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CAPSULE REVIEW
OF THE
ECONOMIC ANALYSIS OF SST IMPACT
UPON AIRPORTS AND ENROUTE SUPPORT SERVICES

The unique public costs to be incurred in airports and enroute
support services as a result of the introduction of an SST are minimal;

i.e., — zeroto 519 million.

Airports and Terminals

(25 existing, potential SST) zero to $19 million

Enroute Support Services zero

(Airways, Navigation, Communica-

tions, Meteorology and Radiation)

The public costs which would be incurred at existing, potential

SST airports as a direct result of the introduction of succeeding aircraft
types into scheduled airline service through 1975 were estimated to be
$33 million for the correction of pavement deficiencies at 25 major hubs
from the present time through the introduction of the SST in 1974-5. The
costs to government, Federal and local, for pavement improvement pro-
grams at the potential SST airports to adequately support the larger
commercial airliners through the DC-8-63 would approximate $14 million.
Airport modifications imposed by the SST would cost an additional $19
million. These potential improvements at airports represent public
investment only and do not include airline and concessioner- financed
facilities or airport modificaticas which are built with locally derived
funding. Airport costs attributable to the SST are for modification pro-
grams only. New airport construction costs were not assessed against
particular aircraft types because the designs of new hub airports pro-
grammed and under construction are based upon the total integrated
requirements of civil aeronautics projected to 1990. Most hubs which
serve traffic generating centers are today obsolescent —their designs
having been based upon pre-jet, pre large-capacity aircraft criteria,

thinking, and concepts. Limited with regard to size, location, and
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topography, the busier existing hubs are constrained within an economics
viability ¢nvelope which in turn depends upon community support for its
integrity, It is difficult, in fact unrealistic, to foresee extensive modifi-
cation and expansion of existing hubs beyond 1975. Only the construction
of wholly new commercial airport complexes to supplement or replace
the existing overtaxed, inextensible airports can provide for continuing,
orderly growth of air commerce into the supersonic and V/STOL era.

While the SST will require a $19 million investment to strengthen
pavements at airports it will initially serve, the total airport situation
within the United States during the next four years will require a mini-
mum investment of $2 billion. The air traffic (both passenger and cargo)
preference increase of the mid-1960's should continue unabated into the
1970's. Airports —without the SST as a consideration—are today a
problem of national scope.

Examination of the adequacy of enroute support services disclosed
that there are no identifiable costs which can be considered unique to the
SST, or in fact, unique to any aircraft type. The trend in airways, navi-
gation, and communications systems design is to provide independent,
accurate, and reliable avionics systems within the aircraft and to lessen
the dependency upon externally oriented systems. The expansion and
improvement of air commerce support activities to keep pace with traffic
growth are evolutionary technological advances which increase civil aero-
nautics capabilities. Meteorological and radiation systems thought to be
required for safe and efficient flight of the Concorde and SST are already
planned and programmed to be in operation prior to commercial flights by
the SST. Any unique requirements which might evolve out of future studies
in these areas (for example, the need for clear air turbulence detection
systems) would probably result in airborne systems to satisfy these re-
quirements rather than in additional external enroute support services.
Such airborne systems would become integral parts of the aircraft and
thus become an airline expense. It may therefore be stated that the

SST will not require unique expenditures for enroute support services.
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Environmental enroute support systems requirements are essen-
tially the same for both the Concorde and the SST. Utilizing a cost
allocation technique whereby the first aircraft type to need a service is
assigned the entire investment (as well as) operation and maintenance
costs during the periods of exclusive benefit, the Concorde would be
allocated these costs since it is scheduled for commercial airline
service approximately three years prior to the SST.

Exhibit i presents the expenses identifiable only with the field of
aviation and which would be financed by Federal, state, or local funds.
This chart allocates these costs by aircraft type according to forecast

entry into commercial service,
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Costs of in-place improvements required
by earlier certificated aircraft
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Incremental costs for additional im-
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Costs of Airport Modifications, Pavements Only ‘at 25 Poteatial SST Airports)

Presently 1967-68 1969-70 1971-73 1974-75
Required
Note: Highest point of vertical bar indicates total cost of pavements
(runway and taxiway strengthening and fillet enlargements) for
an airliner if that aircraft had entered commercial service
during 1966,

EXHIBIT i - INCREMEN AL PAVEMENT IMPROVEMENT (PUBLIC)
COSTS AT 25 POTENTIAL SST AIRPORTS
o
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ABSTRACT

A

The economic impact of advanced high-capacity airliners upon the
ground environment--airports and terminals --is examined in this volume.

The modifications required to achieve compatibility with each of the four

airliners:
. stretched subsonic (DC-8-63)
o high-capacity subsonic (B-747)
] Concorde
° United States SST

which will enter commercial service up to 1975 are defined for selected
airports, and the costs of the aircraft-sponsored improvements are

estimated.
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I. INTRODUCTION

In support of the Supersonic Transport Development Office of the
Federal Aviation Agency, Planning Research Corporation performed a
cost definition analysis of the economic implications to free world gov-
ernmental authorities which would result from improvements and modi-
fications to airways and ground support facilities because of the intro-
duction of a supersonic transport (SST) into scheduled commercial
service by U.S. and foreign airlines.

The government-provided support to the SST examined in the total
study concerns two distinct areas:

° The Ground Environment; i.e., Airports and Terminals

® Enroute Support Services; i.e,, Airways, Navigation, Com-

munications, Meteorology, and Radiation.

Each of these areas was examined to determine the nature and
associated costs of the facility modifications and improved support capa-
bilities which may be required in the time period 1967-1975 by the
existing subsonic jet family as well as by the improved passenger trans-
port aircraft which may join or succeed them. This approach was ne-
cessary so that the costs of each facility and support improvement might
be a.ilocated among all commercial jet aircraft which may require or
derive benefit from those improvements. In this way, it was possible
to assign to the SST only its appropriate share of the estimated costs.
Proportionate shares were allocated among current subsonics, stretched
subsonic aircraft (DC-8-63), high-capacity subsonic aircraft (Boeing 747)
and the supersonic Concorde.

This volume examines the government-provided support which the

SST may require at airports.

g o



PRC R-890
3

II. OBJECTIVES

The purpose of this aspect of Planning Research Corporation's
study was to identify major costs which may have to be incurred in
qualifying potential gateway airports for scheduled SST commercial
service.

Adequacy of selected airports for operation of an SST (either the
Boeing Model 2707 or the Lockheed L-2000) was examined within the
context of the environment predicted to exist at the introduction of an
SST into scheduled commercial service--about 1974-1975. Competing

aircraft types considered in this study were:

[ current subsonics (B-707-320, DC-8-55)
° stretched subsonics (DC-8-63)

° high-capacity subsonics (B-747 and L-500)
° Concorde

It was not intended to ignore or to repeat the excellent, thorough
airport compatibility studies which each competing SST airframe manu-
facturer recently completed, or that work performed by the able staffs
of 15 cooperating airport authorities. Rather, the approach of PRC was
to independently validate and update these efforts, to perform similar
evaluations of 13 additional airports, and to expand the scope of these
airport studies, identifying and time-orienting the discrete improve-
ments necessitated by each of the five competing aircraft types.

In this manner, the costs associated with each improvement could
then be attributed to a particular aircraft-type or allocated among com-

peting aircraft, as appropriate.
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III. EFFORT PLAN

A, Methodology

The goal of the study was to determine the costs of improvements
which domestic airports may be required to make to qualify for future
commercial passenger aircraft. To achieve that objective, it was first
necessary to select those centers of population which are now (1966) or
have the potential to become gateway terminals by 1975, when the SST
is expected to enter commercial service. With the aid of the experienced
judgment within the aviation community and the Federal Aviation Agency
28 terminals were selected.

The plan then was to brief selected airport operators during the
spring 1966 AOCI Conference in Washington, D. C., and to mail to each
selected airport authority a copy of a uniform questionnaire which PRC
had devised as the basis for data gathering at the airports. The intent
was to take as little as possible of the consultants' and the airport oper-
ator's time during the visit. FEach addressee was urged to review the
questionnaire prior to the visit and either prepare his response or select
and supply information which would permit a joint completion of the
questionnaire. The airport operator was given the option to provide,
during the visit or by mail thereafter, the materials from which the
Planning Research Corporation professional staff members could con-
struct his response. In addition, vice presidents for property and facil-
ities of the major carriers and/or their staffs were interviewed. In
this manner, the airport study benefitted from the comments and valued

judgments of both the landlords and their tenants.

B. Implications
In 1965-1966 SST surveys of gateway airports conducted by the com-

peting airframe designers during the SST Development Program, the Boeing
Company measured airport compatibility at each of 15 facilities in re-
lation to its SST design. The Lockheed California Company did the same

for its competing entry. FEach of these two distinct and separate studies

~OPPOTRTSSTARL v -
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concluded that existing and planned facilities could, with minimal modi-
fications, accept scheduled commercial operation of an SST. Boeing
and Lockheed indicated that modifications in certain areas will be re-
quired. Cost estimates of each of these opportunities for improvement
for the 15 airports were also developed.

Unlike the two above-mentioned studies, the Planning Research !
Corporation effort did not sample gateway airports to determine expected
SST impact upon the ground environment. PRC instead selected those
major United States hubs which are now gateway airports (including the
15 sites studied by Boeing and Lockheed for compatibility with their
respective SST designs), in addition to others with the traffic-generating
potential to become international air terminals by 1975, the scheduled
first full year of SST commercial operation.

While Boeing and Lockheed in their Phase II studies considered
the SST as the next generation of commercial jets to join airline fleets,
the Planning Research Corporation study assessed SST-airport com-
patibility in the context of a more realistic environment. PRC examined
the serial airport modifications sponsored by: continuing preference for
air traffic over competing surface transportation modes; increased capa-
city, stretched DC- 8 subsonic airliners; the commercial, high-capaci-
ty subsonic, Boeing 747; the foreign, free world Concorce; and the Unit-
ed States supersonic transport, the SST. As a consequence, the capital
investment costs to qualify major hub airports for SST operation developed
by PRC are less than those derived by applying data from the Boeing and

Lockheed airport compatibility studies.

C. The Airport Questionnaire

The Airport Operator Questionnaire was prepared to achieve the

following goals:
° Provide uniform information about the physical facilities at

each of the selected, potential SST airports.
° Minimize the effort, time, and other resources required of

each airport authority.

. | |
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° Guide and control discussion during the visit to each airport
by members of the FAA Economics Staff for SST Develop-
ment and Planning Research Corporation consultants.

° Provide consistent, valid, and unambiguous information to
serve as the basis for an economic analysis of the impact
of advanced design commercial passenger aircraft upon air-
ports and terminals.

The questionnaire provided for orderly representation of the
existing facilities at each airport and indication of imprcvements re-
quired by the planned high-capacity aircraft, including the SST. Each
entry was based upon engineering studies or experienced judgment.

Where available, estimates of the costs of each improvement (i.e., in-
vestment) were also included. Those areas whose adequacy is assured
were so identified.

The improvements or modifications required by each aircraft-type
were defined against either the existing physical facilities or (if engineer-
ing changes were in progress) the physical plant as it will exist upon com-

pletion of the construction program now underway.

- ol
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IV. COST ALLOCATION TECHNIQUE

Because the SST will not join airline fleets until 1974-1975, it was
necessary to also investigate and identify the impact to airports and
airways of those aircraft types which will precede an SST into commer-
cial airline service. The total study effort was directed toward allocat-
ing--for each ground facility and enroute support service improvement
which may be required by an SST and/or by other advanced high-capacity
aircraft--the U.S. supersonic transport's appropriate share of the esti-
mated public costs, attributing proportionate shares among the:

[ current subsonic family

° stretched subsonics (DC-8-63)

° high-capacity subsonics (B-747)

) Concorde

A. Cost Allocation

The cost allocation methodology employed is applicable only to
commercial aviation, i.e., to the common carriers, 2nd deliberately
excepts general aviation and national defense activities. Where national
defense programs were identified, which also benefit any of the above-
mentioned aircraft, costs associated therewith were separately accounted
for. An example of such a defense program is research into radiation
effects upon aircrews of very high-altitude aircraft, such as the U-2,
RB-57F, and XB-70. Costs identified in this study are those for re-
search and development and for procurement and construction.

The technique for cost allocation is straightforward. Modifications
which would be required because of increased air passenger traffic, nor-
mal programmed maintenance, and obsolescence and exhaustion of exist-
ing facilities and systems (if only those aircraft now in commercial
scrvice were to be coasidered) were made the cost baselire., Incremental
iinprovements nnd modifications beyond this cost datum were identified
with one of the four advanced aircraft types which are expected to join

airline fleets by 1775,

presalg,
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Allocation was a function of time. Costs were allocated by order
of precedence among the five potential modifications sponsors (DC-8-55,
Boeing 707-320; DC-8-63; Boeing 747; Concorde, SST). This approach
is historically self- sustaining. Current Department of Defense practice
for cost analyses of weapons systems assumes all prior investments as
"sunk costs;"i.e., costs which were incurred at a point in time which
antedates the current program, It follows, then, that if aircraft Y re-
quires facilities or service modifications in 1970 which are beyond the
normal planning baseline, but less than those required by aircraft X in
1968, X would be assigned the total costs of the incremental modifica-
tions beyond the cost datum. These would be considered "sunk costs"
for aircraft Y and Y would enjoy the benefit of the improvements with-
out sharing the investment costs. It is not intended to infer, however,
that in reality the actual recovery of costs would be so straightforward.
Improvements at airports are usually financed by a revenue bond issue.
The bonds then are retired with airport revenues; e.g., concessioner-
shared earnings, property utilization and rental income, and landing
fees imposed upon all using aircraft. Landing fees are based upon air-

craft takeoff or landing weight and frequency of operation.

B. Cost Recovery

Cost allocation is a management tool for guiding the decision maker

in choosing among available alternatives:

° whether to construct "system'" A, B, C, or D
° whether a mix or combination of "systems" would be preferable
° whether to construct any of the proposed "systems."

Intended and developed solely as one of many predecision guides for weigh-

ing opportunities for action, cost allocation attempts to predict and approx-
imate the investment (the resources commitment) which each of the feasible
options would require. Cost allocation is not a plan for recovering the re-

sources commitment once the (selected) system becomes fully operational.

That process is called "cost recovery." Cost allocation occurs before

the fact--prior to the decision. It is a :nanagement tool. Cost recovery
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occurs after the fact--after a new system becomes operational. It is
the product of a management decision, In the real world, cost recovery
defines precisely and according to sound accounting principles the con-
tract between landlord and tenant in economic terms.

Within the aviation community, the rationale and procedures which
are actually observed for determining "how to pay" for an improvement
are quite different from those followed in predecision cost allocation.

Once the . :quirement for a particular airport improvement pro-
gram has been successfully demonstrated and the probable capital in-
vestment estimated, it is necessary to develop a detailed plan for re-
covering all costs, including financing charges. Public approval of a
revenue bond issue is essential, together with support of the financial
commur .ty and the ability and willingness of concessioners, air car-
riers, g=2ner-l aviation, and other benefitting users to support the re-
quired financing program within the structure of appropriate user charges.
An airport cannot commit itself or its operating authority to a capital in-
vestment program without first having devised a sound cost-recovery
plan. Almost without exception, cost-recovery capabilities exercise a
controlling influence upon the size and scheduling of an improvement
program on the airport.

The SST will bear its fair share within the cost-recovery plan for
capital improvements at the airports it will serve, even if such modifi-
cations are completed prior to the SST entry into airline service, An
improvement to the landing area would be paid for jointly by all bene-
fitting aircraft., The SST, together with other using commercial and
general aviation aircraft, will pay landing fees based on aircraft weight
and flight frequency.

Further, if the SST requires that planned improvements at an air-
port be accomplished earlier than scheduled, the costs thereof would be
allocated as described previously, but actually recovered as user-charges
from all aircraft using that airport. Improvements to the terminal com-
plex are not formally paid for within the landing fee structure. Instead,
tenants (airlines and concessioners) within the terminal area defray the
costs through readjustment of lease and rental agreements and pass on

these costs to the customers and air travelers in fares and services and

commodities prices. :
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V. RATIONALE FOR SELECTION OF
POTENTIAL SST AIRPORTS

Planning Research Corporation recognized two approaches which
could be taken to determine the economic impact of an SST upon airports.
The first would be to sample gateway airports and to suggest, from the
study results, an averag? cost to qualify an international air terminal
for the commercial SST service. Essentially, this was the method used
by the FAA in sponsoring the Phase II airport compatibility studies by
the two airframe design competitors.

PRC chose to discard this philosophy because the Boeing and
Lockheed airport surveys had as their primary purposes the measure-
ment of the "degree of fit" between each SST design and specified gate-
way airports. Further, 1975 (the first full year of SST commercial
operation) is only 9 years into the future. This permits valid selection
of potential SST airports because of the short time frame. It should be
noted that the PRC effort is primarily directed toward assessing modifi-
cation costs associated with a United States SST, not toward providing
a basis for source selection. Having discarded the sampling concept as
inadequate to the study goals, PRC established the following criteria for
selection of potential SST airports up to the year 1975:

. Inclusion of all 15 gateway airports studied by Boeing and
Lockheed.
° Inclusion of those major airports, medium or large hubs,

which serve principal centers of population and which by
1975 ahould be able to originate or attract international air
t ffic, passenger business, and tourist travel, as well as
a cargo.

° Co..sideration of those airports recommended by the Airport
Operators Council International.

° Consideration of those airports suggested by the FAA,

s T S wenvind
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Exercising these criteria, PRC selected the following 28 airports
for evaluation within this study effort. Of the 28 airports, 3 were new
airports presently under construction: Dallas-Fort Worth Regional
Airport, Houston Intercontinental Airport, and Mid-Continent Inter-
national Airport (Kansas City, Missouri). Construction of an entirely
new terminal complex at Tampa International Airport was scheduled to
begin before the end of calendar 1966.

Fifteen of the airports were previously examined in detail by each
of the competing SST airframe manufacturers during Phase II of the FAA
supersonic transport development program. These airports are identi-
fied by an asteriok in the following listing.

Anchorage International Airport*

Atlanta Airport

Cleveland Hopkins Iuternational Airport

Dallas -Fort Worth Regional Airport

Detroit Metropolitan Wayne County Airport*

Dulles International Airport (Washington, D.C.)*
Friendship International Airport (Baltimore, Md. )%
Greater Pittsburgh Airport

Honolulu International Airport#*

Houston Intercontinental Airport

John F'. Kennedy International Airport (New York City)*
Lambert-St. Louis Municipal Airport

Logan International Airport (Boston, Mass. )*

Los Angeles International Airportx

Metropolitan Oakland International Airport

Miami Inte.rnational Airport*

Mid-Continent International Airport (Kansas City, Mo.)
Minneapolis -St. Paul International Airport

New Orleans International Airport

O'Hare International Airport (Chicago, Ill.)*
Philadelphia International Airports

Portland International Airport*

Puerto Rico International Airport

wv.

R R =



o H a ﬁ'l.:'

.

PRC R-890
15

San Francisco International Airports
Seattle-Tacoma International Airport#

Sky Harbor Municipal Airport (Phoenix, Arix.)
Stapleton International Airport (Denver, Colo.)
Tampa International Airport

The selected airports are depicted in relation to population density
in Exhibit 1.
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VI. ANALYSIS OF PAVEMENT ADEQUACY AT
SELECTED AIRPORTS FOR LARGE
COMMERCIAL AIRCRAFT

A. Methodology for Determining Overlays Required

There are several types of overlays that can be used to strengthen
inadequate pavements. Those that will be considered here are (1) bitu-
minous or flexible overlays on flexible pavement; (2) bituminous or
flexible overlays on rigid pavement; and (3) Portland Cement concrete

overlays on rigid pavements.

1. Bituminous or Flexible Overlays on Flexible Pavement

The FAA and the Corps of Engineers agree, in a situation

where inadequate flexible pavement is found, that

t=h-h
e

where t = thickness of needed flexible overlay
h = required thickness to support anticipated load
he = thickness of existing flexible pavement

An adjustment is allowed by FAA if the existing surface course is
in good condition. It is then ccanted as 1-1/2 inches of base per inch of
existing bituminous surface. Minimum bituminous overlay is 3 inches.
If a base course js used in the overlay, it should have a minimum thick-

ness of 4 inches.

2. Bituminous or Flexible Overlays on Rigid Pavement

FAA recommends a design procedure utilizing the formula
t = 2.5 (Fh - he)

where F = a factor representing the strength of the subgrade varying

from 0.8 for firm subgrades to 1.0 for the softer soils.

[ 4
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An adjustment for an all-bituminous overlay is allowed in which
each inch of flexible overlay (including base coursc) is equal to 1.5
inches of all-bituminous overlay.

Extensive trials of this procedure during the present study have
not produced congruous results, however. As an example, the L-500
at Seattle-Tacoma International Airport requires 10 inches of concrete.
Critical portions of runway 16-34 are 12 inches thick, but other portions
have 8 inches of concrete with a 5-inch bituminous overlay. With the
use of the above procedure and the reasonable assumption that a k value

of 300 can be considered a firm subgrade,

(ad
n

2.5 (0.8 x 10 - 8)

t=20

This infers that no overlay is needed, which surely is not the
case, because 10 inches of concrete are required (derived from the
Westergaard analysis) and only 8 are provided.

On another section of the same runway, only 6 inches of concrete

under an 8-inch bituminous overlay have been provided. Thus,

-
"

2.5 (0.8 x 10 - 6)

t=5

The adjustment for all bituminous overlays may be used in this

situation.

5/1.5

[
n

t = 3.3

Adding the result to the 6-inch concrete, the total concrete and
bituminous pavement combination requirement is 9.3 inches, less than
the equivalent single-slab concrete requirement.

Because of such unreasonable results, which occur with alarming
frequency and without apparent cause, the overlay thicknesses computed

by this formula have been adjusted where necessary to bring about a

Qe TERTETEONTY .
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degree of conformity to reason. Although arbitrary by nature, this
procedure seems to be warranted under the circumstances. Determina-
tion of a more correct mathematical solution to this design problem may

be possible, but is outside the present effort.

3. Portland Cement Concrete Overlays on Rigid Pavement

The Portland Cement Association has developed a procedure

for determining the thickness of rigid overlays on existing rigid slabs.

, 2
hc - h1.87 - Che

where h = required rigid overlay

It uses the formula:

h = equivalent single slab thickness requiremert

existing rigid pavement thickness

—
—
i

@
H

a factor for condition of existing pavement, from
0.35 for badly cracked or crushed concrete to 1.0
for good condition.

Exhibit 2 which follows is a graphical representation of the for-

mula in the relevant range, and may be uscd to determine overlay thick-

nesses for this case.

B. Pavement Adequacy Determination

The eight aircraft being considered are compared as to their
cffect on airport pavements on the 25 existing potential SST airports in
the tables which follow this section. The requirements for upgrading
of pavements are discussed for cach airport in turn. These requirements
arc expressed for cach of five groups of aircraft: current jets, stretched
jets, high-capacity subsonic jets, Concorde, and the SST. Pavement
overlay thicknesses are computed for the aircraft of each group having
the greatest requirement.

In the tables, the induced stress in psi on the present rigid pave-
ment is shown under each aircraft. The required pavement thickness

is also shown to the nearest half inch just below the stress.

- 53.;"-'
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When an overlay presently exists on rigid pavement, the require-
ment is shown as the existing rigid pavement plus the bituminous over-

lay required for each airplane.

1. Anchorage International Airport

All pavements at Anchorage are of flexible construction.
The FAA subgrade classification is F6. No CBR rating is available.
Minimum thickness of applicable flexible pavement is 35 inches.
This thickness appears slightly iradequate for the L-2000. However,
the ground rule of 95 percent weight on main gear is conservative for
this airplane, and no additional pavement is believed to be required.
All other flexible areas are 37 inches thick and are considered

adequate.

2. Friendship International Airport, Baltimore

All pavements at Baltimore are of flexible construction
except small areas near the terminal. The FAA subgrade classification
is Fl, and the CBR rating has been stated as 25.

Both the pavement constructed in 1950 (20-inch depth) and the later

pavement (25 inches) are sufficient for the aircraft loads being considered.

3. Logan International Airport (Boston, Massachusetts)

An FAA subgrade classification of F6 at Logan International
results in a requirement of 38 inches of flexible pavement for the L-2000.
Other aircraft being considered have requirements of less than 38 inches.
Since all runway areas (both critical and noncritical) are flexible pave-
ment of 42-inch thickness, no additional pavement is required. Aprons
near the terminal are constructed on an extremely deep gravel fill, which

together with the 39-inch flexible pavement, provides adequate strength.

4, QO'Hare International Airport (Chicago, Illinois)

Flexible pavements at O'Hare, with a subgrade rating of F4,
are sufficiently thick for the aircraft considered in the study.
Rigid pavements, however, are designed for a maximum allowable
stress of 330 psi. Allowable stress in noncritical areas has been in-

creased to 440 psi to account for a lower safety factor. The subgrade is
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reported by airport authorities to be k = 190 and k = 250. Using the
thickness requirernents resulting from the Westergaard analysis pre-
viously described, neither the 15-inch critical nor the 11-inch non-
critical pavement on runway 32L-14R is sufficient for unlimited stress.
Major taxiways and the terminal area are also of insufficient thickness.
Since bituminous leveling courses have been placed in certain
areas of runways and taxiways, it is assumed that upgrading of these

areas would be done with bituminous material. Required overlays are:

On 15-inch On ll-inch
concrete concrete
Current jets 2 2
Stretched subsonics 2 3
High-capzacity subsonics 0 0
Concorde 2 2
SST 7 6
5. Detroit Metropolitan Wayne County Airport

Rigid pavements at Detroit were designed for a maximum
allowable stress of 350 psi. The allowable stress is increased in non-
critical areas by 1/3, since it is assumed that for a critical area safety
factor of 2, the noncritical area safety factor would be 1.5. The maxi-
mum allowable stress in critical areas of 350 psi, however, was not
arrived at by arbitrary application of a safety factor, but was furnished
by airport officials. All of the aircraft being considered create over-
stress conditions on all critical pavements, with the exception of the

L-500.

With the use of bituminous overlays the following inches of over-

lay are required:
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Noncritical
Critical Areas Areas
13-inch 12-inch 1l-inch
Current jets 3 5 2
Stretched subsonics 4 6 2-1/2
High-capacity subsonics 2 3-1/2 0
Concorde 4 6 2-1/2
SST 8 9 5

The overlay rcquired is for the maximum induced stress, which
is caused by the DC-8-55 in the current jet group, and the B-747 in the
high-capacity group. The DC-8-63 is, of co:rse, alone in the stretched
jet category. Of the SST's being considered, .he Lockheed model pro-

duces the greatest stress and the Boeing design the least.

6. Honolulu International Airport

Both rigid and flexible pavements are in use at Honolulu.
Civil transports use runway 8-26, the west end of which extends onto
Hickam Air Force Base property.

Subgrade classifications for both the Corps of Engineers and FAA
calculations are available, but vary considerably because of the native
soil conditions, ranging from coral rock to swamp mud. For thickness
calculations, a minimum of F9 and CBR 4 have been used. CBR 15 was
found applicable in the areas of more stable subgrade.

The FAA methodology indicates all flexible pavement is adequate.
Only marginal deficiencies are found using the Corps of Engineers method
except for the L-2000 where 7 inches of asphalt overlay is required for
the critical area of runway 8-26 and taxiway A.

The L.-2000 overstresses the Portland Cement concrete at the
Hickam Field end of runway 8-26. However, it is the only aircraft which
creates an overstress, and it is not sufficient to justify an overlay in this
case because the concrete strength is not accurately known.

The 12-inch concrete terminal apron, however, is overstressed by

five of the eight aircraft considered.
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The bituminous overlays required are as follows:

Current jets 2-1/2 inches

Stretched subsonics 3 inches

High-capacity subsonics 0 inches

Concorde 3 inches

SST 6 inches
7. Los Angeles International Airport

Both rigid and flexible pavements are in use at ._os Angeles.
The subgrade west of Sepulveda Boulevard has ratings of }a, CBR 10,
and k = 250 to 300. East of Sepulveda the ratings are 5, CBR 5, and
k = 300. Allowable stress for rigid pavements has been set at 400 psi
and raised to 533 psi in noncritical areas.

Portland Cement concrete thicknesses of 15, 12, and 10 inches
are used. The modulus of subgrade reaction is 300 for all except the
10-inch pavement, where it is rated at 250. Stresses in the 10-inch
pavement are in excess of that allowed for three of the aircraft in the
study. However, the other parallel runway which is stronger could be
used.

Twelve-inch critical pavements are overstressed by 8 percent by
the current jets. Since performance to date has been satisfactory, no
change is deemed necessary. Stretched jets and the Concorde induce a
12-14 percent overstress. High-capacity jets induce less than allowable
stresses but the L.-2000 overstresses this area by 28 percent. If bitu-
minous overlays are used, the DC-8-63 will require a 2-1/2-inch overlay,
and the L-2000 will require 4.5 inches. No overlay is required for the
other aircraft.

Flexible pavements were analyzed by both FAA and Corps of
Engineer's methods, and a surprising variance in results was obtained.
Necessary thicknesses are believed closer to the Corps of Engineers
results than to the FAA figures at this airport, however, because areas
designed by the latter method have proved a scource of pavement problems.
There is a possibility that the subgrade tests of the two methods were

not taken under controlled conditions.
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As seen in the attached flexible airport paving chart for Los
Angeles, critical portions of runway 7L-25R do not meet requirements
but, as stated above, a parallel runway could be used. Therefore, no
overlay is recommended for this runway.

Certain noncritical areas of runways 7TR-25L are also deficient.
Current jets and the Concorde would require 6 inches of additional bi-
tuminous pavement, stretched jets 7 inches, high-capacity jets 8 inches,
Concorde 6 inches, and SST 14 inches.

Taxiway 2J requires overlays of 9, 12, 18, 9, and 25 inches for
the current, stretched, high-capacity, Concorde and SST, respectively.
Taxiway 53J and portions of K require additional pavement.
Amounts are 9 inches for current jets and Concorde, 10 inches for
DC-8-63, 11 inches for high-capacity jets, and 18 inches for SST.

Runway 25L-7R in its flexible section, critical portion, requires
4.5 inches of additional pavement for L.-2000 operations. Terminal
aprons of flexible construction also need a 4.5-inch overlay for the
L-2000.

8. John F. Kennedy International Airport, New York City

Pavements at JFK are, for the most part, constructed of
Portland Cement concrete. Runway pavements are designed for a maxi-
mum allowable stress level of 430 psi, and other rigid pavements for a
level of 365 psi. Subgrade reaction modulus is k = 300.
The table below indicates the induced stresses, as a percentage of
allowable stress, for the aircraft being considered. Annctations are

t = thickness, k = modulus of subgrade reaction, and Sa = allowable stress.

S L- B- DC- DC-
ot k a 2000 2707 Concorde B-747 L-500 8-63 B-707 8-55
12 300 430 119 94 105 88 77 106 98 100
13 300 365 129 100 112 95 82 112 104 106
]
iy
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Except for the LL.-2000, these aircraft create runway stresses
within acceptable margins. The L-2000 stress levels indicate that an
overlay of 3 inches of bituminous material is necessary at critical
areas of the 12-inch concrete to support unlimited load repetitions.

The DC-8-63 and the Concorde runway stresses, while in excess
of that allowed, do not justify an overlay. In this analysis, it was
assumed that 95 percent of the weight was on the main gear but there are
indications that this may be conservative.

The 13-inch rigid pavement, because of lower allowable stress,
will require bituminous overlays of 0, 2.5, 0, 2, and 4.5 inches for the
current jets, stretched jets, high-capacity jets, Concorde, and SST,
respectively.

Flexible pavements at JFK require 2, 2, 2, and 8 inches of addi-
tional pavement to serve the stretched and high-capacity jets, Concorde,
and SST, respectively.

Only runway 13R-31L was considered for costing overlays.

9. Miami International Airport

Both flexible and rigid pavernents are in use at Miami. The
CBR value given is 60, and an FAA subgrade classification of Fa has
been obtained. Using these values, it has been determined that all flex-
ible pavements are adequate.

Most terminal aprons and short sections of the runways are made
of Portland Cement concrete. The subgrade value is k = 400, and allow-
able stress varies from 350 on the 10-inch to 400 on the 8-inch concrete.
For noncritical sections, this stress has been adjusted upward to account
for a safety factor of 1.3, A portion of the terminal area, where concrete
is of 8-inch depth, has received a 3-inch asphaltic overlay. Other 8-inch
concrete in the terminal area is scheduled for a 3-inch minimum over-
lay in the near future.

Even with the present and projected overlays, the 8-inch concrete
aprons are deficient. Need for an additional bituminous overlay of 4
ir _hes for current jets, 4.5 inches for the Concorde and stretched jets,

2 inches for the high-capacity jets, and 7 inches for the SST is estimated.

OFF LY,
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There are several small areas of 6-inch concrete, but it must be
assumed that they do not and will not receive the loads of the large jets.
If passage over these areas by large jet transports is foreseen, their
thickness should be at least doubled by concrete overlays.

Eight-inch concrete at portions of the runways is also inadequate.
Flexible overlays required are 7, 7, 5, 7, and 9 inches for current jets,
stretched jets, high-capacity jets, Concorde, and SST, respectively.

Apron areas which are constructed with 10-inch concrete require
overlays of bituminous material of 4, 5, 2, 5, and 6 inches fur current
stretched, high-capacity, Concorde and SST jets, respectively. Bitu-
minous overlays have been used in these estimates bccause of the choice
of this material by airport officials in the past.

For costing purposes, only runway 9L-27R was considered. This

runway is of flexible construction.

10. Philadelphia International Airport

All runways and a portion of taxiways at Philadelphia are of
flexible construction. Both FAA and Corps of Engineers evaluation pro-
cedures show them to be adequate for all aircraft under study.

Rigid pavemenis, including terminal apron and certain taxiways,
are of 12-inch thickness, and airport engineers claim the subgrade to
be k = 250. They also recommend using the relatively low allowable
stress of 295 p3si, due to experience with the pavement in the past. The
analysis shows this concrete to be of insufficient thickness for all of the
aircraft considered. The required thicknesses of bituminous strengthen-

ing course for the various airpl: 'es are these:

L-2000--12 in, B-2707--6.5 in. Concorde--8 in. B-747--5 in.
L-500--2.5 in. DC-8-63--8 in. B-707--6.5 in. DC-8-55--17.5 in.

11, Portland Internaticnal Airport

As presented in the accompanying chart for Portland, a slight
dis “repancy exists between requirements indicated by the FAA procedure
and thicknesses suggested by the Corps of Engineers method. Airport
authorities maintain that the values of F4 and CBR 15 should be used for
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runway 10R-28L and adjacent taxiways, and that a CBR of 10.6 is to be
used for runway 10L-28R and its major taxiway. F2 and CBR 15 are
used at the apron area. The L-2000 is the only aircraft shown by the
analysis to be incompatible with existing pavements. Considering the
claim by Lockheed engineers that their SST design has a center of
gravity which puts a weight on the main gear of 3.35 percent less than
the 95 percent used in the Corps of Engineers equations, it is suggested
that the overlay required by the analysis be reduced by 1 inch. This
decrease is considered in calculating costs attributable to this aircraft.

Required overlays, including this reduction, are as follows:

Runway 10R-28L

Critical 3 in.
Noncritical 3 in,

Runway 10L-28R

Critical 2 in.

Noncritical 0 in.

Taxiways (portion) 2 in.

Taxiways (portion) 6 in.

12. San Francisco International Airport

Both rigid and flexible construction techniques have been
used for pavement at San Francisco International Airport. All rigid
pavement is 13 inches thick with a subgrade rating of k = 400. Design
stress allowable is 325 psi. The Westergaard analysis employed indi-
cates induced stress conditions as a percent of allowable stress as

follows:

L-2000--132 in. B-2707--105 in. Concorde--117in. B-747--98 in.
L-500--85 in. DC-8-63--118 in. B-707--108 in. DC-8-55--111 in.

On the basis of these stresses and the allowable working stress, the re-

commended amounts of bituminous overlay are as follows:
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Current jets 2 inches
Stretched subsonics 3 inches
High-capacity subsonics 0 inches
Concorde 3 inches

SST 5.5 inches

Flexible pavements, with subgrade ratings of F2 and CBR 15, are
adequate in noncritical areas except for the LL-2000, which requires a
4-inch overlay. On the weakest portions of taxiways and aprons, the
L-2000 requires 7 inches of bituminous overlay. The deficiencies created

by other aircraft are marginal.

13. Seattle-Tacoma International Airport

All applicable pavements at Seattlc-Tacoma are of rigid
construction. Some areas, however, have received substantial flexible
overlays. The subgrade rating is k = 300 and design stress, including
the factor of safety, is 400 psi.

Critical areas of 12-inch thickness are adequate for current jets,
although slightly overstressed. Induced stresses from the high-capacity
class (L-500, B-747) are well within the requirements. Bituminous
overlays of 2 inches, however, are needed for unlimited operations of
the DC-8-63 and Concorde and 5 inches for the L-2000.

The 10-inch concrete apron and taxiway 3 require correspondingly

greater asphalt overlays, as follows:

Current jets 4 inches

Stretched subsonics 5 inches
High-capacity subsonics 2.5 inches
Concorde 5 inches

SST 8 inches maximum

The existing overlays on the 6- and 8-inch concrete runways are

sufficient in all cases.

w
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Existing DC- DC-

Pavement L-2000 B-2707 Concorde B-747 L-500 8-63 B-707 8-55
8 +5 7 2 3 11 3 > 2
6+ 8 7 2 4 AL 4 3 3

Note: (1) Taken as 0 in cost calculations because of improbability and
impracticality of 1-inch overlay.

14. Dulles International Airport, Washington, D.C.

All pavements at Dulles International Airport are rigid and
are designed to withstand loads even greater than those considered in
this study. The aircraft examined induce stresses from 25 percent to
50 percent under the allowable maximum. Therefore, no additional

paving expenditures are required.

15. Cleveland Hopkins International Airport

The majority of pavements at Cleveland are rigid; some have
received bituminous overlays. The subgrade is rated Rb, which may be
compared (in the case of good drainage and severe irost) to a modulus
of subgrade reaction of k = 300. The pavement was originally designed
to support dual-wheel loads of 161,000 pounds. Using a flexural strength
of 700 psi and a safety factor of 1.8, it is estimated that allowable stress
is near 390 psi. Some areas of reinforced concrete are believed to have
higher allowable stresses.

Runway 23L and the 8-inch apron have received 3 to 4 inches of
bituminous overlay.

The apron is deficient for all loads considered except the L-500,
An additional 3 inches of bituminous surface is needed to accommodate
current jets without pavement distress. The DC-8-63 requires the
addition of 4 inches and the L-2000 an extra 6 inches. The Concorde
requires 4 inches more, and the B-2707, 2 inches more.

Taxiways require a bituminous surface addition of 3 inches to
accommodate the 1.-2700. Taxiways are satisfactory for all other air-
craft considered.

Runway 23L in critical areas is apparently adequate for all aircraft
despite the slight analytical deficiency for the Lockheed version of the

SST. Noncritical areas are satisfactory as now constructed.

-
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Runway 27R and other areas are not likely to be used repeatedly

by large jet aircraft.

16. Greater Pittsburgh Airport

Both rigid and flexible construction are used in Pittsburgh.

The subgrade is rated by FAA at E-7 with good drainage and severe
frost, resulting in 4 or Rb classifications. This is believed approxi-
mately equivalent to k = 300 in this particular case. The design allow-
able stress was intended to support an equivalent single-wheel load of
60,000 pounds. From this it is estimated at 400 psi in critica! areas
and 545 psi in noncriticai portions, assuming safety factors of 1.7 and
1.25, respectively.

The terminal apron is 10-inch concrete on an 8-inch base. Taxi-
ways and holding aprons are l12-inch rigid pavement, as are the majority

of turnoffs. Runway 28R, which is 10,500 feet long, has 500-foot critical

sections of 12-inch concrete at each end. The balance is 10-inch concrete.

Runway 28L has 500-foot critical sections at each end; one is 17-inch
flexible pavement, the other, 12-inch rigid. Other sections are 12-inch
rigid, 500-feet; 10-inch rigid, 2,500 and 1,500 feet; and 17-inch flexible,
2,500 feet,

Critical flexible pavement is deficient by 7 inches for current jets
and 8 inches for the DC-8-60 series. No further increment is necessary
for the L-500, but the B-747 requires 3 inches. The Concorde and
Lockheed 2000 airplanes require 8 inches. The Boeing SST requires
5.5 inches. Noncritical sections must have a 3-inch overlay for L-2000,
DC-8-63, and Concorde.

Rigid pavement is slightly overstressed by current jets, primarily
in noncritical areas. Stretched jets also overstress noncritical areas,
and create a 14 percent overstress in critical areas as well. Stresses
induced by high-capacity jets are acceptable. The SST's induce maxi-
mum overstresses of 28 percent in critical areas.

Strengthening courses are necessary for each of the concrete arecas
at the Pittsburgh airport, according to the analysis conducted. It is
assumed that bituminous courses are acceptable, and the needed thick-

nesses of overlay by aircraft requirements are as follows:
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Runways 261, 28R Taxiways and Terminal

Critical Noncritical Hold Aprons Apron
L-2000 3 2.5 3 6.5
B-2707 0 0 0 3
Concorde 2 0 2 5
B-747 0 0 0 2.5
L-500 0 0 0 0
DC-8-63 2 0 2 5
B-707 0 0 0 4
DC-8-55 0 0 0 4

For costing purposes, runway 28R-10L was the only runway

considered.

17. Minneapolis-St. Paul International Airport

All pavements at Minneapolis are rigid. Flexura'l strengths
of 700 psi have been designed into the concrete. Safety factors of 1.9
for critical areas and 1.6 for noncritical areas were designated by air-
port engineers, resulting in allowable stresses of 368 and 438 psi. The
subgrade is rated at k = 300.
According to the Westergaard analysis, additional pavement is
needed for all aircraft considered except the L-500. Required bitumi-

nous overlays are:

9-inch 11l-inch 12-inch 12-inch

Noncritical Critical Noncritical Critical
Current jets 5 5 0 3
Stretched subsonics 6 0 4
High-capacity subsonics 3 2.5 0 0
Concorde 6 0 4
SST 8 3 6

W
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18. Metropolitan Oakland International Airport

Both rigid and flexible pavements are found at Oakland
International. The rigid pavement has an allowable stress of 400 psi,
and a k factor of 185. Flexible pavement is 13 inches thick and a sub-
grade rating of Fa has been set by airport engineers.

Flexible pavements are adequate for all aircraft evaluated by the
FAA method. No CBR data is available.

Induced stresses in the 13-inch rigid pavement (without overlay)
are satisfactory for the high-capacity jets, but are more than allowable
for all others. For the stretched jets, a 2.5-inch bituminous overiay
is recommended. The C-ncorde requires the same 2.5-inch overlay,
while the SST requires 7 inches. Current jets need 2 inches.

In the terminal area, a 3-inch bituminous overlay already exists
which is satisfactory for all aircraft considered except the L-2000,

which needs an additional 4 inches of bituminous overlay.

19. Sky Harbor Municipal Airport (Phoenix, Arizona)

The main runway at Phoenix, 8R-26L, is the only runway
considered for large future aircraft operations. It is 10,300 feet long
by 150 feet wide, and is primarily paved with 19-inch flexible pavement.
The west 1,000 feet and the east 1,700 feet consist of rigid pavement
which is equivalent to 12 inches in thickness. The subgrade rating of the
flexible pavement has an FAA value of Fl and a CBR of 17. The sub-
grade under the rigid pavement is assumed to have a k value of 300.

All the taxiways are flexible pavement 75 feet in width. They are
19 inches thick and have a subgrade rating of F1.

Pavement in the apron area is half rigid, half flexible. The rigid
pavement is equivalent to 12 inches of concrete and has an assumed k
subgrade of k = 300. All rigid pavemernt is assumed to have a safety
factor of 1.8 in determining the allowable flexural stress of 350 psi. In
actual beam tests, the concrete fractured under a stress of 635 psi. The
flexible pavement in the apron area has a subgrade rating of E-4 to E-7,

which is approximately equivalent to an F1l rating under conditions of good
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drainage and no frost. Its thickness varies: the subbase is 3 to 6 inches

thick, the base is 9 inches, and the surface is 2 to 3 inches. For the

purpose of this analysis, an average value of 17 inches has been assumed.
Required strengthening of these pavements by bituminous overlays

is as follows:

8R-26L

Critical Concrete 8R-26L Flexible Flexible

Concrete Apron Noncritical Taxiways Apron
1.-2000 7.5 7.5 4 6 8
B-2707 2.5 2.5 0 0 3
Concorde 4 4 0 3 5
B-747 2 2 0 0 2
L-500 0 0 0 2 4
DC-8-63 4 4 0 3 5
B-707 3 3 0 2 4
DC-8-55 3 3 0 2 4

20. Lambert-St. Louis Municipal Airport

All pavement at the St. Louis airport is of rigid construction.
Subgrade is Rb, or k = 200. Single-wheel load ratings of 100,000 pounds
were used in design, and the allowable stress is estimated to be near
400 psi. This results from a flexural strength of 700 psi and a safety
factor of 1.7.

Only one of the three main runways, 12R-30L, was considered in
this study for use by future aircraft. The stresses induced and the re-
quired thicknesses, as shown on the accompanying chart, indicate that
the aircraft considered are able to use this airport repeatedly without
danger of concrete distress, with the exception of the L-2000.

The L-2090 will require a bituminous overlay of 5 inches in the

critical areas.
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21. Tampa International Airport

Both rigid and flexible pavements are in use at Tampa. Sub-
grades have been assigned a rating of E-3, which is equivalent to F¢ and
Ra. Thicknesses at the longest runway are 12-inch and 10-inch concrete
in critical and noncritical sections, respectively., The major taxiways
and a portion of the apron are flexible pavement 14-16 inches thick. The
balance of this apron is rigid pavement 13 inches thick.

Since airport authorities report that the subgrade is designated Ra
for rigid pavement analysis, and was designed to support dual-tandem
gross loads of 350,000 pounds, the k factor used is 300. Results ol actual
plate bearing tests were not available. The allowable stress, based on a
relatively low level of coverages and a safety factor of 1.7, i1s 400 psi.

Bituminous overlays of 2 inches on the critical concreie runway
would be needed for the DC-8-55, DC-8-63, and Concorde., and 5 inches
for the LL-2000. The L-2000 would also need a 2.5-inch s rengthening of
runway centers. Concrete apron areas are believed adequate despite
one nominal deficiency.

Where asphaltic concrete occurs in critical areas such as the taxi-
ways and certain aprons, some strengthening is required. Needed thick-
nesses are 0, 2, 0, 2.5, and 2.5 inches for the current, stretched, high-

capacity, Concorde, and SST groups, respectively.

Bl New Orleans International Airport

It is anticipated that the large jet aircraft of the type con-
sidered in this study will use runway 28-10 at New Orleans. It is an
cast-west runway 9,227 feet long and 150 fcet wide. As originally con-
structed in 1944, it consisted of a subbase of 2 feet of batch material
from the nearby river bed above the very soft subgrade. Portland
Cement concrete was placed on this subbase in lanes of approximately
20 feet in width. For each lane along the full length of the runway the
outer edges were 9 inches thick and the center 7 inches thick. Later
subsidence caused considerable unevenness, both in the transverse and
in the longitudinal grades, and an overlay of bituminous material for

leveling purposes became necessary in 1956. Minimum thickness in
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areas of least settlement was 4 inches, ranging to a maximum of 18
inches. In 1965, further leveling was found necessary because of con-
tinued uneven settlement. Low areas were first leveled with a granular
base course, the maxirium thickness of which was 8 inches. This was
followed by a new concrete runway of 12-inch thickness on critical ends
and a 10-inch center portion.

The original subgrade was regarded as having an FAA classifica-
tion of Re. It may be considered to be Ra under the new concrete, how-
ever, because the previous paving acts as a subbase and upgrades the
classification. This, in turn, can be equated to a k factor of at least
300 for Westergaard analyses of the new pavement. On the basis of a
design strength permitting operation of 350,000-pound aircraft on dual-
tandem gear, allowable stress would normally ke 400 psi. Because of
the very deep and unusually strong subbase provided by previous pave-
ments, however, 450 psi has been used in critical areas and 600 psi in
the runway center. This corresponds with safety factors of 1.8 and 1.3,
respectively.

Taxiways have, in general, evolved through the same phases of
settlement and leveling courses that have been described for runways.

A new set of concrete taxiways of 12-inch thickness is now being con-
structed over the previous leveling courses.

Aprons are of two thicknesses; the older apron areas are the ori-
ginal 9-inch concrete on an ll-inch sand shell subbase, and the later
pavements (used by heavy airline traffic) are of 12-inch concrete on 15
inches of subbase. According to FAA officials, settlement at the aprons
has not been as extensive nor as uneven as on runways and taxiways.

Since the subbases under apron areas are less thick than those
under the new concrete elsewhere, the subgrade factor of Re (or possibly
Rd) is still applicable. A k factor of 200 and an allowable stress of 300
psi have therefore been used.

The new runway pavements and taxiways are considered sufficiently
strong for all aircraft in the study despite a nominal deficiency shown by

the analysis for one airplane. However, the apron areas, including the
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strengthening. In actuality, concrete would probably be used for this
strengthening, but the bituminous overlay method will provide satisfactory

results for costing purposes. Thicknesses are as follows:

9-inch Apron 12-inch Apron
L-2000 18 13
B-2707 12.5 7
Concorde 14 9
B-747 11 6
1.-500 9 4
DC-8-63 14 9
B-707 12.5 7
DC-8-55 12.5 7
23. Puerto Rico International Airport (San Juan)

All pavements at San Juan, Puerto Rico are rigid. The sub-

grade classification is E-1, which can be translated to a value of k = 300
for Westergaard computations. Allowable stress is approximately 400
psi, with a safety factor of 1.8. In noncritical areas with i safety {actor
of 1.3, allowable stress is 550 psi.

The major runway, 7-25, is 10,000 feet long and 200 feet wide.
The ends of this runway are of 13-inch Portland Cement concrete, and
the center is 12 inches thick. Aprons and taxiways are 13 inches thick.

Pavements were designed to support a 350,000-pound aircraft
with a standard dual-tandem main gear.

A 3-inch overlay of bituminous surfacing is needed for operations
of the LL.-2000 on critical pavements. All other aircraft are within the

requirements shown by the Westergaard analysis.

24. Stapleton International Airport (Denver, Colorado)

The flexible pavement at Denver's Stapleton Airport includes
the east-west runway and adjacent high-speed turnoffs. It rests on a sub-

grade of F3 rating, and a soil classified as E¢.

L4
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This runway measures 10,000 feet by 150 feet. The critical
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pavement consists cf 15 inches of subbase, 10 inches of base, a 3-inch
original surface course, and a later bituminous overlay of 3 inches,
totaling 31 inches. Noncritical areas are identical except that the sub-
base is only 10 inches thick. This runway is adequate for the aircraft
being considered.

The high-speed turnoffs have 4 inches of asphalt surface on 16 inches
of base and subbase. Slight deficiencies here are believed to exist, but
the nature of the turnoffs is noncritical since the loads thereon will be
landing aircraft with gross weights much lower than the maximum.

The major taxiway parallel to the east-west runway is of 5-inch
Portland Cement concrete which rests on an 8-inch subbase and an Rb
subgrade.

This subgrade can be equated to k = 250. Allowable stress is
estimated at 350 psi with a safety factor of 1.8. Stresses created by all
aircraft are unacceptable. Overlays of 16, 17.5, 14, 17, and 21 inches
are required for current, stretched, and high-capacity jets, and Con-
corde and SST, respectively.

The new north-south runway is 11,500 feet by 150 feet and is 12
inches thick on critical ends and 10 inches in the center. It is supported
by 3 feet of sand subbase which raises the soil classification to E2, Ra,
or k = 300. The design gross load is 350,000 pounds on dual-tandem
gear, or an allowable stress of 400 psi. Adjacent taxiways are 12 inch
concrete on 2 feet of sand. The critical ends of this runway and its
taxiway need strengthening for the DC-8-63, Concorde, and L-2000 in
the amounts of 2, 2.5, and 5 inches, respectively. Noncritical portions
require 3 inches of the bituminous overlay for the L-2000.

The concrete apron measures approximately 3,000 feet by 2,000
feet. Construction is 12 inches of concrete on 8 inches of subbase. Sub-
grade is rated by FAA at Rb, taken as k = 200 for the Westergaard equa-
tions. On the basis of an allowable stress of 400 psi, current jets require
2.5 inches of overlay, stretched jets, 4 inches, Concorde, 3 inches,
B-2707, 2 inches, and L-2000, 7 inches.

Only runway 17L-35R was considered for costing purposes.
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25. Atlanta Airport

The airport at Atlanta, Georgia has pavements which are
constructed of Portland Cement concrete in some areas and of flexible
and bituminous materials in other areas. The subgrade rating given b
the FAA is E-7. With the assumption of no heavy frost and poor drainage,
this would be equivalent “o an F5. The main runway, 9L-27R, is of rigid
pavement 9 inches in the noncritical area and 11 inches in the critical
areas. The major instrument runway is 9L-27R, which is 10,000 feet
long by 150 feet wide. Two other runways are available but it is assumed
that they will not receive the larger jet traffic hecause of the short length.
No design allowable stress is given, but the safety factor is said to be 1.7.

It is usually safe to assume a flexural strength of near 700 psi for
concrete. In the case of Atlanta, however, those consulted indicate this
to be rather high. Six hundred psi has been used, resulting in an allow-
able stress of 350 psi. For the purpose of analyzing rigid pavement, the
F5 rating is equated to k = 250, according to FAA regional engineers.

On this basis, all of the aircraft studied overstress the 9-inch
concrete pavement considerably. Asphaltic overlays of 8, 9, 7, 9, and
11 inches are necessary for the current, stretched, high-capacity, Con-
corde, and supersonic aircraft, respectively.

The 1l-inch critical ends of the runway will require 6, 6-1/2, 4,
6-1/2, and 10 inches of asphaltic overlay for the current, stretched,
high-capacity, Concorde, and SST, respectively.

The l4-inch critical ends will require 0, 2, 0, 2, and 6 inches
respectively for the foregoing aircraft.

No overlays are required on the flexible pavement.

C. Pavement Strengthening Costs at the Selected Airports

The analysis of airport pavement requirements for the eight air-
craft included in the study has resulted, in many cases, in a demonstra-
tion of a need for additional pavement. In actual practice, paving action
for strengthening purposes may or may not follow theoretical analysis,

and when it does, it may take the form of concrete overlays, bituminous
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overlays, concrete inlays, or other alternatives. Recommended action
in the present study has taken the form of a bituminous overlay in all
cases, for the following reasons:

l. Installation of bituminous material in the range of thicknesses
being treated here is generally less expensive than concrete.

2. Even in cases where it is felt that concrete overlays would
be required by airport officials, bituminous requirements were esti-
mated because the minimum concrete overlay of 5 inches in some cases,
would have excluded costs appropriately attributable to one aircrafit whose
requirement fell below that minimum and thus penalized (in a comparative
sense) another whose requirement was just above the minimum. Better
cost distribution was felt available by using bituminous overlays, the
minimum of which is 2 inches.

3. It is felt that through use of a consistent ground rule regard-
ing choice of overlay material, the comparative analysis presented
here is more meaningful than it would have been if arbitrary decisions
had been made at each airport area. This in no way is intended to re-
flect on the relative merits of either concrete or asphalt.

In the determination of the costs of the pavement improvements,
an effort has been made to use present installed costs of bituminous
overlays at each airport, whercver such information was available. It
was found that a constant cost per square yard or per ton was not appli-
cable, due to wide variations from one area to another. Natural re-
sources of the locale and proximity of the airport to major processing
plants obviously influenced the unit price.

However, no attempt was made to reduce costs as a function of
the thickness of a single overlay, as it was felt that the value of this
procedure would not be proportional to the additional effort.

The areas to be overlaid have been calculated by use of exact di-
mensions wherever possible. It was necessary, however, to estimate
these dimensions in some cases, especially where only a portion of a

runway, taxiway, or apron was in need of strengthening.
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In this connection, it is recognized that overlays of various thick-
nesses would be problematical on a surface with an existing level grade.
Costs associated with feathering edges or removing present pavement
for replacement were not considered, however. The allocation of such
costs tu a specific aircraft would be difficult and even if accombplished
would add little to the comparative analysis.

It was further assumed in cost calculations that critical runway
areas consisted of 1,000 feet at each end of runways, unless available
data indicated otherwise.

Two pavement design factors, runway gradient and roughness,
were found by the competing SST designers to be satisfactory where
current FAA standards are observed.

The following tables illustrate the overlay costs by aircraft.
Special attention is given to each area in need of strengthening at cach
of the airports. The pavement area costed is described. The overlay
thicknesses in inches and the cost are then enumerated by aircraft type.
Dollars are expressed in thousands. Only the areas necessary for the
operation of the large jets being studied were considered to be in need
of overlay, and other areas were not included in cost figures. This
usually included only the main runway, adjacent holding areas and taxi-
ways, and applicable apron areas.

The costs for overlaying existing flexible pavement were based
on thicknesses required by the Corp of Engineers method wherever
possible, and on the FAA method in cases where no CBR data were ob-
tainable. However, footnotes indicate the requirement via the FAA
method wherever the Corps of Engineers method was used.

Consensus within the aviation community exists expressing dis-
satisfaction with the FAA pavement analysis method. Virtually without
exception the observation was repeated to PRC researchers that the CBR
method is preferred--is more realistic than that sponsored by the FAA.
Where pavements were laid in accordance with the FAA method, more
instances of more severe distress have occurred than when the CBR

approach was employed.
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