1 [!
AVSC27Y AMERICAN OIL CO VISC AT 275F RECOVE,,Ei.) SAi'IPLE 2 E
AAbPCOX AMERICAN OIL CO ASPHALT CONTENT SA,'IPLF i F
AA,-uPCOY AMERICAN OIL CO ASPHALI" CONTENT SAMPLE 2 F
AAPHTSO AMERICAN OIL CO ASPHALIENES ORIGINAl_ F

AAPHTaI AMERICAN OIL CO ASPHALIENLb AFILR IFOT F

AAPHI.bR AMERICAN OIL CO AbPHALIENES RECOVERED F

AHDRESO AMERICAN OIL CO HARD RESIN3 ORIGINAL F

AHL)REST AMERICAN OIL CO HARD RESINS AFTr_R TFOT F

AI-IDRESR AMERICAN OIL CO HARD RESINS RECOVERED ' F

A_TREL_O AMERICAN OIL CO SOFT RESINS ORIGINAL F

A_rREbT AMERICAN OIL CO SOFT RESINS AFIER TFUT F
AoIRE.SR AMERICAN OIL CO .SOFT RE.SINS RECOVERFD F
AOILS 0 AMERICAN OIL CO OILS ORIGINAL F
AuIL_ [ _,IvlERICAN OIL CO UIL._ AFIE_< TFuT F
AOIL.S R • AMERICAN OIL CO OILS RECOVERED F

ACMBC2U AMERICAN OIL CO COMP NOD I0_-8 CY,2OF,JNAGED F
ACMBC2I AMERICAN OIL CO COMP MOD I0.*-8 cY,20F AFTER TFUT F
ACMSC2R AMERICAN OIL CO COMP MOD 10.*-8 CY,20F RECOVERFD F
ACM8C2 M AMERICAN OIL CO COMP MOD i0-*-8 cY_20F MIX RATIO F
ACM8C2A AMERICAN OIL CO COMP MOO IU_*-8 CY,20F AGE RATIO F.
ACM2C U AMERICAN OIL CO COMF' i4OD .l.g'w*-2 cY,_OF uNAGED F
ACM.'cBT A,'IEh_ICAN OIL CO CUl.le'mUD IOW_-2 cY,oOF AFTER TFUT F

ACMZC R AMERICAN OIL CO COMP MOD 10"w*-2 C'i,UUF RECOVERED F

ACMZCBM AME_ICAN OIL CO cUMi-" mUD lO__'-Z cY,_OF W,lX RATIO F

ACM2C8A AMERICAN OIL CO COMP MOD iu_*-2 CY_BOF AGE RATIO F



Symbol Explanation Used in Card No.

GR_ l.U GRADATION PERCENT PASSING 1 IN SIEVE
GRUU.75 GRADATION PERCENT PASSING 3/4 [N 51EVE m
GRDoo37 GRADAIION PERCENT PAaSING 3/8 IN SIEVE H
GIRD 4 GRADAIION PERCENT PASSING NO 4 SIEVE H
GRD 8 GRADAIIUN PERCEN--[PAo--SING NO # SIEVE H
GRD 16 GRADAIIUN PERCENT PASSING NO tO SIEVE I-I
GRD 3v GRADAIION PERCENT PASSING NO 3v SIEVE H
GRD 5d GRADATION PERCENT PASSING NO 5 v SIEVE H
bRO 1au GRADAIION PLRCENI PAbblN_ NO luu sIEVE It
uRD 2JO GRADAIION PERCENT PASSING NO 2vu 51EVE H
HOb A' HUDSON 'A' VALUE tl
5ORF AR sURFACE AREA H

8/2vaR NO 8 TO NO 2uv SIEVE RAIIO H
5d/2OuR NO 5U TO NO 2Uu SIEVE RATIO H

EFFbGAG EFFECTIVE uPECIFIC GkAVITY OF AGG,XEGATE h
MAAJG,,IX mhXlrluM oPECIFIC GI_AVITY OF MIX H
A_PCOMX A_PHALT CONTENT MIX BASIS H
AoPCOAG AbPHALr CONTEN[ AGGREGAIE BAOIS H

AIRVOID PERCENT AIR VOIDS H

MINVOID PERCENT MINERAL VOIDS H

FILVOID PERCENT MINERAL VOIDS FILLED H
DJI/AbP Du_I / AJPI-IALT RATIO H
PEN IND PENETRATION INDEX JKL

b,',2U.dl bIIFFNESb "IUDULU3 AT 20 F AT .01 SEE J_u
bM2U.10 STIFFNES_ MODULUS AT 20 F AT ,10 _EC J_L
bM2Ulv _TIFFNEbJ MODULbS AI 20 F AT 10. oEC J_L

bM6U.ol o[IFFNES_ MODULUS AI 6U F AT .01 bEC JKL

_M6OolU STIFFNESS MODULUS'AT 60 F AT °10 SEE jKL

SM6ulv SIIFFNESa MODULUS AT 60 F AT i0. bEE JKL
31414001 bIIFFNEbo MODULUb A[ 140 FAr .01 bEC JKL

bMl40Cl bTIFFNESo MODULUS AT 140 F AT ._0 bEE J&L
JMI4UIU _IIFFNEo_ l'IUDdLOb AT 140 F AT 10. bE C JKL



Appendix B: Scatter Plots for Variables
Used in Analysis
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Appendix C: Print-Out of Database Used
for Analysis



J

_ g
_______. _oo_o____. •

a .......__i_. • '.-.... ....



_iiiiiiii!ii.......__ii ___ ____

c

_ ___ _...___.______._

_ ...... © • - . ...... .

• • ° • ....................

___._. _ _ _ _ ._ _ _ _ _ _ _ _ _ _._
$

. ._a_a__._o_.• ......___.__a_a__a___._a_... ._................

_.__i_._ .... .___ :_______'-_.



__!_...__ ......... ................ _.___

___''-___._._..._._.___°_°_

m

- __ ......... __._ _. -._._'.___°°_

__g_l. ....................

_ __i_..._i_i_._ _ _..._ _ ,_,_:,_,_._

___...___._ _..._:._.___

*.... _ _i°_._ _ " • i_ii_i_ °_
___...___._._.._ ._._.___



<

E .............. _.._ ......

3 o

g

$


	Abstract
	Executive Summary
	Introduction
	Analysis
	Summary remarks
	Conclusions
	References
	Appendix A: List of Variables in BPR Data
	Appendix B: Scatter Plots for Variables Used in Analysis
	Appendix C: Print-Out of Database Used for Analysis

