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ABSTRACT 

Data are reported on physical properties of roadbed structural ma­

terials from in-place samples of most of the flexible state highways 

built in Oklahoma over an 11-year period. Associated traffic volumes, 

load history and climatic conditions, making a total of seven variables, 

are reported. These variables are compared to two sets of surface rough­

ness, or serviceability measurements obtained by use of the CHLOE 

profilometer. It is shown that little significant correlation exists be­

tween changes in serviceability index as measured by the CHLOE, and the 

physical properties and traffic. Similar conclusions have been reached 

in other states. Of the parameters observed, it appears that road sur­

face roughness is more sensitive to rainfall, traffic volume and road 

surface thickness than to quality or thickness of basement layers. 
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'Introduction 

ADAPTATION OF THE AASHO PAVEMENT 

DESIGN GUIDES TO OKLAHOMA HIGHWAYS 

The purpose of this investigation has been to study the design of 

flexible pavements in Oklahoma with emphasis on a number of measurable 

variables which could be compared to similar variables in the AASHO 
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Road Tests. The pavement performance equations developed from the AASHO 

Road Tests are generally applicable to situations in which the environ­

mental conditions, road-bed structural materials, and traffic closely 

simulate those at the road test. It was hoped, however, that with proper 

and sufficient data relating to conditions prevalent in Oklahoma, the 

equations could be modified in such a way as to make them useful for 

Oklahoma conditions as well. At the AASHO Road Test pavements of various 

thicknesses were built on a single subgrade soil with one material for 

subbase, one material for base, and one material for the asphalt concrete 

surfacing. Traffic consisted of about one-million applications of closely 

controlled loads. Each of the two main loops of the five test loops had 

constant weight and axle configuration trucks, Conversly Oklahoma highways 

have a number of different types of subgrades, subbases, and base materials 

and roads are subjected to Oklahoma rather than Illinois climate and to mixed 

rather than controlled load applications. 

This report is divided into the following chapters: 

1. A brief description of the AASHO Road Test. 

2. A discussion of the so called "satellite road test program". 

3. The specific satellite study for Oklahoma. 



4. The experimental design utilized in the Oklahoma test. 

5. Sampling procedures and field experiments. 

6. An evaluation of pavement performance from PSI differences. 
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7. Laboratory testing of pavement materials on the selected sections. 

8. Traffic Volume. 

9. Discussion and Conclusion. 



General 

1. DESCRIPTION OF THE AASHO ROAD TEST 

In the year 1946, immediately after World War II, the AASHO Committee 

on highway transport held a series of meetings centered around the growing 

importance of highway transportation, and the technical limitations on the 

size and weight of the vehicles imposed by existing highways and bridges. 

There was general agreement that the highways of the nation were being 

damaged. However, there was a wide range of suggestions as to the cause 

of the damage. Discussions revealed that there was considerable need for 

more factual data upon which to establish vehicle size and weight limits, 
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and to provide a basis for overall economy in highway design. Various test 

plans were formulated, and Road Test One - Md (1) and the WASHO Road Test (2) 

were carried out. At the time, these tests were considered rather ambitious, 

but by the early 1950's it was apparent that a more.comprehensive test was 

required and the plans were initiated for what was to become the AASHO Road 

Test. In 1952, the committee selected the site for the project between Ottawa 

and La Salle in Illinois. The location for the AASHO'test was about 80 miles 

Southwest of Chicago. The annual precipitation at this site averages about· 

34 inches of which some 31 inches normally occurs as rain. The area has an 

average mean summer temperature of 76 °F and an average mean winter temperature 

of 27 °F. The average depth of frost penetration is about 28 inches. 

The several years of planning and site selection resulted in an unprecedent­

edly· ambitious and expensive project. Financing of the AASHO Road Test was 

shared by a1i of the 48 continental states, the-Bureau of Public Roads, and with 

assistance and cooperation from the Department of Defense. A field office was 

established in 1955, and during the ensuing three years, technical personnel 

., 
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were selected and the test road and facilities contracted for and built. 

AASHO Road Test Report I (3) contains a complete history of the preparation and 

planning, the factors considered in selecting the test site, and the organiza­

tion which directed the project. Traffic was started over the pavements in 

the fall of 1958, ending in the fall of 1960 after 1, 100,000 applications of 

load. Traffic was continuous during this time except for a few periods of 

shutdown required for maintenance. 

During the period of traffic application numerous tests and evaluations 

of the paveme?t, bridges, etc. , were conducted. A complete history of the 

testing procedures may be found in the several volumes of the AASHO test report. 

In addition, a summary and discussion· of the findings presented at a conference 

held in St. Louis in May of 1962 may be found in Highway Research Board Special 

Report 73. 

Layout of Project 

The test facilities consisted of six independent loops of pavement. Four 

large loops each 3. 1 miles around were built end to end along the eight miles of 

right-of-way and two smaller loops were built parallel and adjacent to one of 

the large loops. 

Each test loop was built as a straight section of four-lane divided highway 

with super-elevated turn-aro�nds connecting the lanes at each end, thus making 

a closed loop with two continuous lanes. On one side of the pavement was 

Portland Cement Concrete and on the other side Asphaltic Concrete. This geometry 

was selected in order to permit incorporating the test road into P planned portion 

of the Interstate after the test was completed. Figure 1 shows the loop arrange­

ment. For both types of pavement the tangent sections were constructed in short 
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lengths of varied design. There were in total 836 test sections, 368 sections 

of rigid pavement, and 468 sections of flexible pavement. Thickness of the 

portland cement concrete slabs varied from 2 1/2 inches to 12 1/2 inches in 

about 1 1/2 inch steps. Some were placed directly on the subgrade soil, others 

were placed on the sand-gravel subbase, and the pavements themselves were either 

plain or reinforced. Thicknesses of asphaltic concrete were from 1 to 6 inches 

in 1 inch steps, placed either directly on the subgrade soil or on three, six, 

or nine inch crushed stone base and four, eight, twelve, or sixteen inches of 

sand-gravel subbase. All possible combinations of these thicknesses were in-

eluded in the experiment. In selecting the design for the various sections 

first a nominal design for each loading condition was arrived at by averaging 

designs submitted by four selected state highway departments and one designed 

by the project staff. The specific section designs were then varied both 

below and above this nominal design so that in each experiment some of the test 

sections were thicker and some thinner than the nominal design. It was estimated 

at the time that approximately 2/3 of the sections were thinner and 1/3 thicker. 

The design factors for the flexible pavements consisted of surfacing thick-

ness, base thickness, and subbase thickness, and each design factor occurred at 

several levels of thickness in each loop. The· experiment is referred to as a 

"complete factorial experiment, " meaning that each level of thickness occurs in 

combination with each of the other design factor levels of thickness. This pro-

vides an extremely strong experiment within a loop. Some of the same thickness 

levels existed in other loops as well, making a cross-loop experiment, and in 

each loop a number of test sections were replicated. The test sections within 

each loop were randomized, thus each test section did not have a choice as to 
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where it would be laid down, providing an even stronger experim�nt and assuring 

unbiased results. 

Roadway Materials in the AASHO Road Test 

Because the principal objective of the Road Test was to determine significant 

relationships between pavement behavior and the variables of design and loading, 

it was necessary to control extraneous variables as closely as possible. Thus 

the aim during construction was to achieve unusual or exceptional uniformity of 

the embankment and various layers of the pavement structure. In addition, it was 

anticipated that the Road Test results would be used by a large nomber of agencies 

including each of the state highway departments. Therefore, to make the final 

results more meaningful to the various agencies, samples of the embankment, subbase, 

and base materials were sent to 60 different interested agencies throughout the 

United States and Canada. Each of these agencies tested the materials according 

to standard tests and in some cases standard tests modified by their own parti-

cular practices. The results of this entire complex of testing has been summarized 

by Shook and .Fang (3) . The variability of the results obtained, evep in thos� 

tests which were run presumably identically, provided a good indication of how 

individual differences in technique can i�fluence standard tests. For example, 

most of the reporting agencies classified the minus 40 fraction of the subbase 

and base as non-plastic. However, 17 percent gave PI values from 0. 2 to 3. 4 for 

the subbase and 29 percent from Oto 4. 3 for the base. In both cases one agency 

reported a negative PI. Materials test characteristics as determined by the Road 

Test Staff are presented in Table 1, 
I 

Since in the Oklahoma tests the R-value using the HVEEM stabilometer was 

used extensively, this determination for the AASHO material may be of particular 

interest. As in some of the other tests, there was considerable difference in 



Table 1. 

Summary of Properties of B1�e and 
Subb�s� �•rials Used at the AASHO �as{ Construction 

Crmhecl Cement Asphalt 
.\sPhaltfc 

Gravel Conerete 
Item Sabbue Stone Bue Treated Treated 

Base B&l!9 B� SllJ'face Binder 
)fix Jlix 

Aggregate gradation, " paulnc: 
B�-in. sieve 100 100 
1-in. sieve 100 90 98 100 100 100 
Ii-in. sieve 96 80 96 96 100 
%-in. sie,·e 90 68 .,, 90 90 92 '15 
No. 4 sieve 71 60 49 '11 '11 65 86 
No. 40 sieve 25 21 21 25 25 22 18 
No. 200 sieve 7 11 9 '1 '1 i ' 

Plasticity inde,c, minus No. 40 N.P. N.P. u 
material 

l\f:u:. dry density• (pcf) 138 139 HO 138 14ga 1fi1' 15C' 

Field density (%max.dry dens.) 102' 102 104 .101 9'1 9'I 9'1 
Allphalt' content (% total mix) 5.2 5..4 u 
Cement' content (% by wt.) 4.0 

7-Day comprci1sh·e strength (psi) 840 
Laboratory test.I: 

:'\fari:hall i:tllbility 1,600 2,000 1,800 
'.lfnri-hall flow '10 11 11. 
Total ,·oids ( % ) 6.2. ... u 

• I<lentificntion: Subh:ise, uncrushcd natural sand-gra,·el; Crushed stone b:ille, crushed do1omitfe Jlmeatone; 
Grnvel bn!'<', uncru�hed natural gravel; Treated bs.ses, asphalt cement or portland cement and sab11au material. 

• AASHO T99-57. 
• V1borntory density using 1,farshall procedure. 
• DP!ore suhg1-nding. 
• B!i-100 penetration grnde asphalt. 
• Type I portl:md cement. 

00 

... 
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value determined by various agencies. At a 300 PSI exudation pressure a mean 

value of 21 may be assumed for the embankment soil, however, the values obtained 

varied widely from this mean. 

The subbase for the AASHO flexible pavement consisted of a sand-gravel 

material modified by the addition of small amounts of fine sand and friable 

fine-grained soil. Material was processed in a washing and screening plant 

and mixed with the fines in a concrete mixer. The subbase was placed in four 

or eight inch lifts to protect the embankment soils during the winter months. 

The base material for the flexible sectfons was a crushed dolomitic lime­

stone. The material was delivered to the project in two sizes, proportioned 

by weight, and mixed in a concrete mixer with the amount of water necessary to 

bring it to optimum moisture content. It was placed on the roadway and rolled 

in three 'inch lifts to the required density. 

The asphaltic concrete surface course consisted of two sizes of a crushed 

dolomitic limestone coarse aggregate, a natural silica coarse sand, a natural 

silica fine-blend sand, and limestone dust mineral filler combined with an 85 

to 100 penetration grade paving asphalt. Table 2 shows a summary of the results 

of 12 tests of the samples from storage tanks at the refinery together with the 

specification limits for each test. The surface was placed in 1 1/2 to 2 inch 

lifts using a standard paver. Compaction was by three �heel, pnewnatic-tired, 

and tandem rollers. 

AASHO Roadway Construction 

In order to simulate as accurately as possible normal highway construction, 

conventional construction techniques were used except that extraordinary effort 

was put forth to insure uniformity of all pavement components. For instance, 

the center 24 foot width of the roadway was kept free of construction equipment, 



Table 2 

Properties of �sphalt Cement used for 
As�halt Mixtures at -��e AA,SHO Road Test 

Characteristic 
Specification 
Requirements 

AASHO 
Designation: 

M20-54 

Penetration at 77 F, 100 g, 5 sec 85-100 
Flash point, open cup, ( ° F) 450+ 
Ductility at 77 F, 5 cm per min 

(cm) lQO+ 
Loss on heating, 325 F, 5 hr(%) 1.0-
Penetration of residue from loss 

on heating test, at 77 F, 100 
g, 5 sec, as compared to pene-
tration before heating ( % ) 

Solubility in carbon tetrachlor-
75.:r 

ide (%) • 99+ 
Ash (%) 1.0-
Spot test, standard naphtha sol-

Neg. vent 

I Solubility in carbon disulfide. 

l\'Iean 
Value 

91 
556 

150+ 
0.03 

84 

99.911 

0.05 

Neg. 

r-' 
0 
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other than that necessary for compaction, and all turning operations on the 

grade were limited to specially designated transition areas. Construction was 

performed under contracts negotiated through normal contractual channels. 

Construction started in late Swmner, 1956 and was completed in time for test 

traffic to begin in the Fall, 1958. Four separate contractors were involved 

in the total project. 

Test Traffic 

As previously mentioned, there were six loops in the road test project. 

Loop 1 was not subjected to test traffic but was used for special studies 

principally involving the effect of environment on pavements. The remaining 

5 loops were subjected to traffic for slightly more than 2 years. Every 

vehicle in any one of the ten traffic lanes had the same axle load and axle 

configuration. The assignment of axle loads and vehicle types. to the various 

lanes is shown is Figure 2. The trucks used· in the test were loaded with 

concrete blocks to the design weight. An attempt was made to regulate the 

speed and transverse placement of the load applications. Tire pressures and 

vehicle placement were monitored throughout the test. Truck speed was held 

to a constant 35 miles per hour whenever possible. Traffic was scheduled to 

operate six days a week, 18 1/2 hours per day, and this schedule was main­

tained except when truck breakdowns, pavement distress, or bad weather made 

this impossible. A total accumulation of 1, 114,000 axle load applications 

was attained during the 20 month traffic testing period. This required actual 

driving of more than 17,000, 000 miles. 
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AASHO Road Test Measurements 

In order to satisfy the several objectives of the road test program, 

it was necessary to accumulate vast amounts of data during the two years 
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of the road test operation. The cataloguing of these data for ready reference 

and future availability was a major effort by the road test staff, involving 

the use of electronic systems to fa�ilitate the storage and initial processing 

of the data. For the purposes of this report, however, we are mainly con­

cerned with the first objective of the road test which was to attempt to 

establish relationships between the performance of the pavement and the 

pavement design variable for various loads. The critical word in this 

objective statement is "performance". · 

Pavement Performance 

In order to define performance, a new concept was evolved during the 

course of the road tests, founded on the principle that the prime function 

of the pavement is to serve the travelling public. It was maintained that 

a pavement which retained a high level of ability to serve traffic over 

a period of time was superior in performance to one wh9se riding qualities 

and general conditions .deteriorated at a more rapid rate under the same 

traffic. The term "present serviceability" was adopted. to represent the 

momentary ability of a pavement to serve traffic, and the performance of 

the pavement was represented by its serviceability history in conjunction 

with its load application history. 

It was agreed that the serviceability of the pavement is a matter that 

must be determined subjectively. It was also agreed that in terms of the 

road test objective such items as grade, alignment, condition of shoulders, 
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and glare were to be excluded from consideration in arriving at a value for 

pavement serviceability. In order to quantify the subjective judglllent of 

pavement serviceability, a pavement serviceability rating panel was appointed. 

This panel included highway designers, maintenance men, administrators, 

automobile manufacturing interests, and others. These men made independent 

ratings of the ability of 138 sections of pavement, located in three 

states, to serve high speed, mixed truck and passenger traffic. Members 

were instructed to use whatever system they wished in rating each pavement 

and to indicate their opinions of the ability of the pavement to serve 

traffic at the time of rating on a scale ranging from Oto 5 with 

designations of very poor (0-1) , poor (1-2) , fair (2-3) , good (3-4), 

and very good (4-5). Road test field crews then measured variations 

in longitudinal and transverse pr9files, as well as the amount of cracking 

and patching of each of the 138 sections rated by the panel. 

Through a multiple regression analysis, the present serviceability 

ratings by the panel was correlated with the objective measurements of 

longitudinal profile variations, the amount of cracking and patching 

and the transverse profile variations or rutting. This analysis .resulted 

in a formula that used pavement measurements to compute a "present 

serviceability index" which closely approximated the mean rating of the 

panel. Such measurements were taken at two week intervals throughout 

the traffic phase of the road test. 

The instrument used for recording longitudinal profile variations 

was the longitudinal profilometer. This instrument, trailed behind a 

truck operating on the roadway surface, recorded continuously the angle 

formed by the line of the support wheels and the line connecting the centers 

of two 811 diameter hard rubber tired wheels arranged in· tandem and traveling 

in the center of the wheel path. The distance between the support wheels 
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being relatively large (25. 5 feet) this line was regarded as being approximately 

parallel to the pavement surface. Since the distance between the centers, 

of the small wheels was only 9 inches the line between these wheels was 

assumed to be approximately parallel to the tangent to the road surface 

at a particular point. Thus by measuring continuously the variable angle 

as mentioned above a close approximation to the longitudinal profile was 

obtained. The effect of vibration of the tires and springs was held to a 

low level by. restricting the operating speed to five miles per hour and by 

electrically filtering out high frequencies so that they did not appear on 

the record. It was realized that the line between the wheels at 25 foot centers 

was not a completely stable reference and that as a consequence the instrument 

would not respond correctly to gradual changes in the true pavement slope. 

Considerable effort was expended to develop an inertial reference means to 

maintain a true horizontal reference. However, tests indicated that the 

effectiveness of the instrument with and without such a reference varied so 

little that the inertial reference was abandoned. Output from this instrument 

was in the form of a paper tape with a continuous indication of the slope of 

the pavement. The tapes were fed into an automatic electronic chart reader 

which measured the ordinants of the chart at intervals corresponding to one 

foot on the pavement, digitized this information and punched it out on per­

forated paper tape suitable for use as input to the project digital computer. 

During the course of the road tests, improvem�nts were made in the 

longitudinal profilometer, culminating in the developmeqt of a simplified 

profilometer designated the CHLOE profilometer, whose output is slope 

variance. Thus neither a chart reader nor a digital· computer is required 

when the CHLOE profilometer is used. The performance of the sections at the 
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road tests was measured by the magnitude of decrease in present serviceability 

index with the corresponding increase in the number of axle load applications. 

Numerical calculations required to detennine the present serviceability index 

from the CHLOE readings are detailed in Appendix A. 

Road Test Design Equation 

The principal single resultant of the Road Test effort, toward which 

the gathering of the many statistics was aimed, was the production of a 

design equation embodying the measured factors. The equation may be.ex-

pressed in different ways, one of which is: 

Log W = -0. 1952 + 9. 36 log�+ 

where 

G 
0. 4 + 1. 094 

US. 19 

W = Ntm1ber of equivalent axle applications ( 18 kip single) 

G = Log 4. 2 - p 
27 

p = Serviceability index 

U = D + 1 

D = 0. 44 n1 + 0. 14 D2 + 0. 11 D3 

Dl 
= Thickness (in. ) of surfacing 

D2 = Thickness (in. ) of base 

D3 = Thickness (in. ) of sub base 

(1) 



2. SATELLITE ROAD TEST PROGRAM 
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In order to achieve widespread utility for the research findings from 

the AASHO road tests, it was necessary to translate them into local condi-

tions. This could be done in two different ways, one by making studies 

on existing pavement, or two, by constructing special research sections in 

the various states. (For the Oklahoma satellite-study, it was considered 

most feasible to utilize already constructed highways within the state.) 

In order to assure the comparability of results of various satellite 

studies around the country, a guideline was prepared-for the use of the 

several states in conducting satellite studies both for existing pavements 

and new experimental pavements. (4) 

Three types of design variables were considered important for the 

satellite studies: (1) Structural variables describing the strength 

characteristics of pavement layers in the roadbed material, the thicknesses 

of pavement layers, and the overall.composite strength of the pavement. 

(2) Load variables in terms of accumulated axle loads, the number of years 

over which the accumulation has taken place, and the general rate of axle 

load accumulation. Load applications are expressed as equivalent 18,000 

pound axle loads. (3) Climatic and regional variables describing influences 

other than load which may lead to performance differences among test sections 

having the same load and initial structural cond1tions. 

The guidelines give no hard and fast rules as to how each of the variables . , 

is to be measured nor does it include analytical procedures for testing existing 



pavement theories. It was intended to allow sufficient flexibility for 

each satellite team to introduce its own ideas into the testing program, 

yet include sufficient test data·similar to that being accumulated by 

other groups to permit direct comparisons to be made. 

18 



3. SATELLITE STUDY IN O�OMA 
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In connnon with the other satellite studies, it was a general objective 

of the Oklahoma study to obtain data on existing flexible pavements, in­

cluding the road-bed structural materials, traffic voltDD.es, and climatic 

conditions. With these data in hand, along with a measure of pavement per­

formance over a period of time, it was hoped that a correlation could be 

made with the equations developed from the AASHO Road Test, so that with 

proper modifications of these equations they could be made applicable to 

Oklahoma highways within acceptable limits of accuracy. It  was planned 

that the required data be gathered from existing sections of pavement which 

had suffered appreciable loss in serviceability but had received no major 

maintenance and from new pavements constructed during the course of the 

investigation. Sections were to be selected from each of two specified 

regions in Oklahoma representing distinct climatalogical areas of the state. 

In  so far as possible, sections within regions.were to be chosen to 

conform to requirements of a balanced, factorial experiment wherein the 

controlled design variables were 

A. rate of accumulations of load applications, 

B. surfacing thickness,. 

C. thickness and/or strength of layers below the surfacing. 

The seven specific independent variables included surface thickness, base­

type and thickness, subbase thickness, sub-grade quality, load appli_cations, 

and climatic differences. With sufficient data on these independent variables 

together with a measure of change in serviceability index over a period of 

time, it should be theoretically possible to fit.these data into the design 
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equations developed during the AASHO Road Test, thereby obtaining a set of 

coefficients which would have the effect of making the Road Test equations 

applicable to Oklahoma conditions. 

The problem is of course not nearly so simple as just stated. Major 

difficulties are likely to arise from interaction between some or all of 

the variables, although the data from the Ro�d Test indicated that as far 

as the design variables of layer thickness and quality are concerned inter­

action is slight. A second and in some ways more perplexing problem is in­

herent in the use of existing roads for test purposes. This is the fact that 

a complete factorial is not possible, since for example in real road con­

struction one does not build a poor qual�ty highw�y with thin layers of road­

bed structure where traffic is high. The incomplete factorial that is obtained 

is likely to cause great, if not insurmountable difficulties from a statistical 

point of view. This will be discussed more fully in a later portion of this 

report. 

The inability to obtain an initial present serviceability index, p0 , and 

the problems involved in determining a performance trend are additional major. 

difficulties inherent in this type of experiment. 
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4 .  EXPERIMENT DESIGN 

A factorial experiment was designed for this project. The factors in 

the experimental design include climate condition, traffic history, surface 

thickness, base type, base thickness, subbase thickness and subgrade 

classification. There are three variations or levels in base type and 

two variations in each of the other factors, thereby forming 192 combina­

tions in a 3 x 26 factorial experiment . Originally a third level of sub-

grade classification was included ; however, during the course of the pro-

gram it was decided to reduce the subgrade classifications to two levels, 

since with the roadway sections available for study a more complete factorial 

design was thus obtained. A detailed description of the factors and the 

levels at which each factor occurs is shown below. 

Factor 

Climate condition 

Traffic condition 

Surface thickness 

Base type 

Base thickness 

Subbase thickness 

Subgrade quality 

Levels 

Ave. annual,. precipitation 2 33" 
Ave. annual precipitation > 33" 

Ave. daily traffic vol. < 3300 
Ave. daily traffic vol. > 3300 

< 2 1/2" 
2 1/2" - S" 

Sand Asphalt 
Black Ba�e 
Stabilized Aggregate 

< 8" 

> 8" 

< 6" 
> 6" 

A-5 and up 
A-1 - A-4 and A-2-7 



The first factor, climate condition, was divided into the two areas 

of precipitation less than 33 1 1  and greater than 33" because there is a 

considerable gradient in precipitation across the state . The 33" pre-

cipitation line falls in a nearly north-south direction across the middle 

of the state and corresponds to abou.t an average rainfall for the entire 

state. The second factor, traffic, was divided into two levels with a 

break at the 3300 vehicles per day level . A study of traffic volumes 

throughout the state indicated that this level for Oklahoma constituted 

a point at which it could be said that traffic in excess of this amount 

was high and below this amount was relatively low, with about the same 

mileage of state highways occurring in either area. Surface thickness 

was divided at the 2 1/2 1 1  level because surface thicknesses less than 

th�s amount are prescribed for lightly traveled roads whereas on more 

heavily traveled roads surface thicknesses are always in excess of 2 1/2 

inches. The three selected base types represent three types of base used 

on flexible roads in Oklahoma, all in significant amounts. It would be 

desirable from a statistical standpoint to divide this item into two 

levels corresponding to the number of levels of the other items in the 

factorial. However, because there were significant mileages of each 

of these base types, it did not appear realistic to limit this item to 

two levels. The two items, base thickness and subbase thickness were 

divided each into two levels, again based on normal construction practice 

in Oklahoma. The final factor, subgrade quality, uses as a basis for 
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measurement the AASHO classification system, although normal classification 

system used in design of Oklahoma pavements involves the Oklahoma Subgrade 

I ndex (OSI) . For the purposes of this test, however, it was decided to 
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employ the more generally accepted' AASHO system in order to make comparison 

with other states possible. Originally, three .levels of this factor were 

arbitrarily selected. These were: good, A-1, 2, 3, 4 (OSI less than or 

equal to 10) ; fair, A5 A6 (10) , also A2 - 7 (OSI 11-'20) ; poor, A6 (11) 

and up (OSI greater than 20). During the course of the project the number 

of levels of this factor was reduced to tw� as mentioned above, based on 

the subgrade quality found to be in place. The reduction to two levels 

also aided the proposed statistical analysis. 



5. SAMPLING AND FIELD EXPERIMENTS 

Test Site Selection 

The purpose of this phase was to select, among the existing flexible 
\ 

pavements, sections of highway whose structural, climatic and traffic 

variables would compose any one of the combinations described previously. 
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The initial step in this portion of the project was the preparation of 

a listing of projects eonstructed by the Oklahoma Highway Department over the 

previous ten year period. It included both rigid and flexible pavements. 

From this listing a first selection of flexible projects was made. Projects 

less than one mile in length were not· considered and certain other projects 

were eliminated for various reasons. In general, the eliminated projects 

contained complicating factors such as overlays over previously constructed 

.roadways. 

The information given in these first listings did not contain all the 

necessary factors for the analysis; hence, the next step was to go to the 

"as built" plans and also the original soil survey data in the highway 

department files. During this winnowing process it was found, as expected, 

that a number of spaces in the factorial design were more than adequately 

filled and that a number of spaces were not filled at all. A diligent search 

was made for sections which would supply the information needed for these 

empty boxes in the factorial. However, it was found that many combinations 

of the factors did not exist. 

As a final step in the process of site selection, personnel from both 

Highway Department and University were organized to make the field selection 

of test sites. In each of the selected highway construction projects· a section 
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of 1000 ft. length, with adequate sight-distance in both directions, was 

marked and properly identified with a Test Site Number. Five hundred foot 

sections were chosen whenever it was not feasible to select longer ones 

due to limited sight-distance. Sight distance limitation was also res­

ponsible for the elimination of some potential sites. In addition, cer­

tain sections were eliminated where identical designs would have led to 

excessive replication. Location of sites selected is shown in Fig. 3 

and tabulated in Table 3. 

During the field selection of test sites, several other cautions 

were followed, in addition to making sure that sufficient sight-distance 

existed for adequate safety of the CHLOE crew. Among these was the 

requirement that an entire 500 ft section be either on fill or in cut. 

This was done because it was felt that there might be random roughnesses 

introduced in going from cut to fill or fill to cut sections, thus intro­

ducing an additional unwanted variable. The field selection crew also 

followed the policy of selecting sections in which the grade was con­

tinuously positive or negative through the test section, since prior 

experience with the CHLOE had shown that a change from positive to nega­

tive grade had an adverse effect on the accuracy of the readings. In 

thus restricting the test sites, a score or more of potential test sites 

were eliminated. 

Determination of Present Serviceability Index 

Following the completion of test site selection, surface roughness 

of each section was obtained by Highway Department personnel. In this 

operation, slope variance was determined by using the CHLOE profilometer -
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Test Site 
Number 

3 

4 

7 

9 

11 

13 

17 

26 
33 
34 
37 
38 
40 
42 
43 
44 

45 
47 

48 
50 

51 
57 
58 
68 
72 
74 
76 
77 
80 
82 
88 

Length 
Feet 

500 

500 

500 

500 

500 

500 

500 

500 
500 
500 
500 
500 
500 

1000 
1000 

500 

500 
1000 

1000 
1000 

500 
1000 

500 
500 

1000 
500 

1000 
1000 

500 
500 
500 

TABLE 3 

LOCATION OF TEST SITES 

Date of 
Completion 

11-62 

11-62 

11-62 

11-63 

11-63 

11-63 

5-63 

2-58 
2-58 
6-62 
6-62 

12-57 

12-j7 

3-63 

3-63 

5-63 
5-63 

5-64 

11-62 

County 

Oklahoma 

Pott. 

Pott. 

Pott. 

Pott. 

Pott. 

Pott. 

Pott. 
Roger 
Roger 
Roger 
Roger 
Roger 
Tulsa 
Tulsa 
Kingf. 

Kingf. 
Kay 

Kay 
Noble 

Noble 
Tulsa 
Tulsa 
Tulsa 
Pott. 
Pott. 
Pott. 
Pott. 
Lincoln 
Lincoln 
Pott. 
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Approximate Location 

. 20 miles E. of Sunnylane Road 
on I-40 

E. of T.S. No. 3, Beg. at 
Sta. 114o+o0, on I-40 

E. of T.S. No. 4, Beg. at 
Sta. 1275+00, on I-40 

E. of T.S. No. 7, Beg . at 
Sta. 1356+o0, on I-40 

E. of T. S. No. 9, Beg. at 
Sta. 15ll+o0 on I-40 

E. of T. S. No. 11, Beg. at 
Sta. 1543+o0, on I-40 

E. of T. S. No. 13, Beg. at 
Sta. 1622+o0, on I-40 

N. of Shawnee, on US-270 
N.W. of Claremore, on SH-88 
N� of T.S. 33, on SH-88 
N. of T.S. 34, on SH-88 
N. of Catoosa exit, on US-66 
N. of T. S. 38, on US-66 
Near Owasso, on US-75 
S. of Owasso exit, on US-75 
2. 5 miles s. of Hennessey, 

on US-81 
N. of T.S. 44, on US-81 
1, 3 miles S. of Kansas, 

·on US-77 
Near Chilocco, on US-77 
4 miles N. of US-64 & I-35 Jct. 

on I-35 
S. of T.S. SO, on I-35 
Broken Arrow Expressway 
N. of T. S. 57, at Sta 105+o0 
N. of T.S. 58, at Sta 548+o0 
Near Shawnee, on US-270 
Near Shawnee, on US-270 
Beg. at Sta. 180+o0, on US-177 
Beg. at Sta. 276+o0, on US-177 
Near Meeker, on US-62 
Beg. at Sta. 798+00, on US-177 
N. of Shawnee, on I-40 
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Test Site Length Date of 
Number Feet Completion County Approximate Location 

,,..,.. 91 500 11-62 Pott. N. of Shawnee on I-40 
92  500 Seminole Beg. at Sta. 9 + 00, on I-40 
98 500 Seminole E .  of T . S .  92, on I-40 

100 500 Seminole E. of T.S. 98, on I-40 
103 500 Seminole E. of T.S. 100, on I-40 
106 1000 Seminole E. of T.S. 103, on I-40 
107 500 Seminole E. of T.S. 107, on I-40 
108 1000 Okfuskee E. of Jct. SH-27 & I-40, on I-40 
111 1000 Okfuskee E. of T.S. 108 
114 500 Mcintosh Beg. at Sta. 52+o0, on I-40 
123 500 Sequoyah Beg. at Sta . 245+00, on I-40 
130 1000 11-59 McCurtain s .  of Smithville, on US-259 
131 1000 6-61 McCurtain s .  of Smithville, on US�259 
135 1000 6-62 Bryan N. of Red River, on US-69 
136 1000 6-62 Bryan N. of T.S. 135, on US-69 
137 1000 6-62 Bryan N. of T.S. 136, on US-69 
145 500 2-61 Cleve. s .  of Clev.-Okla. Co. Line on I-35 
151 1000 10-63 Cleve. Beg. at Sta. 423+o0, on I-35 
152 1000 10-63 Cleve. Beg. at Sta. 628+00, on I-35 
153 500 10-63 Cleve. Beg. at Sta. 646+o0, on SH-9 
155 1000 10-63 Cleve. Beg. at Sta. 744+o0, on SH-9 
157 500 5-60 Payne E. of Stillwater, on SH-51 
158 500 5-60 Payne E. of Stillwater, on SH-51 
159 500 5-60 Payne E. of Stillwater, on SH-51 
160 1000 9-62 Canadian Beg. at Sta. 89o+o0, on I-40 
161 500 9-62 Canadian W. of T.S. 160, on I-40 
164 500 9-62 Canadian w. of T.S. 161, on I-40 
165 1000 9-62 Canadian w. of T . S. 165, on I-40 
167 1000 9-62 Canadian s .  of Calumet, on US-270 
169 1000 Caddo Beg. at Sta. 5400+00, on I-40 
170 1000 5-59 Custer Beg. at Sta. 3440+00, on I-40 
176 1000 5-59 Custer Beg. at Sta. 3157+o0, on I-40 
177 1000 1-64 Washita s .  of Foss, on SH-44 
179 1000 9-64 Washita Near Dill City, on SH-42 
180 1000 Washita S. of Jct. 152&44, on SH-44 
181 1000 Washita S. of T.S. 180, on SH-44 
184 1000 Kiowa Beg. at Sta. 1430+o0, on SH-19 
185 1000 Kiowa Beg. at Sta. 147o+o0, on SH-19 
188 1000 7-64 Caddo Beg. at Sta. 637+00, on SH-58 
191 1000 7-64 Caddo Beg. at Sta. 400+o0, on SH-58 
192 500 7-64 Comancl).e Beg. at Sta. 383+o0, on SH-58 
193 1000 7-64 Comanche Beg. at Sta. 258+o0, on SH-58 
196 1000 Cotton N. of Red River, on US-281 
198 1000 7-56 Cotton Beg. at Sta. 1299+o0, on US-281 
199 500 7-56 Stephens N. of Duncan, on US-81 
201 1000 7-56 Stephens N .  o f  T.S. 199, on US-81 
205 10'00 Stephens w. of US-81, on SH-7 
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Test Site Length Date of 
Number Feet Completion County Approximate Location 

/ 206 1000 7-58 Caddo s .  of Anadarko, on SH-8 
207 1000 7-58 Caddo s .  of Anadarko, on SH-8 
208 1000 7-58 Caddo Beg .  at Sta . 699+o0, on SH-8 
210 1000 9-63 Okla . In Okla . City, on SW 74th St . 
211 500 9-63 Okla . In Okla . City, on SW 74th St . 
213 500 9-63 Okla . In Okla . City, on SW 74th St . 
215 1000 Pott . Beg .  at Sta . 166+o0, on US-177 
217 1000 Okfuskee E .  of Sem-Okf . Co . Line, on I-40 
218 500 Okfuskee E. of T . S .  217, on I-40 
219 1000 Okfuskee E. of T .S .  218, on I-40 
220 1000 Okfuskee E. of T . S .  219, on I-40 
222 1000 9-62 Pitts s .  of Indianola, on SH-113 
224 1000 9-62 Pitts s .  of Indianola, on SH-113 
230 500 10-56 Love N .  of Marietta, on US-177 
236 1000 Okla : In Okla . City, on Reno St . 
239 1000 Logan s .  of Crescent, on SH-74 
240 1000 Logan s .  of Crescent, on SH-74 
246 1000 7-64 McClain N, ' of Turnpike, on Serv . Rd . 
247 500 7-64 McClain On SH-37 
248 1000 7-64 McClain Near Okla . City Line on Exp . 
249 1000 7-64 McClain N .  of Turnpike 
250 1000 7-64 McClain N .  of Turnpike 
251 1000 9-63 Okla . Near May Ave . Overpass ; 

Serv . Rd . on 74th 
253 1000 Caddo W .  of Bethel Rd . ,  on I-40 
254 1000 10-57 Pitts s .  of McAlister, on US-69 Serv . Rd . 
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shown in Figure 4, rutting was measured by the device shown in Figure 5, 

and extent of cracking and patching was obtained by visual observation. 

The measurements were made on each wheel path of the test sites in the 

direction of traffic. On divided highways, it was decided to evaluate 

one ro�dway picked out randomly. 

The first set of roughness data was collected within a six-month period. 

After an eighteen month interval, a second evaluation of pavement roughness 

on all sections was accomplished. Appendix B shows a typical data sheet for 

this field work. Both sets of data were processed by Oklahoma State University 

personnel to determine the values of Present Serviceability Index (PSI) . 

Appendix A illustrates the procedure of computation for PSI determination. 

Sampling and Field Testing of Paving Materials 

Highway Department field crews were responsible for the major part of 

the work in this phase , A summary of the type of field tests used is shown 

in Table 4. Sampling and testing were performed on the outer wheel-path as 

it was believed that pavement deteriorated more rapidly in this portion of 

the roadway. A rotary drilling rig attached to a pick-up truck, as shown 

in Figures 6 and 7, was used to core the asphaltic concrete surface , sand 

asphalt and black base. These cores had four-inch diameters as specified 

in the Marshall Method for stability testing. 

In order to provide operating space for determination of moisture con-

tent, thickness, and density of the structural layers below the roadway 

surfacing, a six-inch core hole was drilled to the necessary depth. For 

the density determination, the stabilized aggregate base dictated the use 

of the rubber balloon method only whereas the subbase and subgrade per-

mitted the use of the Shelby tube method as an alternate method. 

I 
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Fig. 4 .  CHLOE Profilometer 
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Figure 5. Device for Measuring Rut Depth 
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TABLE 4 

MATERIAI. TES�ING E@R AASffi9 <RES&ARCH 

Surface Base Sub base Sub grade 

Field Moisture Content Determination * x x 
Density and Thickness Determination 

Rubber Balloon Method * x x 
Shelby Tube Method x x 
Marshall Method x x 

Plasticity Index Determination x x 

Sieve Analysis * x x 

Standard Proctor Test x x 

Stability Determination 

Marshall Method x x 
Hveem Method * x x 

Note: * for Stabilized Aggregate Base 



; 

Fig 6 .  Drilling Rj g Attached at the Rear of  
a Pick-up Truck 
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Fig . 7. Coring of Flexible Pavement 
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Following field testing of the· roadway materials, add1tional material 

samples were obtained for laboratory tests. Additional six-inch holes were 

drilled to provide approximately 30 lbs of material from each layer of. the 

pavement section. For each  test site of the proj ect, a typical set of sampled 

materials included surface core, base core, density sample from balloon method, 

Shelby tube sample and a bulk disturbed sample. The materials were then · 

transported to OSU for l aboratory investigations. 
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6 .  EVALUATION OF PAVEMENT PERFORMAtlCE 

In highway engineering practice, the objective is to design and con-
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struct roadways which will promote safe, comfortable, and expeditious 

travel, and at the same time will be durable and economical to build and 

maintain. These desirable roadway characteristics, with the exception of 

economy, may be referred to inclusively as pavement performance. Although 

evaluations of pavement performance depend upon individual op1nions, and 

as a consequence, vary widely between one person and another, a necessary 

part of the AASHO research project was to develop an objective means of 

defining pavement pe�formance. 

Pavement performance is the time history of pavement traffic-carrying 

ability, or serviceability. Pavement serviceability is perhaps the most 

controversial of any of the variables connected with the road test. There 

is difficulty in reaching agreement on the index of serviceability at any 

one time and there is also a question of whet�er t�e serviceability index 

as determined has a direct relationship to the future effectiveness of the 

highway as a medium for travel. Road test staff members Carey and Irick (5) 

define serviceability as the subjective opinion of highway users as to ho� 

they are being served by the highway. Since this is a subjective definition, 

there will obviously be differences of opinion among the raters. Thus a 

numerical value for serviceability would have to be taken as a mean of a 

number of highway raters. This was exactly the method adopted in the AASHO 

road test. As mentioned in the .. irrtroi:luction chapter, a panel was selected 

which subjectively rated the present serviceability of a number of pavements 
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on a numerical scale ranging from O to 5. Although individual ratings were 

significantly different, a comparison of ratings by different panels showed 

an insignificant difference. The conclusion seemed to be that rating by a 

panel of five to ten persons is quite reliable and reproducible method for 

obtaining a serviceability rating. In the process of investigating panel 

rating as a method, using the O to 5 scaie established by the AASHO staff, 

it was learned that a figure of 2.5 is acceptable, on the average, for pri­

mary highways. Below that figure some maintenance is required and below a 

figure of 1.5 complete rebuilding of the highway is required. 

It appears quite evident that the principal contributor to a subjective 

rating of pavement performance is surface roughness. Many devices have been 

developed by engineers for measuring pavement roughness. The Bureau of Public 

Roads (BPR) Roughometer, California Profilograph, and Midwest Research Institute 

Profilometer have made their contributions to highway roughness evaluation. 

Certain disadvantages in these devices have limited their application to road­

way evaluation. However, a Road Test Profilometer was developed and used 

throughout the AASHO Road Test. Toward the end of. the Road Test, the CHLOE 

Profilometer, a simpler device with characteristics similar to the Road Test 

Profilometer, was developed. Its slope-measuring wheels at the rear of a 

trailer, as shown in Figure 8, measure the pavement slopes along the vehicle 

wheel path. The horizontal reference for the slope angle is th� 30 ft 

trailer tongue. During the operation of the CHLOE Profilometer, the trailer 

is towed behind a vehicle at 5 mph. An electronic device attached at the 

end of the trailer registers the angles of pavement slope detected by the 

slope wheels at discrete intervals of six inches, and feeds them into the 

CHLOE computer (Fig. 9) which is placed inside the towing vehicle. The 



Fig. 8. Slope Wheels of the CHLOE Profilometer 
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Fig. 9. Computer of the CHLOE Profilometer 
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computer simultaneously calculates the S\Dll and the S\Dll of the squares of 

these slope values. When the machine stops, the computer console indicates 

the acc\Dllulated number of measurement samples taken by the CHLOE Profilometer. 

From these three statistics, slope variance is found by using the equation : 

csv 

where CSV = slope variance obtained with the CHLOE 

Y = value of slope angle 

N = ntDnber of Y's sampled 

Since the n\Dllbers recorded by the CHLOE represent successive 10 minute arcs, 

the variance as corrected to radian measure is then 

csv { EY2 _ (EY) 2 } = 8. 46 N N 

6 where CSV is the actual slope variance multiplied by 10 . 

Serviceability Rating 

In order to relate the output of existing roughness measuring devices 

to pavement performance, a correlation study was conducted by AASHO Road 

Test staff. The Pavement Serviceability Rating Panel, previously referred 

to, was organized to perform the subjective pavemen.t rating on a scale 

from O to 5. The relation between the subjective rating and scaling is 

shown below. 

Very Good 4 - 5 

Good 3 - 4 

Fair 2 - 3 

Poor 1 - 2 

Very Poor 0 - 1 
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After the rating of a number of roadway sections throughout several 

northern states was completed by the Rating Panel, various objective measure- ' 

ments were made on the same sections, including cracking and patching, trans­

verse profiles, and longitudinal roughness by BPR Roughometer and Road Test 

Profilometer. As a result of a statistical analysis, the correlation between 

the subjective rating and the slope variance from Road Test Profilometer 

appeared to be best. Therefore, slope variance was chosen as a means for 

pavement roughness evaluation in the AASHO test. Analysis of the correlation 

between the slope variances obtained with CHLOE and the Road Test Profilo-

meter used at AASHO, provided a correction term when the CHLOE slope variance 

was used to estimate pavement performance (6) . The corrected equation for 

CHLOE slope variance is 

or SV csv - 3. 0 .  

EY2 EY 2 sv = 8. 46 [�- - (
�) ] - 3. 0 

Present Serviceability Index 

If it were practical for a rating panel to rate desired sections of 

road often enough, no measurements would need to be taken. In that case, 

analyses of the relationship between design variables and pavement condi­

tions could be based on a pavement serviceability rating (PSR) as determined 

by the panel. Since this is not practical , it was necessary in the Road 

Test to establish an objectively obtainable PSI or pavement serviceability 

index that would predict the panel ' s  ratings. To accomplish this measure-

ment certain physical characteristics of the pavements were necessary to 

aid in determining which measurements might be useful. Members of the panel 

= 
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were asked to. indicate which measurable features of the roadway influenced 

their ratings . The primary features mentioned were longitudinal and trans-

verse profile with some significant likelihood that cracking and patching 

would contribute . All of these characteristics were measured on the road 

sections rated by the AASHO panel.  The decisions as to which terms should 

be in the serviceability formula and which terms may be neglected were made 

by comparing predictions made by various combinations of the measured values 

with the ratings of the panel . This is more easily said than done since it 

involves a considerable amount of multiple linear regression analysis to 

yield a combination of ingredients that will produce estimates corresponding 

to the ratings of the panel with sufficient accuracy . A general mathematical 

equation for present serviceability index was therefore formulated as follows : 

where R1 , R2, • • •  are functions of profile roughness and where n1 , D2 , 

are functions of surface deterioration such as rut depth , cracking and 

patching. The coefficients C ,  A1 , A2 , B1 , B2 , 

by a lengthy least squares regression analysis . 

were then determined 

Taking rut depth, cracking , and patching into consideration , a formula 

for computing the Present Serviceability Index (PSI) for flexible pavement 

was eventually established as below . 

PSI = 5 . 03 - 1 . 91  log (1 + SV) - 1 . 38 RD2 
+ 0 . 01/c + P 

where SV = mean slope variance 

-1 RD = mean rut depth , in 10 inch 

C = cracking per 1000 sq . ft . 

P = patching per 1000 sq . ft . 

Each of the values SV and RD is the average of its measurements made on 

both vehicle wheel paths . 

. . .  
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A computer program was written for IBM 1620 to calculate the Oklahoma 

PSI values. Appendix A contains this program. Results of PSI determination 

and the data obtained through pavement roughness measurement are given in 

Appendix C. 

Pavement Performance 

Having determined the present serviceability index , which presumably is 

the estimate of themomentary ability of the pavement to carry high speed 

traffic , it next becomes desirable to relate changes in this serviceability 

index to pavement performance. If serviceability index values of a test 

section are plotted against accmnulat�d loads at successive points in time 

the resulting graphs represent performance records for the section. These 

differences in serviceability index are the total result of all elements 

acting on the pavement including traffic , weather , time , the structural 

design variables of the roadway , and the nature of the subgrade or basement 

soil. 

Experience with the present serviceability index has shown that most 

new pavements have PSI values in the range from 4 to 5 and a nationwide 

survey of terminal serviceabilities indicated that an average terminal 

serviceability level is about half the initial level or between 2.0 and 

2. 5. By terminal serviceability here is meant the level at which the road 

is in need of maj or reconstruction. The guidelines for satellite studies 

of pavement performance suggest that a drop of at least 1.0 in serviceability 

from the initial value is about the minimum difference from which an 

adequate indication of performance can be obtained. Obviously the greater 

range in index value and the larger the nmnber of observations made of the 

serviceability index , the better will be the estimate of performance. 
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In this satellite study, the original intent was to base the performance 

trend on an assumed initial serviceability index and one set of observations. 

Results from other states indicated that this would introduce considerable 

inaccuracy, therefore, two sets of estimated PSI values were made within. 

two years, on the selected test pavements. Results of primary analysis 

on the differences between those two sets of PSI values are summarized in 

Appendix D. 



Introduction 

7. LABORATORY TESTING OF PAVEMENT MATERIALS 

Field tests and sampling procedures were discussed in Chapter 5 of 

this report. Highway Department personnel procured materials samples in 
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conjunction with the field testing. The properly labeled samples were trans-

ported from the Highway Department to the OSU Laboratory in the quantities 

required for classification and strength tests. In the laboratory, disturbed 

samples were air dried and stored in four-gallon metal containers. To ensure 

systematic material processing, these containers were so arranged on shelves 

that material of any particular test site could be easily located. Undisturbed 

cores and density samples were stored in laboratory closets specially pre­

pared for this research project. The required tests of pave�ent materials 

are indicated in Table 4. For most of the laboratory tests, readers can 

find the detailed procedure from references stated in the following sections. 

However, necessary modifications of standard procedures will also be discussed · 

in the text. 

Moisture Content Determination from Density ·Samples 

During the field density determination, the wet weight of each sample 

tested by rubber balloon method was obtained before placing the material in 

canvas bags. Dry weight of these samples was determined in the laboratory, 

following a 24-hour oven-dry (110 °C) period. The dried materials were then 

retained in the bags which were identified with °labels. 

Shelby tube samples did not require any field measurements during sampling 

since these samples were protected against loss of moisture. Wet material in 



Shelby tubes was extruded from the tube in the laboratory to prevent it 

from adhering to the tube when it was dried. After obtaining the moist 

weight, material separated from the tube was oven-dried before the dry 

weight was measured. 
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Properties Determination for Surfacing, Sand Asphalt Base and Black Base Cores 

It was decided to measure the density, thickness, and Marshall stability 

and flow of each flexible material core which was sampled according to the 

procedure described in the previous chapter. 

Thicknesses of surface and base obtained by measuring the cores are pre­

sented in Appendix E. 

Samples of 2 1/2" thickness are recommended in the Marshall test (MS-2, 

The Asphalt Institute) for stability and flow determinations .  A concrete 

saw shown in Figure 10 was used to cut the cores into 'the neces sary thick­

ness. A diamond blade was used and proved to be very suitable for this 

purpose. A good supply of cooling water was necessary during the cutting 

operation. 

Density of the cut core could be determined as soon as the core was 

air-dried. Weighing the core in both air and water, density was obtained 

from the ratio between weight of core in air and volume of water displaced 

by the core. 

Special care was exercised in testing the sand asphalt and black base 

cores. If the porosity and surface texture did not allow the use of the 

above method, specimens were coated with paraffin whose specific gravity 

was known, before weighing. In this case, Method A in Appendix B (MS-2, 

The Asphalt Institute) was used. Results of this test are summarized in 

Appendix E. 
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Fig. 10. Concrete Saw 
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Stability and flow tests followed the procedures described in the same 

reference (MS-2, The Asphalt Institute) . An electrically powered testing 

machine with the flow meter attached at the top of the semi-circular testing 

head is shown in Figure 11. Restricting the time interval of the immersion 

of specimens in water bath was important when there was a large batch of 

cores to be tested. Summary of the results in this test are given in Appendix E. 

Sieve Analysis 

With AASHO T-27-60 and T-11-60 in the AASHO Highway Materials, Vol. II, 

1966, as references, Oklahoma Highway Department has its own testing procedure 

developed for sieve analysis. For details of this method, readers are referred 

to the Oklahoma Laboratory Testing Procedure, 1967. The method included analyses 

for stabilized aggregate, subbase and subgrade materials. Sieves were so chosen 

for various materials that the sizes were as compatible as possible with those 

specified in the AASHO report. Summary of the analyses is included in Appendix 

F. 

Plasticity Index Determination 

Plasticity Index was determined on subbase and subgrade materials of the 

test pavements. Samples were prepared and tested .according to the procedures 

described in Part II of the ASTM procedures for Testing Soils , 1964 (D 421-58, 

D 424-58, and D 423-61T). Appendix F summarizes the results of these tests. 

Moisture-Density Relations of Subbase and Subgrade Soils 

The Standard Proctor Test, using a 5.5 lb rammer and 12 in. drop, was 

selected for determining the moisture-density relations of subbase and sub­

grade materials. ASTM Procedures, D 698-64T, Method A, were followed . The 



Fig. 11. Devi ce for Marshall Stability and 
Flow Test  



automatic mechanical compactor produced . more satisfactory compaction than 

manual compaction, with relatively faster operation during this routine 

process. Results are tabulated in Appendix F. 

Deformation Resistance of Stabilized Aggregate Base, Subbase, 
and Subgrade Materials 
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Stabilities of these materials were determined by the Hveem stabilometer 

test. California pavement design criteria include procedures for this test. 

A detailed description of Hveem ' s  method can be found in MS-10 , Soil Manual 

of the Asphalt Institute, 1963. The compaction was obtained by using a 

kneading compactor as shown in Figure 12 • . Specimens are compacted by the 

ram of an air-hydraulic cylinder that lowers the wedge-shaped compaction 

foot into contact with the material, applies a predetermined pressure, dwells' 

for a predetermined time, lifts, rotates the 4''. mold and then automatically 

repeats the cycle. Determination of expansion pressure was omitted because 

of its irrelevance to this experiment. Summary of the results is given in 

Appendix F. 



• 

Fig. 12 . Kneading Compactor 
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8. TRAFFIC VOLUME 

Highway pavements are subjected to many different vehicle loads. Loaq 

intensities may range from less than 1000 lbs per axle to more than 40, 000 

lbs. Studies have shown that the effect of vehicle loads on pavements 

varies not only with the magnitude of the load, but with the type of pave­

ment, thickness, subgrade condition, duration of application, location of 

application with respect to the pavement edge, and perhaps other factors. 

In the AASHO road test, any one test section was subjected to but one 

weight and geometry of truck traveling at constant and identical speed. 

Thus, the problem of accounting for most of the above variables was obviated. 

Since this was impossible to do in the Oklahoma Test ! reasonable account of 

major factors was necessary. 

It is common practice, as reflected in several design procedures, to 

convert vehicle loads from mixed traffic to equivalent 18 kip axle loads. 

Such equivalents were calculated for all test sections of the Oklahoma study 

by utilizing traffic data from the annual Traffic "characteristics analysis 

published by the Oklahoma Highway Department, together with analyses of 

truck weights as reported in the department '. s annual Truck Weight Study. 

The method of calculation may best be described by a numerical example, 

taking Test Section 3 as an illustration. (S�e the next page. )  

Data for each test section was taken from traffic count location and 

truck weighing stations thought to most closely reflect conditions at that 

test section, since no traffic records were available for actual test sites. 

It must also be recognized that the equivalency factors used are not weighted 

for variables such as season of the year, structural capacity of the pavement, 

etc. 
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TEST SECTION 3 

--Percent of Tota l Average Da i ly Traf f ic (ADT) --

Year Pass . Cars Pickup 2-axle 3-axle 3-axle 4-ax le 5 or more ADT 
6 Tires semi ax le 

1966 76 . 09 12 . 18 3 . 15 0 . 50 0 . 75 1 . 53 5 . 11 36 , 100 

196 7  76 . 09 12 . 22 3 . 92 0 . 42 0 . 66 1 . 05 4 . 88 23 , 900 

1968 75 . 70 13 . 36 3 . 34 0 . 55 0 . 63 1 . 23 4 . 22 42 , 900 

Calculated ADT 

1966 27 , 500 4400 1140 180 270 550 1850 

1967° 18 , 200 2900 940 100 160 250 1170 

1968  32 , 500 5700 1430 240 270 530 18 10 

Equivalency Factor 

1966 . 0004 . 0048 . 1921 . 3 182 . 6089 . 7111  1 . 026 1 

1967 . 0004 . 0040 . 15 12 . 4305 . 6046 . 7187 2 . 4662 

1968 � 0004 . 0030. ' . 1242 . 4002 . 5653 . 7477 3 . 8611  

Equiva lent 18  kip  axle loads per day TOTAL 

1966 11 21  � 218 57 165 392 1893 2757 

196'7 7 12 142 34 95 180 2876 3355 

1968 13 17 178 94 153 395 6988 7838 

Total  Equivalents (corresponding to dates of CHU>E readings) 

1.966 2757 x 3 months x 30 days/month = 248 , 130 

3355 x l2  months x 30 days/month = 1 , 207 , 800 1967 .i:,.. 

1968 7838 x 4 months x 30 .days/month = 940 , 560 

Total  18 kip equiv . axle loads 2 , 396 , 490 

V, 
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Division' point between "heavy · , and "light" traffic was originally set 

for this study at 3300 vehicles pe·r d.?y. In terms of 18 kip axle loads at 

T. S. 3, a value of 3300 ADT would corresponu to about 230,000 axle loads 

over the 19 month interval between CHLOE runs. At another rural highway, 

3300 ADT might be the equivalent of 200, 000 axle loads over the same period 

of time. While either criterion separates the test sections into two 

roughly equal groups, the 18 kip axle loads per time unit is somewhat more 

logical as a pavement-depreciating mechanism. 

Total 18 kip axle equivalent loads on -each pavement test section are 

shown in Appendix D. 
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9. DISCUSSION AND CONCLUSION 

General 

The one parameter of greatest significance in this study is that one 

used to measure pavement performance. The instrument selected for this 

important job was the CHLOE roughometer, and the developmental background 

of this device, as well as its operational use, has been documented earlier 

in this report. Its use was based on the theory that deterioration of the 

road structure, whether it be caused by inadequacies in the thickness or 

quality of pavement layers, or by climatic condition or accumulated traffic 

loads, is reflected in increasing roughness of the pavement surface. 

During the testing period, 167 pairs of CHLOE �easurements were made, 

including 60 locations at which measurements were made on · two immediately 

adjoining 500 ft. sections. Of the .167 pairs, 99 indicated increased 

roughness of the pavement surface, and 68 showed a reduced roughness, as 

reflected in the present serviceability index (PSI) calculated from CHLOE 

reading. Average change in PSI for all 167 pairs was 0. 094. For the 

sections showing a positive change (i. e. , in the expected direc�ion) in 

PSI, the average change was 0. 234 units, while the sections indicating 

negative change averaged 0. 146. 

Figures 13 and 14 list all of the PSI differences recorded between suc­

cessive pairs of CHLOE readings. It will be noted that for numerous combi­

nations of the seven measured parameters, no information is available . Of 

the 192 possible combinations, 72 were found to exist in the Oklahoma State 

Highway System. In view of the number of vacancies in the tabulated data, 

and more especially because of the large number of readings seemingly 

indicating smoother rather than rougher pavement surface, it is not possible 
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to pursue a meaningful! regression analysis of the total data. It is 

believed, however, that information of interest may be obtainable hr 

observation of the data in its entirety. 
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Table 5 presents comparisons, for both total sections measured and 

averages for parameter-combination blocks, of �he number of cases in which 

change in PSI is in the positive direction (reduced PSI) vs the number in 

the negative direction. Keeping in mind that of 167 total sections, 99 were 

"positive" and 68 "negative, " it may be noted that in wet vs dry areas of 

the state the positive to negative ratio was 60 to 24 in wet areas and 39 

to 44 in dry areas. This confirms at least in a qualitative way that the 

highway in wetter regions may be more · susceptable to damage, or that at any 

rate climate may be a factor deserving further investigation. 

Looking at the tabulated quantities for effect of traffic, of the 72 

blocks of differing parameter characteristics, the ratio of positive changes 

in PSI to negative was considerably lower for smaller traffic sections 

(19 to 14) than for heavily traveled roads (27 to 12) , a not unexpected 

conclusion. 

Further study of those blocks involving both traffic and climate reveals 

that for low traffic roads, ratio of positive-negative differences in PSI is 

14 to 2 in wet climate and 5 to 12 in dry, whereas on heavily traveled roads 

the same ratios are 15 to 7 and 12 to 5. The ratios for heavy traffic are 

not significantly different , but in light traffic considerable difference 

is evident. 

Study of the raw data in this admittedly crude manner leads to the ob­

servation that little significant effect is noted between thicknesses or 

quality of roadbed layers below the surface layers. This agrees �ith the 

results of the AASHO test wherein the influences of various pavement layers 



TABLE 5 

BREAKDOWN OF PSI DIFFERENCES BY PARAMETERS 

All sections measured ( 167) Separate combinations (72) 
Parameter + Changes - Changes Total  + Changes - Changes Total  

Wet Region 60 24 84 29  9 38 
Dry Region 39 44 83 17 17 34 

Good Subgrade 43 43 86 23 16 39 
Poor Subgrade 56 25 81 23 10 33 

< 6 "  Subbase 52 40 92 23 15 38 
> 6" Subbase 47 28 75 23 11 34 

� 8" Subbase 58 3 1  8 9  27 13 40 
> 8" Subbase 41  37 78 19 13 32 

Sand-Aspha lt Base 30 28 58 11 9 20 
Black Base 42 17 59 18 7 25 
Stabi lized Base 27 23 50 17 10 27 

<2 1/2'' Surf ace 32 22 54 14 6 20 
2 i/2 - 5 Surf ace 67 46 113 32 20 52 

<300 18K Eq . /Day 47 37 84 19 14 33 
'>, 300 18K Eq . /Day 52 3 1  83 27 12 39  



01 

diminished with distance from the surface. 

Rather than observing which sections decreased in PSI and which in­

creased , one might use the average change as a norm , and compare individual 

block changes on this basis. Of the 72 blocks for which one or more CHLOE 

differences were recorded , the average block suffered a loss in PSI of 

0. 094. Of the 34 blocks with greater than average PSI differences , 23 were 

in wet and 11 in dry climatic areas. Of the 38 blocks with smaller than 

average differences , lS · were in wet and 23 in dry areas. These figures 

emphasize similar results noted on a positive vs negative classification. 

Looking at the data in still another way , the ten blocks showing the 

greatest loss of performance were examined to see if any consistency could 

be noted in the seven parameters measured. PSI differences for the ten 

blocks varied from 0. 61 units to 0. 37  units .  Seven of the ten were from 

high rainfall areas , and eight of the ten involved pavement surfaces greater 

than 2� inches. For each of the remaining parameters there was but little 

difference in the number of blocks falling into each parameter level. 

On the whole , it appears from admittedly superficial investigation that 

rainfall , traffic , and surface thickness are more influential in affecting 

pavement performance than are the other parameters measured. It is ap­

parent , however , that a more searching study of the data is not possible at 

this j uncture. The AASHO Satellite guide recommends basing conclusions on 

PSI differences of at least 1. 0 units , whereas differences obtained to date 

in the Oklahoma study average 0. 094 units. Readings taken over a period of 

seven to ten years may produce the data base desired. 

Supplemental Study 

In order to ascertain the degree of confidence that could be attributed 

to roughness measurements determined by the CHLOE procedure, several trial 
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runs were made on selected flexible and rigid pavements. Initially, it was 

presumed that successive CHLOE runs could be made in practically identical 

paths, so that differences in roughness measurements would largely be at-

tributable to inaccuracy in the mechanism. It was found, however, by the 

·use of paint drippings, that a lateral excursion of several inches could 

not practically be avoided. It was learned, moreover, that roughness dif-

ferences between successive runs were greater on flexible pavements than on 

rigid, leading to a belief that much of the difference on flexible pavements 

may be due to pavement rutting, since the slope wheels of the CHLOE are 

often climbing or descending the sides of the rut in attempting to follow 

the wheel path. 

Appendix G shows the data and statistical analysis of the experiment. 

The tests were conducted on four sections of roadway -- two flexible and 

two rigid pavements -- near Shawnee, Oklahoma. Since the interest in this 

supplementary test was centered on the CHLOE only, no measure of cracking 

or patching was included in the PSI determination. 

In examining the data it is apparent that greater precision in measuring 

serviceability index is obtainable on rigid pavements than on flexible. In 

addition, there is more variation between readings in the outer wheel path 

of flexible pavements than the inner wheel path. Rutting would of course 

be expected to be greater in the. outer wheel path. 

The confidence interval in terms of slope variance for flexible pavement 

No. 1, inner wheel path, as shown in Appendix G is ± 0. 114 at 95% probability, 

and ± 0. 089 at 90% probability . Converting to PSI values, this indicates 

that for the seven supposedly identical successive runs, PSI differences of 

0. 38 and 0. 30 may be expected at 9 5% and 90% probability levels. These 

figures may be compared with the average of 0. 94 PSI difference encountered 

on the 16 7 pairs of CHLOE readings in the main experiment,. 
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This small experiment would seem to underscore the AASHO recommendation 

that differences of 1.0 in PSI are desirable in order to produce a meaning­

ful base for distinguishing the effects of pavement variables on roadway 

deterioration. 

Conclusion 

It is the belief of the project investigators that the objectives of 

this experiment have a great deal of merit . Although the results fall con­

siderably short of attaining the desired objectives, it is believed that much 

benefit can derive from the study, and that it would be very worthwhile to 

continue periodic accumulation of roughness measurements to obtain a more 

satisfactory data base. It seems fairly well indicated even at this 

stage that certain measured factors are of small significance, as indicated 

in the report, and that future attention might be focused on such variables 

as rainfall , traffic and surface characteristi·cs. 

The use of the CHLOE as the primary means for measuring pavement 

serviceability appears to be controversial. It may well be that the measure­

ment of surtace roughness may be too superficial a test to diagnose the con­

dition of the whole pavement structure. ·Development of a more _perceptive 

diagnostic device is entirely without the scope of this investigation. 

Nevertheless, it is strongly suggested that research on such a device be 

�ncouraged. 
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A P PEND I X  A 

COMP U T A T I ON FOR P R ESENT  S E R V I C EAB I L I TY I NDE X 

C P R E S E N T  SERV I C EAB I L I T Y I ND E X  AASHO RESE ARCH  P ROJE C T  4 3 � 4  
D I MENS I ON D I F F ( 6 ) ,  R E A ( 6 ) , SUMY ( 6 ) , SUMYSQ ( 6 )  

l C  FOR MAT  < 3 1 7  ) 

1 2  FORMA T < 6 F 7 e 0  ) 
3 J  FOR MAT  ( 3 X , 1 3 ,  1 2 X , 1 1 ,  1 2 X ,  F 7 . 4 ,  a x ,  F 6 . 1 ,  7 X , F 6 e l ,  ax , F4 . 2 ) 
1 1 1  FORMA:  < 1 3 ,  5 X , 6 F 6 e 3  ) 
2 0 R E A D  1 0 , � T S , N S CT S ,  LANW 

I F  ( L A NW ) 2 ,  1 ,  2 
l L ANW = 1 2  
2 A L ANW = L ANW 

R E AD  1 2 , ( R E A ( l l  , I = l ,  NSC T S  > 
R E AD  1 2 , < SUM Y < I >  , I = l ,  NSC T S  > 
R EA D  1 2 , < SUM Y SQ ( l ) ,  I = l ,  NSC T S  > 

ANSC T S  = NS C TS 
N S l  = N S C T S  - 1 

DO 2 0  I = l ,  N S C T S  
D I F F ( I )  = S UMYSQ ( I )  I R E A < I )  

1 - ( SUMY ( l l  I R E A ( I ) ) * < SUMY ( I )  I R E A ( I l  > 
2 J  CON T I NU E  

PUNCH  1 1 1 ,  N T S , ( D I F F ( I l ,  I = l ,  NSC T S  I 
SD I F F = o . o  

DO 4 0  I = l ,  N S l , 2 
4 0  SD I FF = SD I F F + D I F F ( l l  + D I F F C I + l l 

SD I F F = SD I F F * 8 e 46 
SVBAR = SD I F F I ANSC T S  - 3 e 0  

R E AD 1 2 , C RAC K , PA TCH , RUT  
DMU L T  = 1 0 00 . 0  I C 5 0 0 . 0  * ALANW I 2 . 0  * AN S C T S  I 
CBAR  = C R AC K * DMUL T 
P BAR  = r A T C H  * DMUL T 
R T B A R  = R U T  I ( ANSC T S  * 1 0 . 0  * 1 0 . 0  

C CONV E R T  NATURAL  BASE  T O  BASE  1 0  
AAA = v e 4 3 4 3  * LOG  C 1 . 0  + SVBAR ) 

l VALUE  OF P R E S E N T  SER V I C E AB I L I T Y I ND E X  
PS I = 5 e 0 3  - 1 . 9 1  * A A A  - 1 . 3 8 * R T BAR  * R TBAR  

1 - O e O l  * SQR T < C BAR  + PBAR  I 
PUNCH  30 , N T S ,  NSC T S , PS I , C B A R , P BAR , R T BA R  

G O  T O  2 0 0  
7 7  CON T I NUE 

S T OP 
E N D  

; 



Appendix · B 

Data Sheet f or 
Road Perf ormance Evaluation 
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A P P EN D I X  c 
P A V E M E N T  P E RFORMANCE  DATA  

r . s . No .  RUN  t o .  O F  DA T E  P S I C RACK  P A T C H  R U T  

S E C T I O N S  D E P T H  

3 1 6 1 0 - 1 2 -6 6  3 . 2 3 8 8  o . o  o . o  . 1 7 
3 2 6 0 4 - 1 6 - 6 8  3 . 2 0 5 4  . 8  o . o  . 1 8  
4 1 4 0 6 - 1 5-66  4 . 0 6 6 3 o . o  o . o  · 0 5  
4 2 4 0 1 - 1 0- 6 9  3 . 7 8 5 1  o·. o  o . o  . o o  
7 1 4 06- 1 5-66  4 . 0 9 8 8  o . o  o . o . · 0 8 
7 2 4 0 7 - 2 6 - 6 8  3 . 5 2 49  o . o  o . o  • o·s-,, 
9 1 4 0 8 -04-66  3 . 8 8 00 o . o  o . o  . 0 3  
9 2 4 0 1 - 1 0 -69  4 . 04 0 5  o . 9  o . o . o o  

1 1  1 4 06 - 2 3 - 6 6  3 . 5 8 7 9  o . o  o . o  . o a  
l l 2 4 0 3 - 2 7 -6 8  3 . 7 2 7 8  o . o  o . o  . 0 2 
l 3  1 4 06-2 4-66  4 . 0 9 9 7  o . o  o . o  . 0 2 
1 3  2 4 0 3 - 2 8 - 6 8  4 . 1 9 40 o . o  o . o  . 0 2  
1 7  1 4 0 6 - 2 4-66 4 . 2 1 1 1  o . o  o . o  . 0 1  
1 7  2 4 0 3 -2 8 - 6 8  3 . 9 5 9 3  o . o  o . o  . 0 1  
� 6  1 4 06-2 3 -6 6  4 . 0 1 1 2  o . o  o . o  · 0 9 
2 6  2 4 0 7 - 2 4- 6 7  3 . 7 6 8 2  o . o  o . o  . 0 9  
3 3  1 4 1 2 - 0 7 - 6 6  3 . 74 8 7  o . o  o . o  . 0 3  
3 3  2 4 1 1 -2 9 - 6 7  3 . 9 2 50 o . o  o . o  . 0 3  
3 4  1 4 1 2 - 0 7 -6 6  4 . 1 7 9 1  o . o  o . o  · 0 2 
3 4  2 4 1 1 -2 0- 6 7  3 . 99 1 4 o . o  o . o  · 0 3  
3 7  1 4 1 2 - 0 7 -66  3 . 9 2 4 9  o . o  o . o  . 0 3  
3 7  2 4 1 1 - 2 0- 6 7  3 . 9 3 7 4  o . o  o . o  . 0 2 
3 8  1 4 1 2 -0 9- 6 6  3 . 4 5 9 3  1 8 . 4  o . o  · 0 7 
3 8  2 4 0 8 - 1 7 - 6 7  3 . 2 3 3 5  o . o  3 2 . 3  . 1 4 
4 0  1 4 1 2 - 0 9-66  3 . 96 5 5  o . o  7 · 6  · 0 5 
40 2 4 0 8 - 1 7 - 6 7  4 . 0 2 5 7  o . o  . 1  . 0 9  
4 2 A  1 4 1 2 - 1 2 - 6 6  3 . 9 2 4 7  o . o  o . o  · 0 6 
4 2 A  2 4 0 8 - 1 6 - 6 7  3 . 2 9 3 8  o . o  o . o  . 1 2 
4 2 8  1 4 1 2 - 1 2 -6 6  3 . 7 3 8 1  o . o  o . o  . 0 5 
4 2 8  2 4 0 8 - 1 6 - 6 7  3 . 2 4 5 9  o . o  o . o  . 0 9  
4 3 A  l 4 1 2 - 1 3 -6 6  3 . 7 5 8 8  o . o  2 . 2  · 0 4 
4 3 A  2 4 0 7 - 3 0-6 8 3 . 49 2 1  o . o o . o  · 0 4 
:+ 3  8 l 4 1 2 - 1 3 - 6 6  3 . 7 8 1 3  o . o  o . o · 0 5  
-� 3 8  2 4 0 7 - 3 0- 6 8  3 . 5 3 2 2  o . o  o . o . 1 0 
+ 4  l 4 0 1 - 0 3 - 6 7  3 . 5 2 6 3  2 0 . 8  o . o . 1 9  
:+ 4  2 4 1 1 -0 7 - 6 7  3 . 5 2 2 9 o . o  o . o  . 1 2 
4 5  l 4 0 1 - 0 3 - 6 7  3 . 9 1 4 2  o . o  o . o  . 1 0  
4 5  2 4 1 1 - 0 7 - 6 7  4 . 0 5 6 2  o . o  o . o  . 1 2 
4 7 A  1 4 0 1 - 0 5 - 6 7  4 . 04 2 6  o . o  o . o  . 0 5  
4 7 A  2 4 1 1 - 1 7- 6 7  3 . 5 7 6 2  o . o  o . o · 1 6 
+ 7 8 1 4 0 1 - 0 5 -6 7  3 . 8 5 8 1  o . o  o . o  . 0 5  
4 7 8  2 4 1 1 - 1 7 -6 7 3 . 3 2 6 6  o . o  o . o  . 1 5  
4 8 A  1 4 0 1 - 0 5 - 6 7  3 . 8 1 90 o . o  o . o . 1 3 
4 8 A  2 4 1 1 - 1 7 - 6 7  3 . 64 5 1 o . o  o . o  . 1 5  
4 8 8  1 4 0 1 -0 5 -67  4 . 0 1 9 1  o . o  o . o  . 1 0 
4 8 8  2 4 1 1 - 1 7 - 6 7  3 . 5 1 3 5 o . o  o . o  . 1 7  
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A P P E N D I X  c ( CON T I NUE > 

PAVEMENT  P E R FORMAN C E  DATA  

r . s . No .  R .U N  NO .  O F  DA T E  P S I C RACK  PATCH  RUT  

S E C T I ONS  DEPTH  

5 0 A  1 4 0 1 - 0 6 - 6 7  4 . 1 5 1 7  o . o  o . o  . 0 1 
5 0A 2 4 1 1 - 1 0 - 6 7 4 . 3 8 5 6  o . o  o . o  . 1 0 
5 0 8 1 4 0 1 -0 6 - 6 7  3 . 8 2 1 8 o . o  o . o  • 0 8 
5 0 8  2 4 1 1 - 1 0 - 6 7  4 . 0 8 2 3  o . o  o . o  . 1 3  
'.) 1 1 4 C l - 0 6 -67  4 . 0 2 6 8  o . o  o . o  • 0 !3 
5 1  2 4 1 1 - 1 0- 6 7  4 . 1 0 8 0  o . o  o . o  · 0 1  
5 7A 1 4 0 8 -,2 4-66 4 . 0 4 9 6  o . o  o . o  o . o o 

3 7 A 2 4 1 2 -0 6 - 6 7  3 . 9 5 3 7  o . o  o . o  o . o o 

5 7 8 1 4 0 8 -2 4-66  4 . 0 9 6 1 o . o  o . o  . 0 1  
5 7 9 2 4 1 2 -0 6 - 6 7  3 . 8 1 5 1  o . o  o . o  . 0 2  
5 8  1 4 0 8 -2 4 - 6 6  4 . 0 2 90 o . o  o . o  . 0 1  
5 8  2 4 1 2 - 0 5 - 6 7  3 . 8 5 1 0 o . o  o . o  . 0 1  
6 8  1 6 1 1 - 0 8 -6 6  4 . 3 8 7 3  o . o  o . o  . 0 7 
6 8  2 6 1 2 -0 7 - 6 7  4 . 0 5 1 5  o . o  o . o  · 0 2 
f 2 .A 1 4 0 7 - 1 2 -6 6  4 . 5 4 5 6  o . o  o . o  . 1 0  
7 2 A  2 4 0 7- 2 4 - 6 7  4 . 3 0 4 8  o . o  o . o  . 1 3 
7 2 8  l 4 0 7 - 1 2 - 66  4 . 2 1 6 1  o . o  o . o  . 1 2 
7 2 R  2 4 0 7 - 2 4 - 6 7  4 . 1 049  o . o  o . o  . 0 9 
7 4  1 4 0 7- 1 2 - 6 6  4 . 4449  o . o  o . o  . 0 5  
7 4  2 4 0 9-2 7 -6 7  4 . 2 9 2 8  o . o  o . o  · 0 8 
7 6 A  1 4 0 7 - 0 7 - 6 6  4 . 0 0 8 6  o . o  o . o  . 0 5 
7 6 A  2 4 0 9 - 2 7 - 6 7  3 . 8 7 0 6 o . o  o . o  . o a  

7 6 8  1 4 0 7- 0 7 - 6 6  4 . 1 2 1 1  o . o  o . o  . 0 1  
7 6 8  2 4 0 9- 2 7 - 6 7  4 • 1 1 30 o . o  o . o  e 0 6 
7 7 A  1 4 0 7 -0 7 - 6 6  4 . 0 8 96 o . o  o . o  . 0 6 
7 7 A  2 4 09-2 7 -6 7  3 . 9 2 7 2 o . o  o . o  . 0 2 
7 7 9  1 4 0 7- 0 7 -6 6  4 . 3 0 3 7  o . o  o . o  . 1 0 
7 7 8 2 4 0 9-2 7 - 6 7  4 . 0 1 5 3  o . o  o . o  · 0 5  
8 0  1 4 0 7 - 1 2 - 6 6  4 . 3446  . 2  o . o  . 0 9 
8 0  2 4 0 9 - 2 7 - 6 7  3 . 9 2 9 2 o . o  o . o  · 0 5  
13 2 1 4 0 7 - 1 5-66  4 . 0 6 9 5  o . o o . o  . 0 3 
3 2  2 4 1 0 -2 3 -6 7  2 . 6 9 3 9  o . o  o . o  . 0 4 
8 8  1 4 0 7 -0 6 - 6 6  3 . 4 8 4 5  o . o  o . o  . 0 3 
8 8  2 4 0 1 - 1 0 - 6 9  3 . 5 7 2 5  0 . 4 o . o  . 0 2 
9 1  1 4 0 7-0 7 - 6 6  4 . 3 5 3 7 o . o  o . o  . 0 5  
n 2 4 0 1 - 1 0 - 6 9  4 . 0 2 2 5  o . o  o . o  . 0 2 
9 2  1 4 0 7 - 1 4 - 6 6  4 . 2 7 0 2  o . o  o . o  . 0 2  
9 2  2 4 0 2 - 1 9 - 6 8  4 . 6 2 7 2  o . o  o . o  . 0 1  
9 8  1 4 0 7 -2 0-66  4 . 2 3 8 3  o . o  o . o  · 0 2 
9 8  2 4 0 2 - 1 9 - 6 8  4 . 8 1 5 9  o . o  o . o  . 0 5 

l C J  l 4 0 7 - 2 0-66  4 . 2 5 2 5  o . o  o . o  . 0 2 

< 
1 0 0 2 4 0 2 - 1 9 - 6 8  4 . 6 7 40  o . o  o . o  . 0 2 - 1 0 3 1 4 0 7 - 2 0-66  4 . 6 8 7 2 o . o  o . o  . 0 3 
1 .:, 3 2 4 0 2 - 2 7 - 6 8  4 . 4 6 6 9  o . o  o . o  . a s  
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A P P E N D I X  c ( CO N T I NU E ) 

P A V E M E N T P E R F O R MAN C E  DA TA 

T . S . NO .  R U N  N O .  O F  DA T E  P S I C R ACK  P A T CH R U T  
S E C T I O N S  D E P T H  

1 0 6 A  l 4 0 7 - 1 3 -6 6  4 . 9 8 6 8  o . o  o . o  . 0 4 
l ) 6 A  2 4 0 2 - 0 9 - 6 8  4 . 8 7 5 6  o . o  o . o  . 0 5  
1 0 6 9  l 4 0 7- 1 3 -66  4 . 8 2 0 9  o . o  o . o  . 0 5  
1 ::: 6 8  2 4 02 - 0 9 - 6 8  4 . 8 0 39 o . o  o . o  . 0 1  
l ') 7 1 4 0 7- 1 3 - 6 6  4 . 3 6 5 3  o . o  o . o  . 0 5  
l ) 7  2 4 0 2 -0 7 - 6 7  3 . 9 3 7 2 o . o o . o  • o' 15· 

1 0 8 A  1 4 0 8 -0 8 -6 6  4 . 0 5 6 0  o . o  o . o  . 0 4 
1 0 8 A  2 4 0 1 - 2 6 - 6 8  4 . 0 3 9 5  o . o  o . o  . 1 2 

(, 8 8  1 4 0 8 - 0 8-66  4 . 2 0 3 0  o . o  o . o . 0 2  
1 0 8 8  2 4 0 1 -2 6 - 6 8  4 . 1 8 9 7 o . o  o . o  . 1 2 
l l l A l 4 0 8 -0 9 -66 3 . 9 9 5 7  o . o  o . o  · 0 5  
l l l A 2 4 0 1 - 2 6 - 6 8  4 . 1 6 1 7  o . o  o . o  . 1 3 

1 1 8 l 4 0 8 -0 9- 6 6  3 . 7 8 5 7  o . o o . o  . 0 4 
1 1 1 5 2 4 0 1 -2 6 - 6 8  3 . 8 2 1 3  o . o  o . o  . 1 2 
1 1 4 1 4 0 8 - 1 0-66  4 . 0 9 5 6  o . o  o . o  · 0 6  
1 1 4 2 4 0 1 - 1 7 - 6 8  3 . 5 2 6 4  o . o  o . o  . 0 8  
1 2 3  1 4 1 2 - 1 5-66  4 . 2 7 30 o . o  o . o  · 0 4 
1 2 3  2 4 0 1 - 1 0-6 8 4 . 1 6 9 7  o . o  o . o  · 0 5  
l 3 0 A  1 4 0 3 - 1 5 - 6 7  3 . 2 0 8 0  o . o  o . o  . 0 1  
l 3 0 .A 2 4 0 9 - 1 2 -6 7  3 . 3 5 9 3  o . o o . o  . 1 2 
l 3 0 8  1 4 0 3 - 1 5 - 6 7  3 . 4 2 8 3  o . o  o . o  . 0 2 
:i. j o ::)  2 4 0 9 - 1 2 -6 7 3 . 3 5 4 5  o . o  o . o  . 1 0 
1 3 1 A  1 4 0 3 - 1 5 - 6 7  3 . 2 8 3 1  o . o  o . o  . 0 1 
1 .3 1  A 2 4 0 9- 1 2 - 6 7  3 . 3 7 1 6  o . o  o . o  . 1 3 
.. 3 1 8  1 4 0 3 - 1 5 - 6 7  3 . 2 3 0 1  o . o  o . o  · o . o o  

1 H B  2 4 0 9 - 1 2 - 6 7  3 . 3 7 4 1  o . o  o . o  . 0 2  
1 3 5 A  1 4 0 8 - 1 8 - 6 6  3 . 7 9 6 0  a . a  o . o  . 1 2 
l 3 5 .A 2 4 0 8 - 1 5 -6 7 3 . 46 5 4 o . o  o . o  . 1 1  
!. 3 5 8  1 4 0 8 - 1 8 -6 6  3 . 8 9 7 9  o . o  o . o  • 1 1 
1 3 5 6  2 4 0 8 - 1 5 - 6 7  3 . 9 7 0 1  o . o  o . o  · 0 9 
1 '3 6 A  1 4 0 8 - 1 8-66  3 . 8 0 08  o . o  o . o  . 0 9  
l 3 6 A  '2 4 0 8 - 1 5 - 6 7  3 . 7 0 3 9  o . o  o . o  . 1 0 
1 3 6 8  1 4 0 8 - 1 8 -66 3 . 7 8 8 1  o . o  o . o  . 0 1  
1 3 6 8  2 4 0 8 - 1 5 - 6 7  3 . 9 8 3 9 o . o  o . o  · 0 6  
1 3 7 A  l 4 0 8 - 1 8-66  3 . 8 7 3 7  o . o  o . o  · 0 5  
1 3 7 A  2 4 0 8 - 1 5 -6 7 3 . 6 1 6 8  o . o  o . o  . 0 5  
1 3 7 8 1 4 0 8 - 1 8-66  3 . 6 3 5 4  o . o  o . o  . 0 1  
1 3 7 5 2 4 0 8 - 1 5 - 6 7 3 . 6 3 94 o . o  o . o  . 0 1  

4 5  1 4 1 0 - 1 2 - 6 6  4 . 64 2 8  o . o  o . o  . 1 0 
1 4 5  2 4 0 4 - 1 7 - 6 8  4 . 4 8 5 1  o . o  o . o  . o  5 
� > 1 A 1 4 1 0 - 1 3 - 6 6  4 . 6 1 4 2  o . o  o . o  . 0 3 
l '; l A 2 4 C 4 - 1 9-68  4 . 49 2 7  o . o  o . o  . 0 1  
� 5 1 5 l ·  4 l C - 1 3 - 6 6  4 . 5 8 7 0  o . o  o . o  . 0 5  
J -; 1 s  2 4 0 4 - 1 9-68  4 . 1 7 3 9  o . o  o . o  . 0 2  

1 

! 
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A P P E N D I X  c ( CONT I NUE > 

P A V E M E N T  P E RFOR MANC E DA TA 

r . s . No .  RUN NO. O F  DA TE  P S I  C R A C K  P A TC H  R U T 
� ': C T  I ONS  D E P T H  

1 5 2 A  1 4 1 0 - 1 3 -66  4 . 0 0 04 o . o  o . o  · 0 3  
1 S 2 A  2 4 0 4- 1 9 -68 3 . 2 5 3 2 o . o  o . o  · 0 4 
1 5 2 8  1 4 1 0 - 1 3 -66  3 . 8 5 0 7  o . o  o . o  . 0 2  
1 5 2 8  2 4 0 4 - 1 9-68 3 . 7 9 8 4  o . o  o . o  · 0 4  
1 5 3  1 4 1 0- 1 8 - 6 6  3 . 9 0 5 6  o . o  o . o  · 0 6 
1 5 3  2 4 0 4 - 1 9-68 3 . 48 0 2  o . o  o . o  . o s, ., 
1 5 5 A 1 4 1 0- 1 8 -6 6  4 . 6 748  o . o  o . o  . 0 2  
1 5 5 A  2 4 0 4 - 1 9 - 6 8  4 . 3 9 1 0  o . o b . o  . 0 2  
l .> 5 B 1 4 1 0- 1 8 -6 6  4 . 5 6 1 2  o . o  o . o  . 0 1  
1 ? 5 R  2 4 0 4 - 1 9-68  3 . 94 4 7  o . o o . o  . 0 2  
l ; 7 1 4 0 1 - 0 4 - 6 7  3 . 8 5 2 1  o . o  o . o  . 0 9  
1 .5 7  2 4 0 7 - 2 5 - 6 7  3 . 7 8 24 o . o  o . o  · 04 
1 5 8  1 4 0 1 - 0 4 - 6 7  3 . 4 7 6 8  o . o  o . o  . 1 5 
1 5 8 2 4 0 7 �2 5 - 6 7  3 . 5 0 7 3  o . o  o . o  . 0 9 
1 5 9  1 4 0 1 - 0 4 - 6 7  3 . 7 3 1 8 o . o  o . o  · 0 9 
1 5 9 2 4 0 7 -2 5 - 6 7  3 . 6 4 5 9  o . o  o . o  . 1 2 
i ) C A  1 4 0 1 - 0 9 - 6 7 4 . 0 8 6 2  o . o  o . o  · 0 4 
l 6 0 A  2 4 0 5 -2 0 - 6 8  3 . 9 3 3 1  o . o  o . o  · 0 6 
1 6 0 :3 1 4 0 1 -0 9- 6 7  4 . 3 4 9 1  o . o  o . o  · 0 4 
1 6 0 1:'- 2 4 0 5 -2 0-68 4 . 1 8 5 8  o . o  o . o  · 0 6  
1 6 1  1 4 0 1 - 1 0-67  3 . 9 6 2 0  o . o  o . o  · 0 6 
. 6 1  2 4 0 5 -2 0 - 6 8  4 . 0 7 24 o . o  o . o  . a s 
i 6 4  1 4 0 1 - 1 1 -6 7  3 . 9 1 36 o . o  o . o  . 0 3 
1 6 4 2 4 0 5 - 1 7 - 68 4 . 1 8 36 o . o  o . o  · 0 6  
1 r., 5 A  1 4 0 1 - 1 1 -6 7  3 . 7 1 0 8  o . o  o . o  . 0 3 
l ; :; A 2 4 0 5 -2 0-68 3 . 94 3 8  o . o  o . o  . 0 5  
1 6 3 8  1 4 0 1 - 1 1 -6 7  3 . 8 2 4 9  o . o  o . o  . 0 5  
1 6 5 � 2 4 0 5 - 2 0 - 6 8 4 . 0 1 1 4 o . o  o . o  . 1 0 
J 6 7 A  

·, 4 0 1 - 1 0- 6 7  3 . 9 6 6 6  o . o  o . o  e 0 6 A 

1 'J 7 A 2 4 0 5 -2 0 - 6 8  4 . 0 0 9 5  o . o  o . o  . 0 4 
1 6 7 8  1 4 0 1 - 1 0- 6 7  3 . 8 7 6 4  o . o  a . a  . 0 1  
1 6 7 6  2 4 0 5 -2 0 - 6 8  4 . 2 1 80 o . o  o . o  · 0 6  
l 6 9 A  1 4 0 1 - 1 2 - 6 7  4 . 2 3 46 o . o  o . o  · 0 5  
1 6 9 A  2 4 0 5 - 1 7 - 6 8  4 . 9 4 3 1  o . o o . o  • 1 1 
1 6 9 8  1 4 0 1 - 1 2 - 6 7  4 . 2 0 6 3  o . o  o . o  . 0 7  
1 6 9 8  2 4 0 5 - 1 7 - 6 8  4 . 5 2 5 7  o . o  a . a  . 1 5 
1 7 0 A  1 4 0 1 - 1 6 - 6 7  3 . 8 0 46 o . o  o . o  . 0 5  
-� 7 'J A 2 4 0 5 -2 2 - 6 8  3 . 9 2 6 9  o . o  o . o  . 1 2 
1 7 0 9  , 4 0 1 - 1 6 - 6 7  3 . 94 6 2  o . o  a . a  . 0 4  J. 

1 7 � '1  2 4 0 5 - 2 2 - 6 8  4 . 0 2 7 9  o . o  o . o  • 1 1 
1 1 6 /l  1 4 0 1 - 1 7 - 6 7  4 e 0 3 4 Q  a . a  o . o  • 1 1 
_;_ 7 6 A. 2 4 C 5 -2 7-6 8 3 . 8 2 84 o . o  o . o  . 0 9  - _ 7 6 f-..  1 4 0 1 - 1 7 - 6 7  3 . 8 2 96 o . o  o . o  . a s  
1 7 6 8  2 4 0 5 -2 7 - 6 8  3 . 9 1 5 3  o . o  o . o  . 0 1  
l 7 7 ,, 1 4 0 1 - 18 - 6 7  5 . 0 0 4 5  o . o  o . o  · 04 
1 7 7 A 2 4 0 5 -2 7 - 6 8  4 . 5 2 2 3  o . o  o . o  · 0 4 
1 7 7 �  1 4 0 1 - 1 8 - 6 7  4 . 6 3 70 o . o  o . o  · 0 4 
1 7 7 8  2 4 0 5 -2 7 - 6 8  5 . 0 9 40 o . o  o . o  · 0 3  
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APPEND I X  c < CONT I NUE > 

PAVEMENT PERFORMANCE  DATA  

r . s . No .  RUN NO. OF DAT E  P S I C RACK PATCH  RUT  

S E C T I ONS  D E P T H  

l 7 9 A  l 4 0 1 - 1 9-67 3 . 9 0 4 1  o . o  o . o  . 0 7  
l 7 9 A  2 4 0 5 -2 9-68 3 . 9 3 32 o . o  o . o  o . oo 

1 7 9 P,  l 4 0 1 - 1 9- 6 7  3 . 8 56 0  o . o  o . o · 0 6  
1 7 9 8  2 4 0 5-2 9 - 6 8  4 . 1 2 8 8  o . o  o . o  . 0 1  
1 8 0 �  l 4 0 3-0 1 -6 7  4 . 42 2 5  o . o  o . o  · 0 6 
l 9 0 A  . 2 4 0 5-2 9-68  4 . 44 1 1  o . o  o . o  o . o o , 

1 8 0 8  1 4 0 3 -0 1 - 6 7  4 . 3 4 9 8  o . o  o . o  . 0 5 
1 8 0 8  2 4 0 5 -2 9-68  4 . 48 5 6 o . o  o . o  . 0 2 
l 8 1 A  1 4 0 3-0 1 - 6 7  4 . 42 2 5  o . o  o . o  e 0 6  
l 8 1 A 2 4 0 5 -2 9-68  4 . 70 2 5  o . o  o . o  . 0 2  
l J l B  l 4 0 3 -0 1 -6 7  4 . 4 7 4 9  o . o  o . o  o . oo 

1 8 1 9  2 4 0 5 -2 9- 6 8  4 . 6 7 7 8  o . o  o . o  . 0 1  
i 8 4 A  l 4 0 3 - 0 2 -6 7  4 . 1 2 5 9  o . o  o . o  . 0 3  
: d 4 .A 2 4 0 6 - 1 1 -6 8  3 . 9 1 3 3 o . o  o . o  . 0 4  
l 8 4 E!  1 4 0 3 -0 2 -6 7  4 . 2 1 9 2 o . o  o . o  . 0 3  
1 8 4 8  2 4 0 6 - 1 1 -6 8  4 . 2 6 6 3  o . o  o . o  · 0 6 
1 9 5 A  1 4 0 3 - 0 2 -6 7  4 . 2 2 8 8  o . o  o . o  . 0 2  
l e 5 A  2 4 0 6 - 1 1 -6 8  4 . 3 9 1 8  o . o  o . o  · 0 4 
� 13 � Q  l 4 0 3 -0 2 - 6 7  4 . 5 0 8 3  o . o  o . o  . 0 3 
1 8  5 f<  2 4 0 6- 1 1 -6 8  4 . 2 0 90 o . o  o . o  . 04 
i 3 8 A  1 4 0 3 - 0 8 - 6 7  3 . 1 2 1 5  o . o  o . o  . 0 2  
� 3 8 A  2 4 06-04-68  3 . 09 1 8  o . o o . o  . 0 1  
1 3 8 �  l 4 0 3 - 0 8 - 6 7  3 . 0498  o . o  o . o  . 0 4  
l 3 8 B  2 4 0 6-0 4 - 6 8  3 . 2 1 7 5  o . o  o . o  . 0 1 
1 9 : A  1 4 0 3 -0 8 - 6 7  3 . 5 6 0 7  o . o  o . o  · 0 2 
l <: � A. 2 4 0 6 - 0 7 - 6 8  3 . 7 6 5 8  o . o  o . o  · 0 1  
1 9 1 9  ' 4 C 3 -0 8 -6 7  3 . 48 1 0 o . o  o . o  . 0 4  J. 

2 9 1 8  2 4 0 6 - 0 7 - 6 8  3 . 6 0 8 1 o . o  o . o  · 0 6  
! � 2 1 4 0 3 - 0 8 - 6 7  3 . 5 3 5 3  o . o  o . o  . 0 1 
l 9 2  2 4 06-07-68  3 . 7 6 2 6  o . o  o . o  . 0 5  
1 9 3 A  1 4 0 3 - 0 8 - 6 7  3 . 2 2 5 8  o . o  o . o  . 0 3  
1 9 3 A  2 4 06-0 7-68  3 . 2 0 4 5  o . o  o . o  . 0 4 
l 9 3 B 1 4 0 3 -0 8 - 6 7  3 . 3 7 9 2  o . o  o . o  . 0 2  
1 9 3 9  2 4 0 6 - 0 7 - 6 8  3 . 42 4 7  o . o o . o . 04 

1 9 6 A  l 4 0 3 - 1 0 - 6 7  3 . 8 6 96 o . o  o . o  . o s  

1 9 6 A  2 4 06-2 0-68  4 . 2 8 2 7  o . o  o . o  . 0 1  
l 9 6 B  l 4 0 3 - 1 0-6 7 4 . 08 38 o . o  o . o  . 0 4 
l 1 6 8  2 4 0 6 -2 0 - 6 8  4 . 1 46 6  o . o o . o  . 0 5  
1 9 8 A  1 4 0 3 - 1 0 - 6 7  4 e 4444 o . o  o . o  · 0 6 
l '; 12 A 2 4 C6-2 0 - 6 8  4 . 3 4 1 8 o . o o . o  · 0 4 
� 9 8 �  1 4 0 3 - 1 0 - 6 7  4 . 2 1 40 o . o  o . o  · 0 6  
: � Q A 2 4 0 6-2 0-6 8 4 . 3446 o . o  o . o  . 0 5 
l " Q . 4 0 3- 0 9 - 6 7  3 . 3 1 2 2 o . o  o . o  . 1 5  

.&. 

1 9 9 2 4 0 6-2 1 -6 8  2 . 9 46 1 o . o  o . o  . 1 7  
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A P P E N D I X  C ( CONT I NU E > 

PAVEMENT  P E RFOR MANC E DA TA  

r . s . No .  quN N O .  O F  D A T E  P S I C RACK P A T C H  R U T  
S E C T I ON S  D E P T H  

2 0 1 A  1 4 0 3- 0 9 - 6 7  3 . 5 3 6 7  4 . 5  o . o  . 1 7 
2 0 1 A  2 4 0 6-2 1 -6 8  3 . 5 1 7 5  o . o  o . o  . 2 0  
2 0 1 8  1 4 0 3 - 0 9 - 6 7  3 . 646 7 1 . 0  o . o  . 1 3  
2 0 1 8  2 4 · 06-2 1 -6 8  3 . 6 3 36 o . o  o . o  . 1 7  
2 0 5 A  l 4 0 3 -0 9- 6 7  3 . 1 8 0 5  . 8  o . o  • 0 9 
2 J 5 A  2 4 0 6-2 1 -6 8  3 . 2 1 1 8 o . o  o . o  . i 5· � ,, 

2 ) 5 8  1 4 0 3 - 0 9- 6 7  3 . 5 8 6 4  1 . 6  o . o  . 0 1  
2 ) 5 8  2 4 0 6-2 1 - 6 8  3 . 5 4 7 9  o . o  o . o  . 1 1 
2 ) 6 A  1 4 0 3 - 0 3 - 6 7  3 . 5 7 5 2  o . o  o . o  . 0 1  
2 06 A  2 4 06- 1 4-68  3 . 7 4 5 0 o . o  o . o  . 0 0  
2 0 6 9  1 4 0 3 - 0 3 - 6 7  3 . 9 5 5 7  o . o  O o O  . 0 0. 
2 C 6 B  2 4 0 6 - 1 4 - 6 8  4 . 0 9 8 2  o . o  o . o  · 0 6 
2 G 7 A 1 4 0 3 - 0 3 - 6 7  3 . 6 1 5 3  o . o o . o  . 0 1  
£ H A  2 4 0 6 - 1 4-68  3 . 7 5 1 8 o . o  o . o  . 0 0 
2 0 7 8  1 4 0 3 -0 3 - 6 7  3 . 9 3 1 6 o . o  o . o  . 0 1 
2 0 7 8  2 4 06- 1 4-68  4 . 0 3 1 7 o . o  o . o  o . o o  

2 0 8 A  1 4 0 3 - 0 3 - 6 7  4 . 1 2 6 3  o . o  o . o  . 0 1 
2 0 8 A  2 4 0 6 - 1 4-68  4 . 1 5 0 1  o . o  o . o  . 1 2 
2 0 8 9  1 4 0 3 - 0 3 - 6 7  4 . 1 4 0 4  o . o  o . o  . 0 1 
2 0 8 8  2 4 0 6 - 1 4- 6 8  4 . 2 6 0 2  o . o  o . o  . 1 3  
2 1 0 A  1 4 0 9 - 2 2 -6 6  4 . 1 1 3 2 o . o  o . o  . 1 3  
2 l QA  2 4 0 7 - 1 9-68  3 . 8 8 7 0  o . o  o . o  . 0 9  
2 l O B  1 4 0 9 - 2 2-66  3 . 7 5 8 5  o . o  o . o  . 1 2 
2 1 0 8  2 4 0 7 - 1 9-6 8 3 . 6 7 2 8  o . o  o . o  . 0 0  
2 1 1  1 4 09-2 2 -6 6  3 . 4 7 6 8  o . o  o . o . . 0 0  
;> 1 1  2 4 0 7 - 1 9 - 6 8  3 . 3 4 2 8  o . o  o . o  · 0 6  
£ l 3 1 4 0 9-2 2 -6 6  3 . 5 0 6 3  o . o  o . o  . 0 1 
2 1 3 2 4 0 7 - 1 9 - 6 8  3 . 36 1 0  o . o  o . o  . 0 9  
2 1 5 A  l 4 0 7-08-66  4 . 3 7 5 7  o . o  o . o  . 0 9  
2 1 5 A 2 4 0 4- 2 2 -6 8  4 . 0 3 1 0 o . o o . o  · 0 6 
2 1 5 8 l 4 0 7 - 0 8 - 6 6  4 . 7 8 1 1  o . o  o . o  . 0 5  
2 1 5 6  2 4 0 4-2 2 - 6 8  4 . 2 0 3 0  o . o  o . o  · 0 6 
2 1 7 A  l 4 0 8 - 0 3 - 6 6  4 . 7 8 8 7  o . o  o . o  · 0 1  
2 1 7 A 2 4 0 2 -0 6 - 6 7  4 . 5 2 5 0  o . o  o . o  . 0 2  
2 1 78 l 4 0 8-0 3 - 6 6  4 . 2 4 7 4  o . o  o . o  . 0 4 
2 1 7 8  2 4 0 2 - 0 6 - 6 7  3 . 8 1 7 2 o . o  o . o  . 0 3  
2 1 8 l 4 0 8- 0 3 -6 6  4 . 5 1 5 7  o . o  o . o  . 0 2  
2 1 8  2 4 0 2 - 0 6 - 6 7  4 . 2 6 6 5  o . o  o . o  · 0 3  
2 1 9 A  l 4 0 8-0 3 - 6 6  4 . 9 84 8  o . o  o . o  . 0 3  
2 1 9 A 2 4 0 2 -06-67  4 . 8 2 9 6  o . o  o . o  · 0 6 
2 1 9 8  l 4 0 8 - 0 4- 6 6  4 . 9 5 8 8  o . o  o . o  · 0 2 
2 1 9 8  2 4 0 2 - 0 6 - 6 7  4 . 5 6 7 9  o . o  o . o  . 0 5  
2 2 0 A l 4 0 8 - 0 4 - 6 6  4 . 0 8 2 8  o . o  o . o  . 0 2  
2 � 0 A  2 4 0 2 - 0 7 - 6 7 3 . P. 0 1 3  o . o  o . o  . 0 4 
2 2 C 9  1 4 08-04-66  3 . 8 5 2 6  o . o  o . o  . 0 2 
2 � C B  2 4 0 2 - 0 7 -6 7  4 . 0 1 5 0 o . o  o . o  · 0 3 
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A P P E N,D I X  c C CO,N T I NUE  l 

PA V E M E N T  P E R FO R M AN C E  DA T A  

r . s . No .  RUN  NO.  O F  DA T E  P S I  C R A C K  P A T C H  R U T  
S E C T I ON S  D E P T H  

2 2 2 A  1 4 .0 8 - 1 0-66  3 . 96 9 1  o . o  o . o  . 1 2 
2 2 2 A  2 4 0 8 - 1 6 - 6 7  3 . 0 8 2 4  o . o  . 7 . • 1 1  
2 2 2 9  1 4 0 8 - 1 0- 6 6  3 . 6 5 7 1  o . o  o . o  . 1 2  
2 2 2 9  2 4 0 8 - 1 6 - 6 7  3 . 1 6 0 6 o . o  o . o  . 1 0  
2 2 4A  l 4 0 8 - 1 2 - 6 6  3 . 7 76 8  o . o  o . o  . 0 2  
2 2. 4A  2 4 0 8 - 1 6 -6 7  3 . 2 0 3 4 o . o  o . o  · 0 8  
2 � 4 8  l 4 0 8 - 1 2 -6 6  4 . 0 8 8 4  o . o  o . o  o . oo 

2 ? 4 9  2 4 0 8 - 1 6 - 6 7  3 . 1 9 49  o . o  o . o  · 0 6  
2 3 0 1 4 0 5 - 1 5 -6 7  4 . 0 8 9 5  o . o  o . o  . 1 2 
2 3 0 2 4 0 8 - 1 4 -6 7  4 . 2 4 3 7  o . o  o . o  . 1 0 
2 3 6 A  1 4 09-0 7 - 6 6  4 . 1 0 09 o . o  o . o  . 0 3  
2 3 6 A  2 4 0 4-2 5 -6 8  3 . 7 8 9 1  o . o  o . o  · 0 6 
2 3 6 6  1 4 0 9- 0 7 - 6 6  3 . 8 8 3 6 o . o  o . o  · 0 3  
2 3 6 6  2 4 0 4- 2 5 - 6 8  3 . 90 8 4  o . o  o . o  · 0 6 
2 3 9 A  1 4 0 7 -2 5 - 6 6  4 . 5 4 2 3  o . o  f) .  0 . 0 1  
2 3 9 A  2 4 1 0 -2 5 - 6 7  4 . 4 7 9 3  o . o  o . o  . 0 2 
2 3 9 8  1 4 0 7 -2 5 - 6 6  4 . 1 0 08 o . o  o . o  . 0 4 
2 3 9 6  2 4 1 0-2 5 - 6 7  3 . 9 8 3 3 o . o  o . o  . 0 2  
2 4 0A  1 4 0 7 -2 5 - 6 6  4 . 3 4 6 5  o . o  o . o  . 0 2  
2 4 0 A  2 4 1 0-2 5 - 6 7  4 . 4 3 79 o . o  o . o  . 0 3  
2 4 0 6  1 4 0 7 -2 5 - 6 6  4 . 2 4 6 7 o . o  o . o  . 0 4  
2 4 0 6  2 4 1 0-2 5 -6 7  4 . 2 8 39 o . o  o . o  . 0 1  
2 + 6 A  1 4 0 9 - 0 6 - 6 6  3 . 8 7 3 0 o . o  . o . o  . 0 1 
2 4 6 A  2 4 0 7 -2 5 - 6 8  3 . 2 7 6 2  o . o  o . o  . 1 3  
2 4 6 6  1 4 0 9 - 0 6 - 6 6  3 . 9 8 7 9  o . o  o . o  · 0 9 
2 1+ 6 9  2 4 0 7 -2 5 - 6 8  3 . 4 3 1 9  o . o  o . o  · 0 8 
� '+ 7 1 2 0 9 - 0 6 - 6 6  3 . 1 1 34 o . o  o . o  · 0 8  
2 4 7  2 4 0 7 -2 5 - 6 8  3 . 5 8 6 5  o . o  o . o  . 0 1  
2 4 8 A  1 4 0 9 - 0 6 - 6 6  3 . 8 1 49 o . o  o . o  e l 6  
2 4 8 A  2 4 0 7 -2 5 - 6 8  4 . 3 2 1 9  o . o o . o  • 1 1  
2 4 8 6  1 4 0 9 - 0 6 - 6 6  3 . 8 9 7 9  o . o  o . o  . 1 1  
2 4 8 6  2 4 0 7 -2 5 - 6 8  4 . 2 5 9 2  o . o  o . o  . 1 4 
2 4 9 A  1 4 0 9- 0 2 -6 6  4 . 1 9 8 7  o . o  o . o  . 0 1 
2 4 9A  2 4 0 7 -2 5 -6 8  4 . 0 5 4 2  o . o  o . o  . 1 2 
2 .:. 9 9  1 4 0 9 - 0 2 - 6 6  4 . 44 3 0  o . o  o . o  . 0 8  
2 4 9 8  2 4 0 7 -2 5 -6 8  4 . 0 9 6 7  o . o  o . o  · 0 9 
2 5 0 A  1 4 0 9 - 0 2 - 6 6  3 . 90 1 4 o . o  o . o  . 1 0 
2 :5 0 A  2 4 0 7 -2 5 - 6 8  4 . 2 2 90 o . o  o . o  · 0 6  
2 5 0 8 1 4 0 9 -0 2 -6 6  4 . 1 7 6 8  o . o  o . o  · 0 9  
2 5 0 6  2 4 0 7 -2 5 - 6 8  4 . 1 0 5 0  o . o  o . o  . 0 1  
2 5 1 A  1 4 0 8 -2 9 - 6 6  3 . 6 1 1 5 o . o  o . o  • 1 1 
2 5 1 A  2 4 0 7 - 1 9 - 6 8  3 . 4 5 2 1  o . o  o . o  . 1 9 
2 5 1 9  1 4 0 8 -2 9 - 6 6  3 . 8 5 6 6  o . o  o . o  . 1 4 
2 5 1 8  2 4 0 7 - 1 9 - 6 8  3 . 7 8 9 7  o . o  o . o  e l 6 
2 5 3  1 4 0 1 - 1 2 - 6 7  4 . 4 5 5 6 o . o  o . o  . 0 5  
2 ; 3 2 4 0 5 - 1 6 - 6 8  3 . 8 6 9 2 o . o o . o  • 1 1 
Z , 4A 1 4 0 3 - 1 3 - 6 7  3 . 2 4 9 8  o . o  o . o  . 0 4 
2 5 4 A  2 4 0 2 - 0 5 - 6 9  3 . 3 6 4 8  o . o  o . o  . 0 3  
2 5 4 6  l 4 0 3 - 1 3 -6 7  3 . 0 1 6 8  o . o  o .• 0 . 0 3  
2 5 48 2 4 0 2 -0 5 - 6 9  3 . 1 7 0 7  o . o  o . o  . 0 5 
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A P P E N D I X  D 

P R E SE N T  S E R V I C E A B I L I T Y I N D E X  D I F F E R EN C E S  AND 
A C C UM U L A T E D  1 8 -K I P S EQU I VAL E N T  A X L E -LOADS 

T . S .  l S T  RUN 2 ND RUN p . s . r .  T O T A L  LOAD  
N O .  P . s . 1 .  P . S . I o  D I F F .  T LOA D P E R DAY  

3 3 . 2 3 8 8  3 . 2 0 5 4  . 0 3 3 4 1 9  2 3 9 6 9 1 9 . o 4 2  0 5  . 1  
4 4 . 0 6 6 3 3 . 7 8 5 1  . 2 8 1 2  3 1  1 2 9 1 1 42 . 0  1 3 8 8 . 9  
7 4 . 0 9 8 8  3 . 5 2 4 9 . 5 7 49  2 6  9 8 4 3 4 2 . o  1 2 6 1 · 9  
9 3 . 8 8 0 0  4 e 0 40 5  - . 1 60 5  2 9  1 2 7 2 0 4 8 . o  1 4 6 2 . 1  

1 1  3 . 5 8 79 3 . 7 2 7 8 - . 1 3 9 9  2 1  7 2 8 5 7 6 . 0  1 1 5 6 . 4 
1 3  4 . 0 9 9 7  4 e l 9 40  - . 0 9 4 3  2 1  7 2 8 5 76 . 0  1 1 5 6 . 4  
1 7  4 . 2 1 1 1  3 . 9 5 9 3  . 2 5 1 8  2 1  7 2 8 5 7 6 . 0  1 1 5 6 . 4 
2 6  4 . 0 1 1 2 3 . 7 6 8 2  . 2 4 3 0  1 3  2 6 9 3 4 . 0  6 9 . 0  
3 3  3 . 7 4 8 7  3 . 9 2 5 0  - . 1 7 6 3  1 2  3 1 4 1 1 . 0 8 7 . 2  
3 4  4 . 1 7 9 1  3 . 9 9 1 4  . 1 8 7 7  1 2  3 1 4 1 1 . 0  8 7 . 2  
3 7  3 . 9 2 4 S  3 . 9 3 7 4  - . 0 1 2 5  1 2  3 1 4 1 1 . 0  8 1 . 2  
3 8  3 . 4 5 9 3  3 . 2 3 3 5  . 2 2 � 8 9 1 5 7 3 9 0 · 0  5 8 2 . 9  
4 0 3 . 9 6 5 5  4 . 0 2 5 7  - . 0 6 0 2  9 1 5 7 3 9 0 . 0  5 8 2 . 9  
4 2  3 . 7 3 8 1 3 . 2 4 5 9  . 49 2 2  9 4 3 4 0 5 . o  1 6 0 . 7  
4 2  3 . 9 2 4 7  3 . 2 9 3 8 . 6 3 0 9  9 4 3 4 0 5 · 0  l 6 0 e 7  
4 3  3 . 7 5 8 8  3 . 4 9 2 1 . 2 6 6 7  2 0  1 1 3 6 5 7 . o 1 8 9 . 4 
4 3  3 . 7 8 1 3 3 e 5 3 2 2  . 2 4 9 1 2 0  1 1 3 6 5 7 . o 1 8 9 . 4  
4 4  3 . 5 2 6 3  3 . 5 2 2 9 . 0 0 3 4  1 0  2 9 1 0 44 . 0  9 1 0 . 1  
4 5  3 . 9 1 4 2  4 · 0 5 6 2  - . 1 4 2 0 1 0  2 9 1 044 · 0  9 7 0 · 1 
4 7  4 . 0 4 2 6  3 . 5 7 6 2  . 46 6 4  1 1  2 5 0 2 6 6 . 0  7 5 8 · 3  
4 7  3 . 8 5 8 1  3 . 3 2 6 6  . 5 3 1 5  1 1  2 5 0 2 6 6 . o  7 5 8 . 3  
4 8  3 . 8 1 9 0  3 . 6 4 5 1 . 1 7 3 9  1 1  2 5 0 2 6 6 · 0  7 5 8 · 3  
4 8  4 . 0 1 9 1  3 . 5 1 3 5 . 5 0 5 6  1 1  2 5 0 2 6 6 · 0  7 5 8 · 3  
5 0 4 . 1 5 1 7  4 . 3 8 5 6  - . 2 3 3 9 1 0  7 6 0 6 3 7 . o  2 5 3 5 . 4  
5 0  3 . 8 2 1 8 4 e 0 8 2 3  - . 2 6 0 5  1 0  7 6 0 6 3 7 · 0  2 53 5 . 4 
5 1 '� • 0 2  6 8 4 e l 0 8 0  - . 0 8 1 2  1 0  7 6 0 6 3 7 . o  2 5 3 5 . 4 
5 7  ·� • 0 4 9 6  3 . 9 5 3 7  . 0 9 5 9  1 5  6 7 7 3 2 . 0 1 5 C . 5  
5 7  4 . 0 96 1 3 . 8 1 5 1  . 2 8 1 0 1 5  6 7 7 3 2 . o 1 5 0 . 5  
5 8  4 . 0 2 9 0  3 . 8 5 1 0  . 1 7 8 0  1 5  6 1 1 3 2 . 0  1 5 0 . 5  
6 8  4 . 3 8 7 3  4 e 0 5 1 5 . 3 3 5 8  1 3  6 0 9 9 0 · 0  1 5 6 . 3  
7 2 4 . 2 1 6 1  4 · 1 0 4 9  . 1 1 1 2 1 3  2 6 9 3 4 . o 6 9 . 0  
7 2  4 . 5 4 5 6  4 . 3 04 8  . 2 4 0 8  1 3  2 6 9 3 4 . 0 6 9 . 0  
7 4  4 . 4449  4 . 2 9 2 8  . 1 5 2 1  1 5  3 2 6 3 1 . o  1 2 . 5  
7 6  4 . 1 2 1 1  4 • 1 1 3 0 . 0 0 8 1 1 5  3 0 2 8 5 . o  6 7 . 3  
7 6  4 . 0 0 8 6  3 . 8 7 0 6  . 1 3 8 0  1 5  3 0 2 0 5 . 0  6 7 · 3  
7 7  4 . 0 8 9 6  3 . 9 2 7 2 . 1 6 2 4  1 5  3 0 2 8 5 . o  6 7 . 3  
7 7  4 . 3 0 3 7  4 e 0 1 5 3  . 2 8 8 4  1 5  3 0 2 8 5 . o  6 7 . 3  
8 0  4 . 3 446  3 . 9 2 9 2 . 4 1 5 4 1 5  6 1 1 9 2 . 0  1 3 5 . 9  
8 2  4 . 0 6 9 5  2 . 6 9 3 9  1 . 3 7 5 6  1 6  3 8 3 2 3 . o 7 9 . 8  
8 8  3 . 4 8 4 5  3 . 5 7 2 5  - . 0 8 8 0  3 0  1 1 4 8 4 9 3 . 0  1 2 7 6 . 1  
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A P P E ND I X  D ( CON T ' D )  

P R E SE N T  S E R V I C E AB I L I T Y I ND E X  D I F F E R E NCES  AND 
A C C UM U LA T E D  1 8 -K I P S EQU I VAL E N T  A X L E - LOADS 

T . s .  l S T  RUN  2ND  RUN P e S e I •  T O T A L  L OA D  
NC • p . s . I .  P . s . I .  D I F F .  T LOAD  P E R DAY 

9 1  4 . 3 5 37 4 e 0 2 2 5  . 3 3 1 2  3 0  1 1 4 8 4 9 3 . o  1 2 7 6 . 1  
9 2  4 . 2 7 0 2  4 . 6 2 7 2 - . 3 5 7 0  3 2  1 2 4 3 3 2 2 . 0  1 2 9 5 . 1  
9 8  4 . 2 3 8 3  4 . 8 1 5 9 - . 5 7 7 6  1 9  6 0 5 8 7 5 . 0  1 06 2 . 9  

1 0 0  4 . 2 5 2 5  4 . 6 7 4 0  - . 42 1 5  1 9  6 0 5 8 7 5 . o  1 0 6 2 . 9  
1 0 3  4 . 6 8 7 2 4 . 4 6 6 9  . 2 2 0 3  1 9  6 0 5 8  7 5 .  o_ 1 0 6 2 . 9  
1 0 6  4 . 8 2 0 9 4 . 8 0 3 9  . 0 1 1 0 1 9  5 6 4 5 1 7 · 0  9 9 0 · 3  
1 0 6  4 . 9 8 6 8 4 . 8 7 5 6  . 1 1 1 2 1 9  5 6 4 5 1 1 . 0  9 9 0 . 3  
1 Ci 7 4 . 3 6 5 3  3 . 9 3 7 2  . 4 2 8 1  7 1 0 2 4 0 5 . 0  4 8 7 . 6 
1 0 8  4 . 0 5 6 0  4 e 0 3 9 5  . 0 1 6 5  1 8  5 1 9 9 7 5 . o  9 6 2 . 9  
1 0 8  4 . 2 0 3 0  4 . 1 8 9 7  . 0 1 3 3 1 8  5 1 9 9 7 5 . o  9 6 2 . 9  
1 1 1 3 . 9 9 5 7  4 . 1 6 1 2  - . 1 6 6 0  1 8  5 1 9 9 7 5 . 0  9 6 2 . 9  
1 1  l 3 . 7 8 5 7  3 . 8 2 1 3  - . 0 3 5 6  1 8  5 1 9 9 7 5 . o  9 6 2 . 9  
1 1 4 4 . 0 9 5 6  3 . 5 2 6 4 . 5 6 9 2  1 8  4 0 6 7 1 7 . o  7 5 3 . 1  
1 2 3  4 . 2 7 3 0  4 e l 6 9 7  . 1 0 3 3  1 3  3 1 7 0 4 5 . o  8 1 2 · 9  
1 3 0 3 . 4 2 8 3  3 . 3 5 4 5  . 0 7 3 8  6 2 2 8 7 · 0  1 2 . 7  
1 3 0 3 . 2 0 8 0  3 . 3 5 9 3  - . 1 5 1 3  6 2 2 8 7 . o  1 2 . 7  
1 3 1  3 . 2 8 3 1  3 . 3 7 1 6  - . 0 8 8 5  6 2 2 9 1 . 0  1 2 . 7  
1 3 1  3 . 2 3 0 1  3 . 3 7 4 1  - . 1 4 4 0  6 2 2 8 7 . Q  1 2 . 7  
1 3 5  3 . 8 9 79  3 . 9 70 1 - . 0 7 2 2  1 2  1 3 2 6 7 9 7 . o  3 6 8 5 . 5  
1 3 3  3 . 7 9 6 0  3 . 4 6 5 4  . 3 3 0 6  1 2  1 3 2 6 7 9 7 . o  3 6 8 5 . 5  
1 3 6 3 . 7 8 8 1  3 . 9 8 3 9  - . 1 9 5 8  1 2  1 3 2 6 7 9 7 . o  3 6 8 5 . 5  
1 3 6  3 . 8 0 0 8  3 . 7 0 3 9  . 0 9 6 9  1 2  1 3 2 6 7 9 7 . o  3 6 8 5 . 5 
1 3 7  3 . 6 3 5 4  3 e 6 3 9 4  - . 0 0 4 0  1 1 1 2 8 4 9 4 0 . 0  3 8 9 3 · 7  
1 3 7 3 . 8 7 3 7  3 . 6 1 6 8 . 2 5 6 9  1 1  1 2 8 4 9 4 0 · 0  3 8 9 3 . 7  
1 4 5  4 . 6 4 2 8  4 . 4 8 5 1  . 1 5 7 7  1 9  2 7 4 4 9 9 4 · 0  4 8 1 5 · 7 
1 5 1  4 . 6 1 4 2 4 . 4 9 2 7 . 1 2 1 5  1 9  1 1 8 6 5 7 . o  2 0 8  . 1  
1 5 1  4 . 5 8 70 4 . 1 7 3 9 . 4 1 3 1  1 9  1 1 8 6 5 7 . o  2 08  . 1  
1 5 2 3 . 8 5 0 7  3 . 7 9 8 4  . 0 5 2 3  1 9  1 1 8 6 5 7 . o  2 0 8 · 1  
1 5 2  4 . 0 0 0 4 3 . 2 5 3 2  . 7 4 7 2  1 9  1 1 8 6 5 7 . o  2 08  . 1  
1 5 3  3 . 9 0 5 6 3 . 4 8 0 2  . 42 5 4  1 8  1 1 6 9 2 2 . 0  2 1 6 · 5  
1 5 5  4 . 6 7 4 8  4 . 3 9 1 0  . 2 8 3 8 1 8  1 1 6 9 2 2 . 0  2 1 6 . 5  
1 "  � ' 4 , 5 6 1 2 3 . 9 4 4 7  . 6 1 6 5 1 8  1 1 6 9 2 2 . 0  2 1 6 . 5  
1 :  7 3 . 8 5 2 1  3 . 7 8 2 4  . 0 6 9 7  7 1 6 9 6 9 0 . 0  0 0 9 . 0  
1 5 8 3 . 4 7 6 8  3 e 5 0 7 3  - . 0 3 0 5  7 1 6 9 6 9 0 . 0  B 0 8 . o  
1 5 9 3 . 7 3 1 8  3 . 6 4 5 9  . 0 8 5 9  7 1 6 9 6 9 0 . 0  8 0 8 . o  
1 6 0 4 . 0 8 6 2  3 . 9 3 3 1  . 1 5 3 1 1 7  1 1 4 4 5 0 2 . 0  2 2 44 . l  
1 6 0 4 . 3 4 9 1 4 . 1 8 5 8  . 1 6 3 3  1 7  1 1 44 5 0 2 · 0  2 2 4 4 · 1  
l e  1 3 . 9 6 2 0  4 e 0 7 2 4  - • 1 1 04  1 7  1 1 4 4 5 0 2 . 0  2 2 4 4 · 1  
1 6 4  3 .  9 1 36 4 . 1 8 3 6 - . 2 7 0 0  1 7  1 1 4 4 5 0 2  • 0 2 2 4 4 . 1 
1 6 5  3 . 7 1 0 8 3 . 9 4 3 8  - . 2 3 3 0  1 7  1 1 4 4 5 0 2 . 0  2 2 4 4 . l  
1 6 5  3 . 8 2 4 9 4 . 0 1 1 4  - . 1 8 6 5  1 7  1 1 4 4 5 0 2 . 0  2 2 4 4 . 1  



77 

APP E ND I X  D ( CO N T ' D >  

P R E S E N T  S E R V I C E A B I L I T Y I ND E X  D I F F E R E N C E S  AND 
A C C UM U LA T E D  1 8 -K I P S EQU I VAL E N T  AX L E - LOADS 

T . s . l S T  RUN 2 N D  R UN P . s . 1 .  T O T A L  L OAD  
N O .  P . s . r .  P . s . r .  D I F F .  T LOAD  P E R  DAY 

1 6 7 3 . 9 6 6 6  4 e 0 0 9 5  - . 0 4 2 9  1 7  1 2 5 6 4 · 0  2 4 e 6 
1 6 7  3 . 8 76 4  4 . 2 1 8 0 - . 3 4 1 6  1 7  1 2 5 6 4 · 0  2 4 . 6  
1 6  � 4 . 2 3 46 4 . 9 4 3 1 - . 7 0 8 5  1 7  8 6 3 8 9 2 . 0  1 6 9 3 · 9  
1 6 ;  4 e 2 0 6 3  4 e 5 2 5 7  - . 3 1 9 4  1 7  8 6 3 8 9 2 . 0  1 6 9 3 . 9  
l i ) 3 . 8 0 46 3 . 9 2 6 9  - . 1 2 2 3  1 6  8 7 2 1 1 s . o  1 8 1 1 . 0 
1 i .)  3 . 9 4 6 2  4 . 0 2 7 9 - . 0 8 1 7  1 6  8 7 2 1 7 5 . 0  1 8 1 7 . 0  
1 7 6 3 .  8 2 9·6 3 . 9 1 5 3  - . 0 8 5 7  1 6  8 1 2 1 1 5 . 0  1 8 1 7 . 0  
1 7 6  4 . 0 3 4 0  3 . 8 2 8 4  . 2 0 5 6  1 6  8 1 2 1 1 5 . 0  1 8 1 7 . 0  
1 7 7 4 . 6 3 7 0 5 · 0 9 4 0  - . 4 5 7 0 1 6  1 1 0 1 9 9 · 0  2 2 9 . 5  
1 7 7 5 . 0 0 4 5  4 . 5 2 2 3  . 4 8 2 2  1 6  1 1 0 1 9 9 · 0  2 2 9 . 5  
1 i � 3 . 9 0 4 1  3 . 9 3 3 2  - . 0 2 9 1  1 6  1 1 0 1 9 9 . o  2 2 9 . 5  
1 7 9 3 . 8 5 6 0  4 e l 2 8 8  - . 2 7 2 8  1 6  1 1 0 1 9 9 . 0  2 2 9 . 5  
1 8 0 4 . 4 2 2 5  4 . 4 4 1 1 - . 0 1 8 6  1 5  1 0 3 0 1 5 . 0  2 3 0 · 1  
1 8 0  4 . 3 4 9 8  4 . 4 8 5 6 - . 1 3 5 8  1 5  1 0 3 8 1 5 . o  2 3 0 . 7  
1 8 1  4 . 4 3 0 0  4 . 7 0 2 5  - . 2 7 2 5  1 5  1 0 3 8 1 5 . 0  2 3 0 . 7  
1 8 1  4 . 4 7 49 4 e 6 7 7 8  - . 2 0 2 9  1 5  1 0 3 8 1 5 . o  2 3 0 · 7  
1 8 4 4 . 2 1 9 2  4 e 2 6 6 3  - . 0 4 7 1 1 5  3 7 7 6 . 0  8 · 3  
1 8 4 4 . 1 2 5 9 3 . 9 1 3 3 . 2 1 2 6 1 5  3 7 7 6 . 0  8 . 3  
1 8 5 4 . 2 2 8 8  4 . 3 9 1 8  - . 1 6 3 0  1 5  3 7 7 6 . 0  9 . 3 
1 6 ; 4 . 5 0 8 3  4 e 2 0 9 0  . 2 9 9 3  1 5  3 7 7 6 . 0  8 e 3  
1 8 8  3 . 1 2 1 5  3 e 0 9 1 8  . 0 2 9 7  1 5  1 2 41 . 0  2 . 1  
1 8 8 ;, . 0 4 9 8  3 . 2 1 7 5 - . 1 6 7 7  1 5  1 2 4 1 . 0  2 . 1  
1 9 1  3 . 5 6 0 7  3 . 7 6 5 8  - . 2 0 5 1 1 5  1 2 4 1 . 0  2 . 1  
1 � l 3 . 4 8 1 0 3 . 6 0 8 1  - . 1 2 7 1  1 5  1 2 4 7 · 0  2 . 1  
1 9 2 3 . 5 3 5 3  3 . 7 6 2 6  - . 2 2 7 3  1 5  1 6 4 2 · 0  3 · 6 
1 9 3  3 . 2 2 5 8  3 . 2 0 4 5  . 0 2 1 3 1 5  1 6 4 2 . 0  3 . 6 
1 9 3  3 . 3 7 9 2  3 . 4 2 4 7  - . 04 5 5  1 5  1 6 4 2 . o  3 · 6 
1 9 6  3 . 8 6 9 6  4 . 2 8 2 7  - . 4 1 3 1  1 6  1 9 4 4 . 0  4 . 0  
1 9 6  4 . 0 8 3 8  4 e l 4 6 6  - . 0 6 2 8  1 6  1 9 4 4 · 0  4 . 0  
1 9 8  4 . 2 1 4 0 4 e 3 44 6  - . 1 3 0 6  1 6  . 1 9 44 . 0  4 . 0  
1 9 8  4 . 4 4 4 4  4 e 3 4 1 8  . 1 0 2 6  1 6  1 9 4 4 . 0  4 . 0  
1 9  � 3 . 3 1 2 2 2 e 9 46 1 . 3 6 6 1  1 6  6 6 � 9 3 2 . 0  1 3 8 9 . 4  
2 0 1  3 . 5 36 7  3 . 5 1 7 5 . 0 1 9 2  1 6  6 6 6 9 3 2 . o  1 3 8 9 . 4 
2 G l 3 . 6 4 6 7  3 . 6 3 3 6  . 0 1 3 1  1 6  6 6 6 9 3 2 . o  1 3 8 9 . 4  
2 0 5  3 . 5 8 6 4  3 . 5 4 7 9  . 0 3 8 5  1 6  6 6 6 9 3 2 · 0  1 3 8 9 . 4  
2 0 5  3 . 1 8 0 5  3 . 2 1 1 8 - . 0 3 1 3  1 6  6 6 6 9 3 2 . 0  1 3 8 9 . 4  
2 0 6  3 . 5 7 5 2  3 . 7 4 5 0  - . 1 69 8  1 6  s 2 5 1 5 . o  1 1 1 . 9 
2 0 6  3 . 9 5 5 7  4 . 0 9 8 2  - . 1 4 2 5 1 6  8 2 5 1 5 . o  1 7 1 . 9  
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A P P E N D I X  D C CON T ' D l  

P R E S E N T  S ER V I C E AB I L I T Y I N D E X  D I F F E R E N C E S  AND  
A C C UM UL A T E D  1 8 -K I P S EQU I VA L E N T  A X L E -LOA DS  

T . s . l S T  RUN 2ND R UN P • S·. I • T O T A L  L OA D  
N O . p . s . I .  P . s . r .  D I F F .  T LOAD  P E R  D AY 

2 0 7  3 . 6 1 5 3  3 . 7 5 1 8 - . 1 3 6 5  1 6  8 2 5 1 5 . o  1 7 1 . 9 
2 0 7  3 . 9 3 1 6 4 . 0 3 1 7  - . l O U l  1 6  8 2 5 1 5 . o  1 1 1 . 9 
2 0 8  4 . 1 2 6 3  4 e l 5 0 1  - . 02 3 8  1 6  8 2 5 1 5 . 0  1 7 1 . 9 
2 J 8  4 . 1 4 0 4  4 e 2 6 0 2  - . 1 1 9 8 1 6  8 2 5 1 5 . o  1 7 1 . 9  
2 1 J 3 . 7 5 8 5  3 . 6 7 2 8  . 0 8 5 7  2 2 6 09 5 5 6 . o  9 2 3 . 5  
2 1 G 4 . 1 1 3 2 3 . 8 8 7 0 . 2 2 6 2  2 2  6 09 5 5 6 . 0  9 2 3 . 5  
2 1 1  3 . 4 7 6 8  3 . 3 4 2 8  . 1 3 4 0  2 2  6 0 9 5 5 6 . o  9 2 3 . 5 
2 1 3  3 . 5 0 6 3  3 . 3 6 1 0  . 1 4 5 3  2 2  6 0 9 5 5 6 . o  9 2 3 . 5  
2 1 5  4 . 3 7 5 7  4 . 0 3 1 0  . 3 4 4 7  2 2  1 1 3 2 04 . 0  1 7 1 . 5  
2 1 5  4 . 7 8 1 1  4 e 2 0 3 0  . 5 7 8 1 2 2  1 1 3 2 0 4 · 0  1 7 1 . 5  
2 1 7 4 . 7 8 8 7  4 . 5 2 5 0 . 2 6 3 7  6 9 7 8 5 9 . 0 5 4 3 · 6  
2 1 7  4 . 2 4 7 4  3 . 8 1 7 2 . 4 3 0 2  6 9 7 8 5 9 . o  5 4 3 . 6  
2 1 8 4 . 5 1 5 7  4 . 2 6 6 5  . 2 4 9 2  6 9 7 8 5 9 . o  5 4 3 . 6  
2 1 9  4 . 9 5 8 8  4 . 5 6 7 9  . 3 9 0 9 6 9 7 8 5 9 . o  5 4 3 · 6  
2 l 1 4 . 9 8 4 8  4 . 8 2 9 6 . 1 5 5 2  6 9 7 8 5 9 · 0  5 4 3 · 6  
2 2 )  3 . 8 5 2 6  4 . 0 1 5 '.) - . 1 6 2 4  6 9 7 8 5 9 . o 5 4 3 . 6  
2 2 ) 4 . 0 8 2 8  3 . 8 0 1 3  . 2 8 1 5  6 9 7 8 5 9 · 0  5 4 3 . 6  
2 2. 2 3 . 6 5 7 1  3 . 1 6 0 6  . 49 6 5  1 3  4 3 2 9 · 0  1 1 . 1 
2 2 ?  3 . 9 6 9 1 3 . 0 8 2 4  . 8 8 6 7  1 3  4 3 2 9 . o  1 1 • 1 
2 2 4  3 . 7 76 8  3 . 2 0 3 4  . 5 7 3 4  1 3  4 2 0 2 . 0  1 0 .  7 
2 2 4  4 . 0 8 8 4  3 . 1 9 4 9  . 8 9 3 5  1 3  4 2 0 2 . 0  1 0 . 1  
2 3 () 4 . 0 8 9 5  4 . 2 4 3 7  - . 1 5 4 2  3 8 2 2 1 1 · 0 9 1 3 · 4 
2 � :> 3 . 8 8 3 6 3 . 9 0 8 4  - . 0 2 4 8  2 0  2 0 9 7 9 9 2 . 0  3 4 9 6 . 6  
2 3 6 4 . 1 0 0 9  3 . 7 .q 9 1  . 3 1 1 8  2 0  2 0 9 7 9 9 2 · 0  3 4 9 6 . 6  
2 3 9  4 . 5 4 2 3  4 . 4 7 9 3  . 0 6 3 0  1 5  9 3 8 6 4 · 0  2 0 8 . 5  
2 3 9  4 . 1 0 0 8  3 . 9 8 3 3  . 1 1 2 5  1 5  9 3 8 6 4 . 0 2 08  . 5  
2 4 0  4 . 3 4 6 5  4 . 4 3 7 9  - . 0 9 1 4  1 5  9 3 8 6 4 · 0  2 08 . 5  
2 4 0  4 . 2 4 6 7  4 . 2 8 3 9 - . 0 3 7 2  1 5  9 3 8 6 4 . 0  2 08 . 5  
2 4 7  3 . 1 1 3 4 3 . 5 8 6 5  - . 4 7 3 1  2 3  5 8 4 3 2 . o  8 4 · 6  
2 4 8  3 . 8 1 4 9 4 . 3 2 1 9 - . 5 0 7 0  2 3  1 3 1 3 9 9 5 . 0  1 9 04 . 3  
2 4 13 3 . 8 9 7 9  4 · 2 5 9 2  - . 3 6 1 3  2 3  1 3 1 3 9 9 5 . 0  1 9 04 . 3  
2 4  � 4 . 4 4 3 0  4 . 0 96 7  . 3 4 6 3  2 3  1 5 0 8 5 0 8 . 0  2 1 8 6 . 2  
2 4 9  4 . 1 9 8 7  4 . 0 5 4 2  . 1 4 4 5  2 3  1 5 0 8 5 0 8 . 0  2 1 8 6 . 2  
2 5 0  4 . 1 7 6 8  4 e l 0 5 0  . 0 7 1 8  2 3  1 5 4 6 9 4 0 · 0  2 2 4 1 . 9  
2 5 ·) 3 . 9 0 1 4 4 e 2 2 9 0 - . 3 2 7 6  2 3  1 5 4 6 9 4 0 · 0  2 2 4 1 . 9  
2 :  l 3 . 6 1 1 5  3 . 4 5 2 1  . 1 5 9 4  2 2  S . R .  
2 5 1  3 . 8 5 6 6  3 . 7 8 9 7  . 0 6 6 9  2 2  S . R .  



r . s . 
NO . 

2 5 3  
2 5 4 
2 5 £. 

l S T  RUN 
P . S . I e  

4 . 45 56 
3 . 2 498  
3 . 0 1 68  

N0 T A T I ON 

APPEND I X  D < CON T ' D )  

P R E S E N T  S ER V I CE AB I L I TY I NDEX  D I F F ERENCES AND 
ACCUMUL A T E D  1 8-K I PS EQU I VAL E N T  AXLE -LOADS 

2ND R UN P . S . I •  TOTAL  

79 

LOAD 
P . s . I .  D I FF .  T LOAD P E R  DAY 

3 e 8692  . 5864 1 7  8 3 0 3 99 . o  1 62 8 . 2 
3 . 3 648 - . 1 1 50 2 3  S . R .  
3 . 1 7 0 7  - . 1 5 39 2 3  S . R .  

S . R .  = S E RV I C E ROAD  ( NO T R AFF I C  R ECORD AVA I LABL E 

T = T RAFF I C  LOAD APPL I CA T I ON P E R I OD < I N  MON THS  ) 
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APPEND I X  E 

PROPER T I ES OF ASPHAL T I C  MA TER I ALS  

T . S . NO .  L AYER  T H I CKNESS  SP . GR . F LOW S T AB I L I T Y 
C I NCH ) c o . 0 1  I N ) ( POUND ) 

3 c 1 - 1 / 2 2 . 4 1 1 0  3 18 1  
A 2 2 . 4 1 7 1 7 5 5  

I.· c 1 - 5 /8 2 . 2 2 9 4 7 4 5  
A 3 2 . 2 5  9 4 6 4 6  

SA  1 0  1 . 8 1  1 6  6 1 0  
9 c 1 - 1 / 2 2 . 2 4 1 0  3 9 6 1 

A 3 - 1 / 4 2 . 2 1 9 3 2 8 8  
SA  9 2 . 06 1 4  6 1 0  

1 1  c 1 - 1 / 4 2 . 2 4 1 0  4 3 1 2  
A 3 - 3 /4 2 . 2 4  1 7  2 7 3 4  

SA  8 - 1 /2 1 . 9 3 1 5  5 5 1  
1 3  c 1 - 1 / 2 2 . 2 5  1 0  4 3 0 9 

A 2 - 3 /4 . 2 . 26 1 4  28 1 7  
SA  8 1 . 8 9  1 5  7 6 9  

1 7  c 1 - 1 / 2 2 . 2 6 1 3  3 3 3 5  
A 3 - 3 /8 2 . 2 5  1 2  3 0 0 0  

SA 8 2 . o e 1 4  6 6 5  
2 6  c 1 - 1 / 2 2 . 3 2 1 0  3 58 1  

A 3 2 . 3 5  1 9  1 5 5 0 
SA 8 1 . 90 1 7  3 1 9 

3 3  c 1 - 5 /8 2 . 3 6 1 1  3 0 4 7  
B B  6 - 3 /8 2 . 3 2 1 9  2 02 9  

3 4  c 2 2 . 3 3 1 3  2 1 7 1  
B B  6 2 . 3 1 2 2  2 0 5 7  

3 7  c l - 3 / 4  2 . 38 7 2 7 5 0  
BB  7 2 . 3 0 1 1  1 5 4 4  

3 8  c 2 2 . 2 9  1 1  28 9 4  
A 2 - 3 /4 2 . 3 8 1 3  4 1 4 0 

4 0  c 1 - 7 / 1 6  2 . 3 0 1 0  4 3 4 8  
A 1 7 /8 2 . 38 1 2  3 4 3 1 

4 2  c l - 1 / 2 2 . 3 6 8 3 98 4  
A 2 - 1 / 2 2 . 40 1 2  2 2 42 

4 4  c 2 2 . 3 9 9 2 5 3 0  
A 2 2 . 42 1 0  2 1 1 1  

4 5  c 2 2 . 3 9 8 2 3 6 3  
A 2 2 . 42 6 1 9 1 0  

4 7  c 1 - 1 / 2 2 . 3 0 5 2 3 98 
A 3 2 . 3 1 4 2 0 08 

BB  7 2 . 3 0 6 1 1 5 4  
4 8  c 1 2 . 2 5  7 1 9 4 6  

A 3 2 . 3 2 7 1 06 8  
BB  8 • 

5 (  c 1 - 1 / 4 2 . 40 8 3 5 0 2 
A 3 2 . 42 1 5  2 7 52 

S A  1 0  2 . 1 3  2 2  8 2 8  
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A P P E N D I X  E ! CONT I NUE )  

P ROPER T I E S OF ASPHAL T I C  MATER I ALS  

T . S . NO .  L A Y E R  T H I CKNESS  SP . G R .  F LOW S T AB I L I T Y 
( I NCH  l , 0 . 0 1  I N l ( POUND ) 

5 1  c 1 2 . 40 5 4 2 2 6  
A 3 2 . 42 7 2 8 6 3 

S A  1 0  2 . 1 4 1 5  9 3 5 
5 7  c 1 - 1 / 2 2 . 3 4 1 0  2 9 0 8 

A 3 2 . 4 1 1 5  2 7 2 8  
B B  7 2 . 36 1 6  1 9 5 0 

r; 8 c 1 - 1 / 2 2 . 3 2 1 6  2 5 5 7  
A 3 2 . 3 8 1 8  2 5 74 

B B  7 2 . 3 0 2 8  1 7 6 2  
6 7  c 1 - 1 / 4 2 . 3 3 1 2  3 6 9 6 

A 3 2 . 40 1 5  2 8 6 2 
BB 9 2 . 3 2 1 6  1 8 3 7  

6 8  c 1 - 1 / 2 2 . 2 9 8 3 6 8 7 
A 3 2 . 44 2 0  2 6 5 1  

B B  7 2 . 2 4 2 8  1 4 3 7  
1 L  c 1 - 1 / 2 2 . 2 6  1 0  2 0 8 8  

A 3 2 . 3 3 1 2  1 8 6 8  
S A 8 1 . 8 4 2 3  4 8 8  

7 4  c 1 - 1 / 2 2 . 6 2 1 2  2 4 6 4  
A 3 2 . 3 0 8 2 2 8 1  

S A  9 1 . 8 9 2 0  5 5 0  
7 6  c 1 - 1 / 2 2 . 1 6 1 0  2 6 7 2  

A 3 2 . 3 2 1 7  3 7 5 7  
S A  8 1 . 8 6 2 7  3 7 5 

7 7  c 1 - 5 / 8  2 . 1 3  2 4  2 04 3  
A 3 - 5 / 8  2 . 2 3  1 8  3 1 7 7 

S A  7 - 7 / 8  1 . 8 1 2 3  2 3 0  
8 0  c 1 - 1 / 2 2 . 1 3 1 5  3 2 3 4  

A 3 2 . 3 0 1 9  3 0 1 5  
SA  8 1 . 8 6 2 3  5 2 9  

8 2  c 1 - 5 / 8 2 . 3 9 1 2  1 6 6 8  
A 1 - 7 / 8  2 . 4 1  2 0  8 7 7  

S A  8 1 . 8 6 1 7  4 7 8  
8 8 c 1 - 1 / 8  2 . 2 8 8 5 1 1 8  

A 3 2 . 3 2 7 � 3 ·: n  
SA 1 0  1 . 9 9 1 1  5 0 1 

9 1  c 1 - 1 / 2 2 . 2 2 1 3  4 8 0 8  
A 3 - 1 / 2 2 . 34 9 2 8 3 4  

SA  8 1 . 9 2 1 1  5 8 8 
9 2  c 1 - 1 / 4 2 . 2 5  8 3 0 9 4  

A 3 - 1 / 4 2 . 2 6 1 2  1 6 7 2  
B B  7 2 . 1 8 1 0  2 08 9  
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A P P E N D I X  E ( CONT I NUE ) 

PROPER T I E S OF  ASPHA L T  I C  M A T E R I ALS  

T . s . No .  L A Y E R  TH I CKNESS  SP . GR . F LOW S T AB I L I T Y 
( I NCH  l ( O . O l  I N  l ( POUND ) 

9 8  c 1 - 1 /4 2 . s 1  1 2  3 2 1 0  
A 3 - 1 /2 2 . 1 1 1 0  1 3 2 6  

BB  8 2 . 1 6 1 1  1 3 99 
l UO c 1 - 1 / 4 2 . 2 6  7 3 5 8 0  

A 3 - 1 / 4 2 . 1 1 9 1 6 64  
BB  7 2 . 1 1  7 1 5 4 3  

1 0 3 c 1 - 1 / 2  2 . 3 5 8 3 6 00  
A 3 2 . 2 9 1 4  1 2 34 

B B  7 2 . 2 1  1 6  1 1 8 2  
1 0 6 c l - 3 / 8  2 . 3 0 1 2' 2 5 70 

A 3 2 . 1 6 1 0  1 4 5 4  
B B  8 - 1 / 2 2 . 1 1 1 2  1 4 3 9  

1 0 7 c l 2 . 2 9  1 1  2 6 0 0  
A 3 - 1 / 2 2 . 2 5  1 2  1 3 3 1  

BB  9 • 
1 08 c 1 - 1 / 2 2 . 3 3 1 3  1 8 6 2  

A 3 2 . 44 1 3  1 6 8 1  
B B  7 2 . 2 8 2 8  5 6 6  

1 1 1  c l 2 . 3 4 1 0  2 8 9 1  
A 3 - 1 / 2 2 . 40 1 1  1 7 02 

BB  7 • 
1 1 4 c 1 - 1 / 2 2 . 32 1 4  3 6 09 

A 2 - 1 / 4 2 . 2 6  1 1  2 8 6 2 
B B  1 0  2 . 1 9 1 9  1 6 6 0  

1 2 3 c 1 - 1 /4 2 . 2 5  7 3 08 6  
A 3 2 . 3 3 6 4 1 1 2  

BB  6 2 . 2 4 7 2 07 6  
1 3  ( c 1 - 3 / 4  1 . 1 1  9 4 1 7 0 
1 3 1  c 1 - 3 / 4  2 . 2 6 6 3 6 96 
1 3 5 c 1 - 5 /8 2 . 40 7 4 5 5 0  

A 2 - 3 / 4 2 . 2 9 9 2 1 54 
1 3 6 c l - 3 / 4 2 . 3 8 4 5 2 5 4  

A 2 2 . 2 9 4 2 7 2 4  
1 3 7 c 1 - 3 /4 2 . 3 6 1 2  2 4 2 4  

A 3 2 . 3 0 2 2  2 2 7 0 
1 4 5  c 1 - 3 / 8  2 . 3 1  9 2 3 9 1  

A 4 2 . 4 1  7 2 02 8  
1 5 1  c l - 3 / 8  2 . 2 0 9 3 6 6 3  

A 3 2 . 2 0 1 8  1 9 5 0  
BB 6 - 1 / 2 2 . 2 5  2 0  2 5 7 5  

1 5 2 c l 2 . 1 1 6 4 6 7 0  
A 3 - 3 / 4  2 . 2 4  1 6  2 2 7 1  

BB  7 - 1 /4 2 . 2 6 1 9  2 3 7 8  
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A P P E N D I X  E ( CONT I NUE ) 

PROPE RT I E S O F  A.SPHAL T I C  MA T E R I ALS  

r . s . No .  L A Y E R  T H I CKNESS  S P .  GR . F LOW S T AB I L I T Y 
C I NCH > c o . 0 1  I N  l ( POUND ! 

1 5 =  c 1 - 3 / 4 2 . 2 4 1 6  2 6 2 4  
A 3 2 . 2 6 2 0  1 8 0 8 

B B  4 2 . 1 9 1 7  1 92 6  
1 5 5  c l 2 . 1 8  1 1  2 4 4 9  

A 3 2 . 2 9 1 5  3 2  O l  
B B  7 • 

1 5 7 c 1 - 5 / 8 • 9 2 2  5 2  
A 3 • 9 1 7 9 0  

1 5 8 c 1 - 1 / 4 2 . 3 7 9 2 3 3 1  
A 3 2 . 40 7 1 8 8 2  

1 5 9 c 1 - 1 / 2 2 . 3 7 6 2 4 2 4  
A 3 2 e 4 0 1 3  1 2 9 1  

1 6 0  A 4 - 3 / 4  2 . 3 9 9 2 1 1 1  
S A  8 - 1 / 2 1 . 9 0 1 8  4 1 0  

1 6 1  c l - 1 / 2 2 . 3 7 9 2 3 6 3  
A 3 2 . 3 7 8 1 1 4 4  

SA  1 2  - 3 / 8  1 . 9 3  1 7  3 5 3 
1 6 4 c 1 2 . 3 8 8 3 8 5 0  

A 4 2 . 4 0 1 1  1 6 1 7  
SA 8 1 . 99 1 6  3 2 0  

1 6 5  c l - 5 / 8  2 . 3 6 8 2 2 4 7 
A 3 - 2 . 3 4 7 1 2 5 0  

S A  8 - 3 / 4 1 . 8 9 1 5  4 5 7  
1 6 7  c l 2 . 2 8 1 3  2 6 3 9  

A 3 - 1 / 2 2 . 3 8 8 1 9 0 7 
S A  8 - l / 2  1 . 9 3 1 3  4 3 6  

1 6 9 c l - l / 2  2 . 3 8 1 8  1 4 4 5  
A 2 - l / 2 2 . 4 3 1 1  1 4 5 6 

SA 8 - 1 / 2  2 . 04 1 6  3 9 2  
1 7 0 c 1 - 3 / 8  2 . 4 3 9 3 1 5 7 

A 2 - 1 / 2 2 . 40 1 5  2 2  0 8  
SA  8 - 1 / 2 1 . 9 9 1 3  3 0 0  

1 7 6 c l 2 . 4 3 1 2  3 7 0 0  
A 2 - 1 / 2 2 . 46 1 4  2 7 3 5  

S A  9 - 1 / 2 1 . 9 8 1 7  4 3 6  
1 7 7  c 1 - 5 / 8  2 . 3 7 9 2 0 5 9  

SA  8 - l / 2 1 . 8 4 2 4  4 9 9  
1 7 9 c 1 - 1 / 2 2 . 4 2 9 3 1 9 6 

B B  5 3 . 4 0 2 5  3 0 5 0  
1 8 (  c 1 - 3 / 4 2 . 3 8 1 1  1 5 7 4 

SA 6 1 . 9 7 2 0  5 8 2  
1 8 1  c 2 2 . 3 8 1 0  1 2 6 3  

" S A  6 1 . 9 3  1 7  5 0 1 
1 8 4  c 1 - 1 / 2 2 . 3 7 1 0  2 2 7 9  

B B  5 - 3 / 4 2 . 4 6 1 6  1 5 9 5  
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A PPEND I X  E ( CONT I NUE ) 

PROPERT I E S OF  A S PHAL T I C  MA TE R I ALS  

T . s . No .  L A Y E R  TH I CKNESS  S P .  GR . F LOW S T AB I L I T Y 
( I NCH  l ( 0 . 0 l  I N  l ( POUND ) 

1 8 5  c 1 - 1 / 2 2 . 3 7 1 1  2 4 2 4 
BB 6 2 . 46 1 9  1 6 6 7  

1 8 8 c 1 - 1 / 8 2 . 36 9 2 7 3 0 
1 9 1  c 1 2 . 40 7 2 2 7 5  
1 9 2  c 1 2 . 4 1  1 1  2 4 4 6  
1 9 3 c 1 - 1 / 2 2 . 3 8 1 1  1 8 62 
1 9 6 c 1 2 . 42 1 1  3 4 5 8  

A 3 2 . 44 8 1 7 2 9  
B B  9 2 . 4 8  1 3  1 5 3 9  

1 9 8  c 1 - 5 / 8 2 . 4 1  8 2 6 6 6  
A 3 2 . 4 4  1 9  1 2 4 8  

BB  5 2 . 3 8 1 8  9 1 5  
1 9 � c 1 - 5 / 8  2 . 3 8 8 3 5 6 2  

A 2 - l / 2 2 . 4 2 7 1 9 1 1  
2 (; 1 c 1 - 5 / 8  2 . 3 8 1 0  3 1 03 

A 2 - l / 2  2 . 4 4 1 2  1 9 0 0  
2 0 5 c 1 - 1 / 2  2 . 3 5  1 0  3 1 8 1  

A 3 - 1 / 2 2 . 4 0 9 1 6 5 0  
2 0 6 c 1 - 1 / 2  2 . 3 6 1 0  1 7 5 7  

A. 2 - l / 2  2 . 3 7 6 2 1 5 4 
2 0 7 c 1 - l / 8 2 . 3 3 1 2  4 3 6 8  

A 2 2 . 3 6 7 1 9 2 5  
2 0 8 c 1 2 . 40 9 3 8 9 2  

A 3 2 . 40 1 3  2 1 2 5  
2 1 0 c 1 - 1 / 4 2 . 3 6 9 3 9 9 0  

A 2 l / 2  2 . 4 1 8 3 3 66 
SA  8 - 1 / 2 1 . 9 9 1 1  446  

2 1 1  c 1 - 1 / 2 2 . 3 6 8 3 8 9 9 
A 2 2 . 3 7 1 0  3 2 1 0  

SA  8 - 1 / 4 1 . 9 9 1 5  3 6 0 
2 1 3 c 1 - 1 / 4 2 . 3 7 9 4 1 0 7 

A 2 - 5 / 8  2 . 4 1  8 3 7 1 8  
S A  1 0  1 . 9 6 7 4 2 6 

2 1 5  c 1 - 3 /4 2 . 3 1  1 1  1 9 3 4  
A 2 - 1 / 2 2 . 4 3 1 1  2 2 0 0 

S A 9 1 . 8 8 8 3 6 4 
2 1 7 c 2 - 1 / 4 2 . 4 3  1 0  2 04 2  

A 3 2 . 4 0 1 4  1 1 8 2  
B B  7 - 1 / 2 2 . 3 6 1 6  7 9 0 

2 1 8 c 2 2 . 4 3 1 5  1 9 6 8  
A 3 2 . 4 2 1 3  1 3 6 9  

B B  7 2 . 3 5 1 2  7 6 9  
2 1 9 c 1 - 5 / 8 2 . 4 4 1 3  2 7 2 4  

A 3 2 . 4 1  1 1  1 4 04 
B B  7 2 . 3 5 34  6 44 



APPEND I X  E < CONT I NUE ) 

PROPER T I E S OF  ASPHA L T  I C  M A T E. R I A LS  

T . S . NO .  LAYER  T H I CKNESS  
C I NCH ) 

2 2 0 c 2 

A 3 
B B  7 

2 2 2  c l - 1 / 4  
2 2 4 c 1 - l / 4 
2 3 0 c 1 - 3 / 4 

A 2 - 3 / 4 
2 3 6 c 1 - 3 / 4  

A . 2 - 1 / 4 
SA  1 0 - l / 2 

2 3 9 c 2 
SA  8 - 3 / 4 

2 4 0 c 2 - 1 / 4 
SA  7 - 1 / 2  

2 4 6 c 1 - 1 / 2 
S A  6 - 1 / 2 

2 4 7  c l - 3 / 4 
A 3 

B B  7 
2 48 c 1 - 1 / 2 

A 3 
B B  6 

2 4 9 c l - 1 / 2 
B B  1 2  

2 5 C c 1 - 1 / 2 
A 3 

B B  9 - 1 / 2 
2 5 1  c 2 - l / 4 

SA 6 - 3 /4 
2 5 3  c l - 1 / 4 

A 2 - 1 / 2 
2 5 4  c 3 / 4 

NOT A T I ON 

C - T Y P E  C SUR F A C E  LAYER  
A - T Y PE  A SURF A C E  L A Y E R  
S A  - SAND ASPHAL T BASE  
BB  - BLACK  BASE  

SP . GR . F LOW 
c o . 0 1  

2 . 3 9 9 
2 . 4 4 1 2  
2 . 3 8 2 0  
2 . 2 1 1 1  
2 . 3 6 1 4  
2 . 4 5 1 6  
2 . 46 1 3  
2 . 3 9 1 9  
2 . 4 5 9 
2 . 0 1  1 3  
2 . 3 9 1 0  
2 . 0 9 8 
2 . 40 7 
2 . 09 6 
2 . 3 6 1 0  
2 . 3 9 9 
2 . 3 6 6 
2 . 3 1  7 
2 . 3 1 8 
2 . 3 8 7 
2 . 4 3 7 
2 . 3 7 9 
2 . 3 5 6 
2 . 3 9 7 
2 . 30 8 
2 . 30 9 
2 . 34 1 1  
2 . 3 5 1 1  
1 . 9 7 1 2  
2 . 40 7 
2 . 4 2 9 
2 . 2 6 1 2  
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S T A 9 I L I T Y 
I N  l ( POUND ) 

2 4 7 8  
1 8 8 9  

8 7 2  
2 07 9  
1 7 4 9  
1 9 9 9  
1 5 1 8  
1 4 9 7  
1 6 6 7  

3 1 6 
1 5 6 0  
1 5 4 4  
1 5 6 0  
1 2 1 7  
2 7 5 2 
1 5 4 3  
1 4 6 9  

9 9 8  
6 9 7  

1 7 9 8  
1 404 
1 1 8 1  
3 8 69 
1 4 6 8  
2 5 8 5  
1 5 00  

6 8 6  
3 1 2 9  

4 9 0  
3 8 2 2  
1 9 3 5  
2 5 5 8 
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A P P E N D I X  F - 1 

P RO P E R T I E S OF B A S E  MA T E R I A L 

T . s . T H I C K - S I E V E  ANALY S I S  F I E L D  R 
NO . N E S S  P E RC E N T A G E  P A S S I NG DEN  MO I S  VA L U E  

1 - 1 / 2  3 / 4  3 / 8  4 1 0  4 0  2 0 0  

3 1 4- 5 / 8  1 0 0  8 6  6 5  5 2  4 5  2 9  1 3  1 5 6  5 5 6  
? 3 8 - 1 / 4 9 5  6 9  4 7  3 4  2 3  1 4  8 1 4 9  4 6 6  
4 0  9 - 3 / 4  1 0 0  1 0 0  7 8  5 8  4 2  2 5  1 6  1 4 8  0 6 8  
4 2  7 - 1 / 4  1 0 0  9 1  6 7  48  3 3  2 0  1 3  1 4 5  0 7 7  
4 3  6 - 1 / 2  1 0 0 9 1  6 9  5 5  4 1  2 8  1 4  1 4 9  3 8 5  
4 4  1 1 - 1 / 8 1 0 0 8 6  5 5  4 7  4 0  1 9  1 6  1 44 2 8 0  
4 5  9 - , / 8  1 0 0  8 3  6 1  5 3  44 2 0  6 1 4 9  2 8 0  

1 3 0 9 -5 / 8  9 5  7 0  5 2  4 1  3 6  2 9  8 1 44 3 7 8  
1 3 1  1 0 - 1 1 8  1 0 0  1 0 0  7 9  6 3 5 6  4 6  1 4  1 4 1  4 8 0  
! 3 '5 9 - 1 / 2  1 0 0  9 2  7 2  5 9  5 0  3 5  1 4  1 2 5  1 8  6 6  
1 3 , 7 - 3 / 4  1 0 0 8 8  74  6 1 5 0  3 2  1 3  1 2 9  0 6 4  
1 3 7  1 0 - 1 / 4 1 0 0  8 7  6 9  5 4  44 2 9  1 3  1 4 8  0 7 9  
1 4 5  f, - 3 / 4  1 0 0 9 2  7 8  6 3 5 4  2 7  8 1 4 3  4 7 8  
1 5 7  8 - 3 / 4  1 0 0 1 0 0 7 5  6 1  5 6  3 6  1 4  1 5 4 2 4 5  
1 :  3 7 - 5 / 8  1 0 0 1 0 0 7 1  5 5  4 9  3 2  1 4  1 5 3  3 4 4  
1 5 9 7 - 1 / 4  9 1  6 9  4 2  3 1  2 6  1 8  9 1 4 2  0 4 2  
1 8 8  9 - 3 / 4  1 0 0 6 7  3 6  2 8  1 9  9 5 1 3 8  2 8 3  
1 8 9 6 - 5 / 8  1 0 0 7 5  4 4  3 8  2 8  1 3  7 1 3 6 3 8 2  
1 9 1  8 - 1 / 4  1 0 0 8 8  6 9  5 8  3 8  1 5  8 1 4 7  3 8 4  
1 9 2  1 0 1 0 0 8 8  7 0  6 1 3 9  1 4  6 1 3 7  3 8 4  
1 9 3  9 - 1 / 4  1 0 0  8 3  64  5 7  4 2  1 7  9 1 3 3  1 1  7 9  
1 9 9 8 1 0 0 9 0  8 5  7 8  6 7  3 2  1 4  1 4 1  6 5 4  
2 0 1  6 1 0 0  9 0  7 7  6 8  5 8  3 3  1 7  1 1 0  8 5 4  
2 0 5  7 1 0 0 8 9  6 8  ? 9  5 4  4 7  2 4  1 4 6  6 5 4  
2 0 6  7 9 6  6 4  5 0  4 3  3 5  2 9  2 1  1 5 1  6 46  
2 0 7  1 3 - 3 / 8  1 0 0  7 2  5 7  5 0  4 3  3 7  2 3  1 4 7  7 6 8  
2 0 8  9 - 3 / 4  8 4  6 7  6 6  6 5  6 5  6 2  2 7  1 4 6  6 6 5  
2 2 2 1 4  1 0 0 6 7  4 2  3 2  2 7  2 3  8 1 2 9  0 7 6  
2 2 4  9 - 3 / 8  1 0 0  7 9  5 6  4 4  3 7  3 2  1 1  1 3 2  0 8 0  
2 2 8  5 - 3 / 8  1 0 0  8 5  6 0  4 8  3 6  2 5  1 5  1 3 3  0 74  
2 3 0  4- 1 / 2 8 5  6 7  5 6  4 7  4 1  3 4  1 2  0 0 6 3  
2 5 3 1 3 - 1 / 4 1 0 0 7 4 5 1  44 4 0  2 8  1 1  1 4 8  6 7 6  
2 5 � 7 1 0 0 8 1  6 4  5 0  4 1  2 3  1 1  1 4 5  4 4 0  
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A P P E N D I X  F -2 

P R O P E R T I E S O F  SUBBA S E  MA T E R I A L 

S I EV E  A N A L . 
T . S .  T H I C K - L e l e  P . I .  P E R C E N T AG E  F I E L D  M A X . O P . R 
NG . ,\J E S S  P A S S I N G NO . D E N  MO I S  D E N  MO I S  V A L U E  

1 0  4 0 2 0 0  

3 8 - 1 / 8  NP 9 8  9 2  6 1  1 1 9 1 5  3 6  
4 6 - 1 / 2  N P  9 8  6 3  1 2  1 1 9 7 1 1 8 9 7 0  
9 7 - 1 / 8  NP 9 5  5 5  1 3  1 2 4 6 1 2 7 9 6 9  

1 1  5 - 3 / 4  N P  9 1  4 3  9 1 2 8 8 1 1 8 1 0 7 2  
1 3  8 -5 / 8  NP 7 3  4 0  1 2  1 3 2 8 1 2 1  1 0 7 4  
1 7 5 - 1 / 4 N P  7 7  4 5  1 0 1 2 0  4 1 1 7 1 2  74  
� ::> � - 3 / 4  2 5  1 0  1 0 0 9 8  4 8  1 1 4 1 1 3 1 3  2 7  
� 3 �· - 1 / 8  N P  1 0 0 9 8  2 6  1 1 9 1 1  1 1 5 1 4  7 2  
3 4  6 - 1 / 8  NP 1 0 0 9 9  2 5  1 1 6 8 1 1 2 1 1  7 3  
3 7  5 - 7 / 8 NP 1 0 0 9 8  2 6  1 1 7 1 4  1 1 6 1 4  6 5  
3 8  4- 3 / 8  N P  1 0 0 l PO 3 1  1 1 2 1 7  1 1 1 1 3  6 0  
4 0  5 - 3 / 4  2 9  1 2  1 1 4 1 1 2 1 0  2 0  
{. ? 6 N P  1 0 0 9 9  3 5  1 2 4 1 0  1 2 0  1 1  6 6  
4 4  1 0 - 1 / 8  NP  97  9 3  2 3  1 1 8 1 4  6 3  
4 7  5 - 3 / 4  NP 1 0 0 9 5  3 8  1 1 2  8 1 1 1 1 2  6 3  
4 8  9 - 1 / 2  N P  9 8  9 3 3 2  1 2 0 1 2  1 1 4 1 1  7 3  
5 0  6 NP 8 6  2 8  7 1 4 2  4 1 2 8  8 7 0  
5 1  6 - 3 / 4  N P  9 0  4 0  2 0 1 3 6 5 1 3 0 1 4  6 8  
5 7  NP 1 0 0 1 0 0 3 8  1 1  1 0 9 1 4  7 2  
5 8  NP 1 0 0  1 00 3 9  1 1 6 1 1  1 0 8 1 5  6 8  
7 ?. NP  1 0 0  9 8  2 7  1 0 9 6 1 1 8 1 3  6 6  
'i -+ 7 - 1 / 2  N P  1 0 0 9 8  4 3  1 2 6 7 3 6  
7 7  6 NP 1 0 0 9 9  3 9  1 1 9 1 1  3 0  
8 8  7 - 1 / 4  NP 9 4  6 4  1 1  1 2 7  5 1 2 0 9 6 8  
9 '2 6 - 1 / 2 I\JP  97  4 7  9 1 2 6 9 1 2 0  1 0  7 2  
S 3 NP  9 7  4 1  1 3  1 2 6 1 0  1 1 8 1 1 7 1  

1 -J O t; - 5 / 8 NP 8 4  4 5  8 1 2 2 1 1  1 1 8 1 2  7 2  
1 0  3 5 - 1 / 2  N P  7 9  4 2  1 3  1 2 2  1 0  7 6  
1 1 4 7 - 3 / 4  N P  1 0 0 7 0  2 3  1 1 9 1 2  1 1 1 1 2  7 9  
1 2 3  5 - 1 / 8  NP 1 0 0 1 00 2 7  1 2 7  7 1 1 6 1 2  7 5  
1 3 0 9 - 1 / 2  1 9  0 1 0 0 9 8  5 0  1 1 5 1 1 2 1 2  6 2  
1 3 1  5 - 1 / 2 NP 5 2  4 2 1 2  1 3 1  5 1 2 0  9 7 0  
1 3 5  1 0 - 1 / 2  NP 1 1 4 1 0  1 0 8 9 6 6  
! 3 .5 1 1 - 3 / 4  NP 1 1 4 1 1 2 1 1  6 4  
1 3 7 1 3 - 1 / 4 NP 1 1 6 1 3  6 8  
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A P P EN D I X  F -2 ( C ON T ' D )  

P R O P E R T I E S O F  SUBBA S E  � A T E R I A L 
,. 

S I E V E  A N A L . 
r . s . T H I C K - L e l e  P . I .  P E R C E N T AG E  F I E L D  M A X .  OP . R 
NC' • N ES S  P A S S I N G NO . D E N  MO I S  D E N  MO I S  V A L U E  

1 0  4 0  2 0 0  

1 4 5  6 NP 1 00 9 4  3 7  1 2 5  1 2  1 1 9 1 1  7 0  
1 5 2  8 NP 1 0 0 1 00 2 2  1 1 6 1 6  1 0 6 1 3  7 2  
1 5 5  7 - 5 / 8  N P  1 0 0 1 0 0 2 9  1 2 2  1 2  1 1 3 1 0  6 9  
1 5 7 7 - 1 / 8 2 0  1 1 2 0  7 1 1 8 1 4  3 2  
1 5 8 4-3 / 8  2 0  4 1 00 9 9  3 2  1 1 3 9 1 1 2 1 6  5 7  
1 5 9 :- - 1 / 2 2 7  1 1  1 0 0 1 0 0 3 7  1 0 8 9 1 1 3 1 4  3 6  
1 6 ,1 1 2 - 1 / 2  N P  7 2  3 5  5 1 3 1  4 0 0 7 6  
1 6 1  1 1 - 1 / 4 NP 7 8  4 3  7 1 3 1  9 1 1 8 1 0  7 2  
1 6 4  4 N P  8 7  5 8  8 1 2 4 7 1 1 2 8 7 5  
1 6 9  5 N P  7 8  4 5  1 2  1 2 5  5 1 2 0  8 7 6  
l 7 0 1 6  NP 1 0 0 � l  4 7  1 0 9 9 1 2 1  1 1  40  
1 7 6 1 6 - 1 / 4  N P  1 0 0 8 9  3 7  1 2 3  9 1 2 2 1 1  5 3  
1 7 9 N P  1 0 0 9 8  2 5  1 1 0 7 1 1 4 1 2  6 4  
ur n 1 2  NP 1 0 0 9 4  4 0  1 2 8  6 1 2 0 1 1  2 8  
1 8 1  5 - 5 / 8  NP 9 9  8 9  3 8  1 2 2 7 1 1 9 1 2  3 7  
1 � 4  6 - 1 / 2 NP 7 8  2 6  8 1 3 3 4 8 0  
1 Cl -. :, 7 NP 8 2  3 0  1 5  1 1 7 1 8  8 4  
l 8 '3 5 - 3 / 4  NP 9 6  8 1  3 2  1 1 8 1 4  1 1 5 1 4  4 1  
l <? 1 f NP 69 3 2  1 8  1 2 5  8 1 3 0 8 7 4  
l c; 2 �· - 1 / 8  N P  6 5  2 9  1 9  1 3 2 7 1 2 9 9 7 2  
1 0 3  5 - 3 / 4  N P  6 2  2 7  1 6  1 3 3 4 1 3 2 9 7 8  
2 0 1 6 NP 1 0 0 9 9  3 7  1 1 8 1 2  1 1 1  1 1  6 7  
2 0 5  8 N P  1 0 0 1 0 0  5 6  1 1 9 1 5  1 1 1  1 1  1 7  
2 0 8  9 - 1 / 8  N P  1 0 0 1 00 3 3  1 1 9 1 0  1 1 0 1 1  6 8  
2 1 ) 1 3 N P  1 0 0 9 5  3 9  1 1 7 1 1  1 1 8 1 2  6 8  
2 1 1  1 2  N P  1 1 9 1 0 2 7  
2 1 3  8·- 1 / 2  "J P  1 2 0  1 0  6 2  
2 1 7  NP 9 0 3 3  1 0  1 3 2 9 1 2 4 1 0  7 4  
2 2 C N P  8 7  2 4  7 1 2 7  8 1 2 3  1 0  7 5  
2 2 2  1 8 - 3 / 4 NP 1 0 0 9 5  1 2  1 1 9 8 1 0 8  1 0 6 9  
? ., 4 N P  1 2 1  1 2  5 2  
2 3 0 9 - 1 / 4  N P  9 8  9 6  3 5  1 2 2  9 4 1  
2 4 1:,  1 3 NP  24  
2 4  7 8 - 1 / 2  NP 1 0 0 9 8  3 5  1 1 7 1 1  1 1 4 1 0 6 9  
2 4 8  9 N P  1 1 6 1 0  5 8  
2 4 9  1 4 - 1 / 2 NP 62  
2 5 ') 1 3  NP 1 1 2 1 1  6 8  
2 :  l 9 - 1 / 2  N P  9 9  9 5  3 6  1 1 2 1 3  1 1 8 1 2  2 4  
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A P P E ND I X  F- 3  

PROPER T I ES O F  SUBGRADE MAT E R  I AL 

S I EVE ANA L . 
T . s .  SO I L  L e l e  P e l e  PERC E N T AG E  F I E L D  MAX • OP . R 

NO . C L A S S .  P ASS I NG NO . DEN MO I S  DEN  MO I S  VAL UE 
1 0  4 0  2 0 0 

3 NP 1 00 9 8  7 0  1 26 1 6  1 1  
4 A - 4 ( 0 ) 2 0  4 1 00 1 00 3 3  \ 6 0  
7 A -6 ( 2 )  2 1  3 1 00 83  3 5  1 1 6 1 6  1 2 2 1 2  2 1  
9 A -6 ( 1 0 )  1 9  2 1 00 9 3  4 8  1 2 5  1 3  1 2 4 1 1  3 0  

1 1  A -2 -4 ( 0 )  NP  1 00 9 6  2 2  1 2 0  7 6 5  
1 3  A - 7 -6 ( 1 3 )  2 2  7 1 00 9 8  4 8- 1 1 6 1 6  1 1 6 1 4  8 
1 7  A - 7 - 6  l 1 1 )  3 0  1 2  1 00 9 9  6 3  1 2 0  1 2  1 1 7  1 6  5 
2 6  A . -6 C 1 1  > 3 6  1 9  1 00 9 8  5 8  1 0 2  1 1 4 1 5  1 2 
3 3  A -4 ( 7 )  NP  95  7 3  3 4  1 2 4  1 3  1 1 2 1 7  5 4  
3 4  A -7 -6 l 1 1  I 44  1 3  9 3  8 1  4 5  1 1 1  1 7  1 04 1 9  3 3  
3 7  A - 7 -6 ( 1 3 >  3 8  1 7  9 6  7, 6  3 6  1 0 9  1 9  1 0 2 1 9  7 
3 8 ' A - 7 - 5 ( 1 2 )  6 9  3 6  9 8  8 1  4 4  87 3 3  8 6  2 9  1 2  
4 0  A -4 ( 8 )  4 0  2 2  1 00 9 q  8 2  1 1 3  1 1 1  1 5  A 
4 2  A -7 - 6 ( 1 3 1  46  2 4  9 8  83 5 8  1 1 3 1 0 5 1 7  6 
4 3  A -7 - 6 ( 1 6 )  40  1 9  1 00 99  6 3  1 1 5 1 9  1 1 0 1 7  1 4  
4 4  A -2 -3 < 0 )  N P  99  9 6  1 9  1 2 0  6 1 1 3  1 3  6 9  
4 5  A -4 ( 8 )  NP  1 0 0 9 7  2 2  1 2 0  9 1 1 6 1 2  6 3  
4 7  A -7 -6 ( 1 2 )  44 2 4  9 7  9 6  1 7  1 0 7  1 9  1 0 1  2 1  5 
4 8  A -7 -6 ( 1 4 )  4 9  1 2  9 7  89 6 5  1 08 1 8  1 00 2 1  5 
5 0  A -4 ( 2 ) 2 0  1 3  96  86  4 1 3 1  1 0  1 1 9 1 1 3 1  
5 1  A -7 -6 (  9 )  NP  9 1  86 4 8  1 2 4 1 1  1 1 6 1 2  4 8  
5 7  A - 7 -6 ( 1 2 )  3 2  8 84 6 1  2 7  1 7  1 07 1 6  5 8  
5 8  3 2  1 0  7 7  5 3  2 6  1 1 8 1 5  1 1 2  1 6  4 4  
7 2  A -6 ( 1 1 )  4 1  3 0  9 9  9 5  6 8  1 1 2 1 5  5 
7 4  A -4 ( 2 )  2 9  8 1 00 9 4  3 6  1 1 9 1 0  1 1 7 1 3  1 1  
7 6  A -4 ( 5 )  NP 1 00 9 9  2 5  1 1 8  6 1 1 7 1 3  6 8  
7 7  A - 6 ( 1 2 )  NP 1 00 9 9  4 7  1 1 6 6 1 1 2 1 3  7 0  
80 A - IL i 5 )  3 2  1 9  1 0 0  9 6  5 8  1 1 5  1 6  1 1 5  1 8  5 
8 2  A - 7 -t· C 1 1 )  4 5  2 4  99  97  74  1 1 6 1 7  1 1 0 1 6  5 
88  A -4 ( 0 )  NP 9 8  9 1  3 2  1 2 2  9 1 2 4  1 0  6 0 
9 1  A -2.( 0 )  NP  1 00 9 7  4 0  1 1 8  9 1 1 9 1 4  4 6  
9 2  A -2 ( 0 )  2 0  6 9 7  9 5  4 8  1 1 7  1 7  1 1 3 1 4  1 8  
9 8  A -6  C 1 1  l 2 3  9 9 9  9 7  4 7  1 1 7 1 2  3 2  

1 0 0  A -4 ( 5 )  1 9  7 1 00 9 8  5 1  1 2 1  1 4  1 1 8  1 2  3 4  
1 0 3  A-7-6 ( 1 2 )  3 2  1 8  1 00 9 8  7 7  1 1 4 1 9  1 1 2 1 6  5 
1 0 6  A -4 ( 8 ) 3 0  9 1 00 9 2  4 8  1 0 5  2 1  3 6  
1 0 7  A -7 -6 ( 1 4 )  3 6  1 6  1 00 9 7  6 2  1 0 8  1 9  1 8  
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APPEND I X  F- 3  < CONT I NUE ) 

PROPE R T I ES OF  SUBGRADE MAT E R I AL 

S I EVE ANA L . 
T . S .  SO I L  L e l e  P . I .  PERCEN TAGE F I E L D  MAX . OP . R 

NO . C LASS . PAS S I NG N O •  DEN MO I S  DEN  MO I S  VALUE  
1 0  4 0  2 0 0  

1 0 8  A - 7 -f. C l l l  NP 7 8  7 3  4 8  1 2 3  8 1 0 7  1 4  7 4  
1 1 1  A - 2 - :· C 0 )  NP  1 2 1  8 6 6  
1 1 4  A - 7 - 5 ( 1 8 )  3 4  1 6  8 5  8 3  1 9  1 1 8 1 6  1 1 7 1 4  1 0  
1 2 3  A -4 ( 7 )  3 2  1 0  6 2  4 4  3 0  1 2 4  1 4  1 1 3  1 6  7 
1 3 0 A - 7 -6 ( 1 1 )  2 3  3 8 1  7 3  2 9  1 1 8 1 5  1 1 2 1 6  3 7  
1 3 1  A -4 ( l )  2 8  1 1  5 3  4 2  2 4  1 2 9  1 0  1 1 4 1 3 4 6  
1 3 5  A -4 ( 8 )  2 4  6 1 00 9 9  6 3  1 2 3  1 3  1 1 6 1 3  3 0  
1 3 6 A -4 ( a ,  2 6  1 1  1 0 0 9 9  5 4  1 36 1 8  
1 3 7  A - 4 ( 2 )  2 8  1 2  1 0 0  9 9  64  1 2 1  1 3  1 1 4 1 3  2 0  
1 4 5  A -4 ( 8 )  4 3  2 2  1 0 0 9 8  9 2  1 1 1  1 9  5 
1 5 1  A - 2 - 3 ( 0 )  NP 1 0 0 1 00 2 5  1 1 4 1 1  1 1 5  1 2  6 4  
1 5 2  A - 7 -6 ( 1 3 )  2 3  4 1 0 0  1 00 5 3  1 3 8  2 7  1 2 0  1 2  1 2  
1 5 3  A -4 ( 4 )  NP 1 1.9 7 1 1 5 1 1  6 5  
1 5 5 A - 7 -6 ( 1 3 )  NP  1 0 0  1 00 3 8  1 1 9 1 5  1 2 0  1 2  1 3  
1 5 8  A - 7 -6 ( 1 4 ) 3 7  1 7  9 8  9 5  5 6  1 1 2  1 6  1 09 1 8  5 
1 5 9  A -4 ( 1 )  2 4  8 86 7 3  5 6  1 1 4 8 1 1 8 1 4  7 0  
1 60 A - 7 -6 ( 1 6 )  3 1  9 1 00 1 00 l O C  1 1 4 1 8  1 0 8  1 9  6 
1 6 1  A-7-6 ( 1 6 ) 3 8  1 7  l u O  9 3  7 8  1 1 2 1 9  1 1 0 1 8  5 
1 6 4 A-7-6 ( 1 3 )  60  4 1  1 0 0  1 00 86  1 1 4 1 8  1 1 1  1 7 5 
1 6 5  A - 4 ( 8 )  NP 1 0 0 9 9  3 4  1 1 7 8 1 1 8 1 1  6 5  
1 6 7 3 6  2 3  1 0 0  9 9  7 5  1 1 7  1 2  1 09 1 6  7 
1 6 9 22 8 9 9  9 8  6 C  1 1 6 1 5  1 1 8 1 2  3 5  
1 70  A -4 ( 8 )  3 7  1 0  1 0 0  1 00 1 0 0  1 1 3 9 1 07 1 5  1 0  
1 7 6 A -4 ( 8 )  2 9  1 3  1 0 0 1 00 7 7  1 1 5  1 2  1 1 5 1 4  1 f r 

1 7 7 A -4 ( 5 )  2 4  1 1  1 00 1 00 1 0 0 1 2 5  1 0  1 1 4 1 5  1 8  
1 79 NP  1 0 0  9 9  2 1  1 0 3 1 3  1 1 5  1 2  6 5  
1 80 A -4 ( 8 )  2 3  1 0  1 0 0 1 0 0 7 2  1 1 6 1 5  1 1 3 1 5  1 5  
1 8 1 A-7-6 ( 1 0 )  2 9 - 7 1 0 0 1 0 0  6 4  1 1 8 9 1 1 6 1 3  2 6  
1 84 A-7-6 ( 1 4 )  34  9 1 0 0 99  8 3  1 06 2 2  1 1 3 2 0  2 9  
1 85 A - 6  C 1 0 )  3 2  1 2  1 0 0  1 00 l O C 1 0 3 1 7  5 
1 88 A-7-6 ( 1 5 >  3 4  1 9  9 9  9 7  8 7  1 0 7 2 1  1 0 5  1 8  5 
1 9 1  A -7-6 ( 9 )  2 7  1 3  6 3  5 7  5 7  1 1 4 1 1  1 1 1  1 5  1 8  
1 9 2  A -4 ( 5 )  2 8  4 9 1  85 6 5  1 1 5  1 8  1 1 4 1 3  3 3  
1 9 3  A - 7 -6 ( 1 0 )  34  1 2  9 9  89 74 1 1 1  1 8  1 08 2 1  6 
1 9 6  A - 2 - 3 ( 0 )  NP  1 0 0  9 8  1 7  1 09 7 1 1 4 1 2  6 1  



Flexible Pavement #1 

Flexible Pavement #2 

Rigid Pavement Ill 

Rigid Pavement 112 
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APPENDIX G 

Results of Special CHLOE Study 

Slope Variance 

IWP . 831 . 761 . 483 , 743 , 741 , 761 
OWP . 492 . 400 . 625 . 684 

IWP • 710 , 936 . 640 . 652 . 607 . 558 
OWP . 577 . 400 . 397  , 462 

IWP 1 . 206 1 . 053 1 . 176 1 . 059 1 . 206 1 . 003 
OWP . 959 1 . 001 , 997  1 . 206 . 984 

IWP 1 . 269 1 . 181 1 . 355 1 . 294 
OWP 1 . 058 . 982 1 . 006 , 905 

Computation of Confidence Intervals For Slope Variance 
Number Av�age Standard 
of Runs sv Deviation 

7 0 . 740 0 . 123 
4 0 . 550 0 . 128 

6 0 . 683 0 . 133 
4 0 , 479 0 , 074 

6 1 . 117 0 . 089 
5 1 . 029 0 . 100 

4 1 . 275 0 . 072 
4 0 . 988 0 . 064 

NOTE : IWP = Inside wheel path 

OWP • Outside wheel path 

CI a Confidence Interval 

SV a Slope variance 

Std. Error 
of Mean 

0 , 0.466 
0 , 0640 

0 . 0543 
0 . 0370 

0 . 0364 
o .  0446 

0 . 036 
0 . 032 

. 862 

CI 
at P • 0 . 90 

:!:�'O ,  089 
:!: 0 . 150 

:!: 0 . 109 
:!: 0 . 087 

±r o :-.CH3 
± 0 . 095 

± 0 . 085 
± 0 . 075 

Coefficient of 
Variation % 

16. 6 
23 . 2  

19 . 6  
16. 0 

8 . 0  
10 . 0  

5. 7 
6. 4 

CI 
at P • 0 , 95 

:!: 0 . 114 
:!: 0 , 204 

:!: 0 . 145 
:!: 0 . 118 

± 0 . 094 
± 0 . 124 

± 0 . 115 
± 0 . 102 
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