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To the President of the Senate and the
Speaker of the House of Representatives

This is our report on problems resulting from deteriora-
tion of pavement on the Interstate Highway System. The Fed-
eral Highway Administration, an agency of the Department of
Transportation, is responsible for administering the interstate
highway program,

Our review was made pursuant to the Budget and Accounting
Act, 1921 (31 U.S.C. 53), and the Accounting and Auditing Act
of 1950 (31 U.S.C. 67).

Copies of this report are being sent to the Director, Bureau

of the Budget; the Secretary of Transportation; and the Admims-
trator, Federal Highway Administration,

o (7

Comptroller General
of the United States
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COMPTROLLER GENERAL'S PROBLEMS RESULTING FROM DETERIORATION
REPORT TO THE CONGRESS OF PAVEMENT ON THE INTERSTATE HIGHWAY
SYSTEM

Federal Highway Administration
Department of Transportation B-164497

DIGEST

— et et b et

WHY THE REVIEW WAS MADE

The Federal-Aid Highway Act of 1956 authorized construction of the In-
terstate Highway System and made Federal funds available to the States
on a 90-10 participating basis (90 percent Federal) for construction of
the system.

The 1956 act provided that highways be designed to carry the types and
volumes of traffic forecast for the year 1975. A 1963 amendment to the
act eliminated reference to the year 1975 and provided that highways be
designed to carry the types and volumes of traffic forecast for 20 years
from the date of approval.

In January 1967, the Federal Highway Administration directed that a re-
evaluation be made of those sections of pavements authorized for con-
struction prior to October 24, 1963 (the date of the 1963 amendment to
the act), and authorized placement of an added layer of pavement
(called overlay) where 1t was determined that the existing pavement,
with normal maintenance, would not provide adequate performance for

20 years. The estimated costs of such overlays as of 1968 were

$200 m1lion. (See p. 9.)

During a review of the 1968 estimate of the cost to complete the Inter-
state System, the General Accounting Office (GAQ) noted that.

--A substantial number of such overlays had been programmed for place-
ment.

--Overlays, although considered by the Federal Highway Administration
to be new construction, appeared to relieve the States of some of
the1r responsibility for maintaining the completed segments of the
Interstate System.

GAO undertook this review to determine the nature and magnitude of the
overlay program and the relationship between the overlay program and the
statutory responsibility of the States to maintain, at their expense,
completed segments of the Interstate System.



BEST DOCUMENT AVAILABLE

FINDINGS AND CONCLUSIONS

As of January 1, 1970, about 70 percent of the 42,500-mile system was
open to traffic, 11 percent was under construction, 15 percent was 1n
the process of engineering and right-of-way activities, and 4 percent
was 1n a prelmminary status. About $39 b11l1on of Federal-aid funds
have been obli1gated for interstate highway projects.

GAO's review of the overlay program in nine States showed that:

--The overlay program provided for extending the design period to
20 years| for previously completed segments of the Interstate System
that were 1n1tially designed to carry traffic for the year 1975.
Since it 1s unclear whether the Congress intended that interstate
highway funds be used to extend the design period of these segmentis,
GAQ concluded that the nature and magnitude of this program should
be presented fully to the Congress. (See ch. 2.)

--The overlay program thus far had been applied only to certain seg-
ments of interstate highways authorized prior to October 24, 1963.

--There would be a continuing need for periodic overlays of the Inter-
state System, a need that would 1ncrease with the passage of time
and with the expected increases 1n weights and volumes of traffic.

--The cost of overlays for the entire Interstate System would vastly
exceed the 1968 cost estimate. (See ch, 2.)

--ATthough maintenance of the Interstate System was, by law, the re-
sponsib1lity of the States, overlays relieved States of their re-
sponsibility to maintain smooth and safe riding surfaces. (See

p. 27.)

--There were significant differences among the States in (1) the methods
used for evaluating the condition of the highway surface to deter-
mine whether an overlay was necessary and (2) the design procedures
used to establish the amount of overlay needed. (See ch. 4.)

--There was a need for more precise procedures to ensure that overlays

are placed at the proper times and at depths needed to provide nec-
essary serviceability.

BECOMMENDATIONS OR SUGGESTIONS

The Secretary of Transportation should require the Federal Highway Ad-
mnistration to:

-~Establish maintenance standards that define a State's maintenance
responsib1l1ty and recognize (1) that overlays are required from
time to time to provide a safe and efficient riding surface and



(2) such overlays represent normal maintenance and, as such, the
costs should be borne by the State. (See p. 39.)

--Require that, when overlays are necessary to add structural strength
to existing pavements, the costs of the portions of the overlays
which would otherwise be required to provide new riding surfaces be
class1fied as State maintenance responsibilities. (See p. 39.)

--Amend its regulations to require uniform application of overlay
standards by taking positive action to improve the pavement rating
system to achieve optimum use of the existing pavement and by es-
tablishing design methods which w11l provide greater assurance that
a State 1s applying the proper amount of overlay to serve the design
period. (See p. 52.)

AGENCY ACTIONS AND UNRESOLVED ISSUES

The Assistant Secretary for Administralion, Department of Transportation,
advised GAQ that the Department did not concur in the need for the ac-
tions proposed. He also questioned the need to report this matter to
the Congress, because he believed that (1) the overlay program was a
long-standing program which was well known to the Congress and (2) the
Congress had acquiesced in the Federal Highway Administration's inter-
pretation of the statutes.

The Assistant Secretary's comments are included as appendix II and are
discussed 1n the appropriate chapters of this report.

Although not all the nine States commented specifically on each of the

issues discussed 1n this report, there was general agreement with GAO's
views that there would be a substantial future need for overlays, that

the need would not be restricted to highway segments authorized before

October 24, 1963, and that improvements were needed in the methods used
for determining overlay requirements.

With regard to the relationship of overlays to the maintenance responsi-
bi1lities of the States, the States' comments were too diverse to 1indicate
general agreement or disagreement with GAO's views. Comments by off1-
cials of the nine States are discussed in the appropriate chapters of

the report and are 1ncluded as appendixes III to XI.

MATTERS FOR CONSIDERATION BY THE CONGRESS

Th1s report 1s being submitted to the Congress to present the nature
and magnitude of the overlay program. The Congress may wish to con-
s1der the long-term need for overlays 1n 1ts deliberations on the fund-
ing of the Interstate System, any future expansion thereof, or any



follow-on highway program. The Congress may wish also to express its
intent relative to the use of interstate funds for overlaying completed
highway segments.

GAQ wishes to present its views to the Congress on the administration
of the program with regard to the need for the Federal Highway Adminis-
tration to-

--Establish maintenance standards for the Interstate System.

--Recognize that overlays relieve a State of a portion of its main-
tenance responsibilities.

--Amend 1ts regulations to establish a uniform method for determining
overlay requirements.



CHAPTER 1

INTRODUCT ION

The General Accounting Office has reviewed the program
of the Federal Highway Administration (FHWA) for upgrading
completed sections of the National System of Interstate and
Defense Highways (the Interstate System). This program in-
volves overlaying (i.e., applying an additional layer of
pavement) sections of highways which were previously con-
sidered to have been completed but which showed evidence of
deterioration or inability to carry the existing or future
"traffic in a safe and efficient manner.

The purpose of our review was to inquire into the mag-
nitude and nature of the overlay program, its effect on the
funding of the Interstate System, and the relationship be-
tween the program and the statutory responsibility of the
States to maintain the Interstate System. We did not de-
termine the precise causes for the deterioration of the
highway segments that have been or will be overlaid or
whether such overlays will solve future deterioration prob-
lems on these segments. The scope of our review is de-
scribed in chapter 5.

FHWA, an agency of the Department of Transportation,
is the principal agency of the Federal Goverrment in mat-
ters relating to highways. One of its most important func-
tions is the administration of the Federal-aid highway pro-
gram. Under this program, Federal funds are made available

1Additiona1 layers of pavement are also used when such lay-
ers are planned to be put down during one or more stages in
the life of a highway; the additional layers placed as a
part of stage construction ultimately provide the total
strength called for in the original design. The overlays
discussed in this report are considered necessary to cor-
rect unexpected failures in pavements that were previously
considered to have been completed. (See p. 14 for a dis-
cussion of stage construction.)



to all States, the District of Columbia, and Puerto Rico to
finance the construction of highways on the interstate, pri-
mary, and secondary Federal-aid highway systems.

The Interstate System was authorized in the Federal-
Aid Highway Act of 1944, This act authorized a 40,000-mile
system. The mileage was subsequently increased to the pres-
ently authorized 42,500 miles., State highway departments
are responsible for (1) route selection, (2) preparation of
surveys, plans, specifications, and estimates for highway
projects, (3) acquisition of rights-of-way, and (4) actual
construction, They are responsible also for maintaining
projects constructed under provision of Federal highway acts.
FHWA is responsible for approving the States' plans, speci-
fications, and cost estimates for interstate projects to
ensure compliance with the standards for the Interstate
Sy stem.

The Federal-Aid Highway Act of 1956 declared that the
early completion of the Interstate System was one of the
most important objectives of the act. The act specified
that the system be constructed to standards adequate to
serve the types and volumes of traffic estimated for 1975,
The October 24, 1963, amendment to the Federal-Aid Highway
Act eliminated reference to the 1975 design year and re-
quired that future interstate highways be designed to stan-
dards adequate to accommodate the types and volumes of traf-
fic anticipated 20 years from the date of project authoriza-
tion.

Some sections of the Interstate System that were au-
thorized to be constructed before the 1963 amendment was
enacted have evidenced deterioration and an inabilaity to
accommodate the types and volumes of present traffic and
the traffic expected by the design year (1975) in a safe
and efficient manner. As a result, these sections have
been classified by the States and FHWA as being below mini-
mum standards and in need of additional construction.
Overlays of asphalt concrete (flexible pavement) that add
structural strength to the existing pavement are being pro-
vided to meet this need., FHWA established a policy which
provides that overlays have a total minimum thickness of
1-1/2 inches to add sufficient structural strength to be
eligible for Federal-aid-interstate (FAI) participation.



As of December 31, 1969, about 70 percent of the
42,500-m1le system was open to traffic, 11 percent was un-
der construction, 15 percent was in the process of engineer-
ing or right-of-way activities, and about 4 percent was in
a preliminary status. Since 1956 the States have obligated
about $39 billion of FAI funds for Interstate System proj-
ects.

The Federal share of the cost of constructing Inter-
state System projects is 90 percent plus an additional al-
lowance, not to exceed 5 percent, in those States having
large areas of public land, Overlays that are considered
by FHWA to be eligible for FAI participation are funded at
the same ratio as the original construction, The estimated
total cost of the Interstate System was shown in the 1968
cost estimate--submitted by the Secretary of Transportation
to the Congress-~to be about $56.5 billion and the Federal
participation to be about $50.6 billion. This cost esti-
mate included $200 million for overlays on about 2,800 miles
of completed interstate highways, 1

On November 3, 1969, we provided the Secretary of Trans-
portation with a draft of this report for review and com-
ment. A reply was provided on March 24, 1970, by letter
from the Assistant Secretary for Administration. This let-
ter 1s included as appendix II. The Assistant Secretary
also provided us with copies of the comments by the highway

lOn April 20, 1970, the Secretary of Transportation submit-
ted to the Congress a revised estimate of the total cost
of the Interstate System. The new estimate shows the total
costs to be about $69.9 billion and the Federal participa-
tion to be about $62.5 billion. Regarding overlays, the
Secretary's report states: "Included in the costs to com-
plete the Interstate System 1is an item of $175 million cov-
ering the extra stage of pavement structure required on
earlier opened sections of the system to adequately ac-
commodate designyear traffic."



departments of the States of Arizona, Colorado, Maine, New
Mexico, Oregon, Texas, Vermont, Washington, and Wyoming.
These comments are included as appendixes III to XI. The
comments of the Department of Transportation and the State
highway departments are discussed in the appropriate chap-
ters of this report.



CHAPTER 2

FHWA'S IMPLEMENTATION OF PROGRAM

TO PROVIDE ADDITIONAL PAVEMENT ON

COMPLETED SEGMENTS OF THE INTERSTATE SYSTEM

Our review showed that certain completed segments of
the Interstate System had deterrorated to the extent that
they were considered by the States and FHWA to be structur-
ally inadequate to safely accommodate the types and volumes
of existing traffic and traffic expected by the design
year, As a result, FHWA initiated a program which allows a
State to correct such inadequacies by placing an additional
layer of pavement (overlay) on existing highways to add
structural strength beyond that previded for in the original
highway design. FAI funds are used to reimburse the States
for 90 percent of the cost of the overlays.

FHWA's overlay program applies only to certalin segments
of interstate highways authorized for construction prior to
October 24, 1963, the date of enactment of the 1963 amend-
ment to the Federal-Aid Highway Act. The 1968 cost esti-
mate submitted to the Congress showed $200 million for
overlaying 2,800 miles of interstate highways.

Basic design problems in highway construction have not
been completely resolved, however, and it is likely that
deterioration problems will occur in other segments of the
highways regardless of when the highways were authorized.
Therefore it seems to us that, in order for the Interstate
System to safely and effectively accommodate the traffic
expected for a 20-year period, overlays for thé Interstate
System will be needed that will cost vastly in excess of
the $200 million set forth in the 1968 cost estimate sub-
mitted to the Congress. Further, we believe that the need
for overlays will increase with the passage of time and
with the expected increases 1in weights and volumes of traf-
fie.

Accordingly, we believe that the Congress may wish to
consider specifically the long-term needs for overlays on



the Interstate System in 1ts deliberations on the funding
of the Interstate System, any future expansion thereof, or
any follow-on highway program.

CIRCUMSTANCES LEADING TO THE OVERLAY PROGRAM

FAI funds are subject to limitations not imposed on
other Federal-aid highway funds, principally because the
legislation authorizing the Interstate System envisioned a
new concept in the Federal-aid highway program--Federal par-
ticipation in the 1initial construction costs of a limited-
mileage highway system to be completed by a certain time
and then turned over to the States for maintenance. Al-
though the Interstate System is part of the Federal-aid
primary system,1 the concepts of the systems differ in that
there 1s no provision for completion of the primary system.
Federal and State funds can be used on a 50-50 ratio for
constructing new primary highways or for reconstructing any
sections of the primary system--including the Interstate
System--but FAI funds cannot be used to reconstruct seg-
ments of the Interstate System,

The interstate highway construction program, which be-
gan in 1956, was based on the legal requirement that the
highways be constructed to accommodate the types and vol-
umes of traffic estimated for 1975. The interstate segments
constructed early in the program were designed primarily on
the basis of experience gained by the States in their pre-
vious highway construction activities., 1In 1963, the Con-
gress, by amending section 109 (b) of title 23 of the United
States Code, eliminated reference to 1975 as the design
year,

In approving the 1963 amendments, the Congress recog-
nized that the fixed 1975 design year requirement was not
desirable because, with the passage of time, the application

lA highway network of about 250,000 miles comprised of city-
to-city, interstate, and intrastate highways serving essen-
tially through traffic. Federal-aid funds are made avail-
able to all the States for use on the primary systems.

10



of such a design year on newly constructed highways would
restrict the designed life of such highways to periods of
considerably less than 20 years. The amendments required
that future interstate highways be designed and constructed
to accommodate the types and volumes of traffic forecast for
20 years after approval of plans for a highway. The legis-
lative history of the 1963 act, however, is not clear as to
whether the Congress intended that FAI funds be used to up-
grade, to a 20-year design period, highway segments con-
structed or under construction at the time the amendment was
enacted.

In 1967 FHWA instituted a program to evaluate those 1in-
terstate segments which were authorized for construction
prior to the date of enactment of the 1963 amendment. The
objective of this program was to provide overlays to upgrade
those highway segments on which signs of deterioration indi-
cated the need for additional pavement to provide adequate
serviceability for a 20-year design life.

FHWA requested the States to examine existing Inter-
state System highway segments to determine which segments
needed overlays. In setting forth the conditions under
which overlays could be financed with FAI funds, FHWA stated
that projects authorized prior to October 24, 1963, and con-
structed to their ultimate design were eligible for consid-
eration under this program,

11



DESIGN FACTORS CONTRIBUTING
TO THE OVERIAY PROGRAM

It 1s our understanding that the deterioration experi-
enced on the highway sections needing overlays can gener-
ally be attributed to inadequate design or inadequate con-
struction practices. Although FHWA has not determined the
precise factors which caused the deterioration of the high-
way segments that were overlaid, FHWA officials informed us
that they assumed that the basic cause was inadequate de-
sign. FHWA has taken the position that the deterioration
of a highway before its design year is reached is evidence
that its original design was inadequate. State and FHWA
officials informed us that inadequate design generally in-
volved the misjudgment of critical factors, such as soil
support and material values, weather conditions, and the
volume and weight of heavy truck traffic.

FHWA and State personnel expressed the opinion that
the segments in need of overlays were underdesigned, prima-
rily because the state of the art had not yet reached the
point where adequate consideration was given to the design
factors enumerated above. They informed us that deteriora-
tion in pavement would occur more rapidly than normal if
any of these factors were not given appropriate consider-
ation in the initial design and that, when these structures
were initially designed, testing procedures and experience
had not progressed to the point where accurate values could
be assigned to these factors.

With regard to measuring and forecasting the volume
and weight of truck traffic, which is one of the crucial
factors to be considered in highway design, current proce-
dures--based on guidelines prepared by the American Associ-
ation of State Highway Officials (AASHO)--relate the struc-
tural requirements for a highway to the number of repeti-
tions of 18,000 pounds of weight on a single axle which will
be applied to a highway during its life--the greater the
number of repetitions, the greater the structural require-
ments of the highway.

12



The following example indicates the various design
factors involved in a specific overlay project.

A project in Oregon,which was completed in 1962, was
constructed with 4 inches of asphalt on top of 16
inches of crushed-rock base. Prior to being overlaid
in 1968, the highway was badly cracked and rutted;
both the State and FHWA believed that the highway
would not provide adequate service until 1975 without
an overlay. We were advised by State officials that
their current design procedures had been refined to
reflect improved knowledge of material strengths and
to incorporate more scientific information on truck
traffic, such as estimates based on actual counts,
forecasts of traffic increases, and consideration of
axle loads. According to State officials, a thicker
pavement structure would have been designed if these
factors had been known and considered in the original
design,

The use of new design techniques and construction
practices have been sought, tested, and adopted during the
interstate program., Changes in the state of the art of
highway design, however, have come about gradually, par-
tially as a result of the AASHO road tests conducted in 11~
linois and completed in 1962 and partially from studies and
testing programs carried on by States, universities, and
the construction industry. State officials informed us
that, although current design techniques should improve the
quality of highways, it would take some time to determine
whether design techniques currently employed would elimi-
nate the problems encountered in the past.

Compounding the problems is the fact that geological,
climatic, and other conditions differ among the States.
The results of AASHO road tests are used as guides by the
States but are generally modified on the basis of condi-
tions in a State or on the judgment of State highway engi-
neers. Thus, because of such factors, any improvements in
the state of the art relative to highway design would not
necessarily be applicable, in whole or in part, to all
States.

13



The overlay program applies only to highway segments
authorized prior to October 24, 1963. It should be noted,
however, that changes in design and construction practices
have been gradual and that no dramatic changes occurred in
1963 or any time thereafter. FHWA officials informed us
that it was unlikely that a flexible-pavement highway could
be so constructed that 1t would not need one or more over-
lays during the design period. Thus segments authorized
subsequent to October 24, 1963 will, in all probability,
require overlays before their design years are reached.

STAGE CONSTRUCTION AS REIATED
TO THE OVERLAY PROGRAM

Certain States constructed their flexible=-pavement in-
terstate highways to ultimate design by providing, in the
initial construction, the total surface=course thickness
estimated to be required for the design period. Certain
other States constructed their interstate highways in
stages~~the base and subbase were constructed to ultimate
requirements, but the surface layer of asphaltic concrete
was placed in stages. Thus, if a design calls for a total
of 5 inches of asphaltic concrete as the surface course,
the State, under stage construction procedures, might place
3 inches during the original construction and 2 inches at a
later date. Under ultimate design procedures, all 5 inches
of asphaltic concrete would be placed at once.

We were informed by various State and FHWA officials
that the use of stage construction had certain advantages
over construction to ultimate design in that (1) more mile-
age could be opened to traffic at an early date because
initial costs were lower and (2) the soil beneath the pave-
ment was given time to settle and the resulting distortions
in the pavement structure could be leveled out during ap-
plication of the second stage.

We found that, when unanticipated distress was ob-
served in stage construction projects, a new design

14



analysisl was made to determine whether the need existed
for a thicker second stage than originally planned. When
justified on the basis that additional structural strength
is needed, the thickness of the second stage is increased.

In Colorado we were informed that the thickness of the
second stage, as planned during the original design,gener-
ally had beéen adequate.

In New Mexico FHWA and State officials informed us
that the second stage planned but not yet placed on inter-
state segments in that State generally would be adequate.
They pointed out, however, that the condition of about 35
miles of highway indicated that some work might be neces-
sary in addition to that planned for the second stage of
construction.

Wyoming State officials advised us that the second
stage would enable them to correct many of the problems re-
sulting from settlement. An FHWA official informed us that,
in his opinion, some of the projects would require addi-
tional thicknesses to those anticipated in the original de-
signs.

We were informed by State of Washington officials that
they followed the concept of stage construction and gener-
ally anticipated applying the second stage about 10 years
after 1nitial construction. They expressed the belief that
flexible pavements could not be designed to last 20 years
without overlays. On the basis of their experience, they
believed that an additional layer of about 4 inches of
pavement would be necessary at the end of about 10 years.
The State determines the precise amount and timing of the
second stage when the existing pavement shows that addi-
tional construction is necessary.

1Thefprocedure used to (1) establish the structural value
of the existing pavement, (2) assess the serviceability of
the existing pavement, (3) establish the need for, and
amount of work necessary to provide, adequate serviceabil-
ity.

15



State officials in Oregon advised us that stage con-
struction provided an opportunity to correct distortions
caused by settlement., They stated that the second stage
should be applied about 5 years after initial construction.

Although officials in the States using stage construc-
tion appeared to be enthusiastic about the advantages of
stage construction, certain of these States (Colorado, New
Mexico and Oregon) had discontinued the use of stage con-
struction because (1) they were uncertain as to the contin-
uation of the interstate program and the availability of
FAL funds when the second stage would be required and (2)
they did not believe that full benefits could be realized
from the first stage by placing the second stage prior to
the scheduled termination date of the interstate program
(1974).

It appears likely, therefore, that the need for over-
lays will increase as States discontinue the use of stage
construction of flexible pavements. Moreover, even 1n
those States that use such stage construction, the thick-
ness of the second stage which exceeds that originally
planned 1s similar to the additional thickness realized
through the use of overlays. The cost of such additional
thicknesses were not included, however, in the $200 million
estimate for the overlay program.

16



OVERLAYS OF RIGID PAVEMENTS

Although the overlay program was initiated primarily
for flexible-pavement highways, we noted that problems had
been encountered on portland cement concrete (rigid) pave-
ments. At December 31, 1963, 8,718 miles of rigid-pavement
interstate highways were open to traffic. The 1968 cost
estimate included costs for overlays on 739 miles of rigid
pavements. During our review, we found that the problems
associated with rigid pavements needing overlays included
bad cracks and joints and inadequate base structures, which
resulted in unacceptable riding surfaces. Solutions to
these problems are not clear-cut, because overlays of flex-
ible pavement on top of the rigid pavements do not always
solve the problems. The cracks and rough joints are some-
times transmitted through the overlays. To prevent the
roughness from reoccurring, reconstruction sometimes 1s
necessary; in other cases stabilization of the base is
needed.

FHWA officials informed us that their experience had
shown that, although flexible pavements required resurfacing
after about 10 years, rigid pavements were expected to last
25 years before resurfacing was required. When rigid-
pavement segments evidence distress and inability to carry
traffic for the 20-year period, however, some additional
work is necessary to keep these sections in acceptable con-
dition. We noted that several overlays over rigid pavement
had been placed in Texas with tentative FHWA approval for
FAI participation. One of the projects 1s discussed below,

In September 1967, FHWA approved the State's plans,
specifications, and estimate for overlaying a 6.5-mile
segment of Interstate Route 45 with from 1 to 3 inches
of flexible pavement. The initial pavement, con-
structed in 1958, consisted of 11 inches of unrein-
forced concrete. The justification for the overlay was
that the joints had deteriorated and were spalling and
that the riding surface was considered to be rough.
FHWA records show that there had been no deficiency in
the structural capacity of the pavement but that the
problems had been caused by poor design of the base
and joints.

17



The overlay was completed in April 1968 at a total
cost of $349,000, of which $336,000 was tentatively
considered by FHWA to be eligible for FAI participa-
tion. At the time of our review, the State had been
reimbursed by FHWA for $290,000 of the $297,000 it had
claimed. We were advised that, in the event that the
project was not finally approved, the amount of FAI
funds already paid the State would be deducted from
the billings for other FAI projects.

Final approval of this project for FAI participation
depends on whether the State can provide FHWA with an
acceptable design analysis which demonstrates that a
sufficient amount of structural strength was added by
the overlay to justify expenditure of FAI funds. For
this project, the depth of the overlay was based on
engineering judgment rather than on a design analysis.

Although the deterioration problems relative to rigid
pavements will have to be corrected, it is not clear as to
whether overlays used to correct such problems should be
financed with FAI funds. FHWA's policies require that, for
an overlay to be eligible for FAI funding, the deteriorated
pavement show a need for additional structural strength and
that a design analysis show that the overlay will provide
the needed structural strength. We were informed by FHWA
officials, however, that there was no known method of mea-
suring whether additional structural strength was provided
by adding a flexible overlay to rigid pavement.

SCOPE OF THE OVERLAY PROGRAM

The following table shows the miles and types of pave-
ments of the Interstate System in place as of December 31,
1963, and June 30, 1969, and those proposed to complete the
sy stem.
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Miles and types of interstate pavement

Rigid Flexible
pavement pavement Other Total

Constructed prior to De-

cember 31, 1963 8,717 6,713 66 15,496
Constructed between De-

cember 30, 1963, and

June 30, 1969 7,544 5,063 110 12,717

Total constructed at
June 30, 1969 16,261 11,776 1762 28,213

Proposed for construc-
tion after June 30,
1969 7,234 5,533 1,520b 14,287

Total Interstate System
constructed or pro-
posed 23,495 17,309 1,696 42,500

#Combined flexible and rigid--one lane or set of lanes
flexible and one rigid.

bSurface not yet determined.

Although the Interstate System is generally considered
to be a system of highways designed and constructed to
carry traffic for a 20-year period, the state of the art in
highway design and construction had not progressed to the
point, in the early years of the program, where 1t would
provide for 20-year highways without substantial additional
construction. In 1967, when the States reviewed the flex-~
ible pavement that had been authorized for construction
prior to October 1963 for the purpose of preparing the 1968
cost estimate, it was determined that 2,044 miles of pave-
ment were in a deteriorated condition and would require
overlays. Precise information as to the total mileage of
flexible highways authorized for construction prior to
October 1963, was not available at FHWA headquarters., As
shown in the above table, however, 6,713 miles of flexible-
pavement highway had been constructed at December 31, 1963,

19



It is generally accepted by highway engineers that
both flexible and rigid pavement periodically require over-
lays to remedy deterioration. State and FHWA officials in-
formed us that flexible pavements required an overlay about
every 10 to 12 years, whereas rigid pavements may last 25
years before requiring overlays. As discussed earlier,
changes in the state of the art in pavement design have come
about gradually over a period of time as a result of re-
search and experience. Although FHWA and State officials
expressed to us their belief that these changes had im-
proved the quality of highways, they told us that they
sti1ll could not be assured that current designs would elim-
inate past problems, We were informed that the design pro-
cess had not yet been refined to cope with all the variables
encountered in designing an adequate pavement,

The overlay costs of $200 million included in the 1968
cost estimate related only to those highway segments autho-
rized before October 24, 1963, for construction to ultimate
design that showed signs of distress when the estimate was
prepared in 1967. Because problems in pavement design have
not been resolved and because the October 1963 date does not
represent a dramatic breakthrough in providing for improve-
ments in pavement design, it appears to us that the need for
overlays will not be restricted to highway segments autho-
rized before October 24, 1963, and that a significant amount
of the interstate mileage constructed after 1963 will also
require overlays before the end of the 20-year design pe-
riods.

In responding to questions raised during our review,
the Federal Highway Administrator told us that:

"The Bureau of Public Roads has taken a conserva-
tive position in the evaluation of pavement
structure designs proposed by the State highway
departments, and has selected a middle area above
what would be a gross underdesign and below what
could be termed a gross overdesign. When however,
in actual service it 1s established that the ini-
tial pavement structure construction will not be
satisfactory for the design year, additional con-
struction 1s approved and authorized for partici-
pation with Federal-aid funds."
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Thus FHWA has taken the position that whenever existing in-
terstate highway segments do not provide the serviceability
initially anticipated and additional pavement construction
work is required to remedy deterioration and upgrade the

highway, such work will be authorized with FAI participa-
tion.
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AGENCY COMMENTS

In commenting on our draft report, the Assistant Secre-
tary for Administration, Department of Transportation, did
not comment on the long-term effect of deterioration of
highway segments and the continuing need for overlays. He
stated that (1) since there was no legal prohibition
against the program and since the Congress had acquiesced
1n FHWA's long-standing administrative interpretation of
the appropriate statutes, the Department believed that our
referral of matter to the Congress was "superfluous" and
(2) the substance of the overlay program and its scope were
formalized on January 11, 1962, in Instructional Memorandum
21-1-62, which was well known to the Congress.

Although there is no legal prohibition against the ap-
plication of the 20-year design period to highway segments
approved before October 24, 1963, for construction, it is
not clear from the legislative history of the 1963 amend-
ment that the Congress intended that FAI funds be used for
additional construction to extend the design period on proj-
ects constructed or under construction at the time the
amendment was enacted.

The Department considers the overlay program to be sim-
ilar to stage construction authorized by the 1962 memoran-
dum., There is, however, a fundamental difference between
planned stage construction pursuant to the 1962 memorandum
and the overlay program. The States, with FHWA approval,
plan stage construction for specific highway segments in
advance, and the cost estimates for such segments reflect
the total estimated cost of all stages. The overlays in-
cluded in our review were programmed for highway segments
which were initially constructed to their ultimate design,
and the use of FAI funds for overlaying these segments was
programmed only after the segments evidenced deterioratiom.

The distinction between planned stage construction and
overlays is further highlighted by comments made by an offi-
cial of the State of Washington in responding to our draft
report. He defined an overlay as the repair of a pavement
failing unexpectedly and defined stage construction as the
planned strengthening of a pavement at a finite time period
after the initial comnstruction. A Wyoming State official
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also commented on this distinction and differentiated be-
tween stage construction and overlays on the basis that de-
terioration of the pavement was not necessarily a consider-
ation in stage construction, whereas advanced deterioration
was a prerequisite for overlaying a segment of highway.

Although the $200 million estimated cost of the overlay
program was included in the 1968 estimate, 1t was defined
as:

"Extra stage of pavement structure on earlier
opened sections of Interstate System to ade-
quately accommodate design year traffic.”

This definition could be applied to either the overlay pro-
gram or stage construction. We believe, however, that the
description is misleading, because, in actuality, 1t re-
lated to’ the cost of overlays to correct deficiencies on
previously completed segments of the Interstate System that
were not initially planned or built under the stage con-
struction concept.,

Several States, in providing FHWA with comments on our
draft report, discussed the need for future overlays to
provide periodic upgrading of the Interstate System. Their
comments indicate that there will be a substantial future
need for overlays and that the need will not be restricted
to highway segments authorized before October 24, 1963.

Some of the States comments with regard to future over-~
lay needs follow.

Colorado

""We certainly agree with the conclusions ex-
pressed ***, There will always be a need to up-
grade completed segments of the Interstate Sys-
tem, Some equitable method will be necessary
for determining when needed and the means of
funding."



Oregon

nxk* we agree with the findings of this draft to
the effect that we camnnot guarantee that all sur-
facings designed since 1964, whether they be
flexible or rigid, will last the 20-year design
period without deterioration to the degree that
would require an overlay of more than mainte-
nance proportions. In other words, some of the
surfacing constructed since 1964 may need heavier
overlays than the two inches indicated on our
stage construction program before the end of the
interstate program."

Texas

"We believe that if truck weights are going to
be allowed to increase that the Highway Trust
Fund should be used to provide a continuing up-
grading of the Interstate System."

Vermont

Tt 15 our feeling that the matter of upgrading
the Interstate System will eventually become a
matter for Congress to decide and act upon. The
report points out, and we agree, that a substan-
tial portion of the Interstate System may not be
structurally adequate to carry the design year
traffic. We feel that this is not due to in-
ferior construction or poor design practice, but
is due to the admitted fact that pavement struc-
ture design is not, up to the present time, an
exact Science ¥¥% "

Washington

"x%% the conclusions drawn from the report seem
to be that overlays are necessary, that more
overlays can be expected, and that it is desir-
able at this time to formulate some new rules
for determining who is going to pay for them.
With this, we can hardly disagree *¥*,"



Wyoming

"x%% it appears that Congress intended to turn
over to the States upon completion of the Inter-
state Highway program a System that is safe,
durable and so designed and constructed as to
preclude it becoming a burden to the State as
far as the maintenance function is concerned."

* * * * *

"kkk if it is determined that the structure de-
sign of the pavement on a particular project
fails to meet the standards that will be condu-
cive to safety, durability, and economy of main-
tenance then the criteria upon which the design
of the pavement was based must be changed and the
pavement upgraded to meet the new standards that
will insure compliance with the intent of Con-
gress."

CONCLUSIONS

We conclude that the initiation of an overlay program
by FHWA illustrates its recognition that much of the Inter-
state System will not be capable of handling the types and
volumes of the design-year traffic. The overlay program
was established to correct the immediate deterioration prob-
lems on the Interstate System. The problem of pavement de-
terioration, however, is not restricted to highway segments
authorized before October 24, 1963 but relates also to
highways subsequently constructed--including those built in
stages--and might well continue to exist on segments of
highways already overlaid.

Although the interstate program is scheduled to termi-
nate at June 30, 1974, the need for overlays will continue
past that date and into the foreseeable future. Thus the
$200 million set forth in the 1968 cost estimate represents
only the short-term cost of overlays. The total overlay
costs will vastly exceed those included in the estimate.
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MATTERS FOR CONSIDERATION BY THE CONGRESS

The extent to which Federal funds may be available in
the future to assist the States in paying for the cost of
overlays on the Interstate System is a matter for the Con-
gress to determine. Because of the long-term need for
overlays and the substantial costs involved, the Congress
may wish to express its intent relative to the use of FAL
funds to upgrade completed segments of the Interstate Sys-
tem that have deteriorated. If the Congress intends that
FAI funds be used to provide periodic upgrading of the In-
terstate System, it may wish to specifically authorize such
upgrading on the basis of a reliable estimate of the annual
costs that will thereby be incurred.

The Congress may wish also to consider the long-term
need for overlays on the Interstate System in its delibera-
tions on the funding of the Interstate System, any future
expansion thereof, or any follow-on highway program.



CHAPTER 3

NEED TO CONSIDER EXTENT TO WHICH OVERLAYS

RELIEVE THE STATES OF MAINTENANCE RESPONSIBILITIES

Maintenance of the Interstate System 1is, by law, the
responsibility of the States. Section 116(a) of title 23
of the United States Code states:

k%% it shall be the duty of the State highway de-
partment to maintain, or cause to be malntained,
any project constructed under the provisions of
this chapter or constructed under the provisions
of prior Acts. The State's obligation to the
United States to maintain any such project shall
cease when it no longer consititutes a part of a
Federal-aid system."

Project agreements between FHWA and the States providing for
Federal-aid assistance in highway construction stipulate
that the States, at their expense,maintain, or cause to be
maintained, those sections completed and turned over to
them.

State and FHWA officials informed us that it was neces-
sary for flexible- and rigid-pavement highways to be over-
laid periodically to preserve their riding qualities, The
preservation of the highways' riding qualities appears to
us to be a maintenance responsibility of the States in ac-
cordance with the requirements of the Federal-aid highway
legislation. Although the primary purpose of the overlay
program initiated in 1967 is to add structural strength to
deteriorated highways, an overlay has the effect of reliev-
ing the States of their responsibility for maintaining smooth
and safe riding surfaces.

Under FHWA's overlay program, FAI funds can be used
for overlays of 1-1/2 inches or more on flexible-pavement
highways. We discussed with State and FHWA officials the
amount of overlay required to restore the riding qualities
of a highway. Although their opinions varied, they agreed,
in general, that at least 1-1/2 inches of overlay was



necessary. Since FHWA approves the use of FAI funds for
overlays of 1-1/2 inches or more, we believe that there 1is
no incentive for States to overlay the interstate highways
as part of their maintenance responsibilities. The thick-
ness of the overlays which were completed in the four
States where we performed our detailed review ranged from
1-1/2 inches to 5-1/2 inches. (See app. I.)

STATE MAINTENANCE PRACTICES

Section 101(a) of title 23 of the United States Code
defines maintenance as the preservation of the entire high-
way, including surface, shoulders, roadsides, structures,
and traffic control devices as necessary for 1its safe and
efficient utilization., The Federal-aid project agreements
between the States and FHWA provide that the States main-
tain completed interstate highway segments. FHWA has not
established guidelines setting forth the specific level of
maintenance expected of the States, FHWA considers the
States' responsibilities, however, to be limited to ''mormal
maintenance," which, generally, consists of repairing pot-
holes, sealing cracks, and applying short patches.

Guidelines published by AASHO define maintenance as
the preservation and upkeep of all the elements of a high-
way as nearly as practicable to 1its original condition or
1ts subsequently improved condition. These guidelines rec-
ognize the necessity for restoring the riding surfaces of
highways from time to time through the use of overlays.

The interstate highway maintenance practices of the
States we visited consisted primarily of repairing potholes,
applying short patches, and sealing cracks. These States
have also applied seal coatsl to segments of flexible-
pavement highways. (See photographs on p. 29 showing the
use of patches and seal coats.) Providing seal coats and
repairing potholes will usually improve a highway's riding
surface to some extent. We were advised by various State

1A thin layer of asphaltic material used to seal cracks and
pores in the highway surface in order to protect the pave-
ment from weather.



OREGON - ON |-5 - PATCHES AND SEALS APPLIED
AS STATE MAINTENANCE THESE
PATCHES DO NOT FULLY RESTORE A
SMOOTH RIDING SURFACE



officials, however, that overlays generally would be re-
quired during the life of the highway to maintain an ac-
ceptable riding surface, Our review showed that the States
had not normally provided for overlays in their interstate
maintenance programs and that FHWA had not required them

to do so,

We noted that, as an exception to the general practice
of the States' not providing overlays, Texas had provided
numerous l- to 1-1/2-inch overlays on interstate segments
without Federal-aid assistance prior to the beginning of
the overlay program in 1967, These overlays were placed at
periodic intervals ranging from 2 to 9 years after initial
construction, State officials advised us that it always
had been anticipated that an overlay would be necessary in
order for the pavement structure to provide adequate service-
ability through the design period. We were informed that
FAI assistance would have been requested had overlays been
considered eligible at the time.

OVERLAYS ON_DETERIORATED
RIDING SURFACES

An overlay which adds to the structural strength of a
highway also has the effect of replating a used and deteri-
orated riding surface. FHWA's instructions require that
the justification for such an overlay be based on a design
analysis which shows that the pavement, with normal main-
tenance, will not provide adequate serviceability for a
20-year period. According to FHWA's criteria, specific
examples of flexible-pavement distress which indicate eligi-
bility for an overlay are:

--Extensive cracking in the wheel paths.

--Rutting or deformation that extends below the sur-
face course.

~--Rough and deformed riding surface,
~-Random, transverse, and logitudinal cracking that

will result in early deterioration of the pavement
structure,



The photographs on pages 32 to 34 show the deterio-
rated pavement conditions of various interstate segments
scheduled for overlay in several States. As part of our
review, we made visual observations of highway segments
scheduled for overlays. The following examples summarizes
observations made by us while, accompanied by FHWA person-
nel, driving over a project in Oregon in April 1969.

The southbound right-hand lane had almost continuous
short patches and some portions showed evidence of hav-
ing been patched three times; some patches were crack-
ing and some were developing potholes. The areas
where the original pavement was visible showed exten-
sive cracking and wheel ruts about half an inch deep.
We noted that the rutted and cracked surface adversely
affected the riding quality of the highway. We were
advised by FHWA personnel that the continued patching
of the highway had not provided an adequate riding
surface for any extended period of time because large
numbers of patches had been placed at different times
and because each patch was adequate for only a rela-
tively short period of time.

The interstate segment on which we made our observa-
tions had been opened to traffic in 1961. The overlay
design analysis prepared by Oregon showed that 9 1inches
of asphaltic concrete overlay was needed--6 inches to
restore the deterioration in the weight-bearing capac-
ity of the initial pavement structure and 3 inches to
meet requirements of the new design standards. The
State estimated that the cost of this 12,5-mile over-
lay would be $2.1 million. At the time of our review,
this section had not yet been overlaid.

At the the time of our review, 14 overlay projects had
been completed in Arizona, Maine, Oregon, and Texas. The
period of use of these highway segments--the time between
initial construction and the placement of the overlay--
ranged from 4 to 1l years and averaged 8-1/2 years., On the
basis of the generally accepted premise that flexible pave-
ments require an overlay after about 10 years, 1t appears
that these highway segments had reached, or were approaching,
their serviceability limit with respect to the adequacy
of the riding surface.
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OREGON - ON I-5 - BETWEEN EUGENE AND SALEM - SHOWING DEPRESSIONS IN WHEEL
PATHS FROM 1/2 TO | INCH IN DEPTH THIS PROJECT WAS INCLUDED
IN 1968 ESTIMATE BUT HAD NOT BEEN OVERLAID AT THE TIME OF OUR REVIEW
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TEXAS - ON 1-20 NEAR ABILENE - THESE PICTURES WERE TAKEN IN 1968 AND SHOW
CRACKS AND DEPRESSIONS IN THE WHEEL PATHS THIS SECTION HAS
BEEN OVERLAID SINCE THESE PICTURES WERE TAKEN
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AGENCY COMMENTS

In our draft report we suggested that FHWA establish
maintenance standards which recognize that the periodic
placement of additional layers of pavement 1is necessary to
provide a safe and efficient riding surface and that these
added pavement layers represent a maintenance function, the
cost of which should be borne by the State. We suggested
also that, when overlays are necessary to add strength, the
portion of such overlay which represents that work which
would otherwise be needed to provide a new riding surface
be classified as a maintenance function and the costs
thereof be charged to the States,

The Assistant Secretary for Administration advised us
that the Department did not concur in our suggestions. He
stated that maintenance was alreaay defined, in section 101
of title 23 of the United States Code, as the preservation
of the entire highway and that whether or not an overlay was
reasonably necessary at any point i1n time was an englneering
determination which could not be made without an inspection
of the highway and an evaluation of all the pertinent facts,
The Assistant Secretary also stated that, where overlays
are required to preserve an interstate highway (i.,e., main-
tenance), rather than to add to the highway's structural
strength to meet the standards specified in title 23, such
work was accomplished by the States at their expense.

With respect to the allocation, as a maintenance func-
tion, of a portion of the cost of overlays used to add
structural strength, the Assistant Secretary stated

"We do not believe that it 1s practical or nec-
essary as you suggest, to measure and separately
pay for small quantities of material of variable
thickness that constitute a leveling course or
wedge between a theoretical base of additional
overlay layer and the top surface of existing
pavement, The purpose of the leveling course

1s to provide a plane surface on which to place
the overlay layer, not to rejuvenate or protect
the existing surface,"
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We did not suggest that the small amounts included in
the overlay for levelingl be measured and separately paid
for by the States. We realize that the purpose of the
leveling course is to provide a plane surface on which to
place the overlay. Our suggestion was meant to encompass
more than leveling; it was directed toward recognizing the
fact that, when an overlay is placed for the purpose of add-
1ng structural strength to the highway, 1t necessarily pro-
vides a new riding surface. Since the pavements on which
overlays are placed already had a deteriorated riding sur-
face, the placement of an overlay had the effect of reliev-
ing the States of the finmancial responsibility for the work
necessary to restore the riding surface to an acceptable
level., The small quantities of material used for leveling
would be less than those required to fully restore the rid-

ing surface.

Our suggestion was directed toward establishing a pol-
icy requiring the allocation of a portion of the total over-
lay cost to maintenance, Obviously, to make such an alloca-
tion would require the establishment of some means, equi-
table to all the States, for measuring the amount of an
overlay which should be considered as maintenance, Although
there may be a number of alternative methods available for
such measurement, perhaps the simplest method would be for
FHWA to allow Federal participation in only the allocated
cost of the overlay which represents the amount of overlay
in excess of a minimum depth, FHWA has already established
that, to be eligible for FAI participation as construction,
the overlay requirement must be for at least 1-1/2 inches,

Several States, in commenting on our draft report, dis-
cussed the relationship between overlays and the States!
maintenance responsibilities and our suggestions that (1) a
portion of the overlay cost be allocated to maintenance and
(2) FHWA establish maintenance standards which recognize

1A small amount of material, which is 1in addition to that
required for the overlay, is usually included in the over-
lay amount for purposes of filling depressions and is in-
cluded also in the cost eligible for FAI participation.



that overlays are needed periodically for maintenance pur-
pose., Following are pertinent comments.

Colorado

%% we believe that 1t would be almost impossible
to determine 1f an overlay was only for the pur-
pose of improving riding surface or for upgrading
the structural strength, According to the theory,
an overlay would automatically do both. Hence
again we believe that some equitable method (pos-
sibly on a length of service basis only) should
be provided to determine eligibility for any fed-
eral financing of overlays."

Oregon

"'We cannot agree with the draft in its ap-
plication to the maintenance program. The GAO
seems to conclude that the states have not per-
formed adequate maintenance on the Interstate
System because we are then able to get a mea-
sure of maintenance in the fully participating
overlay work,"

Vermont

"¥&x* We would expect to perform 'nmormal mainte-
nance' on the Interstate Highways in Vermont,
but it 1s our contention that 'normal mainte-
nance' is that maintenance required to safeguard
the quality or condition of the highway, and
would include maintaining ditches and drainage
structures and whatever surfacing might be re-
quired to keep the surface of the traveled way
and shoulders waterproof, to counteract the
normal aging process of flexible pavements.

""%%%* Whereas the report recommends that a portion
of any overlay represents 'normal maintenance,'
and that therefore a portion of the cost should
be borne by the states, we feel that at the pres-
ent fund matching ratio of 90-10, the 10 percent
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paid by the state does represent our contribution
to the cost of the upkeep of the highway, when
taken i1n addition to the other maintenance opera-
tions that are being performed."

Washington

"k%* Whoever establishes these standards [mainte-
nance standards recognizing need for maintenance
overlays] should be guided by the fact that a
rough riding surface is usually a precursor of
structural insufficiency and simple [normal]
maintenance will provide only transient, super-
ficial relief."

Texas

'""We would object to the Secretary directing that
maintenance standards for highways be established
with the recommendation that certain overlays be
required from time to time. We feel that this is

the States prerogative within the funds allocated
to them,"

Wyoming

"This Department is in agreement *** that overlays
are required from time to time to provide a safe
and efficient riding surface and should represent
a normal maintenance operation [after the highway
15 properly designed and constructed] *¥* "

Although maintenance 1s defined in the law, as the
preservation of the entire highway, normal maintenance, as
practiced by the States with FHWA's approval, will not pro-
vide the level of maintenance needed for an acceptable rid-
ing surface. We believe that maintenance standards should
be established that will define an acceptable level of main-
tenance and will treat all States uniformly, Such standards
should provide the States with a better understanding of
their responsibilities and should provide FHWA regional per-
sonnel with criteria with which they could provide guidance
to the States in evaluating the adequacy of maintenance.
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CONCLUSIONS

Normal maintenance, as defined by FHWA and as practiced
by the States, does not encompass the full degree of main-
tenance required to provide an acceptable riding surface
for pavements on interstate highways, FHWA should establish
more precise maintenance requirements for interstate high-
ways that recognize that periodic overlays are necessary to
provide acceptable riding surfaces.

When new riding surfaces are provided by overlays which
are considered to be additional construction for the purpose
of upgrading the structural strength of highways, the
States' maintenance responsibilities are being met simulta-
neously with the upgrading process. Accordingly, we believe
that the portion of the overlay which represents that which
would otherwise be required to provide a smooth and safe
riding surface should be determined and that the related
costs should be borne by the States.

RECOMMENDATIONS TO THE SECRETARY OF
TRANSPORTATION

We recommend that the Secretary of Transportation re-
quire that maintenance standards for interstate highways be
established that fully define the States' maintenance re-
sponsibilities and provide for a minimum level of the States
responsibilities, We recommend also that the standards rec-
ognize that (1) overlays are required from time to time to
provide safe and efficient riding surfaces and (2) the costs
of such overlays represent normal maintenance and should be
borne by the States.

We further recommend that, when overlays are considered
necessary to upgrade the structural strength of pavements,
the costs of the portions of the overlays which would other-
wise be needed to provide new riding surfaces be classified
as State maintenance responsibilities,
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CHAPTIER 4

NEED TO IMPROVE METHODS FOR

DETERMINING OVERLAY REQUIREMENTS

There are significant differences among the States in
(1) the methods of evaluating the condition of highway sur-
faces to determine whether overlays are necessary and
(2) the design procedures for establishing the amounts of
overlays. In addition to the differences among States, the
States' methods differ, in varying degrees, from the method
set forth by AASHO and subscribed to by FHWA.

The different methods used and the application of vary-
ing degrees of engineering judgment by the States do not,
in our opinion, result in uniform methods of determining
the optimum time for placing overlays and the amounts of
overlays. We believe that there is not sufficient assur-
ance that (1) overlays are placed at the proper time--nei-
ther too early to ensure full economic benefit from the ex-
isting pavement nor too late to avoid undue structural dam-
age to the pavement--and (2) the amounts of overlays are
not substantially more or less than those required to pro-
vide the needed serviceability.

FHWA instructed the States to examine all sections of
pavement authorized prior to October 24, 1963. Where an
examination indicated that a pavement structure, with normal
maintenance, would not provide adequate performance through
a 20-year period from initial authorization of the project,
a design analysis was to be made. The instructions re-
quired that FHWA personnel use AASHO design criteria to
measure the designs submitted by the States as support for
their overlay requests and the extent of FAI participation
when the States' designs indicate needs for thicker over-
lays than would be justified by the AASHO criteria. The
instructions required also that, for those States that did
not use the AASHO method, FAI participation in overlays
costs be limited to the amount of overlays which would be
required under the AASHO criteraa.



METHODS FOR DETERMINING WHETHER
AN OVERLAY IS NECESSARY

As discussed earlier, overlay requirements for flex-
ible pavements are closely associated with the deterioration
which occurs in the riding qualities of pavement, State
highway officials advised us of the importance of placing
overlays in time to prevent unnecessary destruction of the
existing pavement. It seems that it would be equally im-
portant that these overlays not be placed until such time
as the full economic benefit has been obtained from the
original surface course.

In determining the need for an overlay, State and FHWA
personnel first determine the condition or serviceability
of the existing pavement. Serviceability is defined as the
ability of a pavement to serve high-speed automobile and
truck traffic. The AASHO manual for pavement evaluation
provides for the use of a ''present serviceability index" to
measure the surface condition of pavements. A pavement con-
dition can be rated on a scale of zero to five. A rating
between four and five is anticipated for a new surface,
whereas a rating of two or below indicates a need for re-~
surfacing,

FHWA has not required the States to adopt the AASHO
rating sysfém or any other uniform pavement-rating system.
In the States we visited, the State highway departments uti-
lized a variety of methods to perform the condition examina-
tion required by FHWA. In reviewing the States' requests
for overlays, FHWA apparently used the same method as did
the respective States to identify those pavements in need
of overlays. Although the FHWA instructions describe the
type of surface deterioration which may indicate that an
overlay is necessary, they do not specify the extent of such
deterioration which should exist before placing the over-
lay.

The rating systems used by some of the States included
in our review are discussed below,.

Maine--Maine uses a "qualitative rating system" which

is based on visual observation of crack patterns and
surface features. This system results in a numerical
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rating on a scale from one (bad) to five (good) and
appears to be similar to the AASHO system. The State
uses also an electronic device to measure the service-
ability of the pavements. FHWA officials advised us,
however, that they did not believe that the above sys-
tems were reliable for determining whether overlays
were needed on the Interstate System. Instead, the
combined engineering judgment of State and FHWA offi-
cials, based upon their visual observations of the
pavement deterioration, was the method used to estab-
lish overlay needs.

Texas--In Texas, pavements were determined to be eli-
gible for overlays on the basis of the joint engineer-
ing judgment of State and FHWA persomnel. The pave-
ments, as initially constructed, were assigned an as-
sumed rating of five and, at the time of the condition
examination, were assigned another rating to represent
the current value of the pavement, The serviceability
at the end of the design year was estimated by plotting
the original and current values on a graph and project-
ing them on the basis that deterioration would continue
at the same rate, This method indicates the need for
an overlay when the result of this projection shows
that the serviceability would be below an acceptable
level prior to the design year.

Arizona-~In Arizona serviceability was rated on a

scale from zero to five. The ratings were based on
the average values of visual ratings made by FHWA and
Arizona Highway Department engineers. Those highway
sections at or approaching a rating of 2,5 were sched-
uled for overlays. A State official advised us that
Arizona did not have the equipment necessary to make
the objective measurements of serviceability called for
by the AASHO system.

Oregon~~In Oregon no attempt was made to rate the ser-
viceability of the pavements., Pavements were deter-
mined to be in need of overlays on the basis of visual
observations of State and FHWA engineers and their
judgments that the pavements could not last for the
20-year design life without overlays.
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State officials advised us that they were considering
the use of some objective measurements of pavement
condition which would indicate when overlays are nec-
essary.

Washington-~Pavements were determined to be eligible
for overlays on the basis of numerical ratings as-
signed by visual observations of the amount of various
types of existing pavement defects. New pavements are
rated at 85. When the rating drops to 60, the State
considers that an overlay is required. The State es~
timates that the rating will drop about 2.5 points a
year and that an overlay 1is anticipated in about

10 years.

Pavements were included in the estimate of overlay
needs when the rating taken in 1967 indicated that a
rating of 60 or less would be reached by 1974,

Vermont--Highways in Vermont were determined to be in
need of overlays on the basis of the combined judgment
of State and FHWA engineers. We were advised that
numerical ratings showing the current serviceability
of the pavements were not prepared.
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METHODS FOR DETERMINING
HOW MUCH OVERIAY IS REQUIRED

Determining the thickness of a pavement overlay re-
quires the preparation of a design analysis which includes
an evaluation of the existing pavement and soil values to-
gether with projections of the volume and weight of future
traffic, principally truck traffic with heavy axle loads.
FHWA requires that this determination be accomplished
through use of a design analysis by whatever design method
1s used by each State. FHWA instructions require that the
States' design analyses be prepared for each segment of the
originally built pavement and be evaluated in terms of the
AASHO design methods. We found a number of differences in
the design methods used.

Frequency of design analyses

Arizona, Oregon, and Texas each prepared detailed de-
sign analyses for each highway segment on which they re-
quested FHWA approval for an overlay.

In Maine the justification for five overlay projects
was based on one basic design analysis. FHWA officials ad-
vised us that this design analysis had justified overlays
of 5-1/4 inches. 1In actual practice, however, a variety of
overlay depths ranging from 1-3/4 to 5-1/4 inches were ap-
proved on an experimental basis to determine the most satis-
factory overlay depth. Because only one basic design anal-
ysis was made, no determination of the existing pavement
values for each originally built segment was made; FHWA did
not evaluate the State's overlay design in terms of AASHO
design methods, contrary to FHWA instructions.

Frequency of pavement samples

Although FHWA's instructions require that the States
determine the structural value of the existing subbase,
base, and surface courses as part of the design analyses,
the instructions do not specify how these values are to be
established. These values are needed to determine the
structural values of the existing pavement. We found that
uniform procedures regarding the frequency of pavement and
soil samples had not been followed by the States.
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1.

In Oregon, we reviewed four overlay projects, to-
taling 16.4 miles, included in the 1968 cost es-
timate and found that from two to four pavement and
soil samples per overlay project had been taken for
the purpose of preparing the estimates. We were
informed that samples every one-half mile would be
taken to establish the requirements for the final
overlay designs,

In Maine, we reviewed five overlay projects, to-
taling 34 miles, and found that six pavement sam-
ples had been taken on two projects covering about
16 miles. We were informed that tests of pavement
had been limited to the two projects because these
pavements were considered to be representative of
all pavements submitted for overlays.

In Arizona, the majority of the sections of the In-
terstate System that were identified for the 1968
cost estimate as requiring overlays were sampled at
intervals of 2 to 3 miles. The samples consisted
of core samples to the total depth of each of the
various roadbed courses. We were informed that, in
the future, the pavement would be tested at 1,000-
foot intervals prior to actual overlays.

In Vermont, we were informed that time had not al-

lowed them to take samples for the 1968 cost esti-

mate but that, for actual overlay designs, approxi-
mately two samples would be taken for each overlay

project,

The State of Texas took core samples on three of
the 11 overlay projects for flexible~-pavement high-
ways. On the other eight projects, the design
analysis was based on tests performed during 1964
for use in making the 1965 estimate of costs to
complete the Interstate Highway System. We were
informed that no uniform procedures had been fol-
lowed relative to the distance between test samples
taken and that engineering judgment, condition of
pavement, original design of the structure, and ex-
perience were all used in determining the number
and spacing of sample areas.
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6. We were told that core samples were not taken in
Washington unless the surface condition indicated
that there had been failures in the base materials,

Comparison of design analyses with
AASHO design guidelines

In i1ts instructions for the overlay program, FHWA
stated that the details of the State designs would be mea-
sured by the criteria established in the AASHO Interim De-
sign Guides for Flexible and Rigid Pavements., Following
are examples of the different States' design methods and
their relationship to the AASHO design guides.

1. Arizona used the AASHO design guides., In our re-
view of an overlay project, however, we found that,
on the basis of the AASHO guidelines, overlays on
certain sections were not justified. Three sections
on a roadway had been provided with a 2-inch over-
lay. An FHWA official informed us that, even
though the AASHO guidelines did not justify an over-
lay, these segments had been overlaid because engi-
neering judgment and visual inspection of the road-
way indicated that overlays were needed.

2, In Oregon, we attempted to evaluate the State's de-
sign using the AASHO guidelines. The State pave-
ment design method 1s considered by FHWA to produce
results that are comparable to those by the AASHO
method. We were told by FHWA that the Oregon method
was acceptable because, in the past, it had been
found to be conservative compared with the AASHO
method.

Our inquiry into the conversion of Oregon data to
the AASHO design analysis method for five overlay
projects showed that generally Oregon had requested
less overlay thickness than was indicated by the
AASHO method. We found, however, that firm values
had not been established for certain factors which
were important components of a design analysis.,

Any attempt to convert Oregon's design method to
that of AASHO will not be fully meaningful until



these values are resolved. FHWA officials advised
us that they believed that Oregon's design method
was close enough for comparison purposes and that
the design should be evaluated on the basis of the
performance of the pavements rather than a precise
comparison with the AASHO design method.

3. In contrast with the method used by Oregon, the de-
sign method used by Texas generally resulted in re-
quests for greater overlay thicknesses than could
be justified by the AASHO method. This occurred
because the Texas design method assigned lower
values to pavement material than the values used in
the AASHO design. Although FHWA and State offi-
cials could not agree on the values of the existing
pavement, FHWA limited Federal participation to the
overlay thickness that resulted from a conversion
to the AASHO design method.

We believe that the above examples i1llustrate a gen-
eral lack of uniformity by FHWA in the use of the AASHO
criteria for evaluating the States' design analyses and for
determining FAI participation.
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AGENCY COMMENTS

In our draft report, we proposed that the Secretary of
Transportation direct that FHWA amend its regulations to re-
quire that overlay standards be applied uniformly throughout
the States and that FHWA take positive action to (1) improve
the pavement rating system to achieve optimum use of the
original pavement and (2) establish design methods to pro-
vide greater assurance that the States are receiving the
proper amount of pavement overlays to serve the design pe-
riod,

The Assistant Secretary disagreed, in general, with the
need for the proposed action and contended that the AASHO
pavement rating system was being used satisfactorily in most
areas, We cannot agree with the Assistant Secretary's com-
ment, Moreover, the States which commented on this matter
substantially agreed with the views we expressed in our
draft report.

Our review of a representative number of States having
overlay programs showed that the AASHO common criteria were
not being used uniformly. In the States we visited, we
found that pavement ratings were generally prepared differ-
ently in each of the States. (See pp. 41 and 42,) Although
all the States considered some of the factors included in
the AASHO system, some rated additional factors and some
did not rate all factors. Furthermore, the States generally
(1) assigned different values to the factors rated and
(2) forecast future deterioration in different ways.

The Assistant Secretary also stated that application
of the AASHO common criteria in the process of approving
projects results in equivalence among the States in design
and cost participation of pavement structures. He stated
also that different thickness of overlays that occurred in
different States and in different areas of a State were not
indicative of a lack of uniformity but rather resulted from
a combination of design considerations., He pointed out that,
in evaluating and approving designs proposed by the States
for overlay projects, FHWA used a single common criteria--
the AASHO Interim Design Guides for Flexible and Rigid
Pavement Structures.



We recognize that different thickness of overlays
occur in different States or in different areas of a State
because of variations in soils, climates, materials, and
other factors. Certain States, however, used their own de-
sign analyses which required FHWA to convert from the States'
analyses to the AASHO method., In this conversion, FHWA of-
ficials did not always have values assigned to soils, cli-
mates, materials, and traffic in terms of AASHO criteria,
thus varying degrees of engineering judgment were required
to convert the States' values to values used in the AASHO
design method, We believe that, unless direct conversions
to the AASHO method are used, uniform results will not be
obtained,

Some State officials who commented on our draft report
expressed dissatisfaction with the AASHO methods that had
been adopted by FHWA. The dissatisfaction expressed by the
officials was augmented by the comments of highway officials
from other States who generally agreed that the pavement
rating system should be improved and that more reliable de-
sign methods should be established. Examples of some State
officials' comments are shown below:

Vermont

",*¥* we are in agreement with the report that a
more standard method should be established, na-
tionally, for determining when an overlay should
be placed, and how thick this overlay should be,
When Vermont considered the need to perform an
overlay on a section of Interstate Highway, the
existing Bureau of Public Roads memorandums were
studied and followed., *** A standard method of
determining the Present Serviceability Index
would result in earlier action, before extensive
failures had been allowed to occur. *** We would
recommend a uniform method be adopted for the
computation of overlay depths, but any standard
would have to recognize that the factors of
climate, construction materials, and subsurface
conditions vary throughout the Country, and would
have to be considered in any standard design
method. National guidance would result in fairer
and more uniform practices among the states,"
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Washington

k%% The [AASHO] guides for rigid pavements and
for flexible pavements are, as their titles sug-
gest, 'Interim' guides. They have not to this
date, some seven years after first distribution,
been accepted by the AASHO Committee on Design
and there is considerable doubt if they ever will
be accepted in their present form. The short-
comings of these guides, and there are many, are
generally well recognized, especially by agencies
such as ours which have design systems equally
sophisticated and backed by many more years of
experience, It is disconcerting, to say the
least, to be continually compared to this stan-
dard.”

Colorado

"k We agree-with the conclusions and recom-
mendations expressed *** [ch, 4]."

Maine

""x% The GAO believes it essential that FHWA
establish more precise procedures for determining
when and where overlays should be placed and how
thick they should be.

"I would like to point out that pavement
overlay thickness cannot, at this time, be pre-
cisely determined. This problem 1s recognized
by recent literature which points out the need
for further research which will take several
years."

Oregon

"We also agree with the draft that more ac-
curate methods of determining the need for over-
lays and the thickness of them, as well as ac-~
curate costs to reflect these needs, are required
and we sincerely hope that leadership from the
Federal Highway Administration brings about certain
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criteria which will allow us to perform this
work."

Texas

"There is one area of discussion, however,
on which we have a very definite opinion.
We concur with their [GAO] conclusion that
better and more realistic type guide lines
need to be developed for determining the
depth of pavement overlays.

"In our opinion, AASHO road test equations as
used in the Interim Guide are not applicable to
these conditions and give unrealistic answers
when so used. Further evaluation and imple-
mentation of recent research work would be in
order, supplemented by additional studies if
necessary, to develop design guide lines for
pavement overlays. An AASHO Design Subcommit-
tee is presently working on these objectives.”

CONCLUSIONS

The use of engineering judgment varies widely between
State highway departments. Engineering judgment is used
extensively in determining when overlays should be placed,
preparing the design analysis, and relating the analysis to
the AASHO standards. In some States engineering judgments
were also used as the basis for increasing or decreasing
the thicknesses of the overlays from the thicknesses deter-
mined necessary by the design analyses. It seems that, ir-
respective of design criteria used and the results of such
criteria, a State can justify almost any reasonable depth
of overlay on the basis of engineering judgment. We recog-
nize that engineering judgment is an essential element of
pavement design. We believe, however, that FHWA should es-
tablish criteria to minimize the use of judgment by provid-
ing more precise and uniform procedures for determining re-
quirements.

In view of the magnitude of the overlay program and the

periodic need for overlays on the Interstate System, we be-
lieve that it is essential that FHWA establish more precise
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and more uniform procedures for determining when overlays
should be placed and how thick they should be. We believe
that such procedures are needed to provide more assurance
that (1) an overlay is placed at the proper time--neither
too early to ensure full economic benefit from the existing
pavement nor too late to avoid undue structural damage to
the pavement--and (2) the amount of the overlay is not sub-
stantially more or less than that required to provide the
needed serviceability.

RECOMMENDATIONS TO THE
SECRETARY OF TRANSPORTATION

We recommend that the Secretary of Transportation re-
quire FHWA to amend 1ts regulations to require that over-
lay standards be applied uniformly throughout the States.
We recommend also that, to attain such uniformity (1) posi-
tive action be taken to improve the pavement rating system
to achieve optimum use of the original pavement and (2) de-
sign methods be established to provide greater assurance
that the States are applying the proper amount of pavement
overlays to serve the design periods.
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CHAPTER 3

SCOPE OF REVIEW

Our review was conducted at the Washington, D.C., of-
fice of the Federal Highway Administration, Department of
Transportation, and at the FHWA division offices and the
offices of the State agencies responsible for highways in
the States of Arizona, Maine, Oregon, and Texas. We also
visited the States of Colorado, New Mexico, Washington,
Wyoming, and Vermont to obtain limited information on the
overlay program in those States.

We reviewed pertinent legislation, FHWA policies and
procedures, and FHWA and State records pertaining to se-
lected segments of the Interstate Highway System that have
been, or will be, overlaid. We also held discussions with
officials of the FHWA and States that we visited. In the
States of Arizona, Maine, Oregon, and Texas, we observed
the conditions of certain segments determined by the State
and FHWA as being in need of overlays and of other segments
that had been overlaid. Our observations also included the
extent of maintenance performed by the States on certain
selected segments of the Interstate System.
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State
and

project

ARIZONA
1-8-2(57)

MAINE
1-95-6(39)

1-95-7(61)

1-95-8(75)

1-95-8(83)

I1-95-8(76)

OREGON
I-80N

TEXAS
1-10-1(108)026

1-10-1(114)032
1-20-2(76159
1-20-2(77)176
1-20-2(78)193
1-20-2(88)236

1-20-2(90)274

SELECTED INFORMATION ON OVERLAY PROJECTS

FINANCED WITH FEDERAL-AID INTERSTATE FUNDS

STATES OF ARIZONA, MAINE, OREGON, AND TEXAS

Overlay
Year
Length Depth con-
(miles) (1oches) Cost structed

156 2 to 6-1/4 ¢ 682,833 1968

63  3-1/4
to 5-1/4% 841,548 1967

34 1-3/4
to 3-1/4% 322,942 1967

4.8  3-1/4
to 5-1/4% 694,951 1967

18 3174
to 4-1/42 1968
1.6 3-1/48 221,307 1967
34  5-1/2 526,636 1968
6.9  3-1/2 612,356 1968
17 35 2-3/4 946,868 1968
103  3-1/2b 592,072 1968
158  3-1/2° 1,083,517 1968
93 3.1/29 475,694 1968
82 1-1/28 419,309 1968
58 1-1/2¢ 481,897 1968

Depth
(1nches)

2-1/2 to 3

3-1/5

()
{e)
(c)
3
3

APPENDIX I

.Oraginal projects

Year
con-

structed

1957-59

1958-60

1962

1957-59

1960

1957

1962

1969
1959
1957
1957
1956
1960

1959

Page 1

Pavement
use
before
overlay

(years)

9 to 11

7t 9

8 to 10

8

10

11
11
12
8
9

%0n those sections where less than 5-1/4 inches of overlay had been placed, the amount placed
The design analysis prepared supported the need for a total

represented an initial stage
overlay depth of 5-1/4 inches throughout the project.

bInltlal stage of overlay, depth of second stage not established

“Not determined by review.

dImtial stage of overlay, amount of second stage 1o be 6-1/2 inches

e
Initial stage of overlay, amount of second stage to be 6 inches
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OFFICE OF THE SECRETARY OF TRANSPORTATION
WASHINGTON, DC 20590

ASSISTANT SECRETARY
FOR ADMINISTRATION

March 24, 1970

Mr. Bernard Sacks

Assistant Dairector, Civil Davision
U. S. General Accounting Office
Washaington, D. C. 20548

Dear Mr. Sacks:

We have reviewed your draft report to the Congress entitled
"Review of Program to Upgrade Deteriorated Segments of the
Interstate Highway System." As you requested, we have
obtained comments, which are enclosed, from officials of
nine responsible State highway departments.

Our comments, considering the responses of the States, are
summarized below.

On page 20 of the report, you concede that there i1s no
prohibition in Title 23 U.S.C. against the overlay program.
In addition, the substance of the program and its scope were
formalized on January 11, 1962, ain Instructional Memorandum
21-1-62, whach provided for the construction of Interstate
highways in stages. This was well known to the Congress.

Since there i1s no legal prohibition and the Congress has
acquiesced in this longstanding administrative interpretation
of the appropriate statutes, we believe that referral of the
matter to the Congress for “"expressing its intent" as stated
on page 21 of the report, is superfluous.

We have already anticipated the need for an estimate of the
costs of this program as you suggest on page 21l. In October
1969, as a result of discussions with staff representatives

of the Committee on Public Works of the House of Representatives,
the Bureau of Public Roads undertook with the State highway
departments, a reinventory of the work that was selected in

1967 for addaitions to pavements constructed prior to October
1963. The estimated cost for such work had been included in

the 1968 cost estimate.
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In addition, the States' and Public Roads' engineers made an
evaluation in 1969 of additional pavements constructed prioxr
to October 1963 that appeared to warrant'an additional stage
of construction by an overlay. The purpose was to permit

that section of highway pavement to satisfactorily carry
traffic through a 20~year design period. The 1970 estimate

of costs to complete the Interstate System will 1aclude and
1dentify these additional pavement costs along with appropriate
explanation as was done in the report filed in 1968.

We do not concur in your recommendation on page 28:

", . . that the Secretary direct that maintenance
standards for highways be established which
recognize that (1) overlays are required from time
to time to provide a safe and efficient riding
surface and (2) such overlays represent normal
maintenance and, as such, the costs thereof shall
be borne by the States.

"In cases where overlays are considered necessary
to add strength to highways, we recommend that the
Secretary direct that part of the overlay which
would otherwise be needed to provide a new riding
surface be classified as a State maintenance re-
sponsibility and that the costs attributable
thereto be borne by the States."

"Maintenance® 1s already defined in 23 U.S.C. Par. 101 as

“the preservation of the entire highway.” Whether or not an
overlay 1s reasonably necessary at any point in taime for a
particular Interstate highway is an engineering determination,
which cannot be made without an inspection of the highway and
an evaluation of all of the pertinent facts. Where overlays
are required for the purpose of preserving an Interstate
highway (1.e., "maintenance") rather than to add to the highway's
structural strength to meet the standards specified in 23 U.S.C.
Par. 109, such work is presently accomplished by the States at
their expense.

We do not believe that it 1s practical or necessary as you
suggest, to measure and separately pay for small quantities

of material of variable thickness that constitute a leveling
course or wedge between a theoretical base of additional overlay
layer and the top surface of existing pavement. The purpose

of the leveling course 1s to provide a plane surface on which

to place the overlay layer, not to rejuvenate or protect the
existing surface.
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It has, therefore, been the practice in the highway
construction program to”include the small quantaity of the
leveling course in the total guantity for the overlay layer
using the same type or class of funds.

On page 38 you further recommend:

". . . that the Secretary direct that FHWA amend 1its
regulations to require that overlay standards be
applied uniformly throughout the States. In order

to attain such uniformity we recommend that the
Secretary direct that FHWA (1) take positive action

to improve the pavement rating system to achieve
optimum use of the original pavement and (2) establish
design methods which provide greater assurance that
the various States are receiving the proper amount

of pavement overlays to serve the design period."

The pavement rating system developed as a part of the AASHO
Road Test at Ottawa, Illinois, in the early 1960's 1is being
used satisfactorily in most areas today. Refinements in the
system, no doubt, will come with further usage and experience.

The Bureau of Public Roads (BPR), the State highway departments
and other highway interests are continuously seeking to

further develop and refaine cxiteria for the design of both
flexible and rigid-type pavement structures. Curxrently, however,
the BPR has determined that the criteria outlined in the AASHO
Interim Design Guides for Flexible and Rigid Pavement Structures
are the most reliable available.

It, therefore, uses those criteria to measure the proposed
designs submitted by State highway departments for initial
pavement structure thickness and to measure the thickness of

any additional pavement overlay layers. By application of those
common criteria in the process of approving Federal-aid projects,
the BPR obtains equivalence among the States in the design and
cost participation of pavement structures that accommodate the
conditions that prevail on individual projects.

The fact that different thicknesses of design for overlays
occur in different States, and in different areas of a State,
does not necessarily mean that the design criteria are not
being applied uniformly. The differences result from
dissimilarities 1n the supporting soils, pavement materials
available, climate, traffic forecasts, and in other similar
factors that enter into the design considerations.
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WAN € McKINNEY WM N PRICE

ARIZONA HIGHWAY DEPARTMENT

RUPY E CAMPBELL
MEMBER

SJUSTIN HERMAN
SYATE HIGHRWAY DIRECTOR

MATERIALS DIVISION
1745 West Madison Street
Phoenix, Arizona 85007

November 26, 1969

Mr, H C. Tilzey

Division Engineer

U. S Department of Transportation
Federal Highway Administration
Bureau of Public Roads

230 North First Avenue

Phoenix, Arizona 85025

Dear Mr. Tilzey
In reference to your letter dated November 14, 1969, we have reviewed
the report entitled "Review of Program to Upgrade Deteriorated Segments of
Interstate Highway System".
The comments we have made are enclosed herewith.
Sincerely yours,

Wm. N. Price
State Highway Engineer

by%/%‘/

G, J. Allen
Engineer of Materials

BS.ng
Enclosure

BEST DOCUMENT AVAILABLE
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We, therefore, believe that the provisions of the overlay
program are applied uniformly throughout the States by the
BPR.

We appreciate the opportunity afforded us to comment on
your draft report.

Sincerely,

/’

Alan I. Dean

Enclosure
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Page 3, Paragraph 2

It 1s known and recognized that an asphaltic concrete pavement will need
maintenance prior to a 20 year perilod after construction. However, the over-
lays we have set up in our program are not intended for this purpose. They
are designed to add structural strength surface structure where the roaaways
are showing distress because of weak subgrade and excessive rutting and cracking
which indicates additional consoladation nas occurred because the roadway has
been subjected to a higher volume of traffic or heavier axle loading then the
roadvay was designed, it appears an overlay should be allowed for additional
structural strength.

Page 8, Paragraph 1

It 1s our policy to make a thorough investigation of a section of roadway
befoire the final determination of tne thickness of overlay required. It has
never been established that the cause of failure should be documented However,
in most cases a visual observation is made of a project by engineers represent-
ing the Bureau of Public Roads, Materials Division, and District Engineers
office. A i1epoirt, written in longhand, 1s made by the engineer representing
the Materials Division and is maintained an "Materials Survey' project folder.
This report covers the condition of the existing pavement, the type of failures,
and cause of failure 1f readily detecmiaed.

In addition to this, samples are cut from each existing roadway at
approximately 1000 foot intervals (more frequent 1f deemed necessary). Samples
are taken from the base material, sub-base, and subgrade at each site The
sample of asphaltic pavement 1s carefully examined for extreme oxidation, water
in the pavement, stripping, etc.

The above mentioned samples are tested in the laboratory for gradation
and plasticity index to determine 1f degradation has occurred in the pase
and subbase material or poor quality of material from the subgrade has intruded
since construction. All of these conditions are considered in making the
design analysis The rutting and other deformations are measured at approximately
1000 foot intervals.

Page 9, Paragraph 3

We consider the 20 year design life to be very significant, Especially if
the roadways were designed for a shorter period.

1f a roadway was designed for less than 20 years, then later determined it
should carry traffic for "20 year period" and found inadequate to d8 the same,
should 1t not be allowed an overlay for additiomal structural strength, rather
than considered an initial inadequacy.
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Page 12, Paragraph 1

Arizona has constructed appioximately 30 miles of both roadway (4 lanes)
and 35 miles of one roadway (2 lanes) of the interstate system by the stage
construction metnod, wnereby a temporary surfacing was provided and opened to
traffic, with the final surfacing to be placed later The final surface has
been placed on the one roadway (2 lane) miles as aindicated above. Most of the
2 roadway (4 lane) sections have not received the final surfacing.

In addition to the above, several miles of primary highway were taken into
the interstate system without any FAL money peing spent to upgrade them at that,
time because the surface was of sufficient quality they did not warrant an
overlay, and 1t should be pointed out there are a few miles of these roadways
st1ll in service and have not received an overlay to this date, These are
included 1n the overlay estimate.

Page 35, Last Paragraph

It dad not take the full 2 inch thickness to meet the design equation on
the sections of roadway mentioned, However, there was definite need for an
overlay. Since 2 inches (1% inch asphaltic concrete plus % 1nch of asphaltie
concrete fintshing course) was the minimum overlay that could be laid in a
practical method, this was the thickness placed. The condition of pavement
prior to the overlay was such, the maintenance crew was continually patching
the cracks and chuckholes caused from blocks of pavement breaking out. The
ruts were from 1/4 to 5/8 anch in depth.

It should pe pointed out the 27, 29, and 26 year life of the pavement
referred to 1s from the life analysis only and apparently does not take into
consideration the design equation that must be satisfied for a 20 year design.

LeST PNey; MENT AVAILABLE
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I9N OF HIGHWAYS CHAS E SHUMATE
TE OF COLORADO STATE OF COLORADO EXECUTIVE DIRECTOR
C ARKANSAS AVE CHIEF :zﬁﬂ\EER

1 COLORADO 80222

November 17, 1969

Mr. A. R. Abslard E,
Division Engineer . P\\J N&LF’B\“’
Bureau of Public Roads cytENT

Room 267, Building 40 %yg'i @Sv '

Denver Federal Center

Denver, Colorade 80225

Dear iMr. Abelard:

Subject: Draft of Report entitled "Peview
of Program to Upgrade Deteriorated
Segments of the Interstate Higlway
System:

We have revieued draft report entitled "Review of Program
to Upgrade Deteriorated Sermiznts of the Interstate Hicghe
way Systeom? and found that it points cut rany facts thaz
we have all been awere of for many years.

We have never felt that the state-of-the-art for either
flexible hase or rigid pave~ent design methods has devel-
oped to the point of bring anything near an exact science.
Considerirg that projected traffic volure data is continu-
8lly changing due to vnforseen develcrments and the
gcancrmics of materials and construction nethods ussd are
continually chanzing, we believe that consicderable
®enginecring judgment™ will always be necessary in making
a propex decision.

We certainly agree with the conclusions expresced on pages
19, 20 &nd 21. There will aluways be a need to wpirade
completed segments of tne Interstate Systen., EScme eguitable
method will be necessary for determining when necced and

the means of fundaing.

In regard to conclusions on pases 27 and 23, we believe
that i1t wounld be alsost inmossiple to determino if an
overlay wis only for the parpose of irsrovans riding sur-
face or for upgrading the structural strength. According
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1oV, ~oer 47, 1053

Faze 2

to the theory, an overlay would automatically do both.
Hence asain we believe that scme equitablc rethed
(possibly on a length of service basis only) should be
providcd to determine eligibality for any federal finan-
cinz of overlays.

We agree with the conclusions and recomrendations as
expressed on pages 37 and 38.

/ —/ )
77 2l

CHAS, E. SHUINTE

Chief Engineer

Cis:cas

¢ce: L. C. Bouer
T. C. Reseigh
A, Zulian

BEST DOCUME T AVAILABLE
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CHIEF ENGINECR

Meive State Hightoay Conunission

AUGUSTA, MAINE 04330
November 21, 1969

R. D. Hunter, Division Engineer

Bureau of Public Roads

Room 614, Federal Building-Post Offaice
Augusta, Maline 04330

Dear Mr. Hunter:

Reference 15 made to your letter to me under date of
Novedbcr 12, 1969 1n which vou enclosed for review purposes
one copy of GAO Draft Report Entitled "Revsew of Program to

Upgrade Deteriorated Segments of Interstate Highway System."

William D. Harris, Design Cngineer, has commenled on cec-
tain statements contained in the report and his comments are
attached hereto for your information. I believe they are
self-explanatory.

If you have any questions we will be glad to have you
get an touch with us in this matter.

Very

pavad H. Stévens, Chairman
DHS/b Maine State Highway Commission
attach.

BEST DOCUMENT AVAILABLE
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SOE TS BY VILLIaM D, BARAIS G DING "REPORT TO TIT CONCTWIS OF THE
W13 STalhs, VWITT OF 2205741 00 UPGRADE DETWIION™D H0C 1T, OF
TI INTTYSTATE UIGH'UAY SYSTREM, FRDWRAL HIGHVAY ADSINISTRATION, DEPART-
HEIT O TRAMSPORTATION! (Dralt Copy)

Cheoler 2, pase 18

GAO states that, "ait aopears to us thal a siomificant awmount of
the aovroximately 27,000 miles beins constructed efter 193 may also
require overlays before cxpiration of the Intersiatve construction
progran.

Our new pavement desien north of Stilluater Avenue in Old Toun
15 1n excellent conailaon after L ycars of use Basca on a 197h-1976
anterstate commletion cate I cannot vossibly visualize the ncec for
an overlaypjthorefore, Maine should not be ancluded in this assumption.

Preoe dro 1972

I also disarrce iath tne statevent on pare 19 thab stailes, "Iflexible
navenenls wall require an overlay to restore the ridine qualities after
aboub every 10 to 12 vears.” Ve have many prarary roads today that have
accquate rading surfaces vhich are older than 10 years. As vrevioasly
pointed oul, our new intersiaie design north of Ola Town is k4 years old

Ry B, | de
il S T&auved ckuvglcnu-

Chaoter 3, page 27 =
COWCLUSIONS

It a5 concluded by GAO that the portion of overlay neeced to restore
the safe and effecient rading surface of the exastang vavement should be
borne by the States.

Tnc pavement structure in question was designed prior wo b
Test load, therefore, a Cesign analysis was never develooed., It was
assumed al tnat time tnat the desaim would quve adequate servace, noever
ow aclual exveraence proved othemnse. Thias is the pramary truck roave
{hrourh the center of tae Stale, tlercfore, I-95 uncsrrmoes severe loading
concLtions comarcd o owr other hichiays. Desism analyses nade in 1087
show tnat this road was structurally undercesisned. Cracks occarrea in
the pavewent an aboat 3 yeers and tuey conlinued {o increase ab an ac-
celerated pzce., Other conditioas sucn as water, frost and the open
praded nature of ow batuminous mecadam base course accelerated vavevent
farlure beyono owr exvactations, an fact, ihis conditzon cannet be ac-

curately vredicted witn Test Road data.

Our I-95 received normal mainitenance.

BEST DOCUMENT AVAILABLE
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Jo fecl that had the intersiate been consiructea as it vas nor
of olilliraler Avenue ain 0ld Tewn, overlays would not be neeacd ab Twiis
time. Our-btesien analysis overlay depth of 5 1/h" 1s recuires Lo
rstablash siructural intesrety to the exastaing paverent stractur
before addtional damace 1s aone which could result in corolete ra-
moval and replacement of +the exasting struclure (inclucing paverment
and rranular base courses).

Chwnter IV, pace 33
Frequency of Desirm Analyses .

In the para-ravh veriainine to Xaine, ihe anfercnce 15 made oy .0
that rawnets overlay cepins were nol pased on tne Desimm anslysis
becanse we use more than one overlay depth, however, the Lesirn anaiycis
called for S 1/h".

Tle certainly did nobt ignore the Dasien Analysis but czd choose to
construct the 5 1/L% in tuo stases. The first starwe varica froa 1 3/L%
to 5 1/U¥", whercas the second siage would consist of 5 1/4" =anus ine
first stare. The second stave would be sonlicd near the termanns of
anterstate funds or when reguired to arorove the stractural coundivy of
the navement. This procecure would allow us to evaluate our ceayi™
aldlysls uncer actual operating conditions, therebv zllowng us o rake
minor adjustments prior to placing the sccond stane overlay.

Cheoter IV, page 37

CONCLULLONS
—

The GAO believes 1t essenlial that FHIA establisn nore ovrec.se
procedures for determining wnen and where overlays should be placea
and how thick they should be.

I would like to woint out ihav paverment overlay thickness carnot,
at this tame, be preciscly determined. Thas woroblem 15 rccoomized by
reccnt literature which.poants out the need for furilner researcn yraca
will tske several years.

11/19/69
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NEwW MEXICO

STaTE HicEwAaY COMMISSION

P O BOX 1149
SanTa Fe, NEW MEXICO

BSET; DOCUMENT AVAILABLE

Novembox 13, 18685

narcld . Adkason

Division Engincer

Room 113, Uniced States Couarthouse
vurcau of Publigc Roads

Santa e, New MNueXico

Dear Sirs

Subject: Ga0 Drafc Reporc = Overxlays on Interstate Systems
Favements

Returned acrewitn s a dralt copy of a proposed roport of
tne Goneral Accountaing Office to tine Congress coucornang
overlays on Iuterstate Systows lavements.

This office has no particular commicat to make other than as
aoted on paga 14 of tac subject report, the znvestlgatoxrs,

vhile not maxing an cubt and out starement, appeax to agree

with the stage construction concept.

*

: Youcs very truly,

L. G. BOLBS
Stave Highway Lingineer

Bys:

wWynan W. Guthrie

Matexials & Testing Engancer
VNG/vs

ce: Cnarles W. Johnson
attacmmant
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OREGON STATE BEST DOCUMENT AVAll ABLE
HIGHWAY DEPARTMENT B

HIGHWAY BUILDING © SALEM, OREGON @ 97310 @ Phone 364-2171
November 25, 1969

Mr. R. E Simpson
Division Engineer
Bureau of Public Roads
Post Office Box 300
Salem, Oregon 97308

Dear Sir:
Re- 08-35 1

Our comments on the General Accounting Office draft
roport ontitled "Review ol Program to Upgrade Deteriorated
Segments of the Interstate Highway System' are as follows.

Although this draft is 43 pages, much of 1t 15 rep-
etitious and much of 1t relates to law or mileage statistics

For review purposes, there are three major points
that warrant consideration:

1 To inquire into the magnitude and nature of
the states' overlay program.

2., To inquire into the effect on the funding of
the Interstate Highway System.

3. 7To inquire into the relationship betweean the
program and the statutory responsibility of the states to
maintain the Interstate System

The magnitude of the program became apparent in
the 1968 Cost Estimate when it was determined that at least
30 percent of the asphalt concrete surfaced highways and
8 5 percent of the rigid pavements constructed before
December 1963 were 1n a distressed condition and in need
of overlays. The total esiimated cost at that time for
this work was $200 millaion.
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In Oregon, surfacing sections designed and constructed
prior to 1963 made use of procedures 1n existence at the start
of the interstate program Generally, for flexible pavements,
a 3-1/2 to 4-inch depth of asphaltic concrete over varying
depths of base rock was considered adequate. However, in the
late 1950's and early 1960°s, 1t became apparent that we were
not designing strong enough, particularly with respect to the
top portions of the surfacing section. This underdesign came
about as a result of a lach of knowledge of the supporting
values of the soil conditions and an underestimation of the
heavy truck traffic increase that occurred. Consequently,
we were experiencing accelerated deterioration in our sur-
facings In 1964, continued observations and studies led
to a different method of design (and this was based partially
on the basis of AASHO road tests) which has been in use since
that date We believe that we are now providing adequate
strength for the design 1ife of our sections, when one con-
siders that we have used stage construction procedures up
until about the last year

Nevertheless, we agree with the findings of this
draft to the effect that we cannot guarantee that all sur-
facangs designed since 1964, whether they be flexible or
rigid, will last the 20-year desagn period without deteriora—~
tion to the degree that would requare an overlay of more than
maintenance proportions. In other words, some of the surfacing
constructed since 1964 may need heavier overlays than the two
inches indicated on our stage construction program before the
end of the 1nterstate program.

We also agree with the draft that more accurate
methods of determining the need for overIays and the thick-
ness of them, as well as accurate costs to reflect these
needs, are required and we sincerely hope that leadership
from the Federal Highway Admainistration brings about certain
criteria which will allow us to perform this work.

We cannot agree with the draft an ats application
to the maintenance program. The GAO seems to conclude that
the states have not performed adequate maintenance on the
Interstate System because we are Lhen able to get a measure
of maintenance in the fully participatang overlay work. Our
maintenance program has preserved the Interstate System as
needed 1n a safe and efficient manner. On older sections
very substantial amounts of surface maintenance has been
accomplished ir order to keep these older sections from
deteriorating abnormally. It must be stated Oregon expe~
rienced in 1968-69 one of the worst winters in hastory.
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As a result, many highwavs--including some on the Interstate

System--suffered considerably 1he State of Oregon has been

very hard-pressed this year in cider to provide the necessary
maintenance to these highways. This difficulty has been two-
fold TFirst, from a standpoint of sufficient funds to handle
the required work and second, from a standpoaint of capability
of producers to produce the necessary asphaltic concrete.

Nevertheless, we believe that we have met the chal-
lenge and that we have met our maintenance responsibility,

Under the circumstances, we do not agree with the
draft that the states should bear a portion of the overlay
costs on the basis that they have not maintained the sur-
faces adequately.

We agree with the conclusions in this draft concern-
ing the methods used to determine overlays In the past feu
menths, woe have been gatheraing Benklemen Beam deflections on
sections of the interstate where we have previously performed
condition surveys With these deflections, 1t was possible
to determine overlay depths by the Californmia deflection
method and compare them with the depths determined by oux
condition surveys. We find that the two methods check very
closely for required depths Under the circumstances, we
suggest that the deflection method 1is accurate and has def-
inite advantages over any other known method because.

(a) It 1s faster, easier, cheaper and nondestructive.

{b) The predominant cause of surfacing failure 1is
failure from fatigue, the result of excessive
deflection under load. The deflection method
offers a positive method of monitoring the rate
of deterioration in a surfacing, and determining
the load~carrying capacity at any time.

(c¢) This method has been recommended for adoption
xn Final Report NCHRP 1-11, "Evaluation of
AASHO Interim Guides for Design of Pavement
Structures", and so has general distribution

{(d) Use of the present flexible guide to determine
depth of overlays requires judgment in assigning
strength coefficients to each layer of the exist-
ing pavement Errors 1n assigping strength values
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can result in overdesign or underdesign.

The deflection method, by measuring the load-
carrying capacity directly, eliminates the
need for assigning values.

In summary, and vith the exception of maintenance,
we do not disagree with most of the conclusions as reported
in the draft.

Very truly yours,

Forrest Coope
State Highway Engineer

BEST DOCUMENT AVAILABLE
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COMM|SSION S8VAYTE HIGHWAVGENGINELR
e J C DINGWALL

i € GoEEh CHAIRMAN TEXAS HIGHWAY DEPARTMENT e

RREIT MORRIS AUSTIN TEXAS 78701

November 21, 1969

IN REPLY PFFFR TO

FILE NO D..SF
Mr, J. F. Cary
Division Engineer
Bureau of Public Rocads ERTIa i) A\inLABLF

Austin, Texas BEST Dﬂkmnuim

General Accounting Office Draft Report 'Review of Program to Upgrade
Detrimental Segments of the Interstate Highway System'

Dear Sir:

Reference is made to your letter dated November 10, 1969, in which
you requested our comments regarding the General Accounting Of.
fice's Draft Report., Our staff has reviewed the draft report and
find it to be very general in nature, however, we would like to
offer the following comments thereto, As you are aware many Sec-
tions of our Interstate were constructed prior to the designation
of the Interstate System and were constructed on right of way pur-
chase by the counties. Prior to the Interstate System, the Texas
Highway Department constructed many projects using stage construc-
tion. This was a usual and normal practice and at the time of the
inception of the Interstate System the plans for many projects had
been previously completed and then were let with Interstate Funds
upon its beginning. These projects did not provide for the type of
ultimate design that we now use on the Interstate System,

We offer the following specific comments referred to by page num-
bers:

1. Page 14 - Overiay of Rigid Pavements

We note that the GAD states that the problem associated with
rigid pavements needing overlays consists of primarily bad
cracks and joints and an inadequate base structure which re-
sulted in unacceptable riding surface, We believe that this
is adequate justification for an overlay, We would like to
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point out that in nearly every case where we overlay any con-
crete pavement, regardless of the system, we do some recon-
struction by removing badly brcken and deteriorated concrete
slabs,

2, Page 16

The GAOD states that they were informed that a flexible overlay
over a rigid pavement either added no strength to the total
pavement structure or added so little that it would not be
beneficial from a structural standpoint. Based upon the many
years of experience in our Department, we believe that flexible
overlay over rigid pavement does add strength and is a benefit
from a structural design point. This has been confirmed in
recent deflection studies by the Department,

3. Page 17 - Scope of Overlay Program

As previously pointed out many miles of Interstate System in
Texas were constructed prior to the Interstate System. We be-
lieve that the report should show those sections that which we
so incorporated in the Interstate System. In Texas there is
approximately 200 miles that was constructed prior to the In-
terstate System,

4, Page 21 - Matters for Consideration by Congress

We believe that if truck weights are going to be allowed to
increase that the Highway Trust Funds should be used to pro-
vide a continuing upgrading of the Interstate System.

5. Page 25 -

We note that the GAO states that Texas has provided numerous
overlays on Interstate segments as a part of their maintenance
program. These were not placed as a part of our maintenance
program, but out of the regular funds used to construct the
Highway System. FAL participation would have been requested
for this project had it been considered eligible at that time,
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6. Page 28 - Recommendations to the Secretary of Transportation

We would object to the Secretary directing that maintenance
standards for highways be established with the recommendation
that certain overlays be required from time to time., We feel
that this is the States prerogative within the funds allocated
to them,

7. Page 37 -~ Conclusions

There is one area of discussion, however, on which we have a
very definite opinion. We concur with their conclusion that
better and more realistic type guide lines need to be devel-
oped for determining the depth of pavement overlays.,

In our opinion, AASHO road test equations as used in the Interim
Guide are not applicable to these conditions and give unrealistic
answers when so used, Further evaluation and implementation of re-
cent research work would be in order, supplemented by additional
studies 1f necessary, to develop design guide lines for pavement
overlays, An AASHO Design Subcommittee is presently working on
these objectives,

Sincerely yours
/s/ J. 0. Dingwall

J. 0. Dingwall
State Highway Engineer
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STATE OF VERMONT
DEPARTMENT OF HIGHWAYS
MONTPELIER
C5602

November 21, 1969

Ao R, Torchase, Dlvision Brgineer
U, 8. bureaun ol Public Koads
Federal building

Hontpelier, Vermont (5602

Bear 1t . Purchase:

We have rucelved and completely staif reviewed the General Accounting Office
Drafit Report entitled YReview of Program to Upgrade Detericrated Segments of the
Interstate Highwsy Systcm,™ forwaraed with your letier of November 10, 196%. We
ave pletged to cuanent on this report, because we fosl it has great importance
both to this Stale and nationally.

It is oun feeliog that the matter of upgrading ths Interstate System will
egventually becone & matter for Comgress to decide and act upon. The report points
sut, 8rd wa agres, that a substantial portion of the Interstate System may not be
strieturally adequate to carry the design year etraffic., We feel that this is not
due to inferior constructicn or poor desira practice, but is due to the sdmitted
fact that pavement structure design is not, up to the present time, an etact
science., ¥For a highway deeigned for a twenty year life, it is lmplied that the
highway will be geometrically designed to have the capaeity to carry the predicted
traffic volune over the twenty year pericd, as well as being st.ucturally designed
te cariy the weight of the vehicles. UWhereas it might be possible to eonstruct &
flexible psvemeut that would give aceceptable service for a twenty year peried, 1t
L8 prohably more practical and more econcaical in the long run to structurally up-
grade tha pavement several times during tne (wenty year geometric life of ths high-
way. On this baris, it would appear perfectly logical to expend FAL funds for this
structural upgrad.ag.

!

This report goes at lengtn into the ouveslion of the responsibilitics uf the
states to periorm mainlenance oa the Incarstace Systen. We wuuld expect {o perforw
"normal mainlcnance" vn the Interstate Highways im Vernnont, but it is our comtention
that "normal muintenance™ is that maintenance required to safeguard the quulity or
eondition of the highway, &nd would include wmaintaining ditches and drairage structures,
and whatever suriacing might be roquired to keap tne surface of the traveled way and
shoulasrs waterprouf, to counteract the normal aging process of floxible pavements.
To this end, Vemwont has, since 1965, placed 2 thin overlay on 5 nlles of our
Intersiate Hipnwey, It is obvioue that a poriion of our Interstaia Idghvays have
vnderfone a structuval breakdown under traffic leads, and that ihis breal down could
oot have been prevertsd by “mormal maintenance,” cod cannot be repaired by ‘normal
naintzurnce.”

\E
s BES DOCUMENT AVNILAB



APPENDIX IX
Page 2

Ao B, 1ex | oo Noveiler 21, 1969

rustheraere, we feel that Lt fs lvpoitant that Congracs recopnize that the
buerdon ef raintenance of tha System dses not {2ll aqually on all stutes. The
Irteintate System wiletge was not assigned to the states on & per capita or land
arce basie, but was based on Lhe i1equiicuent Lo create a complete &na integrated
nctvosh of Pighways for interstate travel and aefense cocciaerations. As & vesult
pomg slates, such as Veruont, will bedr a greater buvden than other states when ir
cowes Lo the uphecp of the Syvtem. Whereas tha roporl rucommends that a portion
of «ny ouerlay repreosepta “porwal raintendnce,” and thet ihercilore & portion of
the cost ¢lould be borme by the states, we feel that at the present fuad wmatchiag
ratio of 9,-10, the 10 percent paid by the state dyes represent our contribution
to tho cost of the upkeep of the highway, wher token im addition to the other
maintenance cperations that arebeing perforrad.

In countanting om the conclusfons presented im Chapter & of the report, we are
in agresncat with the report that 4 meore staudard wethsd abould be established,
nationtlly, for determiuing when an overlay should ba placed, snd how thick thia
overley enculd be. Hhen Vermont consicared the need to perform an oveilay on @
section of Interstate Highway, the cristing Bureau of Public Rodds memorcndurs we.re
gtudied and followed., A joint field inzpection with Burcsu personnel was conducted,
and it was avident by visual {nspectionm that tha road surfdce had detericrated to
the pelut vhere the riding qualities were pour, and tihe road had foilcd structurally.
4 stondard wethod of detersining fhe (rasrat "orvwiceabilify Tndar « ruld rosuly iy
eerlier aciion, before extensive f2ilure. had peen allowed to occur., Likewise, n
determining the depth of overlay to he applied, Vermont pertormed various tests oa
the roadway, and gperformed the design analysis in accovdal.ce with exisiing Bureaw of
Fublic Roeds instiuctions. The vesulis obtained vere used, modifired only by practical
paving considerdtroas. We would recomend & w.ifons wmethod be adopted for the come
putation of overlay depthe, but any standard nethod would have to recognize that the
factors of climate, construction materfals, aud subsurface corditions vary throughe-
out ithe Couniry, and would nave to be cowsidered in any standard dessign msthod.
Fational guldance would vesult in fairer and wove uniform practices awong the states.

iIn corclusian, we fesl that the matter of keeping thz Interstate in good con~
dition, whether it be called stage constructic., overlays, or wainterance, 18 of
extrema fmpoitance, wnd that the Congress should be made fuily aware of the ramifis
catiors of t-is procblim. It woule be cur hope that Cougiess recognize that the
problem 8 of nutional sipniffcance just as the Interstate System itaelf is of
national importance, snd that it would ba fn the best intesests of the Country and
tke stetan to have 8 por:fon of tue Highwey Trust Fund uscd for the upkeep and

upgrading of ths Intarstate Hysteuw,
(j;~4 :7/ A ¢

\ Lohn T Gray
\ Couss ssioner
Jre/oam fucl \
c«e; Re Ho Arncld via 1773
B’.a Jn u..vk“‘l.}3

B 11 fsor Seericn BEST DOCUMENT AVAILABLE
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STATE OF WASHINGTON
DANIEL J EVANS, GOVERNOR
tR3
AALED
IR7Y
» WALSH
(11343
P WASHINGTON
NN RUPP STATE HIGHWAY COMMISSION
DEPARTMENT OF HIGHWAYS
RENT OOETZ SECRETARY G H ANDREWS,: DIRECTOR
oLYMPIA HIGHWAYS LICENSES BUILDING
CLYMPIA
November 28, 1969
Mr. Roe P Rodgers Re: GAO Draft Report "Review
Division Engineer of Program to Upgrade
Bureau of Public Roads Deteriorated Segments of
Olywpia, Washington Interstate Highway System"
Dear Sir:

Thank you for sending us & copy of the above draft report.

The conclus ons drawn from the report seem to be that overlays are necessary,
that more overlavs can be expected and that 1t is desirable at this time to
formulate some new rules for determining who is going to pay for them. With
this, we can hardly disagree and the GAO report seews generally fair and objec-
tive in these areas, except as noted hereafter.

We have several comments on statements contained im the GAC report which are
found later ar this report. In addition, we would like to comment on two
particular aspcects of the GAO report: first, the basic concept of stage con-
struction versus overlays, and second, the "reverence" with which the AASHO
Interim Guide 1s viewed throughout the report.

We feel there 15 a distinct difference between "pavement overiay' and second
stage coastruction Overlay connotes repalr of a pavement faliling unexpectedly,
while “second stage' means the planned strengthening of a pavement at a finite
time period after the initial coustruction., Our philosophy, as pertains to
pavement design, 1s stated quite well on Page 13 of the GAQ report -- "Washangto-
foilows the concept of stage construction and generally anticipates application
of the secord stage about 10 years after snitial construction. They expressed
their belief that flexible pavements cannot be designed to last 20 years without
an cverlay. Based on their experience, they believe that an additional layer

of pavement from 2 to 4 inches is necessary at the end of about 10 years™.

Obviously, 1f this concept is accepted as valid, and we believe it 1s, th®n
we arc placing gecond stsge pavement, not overlays, and this GAO report is
referring to someone .elge a8 far as we are concerned.

BEST DOCUMENT AVAILABLE
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In those {«w instances where we have asked for Federal Interstate pairticipation
in the second stage pavements, we have gone through all of the necessarv steps
as though they were overlays We would like to stress the above point, we have
in each instaunce made a detailed study of the existing pavement structure,
evaluated all conditions such as traffic, envircnment, etc., and made a complete
design analysis to determine the amount of the second stage pavement. This is
contrary to the statements on Page 8, Paragraph 1, and Page 35, Paragraph 3, of
the GAQ report.

The staging of f{uture pavement layeis, which is a basic part of our design
pirocedure is in every sensec a planned and designed operation and as such should
not be considered as overlay construction, It is designed to realize the '"full
economice benefit" of the investment - using the GAO terminology on Page 30,
Paragraph 1. Actually "optimum economic benefit" more correctly deacribes our
procedure,

The second aspect of the GAQ requiring comment is the apparent reverence with
which the AASHO Design Guides are seemingly viewed by all agenciecs of the
government, the FHWA and the GAQO. The guides for rigid pavements and for flexible
pavements are, as their titles suggest, "Interim'” guides. They have not to this
date, some scven years after first distribution, becen accepted by the AASHO
Cumuiiter on Design and there is considerable doubt 1f they ever wili be &ccepoeed
#n their present form. The shortcominpgs of these guides, and there are many,

are generally well recognized, especrally by agencles such as ours which have
design systems equally sophisticated and backed by many more years of experience,
It is disconcerting, to say the least, to be continually compared to this standard,

Although the report is generally objective, we could not overlook several items
where some clarification of our practice and intentions is necesgsary. Some of
these are discussed below -- it would take much too long to discuss each instance
where the GAQ's interpretation of design wmethods and procedures is superficial
and fails to recognize ramifications of design practices,

Page 8 of the report states, "We did not attempt to isolate the precise factors
which caused the deterioration of the highway segments that were or will be over-
layed However, we were unable to find any instances whers State or THWA officlals
made such determinations"  Thies is simply not the case in our State. In every
instance of roadway failure fin our State whether for the purposes of overlay,
secona stage conatruction, or any other construction, we always make such a
determinarion,

Further on in the same paragraph, they mention that deterlorstion of pavements

can generally be attributed to inadequate design and that inadequate design
encompasses such factors as traffic evaluation, soil suppoit, etc. This is
correct It is im the realm of traffic forecasting that our greatest errors have
occurred. Generally speaking, traffic volume hae Increassed far faster in our State
than the forecast indicated. This is one area certainly where a structural design
such as the AASHO guide or ours, both of which utilizes & "traffic load" parameter,
could not be faulted, ¥n addition, there is no way we know to enable an "adequate’
design life of 20 years for asphalt concreta, without stage consgtruction, no
matter how many factors are evaluated correctly.
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Turther on in the report, 1t 1s alleged that the state-of-the-art of designing
pavements had not reached the point where all of the desipn factors were given
adequate recognition, We would like te point out that in our design system we
evaluate every design factor that is evaluated in the AASHO guide formula and
have been doing it for nearly twenty years, In some cases, as above with traffic
data, the input has not proven to be adequate, but all of the factors were
eveluated including the foct that no design procedvre for AC can be expected

to last twenty years without attent:ion, Our design accommodates this fact by
calling for stage construction ~- a basic and necessary part of the design.

We would also like to defend, if that is the right word, our pavement rating
system., This is not, as seems to be implied, a mere visual appraisal., It is

a very practical and reasonable system that 1s quite objective in the way it is
used. The essential difference between our system and the AASHO psi system lies
in two ereas* our system does not include equipment such as the Chloe profilo-
meter which only worked on the AASHO test track and hasn't worked since, and it
does recognize incipient failure and potential lack of serviceability through
ratings of various degrees of distresa,

One last observation we feel compelled to make, and which may appear to be some-
what contradictory to what we have said before, has to do with the apparent de-
nigrat on of engineer ng judgment. We can appreciate the auditors' concern over
what might seem, to him, the considerable design latitude allowed under "engineering
judgment”, but we can visualize no design system, not ours, and most certainly

not the AASHO guide system, in which a certain amount of engineering judgment will
not be necessary, In fact, it seems that use of the AASHO puide requires more
exercise of engineering judgment than our method if any good can be realized from
it.

In summary, it does appear that the GAO team has learned from their contacts
with the highway departments that a 20-year design for flexible pavements cannot
be rezlized by initial construction only, They have indicated that, within the
framework of the Interstate policies, overlay construction contains some element
of maintenance which 1s supposed to be the responsibility of the States rather
than the Federal Government. Basically, the fallacy lies in the thinking behind
the Interstvate System that flexibie pavements could be designed for twenty years,
constructes to that design, and then require essentially no attention until the
end of twenty years. We, together with other states, recognized this fallacy
and determined that the optimum use of road constructiom money, regardless of its
source, acccues from the stage construction of flexible pavements, with the second
stage to be applied ten years, on the average, after initial constructionm.

This concept, unfortunately, is not compatible with the rules set up for adminis~-
tration of the Interstate System, and brings about the conflict between what is
maintensnce and what i{s stage construction or "structural overlay", It does appear
to us, however, that the Federal Highway Administration has adopted a reasonable
way of recognizing reslity in structural pavement design by allowing overlaye --
under the conditions imposéd by appropriate policy and procedure memoranda. The
report recommends that maintenance standards recognize need for overlays to
esteblish "e safe and efficient riding surface".~= and that these be considered
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normal maintenance to be state funded. Whoever establishes these stondards
should be guided by the fact that a rough riding surface is usually a precursor
of structural insufficlency and simple maintenence will provide only transient,
superficial relief.

On the whole, the report seems quite objective for auditors except for the fact
that they cannot believe that engineering judgment was, is, and always will be
an essential part of stiuctural pavement design and evaluation regardless of the
number of laws passed, the number of audits conducted, or the number of dollars
spent on test roads, Their objectivity is also questionable in accepting the
AASHO design guides as infallible.

Lastly, the inference should not be drawn from this report that no design enalyses
was made for overlay construction on Interstate highways in the State of Washington.
Each and every instsnce where overlay construct-on was approved for Federal funds
was done on the basis of a detailed structural analysis which provided justifica-
tion for such overlay.

Pavements are strxuctures, true, but they are primitive structures when compared
to bridges where all the materials components are subject to precise quality
control and their strength and long-term durability can be predicted with
confidence. lhe pavement designer, unforiunstely, must deal with uacuial
materials which seldom obey a neat set of performance criteria., He must take
the heterogeneous materials as may exist and rearrange, stratify, treat or
otherwise process them into a foundation which, hopefully, will interact as
predicted with the overlying pavement portion of the total pavement structure.
The fact that premature "fajilures" are the decided exception attests to his com-
petence im meeting this complex challenge.

Very truly yours,

G. H, ANDREWS, P.E,
Director of Highways

Z ?W

By: CARL E, MINOR, P,E,
Asgistant Director for ‘

Management Servicas
CEM:meb

ces W. A, Bulley
W. M. Foster
Roger V. LeClere
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Mr G M Wilhams

Director of Enginecring and Operations

Bureau of Public Roads

Washington, D C 20591 Bureau of Public Roads
General

Deaxr Mr Williams

Your memorandum of November 7, 1969 to the Regional Federal Highway Admimstrators
with which you enclosed the General Accounting Office draft report entitled "Review

of Program to Upgrade Deteriorated Segments of the Interstate Highway System" and

a request for this Department’s comments has been referred to us by Mr John M,
Demmer, Division Engineer of the Bureau of Public Roads This letter contams

several comments reflecting the opumions of the Department Staff

First of all 1t should be pointed out that there appears to be some confusion on the

part of Geneiral Accounting Office representatives regarding the terms "overlay”,

"Stage construction” and "deteriorated segments” While it 15 recognized that procedures
of the various states visited by G A,0O personnel may vary to a great extent, the

report refers to "overlays' without reference to "stage construction" or whether
"deteriorated segments' are mvolved or if the upgrading 1s a part of the final stage

of surfacing

It should be noted that a distinct difference exists between the use of an "overlay” of
a pavement that has been constructed to the ultimate design thickness and which
shows deterioration as opposcd to an "overlay" which 1s 1n effect a part of the planned
stage development of the roadway surface and where deterioration 15 not necessarily
a consideration

In all fairness it should also be pointed out that under the second situation referred
to m the preceding paragraph, additional thickness of the overlay above and beyond
that contemplated at the time of the original design may be authorized under a
current FHWA policy concermng adjustment 1n design proceduies for those projects
constiucted prior to October 1963

But the salient poimnt here 1s that some states mcluding Wyoming, have utilized the
stage construction method on Interstate System projects in which the total design
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requirements are not met until completion of the final stage regardless of the
adequacy of the design, Whether or not the General Accounting Office considers the
final stage in such instances as an "overlay" in the sense that 1t 1s a state responsi-
bility and not eligible for federal participation 1s difficult to determine from the
draft report

It would appear that since the original plans as well as the program authorization
includes an ultimate surfacing thickness of 4" plus a 1" leveling course for those
Interstate System projects constructed in Wyoming that no difficulty should be
encountered 1n obtaimng authority to complete these projects 1n accordance with the
program documents,

There 1s some concern that the draft report tends to challenge the stage construction
procedures as being costly and not entirely within the scope of the program The
experience of the Wyoming Highway Department with this procedure has been
overwhelmingly favorable and we heartily endorse 1its continued use.

The following advantages and benefits have been realized by the stage construction
procedure

1. More mileage of 4 lane divided highway has been made available to the highway
user (the source of revenue for this program) at an earlier date. By openwng up
segments of the Interstate System at an earlier point 1 time, the highway user is
provided a safer and more efficient facility than he was using before, The cost
benefits to the user resulting from this procedure are unknown but they most
certanly must far exceed any additional construction cost that might arise from the
stage comnstruction feature,

2, Imitial project costs are lower when stage construction 1s used because of the
opportunity to correct whatever deficiencies may have developed to the roadway
structure prior to the time the final stage of surfacing 1s applied The advantage here
18 that stage consiruction precludes the need to overdesign m questionable situations
by providing an opportunity to correct deficiencies as noted above, This results

in a more economical design and lower costs,

Following the awaxd of our first Interstate Highway contract in 1956 which was a

19 mile section on I-80 west of Wamsutter and which was designed to what we
considered at that taime a complete project it was the consensus of the Depaltment
Staff that we were undoubtedly underdesigning as a result of out ab1hty’ to accurately
forecast the rate of mcrease 1 traffic at that point in time that could be reasonably
expected to occur on the new Interstate Highway System., With this in mind it was
mutually agreed between the Bureau of Public Roads and the Wyoming Highway
Department that we would design on the basis of stage construction until at least

a trend had developed that would provide more accurate forecasting methods.

This thinking has proven sound since the fore-mentioned project began to deteriorate
and in 1965 required extensive repairs performed by contract and financed with
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State funds Although this project was designed to adequately serve the traffic for
the design year of 1975 it actually fell far short of that goal

As a result of the decision to utilize stage construction in Wyoming, there remains
approximately 475 miles of pavement which requires the final stage of surfacing.

Due to changes in design procedures resulting mainly from the AASHO Road Test

as well as certain research work and a change in the federal law extending the design
period to 20 years from the design date, 1t 1s evident that a portion of this mileage
will require an additional thickness over and above that originally planned.

It 1s presumed that thus additional thickness can be justified on the basis of being
within the intent of Congress, a fact apparently not considered by the General Accounting
Office n 1ts draft report.

Section 109 of Title 23 states in part ----"The Secretary shall not approve plans and
specifications for proposed projects on any Federal-aid system if they fail to provide
for a facility (1) that wall adequately meet the existing and probable future needs and
conditions in a manner conducive to safety, durability, and economy of mawntenance,
(2) that will be designed and constructed m accordance with standards best suited to
accomplish the foregoing objectives and to conform to the particular needs of each
locality ----"

From this 1t appears that Congress intended to turn over to the states upon completion

of the Interstate Highway program a System that 1s safe, durable and so designed

and constructed as to preclude it becoming a burden to the state as far as the maintenance
function 1s concerned.

If total compliance with this intent of Congress 18 to be achieved, criteria for all
phases of design should be based upon those standards deemed necessary to achieve
this objective,

For example, if 1t 15 determined that the structural design ot the pavement on a
particular project fails to meet the standards that will be "conducive to safety,
durability, and economy of maintenance" then the criteria upon which the design of
the pavement was based must be changed and the pavement upgraded to meet the
new standards that will insure compliance with the intent of Congress, In this case
FAI funds should be made available for participation in the cost of the upgrading,

This concept should apply regardless of the fact that the deficiency occurs wn the
design of the pavement or of the sub-grade,

It should be pointed out that in many areas of the country variable soils and swelling

soils contribute to a condition that 1s not "conducive to safety durability and
economy of maintenance”,
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Although considerable research 1s being conducted to improve "the state of the art”
and results of this research are being applied to the design of sub-grades which are
composed of soils of this type, problems and failures still occur Procedures that
effect positive cure of the il -effects of these soils are not reliable and are quite
costly when implemented. Because of this such cures are not always warranted, a
fact that again emphasizes the desirability of stage construction {(as previously
described in this letter) as well as a literal and practical interpretation of the
mtent of Congress as described in Section 109 of Title 23,

There 1s no argument against the statement contamned on Page 22 of the draft report
which says "Mawmtenance of the Interstate System 1s by law a state responsibility”.
But it can be argued that prior to accepting this responsibility, the state should be
assured that FAI funds will be provided to properly design and construct a facility
that will be "conducive to - ~-~~~- economy of maintenance', This Department 1s in
agreement with the opimon expressed in the draft report that overlays are required
from time to time to provide a safe and efficient xiding surface and should represent
a normal maintenance operation but only after the provisions of the federal law have
been fulfilled,

This appears to be the crux of the entire matter of upgrading pavements on the
Interstate System by the use of overlays The scope of the problem 1s well covered
m the draft report., But this Department must take issue with the General Accounting
Office personnel who prepared the report since 1t 1s quite apparent little if any
consideration has been given to that portion of the federal law so often quoted in this
letter.

We believe these concepts to be in the public interest Much concern has been
expressed by the states regarding the high cost of maintenance of the Interstate System.
Some states are proposing federal assistance to help defray these rising maintenance
costs. Other states oppose this proposition All states should agree that the

Interstate Highway System should be turned over to the states in such a way to

assure economy of maintenance, Present policies preclude this.

It 18 requested the position of the Wyoming Highway Department in respect to this
question be presented to the appropriate committees of both the House of Representatives
and the Senate during their deliberation of the General Accountung Office Report,

Very truly yours,

R. G, Stapp
Superintendent
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SECRETARY OF TRANSPORTATION:

THE INTERSTATE HIGHWAY PROGRAM
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Alan S. Boyd
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Francis C,.
Lowell K.

DIRECTOR OF PUBLIC ROADS:
Ralph R. Bartelsmeyer
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Turner
Bridwell

Turner
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