
AD/A-001 408 

AIRCRAFT-PAVEMENT COMPATIBILITY STUDY 

P.  H.  Griffis,   et al 

Army Engineer Waterways Experiment Station 

I 

Prepared for: 

Federal Aviation Administration 
Lockheed-California Company 

September 1974 

DISTRIBUTED BY: 

U. S. KPMTMENT OF 
Sinrtci 



ri-     '«ve?«»*",'«'??""1:??' ■•■v- •;-•*?■•.■ -».w^i-.^ - ■,«,,»■.■.-:;;.,,,,'.. - ■■ -, ■ ■--•' ...^r^;,M>'P^^^;ry;":'V-^^'1-.S-■-.>■,■ -..*'.-^^'•' ; «rt^-iW       ■ .>.,,Äi 

Mb 

Ttdinixot Kcpoft Oocuinvntotion Page 

FAA-RD~ 73-206 

TT: nc" 

4.    titl« ond Subttil« 

AIRCRAKT-PAVEMENT COMPATIBILITY STUDY 

F.  H. Grlffis and M. A. Gamon 
t. p..t» t Hmm% 9*4 A44i*tt 

U.  S. Army Engineer Waterways Experiment Station 
Soils and Pavements Laboratory, P.  0.  Box 631 
Vicksburg, Miss.    39180 

II.   S|»*n«*nflf Aftftcy N«m« «ntf A44f»% 

Department of Transportation 
Federal Aviation Administration 
Washington, D. C. 

V   Rtcipitnl't Calal«^ No. 

/   Ac ■ $ 

5.  ft*»*" 0«*» 

September 197U 
i.   PatUrmifif Orf«niiati»n Cod« 

I.   f»fforminf 0*««Ait«t«*n Rffpo't No. 

10.   «»rli UrnfN». (TRAIS) 

U.   C«nlt«cf •» Cf«nt N». 

DACW 39-73-OOUl 
13.   Typ« «I lUpwi «„^ Period C«t»d 

Final Report 
May 1971 - Hov 1973 

14.   $|»*n,«riAf Aftncy Cod« 

■ S.   Sw^looiMitfy Not«» 

Work was performed under contract    D0T-FA71-WAI-218. 

I«.   Abtiroci 

An economic analysis was performed to relate pavement upgrading cost to penalty 
cost associated with adding gears an« wheels to aircraft in order to provida 
adequate flotation for present-day pavement design criteria.    A basic assumption 
was made that the Widtbody Jtti and a 15-mlllion-lb aircraft (Categories I and II 
aircraft, respectively) would use the projected 26 major hub airports by the 
year 1985-    Three gear types were designed for Categories I and II aircraft: 
current-flotation compatible with present pavement criteria; median-comproaise 
design considering present pavement criteria and optimal gear for aircraft 
structure; and optireal-gear optimized for aircraft strxture with no regard for 
pavement flotation requirements.    Costs were based on each gear type for ooth 
categories of aircraft.    Pavement data were surveyed for all projected 1985 
major hub airports.    Rigid and flexible pavement thicknesses were determined for 
Categories I and II aircraft; thicknesses were calculated both for new construction 
and for overlay of selected pavement areas where the aircraft might operate. 
Aircraft costs were developed as associated with carrying landing gear weight 
and volume in excess of the optimal gear.    Pavement upgrading costs were deter- 
mined and cost comparisons were made.     Recommendations and devices were presented 
relative to policy decisions on pavement criteria. 

17.   Koy Wo>d, 

Airfield pavements 
Economic analysis 
Flotation 
Landing gear 
Pavement desinn 

It.    toewnly Clotlil. (•' *i» tOM"! 

Unclassified 

11,   Oitfrikution Slotomonl 

DocunenC it available to the public 
through Che National Technical Information 
Service. Springfield. Virginia    22151. 

20.   S*c»»>r Cioinl. (•( Hut Mfo) 

Unclassified 

J|. No. o» fotti 

232 

71.   P..« 

F*>m DOT F 1700.7 (1.7}) Roprcrfwclion e( < 

""NA^'ONAI  rrciiNicAi 
....     !-■•''    I'*1.*!   Tn1 "I i 

rv-n; 



„ jiurmw* ■ wmiiHiii wiinmriniinw 

HQTICE 

This document is disseminated under the sponsorship of 
the Department of Transportation in the interest of infor- 
mation exchange.   The United States Government assumes no 
liability for its contents or use thereof. 



W^-' 

:||fÄ*i^c:^S^ ■■ mm»mmiKMi^'mmmmmmwmmpmmmmmiMIUil&fU^,!:' 

PREFACE 

This project was conducted by the Soils and Pavements Laboratory, 

U. S. Army Engineer Waterways Experiment Station (WES), Vicksburg, 

Mississippi, for the Federal Aviation Administration under IAA.    This 

report covers work done from May 1971 to November 1973. 

The project was conducted under the general supervision of 

Mr. J. P. Sale, Chief of the Soils and Pavements Laboratory.    Sections 

1 and 2 and 6 through 10 were prepared by MAJ F. H. Griff is, Jr. 

Sections 3 through 5 were prepared by Mr. M. A. Gamon under the super- 

vision of Mr. Paul C. Durup, Group Engineer, Aeromechanics Group of 

the Structures Division of Lockheed-California Company, Burbank, Calif., 

under Contract DACW 39-73-00^1, dated 27 November 1972, between WES and 

the Lockheed-California Company. 

During this period of the project, Directors of the WES were 

BG E. D.  Pelxotto, CE, and COL G. H. Hilt, CE.    Technical Director was 

Mr. F.  R. Brown. 
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CONVERSION FACTORS, U. S.  CUSTOMARY TO METRIC (SI) 
UNITS OF MEASUREMENT 

U. S. customary units of measurement used in this report can lie converted 

to metric (SI) units as follows: 

Multiply 

inches 

feet 

miles (U. S. statute) 

square feet 

square yards 

cubic inches 

pounds (mass) 

tons (2000 pounds) 

foot-pounds 

pounds per square inch 

pounds per cubic inch 

pounds per cubic foot 

M. 
2.5h 

0.30U8 

1.60931»»» 

0.0929030U 

O.836127U 

16.38706 

0.U53592U 

907.18U7 

1.355818 

6,89U.757 

27,679.90 

16.018U6 

To Obtain 

centimeters 

meters 

kilometers 

square meters 

square meters 

cubic centimeters 

kilograms 

kilograms 

Joules 

pascals 

kilograms per cubic meter 

kilograms per cubic meter 
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1    EXECUTIVE SUMMARY 

The purpose of this study was to perform an economic analysis 

relating the pavement upgrading cost to the penalty cost associated with 

adding gears and wheels to aircraft in order to provide adequate flota- 

tion for present-day pavement design criteria.    Adequate flotation as 

used here implies distributing the total weight of the aircraft over a 

larger area to keep pavement stresses within acceptable limits.    Spe- 

cifically, the question answered by this study is "Should the FAA policy 

on pavement strength stated in paragraph 5 'Maximum Pavement Strength 

for FAAP Participation* of Order 5320.2 dated July 18, 1966,» be changed 

due to the advent, of the Widzbodtj JvU (BT1*?, DC10, L1011) and the pos- 

sible addition of an aircraft weighing up to 1.5 million lb** to air 

ctiiiüsir fleets by 1985?"   The basis for the answer of this question was 

purely economic; environmental, sociopolitical, and energy factors did 

not enter into the trade-off criteria.    The basic assumption that the 

iillde.body Jet6 and the 1.5-miHion-lb aircraft would use all projected 26 

major hub airports in 1985 was not challenged in this study. 

1.1    Aircraft  Cost Development 

To conduct this study, a contract was let to Lockheed-California 

Company, Inc., to develop two hypothetical aircraft types.    The Category 

I aircraft corresponded to the present tt/-tdebod(/ JztA and the Category II 

aircraft corresponded to a projected 1.5-million-lb aircraft to be 

operational by 198'?.    Three gear types were designed for both the Cate- 

gories I and II aircraft.    Type 1, referred to as the current gear,  is 

a gear type with flotation compatible with present FAAP/ADAP maximum de- 

sign criteria.    Type 2, referred to as the median gear, is a compromise 

gear type designed with consideration of the present FAAP/ADAP pavement 

criteria but alirvj considering the optimal gear designed with respect to 

*    The cited paragraph is restated here for easy reference.    "The maxi- 
ffiuni pavement strength for which FAAP [Federal-Aid Airport Program 
which has been superceded by the Airport Development Aid Program 
(ADA?)] funds may be applied at any airport may not exceed that 
required for 350,000 pound dual tandem gear airplane." 

**    A table of factors for converting 0.   S.  customary units of measure- 
meut to metric   (Si) units is presented on page U. 



the aircraft structure. Ideally, this median gear lies midway between 

the two with respect to flotation requirements. The type 3 gear, quite 

naturally, is the gear type optimized with respect to the aircraft 

structure with no regard to pavement flotation requirements and is 

referred to as the optimal gear. 

Gear types during this portion of the study were optimized with 

respect to cost instead of weight. 

The model used for the gear designs is the property of Lockheed-

California Company. The optimization procedures, from Table 1 in the 

text, minimize acquisition, maintenance, and flight operation costs of 

wheels and tires with respect to total weight, vertical load, and tire 

pressure; brakes with respect to total weight, rejected takeoff, landing 

kinetic energy, service energy, and number of brakes; bogie beam with 

respect to total weight, vertical load size, and labor as a function of 

total number of gears; gear strut, braces, and actuators with respect to 

total weight, takeoff gross weight, number of gears, and material as a 

function of gear weight; and gear-support structure with respect to 

total weight, takeoff gross weight, number of gears, and gear location. 

Figure 1 shows the gear designs for the Category I aircraft and Figure 

2 shows the gear designs for the Category II aircraft as taken from 

Tables 9 and 12 in the text, respectively. 

In conformance with the same contract, Lockheed-California Com-

pany surveyed pavement data at all projected major hub airports in 1985. 

The definition of a major hub airport is one that enplanes more than one 

percent of the domestic enplaned passengers. FAA Pavement Evaluation 

Forms for each of the projected 1985 major hub airports are included in 

this document as Appendix A. In addition to providing a basis for de-

signing the overlay thicknesses required for the pavement costing sec-

tion of this report, Appendix A provides a central source of pavement 

data for the subject airports. Table 13 of the text describes the 

source of the pavement data and, as a cneck on the validity of the data, 

each airport engineer was presented a copy for verification. The ex-

treme right-hand column of Table 13 indicates whether or not the airport 

engineer in question responded to the verification request. 

6 
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ITEM 
CURRENT-PAVEMENT 

GEAR 
MEDIAN-PAVEMENT 

GEAR 
OPTIMIZED GEAR 

GEAR CONFIGURATION 

TIRE VERTICAL LOAD, 
POUNDS 

TIRE PRESSURE. PSI 

TIRE DIAMETER. INCHES 

6-iHEEL BOGIE 

38,630 

200 

4U 

i      4-WHEEL BOGIE 

57.950 

200 

56.1 

4-WHEEL BOGIE 

57,950             | 

215 

53.8 

BOGIE SIZE. INCHES a 

b 

i                         c 

42.3 

97.7 

56.4 

44.5 

59.9 

42.4 

57.1             j 

BOGIE CONFIGURATION 

I.  *   »1 L_    ." -mJ !•      "1 
c   »1 

b 

i 

1* 1 , 

Figure 1.    Gear designs for Category I aircraft 



fBHVifts« ■ 

ITEM 
CURRENT-PAVEMENT 

GEAR 
MEDIAN-PAVEMENT 

GEAR 
OPTIMIZED GEAR 

GEAR CONFIGURATION 

TIRE VERTICAL LOAD. 
POUNDS 

TIRE PRESSURE, PS! 

TIRE DIAMETER, INCHES 

FIVE 6-WHEEL BOGIES 

47,500 

ISO 

56.2 

FOUR 6-WHEEL BOGIES 

59,375 

200 

56.9 

THREE 6-WHEEL BOGIES 

79,167 

250 

58.4 

BOGIE SIZE, INCHES a 

b 

c 

52.2 

120.5 

69.6 

52.8 

121.8 

70.3 

c        ^ 

11 

54.1 

124.9 

72.1 

GEAR 
LOCATIONS, 
INCHES 

•   §- 

IOO 

171 

-• 

613 

FUSELAGE 
C 

I    2", I rn 
* i t. 

613 

FUSELAGE 

f r^ 
T         t • 

1 

613          | 

FUSELAGE 

Figure 2.    Gear designs for Category II aircraft 
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OPERATING 
WEIGHT 
EMPTY 

STRUCTURE FUEL 

• A/*PL4N£*P:-*T 

STAmr/CAL 0/JT«(BUT(ON OF 
PArLOAO WEICHT DEMAND 

X -PAYLOAD AT MAXIMUM ALLOWABLE 
GROSS WEIGHT 

X a MEAN VALUE OF STATISTICAL DISTRI- 
BUTION OF PAYLOAD WEIGHT DEMAND 

MAXIMUM ALLOWABLE CROSS 
WCfCHT (< MAX TOCW FUNCTION 
OF RUNWAY LENGTH AND 
ELEVATION/ 

MAX TOCW (AIRPLANE 
STRUCTURAL LIMIT) 

LOST PAYLOAD WEICHT 

Figure 3. Determination of lost payload 

Basically the assumptions include an average weekly payload X, a 

normal distribution of payload weight about X, and a coefficient of 

variation of 60 percent. The equations used in the lost revenue model 

were: 

(Total revenue, $) * (Passenger miles) * (Yield/passenger mile) 
+ (Cargo ton mile) * (Yield/ton mile) 

The final requirement for the contract was to develop the air- 

craft cost associated with carrying landing gear weight and volume in 

excess to that optimized with respect to the aircraft structure and with 

no regard to the pavement strength. These costs arise from four sources: 

o Acquisition cost 
o Maintenance cost 
o Flight cost 
o Lost revenue cost 

The first three costs were considered in the landing gear design 

since the design was based on the least cost design. The lost revenue 

cost was based upon the lost payload of the aircraft. Several assump- 

tions were made to determine this payload. Figure 3i taken from Fig- 

ure 25 of the text, is a graphic illustration of the probability 

assumptions. 
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(Total weight, lb) - (Passenger miles * 200 lb/passenger) 
+ (Cargo ton mile x 2000 lb/ton)  T (Flight 
distance) 

(Average yield ($/lb)) =  (Total revenue)   J (Total weight) 

multiplied by 52 weeks per year to arrive at an annual expected lost 

revenue by aircraft type by distance-block under various landing gear/ 

operatioual empty weight  (OEW) assumptions.    This lost revenue is then 

summed over all the distance-blocks analyzed for the projected 26 major 

hub airports to determine the total annual lost revenue from operations 

out of the major domestic hub airports.     Tables 17 and 18 of the text 

give the computed lost revenue from each projected 1985 major hub air- 

port for the Categories I and II aircraft, respectively. 

Tc/ble 19 lists the total acquisition, operation, maintenance, and 

lobt revenue costs in 1985 dollars for the Categories I and II aircrafts. 

The total point estimate costs relative to the optimal gear configura- 

tions are shown below. 

Current Pavement Gear Median Pavement Gear 

Category I Aircraft $ 6,673,397 $ 1,929,880 
Category II Aircraft 68,777,861i 35,160,820 
Total Aircraft Cost 75,li51,26l 37,090,700 

L 2    Ptivement Cost Development 

Because of spatial and temporal variables, a statistical approach 

was used to develop the total pavement upgrading costs.    Since the 

Dallas-fort Worth Regional Airport has been designed for a 1.5- 

miliion-lb aircraft,  it was excluded from the analysis.    An assumption 

was made that two major runways,  the associated taxiway systems, and the 

entire apron area at the remaining 25 projected 1985 major hub airports 

would b** overlayed with either a rigid or a flexible pavement; the 

navement type wus determined from historical records.     Land-acquisition 

costs were not considered in this analysis. 

The initial step in developing the unit price for each pavement 

upgrading project was to determine the  relationship of the pavement  cost 

1.0 the total upgrading cost.     Bid tabulations for lU major airport 

10 



paving projects published during 1971-1972 in Engineering News Record 

were analyzed. Upgrading costs were broken down into seven categories 

and the mean percentage of category cost to total upgrading cost, along 

with each standard deviation, was computed using small sample statistics. 

The mean X and the standard deviation a of each category as a per- 

centage of the total upgrading cost are as follows: 

Category 

Excavation 13.10 11.08 
Pavement 72.79 9.81 
Subsurface Structures 7.13 5.70 
Wiring 1.7U 2.27 
Lighting 2.21 kM 
Painting 0.37 0.67 
Miscellaneous 2.66 k.92 

Although some rather large variances occur in the categories 

other than pavements, this is inconsequential. The average price of 

pavement as a percentage of the total contract price is 72.79 percent 

with a coefficient of variation of ik  percent. 

An analysis of variance showed that one could not conclude that 

there was no significant difference between the percentage of rigid 

pavement pric? and the percentage of flexible pavement price to total 

contract price. Thus, a grouped analysis determined the ratios of pave- 

ment price to total price used in this study. These parameters are 

shown below: 

Pavement Type     X       a 

| Rigid 77.51 8.03 
Flexible 68.06 9.60 

I 
The pavement unit prices were developed, in as far as possible, 

on the basis of the price per square yard per inch (SYIN). Bid tabula- 

tions for numerous projects were collected on a regional basis as were 

FAA Forms 5100-1. The bid tabulations list the square yard (SY) price, 

whereas the FAA Form 5100-1 records the depth of each pavement layer. 

Prices were assumed to decrease hyperbolically with increased thickness 

I within an acceptable range. 

Equations used for determining unit prices were: 

^ 11 
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FCC: 

C = Price per SY ^ thickness 

Bituminous: 

C = Price per SY * thickness 

or, when bid tabulations were listed in price per ton, 

C = Cost per ton * 2000 ^/ton * 150 Ib/cf x 9 sf/SY x - ^ 

The last equation explicity assumed an asphaltic concrete density 

of 150 Ib/cf.    In those cases where the price of aggregate and asphalt 

cement were given separately, an asphalt content of 5 percent was 

assumed.    The rate of application of asphalt prime coats was assumed to 

be 0.3 gal/SY and tack coats at 0.1 gal/SY.    A list of national average 

prices foi pavement products taken from Table 22 of the text is given 

below. 

Pavement Product 
Cost 
Units 

$/syiN 

Number of 
Observations 

U6 

Mean 
Price 

0.9h 

Standard 
Deviation 

Portland Cement Concrete 
(P501) 0.3h 

Bituminous Surface Course 
(PliOl) $/SYIN 21 0.5k 0.1k 

Crushed Aggregate Base 
(P209) $/SYIN 8 0.19 0.03 

Bituminous Base (P20l) $/syiN 13 0.59 0.22 

Prime Coat (P602) $/sy 9 0.07 0.02 

Tack Coat (P603) $/sy 23 0.03 0.02 

The prices in SYIN used for each of the projected 1985 major hub 

airports were derived in order of priority according to the following 

sources: 

(1) Project bid data at a particular airport if two or more 

tabulations were available  (this requirement was for some statistical 

credibility). 

(2) Regional averaged bid data for those regions supplying ade- 

quate data. 

12 
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(3) Nationwide averages as listed above. 

The prices used for the 1985 major hub airports are listed in Table 23 

of the text in 1912 dollars. 

Third step in developing the pavement cost was to design the pave- 

ment cross section required for the Categories I and II aircraft. FAA 

design criteria were used for the design at a stanc.ard 100,000 aircraft 

pass level. Only those areas assumed required for operations were 

considered for design. Design curves and associated rationale are in- 

cluded in Section 7 of the text. 

Pavement areas for costing purposes were selected subjectively by 

this evaluator. Pavement areas were scaled from the sketch drawings 

shown on tl?e airfield evaluation forms in Appendix A. Most drawings 

were adequately scaled for the calculation of areas. For those that 

were not scaled, suitable assumptions were made with respect to the 

areas involved. From a macro point of view, this was adequate. 

¥,: Since the total cost varies linearly with the surface area, a 

; sensitivity analysis with respect to area and other parameters was per- 

formed. Based on most historical evidence, only two types of overlays 

were considered: full-depth bituminous overlays, FAA Item P-UOl; and 

Portland cement concrete overlays, FAA Item P-501. A total expected 

area of 29,939,536 sy was calculated with 32.2 percent consisting of 

runway area, 23.U percent consisting of taxiway, and kk.k  percent con- 

sisting of apron area. These statistics are shown in Table 2h  in the 

text. 

A comparison of the total aircraft cost and the total pavement 

price was made in terms of equivalent anuual cost in 19S5 dollars. 

To develop the total pavement upgrading cost, the unit price p , in 

dollars per SY, was developed by summing the products of the price per 

SYIN and the designed thicknesses for each pavement section of each pro- 

jected 1985 major hub airport with each product divided by the ratio of 

the pavement cost to the total upgrading cost as developed earlier. 

The total pavement cost in 1972 dollars was obtained by multiplying 

unit price for each pavement section by the area of that section and 

summing over all of the projected 198!? hub airports. These prices are 

13 
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listed by airports in Tables 25 and 26. These calculations were nir.de 

for each category airplane and each gear type relative to a zero cost 

for not upgrading. 

The basic equation for determining the equivalent annual pavement 

cost in 1985 dollars can be expressed simply as 

x=pxAx(i+i 
La • u"- ii 

where 

x = equivalent annual cost of pavement upgrading in 1985 dollars 

p = average total cost of upgrading per sy 

A = pavement area to be upgraded in sy 

i = interest rate in percent 

n - number of years to construction (or bond issuance) 

m = amortization period of the pavement structure in years 

Some basic value assumptions were necessary in order to make com- 

parisons using this 5-space function.    Expected values for    p    of $7.36, 

$7.77, $7.^5, and $12.82 in 1972 dollars were computed for the Category I 

median and optimal gears and Category II median and optimal gears, re- 

spectively.    The computed value for    A    was 29,939,536 SY  .    Assump- 

tions for the remaining independent variables were: 

i = 5 percent 

n = 13 years (since construction must be concluded in 1985 
for the comparison to be valid) 

m = 20 years 

Since these assumptions are most certainly to be challenged, a 

thorough sensitivity analysis was performed for each assumption and 

procedures are presented for recomputing    x    using the challenger's own 

assumptions.    Tables 21 and 28 in the text list the most probable 

equivalent annual pavement  upg-ading cost  (MPC)  for each projected  198',) 

major hub airport  for the Categories   I  and  II aircraft,  respectively. 

The totals are repeated below for convenience: 

1U 
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Median Gear   Optimal Gear 

Category I Aircraft   $33,328,803   $35,218,395 

Category II Aircraft   33,T^,362    58,097,736 

Due to the extreme difficulty of predicting construction cost in 

the future, three separate costs were developed for each gear type. An 

assumption was made that a probable coefficient of variation existed in 

both unit price and area to be paved calculation of 20 percent. Based 

on this assumption, a lowest probable cost (LPC) of pavement upgrading 

was computed assuming a 20 perceat low-side calculation in both p 

and A and a highest probable cost (HPC) was computed assuming a 

20 percent high-side calculation in both p and A . However, the 

original assumptions for i , n , and m were not changed. 

Again, the reader is reminded that a device for changing these 

variables is presented herein also.  One should note that, while these 

analyses were performed for the pavement upgrading cost, only a single 

point estimate of the aircraft penalty cost has been made. This should 

be considered in tramining conflicting alternatives. 

1.3 Cost Comparisons 

The purpose of this section is to present economic Justification 

for either modifying or not modifying FAA Order No. 5320.2 with regard 

to pavement strength. This presentation first considers only the Cate- 

gory I aircraft since the possibility exists that the Category II air- 

craft will not be operatioaal in 1985- 

Category I aircraft.  Based on the equivalent annual cost analy- 

sis using the MPC for pavement, tht total equivalent annual costs are: 

o Cm-rent Uear $ 6,673,379 
o Median Gear 35,258,683 
o Optimal Clear      35,218,395 

It is obvious from this lifting that the optimal alternative is not to 

modify the present policy if one only considers the Category I aircraft. 

If one uses the LPC for pavement, the decision remains unchanged as 

shown below: 
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o Current Gear $ 6,673,379 
o Median Gear 13,9^3,790 
o Optimal Gear 12,666,2U9 

These results are illustrated in Figure hk o:' the text. 

Categories I and II aircraft.    A basic assumption inherent in the 

following analysis is that a pavement structure upgraded for the Cate- 

gory II aircraft would he adequate for the additional Category I air- 

craft concurrently.    The state-of-the-art in pavement analysis is in its 

infancy concerning mixed traffic and pavement deterioration prediction. 

Based on t'.ie equivalent annual cost analysis using the MFC for pavement, 

the total equivalent annual costs are: 

o Current Gear $75,1*51,2U3 
o Median Gear 70,8i»0,062 
o Optimal Gear 58,097,736 

Based on this total annual cost listing,  the present policy should be 

changed to permit the optimization of the gear to the Category II air- 

craft.    However,  in this instance,  if one assumes the HPC for pavement, 

a conflicting alternative arises as shown below: 

o Current Gear $ T5,1*51,26l 
o Median Gear 103,239,690 
o Optimal Gear 113,8^2,221 

There is considerable logic behind the assumption that the MPC 

will be exceeded in the pavement upgrading for the Category II aircraft. 

In all probability, the paved area will exceed that computed in this re- 

port.    The unit price differential may or may not increase.    Thus,  it is 

extremely critical to the decision maker that a proper determination be 

made as to whether or not the Category II aircraft will be operational 

in 1985; whether or not  it will operate at all 2b projected major hub 

airports or perhaps only at 7 to 10 regional airports; and other opera- 

tional assumptioiiLi. 

Other variable considerations.     Numerous figures and equations 

are presented  in the text to permit the user of this document to change 

parameters and develop his own policy derivation.    Assuming that the MPC 

calculations are correct and    n =  13 years.  Figure h presents a 
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o Current Gear $ 6,673,379 
o Median Gear 13,9^3,790 
o Optimal Gear 12,666,21*9 

These results are illustrated in Figure hh of the text. 

Categories I and II aircraft.    A basic assumption inherent in the 

following analysis is that a pavement structure upgraded for the Cate- 

gory II aircraft would be adequate for the additional Category I air- 

craft concurrently.    The state-of-the-art in pavement analysis is in its 

infancy concerning mixed traffic and pavement deterioration prediction. 

Based on the equivalent annual cost analysis using the MPC for pavement. 

the total equivalent annual costs are: 
{ 

o Current Gear $75,1+51,2'*3 
o Median Gear 70,8UO,062 
o Optimal Gear 58,097,736 

Based on this total annual cost listing,  the present policy should be 

changed to permit the optimization of the gear to the Category II air- 

craft.    However,  in this instance,  if one assumes the HPC for pavement, 

a conflicting alternative arises as shown below: 

o Current Gear $ 75,^51,261 
o Median Gear 103,239,690 
o Optimal Gear 113,8U2,221 

There is considerable logic behind the assumption that the MPC 

will be exceeded in the pavement upgrading for the Category II aircraft. 

In all probability, the paved area will exceed that computed in this re- 

port.    The unit price differential may or may not increase.    Thus,  it is 

extremely critical to the decision maker that a proper determination be 

made as to whether or not the Category II aircraft will be operational 

in 1985; whether or not  it will  operate at all 26 projected major hub 

airports or perhaps only at 7 to 10 regional airports; and other opera- 

tional assumptions. 

Other variable considerations.     Numerous figures and equations 

are presented in the text to permit the user of this  document to change 

parameters and develop his own policy derivation.    Assuming that the MPC 

calculations are correct and    n = 13 years.  Figure k presents a 
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Figure 1*.    Effects of variations of pavement 
life   m   and inflation factor    i 

convenient method for changing the assumptions for    i    and   m , two 

elusive parameters.    Figure l*  i-s based on Figure 5^ of the text. 

I.I*    Recommendations 

The following recommendations resulted from this study.    They are 

based ou the authors' calculations and assumptions.    Devices are pre- 

sented in this report to permit the decision to change these assumptions 

and calculations and the possibility exists that the recommendations 
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should change baaed on further developments. 

(1) If only the Category I aircraft will be in operation at each 

of the 26 projected major hub airports in 1985, the current FAAP/ADAP 

criteria should not be changed. 

(2) If the Categories I and II aircraft (implied also is the 

Category II aircraft alone) will be in operation at each of the 

26 projected major hub airports in 1985, the current FAAP/ADAP criteria 

should be changed to permit the gear to be optimized to the aircraft. 

The possibility of operating the Category II aircraft at from 7 to 

10 regional airports should be investigated. 

1.5   Additional Value of This Report 

In addition to providing a useful device exclusive of additional 

cost for examining various policy decisions, this report provides: 

(1) A consolidation of airport layouts and pavement structures 

as of 1972. 

(2) An algorithm for designing aircraft gear types on a minimum 

cost basis. 

(3) Pavement design curves for heavy aircraft. 

(U)    Methodology for complex cost analyses. 
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2    INTRODUCTION 

2.1 Background 

Since 1958, the Federal Aviation Administration (FAA) has adopted 

a policy of limiting pavement design for large jet aircraft to an 

equivalent 350,000-lb gross weight on a twin-tandem gear configuration. 

However, to ..'emain within acceptable stress limitations, the B?'*? has 

k  main gear bogies with 16 wheels, and the DC10 series 10 and the L1011 

have been designed with larger wheels at greater spacing to remain 

within the same flotation criterion. The penalty cost associated with 

conformance to these restrictions has been hypothesized, but quantifi- 

cation has not previously been made public. 

As aircraft begin exceeding 0.5-million-lb gross weight, intrinsic 

penalties obviously tend to occur. For instance, the DC10 series 20 and 

30 have two additional wheels under the fuselage. The wide spacing re- 

quired on the four main gears of the BT^7 places the gears beneath the 

engines, thereby decreasing the torque available for ground turning. 

This greatly impedes the ground maneuverability. As the aircraft in- 

dustry moves toward aircraft in the 1.5- to 2.0-million-lb gross weight 

class, even greater penalties intuitively seem plausible. 

2.2 Scope 

The scope of this study is illustrated in Figure 5 and consists 

of three parts.    First, a contract was  Let to Lockheed-California Com- 

pany to design landing gears for two categories of aircraft.    Category  I 

consisted of a representative of the relatively new series of commercial 

,)et aircraft,   in Lockheed's case,  the L1011.     Category II consisted of a 

projected 1.5- to r'.O-million-ib aircraft.    These category identifi- 

cations will be used throughout this report  to identify the two types of 

aircraft.     For each of these types of aircraft,  Lockheed designed three 

representative landiug gears.     The  first gear type wus constrained by 

the criterion that states that the gear .:hall   cause no more distress to 

the pavement than a '^»OOO-lb aircraft with a dual  tandem gear struc- 

ture with  intended spacings  similar to u DC8-63F aircraft.    The second 

type of gear is one that is optimised with respect  to the aircraft 
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Figure 5-    Scope of aircraft pavements compatibility study 
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without pavement constraints. The third type of gear is a compromise or 

median gear, causing a pavement distress somewhere between the other 

two gear types.  In addition, Lockheed was required to project the major 

hub airports that would be servicing the two categories of aircraft in 

the year .1.985 and from derived city pairs, develop the economic penal- 

ties associated with the three gear types for both categories of 

aircraft. 

Based on the gear configurations and parameters provided by 

Lockheed, the U. S. Army Engineer Waterways Experiment Station (WES) 

analyzed the airport master plans for the projected major hub airports 

and decided whether new construction or overlays were required to 

accommodate the six combinations of aircraft. Pavement cross sections 

were then designed for each major hub airport and total pavement areas 

computed. Pavement cost data were obtained from FAA Regional Offices 

in the form of bid tabulations and associated cross-sectional designs. 

Lockheed provided FAA with condition surveys of each airport. 

The final phase of the study consisted of performing a cost 

analysis at each major hub airport with respect to equivalent annual 

cost. 

2.3 Purpose 

The purpose of this study was to determine an optimal policy with 

respect to cost to be used in the aircraft gear load and pavement sys- 

tem.  By increasing flotation to support a given load through an in- 

crease in wheels and design of gears, economic penalty is imposed on 

the user/operator of the aircraft.  This, however, reduces the required 

thickness of pavement.  On the other hand, permitting unrestricted flo- 

tation to support a given load increases pavement thickness requirement3 

and consequently construction costs which are ultimately paid by the 

user/operator.  An economic analyaii; was performed to find the optimal 

policy with respect to increased flotation versus increased pavement 

thickness.  Specifically the question answered by this study is "Should 

the FAA policy on pavement strength stated in paragraph 5 'Maximum 

Pavement Strength for FAAI- Participation' of Order 5320.2 dated 
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i 
July 18, 1966,* be changed due to the advent ol the Widzbody JfctA 

(B7U7, DC10, L1011) and the possible addition of an aircraft weighing 

up to 1,5 million Ih to air carrier fleets by 1985?" 

* The cited paragraph is restated here for easy reference. "The maxi- 

mum pavement strength for which FAAP [Federal-Aid Airport Program 
which has been superceded by the Airport Development Aid Program 
(ADAP)] funds may be applied at any airport may not exceed that re- 
quired for 350,000 pound dual tandem gear airplane." 
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3 LAUDING GEAR OPTIMIZATION 

3.1 Mathematical Model 

3.1.1 General discussion. The landing gear optimization scheme 

was based upon functional relationships that predict the weight and 

costs of the landing gear system. It has been noted that volume re- 

quirements for additional wheels are significant as far as bulk cargo 

space is concerned; however, volume has been ignored for the purpose of 

this analysis since the emphasis of this study if. on passenger aircraft. 

Table 1 gives an overall summary of the functiona.1. relationships, show- 

ing the variables that affect the various gear systeiü costs and weights. 

Table 1 

Landing Gear Optimization Functional Relationships 

Factors Affecting Costs 

Item 

Wheel and 
Tire 

Brake 

Bogle Bean 

Gear Strut, 
Braces, 
and 
Actuators 

Gear Sup- 
port 
Structure 

Factors Affecting 
 Weight  Acquisition 

Vertical Load and 
Tire Pressure 

Rejected Takeoff 
and Service 
Energy 

Vertical Load, 
Size (from 
Pavement 
Stress Curves) 

Takeoff Gross 
Weight, Number 
of Gears 

Takeoff Gross 
Weight, Number 
of Gears, Gear 
Location      / 

A 

\Total     ; 

Weight /A 

Maintenance 

Vertical Load ^ 
and Pressure 

Landing Kinetic 
Energy, Num- 
ber of Brakes 

^Labor Function 
of Number of 
Gears 

Flight 
Operation 

Material Func- 
tion of Gear 

. Weight 

y 

Total 
Weight 

y 

The functional relationships were derived from historical airplane 

weight and cost data, empirical design guides available in the litera- 

ture, specific detailed weight and cost data on Lockheed airplened, and 

calculations.    The specific relationships are discussed in the follow- 

ing sections. 
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3.1.2 Functional weight relationships. 

a. Wheel and tire weights. Wheel and tire weights are 
related to the vertical tire load and tire pressure as 
shown in Figure 6. This figure was derived from the 
tire data preseutod in Reference 1 for current airplane 
tires and the wheel weight data in Reference 2. The 
wheel weights are for aluminum forgings from Curve 7 cf 
Reference 2.  Figure 6 is an average of all the Type VII 
and some "New Design" tire data, using the rated tire 
load (32 percent deflection) and corresponding loaded 
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Figure 6.  Wheel and tire weight versus vertical load 
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inflation pressure and tire weicht.     In general,  for a 
given load,  a lighter combined wheel and tire weight 
result  from a higher inflation pressure,  since this 
allows a smaller diameter tire (and smaller surface con- 
tact area). 

It  is also of interest  to note from Figure 6 that 
multiple small tires are more efficient than fewer large 
tires.     For example, 240,000 lb can be carried by six 
i*0,000-lb rated tires weighing l800 lb  (at 200 psi) or 
by four 60,000-lta rated tires weighing 1976 lb.    This 

4 represents a weight saving of almost 9 percent by chang- 
ing from four to six tires. 

Figures 7 and 8 show the relationship between tire 
load and outside diameter and between tire outside diam- 

• eter and rim diameter.    Again these are staJ istical 
averages of the actual data from Reference 1.     These 
curves were needed to determine the minimum possible 
bogie size  (function of tire outside diameter)  and to 
determine brake width (function of rim diameter). 

b.  Brake weight.     The total brake weight  for the airplane 
was determined from Figure 9, which is reproduced from 
Reference 2.     Data are shown in Figure 9 for rejected 
takeoff  (RT0)  kinetic energy and for service energy with 

|- a brake life of 1G00 landings.    The h    ,her weight  from 
the two curves  wa^ Li-.ed tu design  the     -ake.     One 

I thousand landiuge represent  a relatively long service 
I life,   so that  the HT0 carve  tended to control the design 
I of the brake weight.    Sine-" current widebody transport 
I airplanes are being designed with this brake life, the 
I 1000-landing curve was used for this  study.     (Shorter 
i brake-life curves lie between  the two  shown,  giving 
|. lighter brake weight.) 

I For any given gear oni'Igurution,   it must  be as- 
I certained  if the abo\e-dett.'-Emined brake weight can be 

physically locate^ vithin ehe vheelü provided.    Fig- 
t ure 10  from Reference 2 suowu  Lhe h«-ut  sink volume cor- 
| responding, to different  brake weigat".     Figure  11,  from 

Reference 2,   show the heat  r.;ink   vu!uine available per 
# inch widtti  for differen*   ri;ri diamelirrs.     From Figures 10 

and 11,   the  resulti':.-'  brake width e;ui  bo calculated for 
a given configuration.     Froia tue  datn   in Reference 1, 
the rim width averages r.dxmt  O.'J"'»  times the diameter. 
Therefore,  both the wheel width and  the brake width are 
calculated.     As long as the brake width is not more than 
a few inches larger than half tne wheel  width,  the con- 
figuration is  acceptable. 

The  brake  data above are ail  based on  conventiena] 
steel heat  sinl.   brakes.     Other mure  exotic  brake 
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materials are potentially lighter but have yet to prove 
themselves in service. Since this brake model assumed 
that the total airplane brake weight is independent of 
gear configuration (only a function of airplane ener-
gies), the type of brake heat sink assumed did not 
affect the selection of the optimum gear or the weight 
and cost penalties associated with designing to dif-
ferent pavement strength levels. The brakes only af-
fected configuration selection in that certain configu-
rations were eliminated because the brake size was too 
large for the available wheel space. 

Bogie beam weight. Figures 12 and 13 show the weight of 
the bogie beam and axles per gear as a function of the 
vertical wneel load and bogie size ratio. The bogie 
size ratio in each curve is the ratio by which the 
existing Model -U four-wheel bogie or Model -6 six-wheel 
bogie dimensions was multiplied to obtain the desired 
bogie size. The dimensions of the existing bogies are 
shown in Figure lk (axle widths are measured to tire 
center lines). 

<iV / V / 

/ / M, 
S / v 

/ 

20 40 6 0 80 

V E R T I C A L W H E E L L O A D , K I P S 

too 

Figure 12. Bogie beam and axle weight versus vertical 
wheel load, U-wheel bogie 
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A basic assumption in this design procedure was 
that the bogies always have the same proportion as the 
designs above and only the overall scale changed. When 
using Figures 12 and 13, the bogie size ratio and wheel 
vertical load were known, and the bogie weight was de- 
termined. Figure 12 for the four-wheel bogie was de- 
rived from known weight and size data for the Model -U, 
B7U7, DC8, and Cll+1. Figure 13 was based on Model -6 
bogie weight and the same growth relationships as in 
Figure 12. 

This study showed that for a given total gear verti- 
cal load, four- and six-wheel bogies of the sizes shown 
above have about the same weight.  Intuitively, one 
would expect the six-wheel bogie to weigh more, but the 
smaller vertical loads at each wheel location (2/3 
smaller loads) more than compensate for the extra axle 
and larger beam length. Table 2 shows a simple weignt 
comparison between the above two bogies designed for the 
same total gear load, assuming that the beam is designed 
by bending and the axles by shear.  Note that the six- 
wheel bogie configuration is 5 percent lighter than the 
four-wheel design. Models -U  and -6 weight data support 
the conclusion that four- and six-wheel bogies weigh 
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about the same for a given rtal gear vertical load. 

Further corroboration is contained in Figure 15, 
which is a reproduction of Figure 5 <-f Reference 3 uhown 
here for illustration. Tiiii: study chows that the six-
and four-wheel (twin-tandem) designs are about the same 
weight, with the six-wheel generally slightly lighter on 
conventional flexible pavements without stabilised 
layers. Therefore, the bogie weight curves used in this 
study (Figures 12 and 13) assumed that at, a bogie size 
ratio of one and the same totai. vertical gear load, 
four- and six-wheel bogies weighed the same. (However, 
for the same total vertical gear load and a bogie size 
ratio of one, the six-wheel bogie will produce a lower 
pavement stress.) 

Concerning Figures 12 and 13, it was stated earlier 
that the bogie size ratios must, be known to determine 
the bogie weight. These ratios were determined for a 
given gear configuration by pavement stress design 
criteria. Figures 16 through 19 show the relationships 
for U- and 6-wheel gears and for both current and median 
pavements. Current pavement is defined as the pavement 
thickness requirement for the projected Category I air-
craft (Model -6 with a six-wheel bogie at i;88,000 lb). 
Median pavement thickness is halfway between the current 
pavement thickness and the greater thickness required 
for an optimized gear (without regard to pavement thick-
ness) on the projected Category II (l.5-million-lb) air-
plane. These thicknesses are shown in Table 3. 

Table 3 

Pavement Thickness Criteria 

Pavement Thickness, in. 
Pavement Type Rigid Flexible 

Current 11.9 3o 

Median lU.5 h2 
Optimized IT.I 51.2 

For a given gear configuration, with known tire 
vertical load and tire pressure, Figures 16 through 19 
give the bogie dimension a , which is the length of the 
end axles, measured between the tire center lines. The 
bogie size ratio is then given simply by dividing the 
value for "a" by 52 for four-wheel bogies end by k2 for 
six-wheel bogies. Thus, the size ratios needed for 
Figures 12 and 13 were determined. 
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Figures i6 through 19 wer<_ bas-d on computer pro-
gram results that utilize the Poi .lui;.; Cement Asso-
ciation (PCA) method for rigi-i pavt.-mer.ts and SEFL 1965A 
for flexible pavements. F r r 'id pavement::., a subgrade 
modulus k of 300 lb/en ir .... end j. w -.rking stress f 
of U00 psi were used. For l'iexi'ole t tveroents, a Cali-
fornia Bearing Ratio (CBR) of 10 was used with 5000 
coverages. Hie effect on pavement rrress of the inter-
action between gears is not included in Figures 10 
through 19; the relationships >wr» are f• -r one landing 
gear only. FAA pavement design charts were not used 
since the charts are for specific fixed bogie dimensions 
and tire pressures, which are the variables in the pres-
ent analysis. The assumed values f t he pavement param-
eters were required only to provide a starting point f:>r 
the design process. 

Figures 16 through 19 wer- us-.-d to determine the 
bogie size for the gears designed i\:r current pavement 
and those designed for the median pavement. For the 
optimum gear, designed to ignore pavement strength re-
quirements, a different technique I required i< deter-
mine the bogie size ratio : ee,i-. : in i; iguros 1.. und i'j. 
The bogie for this gear is rimply sized a.: small as 
possible, while still providing adequate tire clearance. 
Utilizing the tire clear am*-e mlculation ;r -t-ilure from 
Reference 1, the following govern in.* r at i ens were 
obtained. 

In Table U, b is the length of the bogie beam, 
which is related to the outbid-. 11 raneter of the tire Do 
(obtained from Figure 7). Witt. -is the ena axle 
length, the bogie size ml i ir .-•• .• ii , termined. 

Table b 

Optimum Hear fiz . "r:n" i. r 

Four Wheel Six Whe 

b - Do + 3.3 b = .-To + 0 

- 52 v -;2 . 
~ TO a = 3r b 

Bogie Size Ratio = n/5'- Bogie Sir. • rtatio = u/h2 

Note that throughout the rtudy, tin . ame 0; gie 
proportions as the Models — • ana four- and six-wheel 
designs were retained; only the overall Gcale was 
varied. This method of sizing the bogies did not bias 
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the results significant!;/. For example, two current 
widebody transports with four-wheel bodies of different 
proportions (length-to-width ratios of 1.35 and l.l8) 
vary in rigid pavement thickneis requirement by less 
than 0.2 inch at the rame weight. 

The landing gear optimization model considered 
four- and six-wheel bogies.  In the airplane gross 
weight range employed for this study (0.5 to 1.5 
million lb), main gear configurations with less wheels 
per gear were considered impractical for a number of 
reasons. The Category I airplane with a single wheel 
per gear and two main gear;; requires a rated tire load 
of 232,000  lb.  The largest commercially available tire 
is a 56 by l6 high-pressure tire rated at ^6,000 lb.  If 
the tire diameter versus rated load trends for current 
tires, as shown in Figure 7, were followed for a 
232,000-lb rated tire, the tire diameter would be ISO in. 
at 250 psi, and even larger at lower pressures.  Pro- 
viding storage space for such a large wheel-and-tire 
combination would be a formidable task, resulting in a 
significant structural weight penalty. 

Single-wheel configurations have other inherent 
design deficiencies.  If the wheel is mounted in D fork 
directly below the strut, the length of the landing gear 
is excessive.  If the tire is mounted off center to 
allow for a more reasonable length gear, the off-center 
loading results in strut binding friction, approximately 
15 percent of the static gear load. This friction de- 
teriorates the taxi ride quality, since the gear is 
actually locked by the high friction for a high percent- 
age of the time, causing the airplane to ride on tire 
deflection only.  Dingle-wheel gear configurations are 
also loss safe than multiple-wheel designs because the 
failure of a single tire can eliminate the braking and 
control capability of that pear. 

The Category I airplane with two wheels per gear 
(total of four main gear wheels) requires a rated tire 
load of 116,000 lb.  ouch a tire would be To in. in 
diameter with a pressure of 250 psi, and over 100 in. at 
a tire pressure of 150 psi.  These tire sizes are much 
greater than those that are commercially available. 
Two-wheel gear designs with such large tires are also 
very inefficient from a wheel storage viewpoint.  For 
example, the two-wheel rear at 200 psi requires a 
storage volume for the tire envelvipe of 75^,000 in. , 
compared to 350,000 in."1 for a four-wheel gear with the 
same load capability.  If this added volume represented 
lost cargo space, then, at, a cargo loading of 10 ib per 
cu ft, the added volume for the two-wheel gear on a 
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0.5-million-lb airplane would represent U68O lb of cargo 
that could not be loaded.    The following sketch (Fig- 
ure 20)  shows graphically the comparison between a 
four-wheel bogie design and a two-wheel design for the 
same load capability.     Since the two-wheel design is 
considerably wider than the four-wheel design (93 in. 
compared to 62 in.),  the added storage volume required 
for the two-wheel design can be readily visualized. 
Also shown in the sketch above is the position of the 
dual wheels with the gear compressed, which shows that 
the tire will interfere with the desired location of 
the lateral side brace.    Therefore,  to accommodate the 

-GEAR STRUT 

GEAR COMPRESSED 

TWO -WHEEL 
CONFIGURATION 

GEAR EXTENDED 

'V 

FOUR-WHEEL 
CONFIGURATION 

wmt. T7*T 

SIDE VIEW 

Figure 20.    Comparison of two- and  four-wheel bogie desipn 
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dual-wheel design, the side brace would have to be 
mounted higher than optimum, resulting in a weight 
penalty to achieve the required lateral gear strength. 

The foregoing considerations were based on L-on- 
figurations with two main gears.    It  is possible to 
attain reasonable tire sizes by providing mere main 
gears,  each with two wheels.     For example, two main 
gears with four-wheel bogies require the same tire  size 
(and thus weight) as four dual-wheel main gears.     How- 
ever,  the extra two main gears result  in weight penal- 
ties both for the gears themselves and the added gear 
support structure  (this point is amplified in Sections d 
and e_ following).    These penalties  (3900 lb)  are much 
greater than the weight  advantage of replacing the two 
bogies with four axles  (12U0 lb).     Furthermore,   it   is 
much more difficult  to store  four two-wheel gears than 
two four-wheel gears.     The  foregoing disadvantages  of 
single- and dual-wheel gears  indicate that they  should 
not be considered for  installation  in airplanes of the 
weight range under  study.     However,   for airplanes  of 
lower gross weights   (around 200,000 lb),  two-wheel  gears 
become attractive,   since only two main gears are  re- 
quired having reasonable tire sizes. 

In reviewing gears with more than six wheels  per 
gear,  the most  practical configurations  are eight  wheels 
mounted on four-wheel bogies and twelve wheels mounted 
on six-wheel bogies.     For each of these configurations, 
the beneficial effect  on pavement  stress of the  added 
wheels is reduced by the necessarily close proximity of 
the adjacent wheels  on each bogie  "arm."    In ad-.iition, 
wheel,  tire,  and brake maintenance costs rise because of 
the inaccessibility of the  inboard-mounted wheels   (the 
outer wheels must be removea first  to get at  the  inboard 
wheels).    This problem can be alleviated somewhat by 
mounting two adjacent tires on a single wheel of greater 
width,     however,  this  leads to difficulties  in  housing 
the necessary brake  volume,  since  there are only half as 
many wheels  for mounting the braKes.    The brakes become 
excessively wide,  resulting in a large number of rotors 
and inefficient brake heat dissipation resulting  in 
additional weight penalties. 

Because nf the considerations above and because no 
eight- or twelve-wheel gears have been used in  commercial 
operations,  only  four- and  six-wheel gears wer«3  con- 
sidered  in this study. 

Gear strut weight.     The weight of the shock strut, 
braces,  and actuators was  compared to  the airplane  gross 
weight  for about 15  different transport aircraft. 
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The weight used was the total gear system weight less 
the weight of bogie beams and axles and rolling stock 
(wheels, tires, brakes).  These data showed an overall 
average for conventional tricycle (2 main gear, 1 nose 
gear) airplanes of 2 percent of the maximum takeoff 
gross weight.  In addition, the data appeared to indi- 
cate a weight penalty for configurations with more than 
two main gears.  This penalty is reflected in Figure 21, 
which shows a gear weight factor versus number of main 
landing gears. At two main gears, the factor is 1, and 
at four main gears, the factor is l.l6, or a l6 percent 
weight penalty. Thus, the weight of the shock strut, 
braces, and actuators is given by 

W = 0.02 (TOGW) (Weight Factor, Figure 21) 

where TOGW is the takeoff gross weight of the aircraft. 
The weight penalty for multiple gears is probably due 
more to duplication of actuator systems than to heavier 
shock strut total weight. 

1.5 

2 4 6 8 

NUMBER OF  MAIN  GEARS   AIRPLANE 

10 

Figure 21. Gear weight factor versus number of gears 
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e_.     G&ar support structure weight.     The main landing gear- 
support structure weight vus compared to the airplane 
gross weight for the C130,  Clhl,  C5A, and Model -h air- 
craft.    Theae data indicated a basic weight ratio of 
1 percent  for two main gear equipped airplanes, with the 
weight penalty of Figure 21 also applicable in this case 
for airplanes equipped with more than two main gears. 
In addition,  for fuselage-;uounted main gears, there  is 
approximately another  50 percent weight penalty for the 
gear support structure, relative to wing-mounted gears. 
Table 5 summarizes these effects  for multiple-gear 
aircraft. 

The data listed in Table  5 are based on configuring 
the airplane with only  two main gears mounted in  the 
wings and the remainder mounted in the fuselage.     This 
arrangement is dictated by the  size of the bogies.     In 
conventional transports,  the landing gear is mounted aft 
of the trailing edge of the wing with the bogie being 
stored in the fuselage. 

Usually blisters are added to completely store the 
gear.    A second wing gear mounted significantly outboard 
of the first gear would reduce  inboard wing downbending 
and shear loads  due to ground loading conditions  by more 
uniformly distributing the ground reaction loads  span- 
wise along the wing.     However, when this advantage  is 
compared with some of the more prevalent disauvantages 
and problems,  the beneficial effect on  r.truetura]   weight 
is lost.  These difficulties  are: 

(1) The maximum thickness  is  such that the bogie would 
not  fit in the wing. 

(2) Since the second wing-mounted fear would require 
that the wing box be cut,  additional  structure 
will be required  to provide adequate torsional 
stiffness  for  flutter. 

(3) In order to distribute the load approximaiely 
equally on all  four main gears to  compensate  for 
runway crown and wing flexibility, a means of bal- 
ancing the air pressure between the gears on  the 
same side of the airplane would be needed. 

(I)    The second wing gears would use approximately 
20 percent of the wing box volume which   Is nor- 
mally used for  fuel   storage. 

3.1.3    Functional cost relationships. 

a.    Acquisition costs.     Landing gear system acquisition 
costs relative to gear system weij-ht are estimated from 
Models -U and -6 experience and from airplane icpreclii- 
tion rates for the DC10 and BT'tT given   In Reference h, 
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The acquisition costs on this basis  art; about 
TO dollars/lb in  1973 dollars.     These costs are then 
converted to a cost per lb per  flight   ($/#/flight) by 
dividing by 30»QOO flights,  which  is determined from ^O 
years'   operation at 1^00 flights/year.     Accordingly,   the 
final acquisition cost is    l+.il  *  10-3 $/#/fiight, 
in 1985 dollars.     The inflation rates employed are dis- 
cussed in a later  section. 

Flight operation costs.     Flight operation costs  are also 
expressed in terms of $/^/flight and are composed pri- 
marily of fuel costs and crew labor costs.    A value of 
19. ^9 x 10-3,  in 1905 dollars,  based on marketing 
studies, war. uaed  for the   Landing gear optimization 
studies of the Categories  I  und 11 airplanes. 

The flighc operation cost   is  about  five times lar- 
ger than the acquisition cost,   expressed on the same 
basis; thus, the  flight operation costs dominate.     The 
total costs for acquisition und flight operation are 
23,80 x 10-' $/#/flight,   in J.9Ö5  dollars.    This  figure 
was used for both airplanes  to reflect  the cost of 
carrying landing gear system weight.    The value also 
correlates very well with the operating cost data for 
the DC10 and BT^+T  published   in Reference I, when com- 
pared in terms of 197- $/itf/fligut. 

Maintenance costs.     Referring  to  Vable  1,   it  can be seen 
that  the gear maintenance  costs  are divided into wheel 
and tire maintenance, brake maintenance, and maintenance 
on the remainder  of the gear. 

Figure 2J shows the  ' ire raainteuance cost  relation- 
ship used in the  study.   In terms  of $/whecl/landing 
(1985 dollars).     The basic   trend of  increasing  costs 
with tire load reflects  the  fact   that  increased  tire 
loads require larger tire sizes   (at constant  inflation 
pressure and percent tire  deflection)  which,   In turn, 
cost more  to recap and replace.     This  trend  is  illus- 
trated by the tire maintenance  cuftr.  for   18 different 
airplanes ranging  from 1+0,000   lb gross weight  up ic the 
BT07 at over  300,000 lb.     These  data were obtained  from 
Reference 5» which is a 1970 survey by Allegheny Air- 
lines of landing gear maintenance costs as reported by 
23 U.   S.  air carriers. 

The maintenance cost   Increase with higher tire 
pressures reflects the  fact   that  tire wear increases 
with tire pressure.    This  trend was also noted   in Fig- 
ure  3 of Reference 6,  a landing gear maintenance cost 
study performed by American Airlines.     Their study shows 
a rather drastic  falloff of tir-  life  (landings/tread) 
at  tire pressures above I'^O psi.     Lockheed studies  in 
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support of the Model -U showed similar effect, but not 
as severe as the Reference 6 data. Figure 22 was de-
rived by using the Allegheny report data as representa-
tive of the cost for 150-psi tires (the average infla-
tion pressure of the 18 airplanes making up the data 
base) and by estimating the increased cost at higher 
pressures from Lockheed data. 

The increased maintenance cost at higher tire 
inflation pressures is the major negative factor asso-
ciated with high tire pressures in the •.nathematical 
model of the gear system weight and costs. However, in 
Figure 6, it is shown that high tire pressure is de-
sirable in reducing hweel and tire weight, which in turn 
will reduce flight operation and acquisition costs. 
Therefore, the tire maintenance costs tend to reduce the 
desirability of very high pressure tiros. (Another 
negative factor resulting from the use of high tire 
pressures is the larger bogie size vuqv.ired for a given 
pavement thickness and viv.-ei load, af- seen in Figures l6 
through 19. This is especially true for rigid pavements.) 

Based on an Air 'ir:; import Association of America 
(ATA) System 32 (Landing Gear) maintenance cost analysis 
of the Model -h, performed uy Lockheed's Commercial Main-
tainability and Reliability Department, the wheel mainte-
nance costs can be included by increasing the tire mainte-
nance values given in Figure 22 by 8 percent. 

Brake maintenance costs are expressed in terms of 
dollars per ft-lb per landing ($/ft-#/landing), based on 
the airplane kinetic energy at landing weight and 
1.2 times the airplane minimum speed in the landing 
configuration. Figure 23 illustrates the value of this 
cost to be a function of the total number of brakes per 
airplane. This reflects the fact that the total brake 
maintenance costs are due to both labor and material. 
The material cost is a function of brake weigirt only, 
which results from the landing kinetic energy, and the 
labor cost is a function of the number of brakes per 
airplane, not their size. 

The data on brake maintenance costs from Refer-
ence 5 correlates well with landing kinetic energy. 
However, the corresponding Model —U cost per landing 
data is 30 percent less than the data given in Ref-
erence 5. This appears to reflect a significant im-
provement in the state-of-the-art for determining brake 
maintenance costs, which is attributed to the previously 
mentioned 1000-landing brake-life criterion (in Fig-
ure 9) used to size the brakes. Since this criterion is 
representative of future heavy aircraft design philosophy, 
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the lower maintenance costs corresponding  to that of the 
Model -1+ values were used to  derive Figure 23.    The data 
in Figure 23 correspond to $1.06  per brake landing for 
the Model  -U in 1973 dollars.     In  summary,  the ordinate 
of Figure 23 is multiplied by  the  airplane kinetic 
energy at landing weight and an approach airspeed of 
1.2 times the airplane minimum speed in  the landing con- 
figuration to obtain the brake maintenance cost in 
$/landing.    Figure 23 reflects 1985 dollars. 

The maintenance costs  for the remainder of the 
landing gear system were calculated based on an ATA 
System 32 landing gear maintenance cost breakdown for 
the Model -k.    The labor costs were assumed proportional 
to the number of gears,  and the material  costs propor- 
tional to the total gear system weight.     The resulting 
costs,  in terms of 1985 dollars,  are 

Labor Maintenance Cost =  $7.31 per gear 
per landing 

Material Maintenance Cost = $0,173 per 
1000  lb per 
landing 

d.     Inflation rates to 1985.    The  inflation rates used be- 
tween 1970 and 1985 are shown in Figure  2>-\.    These rates 
were obtained from a Lockheed corporate marketing study. 
The rates  shown result  in the overall inflation factors 
given in Table 6.    The fuel  inflation rate is used in 
the flight operating costs.     The   fuel costs are expected 
to take a 15 percent rise in 1973,  and then level  off at 
5 percent to 1985. 

3.2    Gear Optimization Results 

3.2.1    Category I  airplane.     The  previously  described gear optimi- 

zation mathematical model is applied to the  Category I  airplane at 

1+88,000-lb gross weight.     Analyses of pavement  stresses   induced by  the 

nose gear during landing rollout showed that  pavement thickness require- 

ments are less than those required for the main pear.     Increasing the 

nose gear tire pressure above 200 pr.i,  although reducing  the siae of the 

tire and wheel,  did not  result  in cost  savings.     Accordingly,  the gear 

optimization centered on  evaluation of different  main  gear eoufigurations. 

Because    configurations with more than two main  pears   result  in weight 

penalties,  the analysis  uf the Category  J   aircraft was   confined  to two 

main gear configurations.     Four and six wheels per gear wore analyzed 
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Item 

Material 

Labor 

Fuel» 

Table 6 

Inflation Factors 

Time Span Inflation Factor 

1970 - 1985 
^973 - 1985 

I.3I46 
1.268 

1970 - 1985 
1973 - 1985 

2,321 
1.951 

1973 - 1985 1.967 

*    Fuel rates prior zo 1973 are not shown because the data were not 
required. 

for all three pavement  strength levels.     In addition,   five tire pres- 

sures  (I50,  175,   200,  225,   250 i^sl) were analyzed for each configuration. 

Thus,  for each pavement  strength level,  ten landing gear configurations 

were investigated.     The results,  in terms of total landing gear system 

costs in $/flight,  are shown  in Table 7- 

Table 7 

Gear System Costs for Category I Airplane  (1985  I/Flight) 

Gear Tire Gear System Costs for 
Con- Wheel 

Load,  lb 
Pressure 

Pi  Psi 

Indicated Pavement Type* 
figuration Current Median Optimized 

U-wheel 57,95^ 150 680.36 61*6.72 6U6.72 
175 690. i+9 61*3.53 61*3.53 
200 — 61*1.55 61*1.06 
215 ~ 61*1*. 00 61*0.38 
225 — 61+7.07 61*0.67 
250 — 656.?3 61*1*. 25 

6-wheel 38,633 150 652.56 652.56 652.56 
175 61*9. ^8 61*9.1+8 61+9.1+8 
200 61*7.21 61*7.21 61*7.21 
225 652.97 61*7.18 ü!*7.l8 
250 66?.52 651.31+ 651.31+ 

Pertinent 1 ?avement Th icknpss,   in. : 

R:.g id 11.9 1.1*. 5 15.3 
Flexible 33 1*2(39) 39.6 

*    Underlined numbers  indicate lowest r-ost gear configuration for each 
pavement  strength. 
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Dashes i i Table 7  represent configurationa that cannot meet the 

pavement  strength requirements.    Some of the higher pressure four-wheei 

gears cannot meet the current pavement strength requirements.    The pave- 

ment thicknesses for the three pavement strength levels are also shown 

in Table "J.    The current and median pavement thicknesses are the same as 

in Table  3 of the previous section,  but the thicknesses  for the opti- 

mized L-ear are much less than those required  for the Category II air- 

plane shown in Table 3.     Inasmuch as both the Category  I and Category  II 

airplanes would actually operate from the same  1985 pavements, the 

median paverae:it,  in addition to the current  pavement,  would be the same. 

The large difference  in weight between the two airplanes is re- 

flected  in the variation  in pavement thicknesses  for the optimized gears 

for each of the airplanes.    Thus with the most  idealized gear configura- 

tions,  large  increases  in airplane weight will require  some increase  in 

pavement  thickness. 

Note that  the median gear flexible pavement  thickness of !*? in.   is 

the same as  in Table  3,   and is greater  than the  39-o-in.   thickness  for 

the optimized gear.     This  apparent anomaly occurs because the median gear 

is actually sized by the  rigid pavement criteria  (1^.5  in.), which for 

this gear is more critical than the flexible.     Thus,  th«   gear is good  for 

flexible pavements of less  than ^2 in.,  in  this  case,     9  in.    In other 

words, when the median gear is sized to both lU.5-in.   rigid pavement and 

k2-in.  flexible pavement,   the rigid pavement requirement dominates and 

the resulting design is  actually good  for 39-in.   flexible pavement. 

The  lowest cost gear  configurations for each pavement  strength  cri- 

teria are  underlined in Table 7«     The  four-wheel  gear  at  21'j psi   is the 

best optimized  gear,   the   four-wheel de:ign  at  200 psi   is   the best median 

gear,  and the best gear  for operation on current pavements  is the six- 

wheel design at  200 psi.     Tne cos'-s  for the  six-wheel   gears are the  same 

for all  three  pavement  strength levels  at  pressures   from  r,n) to 200 psi. 

For these gears,   the bogie  si.zo  is as  small  as wheel  clcurnnce  require- 

ments will allow;  nevertheless,  the gear  is  still good  for current   pave- 

ments.     Since  the six-wheei bogie cannot be made  rmailer to gain weight 

anil cost benefits  from thicker pavement,   the costs of  these gears are 
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independent of pavement thickiiesc for the range of pavement thicknesses 

used in the study. At higher tire pressures, this situation does not 

hold true.  In this case the bogie must be larger than minimum to sat- 

isfy pavement strength requirements, so that a benefit is available when 

designing to thicker pavements (the bogie size can be reduced). However, 

at these higher pressures the costs are higher than at 200 psi because 

tire maintenance costs override the weight savings. 

Table 7 indicates that the pavement thickness requirements for the 

optimized gear are not much greater than for the gear now installed on 

the airplane (the current pavement gear). Accordingly, for an airplane 

in the weight category of the Category I aircraft (around 500,000 lb), 

landing gears designed for current pavements are very nearly the same as 

that which can be achieved without pavement restrictions.  This finding 

does not hold for the case of the Category II airplane. 

The pertinen4" weight and cost penalty data for the Category I gears 

are shown in Table 8. All dollar figures are in 1985 dollars. The cost 

per lifetime is based on 30,000 flights, and the total fleet coat, is 

based on 6l8 airplanes. This is an estimate of the projected fleet size 

for normal- and extended-range airplanes in this weight category in- 

volving domestic U. S. departures. The worldwide fleet size is approxi- 

mately twice the above figure. 

The data required for pavement stress analysis are shown in Table 9- 

The airplane gross weight is U88,000 lb, with 95 percent of this sup- 

ported by the main gears, which are spaced U32 in. apart laterally. 

3.2.2 Category II airplane. Procedures sirilar to those employeii 

for determining the gear configurations for the Category I airplane were 

applied to the 1.5-million-lb airplane. Present-day practice for design- 

ing the nose gear for pavement flotation requirements is to configure 

the nose gear such that it will not impose greater stresses on the pave- 

ment during novmal operations than will the main gear. This design 

philosophy is Jtill valid Cor the Category 11 airplane,  r'or the Cate- 

gory II airplane, the weight penalty associated with designing the nose 

gear for current pavement strength, relative to an optimized gear, is 

about 2 percent of the weight {«.«naity for the main gears. 
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Table 9 

Gear Parameters for Pavement Stress Calculacions 

for Category I Airplane 

I               ITEM 
CURRENT-PAVEMENT 

GEAR 
MEDIAN-PAVEMENT 

GEAR 
OPTIMIZED GEAR 

GEAR CONFIGURATION 

TIRE VERTICAL LOAD 
POUNDS 

TIRE PRESSURE, PSI 

TIRE DIAMETER, INCHES 

6-WHEEL BOGIE 

38.630 

200 

44.8 

4-WHEEL BOGIE 

57,950 

200 

56.1 

4-WHEEL BOGIE 

57,950               j 

215 

53.8 

BOGIE SIZE, INCHES a 

1                               b 

1                               c 

42.3 

97.7 

56.4 

44.5 

59.9 

42.4 

57.1               | 

BOGIE CONFIGURATION 

I.   a    .1 1              1 i-   a   «.i 

■ 

1 •        • 1 
c    .1 

b 

i 

1 " •| 

i 
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The most attractive nose ijear configuration for the Catepory II 

airplane, for operating on current pavements, is four wheels on a common 

axle, as on the C5A. The wheels are 55 in. in diameter, with a load 

rating of 145,000 lb per tire, and an inflation pressure of 150 psi.  The 

outer wheels are spaced Ikk  in. apart (compared to 92 in. for the C5A), 

and the inner wheels are spaced 51 in. apart (versus 33 for the C5A). 

For the optimised nose gear, the wheels are spaced closer (total axle 

width equals about 100 in.). 

Since the weight penalty  »r designing the nose gear for current 

pavement strength is so small relativ to the penalty for the main gears, 

the gear optimization scheme involves only finding the best gear con- 

figuratiun for the main gears.  Dcven different main-gear configurations, 

each at five different tire pressures (150, 175, 200, ?50 psi), were 

investigated for each of the three pavement strength criteria shown in 

Table 3. Thus, 35 configurations were analysed for each pavement 

strength level. The gear configurations analyzed included three six- 

wheel main gears; four, five, and six four-wheel gears; und four, five, 

•i,nd six six-wheel gears.  Table 10 shows the total costs for these con- 

figurations at 150, 200, and 250 psi. 

The lowest cost gears for each criterion are shown underlined in 

Table 10. The median gear is well defined in this case because there 

is a large spread in pavement thickness requirements between the current 

pavement gear and the optimum gear.  The five and six gear, six-wheel- 

bogie wheel loads are of such a low magnitude that the bogie sizes are 

tire cl-arance limited us they are on the Category I airplane, so that 

at the lower tire pressures the costs are the same regardless of pave- 
« 

ment strength requirements. 

A comparison of the costs of the four-strut, six-wheel gears and the 

_      six-strut, four-wheel gears (both have the same total number of tires 

and, hence, the same tire vertical load) shows that the six-wheel bogie 

versions are less expensive.  This is attributed to the weight penalties 

associated with the increased number of gears required for the four-wheel 

bogie versions. 

Table 11 presents the pertinent weight and cost penalty data for 
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Table 10 

Gear 
Configuration 

Wheel 
Load, lb 

Tire 
Pressure 

Gear System Costs 
Indicated Pavement 

for 
Type* 

Current Median Optimized 

I                Three 6-wheel 79,167 150 
200 
250 

~ 
2368.11 
2371.72 
2l4l42.09 

23142.30 
2289.0I4 
2263.1? 

Four U-wheel 89,063 150 
200 
250 

— 2382.1+9 
2538.53 

2353.08 
2315.75 
230U.814 

Four 6-wheel 

[ 
59,375 150 

200 
250 

21+32.92 
2537.55 

2366.2U 
2332.17 
2366.15 

2366.2I4 
2332.17 
2325.76 

Five H-wheel 71,250 150 
200 
250 

— 
2390.88 
2I4II4.13 
24 81.88 

2390.88 
2365.32 
2366.uu 

Five 6-wheel vr,5oo 150 
200 
250 

2)410.68 
214U7.10 
2522.55 

21410.68 
2387.10 
2391.78 

21410.68 
2387.10 
2391.78 

Six li-wheel 59,375 150 
200 
250 

2550.2I4 21428.38 
2U1U.55 
2l46l.6l 

2I428.38 
2U10.16 
2I419.03 

Six 6-wheel 39, 583 150 
200 
250 

2U53.12 
?k31.9h 
2I490.0I4 

21453.12 
21435.95 
2I4I47.8O 

2I453.12 
21435.95 
2I4U7.8O 

Pertinent pavement thickness , in.: 
Rigid 11.9 II4.5 17.1 

Flexible 33 1+2 51.2 

.    underline. value5 Indicate lowest cost gear for eaC pave^nt 
strength. 
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the three beat gear configurations from Table 10.    To determine the data 

given in Table 11, 30,000 flights/lifetime and a fleet size of 67 air- 

planes were used.    This is the fleet size projected for 1985 for a Cate- 

gory II airplane to service U.  S. domestic departures.    The total world- 

wide fleet size is approximately twice this number.    Table 11 shows 

that the Category II airplane gear system costs per flight are much 

larger than the corresponding figures for the Category I airplane ($llt7 

versus $7).    However, since the fleet size of the Category II airplane 

is mucn smaller (67 versus 6l8),  the total fleet lifetime costs for the 

larger plane are only about two times the costs for the Category I 

airplane  ($296 million versus $127 million). 

The data required for pavement stress analysis are shown in Table 

12.    Ninety-five percent of the airplane gross weight of 1.5 million lb 

is distributed equally to each of the main gears.    Likewise, the gear 

loads are distributed equally to each of the six wheels by providing the 

proper initial vertical offset between the center and end axles.    With 

equal wheel loading, the six-wheel bogie pattern is such that the pave- 

ment stress under each wheel is virtually identical.    For all configura- 

tions, two gears are wing-mounted, and the remaining 1, 2, or 3 are 

fuselage-mounted.    In the case of the optimized gear,  the tire  size and 

load rating are greater than that of currently available tires.    How- 

ever, these larger capability tires would not require technical advances 

in the state-of-the-art to be feasible for a 1985 airplane. 
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Table 12 

Gear Paraaeters for Paveacnt Stress Calcvilations 

for Category II Airplane 

ITEM 
CURRENT-PAVEIICNT 

GEAR 
MEOIAN-PAVEMENT 

GEAR 
OPTIWZED GEAR 

GEAR CONFIGURATION 

TiRE VERTICAL LOAD, 
POUUDS 

TIRE PRESSURE, PSI 

TIRE DIAMETER, INCHES 

FIVES-WHEEL BOGIES 

47,500 

150 

56.2 

FOUR 6-WHEEL BOGIES 

59.375 

200 

56.9 

THREE i-mil BOGIES 

79.167 

250 

58.4 

BOGIE SIZE, INCHES a 

b 

c 

52.2 

120.5 

69.6 

52.8 

121.8 

70.3 

LI 

54.1 

124.S 

72.1 

GEftR 
LOCATIONS, 
INCHES 

2U 

i 

100 

17? 

— • 

16)3 

FUSELAGE 

2U 

I 1 

i 

i 171 

!    -U 

613 

FUSELAGE 

t 
J7T 

J » 

. UiL_ 

FuiELAOF 

t».-i 



k    1985 MAJOR HUB AIRPORTS 

For the purpose of this study, a major hub airport was considered 

to be the same as a large hub airport as defined by the FAA in Refer- 

ence 7. According to this definition, a major hub airport is one that 

enplanes more than one percent of the domestic enplaned passengers. 

Reference 7 lists the present major hub airports and those planned 

to be operational by fiscal year 1983. Air carrier operations from 

these airports are projected for fiscal years 1975, 1978, and 1983. 

Actual data for fiscal year 1971 are also given. The data from Refer- 

ence 7 have been extrapolated graphically to obtain calendar year 1985 

operations. These are presented in Table 13. 

The airports shown in Table 13 do not include all the major hub 

airports listed in Reference 7. Some of the airports listed will be 

phased out for scheduled airline traffic by 1985» such as Love and 

Greater Southwest in Dallas and Kansas City Municipal. Other fields, 

such as Chicago's Midway and Los Angeles' Hollywood-Burbank, were ruled 

out as being too small to handle the 1985 projected 1.5-niillion-lb air- 

plane with which this research effort is concerned: Table 13 lists 

projected 19Ö5 departures for each of the major hub airports. A compi- 

lation of the pavement construction data for the hub airports is given 

in Appendix A. The last, column in Table 13 indicates whether or not the 

aubj'id airport officials responded to requests as to the validity of 

T'.;-3 : itvewent uatu prestnted. 
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5    AIRCRAFT COSTS 

5.1 General Discussion 

The airplane costs associated with carrying excess landing gear 

weight arise from four sources: 

au    Acquisition cost. 

b.    Maintenance cost. 

c_.    Flight operation cost. 

d.     Lost  revenue  cost. 

The  first three  of these were discussed in Section 3,  Landing Gear 

Optimization.     The total cost  penalties  for the  first  three of the above 

costs were shown in Tables 8 and 11 for the Category  I and II airplanes, 

respectively.     These cost penalties were  shown  for  airplane  landing gear 

configurations designed for both current and median pavements, relative 

to an optimized gear.     This section deals with the  determination of the 

lost revenue cost and with the total of the above  four costs. 

5.2 Lost Revenue Cost Analytical Modej. 

The lost revenue cost due to carryine excess landing gear weight 

results from the fact that there is  a fixed stx-uctural limit on the 

total loaded weight of the airplane;  therefore,  every excess pound asso- 

ciated with the landing gear design represents the potential loss of 

1 lb of revenue payload.    The key word in the  above  statement is  "poten- 

tial";  since not all  flights  are performed with a   full payload,  the  lost 

revenue must be determined statistically. 

The analysis was  performed for the' traffic  operating out of the  26 

U.  S.  domestic major  nub airports for  1965 shown  in Table  13.    Enplaned 

passengers and cargo  tonnage  from cadi of the  bub airports were pro- 

jected for the year  1935.    Assuming 200 lb per passenger  (including bag- 

gage),  the total pounds departing from each hub airport  it:  1985 were 

determined in Table lh.    The total pounds departing fro'   each hub air- 

port xi* 1985 were then broken down  into departures  traveling less than 

and greater than 1000 statute miles.     Based on  the  current distribution 

of flight  lengths   for U.   S.   domestic   traffic,   as   shown  in  the Official 
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.Virliuc Guide, uÖ.U percent of the total aeparting pounds involve 

f.igu.w ui" less tiiari IdOO miles. 

I    was assigned that the projected Category II airplanes will not 

uperav   over routes of less than 1000 miles and that any short-range 

usuje iless than 1000 miles) of the Category I airplane will not involve 

a significant revenue loss from lost payload.    Accox-dingly, the lost 

revenue analysis considered only ranges greater than 1000 statute miles. 

TEXüI-- 1') shows the weekly departing pounds from each major hub airport 

ana the aepartiiig weights involving ranges over and under 1000 statute 

miles.    Tne two right-hand columns in Table 15 show the departing pounds 

that are projected to be carried by the Category I and II airplane,  and 

by other airplanes,  sucn as the BT07, DC8, ana BT2T,  that may be oper- 

uting ir; 1985. 

For each hub airport, the departing poundage was distributed over 

iiffereut flight distance blocks, from 1000 to 65OO miles in 500-mile 

Increments.    This distribution was based on Lockheed's commercial mar- 

keting analyses of current airline route structures, as shown in the 

Official Airline Guide.     Once the departing weight from each major hub 

airport. Table 15, was distributed to the distance blocks,  it was then 

further distributed to the Category I and the Category II airplanes,  in 

normal- and extended-range versions.    The normal-range versions of both 

ai.-planes operate up to 2000 miles; the extended-range version of the 

Category I airplane operates from 2000 to 1*500 miles; and the extended- 

range version of the Category II airplane operates from 2000 to 65OO 

alles.    Tne aeparting weight distribution between the two program air- 

1-L-nes (5U percent Category I, ko percent Category II airplane) reflects 

tne anticipated fleet sizes and relative payload capabilities of Cate- 

r'ory  I and Category II airplanes. 

Tne  following inputs are required to calculate expected lost reve- 

nue by aistance-block: 

a. Operating empty weights  (0EW)  by aircraft type, which reflect 
tne landing gear configurations designed to three pavement 
strengtn levels. 

b. Maximum allowable TOGW by airplane type by airport.     (Function 
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Table 15 

1965 Bepartinf; Pounds.  Propram Airplanes 

Average Weekly Demand 103 lb 

Airport 
Total 

Departure 

193.962 

Under 
1.000 EM 

132,670 

Over 
1.000 SM     . 

61,292 

Flights 

In 
Other 

Airplanes 

12,258 

Over 1,000 SM 
In Cate- 
gories I 

and II 
Airplanes 

Chicago  (O'Hare) 1*9,031» 

Atlanta 15U,».23 105,625 1*8,798 9.760 39,036 

Los Angeles 
(International) 123.096 8U,198 38,898 7,780 31.118 

Dallas/Ft. Worth 
Regional 93,596 61», 019 29,577 5,915 23,662 

San Francisco 102,651* 70,215 32,1*39 6,1*88 25,951 

Miami 115.135 78,752 36,383 7.277 29,106 

New York (JFK) 1U2,308 97,339 l»l»,969 8,99»» 35,975 

New York 
(La Guardia) 7«»,l48l 51,629 23,852 »»,770 19,082 

Newark 73,558 50,311» 23,21*1» »*,6l*9 18.595 

Denver 65.365 Id».710 20,655 »»,131 16.521* 

Boston 65.3U6 '»»».697 20,61»9    . »».130 16.519 

Philadelphia «»7,135 32.21*0 1M95 2.979 11.916 

St.  Louis »♦5.635 31,211» ll*,l*21 2,881* 11.537 

Honolulu 75.000 51,300 23,700 h,7k0 18,960 

Detroit 1^8,692 33.305 15.387 3,077 12.310 

Seaitle/Tacoma 146,712 31,951 U.761 2,952 11,809 

Pittsburgh 33,077 22,625 10.1*52 2,090 8,362 

Houston 35,692 2!»,1»13 11.279 2,256 9,023 

Minneapolis/ 
St,.   Paul »«0.365 27,610 12.755 2,551 10,201* 

New Orlcann 30,365 20,770 9,595 1,919 7,676 

La;, Vegas 33,392 22,703 10,1*89 2,098 8,391 

Kansas City, 
(inLcrnatiorv.l) ?k,h23 16,705 7,718 1,51*1» 6,17U 

Lai ;.iivjre 21,m 18,731 8,651* 1,731 6,923 

Cleveland 29,038 19,862 9.176 1.835 7,31*1 

Wasl.inGton 
(Lullcs) ^3,6J5 16,153 7. »»62 1.1»92 5.970 

Fort Lauierdulo ll.,:-'-'5 7,787 

1,201,51*3 

3.598 720 2,878 

Total 1,756,635 555,098 111,020 li 1*1». 078 
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of runway length and elevation and airplane performance. 

c_. Capacity by airplane type. 

d. Average weekly demand of cargo/passenger pounds departing by 
di stance-block. 

£. Average combined passenger/cargo yields by distance-block. 

f_.    Load factors. 

£. Standard deviation from the mean weekly payload. 

The load factors and OEW's are constant in the model, while the 

othe»* factors vary with airport distance-block and airplane type con- 

sidered. The model used in calculating expected lost revenue requires 

the inputs of TOGW at each airport, distance-block average weekly demand, 

and distance-block yield.  To calculate flight frequency for each 

distance-block, aircraft capacity is taken at SO percent load factor and 

divided into average weekly demand.  The resultant figure is rounded off 

to the nearest whole number above or below 0.5.  This frequency number 

is then divided back into the average weekly demand to give the mean X 

of average weekly payload.  A normal distribution of expected pounds to 

arrive on the dock for any one flight is calculated with a standard 

deviation of 0.6 times the mean X of average weekly rayload. This 

relationship between the standard deviation and the mean is based on 

Lockheed's coirariercial marketing analysis of airline-furnished data on 

flight load factor variation over a two-year period, covering 297 city 

pairs; the normal distribution is considered an adequate assumption for 

such a large sample.  The maximum payload that can be carried per flight 

X is determined by payload/range curves for the Category I and the 

Category II airplanes, as well as airplane performance limitations at 

each hub airport. 

The analysis can be readily understood by referring to Figure 25. 

The horizontal bar represents airplane weight.  The total weight 

for each flight is made up of the operating weight empty, the fuel. 

weig.^', and the payload weight.  The maximum allowable payload X for 

a given distance-block and departure hub airport, ir determined from the 

payload/range curve, at the average range for the dintance-block being 
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OPERATING 

■ STATISTICAL DISTRIBUTION OF 
PAYLOAD WEIGHT DfMANO 

X  - PAYLOAD AT MAXIMUM ALLOWABLE 
GROSS WEIGHT 

X = MEAN VALUE OF STATISTICAL DISTRI- 
BUTION OF PAYLOAD WEIGHT DEMAND 

MAXIMUM ALLOWABLE CROSS 
WEIGHT ( <MAX TOCW FUNCTION 
OF RUNWAY LENGTH AND 
ELEVATION) 

MAX rOCW (AIRPLANE 
STRUCTURAL LIMTl 

LOST PAYLOAD WEIGHT 

Figure 25.    Determination of lost payload 

analyzed, as well as airplane performance limitations (if any) due to 

runway length and altitude at the departure hub airport. 

Once the average weekly payload    X   has been determined a3 pre- 

viously discussed, the statistical distribution of payloaa weignt con 

be determined by assuming a normal curve with a standard distribution 

equal to 0.6 times the mean    X  .    The crosshatched area under the normal 

curve shown in the above sketch represents the lost payload for tht 

distance-block analyzed in any one week. 

This result is then multiplied by the distance-block yield on 

ührgo/passenger pounds to obtain the expected dollar value of weight 

loss in any one week.    The weighted average yield for combined cargo/ 

passenger pounds is obtained for each distance-block by the following 

eviuations: 

(Total revenue, $) =  (Passenger miles)  *  (Yield/passenc^r mile) 
+ (Cargo ton mile)  *  (Yield/ton mile; 

(Total weight, lb) =  (Passenger miles * 200 lb/passenger)  +  (Cargo 
ton mile * 2000 lb/ten)  *  (Flight -iistance) 

(Average yield ($/ib)) =   (Total revenue;   :   (Total weignt) 

The weekly expected revenue loss is then multiplied by  C
J2  to ar- 

rive at ^r. annual expected lost revenue by aircraft type by 
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distance-block under varying landing gear/OEW assumptions.    This lost 

rsvenue is then summed over all the distance-blocks analysed for the 

2D major hub airports to determine the total annual lost revenue from 

operations out of the major domestic hub airports. 

The factors that influence the lost payload are the factors that 

determine the relative location of    X    and    X    in Figure 25.    The lost 

payload  (crosshatched area in Figure 25) varies inversely with the 

distance separating    X    and    X  . 

The lost payload is reduced by the following: 

au     Lower operating empty weight. 

b.     Irproved fuel economy  (lowers fuel weight  for given range- 
payload). 

c_.     Improved takeoff performance   (raises    X    on perforii.ance 
limited airfields). 

cL     Extended range-payloud curve   (raises    X    for given range). 

Of the above factors, this study is concerned only with Lhe  first. 

Landing gear configurations designed to different pavement strength 

criteria result in different operating empty weights, which affect ehe 

lost revenue. 

5.3    Lost Revenue Co3t Results 

The  lost revenue analytical model was  applied LO the Category  I 

and the  Category II airplanes,  operating out of the 26 major hub  air- 

ports  shown in Table  15.     Two versions of each airplane were analysed: 

normal-range and extended-range  versions.     The range/payload curves   for 

these airplanes are  shown in Figures  26 and 27.    Both the normal-  and 

extended-range versions of the Category I airplanr  weigh i*88,000   Lb,  trnd 

both versions oi' the Category 1.1  airplane weigh 1.5 million lb.     'The 

landing gear coniiguraiion:   chosen  in  the previous  section  for each 

airplane  are the same for both the normal-  and extended-range versions. 

Table 16  summarizes the 1905 number of departures  and total  departing 

weight projected for each major hub  airport.    Also  shown  i:?  n,^ per- 

centage  of tnese departures accounted  for by the normal- aim exteiuied- 

range  versions of both the Category   I  and the Category II  airplanes. 



:-;,;;C>,i:'^-V"-:;- ■..-.;'   --v;   - ,-.   .,.,•■ ; .v ...,■ .      ... 

120 

RANGE     103 NAUTICAL MILES 
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Table J6 

1985 Major Hub Airport Departurps and Departing Weicht 

Departing 
Weight 

-109 lb 

10.086 

Departures 

-103 

Pe reentaße of Departures 
Category I 

. Airplene 
Category II 
Airplane 

Airpor* 
Norma] 
Range 

15.83 

Extended 
Range 

3.333 

Normal 
Range 

0.721 

Extended 
Range 

Chicago (O'Hare) UOU 1.017 

Atlanta 8.030 3U6 lU.73 3.096 O.676 0.962 

Los Angeles (International) 6.1*01 21*2 16.76 3.502 0.752 1.117 

Dallas/It. Worth Reßional 14.867 235 13.165 2.71*1» 0.597 0.863 

San Francisco 5.338 222 15.225 3.186 0.703 0.98U 

Miami 5.987 203 18.7 3.919 0.8U5 1.153 

New York (JFK) 7.1»00 198 23.77 1».990 1.077 1.51*9 

New York (La Guardia) 3.925 177 12.175 2.705 0.578 1.021* 

Newark 3.825 175 13.965 2.882 0.621* 0.981 

Denver 3.399 161 13.1*05 2.81*2 0.6ll* 1.066 

Boston 3.398 11*6 lU.70 3.099 0.677 0.962 

Philadelphia 2.1*51 11*0 11.11*5 2.377 0.52 0.730 

St. Louis 2-373 132 11.225 2.361* 0.512 0.768 

Honolulu 3.900 121 0 10.185 0 2.536 

Detroit 2.532 120 13.liß5 2.817 0.607 0.910 

Seattle/Tacorja 2.1»29 110 13.-9!*5 2.789 0.615 1.01*0 

Pittsburgh 1.720 105 10.1* 2.179 0.1*95 0.7l»3 

Houston 1.656 102 11.1*7 2.1*1*7 0.510 0.8l6 

Minueapolis/nt. Paul 2.099 97 13.67 2.895 0.590 1.072 

Hew Orleans 1.579 91* 10.51 2.213 0.1*98 0.771* 

Lac VoRar. 1.726 91* 11.615 2.1*3,> 0.553 0.830 

KariE.V;. City (International) 1.270 91 d.57 1.829 0.1*00 0.71*3 

Baltimore 1.1*21* 68 10.31* 2.127 0.1*73 0.827 

Cleveiaud 1.510 78 12.333 2.600 0.533 0.933 

Vushinplon (Dulles) 1.228 65 1^.00 2.1*00 O.56O 0.960 

Fort Laudordale 0.592 37 9.^1* • 2.108 0.1*22 1.265 

rr-otai 91 o1* 5 3663 IU.3^5      3.329 0.653      1.073 
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These figures are based on the flight frequencies for the four different 

airplane models as predicted by the lost, revenue analytical model.     Tue 

flights for the normal range Category I airplane have been increased 

above the analytical model results to reflect  ilights of less than 

1000 miles.    This alteration is required because the departures in 

Table l6 will be used to determine pavement coverages at each hub air- 

port for each airplane type.    While the lost revenue analytical model 

ignores flights of less than 1000 miles because it is assumed that any 

revenue loss at this range  is negligible,  from a pavement-damage 

viewpoint, the numerous short flights by the Category I airplane, 

normul-range version, cannot be ignored. 

While the percentages of departures in Table lb appear rather low, 

totaling about 19.^ percent  for the  four airplane models, these air- 

planes have an average payload of around 75,000 lb based on the total 

annual  flights and total annual departing pounds for these planes.     The 

average payload for the total departures shown in Table 16 is 

91. 3i45-E9/i.üC jEo or 23,600 lb.     Therefore,  the heavy-weight airplanes  in 

this  stucl^  nave an average payload equal to 75»'+00/^3,600 or 3.19  times 

trie tütax 19Ö5 fleet average payload.     Thus,  the 19 percent of total 

departures  fur these planes represents  about 62 percent of total  depart- 

ing weight.     Furthermore,  since the distribution of airline revenue with 

ilignt distance is weighted more heavily toward the longer flights  that, 

is  the distribution of departing weight   (it  costs more to fly farther), 

the 62 percent  of total departing weight  represents over 90 percent  of 

airline revenue. 

The 19^5  annual expected lost  revenue  from each hub airport ,   for 

tiie current  pavement and median pavement gear configurations relative  to 

the optimised ^ear co;.figuration,  are  shown  lor the' extended-range 

version of both airplanes,  in Tables   L7 ana 18.     The normal-range  air- 

planes,  which only operate up to 2000 miles,  do not, suffer any sig- 

r.lficant  revenue lous from lost payload.     The  revenue loss for the 

Category 11 airplane is far greater than that   for the Category I air- 

plane,   oecause  tne weight penalties  are much greater  for this airplane, 

as  shown in Tables C and 11  (8787 versus   ibh  lb  for  the current  pavement 
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Table 17 

Annual Lost Revenue from Major Hub Airports 

Extended-Range Category I Aircraft 

Current Pavement Median Pavement 
Airport Dollars/Year 

139,32U 

Dollars/Year 

Chicago (O'Hare) 8l,U71 

Atlanta 112,166 65,59»» 

Los Angeles (International) 125,370 73,320 

Dallas/Ft. Worth Regional 78,U98 1*5,912 

San Francisco 91,570 53,551 

Miami 108,li58 63.U36 

New York (JFK) 131,616 76,969 

New York (La Guardia) 29M51 172,UU9 

Newark 13M91 78,968 

Denver 1U5.U72 85,182 

Boston 52,767 30,867 

Philadelphia 35,619 20,823 

St. Louis 1*2,896 25,099 

Honolulu 67,158 39,282 

Detroit 39,066 22,836 

Seattle/Tacoma 38,553 22,536 

Pittsburgh 27,695 16,202 

Houston 31,150 18,230 

Minneapolis/St. Paul 36,626 21,1*19 

New Orleans 23,039 13,1*71* 

Las \/egas 31,778 18,593 

Kansas City (International) 2U,2i47 lit, 196 

Baltimore 21,319 12,1+63 

Cleveland 27,587 16,130 

V ....'M'.^Lon (iJuiles) 22,172 12,977 

Fort Lauderdale 17,788 10,1*22 

Total 1,901,276 1,112,1*01 
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Table 18 

Annual Lost Revenue from Major Hub Airports 

Extended-Range Category II Aircraft 

Airport 

Chicago (O'Hare) 

Atlanta 

Los Angeles (international) 

Dallas/Ft. Worth Regional 

San Francisco 

Miami 

New YorK (JFK) 

New York (La Guardia) 

Newark 

Denver 

Boston 

Philadelphia 

St. Louis 

Honolulu 

Detroit 

Seattle/Tacoma 

Pittsburgh 

Houston 

Minneapolis/St. Paul 

New Orleans 

Las Vegas 

Kansas City (International) 

Baltimore 

Cleveland 

Washington (Dulles) 

Fort La.-i-: rdale 

Current Pavement 
Dollars/Year 

5,955,958 

U,719,668 
1+,573,753 

2,861,967 

3,2)45,655 

ht3Qh,lh3 

U »903,921+ 

6,Ul0,712 

3,2U3,256 

2,982,823 

2,02i+,12li 

1,032,096 

1,256,918 

2,162,275 

1,251,611 

1,037,821 

885,385 

8142,286 

1,U22,629 

681,2C1 

397,852 

337,327 

5143,190 

769,350 

'-26,013 

101,9)43 

Median Pavement 
Dollars/Year 

3,115,072 

2,1466,657 

2,391,^95 

1,1489,8014 

1,693,190 

2,290,566 

2,51+9,059 

3,278,8514 

1,683.129 

1,521,113 

1,055,206 

528,1+80 

6I48.7I43 

1,121,065 

61*3,373 

531,718 

'+60,163 

h3h,hU^ 

73l+,638 

351,659 

1+66,795 

l69,7!+6 

277,600 

396,9)''4 

216,627 

50,6ll 

Total 58,955,030 30,566,752 
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gear relative to the optimized gear). 

Table 19 presents both the 1985 annual lost revenue costs and the 

annual acquisition, operating, and maintenance costs for the normal- and 

extended-range versions of the Category I and the Category II airplanes. 

The acquisition, operating, and maintenance costs are "based or the costs 

per flight shown in Tables 8 and 11 of Section 3, Landing Gear Optimiza-

tion. A flight frequency of 1200 flights/year was used for the normal-

range airplanes, and 900 flights/year for the extended-range airplanes. 

These figures were based on historical flight frequency data. The fleet 

sizes used were as follows: 

Category I Airplane Normal Range U75 
Extended Range 1^3 

Category II Airplane Normal Range 21 
Extended Range U6 

These fleet sizes represent the number of airplanes to satisfy do-

mestic U. S. departures. Worldwide fleet sizes would be approximately 

twice the above figures. 

The bottom line of Table 19 is the total annual cost in 1985 for 

the two airplanes analyzed, which together in normal- and extended-range 

versions account for over 90 percent of the total airline domestic U. S. 

revenue. These are the total airplane costs resulting from designing 

the iandmg gears to current and median pavement strength levels; all 

costs are relative to zero cost for an optimized landing gear system 

for each airplane. It can be seen from Table 19 that about 80 percent 

of the total costs are due to lost revenue on the extended-range version 

of the Category II 'iirplane. 

To help place the total cost ficures in Table 19 in perspective, 

the total domestic airline revenue estimated for 1985 by the Air Trans-

port Association of America (ATA) in Reference 8 is $38 billion. There-

fore, the $Y5 million lost revenue at the majob hub : irports in Table 19 

represents about 0.2 percent of the total domestic airline revenue for 

1985. The costs in Table 19 are am;ual costs in 1985 dollars; over a 
25-year time span, the total costs tor the current pavement gear rela-

tive to the optimized gear would be 1.88 billion dollars, in constant, 

I.985 dollars. 
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Table 19 

Total Annual Airplane Fleet Cost Penalties Relative to 

Pavement Designed for Optimal Gear Designs 

11281. Dollars) 
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Acq., Oper., Maint Costs 

Lost Revenue Costs* 

Total Costs 

Acq., Oper., Maint Costs 

Lost Revenue Costs 

Total Costs 

Total Costs, Category I 
Airplane 

Acq., Oper., Maint Costs 

Lost Revenue Costs* 

Toual Costs 

Acq., Oper., Maint Costs 

Lost Revenue Costs 

Total Costs 

Total Costs, Category II 
Airplane 

Current Pavement Median Pavement, 

$ 3,893,100 $ 666,900 

Total Cost, Both 
Airplanes 

3,893,100 

879,021 

1,901,276 

2,780,297 

6,673,397 

3,716,7^8 

3,73.6,7̂ 8 

6,106,086 

58,955,030 

65,061,116 

68,777,86*; 

$75,^1 ,?6.1 

666,900 

150,579 

1,112,U01 

1,262,980 

1,929,880 

1,738,296 

1,738, '96 

2,855,772 

30,56o,752 

33,^22,524 

35,160,820 

$3<,090,700 

* No significant payload loss for normal-range airplanes. 
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6 PAVEMENT UNIT PRICE ANALYSIS 

6.1 Introduction 

In developing pavement price, a distinction must be made between 

cost and price. Pavement cost _s uefined as the amount of monies that a 

contractor must spend for labor, materials, equipment, subcontracts, and 

overhead to construct a pavement structure. Pavement price is the total 

amount of monies that an agency, or tne public, must spend to have a 

pavement structure constructed. Pavement price includes pavement cost, 

general contractor overhead, and contractor profit. 

In calculating unit prices for a study such as this, which encom-

passes the country as a whole, an extremely large number of variables are 

apparent. For each major hub airport, there are spatial and temporal 

variables. Spatial variables include location of material sources, con-

tractors, and labor contracts. Temporal variables include inflation 

rates, material availability, labor contract periods, and business 

climates. Statistical validity, within an acceptable range, can be 

attached to the spaoial variables since it can be assumed that future 

construction distances will correlate fairiy well to previous construc-

tion distances. Certain of the temporal variables can be attacked sta-

tistically. Inflation rates nave been projected; these may or may not 

be accurate. Material availability and labor contract periods can be 

assumed to remain as they have in the past. The business climate at a 

particular award date is extremely difficult to predict. This factor 

affects greatly the markup that the contractor attaches to his cost. In 

the author's opinion, this factor is the most sensitive and difficult 

variable to predict in calculating pavement unit prices. 

Prior to presenting the unit prices used in this study, the vari-

ability of price due to a change in business climate deserves discussion. 

The amount that a contractor bids xor a particular job includes a markup 

over his estimated cost. From tne contractor's point—of—view, the study 

of the amount of money that he snould mark up his estimated cost in order 

to maximize his expected ability is commonly referred to as the "Compet-

itive Bidding Problem." In oraer to establish a strategy for bidding, 
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a contractor must select  (either implicitly or explicitly) his utility 

function.    This fur.ction is extremely sensitive to his own business situ- 

ation and has been shown to depend upon tho volume of work which he 

presently has on hand (Reference 9). 
A representation of a contractor's volume as a function of time is 

given by hia volume-time function as ?hown in Figure 28.    The ordlnate of 
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this function is    V  , the volume of work that the contractor has on hand 

in dollars.    The abscissa represents time    T .    There are two usually 

distinct values of   V    on each volmae-time function.    Tie first    V      is 

the volume of work below which a contractor does not like to operate. 

I When his volume is below    V    , this implies that a large portion of his 

cash flow must go to pay his fixed cost thereby making his overhead- 

volume ratio higher than satisfactory.    When a contractor's volume 
f 

* reaches his upper volume    V      (the volume which is generally set explic- u I 
itly by his bonding capacity, tvtaff or equipment capability, or other 

constraints), his objective in a particular bidding situation is dif- 

ferent than when his volume is at   V    .    A contractor operating at or 
Li 

near his maximum volume    V     is in an extremely good business situation. 

Simply, he does not desire any more work.     If he does bid a Job while 

his volume is high, he will mark up his estimated cos* to account for the 

additional risk involved and, quite often, hope to be awarded the Job at 

ein extremely high contribution level. 

Basically,  if the entire local construction industry has a lot of 

work on hcnd  (i.e., most contractors operating near    V    ), the sponsor 

of a project can expect to pay an extremely high price for construction. 

If, on the other hand,  a large portion of the industry is operating near 

VT   , the sponsor can expect to pay a lower unit price for construction, 
u 

since the objective of aost contractors will be to bid low in order to be 

awarded the contract and thereby obtain some contribution to maintain 

their cash flow. 

Ideally,   the construction market will be, at the time of each 

award,  in an equilibrium situation.    An equilibrium situation implies 

thut most contractors are operating in a volume range between    V      and 

VT   .    Tniii beira; the caoe, each contractor's objective, either implicitly 
u 

>r explicitly,  is to maximize hir; expected profit, thus permitting true 

conotitlon.     In thic  situation, the sponsor gets a reasonable bid for 

his construction and the contractor gets his fair profit. 

The purpose of these introductory paragraphs  is to explain to the 

reader one  reason  Tor  the high variability in bid prices relative to 

Liiae in" one  location.     Additionally,  there  is; an extreme variation in 
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bid prices among locations.     Thus the approach used in this treatise has 

been to develop unit prices based on historical data statistically and 

show the sensitivity of the total pavement cost to these unit prices. 

Hopefully, an upper and a lower bound have been developed that will 

permit future rational decisions. 

6.2   Relationship of Pavement Cost to Total Cost of Pavements 

When one constructs a new pavement or strengthens an old pavement, 

the actual price of the pavement is only a part of the total price.    In 

an attempt to predict  the total cost of upgrading a pavement structure, 

a total of Ik bid tabulations published during 1971 and 1972 for airport 

pavements in Engineering News-Record have been analyzed.     These bid 

tabulations have been arbitrarily subdivided into iseven categories for 

analysis.    These seven categories are shown as colamn headings in 

Table 20. 

The elements of the matrix shown in Table T.'O are the percentages 

of the total price of each category.    The means    x    and standard devia- 

tions    o    of each category as a percentage or' total cost  are: 

Category  x o 

11.08 
9.81 
5.70 
2.27 
h.k'J 
0.65 
'(,92 

Although some  rather large variances occur  in the categories other 

than pavement, this is  inconsequential.     The  average price of pavement 

as a percentage of the  total   contract price  is  72.79 percent with a 

coefficient  of variation of ih percent.     These  l'i contracts grouped both 

flexible and rigid pavements  together.    An analysis of variance (ADV) 

was performed to  test  the significance between the percentage of total 

contract" price of flexible and rigid pavements.     There were 7 contracts 

each for rigid and flexible  pavements  in the  sample of  1^4  airfield pave- 

ment contracts.     The percentages of pavemen"  price to total contract 

84 

Excavation 13.10 
Pavement 72.79 
Subsurface Structures 7.13 
Wiring 1.1k 
Lighting 2.21 
Painting 0.37 
Miscellaneous 2,66 
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price for each of the two pavement types are: 

Pavement Type x 

Rigid 
Flexible 

77.51 
68.06 

8.03 
9.60 

Based on a standard one-way analysis of variance and a 95 percent 

level of significance, one can reject the hypothesis that there is no 

significant difference between the percentage of total contract price of 

rigid and flexible pavement construction. The AOV is shown in Table 21. 

Table 21 

One-Way Analysis of Variance* 

Source DF SS MS F»» 

Total 13 

Treatments 1 

Error 12 

1252.1*171 

313.031^ 

939.3857 

313.031^ 

78.2821 

3.9938 

*    Analysis of variance based on the hypothesis that there 
is no difference between the percentage of pavement cost 
to total project cost for rigid versus flexible pave- 
ment structures. 

**    Probability of    F    less than 3.9988 = 0.9313. 

Therefore for the purpose of this report, the percentages of pavement 

price to total contract price will be as shown above. 

6.3    Pavement Unit Price Model 

Although there are nuraerous methods that might be used to develop 

unit prices, this report considers them only statistically.    A primary 

assumption of this section is that pavement price per GY is hyper- 

bolically related to pavement thickness w'thin a reasonable range. 

This  assumption is necessary  since  the only feasible method for con- 

ducting a nationwide price analysis  for airport construction is to 

collect the individual bid tabulations for each project and the asso- 

ciated cross-sectional design from the FAA Form 51001.     The bid tabu- 

lations list the unit (SY) price, whereas the FAA Form 5100-1 records 
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the depth of each pavement layer. Therefore, for each airport, the price 

per SYIN for each pavement layer C  is given by 

C = ^ (2) 
u  h 

where 

C SY = price per SY for the pavement layer 

h = thickness of the layer in inches 

A linear regression analysis was performed on a national basis to 

test a linearity assumption; the resulting functional relationship is 

shown in Figure 29-    A relatively poor correlation coefficient of -0.60 

was found nationwide.     Using the homoscedastic assumption inherent in a 

linear regression analysis, one might assume that a coefficient of vari- 

ation of 0.36 holds for the derived functional relationship.    However, 

it is reasonable to assume that the variance would shrink when performed 

on a local level and the calculated correlation coefficient can be con- 

sidered an upper bound. 

An alternate equation using a least-squares fit to a hyperbolic 

function was also performed.    The resulting dashed curve in Figure 29 is 
-■ 

intuitively more pleasing than the linear functional.     However, any 

statistical iesoription such as the correlation coefficient is meaning- 

Less as a goodnesj-of-fit  indicator since most assumptions regarding 
I 

statistical inference wxch respect to a regressed function are violated 
v by the nonlinearity of the function considered. 

In those caces where asphaltic concrete prices were expressed in 

Cvj^t T^v ton,  the price per SYIN was developed from the equation: 

C    = GPT • —-'-  -rz     •  130 Ib/cf •  9 sf/SY  •   , 0   . "^   ,„. (3) u 2000 lb/ton 12 in./ft 

vhere CP'l' is  the prio-a per ton. 

This '/plicitiy aü^jaed er. asphaltic concrete density of 150 Ib/cf.    In 

those c^;-;:v' where  ;.i ■-■ prico  DI' aggregate and asphalt  cement were given 
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Figure 29. Pavement prices per SYIN as a function of pavement 
thickness (national statistics for rigid pavement) 
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sepaa^ately, an asphalt content of 5 percent was absumed.    The rate of 

applicatici; of asphalt prime coats was assumed to be '..3 gal/^y and tack 

coats at 0.1 gal/SY.    The density of crushed stone was assumed to be 

100 and the   C     for crushed stone developed from Equation 2 losing the 

assumed density.    A list of national statistics is given in Table 22. 

Table 22 

Statistical Values Nationwide for Pavement Products 

Pavement Product 

Portland Cement Concrete  (P50l) 

Bituminous Surface Course (PUOl) 

Crushed Aggregate Base (P209) 

Bituminous Base (P201) 

Prime Coat (P602) 

Tack Coat  (P603) 

Number 
of 

Cost Observa- Mean Standard 
Units tions Price Deviation 

$/SYIN U6 0.9h 0.3U 

$/SYIN 21 0.5U O.lU 

$/SYIN 8 0.19 0.03 

$/SYIN 13 0.59 0.22 

$/SY 9 0.07 0.02 

$/SY 23 0.03 0.02 

The prices per SYIN used for each of the projected 1985 major hub 

airports were derived in order of priority according to the following 

sources:     (a) project bid data at that particular airport if two or more 

tabulations were available  (this requirement is for some statistical 

credibility);  (b) regional averaged bid data for those regions supplying 

adequate data; and (c) nationwide averages as given in Table 22.    The 

price per SYIN in 1972 dollars used for each projected major hub airport 

is given in Table 23. 
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7    PAVEMENT THICKNESS REQUIREMENTS 

7.1    Computatiocal Proceuures 

Realistic rigid and flexible pavement thicknesses that will be 

required to suppcrc operations of the Category I and the Category II air- 

craft on the airports listed in Table 13 we ^ determined for input to 

calculations of pavement costs.    It was assumed that all of the airports 

except Dallas-Fort Worth Regional Airport may need to build new pavements 

for tne 1.5-million-lb Category II aircraft and that overlays woul I be 

required on other pavement areas; therefore, thicknesses were calculated 

both for new construction and for overlay of selected pavement areas.* 

Dallas-Fort Worth Regional Airport is designed for operation of the 

Category II aircraft and consequently is omitted from further tables. 

The following parameters were used for calculating pavement 

thicknesses. 

CBR.    The California Bearing Ratio (CBR) is a measure of soil 

strength.    For each airport, CBR values for the subgrade were determined 

by correlating the soil group with the subgrade class  (F) using Table 2 

in FAA Advisory Circular AC-150-5320-6A (Reference 10) and then convert- 

ing the F-class to CBR using Figure 20 from the same reference.    The 

CBR values are tabulated in Appendix B. 

Modulus of subgrade reaction k.     The moduli of subgrade reaction 

used in this report represent the strength of the foundation upon which 

a rigid pavement will be placed.    When a k-value was not a matter of 

record,  the CBR value described above was used with Figure 30 to deter- 

mine a k-value tor the subgrade based upon the average CBR-k correlation 

curve.    When the pavement was to be placed on a base or subbase layer, 

the subgrade k-value was adjusted by using Figure 31 and then the k-value 

was determiuea fcr the foundation layer.    The k-values are shown in 

Appendix  :>• 

Working stivjs.    The working stress represents the allowable stress 

*    The pavement areas selected for overlay calculations were those on 
which it was assumed that  the Categories I and II aircraft might oper- 
ate.    These areaj are identified on the airfield layouts in Appendix A. 
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for a rigid pavement slab.    This stress is determined by dividing the 

flexural strength by a safety factor (2,0).    For this study, a vorking 

stress uf 350 psi was assumed for all pavements. 

Traffic.    A standard level of 100,000 aircraft passes was chosen 

for the design of all typical pavement sections and overlays. 

7.2 Design Criteria 

The flexible and rigid pavement design curves used to develop 

typical sections for the major airports are shown in Figures 32 

through 39.    These curves were developed basically using the Corps of 

Engineers procedures for flexible and rigid pavements and were modified 

I   to be compatible with current FAA criteria as shown in Reference 10. 

To make the rigid pavement curves compatible with FAA criteria, rigid 

pavement curves were developed initially in terms of thickness   k , 

load, and flexural strength, and the flexural strength was then changed 

to working stress by dividing the flexural strength by a safety factor 

of 2.0.    To make the flexible pavement curves compatible with the FAA 

flexible pavement criteria, the curves were developed initially in terms 

of CBR, thickness, and load.    The CBR was then converted to the FAA 

soil class as discussed above.    Additional adjustments were made to the 

flexible pavement curves because the slope of the curves developed using 

the Corps of Engineers methodology was different  from the slope of the 

current FAA curves.    This adjustment was made by multiplying the 

thickness requirements for the median and optimized aircraft gears by a 

ratio of the FAA thickness requirement for the dual tandem gear to the 

Corps of Engineers thickness requirements for a dual tandem gear. 

Fach design curve was developed for 100,000 passes and covered the 

ranges of soil strengths, working stresses, mid thicknesses necessary to 

accomplish the study. 

7.3 Determination of Thickness Requirements 

7.3.1    New construction.    The flexible pavement thicknesses were 

determined by entering the design curves shown in Figures 32 through 35 

with the appropriate subgrade CBR value from Appendix B and reading the 
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corresponding thickness.    For rigid pavement new construction, the design 

curves shown In Figures 36 through 39 were entered at a working stress 

of 350 pai, and the required thickness was determined using the k-value 

of the foundation under existing pavements and the gross weight of the 

aircraft.    The resulting thicknesses for new construction of flexible 

and rigid pavements are shown in Appendix C. 

7.3.2   Overlays.    All overlay thicknesses were determined in 

accordance with FAA procedures and methods presented in Reference 10. 

The base pavement for all overlays was assumed to be in good condition. 

Calculations were made for flexible, bituminous, and rigid overlays* on 

rigid and flexible pavements.   Overlay thicknesses were calculated for 

each cross section on a pavement item, i.e., runway, taxiway, apron, 

etc., and the overlay thickness deemed most logical was selected for the 

entire pavement item.    The results of these calculations are shown in 

Appendix C. 

Flexible pavement - asphaltic concrete over a granular base course. 
Bituminous pavement - full-depth asphaltic concrete. 
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8 CALCULATION OF TOTAL PAVEMENT PRICE 

8.1 Introduction 

Based on information given in the two previous sections, the total 

price of upgrading the 26 major hub airports can now be calculated. Sec-

tion 6 developed unit prices in units of dollars per SYIN of thickness 

in addition to the ratio of pavement price to total price. Section 7 

developed the thicknesses required to upgrade the present pavement struc-

ture to accommodate the Category I and the Category II aircraft using 

both the median and optimized gears for each category. The pavement 

price for the gear type corresponding to present flotation criteria has 

been considered zero. Thus, this section actually develops the incre-

mental prices. 

Iu order to develop the total price of upgrading the pavements at 

the major hub airports, one must calculate the pavement area to be 

upgraded and a pavement structure must then be selected. With these two 

parameters known, the results of Sections 6 and 7 can be applied and a 

total price in 1972 dollars can be calculated. In order to be compatible 

with the aircraft lost revenue costs developed in Section 5» either an 

equivalent annual cost or a present worth comparison must be made using 

either 1972 or 19&5 dollars. Finally, due to the nationwide scope of 

this study and the inherent errors associated with the macro estimates 

performed, a sensitivity analysis of all parameters must be performed to 

test the consequences of any decisions maae based on this analysis. 

8.2 Calculations of Pavement Areas 

Determining the amount of area to be upgraded i'or each major huo 

airport required subjective evaluations by this investigator. Ir. 

general, pavement areas selected were the two major runways at each major 

hub airport, the taxiways associated with each of these runways, and the 

entire commercial apron area. In those cases where available airport 

master plans indicated a planned new runway, such as Atlanta's Hartsville 

International Airport, the incremental increases in the structure 

required for the Category I and the Category If aircraft vere included. 
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For the existing runways, taxiways, and aprons selected, an assump- 

tion was made that the existing geometry would be adequate for the design 

aircraft.    It is apparent that the runway length requirements have 

leveled off for heavy-gross-weight aircraft.    This change can be attrib- 

uted primarily to increased engine thrust and wing lift (Reference 11). 

The Aerospace Industries Association projections for takeoff field 

length are shown in Figure ho.    This holds true for both landing and 

takeoff requirements.    Although there is a trend implying an increase in 

wing span as aircraft become larger, it has been assumed that tetxiway 

and runway width will remain the same. 

There Is a definite trend toward a larger apron area required for 

the two design types of aircraft as shown in Figure 1*1.    However, to 

accommodate increases in apron area, more terminal gates will be required 

and this factor is bsyond the scope of this study.    Thus, a conservative 

assumption with respect to pavement price has been made that there will 

be no increase in present apron area.    The sensitivity analysis described 

later will provide information to the decision maker should this increase 

be considered in his decisions. 

Pavement areas were scaled from the sketch drawings shown on the 

airfield evaluation forms in Appendix A.    Most drawings were adequately 

scaled for the calculation of areas.    For those that were not adequately 

scaled, suitable assumptions were made with respect to the areas in- 

volved.    From a macro point of view, this is adequate.    Again, however, 

since the total price varies linearly with area, the sensitivity portion 

of this study will provide a decision tool with respect to area.     Some 

pertinent  statistics associated with area calculations are shown in 

Table 2k. 

8.3    Selection of Pavement Structures 

It is the airport manager's choice,  usually based upon the recom- 

mendation of the airport engineer,  as to what type of pavement structure 

he desires for a particular project.    Most often, this choice vill he 

based on the least-cost structure,  which,  among other factors, is based 

upon availability of materials.    For the purpose of this study, 
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Table 2l» 

Area Calculations and Statistics 

Ratio of Other 
Percentage of Area Upgraded Areas to 

to Total Area Total Art« 
SY 

Runway 
Taxiway 

1.33 

Area 
Airport 

■ 

Runway 

21» 

Taxiway 

32 

Apron 

1»U 

Apron 

Chicago (O'Hare) 2.1*79,381 1.83 
Atlanta 2U 1»5 31 2,281,975 1.88 1.29 
Los Angeles 23 21 56 1,883,831 0.91 2.1*3 
San Francisco 31 15 5U 1,688,806 0.U8 1.71* 
Miami 30 27 l»3 1,315,750 0.90 1.1*3 

New York (JFK) 19 17 6k 2,100,1»00 O.89 3.37 
New York 

(La Guardia) 23 11 66 2,003,61*1 0.1*8 2.87 
Newark 3h 35 31 1*53,258 1.03 0.91 
Deliver 23 28 1»9 91M71* 1.22 2.13 
Boston 57 31 12 878.955 0.5l* 0.21 

Philadelphia 80 13 7 560.389 0.16 0.09 
St. Louis 38 20 1»2 586.155 0.53 1.11 

Honolulu 22 39 39 1,158,91*9 1.77 1.77 
Detroit 29 20 51 l,6o6,2l*2 0.69 1.76 

Seattle/Tacoma 23 16 6l 1,350,306 0.70 2.6- 

Pittsburgh 35 22 k3 988,391 0.63 1.23 
Houston Ik 27 59 1,099.579 1.93 1+.21 

Minneapolis 53 21 26 1,222,891 0.1*0 0.1*9 
New Orleans 35 19 l»6 1*35.289 0.51* 1.31 
Las Vegas 31 15 5k 1,1*13.322 0.1*8 1.71* 

Kansas City 35 23 1»2 1,257,233 0.66 1.20 
Baltimore 36 26 39 982,1*25 0.72 1.08 
Cleveland 28 15 57 830,095 0.5l* 2.01* 
Washington (Dulles) 38 23 39 880,020 0.61 1.03 
Fort Lauderdale 21 21» 55 667,677 l.il» 2.62 

x = 32.2k 23. ^O kh.ko 0.85 1.70 

s = 13.97 8.31 11». 78 0.1*7 0.96 

V = 0.1+3 0.36 0.33 0.55 0.56 

Total Expected Area 29,939,536 SY 
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historical data T»«re considered in selecting the type of pavement 

structure to be priced.    If one tirport traditionally used bituminous 

overlays, this was the type chosen for this study.    If, on the other 

nand, a combination of overlay types were used at a specific airport, a 

subjective evaluation was made and the most predominant type of overlay 

vas chosen.    Only two types of overlays vere considered:    full-depth 

bituminous overlays, FAA Item P-UOl, and portland cement concrete over- 

lays, FAA Item P-501.    Flexible overlays that consist of a bituminous 

surface course with a minimum depth of k inches and a base course were 

not considered due to the possible variations in base course selections 

and the pricing difficulties involved.    Traditional pavement structures 

were considered for the construction of new areas. 

8.U   Total Pvice Model 

The following equation determines the total pavement price for the 

k       airport, 

h* 
m 

'lk"ljk"jk 

m      a 

J»l  1-1 

♦ S , k » 1,2,...26 (U) 

where 

?    = total pavement price in 1972 dollars at the   k       airport 

C..   S expected unit price for the   1        layer at the   k       airport 'ik in dollars per SYIN 

h.,.   = thickness In in. of the    1th   layer in the    J       area at the 
iJ*     nth   airport 

A .   s area, In SY, of the   Jtb   area at the   kth   airport 

S = ratio of the pavement price to the total airport upgrading 
price for either rigid or flexible pavement. 

X.    must be calculated for median and optimized gear for both the 

• Categories I and II airplanes.    Computations for    X.     are shown in Ap- 

pendix D and the results are shown in Tables 23 and 26. 

8.5   Development of Common Dollars for Comparisons 

The aircraft costs in Section 5 of this treatise are in terms of 
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Table 25 

Total Pavement Upgrading Cost for Each 1985 Major Hub Airport 

in Terms of 1972 Dollars - Category I Aircraft 

Total Pavement Upgrading Cost 
Airport Median Gear 

$ 114,820,850 

12,576,977 
11,596,007 
U,017,U30 
2,206,712 

Optimized Gear 

Chicago (O'Hare) 
Atlanta 
Los Angeles 
San Francisco 
Miami 

$ 15,685,120 

12,720,977 
12,377,982 
M'7,U30 
2, »»33,001» 

Hew York (JFK) 
New York (La Guardla) 
Newark 
Denver 
Boston 

20,630,970 
22,929,00U 

501M59 
12,0>*3,6l5 
3,929.U76 

23,239,123 
23,71*5,126 

560,176 
12,230,798 
3,800,370 

Philadelphia 
St. Louis 
Honolulu 
Detroit 
Seattle/Tacoma 

3,062,560 

5,02Ml8 
1,1*22,3U2 

17,3U8,2U9 
6,212,138 

3,192,561» 
»♦,528,715 
1,777,928 

18,200,3»^1 
6,572,U68 

Pittsburgh 
Houston 
Minneapolis 
New Orleans 
Las Vegas 

16,087,501 
9,•♦08,089 
9,668,822 

»♦,398,039 
8,227,866 

17,130,735 
9,»♦06,799 
10,777,U67 

»♦,716,317 
8,986,1*33 

Kansas City 
Baltimore 

12,138,OUS 
0 

12,1*52,762 
0 

Cleveland 
Washington (Dulles) 
Fort Lauderdale 

7,50c>,082 
9,338,890 
5,177,U27 

7,963,577 
10,889,539 
5,351,781* 

Total (1972 dollars) $220,269,266 $232,757,535 
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Table 26 

Total Pavement Upgrading Cost for Each 1985 Major Hub Airport 

in Terms of 1972 Dollars - Category II Aircraft 

Total Pavement Upgrading Cost 

1 Airport Median Gear 

$ lit,335.571 
12.025,U66 
11,270,088 

»♦,017.^30 
1,751* .129 

Optimized Gear 

Chicago (O'Hare) 
Atlanta 
Los Angeles 
San Francisco 
Miami 

$ 29,332,323 
19,1*15,827 
18,912,179 
6,029,921 
1*,1*69,63U 

• 

W, 

%■ 

f 

Hew York (JFK) 
Hew York (La Guardia) 
Newark 
Denver 
Boston 

18,022,818 
25.61*9.175 

392,123 
12,182,728 

'♦,607.590 

3U,1*86,858 
3U,630,1*95 
1,755,1*1*8 

18,1*13,985 
13,059,612 

1 
1 
| 

Philadelphia 
St. Louis 
Honolulu 
Detroit 
Seattle/Tacoma 

3,126,27U 
5,021*,018 
1,21*1*, 51*9 

22,31*3,112 
5,655.55U 

1*, 500,0l6 
8,1*12,372 
3,587,1*73 

31*, 377,628 
10,799.822 

1 1 
Pittsburgh 
Houston 
Minneapolis 
New Orleans 
Las Vegas 

16,723,838 
8,279,^50 
9,31*5.637 
1*,1*80,185 
9,287,1*71* 

26,721,192 
ll*,666,932 
17,21*5,238 
8,071,317 
12,858,963 

• 
1 
1 

Kansas City 
Baltimore 
Cleveland 
Washington (Dulles) 
Fort Lauderdale 

11,925,265 
0 

6,961*, 593 
9,333,890 
5,057,771* 

19,51*0,225 
0 

12,883,31*5 
20,223,1*27 
9,572,327 

• Total (1972 Dollars) $223,01*8,731 $383,966,559 
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annual 1985 dollars, whereas the pavement costs have been computed in 

terms of total 1972 dollars. In order to make valid comparisons, there 

are several methods available to the analyst. They are equivalent 

annual cost comparisons, present worth comparisons, and future worth 

comparisons. The latter can be summarily dismissed as having no advan- 

tage over the previous two.  In making a present worth comparison, the 

costs of both airport pavement and aircraft cost must be assumed to have 

equal lives or at least a combination of equal multiple lifetimes. 

Therefore, since this type of comparison has no logical basis, the com- 

parison must be an equivalent annual cost basis. Since the aircraft 

cost has been calculated on an annual basis, the problem now becomes, 

how does one predict the lifetime of the pavement structure and how does 

one anticipate the date of the completion of the construction. 

If the date of construction for each airport is known, then the 

amount of 1972 dollars expended at the time of construction can be cal- 

culated in terms of the year of construction dollars by the equation 

^972+n = x1972(1 + if (5) 

where 

n = number of years from 1972 until the construction date 

i = inflation rate assumed equal to the interest rate 

If the lifetime of the pavement structure can be calculated or an- 

ticipated, then the equivalent annual cost can be calculated by assuming 

no future value of the pavement structure and using the following 

equation: 

= x1972^1 [   ^ * 1)m 1 (6) 

where    EAC.     is the equivalent annual cost at the    k        airport and   m 

is the expected lifetime of the pavement structure In years. 

One should note at this point that a serious shortcoming in the 
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field of pavement engineering is the fact that no deterioration function 

has ever been developed for a pavement structure.    In fact, there is no 

real agreement among the pavement "experts" about the failure criteria 

that should be used in determining the life of a pavement.    Although 

pavement structures are usually designed for a 20-year life span, over- 

lays are required usually within 5 to T years (Reference 12). 

For the initial calculation of the equivalent annual cost at each 

major hub airport, the following assumptions have been made. 

a. Number of years from 1972 until construction of the pavement 
structure   n = 13 years.    This converts 1972 dollars into 
1985 dollars. 

b. Pavement lifetime    m = 20 years.    Implicit in this assumption 
is the fact that the structures will have no future worth.    In 
actuality, this implies that maintenance cost will be so high 
as to make new construution a desirable alternative.    From 
another point of view,    m   can be considered as the period 
over which the cost of the pavement is amortized. 

£.    Average  inflation factor    1=5 percent is assumed to be equal 
to the average interest rate. 

The results of the computations are shown in Tables 27 and 28 for the 

Category I and the Category II aircraft, respectively. 

8.6    Sensitivity Analysis 

The computations of pavement prices have been based on variables 

The equivalent annual cost for 

is explicitly sensitive to the 

Involving a high degree of uncertainty 

upgrading pavements in this study,    x 

following variables: 

a_.    Unit prices. 

b.     Calculated areas. 

£.     Inflation and  interest rates. 

d.    Time to construction. 

£.     Expected pavement  life. 

In addition,  an  implicit variable  is the  individual  decision of 

upgrading at  each major hub airport.    This variable cannot be treated 

by any normal  sensitivity mmJysis; however,  the reader  should keep 

this variable  in mind when comparing the costs  in the  succeeding 

sections. 
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Table 27 

Equivalent Annttal Cost for Upgrading Project 1985 Major Hub 

Airports in 1985 Dollars - Category I Aircraft 

Equivalent Annual Cost 
Airport Median Gear 

$ 2,2142,533 
1,903.8ll* 
1,75J*,58U 

607,875 
333,896 

Optimized Gear 

Chicago (O'Hare) 
Atlanta 
Los Angeles 
San Francisco 
Miami 

$ 2,373,306 
1,92U,803 
1,872,905 

607,875 
368,136 

New York (JFK) 
New York (La Guardia) 
Newark 
Denver 
Boston 

3,121,659 
3,U69,373 

76,281» 
1,822,312 

59^,567 

3,516.297 
3,592,860 

81t,760 
l,850,63l* 

575,032 

Philadelphia 
St. Louis 
Honolulu 
Detroit 
Seattle/Tacoma 

»♦63,39»* 
760,181 
215,211* 

2,621»,953 
939,955 

1*83,065 
685,237 
269,017 

2,753,882 
991*, 1*76 

Pittsburgh 
Houston 
Minneapolis 
New Orleans 
Las Vegas 

2,li3M90 
1,U23,532 
1,1+62,983 

665,1*6U 
1,2M»,953 

2.592,01*1 
1,1*23,337 
1,630,732 

713,623 
1,359,731 

Kansas City 
Baltimore 
Cleveland 
Washington (Dulles) 
Fort Lauderdale 

1,836,600 
0 

1.135,589 
1,1+12,305 
783,393 

1,881*, 220 
0 

l,20l*,961* 
1,61*7,689 

809,775 

Toted Annual Cost $33,328,803 $35,218,395 
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Table 28 

Equivalent Annual Cost for Upgrading Projected 1983 Major Hub 

Airports in 1985 Dollars - Category II Aircraft 

Pittsburgh 
Houston 
Minneapolis 
New Orleans 
Las Vegas 

Total Annual Cost 

Equivalent Annual Cost 
Airport  Median Gear Optimized Gear 

Chicago (O'Hare) $ 'M6*.1^ $ kAlt^ll 
Atlanta 
Los Angeles 
San Francisco 
Miami 

1,819,566 2,937,796 
1,705,270 2,861,590 

607,875 912,38»* 
265 ,U6 676,297 

New York (JFK) 2,727,021 5,2l8,l8? 
New York (La Guardia) ?,880,960 5,239,918 
Newark 59,3^ _ 265,616 
Denver 
Boston 

lf8U3f36l 2,786,208 
697,172 1,976,01)2 

Philadelphia ^73,035 ^80.895 
St. Louis 760.181 ^l^Vl 
Honolulu 188,312 5U2.818 
Detroit 3,380,722 5,201,657 
Seattle/Tacoma 055,738 l^llU 

2,530,1*73 l»,0l*3,l67 
1,252,758 2.219,2l*U 
1,1*1^,082 2,609.366 

677,891* 1,221,266 
1,1*05,282 1,91*5 ,(-.82 

Kansas City l,3oH,l*Ol* 2,956,619 
Baltimore 0 ,   0 

I          Cleveland 1,0^3.008 1,91*9,371 
Washington (Dulles) 1,M2,305 3'???'9?i 
Fort Lauderdale 765,289 1,1*1*8,.83 

$33,7149,362 $58,097,736 
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The sensitivity model has been developed from the macro point of 

view and considers only gross total price components. Thus, the sensi- 

tivity model is 

x = J:kEACk = pxAx (l + i)
n id t i)m 

(i + i)m - i 
(T) 

where 

p 5 unit price in dollars per SY 

A = calculated area in SY 

i = inflation rate assumed equal to the interest rate 

n = number of years from 19T2 until the pavement is upgraded 

m H expected pavement life or period of pavement cost amortization 

The terra    m   could also be interpreted as the life of the bonds sold to 

finance the pavement construction.    This interpretation would, however, 

disassociate the costs from the pavement structures and this investigator 

has chosen to ignore this interpretation. 

Equation 7 can be considered as a five-space function of   p ,    A , 

n ,    m , and   i  .    To examine its sensitivity with respect to changing 

any single variable, the following partial derivatives have been 

completed. 

Jlx 
3A = p(l + i)n id * i)m 

(l+i)m- 1 
(7a) 

3x 
3p 

• \n - A(l  +  i) 
m id * Ü 

(i + i)m- i 
(7b) 

3x 
3n 

ox 
3m 

= pA(l + i)  Ml + i) 
in 

Kl * i) 

(1 + i)m - 1 

i +  i )n )-ul > iflnjl ■*• i! 

(     [(l + i)ra-l]2 
= pA(l +   i) 

(To! 

(Yd) 
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Nm+n-l 

3i      ^^   (l + i)
m-l 

i 

■v: r 

+ (1 + i)n (1 + i)2"1- (1 + 
\m 

l)"1 - im(l -i- i) m-1 

(1 + i)^ - 2(1 + i)m + 1 
(7e) 

It is obvious that    x   varies linearly with both the area and the 

unit price   p .    A change in either of these two variables will directly 

change the value of   x   by a proportional amount.    If one assumes a 

coefficient of variation of 20 percent for each of these variables as 

shown in Figure h2 and holds    n    constant at 13 years,    m    constant at 

20 years, and    i    constant at 5 percent, some feasible bounding costs 

can be developed.    For the purpose of this analysis, the LPC (n = 13  , 

m = 20 ,    i = 5) was defined as the    x    computed using the expected unit 

price less two standard deviations and the calculated area less two 

standard deviations; the MPC  (n = 13,    in = 20,    i = 5) was defined as 

the    x    computed using the expected unit cost and the calculated area; 

and the HPC (n = 13  ,    m = 20  ,    i = 5) was defined as    x    computed 

using the expected unit price plus two standard deviations and the cal- 

culated area plus two standard deviations.    These values were computed 

using Figure 1*3 and are shown in Table 29.    The bounding values, noting 

that they inherently involve a compounded coefficient of variation of 

20 percent for each parameter, provide the reader with a mechanism by 

which he can challenge the recommendations in Section 11 by altering 

either price, area, or both. 

Equations Tc through Te provide some insight of the variations with 

respect to    n  ,    m  ,  and    i   .     The equivalent annual cost  increases 

monotonically with respect to    n    as one would expect.    The cost of 

construction increases at the annual rate of 5 percent per year and the 

factor involving    n    simply considers the time value of money.    The 

slope of the curve  is ever  increasing,  although tempered somewhat by a 

factor involving a natural  logarithm oi" a relatively small number. 
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Table 29 

Bounding Cost Ranges tor Both Categories I and II Airplanes vith 

Constant 1 at 3 Percent, n at 13 Years, and 

m at 20 Years 

.___-_>___-__--____-_    LPC MFC  ""        HPC 

Category I Airplane; 

Median Gear $12,013,910 $33,32°,803 $ 65,32U,506 

Optimized Gear 12,666,21*9 35,218,395 69,002,973 

Category II Airplane; 

Median Gear 12,11*9,8ll* 33,T^,362 66,lU8,990 

Optimized Gear 20,902,029 58,097,736 113,81+2,221 

The factor involving m in Equation 7 is the capitalization factor. 

It assumes that the cost of construction will be capitalized over a 

period of m years at an interest rate equivalent to the inflation rate. 

The slope of the curve is a monotonic decreasing function with a limit, 

as m approaches infinity, of zero. The limit of the factor involving 

m in Equation 7 is i , the assumed interest rate. Basically, the 

equivalent annual cost decreases as m increases. 

The Interest factor i has an extreme effect on the equivalent 

annual cost. Both x , and the change in x , increase rapidly as i 

increases. A conservative approach with respect to pavement prices has 

been taken in this treatise by assuming that interest rates correspond 

to the annunl inflation rate. Thus, the calculated pavement costs should 

be considerably lower than the actual cost. Figures kh  through 1*6 show 

relative in-plane changes in costs with respect to n , m , and i . 
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9    PRICE ANALYSIS 

| 
I 9.1    Introduction 

The purpose of this portion of the aircraft-pavements compatibility 

study was to determine the most economical of the three alternatives 

listed below: 

a. Require aricraft to meet the flotation requirements imposed by 
present standards, e.g.,  impart no greater stress on the pave- 
ment structure than a 350,000-lb gross weight aircraft on twin- 
tandem gears.    The implication of this alternative is that 
aircraft manufacturers are required to put more and more wheels 
on their aircraft as the gross weight increases.    On the other 
hand, airport pavements will not require upgrading. 

b. Permit aircraft to be designed with landing gears optimized with 
respect to the aircraft without regard for flotation criteria. 
The implication of this alternative is that the aircraft will 
not be penalized by being required to haul the extra volume and 
weight of additional gears and wheels and absorb other asso- 
ciated costs.    This alternative required tha* the pavements at 
each of the projected 1905 major hub airports be strengthened 
to the point of accepting such stresses as will be imposed by 
gears not corresponding to flotation criteria. 

£.    Compromise between the two previous alternatives.    For the 
purpose of this  study, this alternative implies that a median 
gear could be designed with a lesser flotation restriction and 
designed more to optimize aircraft performance. 

The basis of the conclusions and recommendations is exclusively economic. 

Other considerations such as those dealing with sociopolitical factors, 

ecological and environmental restrictions, space constraints, etc., are 

beyond the scope of this analysis. 

9.2    Category I Aircraft 

The total annual airplane costs (TAG) are given in Table 19 for the 

Category I. aircraft in terms of 1985 dollars.    It is obvious that, with 

only a $6,673,397 annual penalty cost for conforming to current pavements 

that the present gear configuration of the Category I aircraft is close 

to optimal.    The following tabulation shows the total expected annual 

cost components in 1985 dollars for the Category I comparison. 
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Currtrjri Ge--v M'-a'-an Gear Optimized Gear 

Aircraft Cost $6,671,3 $ i»9- 9,KoO§ $ 0 

MPC Pavement 0 33,3^3,303 $35*218,395 

Total Annual Cost $6,073, >79 535)258,633 535,213,395 

Figure U7 graphically aepl ̂  ui; tne relationship between the aircraft 

annual cost and the MPC, LFC, and the HPC for the Category I aircraft. 

The obvious inference is that one cannot economically justify upgrading 

the twenty-six 1935 major huo airports for tne Category I aircraft. 

Figure U7 should be viewed with a jaundiced eye in that the flotation 

functional relations are highly nonl-ntar and ox.e l'xgure is simply a 

graphic representation. 

Figure 48 is a grapnie iiiustracioi. of '.he total cost to the public 

summing both the pavement upgruuij-g owSc J a..d t>e 'aircraft costs. Keep-

ing in mind that tne HPC and the L-'O —bo-i». de*.e_oped assuming tne 

most improbable of pavement price escimates, it obvious from this 

figure that the leajt-cos t- «o-t x; —pao-î o aloerx-ative, asau>umg only the 

Category I aircraft is in service, to mainta-a the present pavement 

flotation criteria. 

9.3 Category IC Aircraft 

The TAC's are given in Table 19 for the Category II aircraft in 

terms of 1985 dollars. Contrary to the small penalty for corresponding 

to current flotation requirements for tae Category I aircraft, tne Cate-

gory II airplane is considerably penalize-a. The following tabulation 

shows the total expected annual cost componenti; ~n 19b5 uclaars lor the 

Category II airplane. 

Current Heai- I-K- . I.an ocar Optimised Gear 

Aircraft Costs $u8,7Y7>304 $35»l60,820 5 0 

MPC Pavements 0 '•i,749,3o2 53,097,73b 

Total Annual Coats $63,777*864 $68,910,182 $53,09I,736 

Figure 49 graphically represents the relationship between the 
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airpleme cost and the LPC, MFC, and HPC for upgrading the pavement 

structures for the Category II airplane.    From a purely economic point of 

view,  it is apparent that the least cost to the public, assuming that a 

Category II airplane will be using all 26 major hub airports in 1985, 

will be to upgrade the pavement structures to accommodate the optimized 

gear for the Category II aircraft.    In all probability, the LPC in this 

analysis should be disregarded since the larger aircraft will require 

more pavement «urea to be upgraded than that estimated. 

Figure 50 is a graphic illustration of the total cost to the public 

summing both the pavement upgrading costs and the aircraft cost. 

Contrary to the results relating Category I aircraft costs to pavement 

costs, there exists here the possiblity of conflicting alternatives with 

regard to the Category II aircraft.    However, if the Category II aircraft 

will service all 26 major hub airports in 1985, the Category I aircraft 

will also.    Therefore, the discussion of the conflicting alternatives 

will be discussed in Section 9-b. 

9.h    Policy Derivation 

Based on total annual costs given in Sections 9.2 and 9-3 using the 

MFC and the TAG, one reaches the conclusions that (l) the pavement up- 

grading criterion should not be changed if only the Category I aircraft 

is to be in use in 1985,  (2) the pavement criteria should be changed so 

as to permit flotation requirements to correspond to the gear design 

optimzed with respect to the aircraft if the Category II aircraft is to 

be in use in 1985, and (3) the following tabulation implies the same 

alternative selection as (2) above if one considers both the Categories 

I and II aircraft being in use in 1985• 

Current Gear Median Gear Optimized Gear 

Category I Aircraft»         $ 6,673,379 $ 1,929,880 $                  0 

Category II Aircraft           68,777,86U 68,910,182              58,097,736 

Total Annual Cost               $75,1+51,2U3 $70,8J+0,062 $58,097,736 

*    Only aircraft costs necessarily have been considered since pavement 
upgraded for Category II aircraft will not be significantly changed 
with the addition of the Category I aircraft. 
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The authors feel that the policy decision should he made only after a 

careful determination that a Category II aircraft will or will not 

operate on all the major hub airports in 1985 since the policy decisions 

are so diametrically opposed. 

Figure 51 is a graphic Illustration of the total cost assuming both 

the Categories I and II aircraft are in service in 1985.    It is obvious 

that there are conflicting alternatives.    If the MPC assumption is con- 

sidered valid, the optimal alternative is clearly to change the criteria 
» 

and permit the gear to be optimized to the aircraft.    As mentioned pre- 

viously, the LPC is probably beyond the realm of feasibility since the 

area to be paved will,  in all probability, be greater than the computed 

area used to develop the MPC.    On the other hand, if the HFC is consid- 

ered a valid assumption, the optimal alternative is reversed; the present 

criteria becomes the optimal alternative. 

It has been stated throughout this report that, as in any statis- 

tical study, there probably exists considerable errors in any of the 

point estimates.    This study lacks  sufficient data to attach any great 

degree of reliability that the point estimates are indeed unbiased esti- 

mates.    Therefore, it is the intent of this portion of the study, along 

with Section 7.6, to provide a convenient tool for comparing the air- 

craft cost with the cost of upgrading the pavement structures should the 

current data be updated.    Section 1.6 provides an insight into the 

sensitivity of the equivalent annual cost of upgrading the pavement 
f 

structure to each of the five explict parameters.    Equation 7 provides 
t 

a method of recomputing the equivalent annual pavement upgrading cost as 

if data are updated. 

If one equates the annual aircraft cost    yn,-    to the equivalent 

annual pavement upgrading cost, the following equation results: 

y85 = pA(l + i)13 Kl * i)m 

(1 +i)m-l 
(8) 

The parameter n is assumed constant at 13 years in ordei* to have a 

common time value of money for comparison. Equation 8 provides the 

break-even point at which the annual aircraft cost equals the equivalent 
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annual pavement upgrading cost.    If the left-hand side of Equation 8 is 

greater,  then the most economic policy is to permit gear optimization 

with respect to the aircraft or the gear type corresponding to the value 

of    yfi      (optimal or median gear).     If the right-hand side  (RHS)  is 

greater, then the most economic policy decision is to maintain the 

present ADAP criterion. 

It is a simple matter to relate two of the pavement cost parameters 

using Equation 8 and holding the other two constant.    Considering first 

i    and    m    as variables and    p    and    A    as constants equal to the 

expected price per SY and computed area,  respectively, one can solve for 

m   in terms of    i    giving 

m = log{l + i) l06 
! . EA_ (! + i^h 

^85 

(9) 

For each of the   yoc's calculated.  Equation 9 divides the    i-m 

plane in two half-spaces.    If estimates for    i    and   ra   provide coordi- 

nates to the left of a curve as shown in Figure 52, then the equiv- 

alent annual cost of the pavement  structure will be less than the 

annual aircraft cost; conversely, a point to the right gives the aircraft 

cost the economic advantage.     It should be noted that in order for a 

value for Equation 9 to exist, the denominator of the RHS must be greater 

than zero.    This implies that the aircraft cost conforming to the current 

pavement flotation requirement can equal the cost of upgrading the pave- 

ment corresponding to the optimal gear  if    i = 1 percent and the pave- 

ment is amortized for a period of 6? years or    i = 2 percent and 

m - 118 years.     This, of course,  is both an unrealistic inflation rate 

and amortization period.    However,   for the curve corresponding to the 

total cost of both the Categories  I and II aircraft optimal gears, more 

reasonable assumptions make the two costs competitive. 

A closer examination of the relationship involving    p    and    A    is 

warranted at this point.    The variables    n ,    m , and    i    are quite 

speculative, whereas the area could conceivably be measured if all air- 

port authorities were to make a decision.    Thus, most challenges to the 
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computations in this report shoulü be with regard to p and/or A . If 

one equates the equivalent aunuul cost of the aircraft to the equivalent 

annual cost of the pavement upgrading and solves Equation 7 for A as a 

function of p and holds the parameters n , m , and i constant, the 

following result is obtained: 

= ^2 (i + if (i + i)m 

id + i)ffl 
do) 

Assuming n , m , and i as 13 years, 20  yearj, and 5 percent, respec- 

tively. Equation 10 becomes 

A = 6.605 -^- (11) 
V 

i 

With    yn,.    fixed,  by a single-point estimate,  this locus of vertices 

of an infinite series of constant area i-ectangi e.;,   or more simply,  this 

hyperbcLn,  provides a convenient device for examining the effect of    A 

and    p    on the policy decision.    Examining Figure 53, a series of graphs 

of Equation 11,  it is obvious that, is la not economically justifiable to 

upgrade the pavement  structures for   „he Category I aircraft alone even 

if estimates of the area and price tre made ridiculously low.     However, 

if one considers the Category II aircraft,  optimal or median gears, 

reasonable assumptions can change  the sea.ectioi. of  the icost economical 

alternative.    For instance, if one considers upgrading the largest amount 

of area probable for the category aircraft, optimal gear (i*l,915,350 SY), 

a relatively low unit price of $11.00 per SY makes the cost of pavement 

upgrading equal to the aircraft cost.    The price of  $11.00 per SY is con- 

* siderably less than the  expected unit price of $12.82 per SY.     The most 

probable area, 29,939*536 SY, requires a unit price of $15.^0 per SY or 

roughly one standard deviation of unit price above the expected unit 

* price to make the two costs equal.    The Category II, median gear air- 

craft  is also competitive when one changes the price and area.    Thus, 

Figure 53 provides an analytic device for testing updates of areas and 

price estimates.     As  in Figure 52,   if the intersection of the new 
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eötimateü falls to the left of the curve, pavement upgrading cost is less 

than the aircraft cost and vice versa. 

Finally, by modifying Equation 11 and considering the constant term 

as a parameter F , the following provides a method of analysis permit- 

ting different assumptions to bt: made for the variables m , i , A , 

and p . Rewriting Equation 11, one obtains the following description 

of an infinite series of hjperholas: 

V »      F 
r 

« 
i 

A=-xy85 (12) 

Using values of    F    found in Table 30 for each assumption of    i    and   m 

and substituting into Equation 11, one can develop a series of curves 

similar to those in Figure 53.    Thus, a new assumption of   A   and   p    can 

be made.    If the intersection of the new   A    and    p    assumption falls to 

the left of a particular curve, the aircraft penalty cost for a partic- 

ular' gear configuration is greater than the pavement upgrading cost and 

the pavement  should be upgraded.    If the intersection falls to the right 

of the curve,  the pavement should net be upgraded since the cost of 

upgrading exceeds the aircrax't penalty cost. 

One note of caution should be provided to the reader prior to 

concluding this discussion.    The point estimate developed for the air- 

craft penalty cost  is an estimate.    This estimate also has some inherent 

variances that have been assumed to be zero in this report.    Therefore, 

prior to making an absolute decision, the variances associated with the 

aircraft penalty costs should be investigated in those instances where 

conflicting alternatives are involved. 
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yalues of F for Use In FguaMnn 11 fur Ench i and m Afisumptlon 

Amortization 
Period 

1* 

0.870 

2i_ 
Values 0 

3? 

0.661 

f F / ,r Indicat 

0.5r 

<.' j   l.'vfi at ion Rates 
Years '!% 

0.3U0 

ii. 
0.299 

jöE 
1 0.758 0.577 0.'il*2 0.388 0.263 
2 1.731 1.501 1.303 1.133 0. ;-.■ 0.860 0.750 0.656 0.57J» 0.503 
3 2.5814 2,229 1.926 1.667 '..253 1 .089 0.91*8 0.826 0.720 
U 3.U29 2.9^*3 2.531 2.180 .111^.'- 1,625 1.1*06 1,218 1.057 0,918 
5 U.265 3.61*1* 3.119 2.6 ...96 1.975 1.701 1.1*68 1,269 1.098 
6 5.092 1*.330 3.689 3..1I. 2.692 2.305 1.978 1.700 1.1*63 1.262 

7 5.912 5.003 1*.?1*3 3.;'  , 3.069 2.617 2.2'-(6 1.911* 1.61.2 l.UlO 
8 6.(23 5.663 l*. 780 it.U'.;. 3.1*28 2,911 2.1*78 2-113 1.805 1.5l*5 
9 7.527 6.310 5.302 ..^65 3.769 3-189 2.70U 2.297 1.956 1.668 

10 8.322 6.9'^ 5.809 •..'il 4.095 3.1*51 2.915 2-1*67 2.093 1.780 
11 9.110 7.566 6.301 5.261 l*.)105 3.698 3.112 2,625 2.220 1.881 
12 9.889 8.175 6.778 5.636 l*.700 3i9U 3.296 2.771 2.336 1.971» 
11 in.661 Ö.773 7.21*2 5.997 U.Q82 U.150 3.468 2.906 2.1*1:2 2.058 
1U 11.U26 9.359 7 ■ 692 6.3M» 5.21*9 1*. 353 3.629 3.031 2.51*0 2.13!» 
15 12.183 9-933 8.129 6.677 5.505 U.553 3-779 3.11*7 2.629 2.203 
16 12.932 10.1*96 8.553 6.998 s. 71*8 1*.738 3.920 3.255 2.71.I 2.266 

17 13.67U 11.01*6 8,965 7.306 5.979 i*.912 U.osi 3.351* 2.787 2.321* 
18 lU,U09 11.589 9.365 7.603 6.199 '5.076 l;.17l* 3.1*'»6 2.856 2.376 

19 15.136 12.120 9.75* 7,888 6.1,09 5.231 1*. 289 3.531 2.910 2,1*23 
?0 15.856 12.6U0 10.131 8.162 6.609 5 - 378 1*. 196 3.61.O 2.978 2.U66 
?l 16,569 13.150 10.1*97 8.1*26 6.799 5.515 I4.U96 3.683 3.O31 2.505 
22 17.275 13.650 10.852 3.679 6.981 5.6I.6 1*. 590 3.7-51 3.080 2.51*1 

21 17.971» lU.lUG 11.197 0.923 7.151 5.768 1..678 3.813 3.125 2.573 
21* 18.666 1'-*.621 11.532 9 15/ 7.31« 1      flu 1 .1 . OtVi 1*.759 3.871 3.166 2.603 

25 19,351 15-092 1.1.858 9.382 7.1.7" 5.99,3 U.336 3.925 3.201* 2.629 
26 20.029 15.551» 12.173 9.r'99 7.623 6.096 '*.507 3.975 3.239 2.651» 
27 20.701 io.CGT l-\U8o 9.?07 7.766 6.19»* U.97I* U.021 3.270 2.676 
28 21.366 l'i.i*5i ■   f ; ' .IOT T 901 6,285 5.036 U.063 3.300 2.696 

29 22.02u 16.666 j . >.-". '■.' Lii. 2u0 v..030 6.372 5.095 U.103 3.326 .2.711» 
30 2^.676 17.313 13.3^*7 10.ic5 5.152 6.1*53 5 ■ 1.1*9 U.139 3.351 2.731 

31 23.322 17.732 13.619 10.563 8.269 6.530 5.200 1*.173 3.371* 2.71*6 

32 23.961 18.1V2 13.681* 10.731' 8.380 6.603 5.21*5 1*,205 3.391* 2.759 

33 21*.593 18.51*1* 14. I'lC 10.809 8.W6 6.6(2 5.292 U.231* 3-'.13 2.772 
31* 25.220 18.938 ll*.390 11.057 a. 587 6.736 5 • 3.3,i I4.26O 3.1*31 2.783 
35 25.8U0 19.325 lU.632 11.209 8.681* 6.797 5.37 3 U.285 3.1*1*7 2.791* 
36 26.1*5'* 19-701* lU.867 II.356 8.775 6.855 5.1*09 U.308 3.1*61 2.803 

37 27.062 20.075 15.095 11,1.97 3.86? 6.909 5.1*1*3 '*.330 3.1*75 2.811 
38 27.661* 20.'-39 15.316 11.6x2 8.91*5 6.960 5.1*75 ■,*.3!t9 3.1*87 2.819 

39 28.260 20.797 15. 5 U 11.762 9.0.'Ji* 7.009 5.501* u. m 3.1*98 2.826 
uo 28.851 21.11*7 15.71*0 11.887 9.100 7 • 051* 5.5 32 U.385 3.509 2,833 
Ul 29-1*35 21.1*90 15.91*3 12.007 5 172 7.097 5.558 U.i*00 3.518 2.838 
U2 30.013 21.826 16.139 12.123 9.2I1O 7.138 5.582 i*. '»15 3.527 2.81*1. 

J.3 30.586 22.156 16.331 12.23'* 9.305 7.176 5.6u5 U.!*28 3.535 2.81*9 
Uh 31.153 22.1*80 l6.5l6 1.2.31*1 9. 367 7.212 5.r.2r, '*. 1*1*1 5.51*2 2.853 

1.5 31.715 22.797 16.696 .l,'.l*!»l* 9.';.-'6 7.21*6 5.6lt6 14.1.52 3.51*9 2.8S7' 

U6 32.271 23.108 16.871 ! 2.51. i 9.!.V i . •   1 ' '"■. 'i'}'i ■*. ■.u3 1Ö55 3.851 

1»7 32.821 23.1*13 17. O'il L2.6iö 9O
;

;ü 7 • 3C9 5.6H2 1*.1*73 5.561 2.861* 
U8 53.366 23.711 l'( ,205 i 2. (.■-"/ O';7 ( . S '■ { 5 . (yjti !*.1*82 3-S66 2.867 
U9 33.906 2'*. 001* J7.^65 12.817 9.63'. 7.36'« 5.71 3 1.1.90 3.571 2.870 

50 31*. 1*1*0 2U.291 17.521 12.902 9.632 7.390 5.727 1*. i*98 3.575 2.872 
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10    FINDINGS AND CONCLUSIONS 

10.1   Gear Optimization and Aircraft Cost 

The lightest weight gear and gear installation is not necessarily 

the most optimum from the economic aspect. 

The existing six-wheel-bogie landing gear of the Category I air- 

plane is very close in weight and cost to the optimum gear that could be 

designed without regard to pavement strength. 

The total 1985 cost penalty for designing the landing gear to cur- 

rent pavement strength, relative to an optimized gear, is ten times 

greater for the Category II airplane than for the Category I aircraft 

($68.8 million/year versus $6.7 million/year). 

The total 1985 cost penalty for both airplanes ($75 million) rep- 

resents 0.2 percent of total domestic airline revenue projected for 

1985 by the ATA ($38 billion). 

10.2    Pavement Coat Analysis 

Pavement unit prices vary considerably with both location and time. 

The cost associated with strengthening pavements can only be estimated 

statistically.    Unit prices for portland cement concrete (P501) over- 

lays used in the analysis varied from $0.60 per SYIN in Atlanta to 

$1.38 per SYIN Seattle with a national average of $0.91+ per SYIN with 

a 3^ percent coefficient of variation.    Unit prices for asphaltic con- 

| crete (PUOl) overlays varied from $0.3*» per SYIN in Houston to $0.93 

per SYIN in Pittsburgh with a national average of $0.51* per SYIN with 

a 26 percent coefficient of variation. 

These unit prices were assumed to decrease hyperbolically with 

increased thicknesses and include direct labor, equipment, and material 

costs; indirect costs; overhead; and contractor profit in 1972 dollars. 

A heuristic approach was used in designing pavements for em opti- 

mized gear configuration for the Category II airplane,  since no rational 

procedure was available for extrapolating data to accommodate such 

stresses. 

The area calculations in this study were crude.    However, they were 
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made as accurately as possible staying within the macro scope of the re- 

search and the Central Limit Theorem Lends credence to the possibility 

of compensating errors.     Even with a lar •.; error  in calculations, the 

excision with respect to policy would n ■■   change. 

The total cost of upgrading the pavement  structures was calculated 

on an equivalent annual cost basis    n 1985 dollars.     The calculations 

w^re based on a calculated expected total area of 29,939,536 SY, an 

interest rate of 5 percent,  the time to completion vf 13 years (l905)i 

pavement amortization period of 20 years, and expected 1972 SY prices 

$7.36, $7.77,  $7.^5,  and $12.82 for the Category I median and optimal 

gears and the Category II median and optimal gears, respectively. 

The MFC for strengthening the pavement  structure for the Cate- 

gory II aircraft is 165 percent of the MFC for strengthening the pave- 

ment structure  for the Category I aircraft. 

To examine the potential of conflicting alternatives developing by 

changing the assumptions noted, a 20 percent coefficient of variation 

was assumed for both unit price and calculated area.    By compounding 

the 20 percent error  ..n b'>t,h unit price and calculated area,, an LPC 

and an HPC were develcpoü and examined against the aircraft penalty 

cost.    In addition,  a procedure was provided by which the decision 

maker can change the assumptions and arrive at his own pavement up- 

grading cost. 

10.3    Total Cost Analysis 

Category I aircraft.     Based on the equivalent  annual cost analysis 

using the MPL for pavement,  the total equivalent  annual cost is: 

o Current Gear $ 6,673,379 
o Median Gear 35,253,683 
o Optimal  Gear 35,218,395 

It is obvious from this liatiriß that  the optimal alternative is not to 

modify the present policy  if one only considers the Category I aircraft. 

If one uses the LPC  for pavement, the decision remains unchanged as shown 

below: 
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o Current Gear $ 6,673,379 
o Median Gear 13,^S,790 
o Optimal Gear 12,666,21*9 

These results are illustrated in Figure U8. 

Categories I and II aircraft.    Based on the equivalent annual cost 

analysis using the MFC for pavement, the total equivalent annual costs 

are: 

o Current Gear $75,1+51,2U3 
* o Median Gear 70,840,062 

o Optimal Gear 58,097,736 

Based on this total annual cost listing, the present policy should be 

« changed to permit the optimization of the gear to the Category II air- 

craft.    However, in this instance, if one assumes the HPC for pavement, 

a conflicting alternative arises as shown below: 

o Current Gear $ 75,451,261 
I o Median Gear 103,239,590 

o Optimal Gear 113,842,221 

There is considerable logic behind the assumption that the MFC will 

be exceeded in the pavement upgrading for the Category II aircraft.    In 

all probability, the paved area will exceed that computed in this report. 
| 

The unit price differential may or may not increase.    Thus, it is ex- 
I 

tremely critical to the decision maker that a proper determination be 

made as to whether or not the Category II aircraft will be operational in 

1985; whether or not it will operate at all 26 projected major hub air- 

ports or perhaps only at 7 to 10 regional airports; and other operational 

assumptions. 

Other variable considerations.    Numerous figures and equations are 

presented in the text to permit the user of this document to change pa- 

rameters and develop his own policy derivation.    Assuming that the MFC 

calculations are correct and    n = 13 years. Figure 54 presents a conve- 

ient method for changing the assumptions for    i    and    m , two elusive 

parameters. 
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11    RECOMMENDATIONS ' 

The following recommendations resulted from this study.    They are 

based on the authors' calculations and assumptions.    Devices are pre- 

seu'wed in this report to permit the decision to change these assumptions 

and calculations and the possibility exists that the recommendations 

should change based on further developments. 

(l) If only the Category I aircraft will be in operation at each of 
the 26 projected major hub airports in 1985, the current FAAP 
criteria should not be changed.      • 

I (2) If the Categories I and II  (implied also is the Category II 
aircraft alone) will be in operation at each of the 26 pro- 

I jected major hub airports in 1985, the current FAAP/ADAP 
criteria should be changed to permit the gear to be optimized 
to the aircraft.    The possibility of operating the Category II 
aircraft from 7 to 10 regional airports should be investigated. 

¥ Further research, to include new gate and terminal construction, 
I 

socioeconomic factors, and airport geometry requirements should be made 

to determine if the Category II aircraft will service all 26 projected 

major hab airports.     Criteria should be changed to permit optimized 

design of gear with respect to aircraft only if the market survey indi- 

cates that the Category II aircraft will service the 26 major hub 

airports. 

If further research reveals that only aircraft similar to the Cate- 

gory I aircraft will utilize the 26 projected major hub airports, the 

existing criteria should not be changed. 

Additional research should be performed to study the economic 

implications of the criteria relative to the medium hub airports pro- 

jected for 1985. 
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],?    ADDITIONAL VALUE OF THIS REPORT 

iu addition to providing a useful device exclusive of additional 

cost for examining various policy decisions, this report provides: 

(1) A consolidation of airport layouts and pavement structures PE 
of 1972. 

(2) An algorithm for designing aircraft gear types on a minimum cr>< 
b^sis. 

(3) Pavement design curves for heavy aircraft. 

(h) Methodology for complex cost analyses. 
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I APPENDIX A 

PAVEMENT CONSTRUCTION DATA FOR MAJOR HUB AIRPORTS 

As a part of the contract study by Lockheed-California Company, a 

compilation was made of the available pavement construction data for the 

major hub airports shown in Table 13 of the main text.    This effort was 

necessary because there exists no central agency or location where all 

of the current pavement data can be found.    The data are scattered among 

FAA Regional and District Offices, airport engineering staffs, and pave- 

ment consulting companies.    In cases where more than one pavement data 

source exists, various sources were compared and discrepancies were re- 

conciled by contacting the airport engineer.    Table Al shows the sources 

for the pavement construction data for the major hub airports.    The air- 

port pavement characteristics are shown in Table A2.    The last column 

in Table Al indicates whether or not the subject airport officials re- 

ponded to requests as to the validity of the pavement data presented. 

■;.: The FAA pavement strength survey data were chosen as the data base 

for this study.    The most current FAA pavement strength survey data were 

obtained from the FAA Regional and District Offices.    These surveys were 

conducted between 1957 and 1972, with most surveys being as current as 

1969.     Upon request, the FAA supported these basic data with pavement 

inspection reports, airport pavement design forms, etc., which describe 

pavement-related changes to an airport since -ohe strength survey was 

completed.    These data were supplemented by pavement information recorded 

by the Air Transport Industry (ATI) Working Group.    The strength charac- 

teristics of the pavement (that is, modulus of subgrade reaction    k , 

design allowable, safety factor,  and CBR strength) have been obtained 

exclusively from the ATI reports. 

Additional data were obtained directly from airport engineering 

staffs of the larger hubs such as Los Angeles International,  San 

Francisco International, and the Port of New York Authority  (PONYA) air- 

ports.     This group of information is classified as "Calac" source data 

in Table Al.     NASA technical notes contained data for four of the major 

hub airports.    Data from Materials Research and Development,   Inc., 
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Oakland, Calif., were made available for San Francisco International. 

The format of the FM pavement strength survey varies considerably 

with each airport. This is particularly true with the identification of 

pavement segments on airport maps. Thus, a number of the maps have been 

rjcdified to provide consistent presenv ti^nj. It should be noted that 

several airports are currently impr v u^; the condition of their pave- 

ments, while others have plans to do so in the immediate future. 

As a check on the validity >f the data presented in Table A2, a 

letter was sent to sill the airport engineers, along with the appropriate 

iiata from Table A2, requesting their comments and recommended changes to 

the data. These changes have heen incorporated into the data as pre- 

sented in Table A2. The airport engineers who replied to the letters are 

identified by a "Yes" in the column headed "Airport Response" in 

table Al. 

The pavement terminology used in Table A2 is primarily based upon 

the FAA Advisory Circular, AC 150/5320-6A (Reference 10 in the main 

text). FAA designations for pavement material have been used frequently. 

Thev - "e defined as follows: 

Subbase Course 

P-151+ Subbase Course 
P-206 Dry-Bound Macadam Base Course or Water- 

Bound Macadam Base Course 
P-2n8 Aggregate Base Course 
P-213 Sand-Clay Base Course 
P-216 Mixed In-Place Base Course 
P-301 Soil Cement Base Course 

Base Course 

P-201 Bituminous Base Course 
P-209 Crushed Aggregate Base Course 
P-210 Caliche Base Course 
P-211 Lime ROCK Base Course 
P-212 Shell Base Course 
¥-2lh Penetration Macadam Base Course 
P-215 Cold Laid Bituminous Base Course 
P-30i+ Cement Treated Base Course 

(Continued) 
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»;s*-i-*w- ■.., 

Flexible Pavement 

P-UOl       Bituminous Concrete or Asphaltic Concrete 

Rigid Pavement 

Portland Cement Concrete Pavement 

In addition, for Newark Airport, a lime-treated aubbase is employed. 

This is denoted in Table A2 by LA, LB, and LC, depending on the composi- 

tion of hydrated lime, cement, and flyash.    See sheet lU of Table A2 for 

the definition of these symbols. 
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The following is an index to the airfield pavement property sheets 

that comprise tahle A2. 

Airport 

Newark 

Denver 

New Orleans 

Las Vegas 
Kansas City (International) 

Baltimore 

Washington (Dulles) 

Fort Lauderdale 

Sheet No. 

1, 2 

3 
Chicago (O'Hare) 

Atlanta 
Los Angeles (International) ^ 5, 6 

Dallas/Fort Worth Regional 7 

San Francisco 8* 9 

Miami 10 

New York (JFK) 11. 12 

New York (La Guardia) 13 
Ik 

Boston 

Philadelphia 

St. Louis 

Honolulu 

Detroit 

Seattle/Tacoma 

Pittsburgh 

Houston 
Minneapolis/St. Paul 31, 32, 33 

15 

16. 17, 18 

19 
20 

21, 22, 23 

2k,  25 

26, 27 

28, 29 

30 

3k 

35, 36 

37 
38 

39, ^0. 1*1 
Cleveland 
.. . . __ / ^ k2t k3 

kk 

11*9-150 



Wm&:Wf*ri9'*%y?- ^fttiuatetM'tc' . .i iVf^V^i^f ..!■.■■. KfMwwnmmMvomM mm^tM'm&ltWMlWtfntSB^if'.v 

Table A2 

f Sheet 1 of 1+1+) 

/.' / 



f AIRPORT PAVEMENT CHARAC 

i   L0- 
1     MO. 

•OIL 
CLAH. ORAM 

CLAM 

1    >URmii 
COURK 

I         RASE 
COURSE 

SURFACE 
COURK OVERLAY 

MOO, 
■UMRADE 

REAC. 
K 

DESIGN 
ALLOW. 

CONSTRUC. 
SPEC YEAR 

1 STATE 

1  RUNWAYS  

1      1 E-7 1   Ro 1 12" P-209 !                ^ 110"/7"PCC \k"  P-l+01 • C of E I960 
1    2 E-7 Rc 12" P-209 ! 15" PCC FAA 1958 

1    3 E-7 Re 16718^-15^       - 11" PCC 2" P-l+01 FAA 1967 
k E-7 Rc 1 18" P-15^ 1         ~ 12" PCC 2" pJtOl FAA 1967 

1    S E-7 Rc 12" P-l^ 1                  m 12" PCC k" p-Uoi FAA 1060 
1      D E-7 Rc 1                                mt — 15" PCC 5"+ 2" * FAA 1067 

18 E-7 i   Rc 12" P-I54 6" P-209 12" CRCP FAA 19& 

1 i? E-7 j   Rc 12" P-15lv 6" P-209 10" CRCP FAA 1966 
1 20 E-7 ,   Rc 12" P-209 - 15" PCC FAA 19& 

2\ E-7 Rc 12" P-2C« _ 10"/7" PCC 9k" AC C of 3 1967 
1 29 E-7 Rc 21+" P-154 . 12" CRCP FAA 1967 
1  ^0 E-7 Rc 21+" P-151+ _ 10" CRCP FAA 1067 

1 35 E-7 Rc 1 15" P-209 — 1077" PCC C of E iqi+2 

^                                                                                                                  TAXIWAV  
7 E-7 F7 15" P-206 _ V P-401 14.76" p-Hoi C of E 1957 

1     8 E-7 F7 16" P-206 — 5" P-;01 IV'/V' PAOl CAA 1957 

1     q E-7 F7 16" P-15U 8" P-206 VV'+" P-UO L i^yv p-uoi CAA 1957 —KSX 

1   10 E-7 F7 16" P-ISU 8" P-206 V PAOl U"/6" P-U01 FAA 196q 
1 n E-7 F7 16" P-1SU 8" P-206 ?"  P-UOl 2"' P-UOl FAA 1061 

13 E-7 Rc 12" P-20q 10"/7,' PCC 2" P-UOl FAA I960 
Hi E-7 FT 15" P-I54 6'' P-209 VV^'p-i+o: L C  of E 1961 

1 15 
E-7 F7 21" ?-13li 6" P-209 ^'A" p-^ )i C  Of E I960 i 

1 l6 
E-7 Rc 10" P-200 _ 10"/7" PCC W p-Uoi FAA 106l 1 

1 17 E-7 Rc 10-" P-206 „ 12" PCC FAA 106^ ,y 
1 2'5 E-7 Rc 12" P-209 _ 15" PCC FAA 195q \ 

26 E-7 Rc 12" P-15U M 12" PCC FAA ia6l \^ \v ss 
/ 

|                                                                                                            APROW  > 
L 12 E-7 Rc 12 ■' P-209   1 - 15" PCC FAA 1959 >/ 23 E-7 Rc 10" P.15I; H 10" PCC C of E 19U2 /A 

28 E-7 RC 10"/l2nP-15^ - 10" PCC FAA 19^3 (r 
1 ^ E-7   1 Rc 12^' P-208 - 10"/7"PCC 2" AC    i C of E 19^3 

1 51 E-7 Rc 12" P-15U _ 12" PCC      i UAL 1969 \ k 
\ 

  
\ a 

Ä 1  MMAIW »=      ?CC - Po 
AC    - As 

CRCP - Co 

" Portland C 

rtland Cement Concrete. 
phaltlc Concrete. 
iitlnuouB Reinforced Co'^rete Pavement. 

ement Contrete +2   Aaphaltlc Concrete, 

i 



j 
J 

IRPORT PAVEMENT CHARACTERISTICS Table A? 

VEHICULAR TUNNEL~TWIN TUBE 
ROOF OF TUNNEL DESIGNED FOR 
aOOO.000*LOAD 

(Sheet 1 of 1+U) 



AIRPORT PAVEMENT CHARACTI 

!     I.D. 
HO. 

SOL 
CLASS. 

su»- 
ORAOf 
CLASS 

SUMAtt 
COURSf 

BASE 
|         COURSE 

SURFACE 
|       COURSE OVERLAY 

MOO. 
SUS6RADE 

REAC. 
K 

DESIGN 
ALLOW. 

CONSTRUC. 
»SC YEAR 

ICTÄTi   m 

1                                                                                                                  RUNWAYS  

1   3fi E-8 Rd 1 18" P-15U I 12" P-209 112" CRCP FAA IQfiR 

1   37 E-8 Rd 2k" F-15h «, 12" CRCP FAA IQftft 

38 E-8 Rd 18" F-15h 12" P-209 12" CRCP FAA IQ^ft 

1 39 E-8 Rd 18" P-154 12" P-209 12" CRCP FAA 

li E-8 Rd 15" P-151+ 12" P-209 12" CRCP FAA 1968 

m E-7 Re 12" P-209 _ 10"/7" PCC 5i"AC C of E 1967 
Ul; E-7 Re 12" P-20Q m 10"/7" PCC It" P-UOl C of E 1967 

| ^0 E-7 Re 10" p-209 \ 12" PCC 

i                                                                                                                   TAXIWAY  

1 27 E-7 Re 15" P-209 - löVT'KC 5" P-4Ö1 C of E 1961 
1 V E-8 Rd 30" P-15I+ 12" P-209 12" CRCP FAA 1967 
L32  . E-7 Re 2U" ?~15k 12" P-209 12" CRCt FAA 1567 

E-7 Re 15" P-208 — 12" CRCP 2"/3"P-U0 FAA 1967 
Ui E-fi Hd 18" P-15U 12" P-209 12" CRCP FAA 1965 
U2 E-8 Rd 12" P-15U 12" P-209 12" CRCP FAA 1969 
45 E-8 Rd Ik" p-15i+ 20" P-201 4" P-401 MA 19&9 
U6 E-8 Rd 12" P-151+ IV P-201 k" F-hOl FAA 1969 
uV E-8 Rd 12" T-I5k 12" P-209 12" CRCP FAA 1969 
U8 E-8 Rd 15"/2l|"P-15U    8" P-201 k" P-lf01 FAA 1969 y 
UQ E-7 Re 10" P-209 *, 12" PCC 2-h" P-i+01 FAA 1961 <$ /x 1 21 E-7 Re 12" P-15U 12" P-2UV 12" CRCP FAA 1966 x/ 1 21 at Fl Hets 12"  P-15U 12" P-209 15" CRCP FAA 196S //   y 

{ i/. 
I                                                                                                                  APROM  

RSMAM »!        AC - Aaphaltlc Concrete. 
CRCP - Continuous Reinforced Concrete Pavement. 

FCC - Portland Cement Concrete 

15 ̂ s- 
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MRPORT PAVEMENT CHARACTERISTICS Table A2  (Continued) \a 

O-Hare International^       //      |^an.'73 

«b 
(Sheet 2 of hh) 

154 



/ 

1 
AIRPORT PAVEMENT CHARACTEI 

!     LD. 
i   Na 

SOL 
CLASS. 

sus- 
ORAOf 
CLASS 

SUMA» 
COURSE 

r 
BASE 

COURSE 
SURFACE 
COURSE OVERLAY 

i     MOO. 
SUBGRAOE 

REAC. 
K 

DESIGN 
ALLOW. 

CONSTRUC. 
»EC j     YEAR 

iSTATC      CjQOt 

i                                                                                                                   RUNWAYS  

I S"} ,£-7 FS 8" WB Macafc ^"Rltum. 3-i"  Bltum 
I R"in^ t F-7 F^ |10" Granul. tLO" WB Maea* i" Bltum. V}" Bltum 

I 6"§ 'U Re 6" Soil Cen I. 6" P-209 16" PCC 150 350 vli AAE-REq   1969 
R-6nd I E-7 Rc 6" Soil Cen . 6" P-209 16" PCC 150 350 pi: , AAE-REI 1069 

i R-3 E-7 Rc 6" P-15U _ 10" PCC 
K-Ind 1 E-7 Rc 6" P-IS^ - 12" PCC 
R-U E-7 FS 10" P-15^ 10" p-209 3?" Bltum. 
R-5 1-7 Rc cV p-1^ - 10" PCC 
K"3ndi I E-7 Rc 8" P-1SU - 12" PCC 

, R-6 E-7 Rc 6" P-^01 6" P-Wk 16" PCC ISO ^SO psi AAE-Rld 1060 

+ 1 R-1A E-7 F5 8-10" P-.154 8" P-201 5" P-UOl 1971 

 TAXIWAY  

T-1 E-7 PS 10"   f.rnnnl. TO"  m Mnn; irl   V'RI+.im, 3t" Pltra 
•T-2 E-7 Rc 6"Soll-Cen 6" P-209 15"   PCC ISO ^50 psJ AAE-REI 1969 
T-3 E-7 Rc 6" P-1SU . 12" PCC 
T-U E-7 F5 10" P-15U 10" P-209 3ir" Bltum 
T-S E-7 Rc 8" P-ISU J2" PCC 
T-6 E-7 RQ 6" P-^01 6" P-^OU 16" PCC ISO ^(50 V$i AAE-REI iq6q 
T-7 E-7 Re 6" P-^01 6" p-^oU 16"  FCC ISO ^sn psl AAE-REI 1969 
T-8 E-7 Rc 6" r-^oi 6" P-^OU 16" PCC ISO ^SO pal ^£=££1 Under C msttuctloi 

+ T-Q E-7 FS 6" P-^01 20"  P-^0U S" P-UOl 1971 
+11"  P-201 

, 
i 

■i 

 VRONS  i 

A-l E-7     1 Rc   | 8" GranulaJ _ ni" PCC    5 . 

A-2 E-7 Re 8" Granularl _ llf"  PCC 
A-l E-7 Rc 10" P-ISU - IP"     PCC 
A-U E-7      1 ES    1 27" P-ISU   i 12"  P-20q 3" P-i+oi 

itlon [r-' 

i 

A-5 E-7     i Rc   ! 6" P-301 6" P-30U 16" PCC 150 350psl,< AAE-REF Under 
Construj 

1 

j 
1 
1 

RIMAIW»: 

♦ Safety I 

+ Regardlr 

"actor 

ig on r 

2 

'5'  center section 

1^ oo* 

J 



j 

/ 
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JRPORT PAVEMENT CHARACTERISTICS Table A2  CContinued) 

yt®. '73 
MORAOE 
HEAC. 

K 

DESIGN 
ALLOW. 

COMSTRUC 
mc 

"*"   Georgia 
VEAR 

C,TV     Atlanta AIRPORT NAME Atlanta 

150 
150 

JLSO. 

3g0 .P| 
350 PS 

AAE-REI     1969 
AAE-pgl 

35Q pa;  AAE-RKi    1963 

19^9 

1971 

152. 

15C- 
15Ü- 
150. 

350 ps:   AAE-REI 

3S2_B* 
3.50 pai 
35P BäJ 

■MErSSI    1969 
AAE-REI 
AAE-REI 

^W 

1969 
Under C msttuctlon 

1971 

JO. 350psli AAE-REI Under JzU. 
Constru stion 

SCALE 

1000 0 1000        2000 FT 

(Sheet 3 of M+) 

I5f; 

J 



AIRPORT PAVEMENT CHARACTER 
1.0. 
Na 

«Mt 
CLASS. 

SUi- 
GRAOE 
CLASS 

SUBBASt 
COURSE 

BASE 
COURSE 

SURFACE 
COURSE OVERLAY 

MOO. 
SUBGRAOE 

REAC. 
K 

DESIGN 
ALLOW. 

CONSTRUC. 
»EC YEAR 

8TATE    Call 

1                                                                                                                 RUNWAYS  

R-l E-T/fe-S I5/M 8" AC/V'ESE _ 12"  FCC FAAP-19 I960 
R-LA E-7 Re sS; _ 16"  PCC SE-17 1950 
R-1B E-7 Re 2h" SM h" CAB 15"  PCC FAAP-19 I960 
R-1C E-2 Ra k" ESB 8" AC 104"  PCC FAAP-19 I960 

R-ID E-2 Fa 6" SC-COKP. 10" CAB 3" AC FAAP-19 I960 
R-1E E-2 Fa 6" SC-COMP. 10" ESB V AC FAAP-OS 19S1 
R-1F E-7 Fs h"  ESR V-W CAR V  AC FAAP-IQ 1960 
R-ia E-2 Fa 12" SM 8"-10"  SC 3" AC CITY 1958 
R-1H E-2 Fa 12"  SM 10" CAB 3" AC FAAP-20 I960 
R-2 E-7 Re 18" SM k" CAB 12"  PCC FAAP-ie 1958 
R-2A E-7 Re 18"  SM k" CAB 15" PCC FAAP-13 1958 
R-2B E-2 Ra 12" SM 6" CAB 3" AC 10"  PCC FAAP-13 1958 
R-2C E-2 Fa 6" SC-COMP. 10" ESB 3" AC FAAP-Ofi 1951 
R-2E E-2 Ra 12" SC-COMP 3"C0MP SOU 16"  PCC PAAP-OK 195] 
R-2E E-2 Fa 12" SM 10" CAB 3" AC FAAP-19 1959 
R-2F E-2 Fa 23" SM 12"  CAB 3" AC FAAP-26 1965 

1                                                                                                                          TAXIWAV  

T-l E-2 Fa 0" SC-COMP ?"  ESB i" AC :ITY 1955 
T-IA E-2 Fa 12" SC-COMP 10" CAB 3" AC FMP-16 1957 
T-13 E-2 Fa 10" CAB V AC CITY 1950 
T-1C E-2 Fa 6" SC-COME 10" CAB 3" AC FAAP-29 196S 
1-2 E-7 Ro 13"  SM - 9" PCC CITY 1947 
T-2A E-2 Fa 6" SC-COMP 10" CAB 3" AC F;AP-O8 1957 
T-2B E-2 Fa 6" SC-COMP 12"  CAB 3" AC FAAP-OB 1951 
T-2C E-7 F5 18"   SM Q"   CAB it" AC lp63 
T-2D E-7 F5 28**  SM 12" CAB VAC FAAP-13 1953 
T-3 E-7 F? 2" SAMT k"  ESB 2" AC dm 19h0 
T-U     i E-7 ^ 3k" SM 6" CAB 15" PCC 1963 
T-5 E-7 F? 28" SM 12" CAB 3" AC FAAP-11+ 1956 
T-5A E-2 Fa 6" SC-COMP 8"  ESB 3" AC FAAP-06 1951 
T-5B E-2 Fa 6" SC-COMP 10" CAB 3" AC FAAP-03 1951 
T-5C E-? Fa 6" SC-COMP 10"  ESB 3" AC FAAP-08 1951 

|                                                                                                                    ATRONt  

A-l E-7 F1) 11+"  SM 6"  ESB 2" AC Jnknown 1*5 
A-2 E-7 Re 18" SM - 9" PCC Unknown 1*7 
A-l E-7 F1? 13"   SM 3"   CAB 3" AC Unknovm 1955 
A-h E-7 F^ 12" SM 6" CAB h" AC Inkrjnwn TQUB 

A-'S E-7 F^ ?k" SM fl"  CAR V AC 195^ 
A-6 Ra 12"  PCC 
A-7 E-2 Ra - - 12"  PCC FAAP-lo 1957 
A-8 E-2 Ra _ _ 9" PCC FAAP-lo 1957 
A-9 E-7 F5 28"   SM 12"CAB 3" AC 1959 
A-10 E-7 F5 2" SAND h"  ESB 2" AC 1953 
A-ll E-2 Ra 6" SC-COMP - 12" PCC FAAP-16 1957 

RIMAIM 

E 

P 

C 

1: 

AC  - Asphaltlc Concrete 

SB - Emulsion Stabilized Base 

CC  - Portland Cement Concrete 

SM - Select Material 

AB - Crushed Aggregate Base 
3C - Soil Cement (Compacted) 

157 



'?, 
lIRPC ►RTPA VEME NTCH MACTERISTIC s Table A2  (Continued) 

MOO. 
DESIGN 
ALLOW. 

CONSTRUC. 
IMC YEAR 

California 
ClTV        T Los Angeles Los Angeles International Jan.   »7^1 

REAC. 
K 

SEE SHEET 6 

FAAP-19 I960 
SE-17 1950 

FAAP-19 I960 
FAAP-1Q I960 
FAAP-IQ I960 
FAAP-OR 19^1 
VAAP-IQ 3q60 
CITY 1958 
FAAP-20 I960 
FAAP-18 1958 
FAAP-18 1958 
FAAP-18 1958 
FAAP-08 1951 
FAAP-08 1951 
FAAP-IQ 1950 
FAAP-26 196S 

:iTy 1955 
FMP-16 1957 
:ITY I960 
FAAP-29 1968 
:ITY 19^7 
FAAP-08 1957 
FAAP-08 1951 

196^ 
FAAP-18 1958 
^FA 1940 

196^! 
FMP-11+ 1956 
FAAP-08 1951 
PAAP-08 19S1 
FAAP-05 1951 

Jnknown 1945 
Jnknown 1947 

1955 
1048 
IQ'n 

FAAP-16 1957 
FAAP-16 1957 

1959 
1953 

FAAP-16 1957 

(Sheet h of hh) 

158 



AIRPORT PAVEME NT CHARACTEI 
1   ••«>• 
1   ma 

«HL 
CLAM, 

sua- 
GRAOC 
CLASS 

1      SUSBASE 
|        COURSE 

BASE 
COURSE 

SURFACE 
COURSE OVERLAY 

MOO. 
SUSGRADE 

RE AC. 

1        S 

DESIGN 
ALLOW. 

CONSTRUC 
»EC YEAR 

|mnCallf 

1                                                                                                                   RUNWAYS  

|R-3 E-2 I Pa 112" SC-COMI 8" CAB 1 2" AC i    3" AC * [FAAP-16 1    1957 
1 R-3A E-2 Ra 12" SC-COMJ _ 12" FCC 1   300 ** &AAP-16 1957 
IR-^B E-2 Fa 12" SC-COMP 10" CAB 3" AC 1    3" AC * PAAP-16 IQS? 
| R-^C ,E-2 [ Ra (22" ml 6" CAB 15" PCC pAAP-27 1067 

t+9" SCJ 

IR-U E-2 Ra \     22" SM i     6" CAB 15" PCC [   !+00 *** FAAP-29 1970 

1 

- 

1                                                                                                                    TAXItNAV  

I T-ST1 ?,-? Vn 12" SC-COMI 10" SC 3" AC CITY 1958 
1 T-SE E-2 Fa 28" SM 12" CAB 3" AC FAAP-26 1965 
1 T-6 E-7 F5 2" SAND k" ESB 2" AC 5" AC WPA 1951 

1 T-T E-7 Rc Ik" SM - 8" rcc 19^7 
|T-8 E-2 Ra 12*' SC-COMI - 12" PCC FAAP-16 1957 
I T-8A E-2 Ra 12" SC-COMI 12" CAB 3" AC FAAP-16 1957 
1 T-q E-7 FS 28" SM 12" CAB 3" AC CITY 1959 
1 T-10 E-2 Ra 22"I>209 6" CAB 15" PCC FAAP-22 196^ 
I T-ll E-2 Fa 2k" SM 12" CAB V AC FAAP-25 iUu 
1 T-12 E-7 Rc ■\k" SM 6" CAB 15" PCC FAAP-25 1961+ 
1 T-12A E-2 Fa 2k" SM 12" CAB 3" AC FAAP-25 1961+ 
1 T-W E-2 Fa 10" CAB 3" AC FAAP-22 I960 

T-li+ E-2 Ra 22" SM 6" CAB 15" PCC FAAP-2q 1970 
[ T-15 E-2 Ra 22"  SM 6" CAB 15" PCC FAAP-27 1967 
1 T-16 E-7 F5 - - 12" FCC 1965 
1 T-17    E-7          F5         20" SM            11" CAB  AMON«    1+" AC                                                        iq68 

1 A-12 E-2 Ra   | ] - 11" PCC 
A-13 E-2       | Fa 12" SC-COMB 10" CAB 3" AC 1957 

1 A-lh  \ E-2 Ra 1 - 12" PCC FAAP-21 1966 
| A-   S E-2       1 Ra ! - 8" PCC FAAP-21 i960 
[ A-16  1 E-2       | Fa   | | 10" CAB 3" AC FAAP-21 I960 

A-17 E-2      1 Fa j 7" CAB 3" AC    ! FAAP-21 1 I960 
| A-18 E-2 Ra •             | j 12" PCC   | ^AAP-22 1560 
1 A-19 E-2      ] Ra   l — - 8" PCC pAAP-22 I960 
[ A-20 E-2      i Fa   I 1 10" CAB 3" AC pAAP-22 i960   | 

I A-21 
E-2 Fa 1 7"  -AB 3" AC fAAP 22 I960 

[ A-22  1 E-7      1 FS 6" SM       1 k" CAB  | 2" AC     i 1958 
1 A-?3 E-7      1 FT    I 6" SC-COMP ] 12" CAB  j 12" PCC  | 1968   ! 

1    * Ove 
1 ** Wor 

AC     - i 
ES3 - I 
FCC   -  ] 

SM - i 
CAB - C 

SC   -  E 
rlay 1= 
king S1 

Ispimltlc Concrete 
inulsion Stabilized Base 
Portland Cement Concrete 
select Material 
rushed Aggregate Base 
oil Cement (compacted) 

)68                                           *-*-*  Design Allow = 1,250,000 lbs. 
.ress = 1+00 psl                            Safety Factor = 1.65                                                                 | 

15Ji 
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tPORT PAVEMENT CHARACTERISTICS 
Table A2 (Continued) 

SO. 
DESIGN 

|   ALLOW. 
CONSTRUC. 

VIC VEA« 
•^"California 

C,irV       T              A Los Angeles Los Angeles International m. .„i 
AC. 
K 

SEE SHEET  6                                                                                                       1 

FMP-16 W57 
00 ** FAAP-16 1957 

FAAP-16 IQST 
FMP-27 1067 

.00 *** FAAP-29 1970 

cm- 1958 
FAAP-26 1965 

WPA 1951 
19^7 

FMP-16 1957 
PAAP-16 1957 

CITY 1959 
jFMP-22 1966 
JFAAP-25 im 
PMP-2'5 196U 
[FAAP-25 1964 
pAAP-22 I960 
PAAP-2q 1970 
pAAP-27 19^7 

1965 
ic^A 

'   ' 

^I t,MP-21 1964 
FMP-21 1960 
FAAP-21 I960 
FAAP-21 i960 
PMP-22 I960 
FAAP-22 i960 
FAAP-22 i960 
FAAP-22 i960 

195Ö 
1968 

X)0 lbs. 

(Sheet 5 of hk) 
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J 



.'-■■^T;!.!; ,."•..--'..■-'..,irfl. ■'(i' ■■ ■■-'?-■-■.-',;> ■:- iKBt^fi 

h 



(/ 

I        CALIFOKMIA 

16^ 

1 
J 



/" 

Table A?  (Continued) 

STATE: 
CALIFORNIA 

CITY*. 
LOS ANGELES LOS  AMGE.IJES    IhiT£RNÄnor4AL 

PATC*' 

fSheet 6 o" hii) 

.•-i i 



AIRPORT PAVEMENT CHARACTER 

1. 0. 
1   Na 

SOIL 
CLASS. 

su*- 
ORAOC 
CLASS 

SUBBASE 
COURSE 

BASE 
COURSE 

SURFACE 
COURSE OVERLAY 

MOD. 
SUBGRADE 

REAC. 
K 

DESIGN 
ALLOW. 

CONSTRUC. 
»EC YEAR 

STATE        Tex 

1                                                                                                                  RUNWAYS  

U7R-35L 
|R-1 |    9" LTM 1 10" CSB 16" JRC ♦ 

|K-2 9" LTM 1   Q" ess 18"  JRC * 
h-^ 9"  LTM 9" CSB 17 JRC *■ 

hJ, i    9"  LTM 1    9" CSB 18"/15''JRC *• 

ll7L-35R_. 
I 

f |R-I 1    9" LTM 10" CSB 13"  JRC * 
|R-2 9" LTM i    9" CSB 18" JP.c * 
(p-^i 9" LTM 1    9" CSB 17" JRC * 
|R-6 2" LTM 9" CSB 18"/15"JRC * 

I13L-31R 
|R-3 '    9"  LTM 9" CSB 17" JRC * 
R-6 9" LTM i    9" CSB n"/ik" jRc *- 

|                                                                                                                   TAXIWAV  

|T-l 9" LTM 10" CSB 18"  JBC -* 
|T-2 9" LTM 9" CSB 18"  JRC ■K- 

[^-3 9" LTM 9" CSB 17"  JRC ■X- 

[T-5 9"  LTM 9" CSB 16"  JRC * 

T-5 9" LTM 9" CSB 15" JRC * 

c 

j                                                                                                                    AFRONt  

|A-1 18"  LTM 10" CSB 18"  JRC * 

MMAM»:               CSB _ cement Stabilized Base 
JRC  - Jointed Reinforced Portland Cement Concrete 
LTM - Lime Treated Material 

*    Aircraft pavement design - Mason 4 Johnston, Sept. 1971. 

1€4- 

J 



AT 
PORT PAVEMENT CHARACTERISTICS Table  A?  (Continued) 

BHI 
an.   'J3 

•m 
DESIGN 
ALLOW. 

STATf 

CONSTRUC 
wnc 

Texas 
VEAR 

CITY Dallas AIRPORT NAME 
Dallas-Fort Worth ReRlonal Alrnort 

(Sheet 7 of I4I4) 

IGS 



AIRPORT PAVEMENT CHARACI 
1.0. 
Na 

•OIL 
CLAH. 

sua- 
GRAOC 
CLASS 

SUBSASi 
COURSE 

BASE 
COURSE 

SURFACE 
COURSE OVERLAV 

Mon 
SUiGRADE 

REAC. 
K 

DESIGN 
ALLOW. 

CONSTRUC. 
«WC YEAR 

■"" Ca? 

1                                                                                                                 RUNWAYS  

1 1R-19L %jK. 
R-l E-3 Fl - 12" U. 3" Bit. CAja. 1951 T^whi 
H-2 E-3 Fl k" u. 10" CT. k"  Bit. FAA 1060 \   ^s 
R-3 E-3 Fl k" u. 10" CT. 3i"  Bit. CAA IPS? Fl    \       "' 

R-k E-3 Fl k" u. IV' CT. 5    Bit. FAA 19Ö7 N R-5 E-3 Rb - 6" CT. 13"  PCC 1|00 31+5psi* FAA 1962 
I 1L-19R 

R-l E-3 Fl - 12" U. 3"  Bit. CAA 191+9 1 
R-2 E-3 Fl I+" u. 10" CT. k"  Bit. FAA I960 
R-3 E-3 Fl k" u. 10" CT. 3'." Bit. CAA 1957 
R-6 E-3 Fl 1U" SS 17" CT. 5" Bit. FAA 1967 

' 

L10L-28R 1 
AP« 

R-2 E-3 Fl h" u. 10" CT. 1+" Bit. FAA IQhO 
R-^ E-^ F] U"   IT. 10"  CT. ^l"   Bit. CAA 1057 
R-5 E-3 Rb '' It   n    rr 0       C.I, 15" rcc 1+00 ■^5PS1* FAA 1962 

1                                                                                                                   TAXIWAV  ; 

T-l E-3 Fl - 12" U. V  Bit. CAA nq^n ' 
fpÄP E-3 Fl k" u. 10" CT. k" Bit. FAA i960 

! 

T-3 E-3 Fl k" u. 10" CT. 3i" Bit. CAA 1957 j 

T-lf E-3 Fl h" 'J. lk" CT. 5" Bit. FAA 1967 j 

T-5 E-3 Rb - ö" CT. 13" rcc FAA 1962 

I T-6 E-3 Fl 1k" SS 17" CT. 5" Bit. FAA 1967 
T-9 E-3 Rb - 6" CT.** 1h" KJC FAA 1967 
T-12 E-3 Fl _ 15" U. 3" Bit. CAA 19i+q 

T-2 

N 
E 
D 
0 
y 

z          ' 

1                                                                                                                   APROM  

AP-1 E-3 Fl - 12" u. 3" Bit. CAA 1951 
AP-2 E-3 Fl h" ü. 10" CT. k" Bit. FAA I960 
AP-1 E-3 Fl k" u. 10" CT. 3i"  Bit. CAA 1957 
AP-5 E-3 Rb - 6" CT. 13" PCC FAA 196? 
AP-6 E-3 Fl iU" ss 17" CT. 5"  Mt. FAA 1967 
AP-9 E-3 Rb 6" CT. IV  PCC FAA l-)67 
AP-10 V..^ Fl U"   !I. 1?" CT. k"  Pit. FAA i960 
AP-11 E-3 Fl 8" CT. 8"  Bit. CAA 1951 

7 z 
i 

- 
WiMilMIl 

*    Safety Fr.ctor = 
**    Piers C & E ar« 

U - Untreated Base Crush* 
CT - Cement Treated Crush« 
SS  - Stabilized Soll. 

= 1.7^. 
i l!+" FCC on 

jd Aggregate 
?d Aggregate 

3;1." cement treated base. 

* * 
It 
„* ; 

"1 z 
* 0 

1GG- 

m 



AIRPORT PAVEMENT CHARACTERISTICS Table A?  (Continued) 
6 

MOO. 
tUMRADE 

REAC. 
K 

DESIGN 
ALLOW. 

CONSTRUC 
»EC 

400 

Too 

3^5T)sl* F/A 

B^SPSI^ 

SAL. 
m 
£IA. 
F/-A 

CAA 
MA 
CAA 
FAA 

IAL. 
£JA. 
FAA 

£AL. 
FAA 
CAA 
FAA 
FAA 
FAA 
FAA 
WL. 

CAA 
FAA 
£M_ 
ML. 
ML. 
MA. 
FAA 
CAA 

VEAR 

-1251. 

iaaz 
1967 
1962 

19^9 
I960 
1957 
1967 

lObQ 

^2e 

-1251. 
i960 
19^7 

2261. 
1962 

.1261 
1967 
19^9 

1951 
I960 
J^I_ 
1262 

-12ÜX 
1^7 

^21 
|2. 
60 

JL25L 

STATE „   , ^ „ . CITY 
California San Francisco 

AIRPORT NAME 
S: an Francisco International 

[OATl 
Jan.'7^! 

(Sheet 8 of kh) 

167« 

1 



► 

AIRPORT PAVEMENT CHARACTI 

I.D. 
Na 

SOIL 
CLASS. 

sua- 
GDAOf 
CLASS 

SUBBASf 
COURSE 

BASE 
COURSE 

SURFACE 
COURSE OVERLAV 

MOD. 
SUBGRADE 

REAC. 
K 

DESIGN 
ALLOW. 

CONSTRUC. 
»EC VEAR 

•""Call 

[                                                                                                                 RUNWAYS  

1 10R-28L 
R-2 E-^ Fl k" u. 10" C.T. It" Bit. FAA 1960 
B-3 E-^ Fl k"  V. 10" C.T. 3*" Bit. CAA 1957 
R-Ü E-^ Fl k" ur   „ Ik" C.T. 5"  Bit. FAA '■    1967 
R-7 E-^ Fl 8" + h*   L) 20" C.T. h" Bit. FAA 196C 
R-Ä E-3 Fl iUH+ 1+" (2) 1U" C.T. 1+" Bit. FAA I960 
R-10 E-3 Fl kH u.    " 12" C.T. !+" Bit. FAA i960 

l                                                                                                               TAXIWAV  

|                                                                                                                   VROM  

MMAMi;   Q_    8" Coarse Aggregate Base on h" old cement treated crushed aggregate base. 
(2}- ill" Coarse Aggregate Base on h" old cement treated crushed aggregate base. 

U - Untreated crushed aggregate 
CT.- Cement treated crushed aggregate 

1GÖ' 

«t. I 



paRptg"wipfFamn»-.viv9'n 

9 
AIRPORT PAVEMENT CHARACTERISTICS Table A2 (Continued) 

MOO. 
■UMRAOE 

«AC. 
K 

OESIQN 
ALLOW. 

COMCTRUC. 
mc VEAR 

'"California aTf   San Francisco AIRPORT NAME     San ^^0^00 mtematlonal      jSU'.   '731 

\ 

FAA I960 
CM 1957 
FAA 1967 
FAA i960 
fAk I960 
FAA I960 

I crushed aggregate base. 
1 cruahed aggregate bas»;. 

169- 
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/? 
AIRPORT PAVEME NT CHARACTER 

i   ,0- 
i    Na SOIL 

CLASS. 
sus- 

ORAOf 
CLASS 

SUBBAS£ 
COURSE 

BASE 
COURSE 

SURFACE 
|       COURSE OVERLAY 

MOD. 
SUBGRADE 

REAC. 
K 

DESIGN 
ALLOW. 

CONSTRUC. 
»EC VEAR 

STATE _,        . . 
Florid 

1  RUMNAVS  

1  R-l E1/E2 1   Fa 1 10"LR Stab. S    8" LR 1   3" Bit. 
I R-1A E1/E2 Fa 1 10"LR StabJ    8" LR 3" Bit. 5" AC 1972 
1 R-2 E1/E2 Fa 1 10"LR StabJ 10" LR 1   2" Bit. 6" AC 1972 
1 R-2A E1/E2 Fa 1 10"LR Stab. 8" LR 3" Bit. ■5" AC 1Q72 
I R-^! E1/E2 1   Fa 12" LR 2" Bit. 6" AC 197; 

R-U ?-? ^=2- 1 10"LR  StabJ 10" LR 2" Bit, 5" AC 1972 
R-5 E-2 Ra '.          - 1 8" FCC 5" AC 1972 
R-6 E1/E2 Fa 10"LR Stab. 10" LR 2" Bit. 

1 R-7 E1/E2 j  Fa 12" LR Stab .   12" LR 2" Bit. 5" AC * 1972 
R-8 E1/E2 Pa 12" LR Stab .   10" LR 2" Bit. 6" AC ** 1972 
R-9 E1/E2 Fa - i    10" LR 2" Bit. 6" AC 1972 

1 R-10 E1/E2 Fa _ 12"  LR 2"  Bit. 
1 R-ll E1/E2 Fa _ 10" LR 2" Bit. 
| R-12 E1/E2 Fa 10" LR Stab -     8" LR 3" Bit. 

R-13 E1/E2 Ra 8" FCC 
1 R-lU E1/E2 Fa 12" LR Stab .   12"  LR 2" Bit. 
1                                                                                                                   TAXIÄAV  

1 T-l E1/E2 Fa 10"LR  Stab. 8" LR 3" Bit. 
1  T-1A El'/P? Fa 10"LR Stab. 8"  LR V Bit. 
1  T-l -, R1 '/F? FB IC'I.R   Stnb. 8"  LR 3"  Bit. 
1  T-2 E-l Fa 10" LR  Stal r   10" LR 2" Bit. 
1  T-^ E1/E2 Fa 12" LR 2" Bit. 
1  T-3A E1/E2 Fa - 12" LR 2" Bit. 
|  T-1+ El F.": Fa 10"LR Stab. 6"  LR DPST  (1") 
1 T-5 E1/E2 Fa 10"LR Stab, 6"  IR 2" Bit. 
1   T-6 E-l Fa 12" LR 2-yk" Bit 
1 T-7 F-l FB 1?"TR   St.nh, q"  LR ?"  Bit. 

T4 E-l Fa 12" LR Stab .12"  LR 2"  Bit. 
1 T-9 E-l Fa _ 12" IR k" Bit. 3" AC 197. 

|                                                                                                                    APRONS  

1   A-l E1/E2 Ra - 8" PCC 3" AC 
1  A-2 E1/E2 Pa _ 12" LR 2-3/V Bit > 

A-5S E1/E2 Fa _ 12" IR 2" Bit. 
A-k E-l      1 Fa 10"LR  Stab 6"  T.R DPST  (l')\ 

I A-5 E-l Ra LR  Stab. 8" vc.c 
1 A-6 E-l     1 Füi   1 12"LR  Stab] Q" LP. 2"  Bit. 
l  A-7 FT /F? 1 T.R  St.nh. h"  PCC 

1  A-8 Ra LR  gt,nb. 10"   PCC V   AC 
1 A-9 E1/E2 Fa   1 8" LR  StabJ 12"  LP. 2"  Bit 
[ A-10 E1/E2 1 Fa 12" LR Stab .   12"  LR       1 2" Pit. 
1 A-ll E1/E2 | Fa 12" LR StaU .   12"  LR       \ 2" Bit 6" AC 1972 

A-15 E1/E2 | Fa   | i 12" LR 2" Bit.   1 6" AC       1 1972 

i 

Mo 

.R STAB 
AC 

Bit 

te:    Ri 

»-*   no 

.  - Lime Rock Stabilized 
- Asphaltic Concrete 
- Bituminous Concrete 

inway 12- J,0  is  due to have  a 

rlay on 0L/27K  is  ()" AC. 
overlay on 17/35. 

" asphalt concrete runwiy ewly in lr'75. 

170 
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PAVEMENT CHARACTERISTICS Table A2  (Continued) 

P 
TOT 

I Jan. DESIGN 
ALLOW. 

CONSTRUC 
SflC 

r early in 1)11 

VEAR 

-12Z2. 
1972 
1972 
1972 

_12Z£ 
1972 

1972 
1^72 
197g 

lag 

j^_ 
^2I£ 

STATE 
Florida 

CITY 
Miami 

AIRPORT NAME 
Miami International '7^ 

(Sheet 10 of hh) 

171- 
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;1 
AIRPORT PAVEMENT CHi ARACTE 1 

t. 0, 
Na 

•OIL 
CLAM. if?

 

lUMAtt 
COURSE 

•AIC 
COURSE 

SURFACE 
COURSE OVERLAV 

MOO. 
SUaORADE 

REAC. 
K 

OEtlON 
ALLOW. 

CONSTRUC. 
»EC VEAR 

nm New 1 

I                                                                                                              RUNWAY«  

[1+R-22L 1  E-l [Ra 6" sc j j     12"  PCC | *    300 l+30psl RYC i9m 

1+L-22R E-l Ra 6" sc - |     12"  PCC k^/^'Bit. 300 U30psl MC 

I13R-31L    E-l Ka b" sc _ I     12"  PCC IV'/S" Bit 300 U'^ODSI 

[East End E-l Ra 6" sc _ 12"  PCC k"/3" Bit 300 U^Opsi 
1 1+ 8" PCC 

I13L-31R    E-l |Ra _ _ 12"  PCC 6Vio%it 300 i+30psi 

m-i2 E-l Ra 6" SC 4" Bl "o"  + o"* ' V'/b" Bit 

hL Ext E-l Ra 6" sc - 1'."  PCC - 300 i+30pai rryc l9Ch 

o 

ii 
[                                                                                                                   TAXIWAV  

ll.O.GQ at 

Ci "itlcal E2/E3 F2 22" L^' .::" LA k" AC Z 

i'iC m-crlt E2./E3 Fl lo" LS ■" LA !f" AC 

^ : .I'.O' E2 Fl 21"  LS 3" LA h" AC 
.    E G" SC S" F-' QII+ 2"  t 0   Qj "    A''' 

v o"  SC 3" p--' 2"+ :;" * ^/6" AC 
ji 6" SC 6"   PM -V AC i, '-" ,•,-. 

K-l ü" SC 6"   PM 3" AC ?n AC 
H-2 b" SC 3" F.: :"+ 2" * V AC 
K.KK 6" SC 6" PM 2"+ ?."  * 
in.T 6" sc 2"+ 2"  " 
P.PPJ 5A.  PB. PC  PD 6" SC rV pcc 
0-1 6"  SC 8" H-: 2"+  -"   » ^ 'b" AC 

Q-2 6" ijc n" P.- :"+ -"   * U/fi" an 
R.    ^ 6"sc+.''\s io" P::. 2"+ 2" AC 

 AfnOM — 

>1 
AP-1 6" sc      1 13"'lV'PCC 
AP-2 6" sc w tt    p» . 2"+2" AC 
AP-3 6" sc '■"    P/ 2"+l!1" AC 
AF-h r"   P\! V   AC 
AP-S iV'sc4A:BS 5"+ 5"F-".'    1 2I,"AC+1;"RJ v,                 i 

AP-b \ - 12"  PCC     \ 2        g 
AP-7 26" LS 3" LA     1 U" AC *              O 

m 

AP-8 1 b" SC      \ 13" FA     \ U"+ k" AC 

MMAMfc        SC - Stone Screening 
DBM - Dry Bound Macadam                                        * 2 ' Asphalt Binder + 2" Asphalt 

LS - Lime Cement Flyash oand 
LA - Lime Cement Flyash Aggregate 
AC - Asphalt Concrete 
PM - Penetrated Macadam 

PKM - Plant Mix Macadam 
DBS - Dry Broken Stone 
RTC  - Rubberized Tar Concrete 

172 
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IRPORT PAVEMENT CHARACTERISTICS Table A?  (Continued) 

TIMOSTBäBT nsr Moa 
«OHAOi 
MAC 

K 

300 

JOC 

300 
300 

ioo. 

^00 

OillON 
ALLOW. 

STATf 
CONtTRUC 

ViC 

New York CITY New York 

^30psl 

nopsl 

i^Ci^i 
t'iOysi. 

-r j Or si 

-pysl 

inc 

IjYC 

::/: 

VIAR 

John F. Kennedy International 

19^9 

"T^T 

73 

Binder + 2" Asphalt 

fSheet 11 of kk) 

173 



/: 

AIRPORT PAVEMENT CHARACTERIS 
LD. 
NOL 

SOIL 
CLASS. 

SUS- 
ONAOf 
CLASS 

SUUASt 
COURSE 

BASE 
COURSE 

SURFACE 
COURSE OVERLAY 

MOO. 
SUKRADE 

RE AC. 
K 

DESIGN 
ALLOW. 

CONSTRUC. 
SPEC YEAR 

STATE „        ,.     . 
New York 

|                                                                                                                    RUNWAYS  

1 

|                                                                                                                     TAXIWAY  

TT.XK 6" sc 8" PM 2"+ 2" AC Ö/10"AC 
XE 6" sc _ 12"  PCC U" AC 

I-i _ _ 12"  PCC 
Y-2 6"  SC • 12"  PCC 
Z-l _ _ 12"  PCC 2A" AC 
Z-2 6"  SC 8" m 2"+ 2" AC k/6" AC 

I                                                                                  »mom  

RiMAINCB: 
SC  - Stone Screening 
Wi -  Penetrated Macadam 
AC  - Asphalt Concrete 

174 
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3 
AIRPORT PAVEMENT CHARACTERISTICS Table A?  (Continued) 

MOO. 
SUMRAOE 

«AC. 
K 

DESIGN 
ALLOW. 

CONSTRUC. 
VIC VEAR 

1"*" New York CITY     New York 
AIRPORT NAME T  ,.     „      „                    T   ^            ^         , 

John P.  Kennea/ International &%    1 

1 

X7S' 
(Sheet IP of kh) 

I 



1 

AIRPORT PAVEMENT CHARACTER 

1   l0- 
1      NO. 

KNL 
CLAH. GRAOf 

CLAM 

SUMAK 
COURSE 

BASE 
COURSE 

SURFACE 
COURSE OVERLAY 

MOD. 
SUBORADE 

REAC. 
K 

DESIGN 
ALLOW. 

CONSTRUC. 
SPEC YEAR 

lmr,Mew YO 

"-1 
|                                                                                                                  RUNWAYS  

113-31 E-3 ! Fl 6" sc 6" m 2"+ 2"(^ 13" AC © POIIYA 1973 

14-22 E-3 Fl |         kj:"   SBM 7^" m 2-|" AC (D PÜIvYA 1972 

1 

j 

^y 
^f 

^^ 

t 

<, 
|                                                                                                                            TAXIWAV  

[T-l E-3 Fl SBM                   H-"  FA 2.'" AC 5" Ac PO^/A 1972 Q-                                «j 

1 T-2 E-3 Fl _ - 7" '"oncret s  5" AC poirfA 1972 •i'V       ■: 
1 T-3 E-5 Fl 6" SC 6"  PM 2"+ 2"   (D 5" AC K;r/A 1972 SxV- 
1 ':'U E-3 Fl SBM U-V PM 2T." AC © F;::YA 1973 *h 1 :r-s _ 6"  SC 6" PM 2"+ 2"   ffi V7S" AC Pui.TA 1971 
11-6 _ _ 0"  EC I4"  PM 2"T 2"   ^p POirfA I960 /vp\ [ i-7 s-i Fl 0"  SC V  PM 2"+ 2"   (J 5" AC POI-IYA 1W 
1  f"tmH p-3 Fl 6" SC 4"  PM 2"+ 2"   O) h poiri'A 1973 

-9 E-3 Fl b"  SC '4"  PM 2"+ 2"    QJ 5" A^ porryA 1973 //"'^A 
1:-io E-3 Fl 6" SC 8"  PMM 14"+ v m roi.TA 1971 r •S1TJ 
1 :-ii - 6" SC 6"  FM 2" + 2" a) roiffA I960 r-r—^wa 

r-12 E-3 Fl 6" sc 8"  R.K V'+ 3" $ POl-ffA 1971 ö \     m 
i-i^ - 6" sc U" R.: 2"+ 2"  CD P0!,TA I960 \j/»*m»tt         |  ! 

1 T-lU _ .. 6" sc 6"  PM 2"+ 2" rp FCi^A I960 \        H \ \      y! 
|                                                                                                                    APRON!  

|A ! _ . - 7"ConGrete AC  (T;nkno m thick tiess) 1938 
IBI E-3 Fl SBM W  PM. 2±" AC ©+ 6 "AC pciri'A 1971 

B2 E-'i   i Fl 6"  SC 6" PM 2 * 2"   (1) 6" AC porr/A 1971 
13 E-3 Fl     i 6" sc U"  K.-      1 2"-t  2"   Ä g" AC rOIIYA 1971 

|C1 | SBM H" H.I 2|"  AC ©              { POMYA i960 
C2         ] | I 6" SC       1 6    PM      \ 2''+ 2" m POI.TA I960 

\c^ | 1 6" sc     i it"  PM      ! 2"+ 2"   CD PCIIYA I960 
[DI 1 I SBM           1 1 i"  FA 2f" AC © BDKYA r-6o 

12 j j j ' - © TONYA i960 
IE-I    I | ! SBM           j 4M  PM   1 2^" AC         | AC  (unkno] vn thic^ aess) 1938 

1 

1 RIMAMM:       SC  - Stone Screening                                      AC  - Asphaltlc Concrete 
PM - Penetrated Macadam                              SBM - Selected Base Material 

1                       EMM - Plant Mix Macadam 
(1) Asphalt binder + asphalt top course. 
(2) 5" AC  (1969)  + 8" AC  (1973). 
(3) 8/20" PM + 2" Binder + 2" AC top course  (i960)  + 5" AC  (1972). 
(1+)    2" PM + 2" AC Binder + 2" AC top course  (i960)   + 3" AC  (1973). 
(5) V to 8" AC   (1971) + 5" AC  (1973). 
(6) 6" SC  + h" PM + 2" AC Binder + 2" AC top course. 

17(i ;< 4 



^ 

ÜRPORT PAVEMENT CHARACTERISTICS 
Table A2 (Continued) s MOO. 

JMRAOE 
MAC. 

K 

DESIGN 
ALLOW. 

CONITRUC 
»IC 

re^rfA 

TomA 

K'TA 

K-rrfA 

po:rrA 
POTiA 
porri'A 

PO'IYA 
FOITYA 
POCTA 
PCCTA 
POCTA 
TpCtT 

1 thlchiess) 

i thickaess 

PC"TA 
POIM 
PCIIYA 
POMYA 
po:ri'A 
POIIYA 
POWYA 
FJKYA 

Concrete 
3ase Material 

2). 
3). 

tTATt 
New vork 

CITY 
Mew York 

ViAR 

MÜfofR MSSST La Ouardla '73 

1973 

1972 

TTTT 
191 

JL222 
1973 
1?71 
19b0 
1223 
1223 
1973 

227 
196' 
im. 

22IL 
i^t^ 
i960 

"193^" 
1971 
1971 

1960 
I960 
I960 
I960 
i960 

(Sheet  13 of );!+) 
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A'RPORT PAVEMENT CHi MACTERI 
1     1.0. 

Na 
SOIL 

CLASS. 

su»- 
GRAOf 
CLASS 

SUUASt 
COURSE 

BASE 
COURSE 

SURFACE 
COURSE OVERLAY 

MOO. 
»•'■GRADE 

REAC. 
K 

DESIGN 
ALLOW. 

CONSTRUC. 
»EC YEAR 

8TATt     Jero 

] 

N 
1  1 

«.1 

a 

ji 

»1 

.1 

1 * 1                                                                                                                RUNWAYS  

111/29 ■» 

[R-I * * 1              * M * 6'7lB"AC PONYA 

liR/22L 1 * 
\R-2 E-2 Fl «"LC+l^LB V* LA k" Acm POIJYA 1973 
R-^ E-l Fl ^"LC+lU"  LB 8" LA h" AC?S POPJYA    ' 177? 

h-k E-2 Fl lU" LB :i" LA h" ACM PONYA 1913 1/ 
7 

|ltL/22R (' 
R-5 E-2 Fa 6"LC+16"LB B" LA It" ACS-J PONYA 1973 . 
R-6 E-2 Fa 6"I£+lii."LB 5" LA V AC&B POOTA 1973 ! 

[R-7 E-S Fa 6"LC+ 'V'LB 8" LA k" AC&B POIJYA 1873 ], 
J , 

1  TAXIWAV  Q 
|T-1      IE-2 Fn b"LC+lV'LB 8" LA h" AC^E PONYA 1973 '? 
1T-2      I E-2 Fn 8"LC+lit"LB 8" LA !|" AC'S PONYA 1978 ^ 
[x-3 E-2 *n 6"LC^"  LB 8" LA k" ÄC&B PÖNYA 1575 

;:/■ 

T4 E-2     J F'i 6"IX:+I6"LB 8" LA 4" AC&B PONYA 1073 
T-5 E-2 Fa Ik"  LB 8" LA If" AÖ&B 'WWA 1578 
T-6 E-l Fa - 7" m 3V' AC 6" AC&B PONYA 1973 1- 

i 

)   1 

1 ;t' 
Ii 

[l 
i 

1 / 
T-7 * * # * # 6" AC&B POTIYA 1973 
T-S * • M- ■K- 3" AC KJIYA 1962 I 
T-q E-:J Fa 6"  3C 5" m I1," AC V AC PONYA l\ 

H 

j:» 

|                                                                             Mtnom  n 
|A-I E-2 Fa >;"LC+16"LB 8" LA ii" Ac "a POOTA 1973 h 

A-2 E-2     I Fa    ! 6"LC+16"LB 8" LA       I !t" ACiB    1 PONYA 1?Z^ H' 
A-^, E->      i Fa     f ^tLC+l''i"L3 8" LA it" Acy? PONYA 157- V 
A-^ ■¥- * # M- > 3" AC 

^ 
A-5 ■*■        j *           1 « 4 * 

A-6     I E-l     1 Fl     ! 6" 3C     ! 6" SC      < ii" pec   ! I 

LA-? E-l .ill 6" X ^"  P"     \ 2" AC 

I!,- :   ■; 

[A-G E-l     i Fl    | r"   D>« ■8;' Ac 

;h 
1 j 

1 MMAMB:   AC&B - Asphalt Concrel 
P" - Penetrated 'tac! 

Composition of lime cement fly; 
Hylrated Lir 

LA                    3.6 
1                          LB                      ',.2 
1                          LO                      2.3 

* Sections of original pavemeni 
1     present operator. 

;e and binder or levelln,: course          SC - Stone screening 
idam                                                                KG - Portland f'emen1 
ash by '■ of weight:                                                    crete. 
ae           Cement            Flyash        Aggregate        Fill Sand 

.9                   10                  ?0                55.5 

.8                   12                   -                Blt.O 

.7                   1R                   -                p'<.5 

; was constructed several years ago and are unknown  to 

T 

: Con- 

11. m 

' i'   ' 

i   t ** 

■ 

1 

vr 

-i 
!2I 

1 '^ 

NOTE;  Only critical sections presented. 

X7H< 



n 
RPORT PAVEMENT CHARACTERISTICS 

Table A?  (Continued) 
• N/ 

«oo. 
GRADE 
•AC. 

K 

DESIGN 
ALLOW. 

CONtTRUC. 
»EC 

wmr 

PONYA 
POMYA 
K)NYA 

PONYA 
PONYA 
PONYA 

PONYA 
PONYA 
PONYA 
PONYA 
Tvmr 
porrfA 
■n/^imrft 

PONYA 
POirfA 

POPTA 
PONYA 
Pj-.TfA 

YEAR 

1973 

-^ 

"TWT 
1573 
1;'73 

jm m 
y>73 

-wrr 
1973 
1973 
1Q62 

ÜZi m 

SC - Stone screening 
PCC  - Portland Cement Con- 

crete. 

rate        Fill Sani 

3^.5 
■'h.O 
P'U. 5 

and are unknown to 

STATE. 
'er.'1 y 

CITY 
Newark 

AIRPORT NAME 
Newark TpTr«.'73 

1 1 I £ 

\ '     i     • 4.' 
,:     :KN'f-  '»I 

; '•inL;/1 Vv 

*i 

■i 
'.V 

■■<'! H 

7 L, ^ ;• s J^ '    * • 

(Sheet 1U of hM 
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AIRPORT PAVEMENT CHARACTI 

1   <o 
1      NO. 

SOIL 
CLASS. 

SUB- 
GRAOE 
CLASS 

SUBBASE 
COURSE 

BASE 
COURSE 

SURFACE 
COURSE OVERLAV 

MOD. 
SUBGRAOE 

REAC. 
K 

DESIGN 
ALLOW. 

CONSTRUC 
»EC YEAR 

8TATE Col 

1  RUNWAYS  

1 R-l E-D Fo lio" .vc: 1    10" CA 1     V AC 7"  AC FAAP-^2 iq6q 
1 R-2 E-5 F5 10" CA-: i    10" CA V A" 7" AC PMF-^2 IQoQ 

:-3 E-o Fo 15" SA" 10" CA V AC 7"  AC FAAf-^2 IQoQ 
H-1+ E-D 

i   -^ 
[15" SA:-: i    10" CA !    V AC 7"  AC FAAP-^2 IQoQ 

I R"5 E-5 
i   F5 10"  SA!-! 10" CA 3" AC 7" AC PAAP-^» 1060 

1 H-p E-7 1  *'7 10" SA:.: IV AC !    U" AC A AP-02 1972 
1 R-7 E-2 Ha 12" R'C 200 600 psJlFAAP-26 1962 

I H"3 E-2 Ha _ . 10" PCC 200 600 psi FAAP-06 1962 

1 •'■■*9 V     'J He 2lt"   S.A.V. 1   12"  PCC 200 600 psl cir/ 1060 
1 H-IO E-7 He 21+"  SA" 12"  FCC 200 600 psl Cln'Y I969 
1 R-ll •M'_7 

>'T7 _ 25" AC '     U" AC A2AF-02 1972 

1                                                                                                                   TAXIWAV  

1 T-l E-o Fb 10"  SAJ-: 5" CA 2" AC 'JSEI 19111+ 

1 x-2 E-6 FD io" SA:-; 6" CA 2" MZ CSEL 19l+i+ 

1 '1'-^ E-3 T?3 1   J 6" SA:.: 10" CA 3" AC FAAP-BO] 191+3 

r-ü E-6 F6 IO" SA: 7" CA V AC USEE 1Q1+I+ 

I i-^ E-7 F7 IS" RA-: 10" AC U"  AC 107? 
1   I'-D E-6 F6 io" SA:-: 7" ~k V AC CCEL 191+1+ 

1 T-7 E-6 F6 io" SA: 7" CA 2" AC USED 191+5 

1 X-8 E-7 Re 3" SA: 12"  PCC 200      600 -psl FAAP-22 196^ 

I --9 E-7 ?7 _ lo" CA U" AC JLAAP^^ 106-. 
1 ?-io E-2 Hfl ... 1?"  PCC 200 600 T^FMP-36 106? 
1  T-ll E-7 F7 (      bA--.. 8" CA V  AC FAAF-2q 1067 
1 T-l? E-7 F7 25" AC U" AC AI.AP-02 1972 

1  APRONS  

1 A-l E-6 Re    | - 1278" PCCl ■JSEC 19^ 

1 A"2 E-6 T?6 8" SA.: 11" CA V" AC FAAP-61S 1957 1 

k-i EA FU    [ _ 10" CA V AC FA«IP-2S 19o5 1 
1 ^"^ £-7     1 i'7 3.\" SA: ^" CA -" AC FAAP-'c 10o5 
I A-T     1 E-6      I 3 c ^ H      - - - f 12"  PCC ^00 200 pd FAAF-27 1963 
I A-C E-2 Ra   1 -;0ü -■0uwp&3 CITY 19ol 

LiL-2_J E-2      | Ra   1 13" PCC     i 300 200 pad '/AL 1^67 

( A-c E-6      1 ?.C   1 5" SA. 12" PCC     j 300 200 psJ FAAP-29 I066 

A-9    1 E-5      ] Hb    \ 5"  SA" 12"  PCC     | FAAP-31 I969 

niMANKS: 

* Safety Factor 1.75 

::P.:'. - Selected Ag^egate '.■'. 
i          CA    - Crushed Aggregate 

AC    - Asphaltle Concrete 

aterial 
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AIRPORT PAVEMENT CHARACTERISTICS Table A2 (Continued) 

]1 in.   '73 MOO. 
SUIGRAOE 

REAC. 
K 

DESIGN 
ALLOW. 

CONSTRUC 
SMC 

200 
200 
200 
200 

FAAP-^2 
£M£=32 
FAAP-^2 

ArAP-02 
oOO psJFMP-26 
oOO ps3 FAAP-06 
DOO psj 
oOO psl 

■AAP-32 
VAAP-3P 

CITY 
CITY 

ArAP-02 

2QC 

200       )00 pal 

600 ps. 

;SEI) 
USED 

FAÄP-30: 
T-SEE 

USED 
USED 

FAAP-22 
IFMP-2:' 
FMf-2u 
FAAP-PQ 
ADAP-02 

aoo. 
3QQ 
300 
300 

200 p3JyAAP-?7 
^00,,^:   CITY 
200 m 
200 ysi 

USED 
FAAP-61'- 
FAAP-2^ 
£^£=£1 

;'AAP-29 

FAAP-31 

STATE ^  .        , 
Colorado 

VEAR 

im 
im 
im 

JLOuQ 
JL9u2_ 
j^ii 
19o2 
1962 

JM- 
1969 
1Q?2 

"l^T 
.12. 
19g &■ 

_i2kL 
iag 
19UU 
IM: 
1'963 

_1QÜ3_ 
1.962 

JÄ2. 
J2Z2. 

"MT 
1957 m 
1.961} 
laüi 
1961 

i^r 
1909 

CITY Denver 
AIRPORT NAME Stapleton International 

P/WAY   26Q/aL 

Tl 
\  ß/VAr   2CI./8R 

ISO' «   lO.OlO' 

■NO iHFOHMATiON 

fSheet 15 of hk) 
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AIRPORT PAVEMENT CHARACTER 

1.0. 
Na 

SOIL 
CLASS. 

sus- 
GRAOC 
CLASS 

SUBBASE 
COURSE 

BASE 
COURSE 

SURFACE 
COURSE OVERLAY 

MOD. 
SUBGRADE 

REAC. 
K 

DESIGN 
ALLOW. 

CONSTRUC 
SPEC YEAR 

STATE 

1                                                                                                                  RUNWAYS  

^1-22^ 

A E-7 F7 30" Gravel hi\6u   (2) 2^" Bit.C I-^.VARCS FAAP & 1969 
MPA 

B E-7 F7 30" Gravel Hn*6"   (2) 2;," Bit.C FAAP 1950 
C E-7 F7 30" Gravel 4"[6"  (1 21."  Bit.C 31' 1-';'; 3" 1 FAAP 1061 
D E-7 F7 30"  Gravel U-".G"   (1 2V'  Bit.C v,  v,4   5„ 3 FAAP iriCl 

E E-7 J7 30" Gravel kV'tb"   ($ 2*"  Bit.C V'.l-l", V \V FAAP IQfjT 

I'fii-W 
A E-7 F7 30" Gravel klj"f6"    (2) 2-1" Bit.C 3"f3"r6" '^ FAAP IQf^ 

B E-7 F7 30" Gravel kl",6"   (2) 2'"Bit.C 3",3".5" 3) FAAP 
r E-7 F7 20"  P-151+ 1+

M.ll"   Oi) l+"  P-li01 FAAP 1969 

D E-l Fa 3"  P-208 k'\ 5"    C5l k" P-I+01 _ FAAP I960 
E E-l Fa 5".   3"   (7. i+". 5" r^) If"  P-UOl H FAAP 1969 

|                                                                                                                   TAXIWAV  

South a E-7 F7 2k" Gravel k",   S"   C2) 3" P-U01 _ FAAP 1063 
b E-7 F7 ^0"  Gravel k±:",G"    (Q p\" p-Uoi _. FAAP 1070 

fi   Apvni 1    R_7 F7 ?U"   Gravel k",P"       (?) 3" P-UOI 

S        a E-7 F7 30" Gravel k\f\b"  (2) 2->"  PAOI l+"  P-l+01 MPA 1969 /I 
S       b E-7 F7 30"   travel hi"> u 21-"  P-l+Ol 3". Ij". 5" T) FAAP 1969 ftj 
C        a E-7 57 30"   Iravel k)'\6"  (2} 2-V' P-i+01 k" P-l+01 _ Ll 

b E-7 F7 30"   travel k-y'fG" (6) 2-ir"   P-^01 3'; i}-; 3" 1) FAAP 1961 \J 
C        c E-7 i'7 ^0"   -.ravel kl",6" 1 2l"  P-1+01 V, V.S" i FAAP 1Q60 N 

E-7 i7 ^0"   Iravel liT",6" ^ gi"  P-UOl 1+"',   VARr8 '.'PA 1970 
K Wide E-7 F7 30"   Jravel U". 8" M k"    F-kOl :2PA 1970 

i E-7 F7 pxist.Grave] 1+". 5" S V   P-l+01 _ i-AAP I960 
E E-6 F6 2k"  ".ravel 1+". 8" 6) 3"    P-^Ol _ FAAP 1966 
F E-6 F6 2k"   travel 1, 11       Cll    / -A 4-   •   0     vt; 3"    P-l+01 _ FAAP 1966 
.1 E-6 F6 2k"   Gravel V    8" ^ ^"    P-li01 _ FAAP 1066 
E E-7 F7 30" Gravel a-: 6- w> 2i,"  P-l+01 1+"  P-l+01 _ M 

|                                                                                                                   ATRONt  - 

A E-7 F7 22"  P-l^ k" p-205 3"    P-l+01 _ FAAP 1963 
B E-7 Rc 17"   F-l^k _ 15" PCC - 300 FAAP 1963 
c E-7 Rc 17"  P-l^ « 15"  PCC - 300 FAAP 1966 
r E-7 F7 2k"  P-15U Ö".A"      (?) ■"  P-l+01 - FAAP 1966 
r -7 F7 2k"  P-15k 8".8"      (^ 3"    P-'r01 - FAAP 1971 
J . £-7 r7 "Iravel ^".6"    C2) 2,"  P-l+01 _ FAAP 1^57 

H E-7 F7 12"   iravel 12"  PCC _ iOO FAAP 1:157 
I E-7 F7 2k"   iravel - 12"  PCC - 30' 1 FAAP i960 
J E-7 F7 iravel V, 3"    (2) 3"  P-l+01 - FAAF 1*0 

K E-l Fl 17"   iravel U". 6"    (5) 3" P-l+01 _ FAAP 1966 
L E-7 F7 2k"  Gravel V. 8"    ^ 3" p-i+oi - FAAP 1906 Runway 

RCMAMS:      Bit<c  _ Bltulninous concrete 

VAR - Variable Thickness 
A - Apron 

1. PJ+01;  P-201;  P-SlU                              5.    P-21H;   P-209 
2. P-211+; P-205                                       6«    P-?!^; P-20lt 
3. Bit.C;   P-201,   P-2li+                                 7.     P-209;   P-20C 

k.     P-211+;  P-208;  P-209                               8'    ?-h01'   p-201 

Runway 
Runway 
I'unway 
'Runway 

1SZ 



J 

(PORT PAVEMENT CHARACTERISTICS 
DESIGN 
ALLOW. 

CONSTRUC 
SPEC 

Table A?  (Continued) 

FAAP & 
MPA 

FAAP 
EM£ 
FAAP 
FAAP 

fMf 

FAAP 
FAAP 

FAAP 
FAAP 

ZM£. 
FAAP 

■■TA 
FAAP 

FAAP 

FAAP 
•■TA 
:.:PA 

FAAP 
jAAP 
jM£. 

,FAAP 

;AAP 
FAAP 
FAAP 
iFAAP 
FAAP 
FAAP 
FAAP 
FAAP 
FAAP 

FAAP 
FAAP 

VEAR 

1969 

1950 
1261 
1961 
1961 

13^3 

1969 

JÄ2. 
12& 

19"? 
ig.o 

19^9 
12&3 

1261 
1^60 

STATE 
NlHSRa^hnspt.t.H 

1970 
1970 
1-960 
1966 
1^66 
i960 

12£3 
19 2^- 196 
17'6 
lv71 
1/^7 
1257 
19^0 
1060 
1966 

TgüT 

CITY Boston AIRrOftT NAME 
Logan International |¥i.'73 

Runway 4L-22R =  7850'   x  150' ^\ 
Runway 4R-22I, =   10002 '   x   150' \ 
Runway  15L-33r; = 246«'   x   125' 
Hunway  15R-33L =  10089'   x  150' 
Runway 9-2 7  = 7002'   x   150' 

(Sheet 16 of I4I+) 

183 
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AIRPORT PAVEMENT CHARACTEI 

1   ,0 

i    H0- 
(OIL 

CLASS. 

SUB- 
GRADE 
CLASS 

|        SUBBASE 
COURSE 

BASE 
COURSE 

1      SURFACE 
COURSE OVERLAY 

MOD. 
SUBGRAOE 

REAC. 
K 

DESIGN 
ALLOW. 

CONSTRUC. 
SPEC YEAR 

STATE 
Massaohui 

I                                                                                                               RUNWAYS  

|i+R-22L 
1           A E-7 F7 30" Gravel V.6"    (1) 2^" Blt.C 3".  V (^ FAAP 1961 

1            B E-7 F7 30" Gravel kh\6« (2) 2,1;" Blt.C 3". h" Q AMP 1961 A 

r 
B-i 

r 
\ 
r 

4 
| : 

1 

A 

1 

1            C E-7 F7 30" Gravel hi",6" (2) 2-f Blt.C 3".iy'.3"r5) AMP IQbl 

|                         P E-7 F7 30" Gravel k\n,6" (2) 2-i-" P-l+01 i+" p-i+01 FAAP 1950 
1            E E-7 F7 30" Gravel hf\6" @ 2-i" P-UOl 3".3".5" 0+) FAAP 1060 

1            F E-7 F7 30" Gravel k\"tG" fa 2I-" P-i+01 Qtf    QTI     jr" MAP IQfiO 
E-7 F7 ^0"   Gravel U'" fV   (?) 2-}" P-l+01 r FAAP 1Q50 

[           H E-7 F7 30" Gravel ht"$" Ä 2V' P-kOl - FAAP 1950 

I                                                                                                                    TAXIWAV  

1      P E-7 F7 20" P-lsU l+'^ll"   C^i h"  P-U31 _ FAAP IQftq 

1      P* E-l Fa 5".3"     Kb) If" P-211+ k" P-l+01 M 

I    H a-i F7 26" P-15U k\ 3"    C7) k" P-l+01 _ :-!PA 1970 
1     J E-7 F7 26" P-151+ k". 3"    (7) 1+" P-l+01 - MPA 1970 
lAlleo:. E-6 f6 2h" P-151+ k'% 8"    Cf) 1+" P-l+01 _ MPA 1969 

IT                                                                             »nom  
IXDan.lL E-7 F7 20" P-15h h".ll"    (5) ^,, P-l+Ol - 

r— 
FMP 1969 

13.^.5.6.7      1 
lExpan. E-l Fa 3"  P-208 h\5H     (S)' 1+" P-l+01 - FAAP 1969 
L   2 
lint.2 :'■.   E-7l FT Compacted - 11+" PCC   : - 300 MPA 1969 
[Cent.3 

NfMANKS:           !.      p.21^.   p_2ol+ 

2. P-21U;  P-205 
3. Blt.C;  P-l+Ol 
k.    P-l+01;  P-201;   P-21U 
5.    P-211+; P-208, P-209 

j                      6.    P-209; P-208 
1                       7.    P-21I4; P-208 
|                       8.    P-211+; P-209 

V 34" J 

1 

J 



n 
AIRPORT PAVEMENT CHARACTERISTICS 

Table A2  (Continued) 
s^- y 

1 MOO. 
IUMRAOE 

REAC. 
K 

DESIGN 
ALLOW. 

300 

CONSTRUC 
SPEC 

STATE 
Massachusetts 

FAAP 

ADAP 

iM£- 

FAAP 
£M£_ 
FAAP 
FAAP 
FAAP 

FAAP 

MPA 
MPA 
MPA 

FAAP 

FAAP 

MPA 

YEAR 

1961 

19^1 

1961 

1950 
1^0 

JLS&L 
J35Q- 
12S0 

-1262- 

1^70 
1^70 
1969 

1969 

"19^9" 

^9" 

CITY 
Boston 

AIRPORT NAME Logan International 

(Sheet 17 of hk) 
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AIRPORT PAVEMENT CR ARACTEI 

1   l-D- 1    MO- 
SOIL 

CLASS. 
sus- 

ORAOC 
CLASS 

SUBBASt 
i        COURK 

BASE 
COURSE 

SURFACE 
COURSE OVERLAY 

MOO, 
SUBGRAOE 

REAC. 
K 

DESIGN 
ALLOW. 

CONSTRUC. 
»EC VEAR 

MassachuBl 

I                                                                                                               RUNWAYS  

1ISL-^ R 

1          A E-7 F7 30" Gravel hi".6"    QJ 2i" P-l+Ql FAAP IQSl t 
1          B E-7 57 ^0" ttravel iiti-'.fi"  m 2i"  P-UOT FAAP IQSl 
1 

|q-27 

1       A 
E-7 F7 30" Gravel ^".6"    CD 2|-n P-401 3".x-,,,.3"® FAAP (    1961 

1         B E-7 F7 30" Gravel Mr".6"     Ü5 2^" p-UOl - FAAP 1951 f 

|        c E-7 F7 30" Gravel 4"'6"   ® 2f" P-l+01 nil    n III    - "/ViS 
5, JJ-2   »-■   V^ FAAP 1961 

{         D E-7 F7 30" Gravel 4".6"    S 2|" P-401 1? .VAR    (5 FAAP 1951 
1         E E-7 F7 30" Gravel ^P    .D          tlj 2$" P-UOl 3r,.li".5'S) FAAP I960 

1 

; 
1 1 

|                                                                                                                    TAXIWAV  
l 

1 
i 

j 

i 
i 

\ 

1 

\ 
|                                                                                                                                        AMOW  1 

1 

■'1 

1 

1 

i 

1 

1   NSMAMa: 
I                   VAR - Variable Thickness 

1           1.    P-21U;  P-205 
1           2.    P-i+Ol;  P-201;  P-21h 
1           3.    P-^01; P-201 

18G- 

J 
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»ORT PAVEMENT CHARACTERISTICS Table A2 (Continued) 
msurnm ! '73 

M OISION 
ALLOW. 

CONSTRUC 
IMC 

PTATI 
'«ns isaachuaetts 

VfAR 

CITY Boston Logan International 

FMP 
£ME_ 

FAAP 

FAAP 
FAAP 
FAAP 
FAAP 

J^L 
-LSSL 

"IgST 

1251. 
196t 

(Sheet 18 of kh) 
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.,, ^,s...,.n.r,^ k^.■...,,...:.*..,.-a- ^-rr..-!^ ■.■-...■.>.«•-.,■:■       ^■.,^t^--^V^-^*Vv;'«'7^.o 

AIRPORT PAVEMENT CHARACI 
1.0. 
NOi 

KNL 
CLAM, ONAOf 

CLAW 

KMMAU 
COURSE COURSE 

SURFACE 
COURSE OVERLAY 

MOO. 
SUMRADE 

REAC. 
K 

DESIQN 
ALLOW. 

CONSTRUC 
»EC VEAR 

•TAT|( enn 

-RUNWAVS- 

(See n)te be Low) qR-27L 
Cxiilad 

£l/£2. F-l 
Non-Cr .tlcal 

3" SM    CD 8" Bit. IT 
E1/E2 F-l 6" SM    (l) 3" Bit. m 
(See xiyte be Low) qL-27R 

Critic il 12"-20"Bit C. 
Non-Cr la- 3"-§" Bit £*. 
Tg^-P"- E1/E2 F-l SM 11" WB Mac 2" Bit. 

-TAXIWAV- 

0R-P7T (See nite he Lm). 
££lU£a 

Et/Bg" 3" SM   1 F-X 8M Bit. JgL 
Non-Cr .tlcal; 

£1/£S. .Eri 7" SM ^1' V Bit. HL 

1=1. £l/£2. Jji _SiL 11" WB Mas. 2" Bit. 
1=2. ^"  SM 8" Bit. ^- 

elow) 
-AraONB- 

Primär:r (See lote 
12" FCC A-pron Var. Mater: al 

SM - Selected Material Bit. C. - Bituminous Concrete WB Mac- Water Bound 
Macadam. 

^,   Pennsylvania Department of Highways standard base course. 
2)   3T" Binder Bituminous l4"Surface Bituminous. 
3    2f" Binder BitumlnouE + lj" Surface Bituminous. 

NOTE; Unable to obtain reliable data on Philadelphia International.    Current pavement com- 
position are very complex and the information is not readily available.    The above data 
was obtained by telephone conversation with Harold Taylor, Engineer at Phila, Int'l. 

90% of current pavements (.exoiudliig tne new runway; is pxannea ror major improvemeni; 
by 1975. 

188- 
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1 
J 

IRPORT PAVEMENT CHARACTERISTICS 
Table A2 (Continued) 

A 
H ET MORADi 

MAC. 
K 

omoN 
ALLOW. 

CONSTRUC 
»•C YEAR 

fete WB Mac- Water Bound 
Macadam. 

aal.   Current pavement com- 
Uy available.    The above data 
, Engineer at Phlla. Int'l. 

BBeTTSFTCJBrTjiiproveiiiem; 

«TA Tennaylvanla CITY Rilladelphla 
AMPOHTNÄMt Rilladelphla International 

(Sheet 19 of kk) 
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yV^rs^T.^i;-'!. "-r^'^x'-c- -r.'^'—TT^J.^'T'", - .!7iT.T7(r'r:By"fT^; * ^-^T'-r^-^-TTr 

! 
Sv,vwiys»..^r-^tr:imr^T^^'/'N'fn:^«I«iW>(m»*^^^^ v  ■ 

AIRPORT PA iVEME NT CHARA 

I.D. 
MOL 

KNL 
CLAM. 

su*- 
ORAOf 
CLAM 

IWHAlf 
COURSE 

BASE 
COURSE 

SURFACE 
COURSE OVERLAY 

MOO. 
SUMRAOE 

REAC. 
K 

DESIGN 
ALLOW. 

CONSTRUC. 
»EC YEAR 

STATE 

1 -  RUNWAYS  

^ E-7 Rc t- _ 7" PCC 778" PCC WPA-filtj •     1*1 
It E-7 Rc M _ 8" PCC 7,78" PCC CAA-Cltj 1*3 
5 E-7 Rc « m 12/13" PCC ** CAA-Cit\ 1*7 
6 E-7 Rc .a _ Ik" PCC CAA-Clt^ 1953 
7 E-7 Rc v _ llf" PCC CAA-Clt^ 1959 
8 E-7 Rc — lit" PCC CAA-Cltj 1058 

q V.-7 Rn. • ;- 7/fl" PCC 7/fl" PCC CAA-C^t.j IQSO 

n K-7 Hn -. lit" PCC EAA-Clti I960 
12 E-7 Rc lit" PCC FAA-Cit-y 1961 

6A E-7 RO -. - 1't" PCC ## CAA-Cltj 1*7 
7A E-7 RC • _ lit" PCC ♦* CAA-Cita 1959 

12A E-7 Rc . 6" AC lit" ICC FAA-Cltj 1970 

1                                                                                                                   TAXIWAV  

1 E-7 F^ M 8" * 2^" Bit. Cltv iqito 
2 E-7 Rc 5" P-20q 9" PCC Cltv 
\ E-7 R« _ 8" PCC CAA-Clti 1*^ 
6 E-7 Rc _ m lit" PCC CAA-Clt: 1953 
7 E-7 Rc . _ lit" PCC CAA-Clt.^ iq5U 

11 E-7 R9 _ _ lit"  PCC FAA-Clt-j I960 
12 E-7 Rc — „ lit" PCC VAA-CIt] 1061 
1^ E-7 Rc hi-" P-209 - 9"  PCC FAA-Clti 1963 
K E-7 Pc i+f" P-20q — 12" PCC FAA-Cit^ 1963 
15 E-7 R« kf P-20q — 9" pec FAA-Clt^ 1965 

2A E.7 Rc 9" PCC 2" Asph. 
ISA E-7 Rc - 6" AC lit" PCC FAA-Clti 1969 

f                                                                                                                    APHONt  

7 E-7 Rc - lit" ICC CAA-Cltj 1951t 
10 E-7 Rc •• H lit" PCC FAA-Cltj I960 
11 E-7 Rc m — lU" Pec EAA-C^t.j 1060 
1^ E-7 Rc hh" P-POQ — Q" vr.r. Tii.^l+.j 1063 
12A E-7 RC 6" AC 15" pec FAA-Clty 1969 

MMAMR 

* 
•: 
•   Water 

5" AC 

Bound Macadam 

' overlay at cente r line taper ed to 0" 75' from center line 

190- 



8 
IRPORT PAVEMENT CHARACTERISTICS 

Table A2  (Continued) 

]1 'm, »73 
OESION 
ALLOW. 

CONtTRUC 
»IC VEAR 

WFA-cita 
CAA-Clta~19U3 
CM-Clt^     19^7 
CAA-Clt)     195^ 
CAA-Clt^     iqqq 
jMsOiia   39^8 
CAA-filt.} 
EMaCAfa     ^^0 
EMafilfa 
CM-Clta 
CAA-Clto 
FAA-Clfa     1970 

19^1 

1353 

1961 

"W 
1959 

STATE 
Missouri 

CITY 
St.  Louis 

AIUPORT NAME 
Lambert  International 

Runway KE/SW (^   -    2A)    -    TSOO» x 200« 
• N/S    (17 -    J5)    -    6000' x 150« 
• (12R-J0L)     -10,018» x 200' 
» (12L-JOR) -      6,623 x 150« 

Ctty 
city 
CAA-Ci^     IQU^i 
SM=gia    19'?^ 
SMaClla    195k 
FAA-Clt^     1060 
FM-Clt,a 
FAA-Clfa 
IMzOii 
EMaClta    1965 

FAA-Clt; 

Ty^o 

1961 
1963 

-12^3. 

1969 

FM-Cltv 

CM-Clti<    19^ 
FM-gl^    1960 
FAA-CIt}    1960 
FAA^Itj    19^3 

iq6Q 

(Sheet 20 of UU) 
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AIRPORT PAVEMENT CHARAC 

LO. 
Na 

SOIL 
CLAM. 

SUB- 

CLASS 

SUHASt 
COURSE 

BASE 
COURSE 

SURFACE 
COURSE OVERLAY 

MOD. 
SUBGRAOE 

REAC. 
K 

DESIGN 
ALLOW. 

CONSTRUC. 
»EC YEAR 

STATE 

-  RUNWAYS — — 
8-26 
ft-1 E-3 R') 52" CO _ 15" PCC USAF 1060 
K-2 E-3 F2 1+5" CO 12" CO 3" AC 14" AC 300 6O0psi ÜSAF' 1965 

P-^ E-3 Rb ^5" CO _ 16"  PCC 300 6O0psl CCAK 1967 
R-K E-3 F2 1+5" CO 12" CO 5" AC S" AC -OAF 196^ 

R-^ F-3 "S'O W CO 1?"  CO R"/6"   AC V'/H"  AC ITRAF 1 Oh 7 
p-n F-3 F2 1+5" CO 12"  CO 5"yo" AC W-1+"AC c-en 1967 
R-7 E-3 iro 1+3" CO _ V AC 3A"-1+"AC 1963 
R-8 E-3 F2 i+8" c; 3" AC 3/l+"-l+"AC 1963 
R-9 E-3 F2 1+8" CO _ 5i" AC 1+" AC C-Sll 1967 

T                                                                                                           TAXWMV— 
T-l E-3 F2 36" Agg. H"  CA k"  Elt. 1969 
T-2 E-3 F2 32" CA 26" CA 1+"  Pit. ' SAF 195o 
T-3 E-3 F2 18" CO 1+0" Cl 1+" Bit. ■ 'SAF 1961 
T-U 5-3 F2 21" CO 9" CA 3" Bit. 6206 1961+ 
T-5 E-5 F2 21" CO 9" CA 3" Bit. 6001+ 1961 
rn     ^ T-O E-3 F2 21" CO 9"/l0" CA 3" Bit, 0IO5 1961* 
T-7 E-3 F2 60" CO _ 2j." bit. VSI. 19!+1+ 
T-8 E-3 F2 36" CO 12" CA 3" Bit. 6105 1961+ 
r-9 E-3 vo 60"  'J.  AOO. 12" CA 1+"  Hit. 1970 
T-10 K-3 vo ?1"  CO 1?"  CA V  Hit. 6 TOS iq61+ 
T-ll E-3 F2 ^6" co 15" CA V  Bit. 106)1 
T-12 E-3 F2 60" CO 24"  Rlt. 

1 JQT; ipl+U 
T-13 E-3 F2 21" CG 1+" CA 2"     Bit. 6206 1961 
T-lU £-3 f'£ 6o" co _ 24"  Bit. ,co 191+1+ 
'^-TS V..T. P? f,n" rn 2V Bit. CSC I9I+I+ 
T-16   (£ ee Fase 3)  AKRONS  - 

A-l E-3 F2 1+" CA - 15" PCC 1969 
A-2 E-3 F2 12"+2l+"  fl) 6" CA h" Bit. 1969 
A-.3 E-3 M'? j 12" CA 3"  Bit. 1961+ 
A-U E-3 FS 21" CO 9" CA 3" Mt. 6001+ 1961 
A-5 E-3 F2 Q" CO 12"  PCC 6001+ 1961 
;.-6 E-3 F2 Q" CO _ 12"  PCC 6105 1961+ 

A-7 E-3 F2 21" CO q'712" CA 3"  Bit. 0105 19^ 
A-Ö E-3 F2 9" CO 12" CA 3"  Bit. C308 1961+ 
A-9 E-3 F2 21" CO 9" CA 3"  Bit. l-V  Bit. 6001+ I96I 
A-10 E-3 F2 10- Or. A. 12" CA 1+" Bit. 1969 
A-ll E-3 F2 21" CO 9" CA 3"  Bit. 14"  Bit. 6081+ 1961 

MMANM »'          CO - Coral Aggregate 
AC - Asphaltlc Concrete 

U.Agfit.- Untreated Aggregated 
CP - Crushed Aggregate 

Or.A. - Granular Aggregate 
Bit.  - Bituminous Asphalt 

12" Coral Aggregate + 2k" Oranular fi ggregate 
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AIRPORT PAVEMENT CHARACTER 

LO. 
(NX 

•OIL 
CLAM. 

su»- 
ONAOC 
CLASS 

sySgASI 
COURSE 

BASE 
COURSE 

SURFACE 
COURSE OVERLAY 

MOO. 
IUMRAOE 

REAC. 
K 

DESIGN 
ALLOW. 

CONSTRUC. 
SPSC YEAR 

Hawal: 

-  RUNWAYS  

^-221 
R-^0 E-l F2 U5" CO 18" CG 24" Bit. 1»+*" Bit. C-308 1961+ 
l-U E-l F2 U5" OR 30" CG 2*" Bit. Ikf' Bit. C-308 1Q61+ 
R-^2 E-l F2 W CG 12" Cß 24" Bit. lUi"  Bit. C-308 1961+ 
R-^? E-l F2 ^5" CG 12" CG if" Bit. ll+|" Bit. c-308 iq6U 
R-^U E-3 F2 62"+2t"   t) 8" CA 8"  Bit. 1970 
1-15 E-3 F2 62,,+ 2l*,,M 8"CA 5" Bit. 1970 

1*L-22R 
R-20 E-3 F2 1+5" CG 18" CG 2*"  Bit. 1+4" Bit. 1963 
R-21 E-3 F2 1*5" CG 18" CG 2*" Bit. 6" Bit. 1963 
R-22 E-3 F2 1+5" CG 18" CG 2i" Bit. 6" Bit. 1963 

i                                                                                                                    TAXIWAV  

1-17 p-3 V? fio" na 9i"  w+.. gi" T11+.. 1063 
r-l8 E-l E2 •60" CG 2f"  Bit. af" Bit. C-308 1961+ 
T-1Q E-^ 72 28" er. 10" CA h" Bit. 0710 1969 
T-20 E-3 F2 21" CG 9712" CG 3"  Bit. li" Bit. 1970 
T-21 E-3 F2 10" Gr. A. 124' CA 1+'' Bit. m 
T-22 E-3 F2 6" Gr. A. 8" CA 1+"  Bit. 1969 
T-23 E-3 F2 10" Gr. A. 12" CA 1+H  Bit. 1969 
T-2U E-3 F2 1+5" CG 18" CG 1" Bit. 1963 
T-25 E-3 F2 60" CG - pi."    TJ.   +■ USM im 
T-26 E-3 F2 60" CG - 2|" Bit. 1"  Bit. 19^3 
T-27 E-3 F2 60" CG - 2i" Bit. 1"  Bit. 1963 
T-28 E-3 F2 30" CG 30" CG 3" Bit. 1" Bit. 1963 
T-29 E-3 F2 30" CG SO" CG 3"  Bit. 1"  Bit. 1963 
T-10 E-3 F2 1+5" CG 12" CG 2f" Bit. USAF 191+2 
T-ll E-3 F2 1+5" CG 12" CG 5"  Bit. USAF 191+2 

t                                                                                                                    AMONt  

A-12 E-3 F2 1+" CA - 15" PCC 1969 
A-13 E-3 F2 10" Cr. A. 12" CA 1+"     Bit. 1969 
A-llt E-3 F2 21" CG 3" CA 12" FCC UAL 1962 
A-15 E-3 F2 60" CG 2^" Blt- USN 191+1+ 
A-16 E-3 P2 6" CA — 9"  PCC 1966 
A-17 E-3 F2 0" CA 3"  Bit. 1966 
A-ia E-3 F2 21" er. 12" er. V  Bit. UAL 1962 

MMAIM ,!      CG 
CA 

Gr. A 

- Coral Aggregate 
- Crush Aggregate 

,- Granular Aggreg ate 

®    62" Untreated Aggregate + 2l+" 
untreated aggregate 

194 



IRPC >RT PAVEME NT CHARACTERISTICS                                   Table « (continu..) 
V 

Moa 
DfSION   CONtTRUC. 
ALLbW.        tMC VEAR 

r" Hawaii Honolulu             1                     Honolulu International Ite. 73 1 
MAC. 

K 

C-308 196^ 
C-^08 iq6U 
C-^06l iq6U 
c-^ofi iq6U 

1970 
1970 

1963 
1963 
1063 

10^3 
c-^08 196k 
0710 iq6q 

1970 
im 
1969 
1969 
1963 

USM 19^5 
1963 
1963 
1963 
1903 

USAF 19U2 
USAF 1942 

1$69 
1969 

UAL 1962 
USN 19W* 

1966 
1966 

UAL iq62 

Aggregate + 2k' 
regate 

(Sheet 22 of 1+1+) 
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AIRPORT PAVEMENT CHARACTE 

1   '•0- 
|     HO. 

SOIL 
CLASS. 

su»- 
ORAOf 
CLASS 

SUBSAU 
COURSE 

BASE 
j        COURSE 

SURFACE 
COURSE OVERLAY 

MOO. 
SUSGRADE 

REAC. 
K 

DESIGN 
ALLOW. 

CONSTRUC. 
SMC YEAR 

mTI Hawi 

1                                                                                                                    RUNWAYS  

|                                                                                                                     TAXIWAY  

1 T-32 E-^ F2 ^6" CG 11+" CA V Bit. USAP 1062 
I T-16 E-^ F2 60" CG _ 2^" Bit. I ISN loUU 

 APRONS  

1  RiMAMB: 
CG - Coral Aggregate 
CA - Crushed Aggregate 

|                 Bit.- Bituminous Asphalt 
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IRPORT PAVEMENT CHARACTERISTICS Table A2 (Contlaued)                        -—^ 

Moa 
BARADC      QtSIOM COMTRUC. 

»IC VfAR 

,T*T, Hawaii           C'TV Honolulu AIRPORTNAMi   HonoiuXu mtematlonal                 f^aff.'Ts! 

IIAC.          ALLOW. 
K 

IISAF 106? 

USN ickh 

(Sheet 23 of 41t) 
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AIRPORT PAVEMENT CHAR/ 

1     ■•0. 
1   Na SOIL 

CLAM. 
MM- 

ONAOI 
CLAM 

SUMAtt 
COUMf 

■AW 
COUMU 

SURFACE 
COURSE OVERLAY 

|     MOD. 
HUMRAOE 

RBAC. 

1      K 

DESIGN 
ALLOW. 

CONSTRUC. 
8PK VEAR 

STAÜ 

 RUNWAY«  

1   1 'E-7 [   Ro 1  9" P-l^ - 113" PCC ** 5" P-WO CAA 1969 
1    2 E-7 Re 1   9" P-15U 111" PÖC ** iöö 375Jpal« 1   cAA 1971 

3 E-7 Re I 12" P-209 - 11"   PCC    H- 200 3750p8lt   FAA 1967 1         M^- 

k E-7 Re 12" P-209 - 1 is" we ++ l FAA 1967 
i 5 E-7 Ro 9" P-15U - 13" PCC ** (    CAA 1950 
1   6 E-7 Re 9" P-154 m 11" PCC *» 200 3750DS1+   CAA 1950 

1   7 E-7 Be Q" P-151* — 11" PCC ** 200 FAA 1958 
8 E-7 Re Q" P-15U — 13" PCC ** IM 1958 

1    9 E-7 Ro 9" P-151+ — 13" PCC ** m 1962 
1 1+0 E-7 ,   Rc 12" P-209 _ 9" PCC •• 5" P-l+10 FAA 1971 
1 i+1 E-7 Re 12" P-209 _ 13" PCC ** 5" P-UlO FAA 1971 
1 k2 E-7 ^_Br  ^ 12" P-209 - 15" PCC ** 5" P-410 FAA 1971 

I* E-7 ;   l.c 11" P-15U _ Q" pec *♦ 5" Mio FAA 1969 
hh E-7 Ro 9" P-154 - li" PCC  ** S" P-i+10 FAA 1060 

j   k<5 E-7 Rc 16" P-209 9" P-201 17" PCC ** 325PS1I h    FAA 1970 

|                                                                                       '"* _'                    TAXIWAV  

1   10 E-7 Ro 9" P-l^ m 12" PCC ** CAA 1953 

1   11 E-7 Ro 9" P-15U m 12" PCC ** FAA 1958 .<£> 
1   ^ E-7 Re 9" P-lSit m 12" PCC ** FAA 1959 ^ 

1   1? E-7 Re 9" P-l?1* . 12" PCC ** FAA I960 N 

ffi E-7 Ro 9" P-lsU M 12" PCC ** FAA 1962 (*£. 
1   1'5 E-7 Re 9" P-ISU M 12" PCC ** FAA 1963 1* 

16 E-7 Ro 9" P-15U _ 12" PCC ** FAA 1963   , &> 
1 ^ E-7 Re 12" P-15U m 12" PCC ** FAA 1065 < % 
1 lR Til-Y Re 12" P-ISU „, 1?" PCC ** FAA 1065 

>/xy 

1 1Q 
T?_7 Rn 12" P.ISU _ 19" PCC *« COUMTY 1066 

J 1   20 P:.7 Re 12" P-15U ,, 12" PCC ** FAA 1067 

I   ?1 E-7 Re 1?" P,1SU 19" PCC  *♦ couwnr 1067 

I   Q1 v_7 Re m 8" PCC  ** If AC COUNTY u I   ^ E-7 Re _ m ft" VCC  ** li" AC COUMTY 1966 
^ 1-7 Rc IS" P-Sö§ - 15" rcc ♦* FAA 1067 

/y ^                                                                             **mom — 
1 22 E-7     1 Re   1 9" P-1SU m 12" PCC  ** CAA 1953 / 

23 1-7     j Rc 9" P-151+ _ 12" PCC *♦ I CAA 1955 // rl; E-7     1 Re 9" P.ISU — 12" PCC **, couwry 1957 y 
I  2^ E-7     i Re 9" P-15U . 12" PCC ** FAA 1958 

E-7     1 Re 9" P-15U M 12" PCC ** FAA 1959 

g$ fl-7 Re 9" P-1SU „,                                j 12" PCC **\ COUNTY 1062 
I 29 E-7     1 Re   1 12" P-209  1 m 12" PCC ** FAA 1965 

30 E-7     1 Re 12" p_702  1 \ 9" PCC ** STATE 1965 
33 E-7 Re 9" P-209 1 12" PCC ** COUNTY 1965 

3 
E-7    | Ro   1 12" P-209  1 | 9" PCC      | 2" FCC    | C of E 1962 

I WIMAWM 
Safety Faotor =1.5                                      + Flexural Modulus; 
■tesh Relnforoed                                           ++ Thlokened Joint 

Safety Faotor = 2 
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7, 
RPORT PAVEMENT CHARACTERISTICS 

Table A2 (Continued) 

AlMOMT NMST ^ an? »73 
ORAOCI   MMON 

ALLOW. 
K 

CONSTRUC. 

55" ^Öpal^~cBr 

SO. 

375QPB^    FAA 

375»sl- 

325pslf   FAA 

CAA 

"FST 
CAA 

_CM_ 
JM. 

ML. 
FAA 
JM. 
FAA 

ML. 

IK 
FAA 
FAA 
FAA 
ML. 

FAA 
JM. 
JM. 

FAA 
gQVHTY. 
JM. 

COUBCT 
CQUWTY 
gQvm 
JM. 

CAA 
CAA 

CÖÜÜTT 
FAA 
JM. 

COUMTY 
FAA 

STATE 
COUNTY 

C of E 

VIAR 

1969 

111 
Hsu 

1967. 

j^L 
1953 
19?? 

JL25 
.122 
1252 

1962 
J261. 

"igST 

llus; Safety Factor = 2 
Lnt 

ITAT« Michigan «TV Detroit Detroit Metro. 

7 ßjj     ^ o^A^ g   ^WA^ /    ^g^Q C 

7 1 

(Sheet 21| of UU) 
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/? AIRPORT PAVEMENT CHAR^ 

i     LD. 
1      Na SOIL 

CLASS. 
su«- 

ORAOC 
CLASS 

SUSSAK 
COURSE 

BASE 
COURSE 

i      SURFACE 
COURSE OVERLAY 

MOD. 
SUSGRADE 

REAC. 
K 

OEtlON 
ALLOW. 

CONSTRUC. 
»EC YEAR 

STATI 

|                                                                                                                  RUNWAYS  

1                                                                                                                   TAXIWAY  

1   5X E-7 Rc W P-201 1-4-" P-4C1 COUIWY 1970 
52 E-7 Re 12" P-209 15" FCC* COUNTY 1969 

1   53 E-7 Ro - - 6" PCC* CO'JKTY '30^h0 
& E-7 Rc 12" P-15^ - 12" FCC * COUTITY 1966 

1   55 E-7 Rc 12" P-209 - 15" FCC  * COUHTY 1970 

■     »          <J 

I                                                                        AraoMt— 

1 31 E-7     1 Rc   1 12" P-209 m 12" FCC * OSmn 1066   1 
32 E-7     1 Ro 12" P-20q H 12" FCC * COuHTY 1966 

1 ^     1 E-7     1 Rc   1 15" P-209 — 9" PCC * 2" PCC C.  af F. 3962 

1 ^     1 E-7      1 Rc    1 12" P-209   1 15" FCC *  1 coum 1969 
E-7      1 Ro 16" P-209 9" P-201 17" FCC * 325BS1+ FAA 1970 

1  MMANM: 

*   Mesh Reinforced 

+   Flexural Modulus; Safety Factor = 2 

'^CO- 
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URPORT PAVEMENT CHARACTERISTICS 
Table A2 (Continued) "^^ 

MOO. 
OEttON 
ALLOW. 

CONSTRUC. 
wnc VIAH 

"*"    Michigan CITY- 

Detroit ~~ 
AlAMIfUAUl     Detrolt Metr0# |¥n? '73 | 

MAC 
K 

/ 

® 

t 

d-45 

COUNTY 1970 
COUNTY 1969 
COUNTY '30&'UÖ 
COUNTY 1966 
COUNTY 1970 

1 
{ 

EQUNTY 1966 
COUNTY 1966 

C   Q-P K IQfi? 
COUNTY 19^9 

^25T5sl+   FAA 1970 

0 

(Sheet 25 of kh] 
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AIRPORT PAVEMENT CHARACTEI 

LO. 
•«a 

KNL 
CLAM. 

tu»- 
ONAOf 
CLAM 

tUUASE 
COURSE 

BASE 
COURSE 

SURFACE 
COURSE OVERLAY 

SUIGRAOE 
REAC. 

K 

DESIGN 
ALLOW. 

CONSTRUC. 
»EC YEAR 

T*ashlngt< 

1                                                                                                                 RUNWAVI  

R-l E-6 Rc m — 12" PCC 8" P-i+oi 300 kOO p|i EDAP 1958 
R_P E-6 Rc _ „ 12"  PCC ft" p-l+oi jOO 1+00 vsi EDAP 1955 

H-^ E-6 fh ■ M 8"  PCC 5" AC 300 550T,S1' EDAP I963 
R-U E-6 Yk _, — 6" PCC 11" AC 300 pSOpsV   EDAP 1963 
R-S E-6 Rc - 8"    CA 12"  PCC 8" P-i+Ol 5oo l+OOüsl^ EDAP 1961 
R_^ E-2 Ra _ 10" CA Ik"  PCC 300 l+OOpsl1     ** 1970 

1                                                                                                                    TAXIWAV  

T_l K-6 Rn _ 10" CA Ik"  PCC 300 IfOOpsl1 EDAP r)7G 
T-? E-6 Rc M 10" CA Ik" PCC 300 UOOpsr EDAP 1970 
T-^ E-6 Rc _ 10" CA Ik"  PCC 300 UOOBSI 

1 EDAP 1 -I'ff) 

T-k E-6 Rc _ 10" CA l!+"  PCC J,00 Uööpsl" : EDAP l V70 

T-S E-2 Ra - 10" CA li,"  PCC <00 l+OOpsl - EDAP 1970 
T-6 E-2 Ra _ 10" CA lit"  PCC 300 hO^rA' ¥-» 1970 
T-7 E-o Rc - - 10"  PCC 300 • EDAP 1 >kk 
m    0 E-6 Rc - 10" PCC 300 «■ EIAF 1%K 

T-9 E-6 Rc - 10" CA l!+" PCC 30'' iOOpsl* •* 1970 
T-10 B-6 Rc - 6" pec 6" CA ?/' AC ^00 • ■JHt I970 
T-ll E-6 Rc _ 12" PCC 30c EIAF l,"'?' 
T-12 E-6 Rc _ 8" CA 12" rcc 300 EDAP 1961 
T-l^ E-2 Ra - 10" CA Ik"  PCC ^00 iOOvsi* *-* 1/70 
T-lU E-2 Ra - 10" CA ll+"  PCC 300 ftOOpsl» *-* l''7C 

T..1S E-2 Ra - 10" CA Ik" PCC 30c tOOpsl» * -¥■ 1970 
f                                                                              «raoM—                                                                          1 

A-l E-6 Rc _ _ 10"  PX 300 * EIAF IQlA 

A-2 E-6 Rc _ 8" CA 12"  PCC 300 ^ EIAP L    1-Vlt 

A-^ E-2 Ra m 10" CA iv rcc 500 +Q0psl* -¥ » 1970 

A-5 E-2 Ra - IC" CA Ik"  PCC 300 400^81^ *■ 4» 1970 

MMANM:       ^    g^^^ Factor . ^75                                             CA - Crushed Aggregate 

**    FM AC  150/5320-6A 

Current Plans: 

Runway lÖL-B^R - (a) 1971+-75j 8" AC overlay of center section,   (b) 1979; 8" AC over- 
lay of runway ends,  (c) 1982; 8" AC overlay of center section. 

Runway I6R-3UL - 1985; 8" AC overlay of runway. 

Aprons - 1976; Modify "A-l" to 10" CA base and Ik" PCC surface course. 
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AIRPORT PAVEMENT CHARACTERISTICS Table k? (Continued) 

'mm 
■UMRADf 

«AC. 
K 

DEtlON 
ALLOW. 

CONSTRUC 
VIC 

1  300 
300 
300 
300 w- 
300 

W Pi 
^00 ps: 
^Opsi 
550psl 
UOOpsl 
UOOpsl 

EDAF 
ETAP 
ETAF 
EDAP 
aiAP 

\X) 
^00 
300 
100 
500 
300 

^OOpslt SU 
^OOyal    EIAF 
iioopsi r>A| 
^OÖpsl    E.'/F 

140»^ si 

loo 

300 

w 

?00 
300 

JKK>Esl 

»OOp::!^ 

ET Ai1 

EDAP 
IMF 

Ki'AF 
E:;AP 

300    tOQrsl-  n 
toopsi* 
■OOpsl* 

^00 
^00 

J£0_ 

300 

lOOpal" 

-tCOi'sl' 

E?AF 
FZAF 

waslilngton 
VEAR 

1958 
12^ 
1963 
1^3 
mk 
1970 

_1;)70 
l' '70 

1-17P 
iX1 

1970 
lOTi 
195 
l".,,! 

ll' / 0 
l.'70 

TTT 
1Q(-, 

1222 

197c 

irushed Aggregate 

■ectlon,  (b) 1979; 8" AC over- 
■ectlon. 

■urface course. 

CITY Seatt.lt 
AIRPORT NAME Jentti. -Tacon". International 

1 r ctND 

v y    

«»^«*ITIC   cmcwnr  (Mut« 

[■ÄHi r »rr■ l-.-i.T-- 
- c^oni  <.»f 

\''-,..':■.'■■ 

M        —   -. 

'■''1 

1 i 1 
: 

I'J'     ■_■■■■ 

!■■!   ■ ;' ■. 

Jan.   '73 

AIRPORT PAVING SECTIONS 

SCALE 

1000 0 1000 2000 FT 

(Sheet ?6 of UJ») 
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AIRPORT PAVEMENT CHARACTI 
I     1.0. 

1   *a MML 
CLAMw 

su»- 
ONAM 
CLAM 

mwAif 
|        COURM 

•ASE 
f     count 

SURFACE 
COURSE OVERLAY 

1     MOO. 
SUMRAOE 

REAC. 
K 

DESIGN 
ALLOW. 

CONSTRUC. 
»EC YEAR 

|mT^aShi 

1                                                                                                                   MMWAVS  

|                                                                                                                    TAXIWAY  

|T-16 E-2 Ra 10" CA Ik" KC ■300 *-* ♦ 1970 
|T_17 E-2 Ra 10" CA Ik" vcc 300 ** * 197Ö 
IT-18 E-2 R^ _ 10" CA ik" rcc 300 ** ♦ 197Ö 
IT-19 E-2 Ra • 10" CA Ik" rcc 30C ** * 1970 
|T_20 E-2 Ra - 10" CA ik" pci 5öö ** iyyu 
lT-21 _ 10" CA ik" rcc 300 ■»-* H 1969 
IT_22 — 1U" CA 10" AC 300 ** * 1969 

|                                                                         —mtom — 

MMAMfc         #     FAA Ac   150/5320_6B 

*♦    Safety Factor = 1.75. 

j                     CA - Crushed Aggregate. 
AC - Asphaltlc Concrete. 

zo* 
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1 

3 
URPORT PAVEMENT CHARACTERISTICS Table A2  fContinued) 

Moa 
LlttflBAbf OftlQM 

ALLOW. 
CONSTRUC. 

MC VtAK 
"Washington    |aTV     Seattle AiftPOHTNAMi Seattle.Taooma international       |9aIl,.   '731 

MAC 
K 

> 

3ÖÜ ** ♦ ^I0 
300 ♦» ♦ 1§7Ö 
300 *# * 1970 
■100 ** ♦ 1970 
300 ** 1970 
300 1r* « 1969 
300 ** » ■ 1969 

(Sheet ?7 of UU) 
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/? 
AIRPORT PAVEMENT CHARACT 

LO. 
Ntt 

sat 
CLASS. ill

 

!      SOMASt 
COURSt 

I         SASf 
i        COURSt 

SURFACE 
COURH OVIRLAV 

MOO. 
SUMRAOE 

RtAC. 
K 

DESIGN 
ALLOW. 

CONSTRUC. 
»tc VEAN 

r^e« 

 RUNWAVS  

I10R-28L       In 1972 
1 R-l E-7 Re U-19" CS ! ^.8"  Bit.C*» 7" Blt.C FAA [  1972 
lR-2 E-7 Re 8" cs — '12" FCC [    6" B't.C I    FAA Toy? M E-t F7 lö" cs 8" WBM hi" Blt.C. 7" Blt.C L FAA 1972 
R4 E-7 Ro 8" cs li" PCC 6" Blt.C FAA 1972 

IR-5 . E-7 F7 1     2" CS 1   12" WBM 3" Blt.C. 10.5 "Blt.C FAA 1972 
I10L-28R 

# IR-6 E-7 Re 18-26" cs 17"   PCC FAA 1971 
# |R-7 E-7 Re 118-26" CS |                        _ 17"   PCC FAA 1971 
* R-8 E-7 Re 18-26" cs . 17"   PCC FAA 1971 

| R-Q E-7 Re 1678" CS „ 1^"/10"PCC FAA 1962 
hh-TZ 

+ \ R-10 E-7 Re \-19" CS m 13"   PCC FAA 1973 
+ R-n E-7 Re U-19" CS - 10" PCC 9.5"Blt.C FAA 1973 
+ 1 R-12 E-7 F7 2" CS 12" DBM Mr" Blt.C. Q.V'Blt.C FAA 1971 

|R-1^ E-7 F7 6"cs 8" DBM V Blt.C. 2" Blt.CJ FAA 1966 
8                                                                                                                   TAXIWAV  

T-l E-7 Re - - 12" KC 
T-2 E-7 Re 10" cs — 12" PCC 

IM E-7 F7 2" CS 12" DBM 3" Blt.C. 
[ T-4 E-7 Re 8" CS _ 12" PCC 5"Blt.C. FAA 1972 

♦ T-5 E-7 F7 17" CS _ 6" Blt.C. h"+ 10.S" Blt.C. FAA 1971 
T-6 E-7 Re m 12" PCC 
T-7 E-7 Re . _ 10" PCC 
T-8 E-7 Ro 9" CS — 12"  PCC FAA 1Q6? 

+ 
, l-Q E-7 Be 26" CS T5"   PCC FAA iq73 

T-10 E-7 F7 8'' CS _ 12" PCC U3A'tBlt. n FAA 1962 
T-ll E-7 Re _ _ 12" PCC 

 AMCMS  

A-l     , E-7 Re - ; 12" PCC 

MMAM»       cs _ crushed Slag                                      * To be rebuilt In 1973« 100' center section 
WBM - Water-bound Macadam                              will have 18-26" CS and 17" FCC. 

B1™/" B1*"»1"0"» Con<5rete                         ♦* only for 50' center section; other Is 10" 
DBM - Dry-bound Macadam                                 j^' 
FCC - Portland Cement Concrete 

CRCP - Cont.Reln.Concrete Pavement              + To be rebuilt In 1973.    R-10 Is for 75' 
center section. 

Note: Apron construction data Is not readily avallabb. 

2C6' 



r 

AIRPORT PAVEMENT CHARACTERISTICS Table A2 (Continued) 
rrAT<Pennaylvania|C'TV   Pittsburgh |*>WW>"T"Greater Pittsburgh International !?£?.   '73 

MAC 
K 

* L 

PU.c. 

il^- 

MSIQN   CONtTRUC 
ALLOW. 

JM- 
JM. 
FAA 
FAA 
JM. 

JM. 
JM. 
ML. 
EM 

FAA 
JM. 
JM. 
JM. 

FAA 
FAA 

FAA 
JM_ 
JM_ 

VIAR 

1972 
JL932. 
1972 
1972 
1972 

197^. 
197^ 
197^ 
.1362. 

.1213. 
1973 
197^ 
j.2^. 

iSZL 
1973 

196? 
^3- 

It In 1973* 100' center section 
B-26" CS and 17" PCC. 

I* center section; other Is 10" 

lit In 1973.   R-10 Is for 75' 
lion. 

nsz 

T    2- 

I 6 

R    13 

(Sheet 28 of kk) 
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AIRPORT PAVEMENT CHARAC1 
1     1.0. 
1   na 

MNL 
CLAtt 

MMH 
QNAM 
CLAM 

SUMAK 
COUMI 

!         MM 
COUNU 

SURFACE 
COUNU OVENLAV 

I     MOO. 

NEAC. 
K 

OltlON 
ALLOW. 

CONSTRUC. 
»EC VEAN 

I"*" Pel 

\                                                                                                             NUNWAVS  

1  5-23 
R-IÜ E-7 F? 6" cs !      8" WBM (      ^H Blt.C L 2" Blt.C i FAA 19^1+ 

!|pHM 

•i 

1 

\                                                                                                                     TAXIWAV  

i 

17                                                                                                                 «MON»  

WBM - Water-Bound Macadam                                                                                                                    j 
Blt.C- Bituminous Concrete                                                                                                              j 

2CiH' 



E 
IRPORT PAVEMENT CHARACTERISTICS Table A2 (Continued) 

TWfT I Jan» 
NRAM    OUIQN 
MAC. ALLOW. 

K 

COMSTHUC 
VIAH 

JM. IggT 

^^"Pennaylvanlaj6'^   Pittsburgh' AIRPONT NAMT Greater Pittsburgh International •73 

WM<M** ••*«< 

PAV£MU>JT    PLANS    FOR   NlW   COMSTTgOCTOtA 

Itw» 

Runway  10R-J8L 
T«xlways C, Cl,  C2  (  C« 
Ttxlways Cl,  C4  t CS 
Ttxiway C7 

Runway  14-12    . 
Extension 

Taxiway J 
Taxlway T 

Critical Stablllted Subbase* 
Sec tion 

R.C C. 

Base* 

li* • " 20" 
I»* R.C C. «■ 20" 
14- R.C C. • ■ 22' 
11" R.C C. • ■ IV 

13" R.C C. 7" 24- 

U" R.C C. 7- 24- 
1J- R.C c. 7" 24" 

•Material mutt meet r.A.A.   rcqulrrawnti and provide min.  X-100. 

(Sheet 29 of W*) 
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AIRPORT PAVEMENT CHARAC 

1   *-0- 
1   Ha MNL 

CLAH. 
MJ»- 

ORAM 
CLAH 

SUMAK 
COUNU 

■ASi 
COUMI 

SURFACE 
COURSE OVERLAY 

MOD. 
tUMRADE 

REAC. 
1       K 

DESIGN 
ALLOW. 

CONSTRUC. 
WiC YEAR 

ItTAH      i 

I                                                                                                              RUNWAYS  

|R-I |   E-6 Rc S    6" SM \ 12" P-501 kOOvsi [    FAA 1    1968 
|R-2 E-6 1    RC 1   6" SM \               — 10" P-501 1     FAA 1968 

IJM E-6 i    RC '    9" CS _ Ilk" P-501 IOODSI* FAA 1968 
IR-U E-6 Rc 9" cs j               _ [IV P-501 bopsi* FAA 
[R-g E-6 !   Rc !   9" cs 12" P-501 [tOOpsi* !     FAA 1968 
R-S E-6 Rc i 9" cs j 11" P-501 FAA 1968 

|R-7 E-6 Rc 6"  SM 12" P-501 loops1» ,     FAA 1    1968 

|                                                                                                                   TAXMNAV  

IT-I E-6 Rc _ 12" PCC tOOpsi« FAA l-'6- 
IT-? E-o Rc 9" CS — lit"  PCC iQOpsl» FAA 196- 
iTr^ E-6 Rc o" CS - 12"  PCC +00psi* FAA logo 
Ti E-6 Rc 12" CS - lU"  PCC lOCpsl" FAA 196: 

IT-= E-6 Rc 12" CS - 12"  PCC ;o;psi* FAA 196c 
1T-6 E-c Rc 6" SM - 12"   PCC tOOpsl* FAA 196c 

|T-7 E-6 Rc 9" CS - 12" PCC ivOOpsi' FAA 1968 

1                                                                                „nvm  
|A-1 E-6 Rc   1 -" SV        I { 12"   P-501 400psl* FAA 196-! 
|A-2 E-6 Rc 9" CS - 12"  P-501 +OOpsi« FAA igt • 
\A-^ E-. P.c 12" CS 1 12"  P-501 +00psl* FAA 19t3 • 

A-1+ E-6    1 Rc   1 12" CS         ( —          j IV  P-501 400csi* FAA 1968 
|A-5 E-6 Rc    1 9" CS          1 —           1 lU"   F-SOl UOOpsi» FAA 1958 

i 

SV. - Selectei :-:aterlals 
CS - Cement Stabilized Soil 

'    Safety Factor =1,5 

Note:    Rurwny lU-32 and Its pomllel and connecting taxlway will be overlnld.    Future 
pavements and overlays of existing pavements will be designed for 7^7 -'nd other 
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) 

^o 
IRPORT PAVEMENT CHARACTERISTICS 

MNAOI 

K 

DCSION 
ALLOW. 

CONSTRUC 

Table A2 (Continued) 

KDQpsl» 
\Qtoai* 
iOOyat* 

iOOvsi* 

UOOpsl JM. 
ML. 
JM_ 

FAA 
FAA 
FAA 
FAA 

tOOpsl* 
tOOpsl* 
tOOpsi^1 

lOOpsl^1 

meall 
fQQasr 

■OOpsl-» 

^EM. 
JM. 
FAA 
FAA 
FAA 
FAA 
FAA 

»OOpsl* 
tOOpsl« 
tOOpsi* 
L22EÄil 
OOpsl^ 

FAA 
FAA 
FAA 
JM. 

FAA 

VIAK 

1968 
J^8. 
J268. 

1<. 

1968 

'IW 

TQüB" 

19^" 
"19^8" 
1Q65 

"19^ 
TöüT 
i9br 
1968 

1 te overlnld.    Future 
Igned for 7^7 nnd other 

mn Texas CITY Houston AIRPORT NAMt Houston International an.   '73 

f - iv        9 too 

(Sheet 30 of W) 
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AIRPORT PAVEMENT CHAR 
1     LO. 
1     HO. 

•Oil. 
CtAM. 

su*- 
ONAOf 
CLAM 

SUMASE 
counsc 

■AM 
COUMi 

|      SURFACE 
COURSE OVIRLAV SUMRADE 

REAC. 
K 

DESION 
ALLOW. 

CONSTRUC. 
SMC VEAR 

ST« 

1                                                                                                                  RUNWAVt  

1 im/2QL 
|R-I E-U Rb m i            _ 11"   PCC CAA 1<*52 
|R-2 E-lt Rb | | 1 9" Pec 1    CAA 1951 

lR-? E-h Rb _ { I   9"   PCC 1    CAA 1951 
R4 E-6 Re i J 11"   PCC 1    CAA 1951 

|R-5 E-H i   Rfc 
_ _ 9"  PCC CAA 1551 

|R-ft t-h Rb 1         _ i 11"  PCC CAA 1952 

lR-7 E-U Rb I 8" CA I 12"   PCC FAA 19^2 
R-S E-U |   Rb 8" CA - 10"   PCC FAA 1962 

R-9 E-1+ Rb 8" CA - 10"  PCC FAA 1962 
lR-10 E-U Rb SM CA - 12"   PCC FAA 1962 
lk/22 
|R-11 E-U Rb _ - 12"   PCC CAA 1958 
|R-;P y..k Rb — _ 12"   PCC CAA 1958 
IH-I? v-h Rh ., _ 11"   P^- CAA IQSO 
iR-lü E-h Rb - - 9"   ICC CAA 1950 
|                                                                                                                TAXIWAV  
|T-1 E-U Rb _ - 11"   PCC CAA 1951 
|T-2 E-2 Rb 8" CA _ 12"   PCC CAA 1959 

IT-^ E-7 Re 12" CA _ 6" Pec U" BIT. FAA 196^ 
|T-I+ E-U Rb 8" CA _ 12"  PCC FAA 1962 
IT-S E-U Rb _ _ 11"  PCC U"  BIT. CAA 1951 
|T-6 E-U Rb 12"  SAM _ 7"   PCC MAC 1955 
IT-7 y.-h F^ _ 6"   PCC U"   BIT. FAA 1962 
T.3 E-2 Rb 6" CA - 6" ;<-c U"  BIT. CAA 1956 

JT-Q E-2 Rb 12" CA _ 11"   PCL CAA 1952 
IT-IO E-U Rb 8" CA m 12"  PCC FAA I960 
IT-II E-U Rb 8" CA _ 12"   PCC CAA 1958 
IT-12 E-2 Rb 8" CA _ 12"  PCC FAA 1959 
lT-:n R-S Rh 8"  CA m 12"   PCC MPA lc^7 
|T-Iü E-l* Rb - 11"  PCC CAA 19U8 
|T-15 E-^    1 Rb    1 8" P-20q _ 12"  CRCP FAA 1969 

— äfmom — 

|A-I E-U   1 Rb 8" CA _ 12"   PCC FAA I960 
lA-? ?A Rb   1 • 11"   PCC CAA 1952 
|A-^ v.h Rb   1 12" CA —            [ 11"   PCC U"  AC VAC 19S6 

1 mmmm 
CA 

SAM 
AC 

CRCP 

- Crushed Aggregate 
- Selected Aggregate Mat's. 
- Asphaltle Concrete 
- Continuous Reinforced Concrete Pavement                                                                            ! 

Z1Z' 
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URPORT PAVEMENT CHARACTERISTICS Table A2 (Continued) 

|?an. 
OttlON 
ALLOW. 

COWTHUC, 

_CM_ 
CAA 
CAA 
CM 

SM. 
CAA 
FAA 
FAA 
FAA 
FAA 

CAA 
JXL. 
j^A- 
CAA 

ML 
CAA 
JM. 
JAA- 
CAA 
MAC 

-EM- 
CM. 

_CM. 
JM- 
CM 
JM. 
_aEa_ 
CM 
JM. 

JM. 
JM_ 
J^LL 

•TATi 

VIAH 
Minnesota      | "^Minneapolis        1 

iQ^g 
^25L 
.1251. 
1251 
1251 

0252. 
1962 

"1952" 

nn 
ä^a 

-1S5Q- 
^1 
1951 

1062 
1251 
1255 

-1265 
J^Sfc 
1252 
1969 
iqqs 
1252 

j^2. 

1^60 
1952 
lasfi 

AIRPORT NAMi Minneapolis - St. Paul '73 

R-34 

(Sheet 31 of kk) 
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AIRPORT PAVEMENT CHARAC 

!     10. 
1   "^ 

toa 
CLAM. ORAOI 

CLAM 

■UMAK 
COURK 

■AM 
COUMI 

SURFACE 
!       COURM OVERLAY 

MOO. 
buMRADE 

REAC. 

i        K 

OUION 
AUOW. 

CONtTRUC. 
I     VIC YEAR 

"•%, 

ffi                                                                                                                                                                                                                                                                  ^^^^^^^ ^^^^»www^^ ■ ^m ^^^^^^^ 

IW22 
|R-15 gJf Rb M i           _ 9" PCC CAA 1950 
|R-16 E-lf 1   Rb i I                  m 12" PCC CAA 1955 
lR-17 E-V Rb |               . |                          M 12" PCC CAA IQSS 
IR-18 E-U 1   Rb 1               — !           m 11" PCC CAA 1    IPSS 
IR-W E-U Rb - - 11" FCC AF 1955 
117/^ 
|R-21 E-4 Rb 1                       m m 9" PCC V AC |    CAA 1953 
IR-22 E-2 Rb - - 9" PCC U" AC CAA 1953 
|R-2^ E-6 Re 12" CA . 11" PCC MAC 1951 
IR-2U E-6 Re 12" CA m 12" PCC MAC 1962 
IR^S E-6 Re 12" CA — 12" PCC MAC IQII 
|R-26 E-7 Re 8" CA — 12" PCC FAA 
|P.27 E-7 Re 12" CA ' S" FCC CKk 19k2 

i                                                                                                                TAXIWAV  

T-16 E-^ Rb 8" CA m 1^ CRCP FAA 1070 

I                                                                                                            AMOM  

CA - Crushed Aggregate 
I                    AC - Asphaltlc Concrete 
i                CRCP - Continuous Reinforced Concrete Pavement                                                                        i 

Note:    17/35 Is no longer an active runway; used primarily as a taxlway. 

214" 
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Jl 
RPORT P^ ̂ VEME NTCHi 

AM* ~ve(ki*«i*.*                                               Table A2 (Continued) 

KMX    | 
BRADfll   DfSIQN «OMTRUC. 

»fC VIA« 
Mlnneaota       |      Minneapolis         |                     Minneapolis -St. Paul               JTan.'73 1 

IM.        ALLOW. 
K        1 

CAA 1950 
CM 1955 
CAA 1955 
CAA 1955 
AF 1955 

CAA 1953 
CAA 1953 
MAC 1951 
MAC 19& 
MAC 1955 
FAA 
5ffi 19U2 

PAA 1970 

1 

i 

ly as a taxlvay« 

(Sheet 32 of UU) 
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n 
AIRPORT PAVEMENT CHi ÄRA? 

1.0. 
ma 

SOil 
CLAM. 

sua- 
ORAOf 
CLAM 

COURM 
■Alt 

COURSi 
SURFACE 
COURU OViRLAV 

MOO. 
SUMRAOI 

RIAC 
K 

OfSION 
ALLOW. 

CONSTRUC. 
VIAR 

mTiM 

|                                                                                                         RUNWAYS  

11L/29 a 
R-31 E-5 Rb Ö" CA „ 12" FCC FAA 1067 
R-32 E-5 Rb 8" CA _ 10" FCC IH 10^7 
R-33 E-3 Rb B" P-209 - ß" ÜRÜf TM 1CJ6C) 

R-^i E-^ Rb 0" CA . 13" CRCP FAA 1970 

B-Vi E4 Rb 8" CA - 16" KC FAA 1971 

J                                                                                                                   TAXIWAV  

L                                                                                                 i^RONS — 

$tmumm 
CA - Crushed Aggregate 

CROP   - Continuous Reinforced Concrete Pavement 

216- 
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/: 

ÜRPORT PAVEMENT CHi MACTERISTICS                                      Table A2 (Continued) 
«na   |           | 

VIA* 
"*" Mlaneiota   |c,TVMlnneapolli         | *•"«»«" NAMI  Mlnneapoll8 . st# paul                [fj^f t73 | 

MAC.       ALLOW.       VK 
K        1                  1 

*                                                                                                                                           1 

1 
1 

1067 

IH 106? m 
TAk 1970 

fkk 1971 

! 

(Sheet 33 of hh) 
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AIRPORT PAVEMENT CHARACI 
1.0. •ML 

coumu COUMI 
MWMCI 

OVIRLAV «AC. 
K 

OittON 
ALLOW. 

COMTRUC 
«TATf , 

VtAR 

-IHMWAVt- 

B" Sb ^00p8l^   c^OT R-l E-12 Re 
6" 38   jg 

12" KC 
K30psil 

19^6 
£=2. z22. -a^. 12" FCC JEhL. 0262. 
fi=3_ 
R^r 

E-12 
E-12 

J&. 
Re 

6" SS    (iq 

XJ.Tl KC 
9/7   KC 
TO"    1 

3"HM Bit 
_EM_ 

s JM_ 
1068 

-1262. 
E-12 Re 

l^'Bg   to 
12" FCC VAR.P-'tOl 50 tOOpa JM. ^1202. 

fef 
£=12. 
E-12 
E-12 

Re 
_Efi_ ä«^ 
Re 

9"/7   FCC 
977" FCC" 

10"HM Bl; ■Jfl- tQOBUl UM- 

10" HM Bi 
FAA 
FAA JM 

E-12 Re 
8" SS in"  - 

FCC 10" HM.B1; 

S 
FAA 

R-10 E-12 Re 
8" SS 

10" FCC JO tOOpa TTDT 
R-ll E-12 Re 12" FCC 

9"/7" FCC 12" HM Bit 
-50_ »OOps FAA M 

R-12 E-12 Re JM. 196 
R-l^ E-12 Re 9"/7" KC 12" HM Bl ; FAA 196U 

T* IZ^KC HE 1=1. 1=12. Re -SS- _5S. iOOSBi FAA 
T-2 
I=3_. 
T-4 

JblL 
£=12. 
E-12 

Re 6" SS 
Re 6" SS 

12" FCC 

Re 15" RS 
12" FCC 

i" m*m 50 
50 

K?9l?gj FAA 

12" FCC 
iQQssi FAA 

JQ- tQOBSJ JM_ 

-126. 
1961 
J&L 

1=5. E-12 _aß- 9;;/7:; KC 12.'.' KC CAA 1956 as 
1 l=L 

T-7 
£=12. 
E-12 

Re 
Re 

15" SS 
15" SS 

9"/7" FCC 
12" FCC 

10" HM.B1;@ 
50      ^OODS i^ 

FAA 
FAA 

1 
"19^ 

&=!. E-12 .Es. 15" gg 12" KC _5ß. OOpsl 
A-2 E-12 ^S. JL1" Sg 

6" RS   © 
8" KC 

12" FCC 50 tOOps^ A=3- 
A^r 

E-12 
E-12 

-as- 
Re 977" KC a— Sit.. 

59     ^WPB^ E-12 Re 15" SS 157l2"FCC 

SS - Sand Shell 
VAR - Variable Thickness 

Safety Factor = 1.75 
3" P-J+Ol Additional Overlay 
10" FCC Additional Overlay 
12" FCC Additional Overlay 
6" Lime Stabilized Subgrade 

RS -River Sand 
HM -Hot Mix 

5)  12" FCC Additional Overlay 
0 10" FCC Additional Overlay with 12" FCC at T/W 

Intersection. 
3)  Variable Bituminous Overlay 
1 12" FCC Additional Overlay 
C9  2kn River Sand as top of sübgrade 
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PORT PAVEMENT CHARACTERISTICS 
Table A2 (Continued) 

E sSI 
AM    OISION 
e.        ALLOW. 

COMtTRUC 

^ST9[^^ 

tOOpfl 
LOOBO, 

KWpsil 

i 
toöpsj 
tOOpsJ 

JM. 
J^L 
JM- 
jM_ 
CAA 
FAA 
FAA 
FAA 
FÄÄ 
FAA 

JM. 
FAA 

LQQBfii 
L22SU 
kfiQEaJ 
iQQEali 

taaaS 

_EM_ 
FAA 
FAA 

JM_ 
GAA 
FAA 
FAA 

Q tOOp; 

[^^S 

i^S 

psf^ 

«TATf 

VIA« 

19^6 
j^S. 
J.2^. 
-laffi. 
-12^. 
JÄ3. 

Ill 
_i2 
"15 
S 
^: 
iqeu 

Hr 
m 
19^^ 
1956 

3^: 

rerlay 
rerlay vflth 12" FCC at T/W 

)verlay 
rerlay 
p of sübgrade 

Louisiana 
CITY 

New Orleans 
fmfWTHA New Orleans International 

**!** 

WEST    APROM    WILL   BE  EXTll^WELy 7 
MOÖiPxtD   >M T«E   NEAR  FU"V\iRtJ 

(Sheet 3U of UU) 
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HMMMWMIM ■■' 

AIRPORT PAVEMENT CHARAC 
kO. 
Na 

•OIL 
CIA«. ORAOf 

CLAM 

SUMAtt 
COURtt 

■ASf 
coumt 

SURFACE 
COURSE OVtRLAV 

MOO. 
SUMRADE 

REAC. 
K 

OESION 
ALLOW. 

CONSTRUC. 
SPEC VEAR 

STATE 

1  RUMMAVt — — 

R-l E-}t F2 _ 10" P-208 2" ?-k01 2" P-l+Ol FAAP 1961+ 
R-2 %-k F2 _ 10" P-208 2" P-l+01 2" P-UOl FAAP iq61+ 
R-3 E-k F2 . 10" P-208 2" P-l+01 FAAP 1950 
R4 E-h F2 _ 12" P-208 2^" P-l+Ol 2" P-UOl FAAP 1061+ 
R-5 fA F2 m 12" P-208 2" P-l+01 2" P-UOl FAAP iq6U 
R-6 E-6 k q" P.15U 8" P-208 2" P-l+01 2" P-UOl PAAP IQfifl 

R-7 V-fj pit 11" P-ISU 10"  P-208 V pJiOl 2"  P-UOl VAAP 

H-8 E-6 F3* t" P-20Ö 7" P-209 3" P-kOl FAAP 1965 
R-9 E-6 F3* ! 5" P-208 10" P-209 3" P-401 FAAP 1965 
R-10 E-k F2 _ 12" P-209 2" P-Wl FAAP 1950 
R-ll E-6 n* 1*" P-208 7" P-209 3" P-U01 FAAP 1965 
R-12 E-6 Fy 5" P-208 10" P-209 3" P-UOI FAAP 1965 
R-ll E-1+ 72 m 12" P-208 2l" F-ltOl 2" P-l+01 FAAP 1965 
R-lU E-7 F5 k" P-208 6" P-20q 3" PAOl FAAP iq70 

1                                                                                                                    TAXIWAV  

T-l fi4 F2 - 12" P-20H 2" PJfOl 2" PJ+01 FAAP iq65 
T-2 E-U F2 _ 12" P-208 2^" P-208 2" P-UOl FAAP 1965 
T-l E-U FS m 12" P-208 2" PAOl FAAP iq50 
T-1+ E-6 n* 11" P-15U 10" P-208 3" P-l+01 2" P-l+01 FAAP 1968 
T-S K-H F2 2" P-15U Q" P-20q 1" P-lU)l FAAP 1959 
T-6 E-i). 72 V P-ISU 10" P-20q ^,, P-UOl FAAP 1959 
T-7 E-6 Fl* «■" P-208 10" P-20q 1" P-UOl FAAP 1965 
T-R KJi T?? 1?" T-POR ?" P-Um T-AAP 

T-Q E-2 n _ 11" P-20q 3" P-l+01 FAAP 1^66 
T-10 E-5 F^ IS" P-208 7" P-201 U" P-UOl FAAP iq70 
T-ll E-7 F^ V P-208 6" p-2oq 3" P-l+01 FAAP iq70 

I                                                                        —«raoM — 
A-l E-lv {•2 _ Ik" P-208 3" P-UOl FAAP iqi+8 
A-2 E-U Rt M 6" P-208 13f/q"P-50 L FAAP iql+8 Q4X 
A-l E4 F2 _ fi"  P-?Ofl 1" P-6oq VAAP iq51 

r—\ 
A4 E-ll F2 _ 6" P-203 1" p-6oq FAAP 1951 " 
A-5 EA F2 . iV P-208 3" P-UOl FAAP iqso 

© A-6 E-U F2 « Ik" P-208 3" P-l+01 FAAP 1951 
A-7 A FS . lU" P-208 V P-UOl FAAP 1956 
A-8 E-lt rs 2"  P-15U q" P-20q 1" P-UOl FAAP 1959 
A-9 EA F2 2" P-15U 10" P-209 3" P-UOl FAAP 1961 

^ A-10 E-U F2 6" P-15U 6" P-209 2" P-i+01 FAAP 1961 
A-ll E-lt Rb - - 12" P-501 FAAP 1961 ©- 

€ 
MMAIIM: 

* Subgra ie classified F^ d ue to arid conditions 
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tPORT PAVEMENT CHARACTERISTICS 
Table A2  (Concluded) 

E Si oo. 
INAOil OfllON 
IAC | ALLOW. 
K 

CONSTRUC. 
VIC 

FAAP 
FAA? 
FAAP 
FMP 
FAAP 
£ME_ 
FAAP 
FAAP 
FAAP 
FAAP 
FAAP 
FAAP 
FAAP 
FAAP 

FAAP 
FAAP 
JAAF 
FAAP 
FAAP 
FAAP 
mz. 
FAAP 
FAAP 
FAAP 
FAAP 

FAAP 
FAAP 

FAAP 
FAAP 
FAAP 
FAAP 
FAAP 
FAAP 
FAAP 
FAAP 
FAAP 

YEAR 

TqgiT 
.Ä 
_1250_ 
1964 
1964 

_iafia_ 
196B 
1965 
HI s 1250. 

1965 
1965 
197Q 

"1^5" 
1Q65 
1Q50 
J^S. 
-1232- 
1252 
1965 
-19! 

_12ZQ. 
1Q70 

19W 
1948 
1951 
.1253U 
1959 
1251 
1^56 
-1252. 
1961 
1^61 
"i95r 

•TAn Nevada CITY Las Vegas 
awginsa 

MoCarran International 

(Sheet 35 of UU) 

221/ 

L 



■BW^W* wtwrir-" "^TV?"W.'iy""iriti"i"'5»vT>-«:. 

AIRPORT PAVEMENT CHi (VRACTEI 

1   to. 
1   Ma 

MML 
CLAM. 

su»- 
ORAOf 
CLAM 

|        COURSE 
BAU 

|        COURSI 
•ÜRFACf 
COURK OVIRLAV 

■UMiRAM 
RfAC 

K 

OESION 
ALLOW. 

CONSTRUC. 
MIC VEAR 

™    Ner 

|                                                                                                                   RUNWAYS  

0 

|                                                                                                                    TAXIWAV  

|                                                                                                                     Af RONS  

1 A-12 E.6 ra»    1 5" P-15lv 10" P-20q 1 V PJ+01    1 PAAP iq6<5   1 
A-l^ E-l F2     1 7" P-20<5 1 2" P-UOl PAAP 1066   1 

[ A-lU E-6   1 F^* «5" P-ISU 10" P-POQ 3" v-hm PAAP iqfo | 

, 

1  RIMAMS:                                                                                                                                                                                                                              | 

* Subgrade Clasalfled F- due to arid condltlona                                                                            i 
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MMM 

^ 4i 
AIRPORT PAVEMENT CHi WACTERISTICS                                         ^ * '^"^ 

Moa 
■UMRAM 

MAC. 
K 

DOION 
ALLOW. 

COWfTHUC. 
VIAR 

mT,    Nevada       |C,TV   Us Vega«          [«"»WTiiAm    McCarrfta international               |Tan.  '73| 

1 
?AAP \vfc 1 
FMP 1066 
PAAP Eg ! 

^23< 
(Sheet 36 of 1) 
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AIRPORT PAVEMENT CHARAC 

1    •• o. SOIL 
cttm. 

HJB- 
OUAM 
CLAU 

SUMAK 
COURSE 

1           BASE 
COUMi 

SURFACE 
COURSE OVERLAV 

MOO.     { 
SUMRADE     DESIGN 

REAC.         ALLOW. 
K 

CONSTRUC. 
»EC YEAR 

•TATEjy 

I                                                                                                               RUNWAVI  

1   R-1 E-7 1   Re I 8" P-15U 1                            — 12" P-501 6" F-hOV ♦ CAA-Clt^ 1    1970 
1 R-2 E-7 Re h" P-15U 1   6" P-201 Ik" PJtOl iM=£lil ;    1970 

R-6 E-7 Ro k" P.151+ 6" P-201 12" P-501 FAA-Clt> ;    1067 
1 R-7 E-7 Re k" P-15U |    6" P-201 10" P-S01 VAA-fMtj 1    l^l 
1   R.R Fl-fl Fft 6h" P-201 VAA-TI+.j ■    107? 

I                                                                                                                    TAXHMAV  

1  T-l E-7 Re 8" P-15U 12" P-501 cAA-cl-d 1955 
1 T-2 E-7 Re h" P-15U L 6" P-201 Ik" P-501 FM-Cltj 1970 
I T-^ E-7 Re Q" P.15U Ik" P-501 FM-Clt^ I960 
I T-6 E-7 Re !+" P-15U 6" P-201 12" P-501 FAA-Cltj 1967 

|                                                                                                                    APRONS  

1   A-6 E-7 Re h" P-15I+  1 6" P-201  1 12" P-501 FAA-Clt^ 1970 

A-7 E-7 He 6" *» 6" P-301+ 13" P-501 FAA-Cltv 1970 

1 MMAMMS: 

j            * The overlay on the original runway 18 - 36 (90001) Is 6" on centerllne, and 
|                 constantly sloped to 2" at the runway edges.    Subgrada class based on E-7 soil, 

with severe frost and poor drainage. 

** Lime and asphalt stabilized soil 

^24 
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^ 

ORT PAVEMENT CHARACTERISTICS 
Table A2 (Continued) 

M    OUION 
ALLOW. 

CONSTRUC 
»IC VEAN 

CAA-Clt^ 
fAA-Clta 
gAA-Clt^ 
EMaCita 
EMJiAa 

197Q 
-12ZQ. 
1967 
].9fi7 

-1222. 

CM-Clta 
FM-Clta 
FAA-Clt^ 
FAA-Clt^ 

IST 
1970 
1960 
1967 

FAA-Cltv 

FM-Cit^    1970 

1970 

oterllne, and 
ased on E-7 soil, 

STATf Missouri CITY 
Kansas C l£j AiNPÖRT NAMf 

Kansas City International 
nm 

N-S   0«'^ lO»00' * 150' 

g-ar ( 9-2?)   9500' x i5o' 

(Sheet 37 of l+U) 
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AIRPORT PAVEMENT 
ka ■Ml 

COUMM OVMIAV 
HMmtimi 

VIA« 

löTg?" 
B=l. El/fil Fa/Fl 

Si 
IV' CA 7" Bit. T' AC 51 apa 

14 + 1»"AC 
197^ 

R-2 El/fii Fa/Fl    IV'CA 7" Bit. S Ac ^222. 

m FaTn ^n us: 
RX" 

MM 10" CA 7" Bit. 3" AC 
?^7^ 

B=5_ 
R-6 

nW^llTT/P föi 
10" CA 
IV CA 

7" Bit. 

^Tn   10" CA 
7" m. 

OS AC 

7" Bit. 
r Ac 
3" AC ^TÄC 

TO 
^2ZL 
22Z1 
JLSIl 

S2E 
B=Z. aZE ^7M    IV'CA 7"  Bit. r/jg IFlc" 

* 

» 

« 
* 
* 

T-l 
T-g 
I^L 

IQ" CA 
JXJS4- 
I^CA 

7" Bit. 
7"  Bit. 

Bit. 

Tnr 
X4C- 

AC 

«CT 

T? 
EE 

T- 13" CA 
r<WäiM¥rrf*mkw 

5" Bit. 

1=. 
f^fi^lfTTi? 

IITCA 
2311 rÄc 

± 
l^CA 

7" Bit. 

T-Q [3FiSlfZri£BS 
IV' CA 

rBit. 
VVAC. 

I ■"AC 

as: Ac 

,rcF 
7" Bit. 
7"  Bit. 

T-9A E1/E3   Fa/F 
—■ ,- 

E1/E3 
IQ^CA 

i^ 
ItT 

3" AC JE^I 

21 

Fa/FJ   13" CA 

7"  Bl 
5" Bit. 
7" Bit. 

THg 
*«I-^^ 
3" AC 

JLS21 

S 
jm. 

T-10 
T-ll E1/E3 Fa/FJ    1^." C~ 7" Bit. TTT 

i?! /Fa 
Esm mrrEi RT*"? 

13" CA 
13" CA 

7" Bit. 
7" Bit. 

XÄg S*" AC 

ILK. 
7" Bit. 

XJL 
S1^^ 

M 
Term. E1/E3 fa/F:     13" CA 
Apron 

Exten. TTTET^m 10" CA 7" Bit. 3" AC 
Apr on 

CA - Crushed Aggregate 
AC - Asphaltlc Concrete (stone) 

Bit.- Bituminous Concrete (Sand-Gravel) 

* Overlay to be completed in 1973 

Note; Apron data is unreliable 

^26 
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Table A2 (Continued) 
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A 
AIRPORT PAVEMENT CHARAC 

]     I.D. 
1   «a 

MIL 
CLAM. 

su»- 
ONAM 
CLAM 

|       SUMAK 
\     coumc 

■AM 
count 

SURFACE 
COURSE OVERLAY 

MOD. 
SUMRAOE 

REAC. 
K 

DESIGN 
ALLOW. 

CONSTRUC. 
»EC YEAR 

STATE 

|                                                                                                                  RUNWAYS  

|lOL-28 R 

1    A E-7 Rc 6" WB. MAC. _ 12" FCC FAAP-01 1950 
i     B E-7 1   Rc 16" WB. MAC. — 1 11" FCC FAAP-01 IQSO 

1    C E-7 1   Rc 18" Slae „ 12"/8" rcc k" Blt.C. FAAP-16 1066 

1     ri 
E-7 1   Rc 8« CA m 12" FCC FAAP-09 1957 

I8R.^ ■L 

1   A 
E-7 1   Rc 16" WB. MAC. - 12" FCC FAAP-01 1950 

I   c E-7 1   Rc 18" Slag - 1278" Pad It" Blt.C. FAAP-19 1968 

1   E 
E-7 L Rc 6" WB.MAC. _ 12" FCC k" Blt.C. FAAP-19 1968 

1     F E-7 j   Rc 18" Sla« H 9" FCC h" Blt.C. FAAP-19 1968 

l8L-^6 R 
1    n E-7 1   Rc V Sla« - 9" FCC War Deni. 1*1 

A E-7 Rc ,6" WB. MAC. M 12" FCC FAAP-01 1950 
I    H E-7 F1? 12" Slae » Ik" Blt.C. Ik" Blt.C FAAP-09 1968 
1                                                                                                                   TAXIWAV  

1      C E-7 Rc 18" Slaff m 9"  FCC ;.   iqll? 
IMSA E-7 Rc 18" Slag 8" PCC 

1   ■T-l TM Rc 8" SAM - 13" FCC 300 U20DS1 FAAP-12 1962 
1   J-2 E-6 Rc 8" SAM _ 12" PCC 300 i+20T?sl FAAP-15 196U 

J-S E-7 Rc 8" SAM _ 12" FCC 300 U20DS1 FAAP-17 1967 
K-1+ E-6 Rc 8" SAM . IV FCC 300 U20TDS1 FAAP-12 1962 
K-5 E-6 Re 10" CA m 12" FCC 300 U20psl FAAP-18 1067 

1  L-6 5-$ Rc 8" SAM _ 12" PCC 300 l+20psl FAAP-1U 1962 
L-T E-7 Rc 8" SAM - 12" PCC 300 1V20PS1 FAAP-17 1967 
L-^ E-7 Rc 8" SAM - 11" FCC FAAP-16 1966 
0-9 E-7 F7 2" SlaR * W Bit. C .6" Blt.C. 

1   0-10 E-7 Rc 8" Slag - 12" PCC 300 U20psl 
j   0-11 E-7 F7 _ 8" WB.MAC. 2"Blt.C. V Blt.C. 
1   0-15 E-7 F7 2" Slag * 1^" Blt.C, 

1                                                                         —Araom — 
1 Termin al        1 
1     1 E-7 Rc 6" WB.MAC. - 12" FCC FAAP-01 1950 

2 E-7     i Rc 8" SAM m 12" FCC      I ^00 USOral FAAP-02 1951 
1     ^ E-7 Rc 8" SAM       1 - 12" PCC     | 300    i i+20psl FAAP-05 1951+ 

k E-7 Rc 8" SAM        ( [ 12" FCC     i 300     1 i+20psl FAAP-08 1956 
5 E-7    1 Rc 8" SAM       1 | 12" FCC     1 300    | l+20psl FAAP-09! 1957 
6 E-7    1 Rc 8" SAM i 12" FCC     1 300     ( U2(h3Sl FAAP-05 1051+ 
7 E-7    1 Rc 1 8" SAM        1 j 12" FCC     ! 300     1 h20v3i FAAP-10| 1960 
8     | E-7    1 Rc 1 8" SAM        ! 1 12" PCC      I 300     \ U20psil FAAP-15 19614 1 
9    | E-7    ! Rc 8" CA         | j 12"  FCC      | 300     | U20psi CITY    | 1955 

1  10 E-7    1 Rc 1 U" CA          | | 8" FCC     | V Blt.CJ FAAP-051 195k 

1 MMANR»:   * 5" Water Bound Macadam + 2" Penetration Macadam.                                                                   1 

1         SAM - Selected Aggregate Materials. 
Blt.C. - Bltuminus Concrete. 

I           CA -      Crushed Aggregate. 

228" 



•lüiTrv" 

S 
PORT PAVEMENT CHARACTERISTICS Table A2 (Continued) 

wsunam rro 
kOf|   OiSION 

tiXOti. 

•TATI 
CONSTRUC 

VEAH 

TAAP-01 

£MP-Q1 
£AAF-l6 
FAAP-09 

FAAP-Oi 
FAAP-19 
FAAP-19 
FAAP-1Q 

War Pep' 7 19^1 
FAAP-OI 
FMf-OT 

10^0 

.J2iQ-J 

-i25L 

T95Ö" 
1968 
J^S. 
.1262. 

125Q 
JJ^. 

UgQpsl 
Uaopsi 
U20psl 
U20PS1 

Aa&ai 
ttgQpsl 
ttgOPBl 

UgQpsl 

War W.  l'qllp 

FAAP-lg 
FAAP-15 
FAAP-17 
FAAP-12 
£ME 
FAAP 

aft 
F^AP-17 
FAAP-16 

1962 
196U 
1967 
1962 
1967 
1962 

HÜL nr 

^0t)st 
UgOpal 
UgQpfll 
UgQpsl 

1V2ÖP^ 
kaaaal 
|t20psl 
UgQpsl 

FAAP-01 
FAAP-Qg 
FAAP-O; 
FAAP-Ot 
FAAP-09 
FAAP-05 
FAAP-10 
FAAP-15 

CITY 
FAAP-05 

.1252. 
J^jJ 
J^ 
I25i. 
^251. 
0255. 
I960 
196U 
1955 is: 

Ohio 
CITV 

Cleveland Cleveland-Hopkins International I .T««.«7^ 

TERW/*AL 

(Sheet 39 of UU) 
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AIRPORT PAVEMENT Cti ARA 

10. 
•MX 

SOIL 
CLAM. 

turn- 
ORAM 
CLASS 

SURBAK 
COURSE 

BASi 
COURSI 

SURFACE 
COURSE OVERLAY 

MOO. 
BUMRADE 

REAC. 
K 

DESIGN 
ALLOW. 

CONSTRUC. 
SPEC YEAR 

STATE 

|                                                                                                                 RUNWAYS  

18lr.36R 
r c E-7 1   Rc 18" Slag \ ^70" PCC \k" Bit.C. FAAP-16 1956 

I E-7 Ro 8" CA - 12" PCC FAAP-02 1950 
J E-7 ^ _ 8" WB.MAC. 2" Bit.C. V Bit.C. FAAP-02 1950 
K E-7 1   Rc 8" SAM - 12" FCC FAAP-17 1967 
L E-6 Rc 8" SAM _ IV FCC FAAP-12 1062 
M E-6 Ffi 2" Slag * ö" Bit.C. WPA 195l 

5L.23R 
A E-7 Rc 6" WB.MAC, - 12" FCC FAAP-01 1950 
E E-7 Rc 6" WB.MAC. - 12" PCC k" Bit.C. FAAP-19 1968 
H E-7 F? 2" Sla« # 1*" Bit.C. 14"Bit.C. FAAP-09 1957 
C E-7 Rc 18" Sla« _ 12"/8"PCC k" Bit.C. FAAP-01 1950 
N E-7 Rc k" Sla* - 9" PCC k" Bit.C. CITY 19^0 

|                                                                                                                   TAXIWAV                                                                                                                | 

;NASA 
H-12 E-7 1-7 2" Slar » 1*" Bit.C. CAA 19U^ 

,fi-l^ E-7 Rc 8" SAM — 12" PCC TOO ^20 psl FAAP-14 1962 
S-llt E-7 Re 8" stu — 12" PCC TOO ^20 t)si FAAP-04 1952 
R-10 E-7 He 8" CA _ 12" PCC ^»00 i22_Bal PAAP-O? 1950 
R--^ E-7 Rc 8" SAM m 12" PCC ^00 ^20 psl FAAP-17 1967 

S E-7 Rc 8" SAM m 12" PCC ^00 h2Q pal IQSl 
T E-7 Re 6" WB.MAC. _ 1?"  PCC FAAP-m iq^O 
II E-7 Rc 8" SAM - 12" PCC TOO U20 Mi PAAP-10 1960 
W E-7 Rc 8" SAM — 11" PCC ^00 U20   BSi FAAP-16 1966 
X E-7 Rc 8" SAM — 12" PCC ^00 ^20 psl PAAP-09 1957 

r~                                                                                                     4»R0NB                                                                                                         I 
1 Terminal        1 

11 E-7 Rc k" CA — 8" PCC WPA 1941 
12 E-7 He ft" SAM — 1?" PCC ^00 1*20 DSl FAAP-17 1967 
B E-6 Rc 8" SAM - 12" PCC 300 420 DSl FAAP-1U 1962 
C E-6 Rc 8" SAM _ 12" PCC 300 1+20 DSl FAAP-lU 1962 
D E-6 Rc 8" SAM - 12" PCC 300 420 psl FAAP-15 m 
E E-7 Rc 18» Sla« - 9" PCC ^ar Dept 1942 

|     j- UMKN WN 
1     G E-6 Rc 8" SAM - 12" PCC 300 420 psl FAAP-12 1962 

H UNKN WN 
I UNKNJ WN 

MIMAMI 

Bit 

•'     * 5 

3AM - S 
CA - C 

. C- B 

" Water Bound Mace 

elected Aggregate 
rushed Aggregate 
itumlnous Concrete 

idam + 3" Pe 

Materials 

■ 

aetration Macadam. 
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IRPORT PAVEMENT CHARACTERISTICS 
Table A2 (Continued) 

EE MRAMl   OCSIQN ICONtTRUC, 
MAC    I   AUOW. 

K 

FAAF-16 
FAAP-02 
FAAP-02 
FMP-3.7 
IME=12 

WPA 

FAAP-01 
FAAP-19 
FAAP-09 
FAAP-01 

CITY 

^00 
JQQ. 

i2Q_jaal 

JQQ. 
tgOjjfii 

JQÖ. 
f2Q Ml 

3QQ_ 
i2a_Bal 
f2Q aai. 

JSSL 
JQQ. 
JQSL 

i22_Efii 
tag Mi 
OQ pal 

UM. 
FAAf-l^ 
FMP-^ 
FAAf-Q2 
FAAP-17 
FAAf-Q2 
FAA.P-Q1 
FAA?-10 
FAAf-ie. 
FAAP-QC;' 

300 
300 

ga MI 
»20 psl 

300   as Mi 

300 

300      »20 t>sl 

»20 pal 

WPA 
fAAP-i:i 
FAAP-H 
FAAP-1U 
FAAP-15 
far Dept 

FAAP-12 

«TATl 
Ohio 

VIAR 

«TV Cleveland 
nuRPONT 

Cleveland-Hoplclns International 

IgST 
.1250. 
IW 
1967 
,962 

"l9gg 

_12ki 
1962 

-12SL 
lOTO 

JL26L 
iaa 

jaaa 
J^2. 

m 
0261 

"iggr 

"igsr 

(Sheet UO of kk 
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n 
AIRPORT PAVEMENT CH- <VRA< 

1   i-a 1   "^ MNL 
CLAM. ill

 

SUMASi 
COUNM 

■ASI 
I        COUWi 

■UMACI 
COURM OVtNLAV 

1     MOO.     j 
ttUMRAOl    DOION 

1        K        j 

CONtTRUC. 
IHC ViAR 

■TATI 

|                                                                                                    nUNWAVt — 

l5&23ii 

1    0 E-6 1    Ro 1 8" SAM 1 13" PCÖ 1*" Blt.C. 3öö M>7 FAAP-10 1968 

1    p E-6 1    Re 8" SAM 1 111" PCC 1 t" Blt.C J   TO) 390PB1 ^AAP- 10 (    I960 

1    0 E-7 1    Re 18" Sla« 1             - 12"/8"PCC 1 V Blt.C. i  wo hqOngl t   1966 

1    c E-7 i    Re 18" Slaa 1               _ ^"^"PCC kn Blt.C. 1   300 1+67 FAAP-16 19oo 

1                                                                                                           TAXMAV  

i                                                                         —t^nom — 

1     J VHKH 3MN 

SAM - Selected Aggregate Materials 
Blt.C- Bituminous Concrete                                                                                                           1 
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Q 
PORT PAVEMENT CHARACTERISTICS 

Table A2 (Continued) 

w. IAOC    OfStON   CONtTllUC 
tTAn Ohio 

VIAII 

«TV Cleveland 

TI57" 
390P«1 

FAAP-10 
?AAP- 10 

322Bfil ajg iME=ai 
FAAP-1( 

Cleveland-Hopkina International '73 

(Sheet Ul of kk) 
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AUPORT PAVEMENT CHi MA( 
1    «.o- 
1    *ta KML 

CLAM. 
tu»- 

ORAOf 
CLAM 

!      MJMAK 
COURSE 

1          BASE 
|        COURSE 

SURFACE 
COURSE OVERLAY 

»oo. 
SUf aRADE 

RSAC 

i        K 

DESIGN 
ALLOW. 

CONSTRUC. 
»EC YEAR 

ftrATp 

j                                                                                                                RUNWAYS  

112-30 E-8 j    RC _ i    9" CA 15" FCC 260 500uäl FAA !    I960 
1 

|lL-l<» E-8 Rc mm i    9" CA 15" FCC 260 koopsi» FAA 1060 

|lR-19L E-fl Ro { I    9" CA 15" FCC 260 JOOpsl* FAA I960 

1 

i i 
/ 
\ 

1                                                                                                                    TAXIWAV  \ 
IM-1 H Rc — Q" CA 15" FCC 260 500DSJ PAA I960 \ 
|N-2 E-8 Rc » 9" CA is" vr.r. 260 SOOpsl FAA 1060 \ 
|N.^ K-fl Rc - §" CA 15" FCC 500psl FAA 
[N-ft E-8 Rc - 9" CA 15" FCC 260 500psl FAA I960 
IN-5 E-8 RC - 9" CA 15" FCC 260 500psl FAA I960 
lw-i E-8 RC - 9" CA 15" FCC 260   ! 500psl FAA I960   1 ■**<. 

|w-3 E-8 Rc . 9" CA 15" ICC 260 500rsl FAA 1960 
Iw-U E-8 Rc w 9" CA 15" FCC 260 5flQBaL FAA 1960   1 
|w-s E-8 Rc — 9" CA 15" PCC 500psl FAA 19b0 N 
|w-6 E-8 Rc _ 9" CA 15" FCC 260 500DS1 FAA I960 
|w-7 E-8 Rc m 9" CA       j 15" PCC 260 500DS1 FAA I960   1 
|w-8 E-8 Rc _ 9" CA 15" PCC 260 500T)S1 FAA I960 m 

*fcj 
Ml 

— »mam —                                                                         ! r IJET E-8 RC ' 9" CA       t 15" FCC      | 
1 1 260 : SOOpsl 1960   1 

1961   1 
Local E-8 RC - 9" CA 9" FCC 260 500DS1 1962 

«• 
laen. E-8 Rc —            ] 9" CA 10"  PCC 260 SOCpsl 
[Avlatlj m         1 

M 

> 

1   NiMAIMS: 
* 680 psl non critical areas                                           CA - Crushed Aggregate                      ! 

Safety Factor =1.7 Critical Areas and 
[                                                     1.25 Non-crltlcal Areas 

I           Note:    The 15" FCC surface course Is only true for a 50* center section and at the               j 
intersections with tai.lways and high speed turns.     The other pavement Is tapered 
to 12" FCC.      Jet apron will be widened by 80' on each side in the near future. 
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PUT PAVEMENT CHARACTERISTICS 
Table A2 (Continued) 

l|   OUION 
ALLOW. 

coNsmuc, 
MC 

;00PB1^ 

500 pal 

BQQsaJJ 

FAA 

ML. 

JM. 

jQQpgt 
5QÖEfii 
^OOpsl 
500pal 
500psl 
500PB1 
500T)sl 
52QEal 
SOOjsl 
500pal 
500PB1 
SOOTIBI 

TH" 
FAA 
FAA 
FAA 
FAA 
FAA 
FAA 

_EM. 
FAA 
FAA 
FAA 
FAA 

500pal 

3£sai 

SOQaal 

VEAR 

I960 

i96n 

J56Ö_ 

I960 
1960 
I960 
I960 
IM: 
i960 
i960 
19§0 
1960 
I960 
I960 
I960 

I960 
1961 
JSL 

ruahed Aggregate 

r section and at the 
other pavtment la tapered 

side In the near future. 

STATE D. C. 
CITY 

Waahlngton 1 
XISJOSTNABF" Dulles International ah.  '73 

(Sheet U2 of UU) 
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AIRPORT PAVEMENT Cti 4RA< 

ma 
■ML 

CLAM. 
•ue- 

ONAM 
CLAM 

COURM 
■AM 

COUMf 
■URPACI 
COUMf OVfRLAV 

MOO. 
lUOOWAOl 

MAC. 
K 

OftlON 
ALLOM. 

CONfTRUC. 
MM VfAR 

•TAU j 

{                                                                                                           RUMMAVS  

(                                                                                                                    TAMWAV  

E-l E-: Rc m Q" CA 15" FCC 2)0 500t>al PAA iq60 
E-S Rc - 9" CA 15" FCC 2S0 500p«l FAA 19o0 

JE-U E-{ Rc - 9"CA 15" FCC 260 500PB1 FAA I960 
E-5 E-8 RC - 9"CA 15" FCC 200 500p«l FAA I960 
E-6 E-8 Rc - 9" CA 15" XC 260 500D81 FAA I960 
E-7 E-8 Rc _ 9" CA 15" FCC 260 500P81 FAA 1960 
E-fi £-8 Rc _ 9" CA 15" FCC 260 500DS1 FAA 1960 

(                                                                                                                    /VROM  

CA - Crushed Aggregate 
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tPORT PA iVEME NTCHi MIACTERISTICS                                      Table A2 (Contin-d> 
MX    i              f 
A AMI   DCS OH ICONBTRUC 

VIAR «C       AUOW.r   VK 
(       1               I 

k SOOpii PAiL 
!5 500 pil FM t«5 
M 500 )•! FA i I960 
lo 500pil FAA 1960 
K 500M1 FA i I960 
k) 500 »I FAA 1960 
fo 500M1 FAA 1960   ! 

! 

(Sheet U3 of kk) 
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AIRPORT PAVEMENT CHA 
1.0. 
•MX 

MML 
CLAM. 

CLAM 

tUMAK 
COUNM COUNtf 

SURFACE 
COUKK OVERLAY 

SUMRADE 
RIAC. 

K 

DEUQM 
ALLOW. 

COMTRUC, 
MIC YEAR 

-RUNWAYS- 

1^"   P-1;QH R-l 
R-1(N 

JSaL 
£=1. 

Jl. 
Jl. 

v m stab. 
V LR Stab Ml 

1=211. 
£=211 

2" Bit. 
g" Bit. P"  P-UQH 

,FAAP 
FMP 196U 

R-2(N £=L. Jl. _L]i_SJiak §;; p-211 2" EakQl 
2" P-ttOl 

FAAP 1961. 
1265- _5zL E-l Fl IB Stab. p-211 2" Bit. 

Ip" Bit. 
FAAP 

^ 
E-l Fl 6" LR Stab P-211 MiflL IQ^Q 
1=1. Jl_ U" LR Stab. 8"    P-211 2" Bit. r.nmy IQ^c; 

R-S £=1. -El. h" LR Stab, Q"    P-?n ^"  P-UOI FAAP JQ6k. 
R-6 £=1. ^L. lt" LR Stab 8"   P-211 2" MOl EME- 196k 
R-7A £=1. Jl_ 6" m Stab 6i" P-211 li" 

ft 
Bit. MYY l2kiL 

R-8 
R-9 

£=1. 
E-l 

H. 
Fl 

{t" LR Stab., 
1|" LR Stab. 

P-211 
P-211 4» p-koi 

P-UOl 
FAAP laSfi 
FAAP 1261. 

-TAXIWAY- 

r 

T-l E=3- Fl ip" p-pn ?" BAQ] FAAP-Q3 1^59- 
T-2 

T-4 

E-l 
E-2 

JL. 
Fl 

k" LP Stab.  12" P-211 
12"  P-211 

2"  F-fol 
2" P-llOl 

FMP-(A 
EAAP=Qi 

1961 
IQ61 

E-l Fl £ P-211 
6i" P-211 

" P-UOl FAAP-O^ 1261. 
T-5 E-l Fl £1  Bit. ZSMEL 126L 
T-6 E-l Fl U" LR Stab. 9" P-211 1 " P-UOl FAAP-06 126L 
T-7 E-l Jl. h" LR Stab. 6" P-211 If" p-toi FAAP-QB 126L 
T-8 £=3- Ji. \il LP Stab 6" £=211 

IK"  T-kOI 
FAAP-1P 1920. a T-q E=2_ JX. k!! IP atak. 6" P-pn fAAF-11 

T-10 1=3- Fl k" LP Stab. ^1 £^- SÜ p-^01 EME=1L 126S_ 
T-ll E-2 Fl U" LP Stab. ftPAP-Ql lazi. 
T-12 E-2 Fl k" LP Stab. 12" P-2U 2" E=teL 2^" p-ltOl PAAP-QO 1220. 
Ial3 £=3- ü. V LF Stab. q" p-pn 3" T-hQl FAAP-n igfid. 

APRONS- 

A-l 
A-2 

lei. Fl 
Ra 

8" P-211 

10" P-501 
6;: p-wi 
2"T,~Blt/ 

fAAF-Q2 
:AVY 

1252- 

i? 
XT £=1. -EL. 'oum 

E-2 Ra 6" p-qoi I^YY -EL 
^=5_ E-l Fl q" p-211 ^" f-ifffl FAAP-QS 1263- 
A-6 E-l Jl. 8" LR Stab., 6" P-211 1" Bit. 
A-7 £=1- Jl. LR Stab. 8" P-?n 1" R1t,. 
J^_ 
A-l. 

JS1/E3- 
El7E3 

Jl. LR Stab 

Fl U" LR Stab. 
£!_£. 
Q" P- 

211 Ij" F4Q1 
.3" P-UOl 

FAAF-IO I26Z. 
ftl^AP-Ql 12Z1. 

A-10 E-3 Fl U" LR Stab. 9"  P-211 3" P-UOl PAAP-11 1968 

RSI 

LR - Lime Rook 

* An additional 3" asphalt concrete overlay Is programmed for 1973 on runway 9L-27R 
and parallel taxlway.    The pavement at this location Is old and Is showing signs 
of distress (rutting, oxidation, cracking, etc.), and the overlay Is necessary to 
bring the pavement up to a strength of 350,000 lbs. dual tandem gear gross load. 

♦♦ Old Navy Base with a k^" surface. 
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RT PAVEMENT CHARACTERISTICS 
Table A2 (Continued) ') sl_-. 

AINPOKT NAIM nm 
OiSION 
ALLOW. 

CONSTRUC 
YEAR 

EML. 

IMP. 
FMJL 

EM£. 
MVY 
CJMEL 
FAAP 
FAA? 
IWAVT 
.FAAP 
£M£- 

-19^— 
12^L 
1961 
12^. 
19^0 
2965- 
136k. 
196k 
igtto 
1366 
la&i 

STATE 

r g-8 lE-frl 

lüF 
FAAP-fl3 
EMZ=Qk 
EMMI 
FAAP-0? 
;oum 
£M£=2i 
rMP-oS 
FAAP-12 
£M£=1L 
FMF-11 
äME=QL 
FAAF-Q9 
FAAP-n 

^59L 
lff6l 
1961 
12§3 
196k. 
12a. 
1966 
1970 i JM 
1962. 
1971 
197Q 
1968 

FAAP-Q2 
am. 
:OIJMTY 
^n_ 
FAAP-Oq 

FAAF-1Q 
mp-01 
FAAP-ll 

1959- 

I? 
W II 
196^ 

1962- 
1971 
1968 

173 'jn runway 9L-27R 
id la showing signs 
■lay Is necessary to 
m geer gross load. 

Florida 
CITY, 

Ft. Lauderdale Mlaosaä In^rnatigBal 

* 

TS- 

■C       Xs W 

^ 

tt-'ZCw), 

3E 

(Sheet kk of UU) 
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APPENDIX B 

CONTROLLING PAViMENT CHARACTERISTICS USED TO DETERMINE 
PAVEMENT THICKNESS REQUIREMENTS 

The CBR's of sub^rade soil and the moduli of subgrade reaction    k 

are input parameters essential to the determination of required thick- 

ness.    These values, determined as described in the main text for the 

pavement section that controlled the evaluation of each pavement item, 

are listed in the following tabulation. 

Pavement Controlling Subgrade Foundation 
Airfield Item» ID No.» CBR k»» 

Chicago Runway 1 30 6.5 36c 
(O'Hare) Runway 2 38 5.5 390 

Runway 3 2k 6.5 270 
Taxiway 1 & 6 hi 5.5 380 
Taxiway 2 25 6.5 260 
Taxiway 3 11 6.5 360 
Taxiway h k2 5.5 3I+0 
Taxiway 5 10 6.5 300 
Taxiway "(' 9 6.5 360 
Apron 1 12 6.5 260 

Atlanta Runway 1 R-6 8.5 280 
Runway 2 R-2 8.5 280 
Taxiway 1 T-7 8.5 280 
Taxiway 2 T-6 8.5 280 
Taxiway 3 T-l 8.5 390 
Taxiway k T-2 8.5 280 
Apron 1 A-l 8.5 260 

Los Angeles Runway 1 R-l 8.5 260 
(Interna- Runway 2 R-3 22 U60 
tional) Taxiway 1 T-2A 22 290 

Taxiway 2 T-8 22 290 
Taxiway k T-7 8.5 305 
Taxiway 5 T-5E 8.5 Ii90 
Taxiway 6 R-5C & T-2B 8.5 3U0 
Taxiway 7 T-ll 8.5 U60 
Taxiway 8 T-10 22 380 
Apron 1 A-ll 22 360 

»    Identification of pavement items and controlling ID numbers are 
shown in Table A2. 

»»   Where flexible pavement is base pavement,    k    shown represents    k 
on top of flexible pavement. Where rigid pavement is base pavement, 
the   k    shown represents   k of foundation layer directly under exist- 
ing pavement slab. 
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Pavement Controlling Subgrade Foundation 

Airfield Item ID No. CBR k 

Apron 2 A-12 22 315 
Apron 3 A-15 22 315 
Apron k A-l 8.5 350 
Apron 5 A-20 22 Uoo 

San Francisco Runway 1 R-l 18 ItOO 

Runway 2 R-3 18 1*00 

Taxiway 1 T-2 18 1*00 

Taxiway 2 T-9 18 1»00 

Taxiway 3 T-5 18 uoo 
Apron 1 A-3 18 hoo 

!      Miami Runway 1 R-IA 23 1*50 

Runway 2 R-2 23 1+90 

Taxiway 1 T-l 23 1*50 

Taxiway 2 T-3 23 kio 
Taxiway 3 T-3 23 kio 
Taxiway •♦ T-5 23 U30 
Taxiway 5 T-1B 23 1*50 

! Apron 1 A-8 23 370 

New York Runway 1 13R-31L 23 370 
(JFK) Runway 2 UL-22R 23 370 

Taxiway 1 P 23 370 
Taxiway 2 0 23 1430 
Taxiway 3 I 23 It 30 

Taxiway 1+ K 23 1*30 

Apron 1 Terminal 23 370 

New York Runway 1 13-3i 23 1*00 

(La Guardia) Runway 2 U-22 7.5 330 
Taxiway i 13-31 23 390 
Taxiway 2 U-22 7.5 330 
Apron 1 Terminal and 

Hanger 
7.5 3U0 

Newark Runway 1 14-22 23 UlO 
Taxiway 1 T-2 23 UlO 
Taxiway 2 Taxi-B 23 UlO 
Apron 1, 2, 3 B 23 1*00 

Denver Runway 1 R-8 23 200 
Runway 2 R-l 7.5 390 
Taxiway 1 T-10 23 200 
Taxiway 2 T-Ö 6.5 220 
Taxiway 3 T-7 7.5 325 
Taxiway h T-8 6.5 220 
Aprons A-l 7.5 l65 

Boston Runway 1 C 6.5 500 
Runway 2 B 

(Continued) 
6.5 500 

^41- 
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Pavement Controlling Subgrade Foundation 
Airfield Item ID No. CBR k 

Taxiway 1 P 6.5 1*50 
Taxlvay 2 D 6.5 J*50 
Taxivay 3 N 6.5 1(10 
Taxlvay k S Apron 6.5 U10 
Taxlvay 5 Cb 6.5 500 
Apron 1 Expons 1 6.5 1»50 
Apron 2 Expons 2 22 kio 

Phlldelphia Runway 1 Critical 18 390 
Runway 2 Noncrltlcal 18 360 
Taxlvay 1 T-l 18 390 
Taxlvay 2 T-2 18 500 
Taxlvay 3 Critical 18 390 
Apron 1 A-l 18 280 

St. Louis Runway 1 5 8.5 180 
Taxlway 1 6 8.5 180 
Apron 1 7 4 11 8.5 180 

Honolulu Runway 1 R-8 14.5 500 
Taxlvay 1 T-29 1U.5 500 
Taxlways 3, Uf T-8, T-15. T-27, 1U.5 500 

8. & 10 T-2U 
Taxlways 5, 6, T-5, T-20, T-U, 1U.5 500 

7. 11. * 13 T-6 
Taxlway' 12 T-23 1U.5 500 
All Aprons A-5 1U.5 500 

Detroit Runway 1 2 6.5 200 
Runway 2 6 6.5 200 
Taxlway 1 13, 12, 10 6.5 200 
Taxlway 2 12, 13 6.5 200 
Taxlway 3 11 6.5 200 
Taxlway ü 12 6.5 200 
Apron 29 6.5 200 

Seattle/ Runway 1 R-3. R->* 10 200 
Tacooa Runway 2 R-6 18 3k0 

Taxlway 1 Tl, T2, T6, T9 10 300 
Taxlway 2 T-19 18 3l»0 
Taxlway 3 T-12 10 200 
Taxlway k T15, Tl6, T20 18 3^0 
Aprons A-l 10 200 

Pittsburgh Runway 1 R-7 6.5 220 
Runway 2 R-U 6.5 220 
Taxlway 1 T-9 6.5 220 
Taxlway 2 T-10 6.5 220 
Taxlway 3 T-5 6.5 375 
Taxlway U T-9 

(Continued) 
6.5 220 
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Pavement Controlling Subgrade Foundation 
Airfield Item ID No. CBR k 

Taxivay 5 T-2 6.5 250 
Apron 1 A-l 6.5 150 

Houston Runway 1 R-5 10 Uoo 
Taxiway 1 T-3 10 UOO 
Taxiway 2 T-7 10 UOO 
Taxiway 3 T-3 10 Uoo 
Taxiway k T-U 10 UOO 
Apron 1 A-3 10 U00 

Minneapolis/ Runway 1 R-2, R-3. R-5 10 200 
St. Paul Runway 2 R-13 10 200 

Taxiway 1 T-2 10 275 
Taxiway 2 T-10 10 275 
Apron 1 A-l 10 275 

New Orleans Runway 1 R-6 3.5 160 
Taxiway 1 T-U 3.5 1U5 
Taxiway 2 T-l 3.5 270 
Apron 1 A-l 3.5 U»5 
Apron 2 A-3 3.5 270 
Apron 3 A-U 3.5 50 

Las Vegas Runway 1 R-6 10 370 
Runway 2 R-2 Hi.5 250 
Taxiway 1 T-U 12.5 370 
Taxiway 2 T-6 1^5 370 
Apron 1 A-9 1U.5 360 

Kansas City Runway 1 R-7 6.5 250 
(Interna- Runway 2 R-1 6.5 220 
tional ) Taxiway 1 T-l 6.5 220 

Taxiway 2 T-2, T-3 6.5 230 
Taxiway 3 T-6 6.5 250 
Apron A-6 6.5 200 

Baltimore Runway 1 10-78 18 U30 
Runway 2 15-33 18 UlO 
All Taxiways B,C,D,E,F,G 18 U30 
Apron 1 — 18 U30 

Cleveland Runway 1 Q 6.5 300 
Taxiway 1 L-6 6.5 300 
Taxiway 2 T 6.5 300 
Apron 1 AP-12 6.5 300 
Apron 2 AP-3, AP-U, AP-2 6.5 300 
Apron 3 AP-10 6.5 300 

Washington All Pavements — 7.5 260 
(Dulles) 

Hollywood Runway 1 R-1, R1(H) 
(Continued) 

18 360 
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Airfield 
Pavenent 
It<a 

Taxlvay 1 
Tttxlvay 2 
Apron 1 

Controlling 

T-5 
T-12 
A-2 

Subgrade  Foundation 
CBR       k 

18 
18 
18 

335 
1*10 
280 
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APPENDIX C 

PAVBMENT THICKNESS REQUIREMENTS FOR OPERATION OF CATEGORY I 
AND II AIRCRAFT 

The flexible pavement thicknesses for new construction were deter- 

mined by entering the design curves shown in Figures 32 through 35 of 

the main text with the appropriate subgrade CBR value from Appendix B 

and reading the corresponding thickness.    For rigid pavement new con- 

struction, the design curves shown in Figures 36 through 39 of the main 

text were entered at a working stress of 350 psi, and the required 

thickness was determined using the k-value of the foundation under exist- 

ing pavements and the gross weight of the aircraft. 

All overlay thicknesses were determined in accordance with FAA pro- 

cedures and methods presented in Reference 10.    The base pavement for all 

overlays was assumed to be in good condition.    Calculations were made for 

flexible, bituminous, and rigid overlays on rigid and flexible pave- 

ments.    Overlay thicknesses were calculated for each cross section on a 

pavement item (i.e., runway, taxivay, apron, etc.) and the overlay thick- 

ness deemed most logical was selected for the entire pavement item. 

The results of these calculations are shown in this appendix. 
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Appendix C 

Fitvofiwnt 'nilclin(!?.3 I'onulrfr.ent« fi'r Operation 

of CiitcKui-v I nnil II Alrcrnft 

Bac« 
Pavearnt 

FCC 

Aircraft 
Satceorjf 

I 

Oenr 

Median 
Optlnlud 

ThtckmT.D Hc-H Iriwnto, In." 
PaVMNDt lUw Construction Overloyit 

Alrroft»                      IX— Ri^id 

17 
IT 

Kletlblo Flexible Ritunlnouu 

11.0 
U.J 

u 
u 

ChlMgo (O'Hare)                Rumnur 1 

II Median 
Optlaltad 

16 
21 

— — 9.J 
1T.0 

10 
X5 

Ihmiay 2 PCC I Median 
OptUiiod 

IT 
IT mm .. 

6.0 
.6.J 

s 
9 

11 Median 
Optiaiied 

16 
20 

— — k.5 
U.J 

T 
13 

Rvanmy 3 FCC I Median 
Optioited 

18 
19 

" _ 
3.0 
k.O 

12 
13 

II Median 
Optiulzed 

18 
23 _. «. 

3.0 
10.5 

11 
IT 

Tulmy 1 
and 6 

PCC I Hediiw 
Optlnited 

IT 
IT •• — 

3.0 
k.O 

8 
9 

II Median 
Optiaiied 

16 
Zk 

— 
_• 

3.0 
13.0 

I 
IT 

Tudmgr 2 PCC I Median 
Optlaltad 

18 
19   » 

3.0 
3.0 

6 
T 

II Median 
Optiaiied 

18 
23 _ — 3.0 

6.5 
6 

18 

Tailvay 3 AC I Median 
OptlDlted .„ 

55 
56 

k.   Ik 
k.   Ik 

— IT.5 
18.0 

IT 
XT 

II Median 
Optiaiied 

~ 58.5. k. Ik 
fck,5. k. 15 ._ 

19.0 
26.5 

XC a 
TaxiwHjr k PCC I V.mli»n 

OpttBited 
1T 
18 .. — k.O 

k.5 
9 
9 

II Median 
Optiialted 

16 
21 _ Te 3.0 

9.5 
8 

Xk 

Taxlmy 5 AC I Median 
Optiaiied .« 

55 
56, 

k.   Ik 
k. Ik 

♦ Ik 
♦ Ik 

13.5 
13.5 

XT 
XT 

TI Medlm 
Optiaiied 

— 58. 
69 

5. k. Ik 
5. k. 15 

♦ IT 
* 28 

15.5 
22.5 

X6 
2X 

Tulwajr T AC I Median 
OptlDlted __ 

55 
56 

k. Ik 
k. Ik 

* 18 
* 18 

16.0 
16.0 

17 
IT 

II Median 
Optiaiied .. 

58.5. k. Ik 
69.5. k. 15 

* 20 
♦ 31 

1T.5 
2^.5 

16 
21 

Apron 1 PCC I Media- 
Opt lolled 

18 
19 

— ~ 3.0 
i.O 

6 
T 

II Median 
Optioited 

18 
23 _ I ♦"k 

3.0 
6.5 

6 
13 

Atlanta                               Rummy 1 PCC I Median 
OptImlted 

18 
18 

— — 3.0 
3.0 

6 
6 

11 Median 
Optiaiied 

17 
?2 

~ __ 
3.0 
k.5 

< 
XI 

Runway 2 PCC I Median 
Optiaiied 

18 
18 

~ 
__ 

3.0 
3.0 

6 
6 

II Median 
Optlaited 

IT 
22 .. 

-- 3.0 
k.5 

6 
XI 

Taxiway 1. 
. 2, and >• 

PCC I Median 
Optimized 

18 
18 _» — 3.0 

3.0 
6 
6 

II Median 
Optimiied 

IT 
22 

~ ~ 3.0 
k.5 

6 
11 

Taxlway 3 AC I         Median 
Optlnlzml 

(Contlnun,!) 

~~ k? 
ki 

5.  k,   11, 
5. k.  Ik 

k 
It 

♦ 8.5 
♦ 9.5 

9.5 
10.5 

16 
IT 

■    D.iUna-fort Worth Rogional Airport 
••    Multipl« entrlei auch an 55. '•. Ik 

wait not 
Indi.-nta 

Included liecfuise It  1 
total thtcluwia. «it 

5 deaicBtfd  ff-r opt-Tttt. ion 
-Xneua of wearing eouvce 

of the CuteKory 11 aircraft, 
nnd thlckneiij of bate 

cours«. 
t    flexible pavement ia defined au aepholtic concrete wearing cuurie pluj trmiuliir foundntlon courieo; bit.ualnoue pave- 
nont In defined aa full-depth anphnltic concrete. 

(Sheet 1 of 11) 
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Aypandtx C (Continued) 

1 
Pavemat 

Itr« 

teoe 
Pavcacnt 

Uri*' , 
AC 

Aircraft 
CaUnory 

II 

Oinr 

Mcdlui 
Optliuud 

llilekn.-ü« Pciiuttvncnl u. In, 
Me. 

Hifild 
Cotiutnii. 1.1 on 

ncx.l... 
Overtoil 

Alioort 

k ♦ 10.5 
k * 20 

Hitualn."« 

u.o 
17.5 

Hiijld 

,                         Atlanta 
(Continued) 

l-ulimy i kfc. [.. Ik 16 
20 

Apron 1 KC I IMiiin 
OptlaUed 

18 
W 

— 
k Si.i 

6.o 
7.0 

11 
11 

11 Median 
OptlaUed 

16 
23 mm k *'h 

6.0 
12.5 

10 
16 

|                          to» Angtlci 
I                              (IntematioMl) 

Rummy 1 PCC I NediHii 
OptlaUed 

lb 
19 _. k*5 

k * 6 
T.5 
8.0 

10 
11 

II Median 
OptlaUed 

16 
23 ._ k ♦ k.5 

k ♦ 15.5 
7.0 

lk.5 
10 
16 

Hummy 2 AC 1 Median 
OptlaUed — 15. >>, 11 

15.5. "t, 11.5 
0 
0 

0 
0 

0 
0 

II Msdion 
OptlaUed H 

15.5. k. 11.5 
18. U. lU 

0 
0 

0 
0 

0 
0 

tulway 1 AC I Median 
OptlaUed .. 15. U, 11 

15.5. >•. 11.5 
0 
0 

0 
0 

0 
0 

• 11 Median 
OptlaUed •mm, 

15.5. k. 11.5 
IB. k. Ik 

0 
0 

0 
0 

0 
0 

Tutvay 8 PCC I Median 
OptlaUed 

18 
18 .. « 

5.0 
5.5 

10 
10 

II Median 
OptlaUed 

17 
22 __ k * 10 

k.O 
11.0 

9 
15 

tiutimy k PCC I Median 
OptlaUed 

16 
18 _. k ♦ 10.5 

k « 12 
U.O 
12.0 

13 
Ik 

II Median 
OptlaUed 

17 
22 

— k ♦ 9.5 
k ♦ 19.5 

10.5 
17.0 

13 
18 

T»»lw«y 5 AC I Median 
OptlaUed .. k2.5. k. ik 

k3.5. k. Ik 
0 0 

3.0 
0 

16 

II Median 
OptlaUed _ 

UU.l. k, Ik 
53.7. k. 15 k *'i 

3.0 
6.5 

15 
19 

«utiway 6 AC I Nodion 
OptlaUed 

— k2.5. k. Ik 
k3.5. k. Ik 

k t 18 
k ♦ 19 

*6.o 
16.5 

17 
16 

II Median 
OptlaUed ... V,, k. ik 

5k, k. 15 
k ♦ 18.5 
k ♦ 29 

16.5 
23.5 

16 
21 

Caxlway T AC I Median 
OptlaUed ... k2.5. k. Ik 

k3.5. k. Ik _ 3.0 
3.0 

16 
16 

• II Median 
OptlaUed ... 

kk, k. Ik 
5k. k, 15 k ♦! 

3.0 
10.0 

15 
19 

Tuiivay 8 PCC I Median 
OptlaUed 

17 
17 

— _. k3:0o 
6 
9 

11 Median 
OptlaUed 

16 
2lt 

-- k *1i.i 
3.0 

13.0 
7 

17 
Apron 1 PCC I Median 

OptlaUed 
17    ' 
17 

— 
„ 

3.5 
k.O 

8 
9 

II Mediun 
Optimised 

16 
21 

— 
k «'T-S 

3.0 
9.0 

6 
13 

Apron 2 PCC I Median 
OptiaU>.'d 

17 
18 .. hdtm 

6.0 
6.5 

10 
11 

II Median 
OptlaUed 

17 
22 .. k ♦ 11.5 

5.0 
11.5 

9 
15 

Apron 3 PCC I Median 
OptlaUed 

17 
18 

— k ♦ 10.5 
k ♦ 11.5 

11.0 
U.5 

13 
Ik 

II Median 
OptlaUed 

17 
22 

~ k* 9 
k * 19 

10.0 
17.0 

12 
18 

Tutivay 6 AC I Median 
OptlaUed _ k2.5. k. H. 

k3.5. k. Ik 
k ♦ 18 
k ♦  19 

16.0 
16.5 

17 
18 

II Median 
OptlaUed 

— kk. k. Ik 
5k. k. 15 

k ♦ 18.5 
k ♦ 29 

16.5 
23.5 

16 
21 

(Continued) 
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P'-V^IWIT".'^ .1' H      »*•, , 

ApiMiutU C (Continued) 

^'•»'rt 
Hvnwnt 

_ Itc» 

&M Aa««lM (Intti- hxiwiy T 
MtioiMl) (Cont'd) 

tulway 8 

Bon« 
Pavtaent 
■ 'Vr 

AC 

FCC 

Aircr»rt 
CtttCKfTY 

I 

ThlcKmsii Htviulrraents. In. 
Nix i'uK'truct Ion       __ 

r..Mif       \^xiiy  .Jl'ilfiiil 
OUTIIIY^; 

«f*oa 1 

Aproo 2 

Ajroa 3 

FCC 

rcc . 

PCC 

■an Frinelaoo 

Apron S 

RuBwajr 1 

RuBtaqr 2 

Tulwgr 1 

Tulmy 2 

Ikxlmr 3 

AC 

AC 

AC 

AC 

AC 

PCC 

PCC 

NlMl 

Runway 2 

AC 

AC 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

.II 

II 

II 

II 

II 

Median 
Ojjti>ir.cd 

Mudioii 
CptlalMd 

Modiiui 
Optiaitcd 

Median 
Optiaitod 

Nadtu 
Optiaited 

Median 
Optiaited 

Median 
Optiaited 

Median 
Optiaited 

Median 
Optiaited 

Median 
Optiaited 

Median 
Optinited 

Median 
Optiaited 

Median 
Optiaited 

Median 
Optiaited 

Median 
Optiaited 

Median 
Optiaited 

Median 
Optiaited 

Median 
Optiaited 

Median 
Optiaited 

Median 
OtiUnited 

Median 
Optiaited 

Median 
Optiaited 

Median 
Optiaited 

Median 
Optiaited 

Median 
Optiaited 

Median 
Optiaited 

Median 
Optiaited 

Median 
Opttaiteil 

Median 
Optiaited 

Median 
(Continued) 

17 
IT 

16 
2V 

17 
IT 

16 
a 
17 
IB 

17 
22 

17 
18 

IT 
22 

16 
IT 

16 
20 

16 
IT 
16 
20 

Ii2.5. It, lit 
1.1.5. It. U 

lilt, b, lit 
5lt. It, 15 

19,lt,12 
19.5. "t. 12 

19.5. k, 12 
23. K 13 

lit. It. 10 
Ik.5. 1. 10.5 

Hi.5. It. 10.5 
16.5, k, 1?.5 

Ik, It. 10 
lit.5, l, 10.5 

lli.5. », 10.5 

Kit HI Me    B.tiiatiiou: 

3.0 
3.0 

k*9 

k ♦ 13.5 

k ♦ 7.5 

k ♦ 11.5 

k t 10.5 
k ♦ 11.5 

k« 9 
k ♦ 19 

k2.5, k, Ik 
k3.5, k, lit 

kit. It, Ik 
5k. k. 15 

15. k, 11 
15.5, k, 11.5 

15.5, k, 11.5 
17.5, k. 13.5 

19, k, 12 
19.5. k. 12 

19.5. k, 12 
23. k, 13 

19. k, 12 
19.5. k. 12 

19.5. k. 12 
23. k, 13 

19, k, 12 
19.5. k, 12 

19.5, k, 12 
23, k, 13 

15.5 
16.5 

17 
26.5 

k * k.5 

3.0 
10.0 

3.0 
k.O 

3.0 
13.0 

3.5 
k.O 

3.0 
9.0 

6.0 
6.5 

5.0 
11.5 

11.0 
11.5 

10.0 
17.0 

Ik.5 
15.0 

15.5 
21.5 

3.0 
3.0 

3.0 
3-0 

3.0 
3.0 

3.0 
5.5 

3.0 
3.0 

3.0 
k.O 

3.0 
3.0 

3.0 
3.0 

3.0 
3.0 

3.0 
5.5 

3.0 
3.0 

3.0 
7.0 

3.0 
3.0 

3.0 
k.O 

0 
0 

0 
0 

0 
0 

0 

(Sheet 3 

i itmid 

16 
16 

15 
19 

8 
9 

7 
IT 

8 
9 

e 
13 

10 
11 

9 
is 

ii 
12 
18 

17 
17 

16 
21 

16 
17 
16 
20 

16 
'17 

16 
20 

16 
17 

16 
20 

16 
17 

16 
20 

6 
6 

6 
10 

6 
T 

5 
12 

16 
IT 

16 
20 

0 
0 

0 
0 

0 
0 
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Appcndti C (ContllMMd) 

PkVMMDt 
Itm 

Faveamt 

AC 

Aircraft 

II 
flttr 

OpttaiMd 

«ilelineiiii Reaulrewtitii 
m* 

I 
iwirlwf» 

Alraort Buy Fleiitle 

16.5. k, 12.5 

leiible 

0 

tltuwlnnyu 

0 

«iCll 
Mlaal (Continued) •uawgr i 0 

tuiMgr 1 AC I Median 
OptlalKid 

— Ik, k. 10 
lk.5, k, 10.5 

0 
0 

0 
0 

0 
0 

II Median 
Opttailed 

— lk.5. k, 10.5 
16.5. k, 12.5 

0 
0 

0 
0 

0 
0 

*. TwiMr a AC I Median 
Opttataed .. Ik. k. 10 

lk.5, k. 10.5 „ 
3.0 
3.0 

16 
17 

II Median 
Opttailed _ lk.5, k, 10.5 

16.5, k, 12.5 
— 3.0 

. 3-° 
15 
20 

nxiwgr 3 AC I Median 
Opttailed „ 

Ik, k, 10 
lk.5. k, 10.5 —. 

3.0 
3.0 

16 
17 

II Median 
Opttalud 

— lk.5, k, 10.5 
16.5. k, 12.5 

— 3.0 
3.0 

IS 
to 

Tluimy k AC I Median 
Opttailed 

~ Ik, k. 10 
lk.5. k, 10.5 

0 
0 

0 
0 

0 
0 

II Median 
Opt tailed M. 

lk.5. k. 10.5 
16.5. k, 12.5 

0 
0 

0 
0 

0 
0 

Taxlmy 5 AC I Median 
Opttailed .. Ik, k, 10 

lk.5. k, 10.5 
0 
0 

0 
0 

0 
0 

, II Median 
Opttailed 

~ lk.5, k, 10.5 
16.5, k, 12.5 

0 
0 

0 
0 

0 
0 

Apron 1 FCC I Median 
Opttaliad 

17 
17 .. .. k.o 

k.5 
10 
11 

■ II Median 
OptlBliad 

16 
21 

— 
k ♦9 

3.0 
9.0 

9 
15 

l«v York (JFK) Rumny 1 FCC I Median 
Opttalied 

17 
17 

— — n s 
9 

, 11 Median 
Opttalud 

16 
21 

— 
U ♦ 7 

3.0 
8.5 

7 
13 

Ruomy 2 rcc I Median 
Opttalied 

17 
17 

— 0 
0 

0 
0 

0 
0 

II Median 
Opttalied 

16 
21 _. 0 0 

3.0 
0 

13 

Taslvay 1 FCC I Median 
Optiniied 

17- 
17 

— ~ 3.0 
3.0 

7 
6 

II Median 
Opttalied 

16 
a __ k ♦"k.5 

3.0 
7.0 

6 
12 

Tulmy 2 AC I Median 
Opttalied .. Ik. k, 10 

lk.5. k, 10.5 
0 
0 

0 
0 

0 
0 

II Median 
Opttalied 

— lk.5. k, 10.5 
16.5. k, 12.5 

0 
0 0 

0 
0 

Itatmyt 3 
udk 

AC I Median 
Oiittaliad 

— Ik. k, 10 
lk.5. k, 10.5 

0 
0 

0 
0 

0 
0 

II Median 
Opttalied .. lk.5. k, 10.5 

16.5. k, 12.5 
0 
0 

0 0 
0 

Apron FCC I Median 
Opttalied 

17 
17 

— — 3.5 
k.O 

6 
9 

11 Median 
Opttalied 

16 
21 

— 
k ♦ 7 

3.0 
8.5 

7 
13 

«ow Tork (U OwurdU) Runv*y 1 AC 1 Median 
Opttalied _. Ik, k, 10 

Ik.5. k, 10.5 __ 3.0 
3.0 

16 
17 

II Median 
Optiniied •_ lk.5, k. 10.5 

16.5. k, 12.5 „ 
3.0 
3.0 

16 
20 

Rumny 2 AC 1 Median 
Opttalied mm 

W, k. Ik 
k9. k. Ik 

k 
k 

♦ X9 
* 20 

16.5 
17.5 

17 
18 

II Median 
Opttalied 

— 51. k. Ik 
61. k, 15 

k 
k 

* 72 
♦ 32 

18.5 
25.0 

17 
21 

Twlvay 1 AC I         ttodlwi 
Optlalud 

(Continued) 
~ 

Ik, k, 10 
lk.5. k, 10.5 ~ 

3.0            17 
3.0           17 

(Sheet kef 11) 
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Append lx C  (ContinueJ) 

Pavtnont 
Itn 

Bat* 
Pwent-nt 

AC 

Aircr 
.C«let 

att 
anr       Oenr 

'ItiifKllll.:   Kciui irrmeiito .   In. 
Ucv Oorifliu -tirn 

Klficibl« Mitunutoiir. 

3.0 
k.5 

Hieid Klixiblc 

Ik.5. k, 10.V 
16.5, k, 12.5 

HUid 

lew Turk (U OvartU) 
(CootiBiMd) 

TMlray 1 11 Hedlnn 
OptlaUed 

16 
20 

taxlmy 2 AC 1 Median 
OptUized 

— k8. k, Ik 
k9. k. Ik 

♦ 22 
♦ 23 

18.5 
19.5 

17 
18 

11 Median 
Optialied 

— 51. k, Ik 
61. k, 15 

♦ 25 
♦ 35 

20.5 
27.0 

17 
21 

Aproo 1 AC I Median 
Optinlted 

~ kG. k, Ik 
k9. k, Ik 

♦ 18 
♦ 19 

16.0 
16.5 

17 
18 

11 Median 
Optinlxed 

~ 51. k. Ik 
61. k. 15 

♦ 21 
♦ 31 

16.0 
2k.5 

16 
21 

leuwrk Rumr 1 AC 1 Median 
Optlaised   

Ik, k, 10 
Ik.5. k, 10.5 

0 
0 

0 
0 

0 
0 

11 Median 
Optimized 

— Ik.5. k. 10.5 
J6.5. k, 12.5 

0 0 
3.0 

0 
16 

Tulmy« 1 
•ad 2 

AC 1 Median 
Optlnixed ._ 

Ik, k. 10 
lk.5, k. 10.5 

0 
0 

0 
0 

0 
0 

II Median 
Optialied   

Ik.5, k, 10.5 
16.5, k, 12.5 

0 0 
3.0 

0 
20 

TUlmy 3 — I Median 
Optiaited   — — .- — 

11 Median 
Optinized 

— — " — ~ 
Aprom 1, 

2. «113 
FCC I Median 

Optiaited 
16 
17 

— — k.5 
5.0 

9 
9 

li Median 
Optimised 

16 
i'O   k ♦"5.5 

3.5 
9.5 

8 
Ik 

Dtovw «uowyi "CC 1 Median 
Optiaited 

19 
ro 

— ♦ 9.5 
♦ 10.5 

10.0 
11.0 

13 
Ik 

II Median 
■ Optiaited 

19 
25   ♦ 9.5 

* 20 
10.0 
17.5 

13 
20 

Runmy 2 AC I Median 
Optiaited „ 

kS, k. Ik 
k9, k. Ik 

♦ 9 
♦ 10 

10.0 
10.5 

17 
17 

11 Median 
Optiaited 

~ 51. k, Ik 
61. k, 15 

♦ 12 
♦ 22 

12.0 
18.5 

16 
20 

• TulMjr 1 PCC I Median 
Optiaited 

19 
20 .. 

♦ k.5 
♦ 5.5 

7.0 
7.5 

12 
12 

II Median 
Optiaited 

19 
?5 

— ♦ k.5 
♦ 15 

7.0 
lk.0 

12 
18 

tulvuri 2 
•ndk 

PCC I Median 
Optiaited 

19 
19 ._ ♦ 7 

* 8 
8.5 
9.5 

11 
12 

11 Median 
Optiaited 

19   . 
21. 

~ ♦ 6.5 
♦ 18 

8.5 
16.0 

11 
17 

Twlmir 3 AC 1 Median 
Optiaited 

~ k8, k, Ik 
k9. k. Ik 

♦ 2k 
♦ ."5 

20.0 
20.5 

17 
18 

11 Median 
Optiaited 

— 51. k, Ik 
61, k, 15 

♦ 27 
♦ 37 

22.0 
29.5 

17 
22 

AproDl PCC ] Median 
Optiaited 

20 
21 ■ 

— ♦ 11 
♦ 12.5 

11.5 
12.0 

13 
13 

II Median 
Optiaited 

20 
?6 .. 

♦ 11.5 
♦ 2k.5 

12.0 
20.0 

13 
19 

■Mtea IhiBwv 1 AC 1 Median 
Optiaited 

— 55, k, Ik 
56, k, Ik ... 

3.0 
3.0 

15 
16 

II Median 
Optiaited 

— 58.5, k, Ik 
69.5. k. 15 k ♦ 10 

3.0 
10.5 

Ik 
19 

RtlBWjr 2 AC I Median 
Optiaited 

— 55. k. Ik 
56, k, Ik 

0 
0 

0 
0 

0 
0 

II Median 
Optiaited 

(Continued) 
- 

58.5, k, Ik 
69.5. k, 15 k 

0 
♦  5 

0 
7.5 

(Theet 

0 
19 
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«Maadlx C (Continued) 

,.A4rw^ 
Boaioa (Oontlnuel) 

Pivant 
im 

Twimys 1 
■Bd 2 

tulmy 3 

twlmgr k 

TMiMjr 5 

Apron 1 

Apron 2 

PhUwUlpkU 

St. loaia 

Runray i 

Tuimy 1 

Tulray 2 

Tulmj 3 

Apron 1 

Runvty 1 

TMlvijr 1 

Apron 1 

JJtaL 
AC 

AC 

AC 

AC 

AC 

AC 

AC 

AC 

AC 

AC 

AC 

PCC 

PCC 

PCC 

PCC 

Aircraft 

-SSH  Kir.lJ 
Cohr.u uirtlon 

KleMWe 
werlMfH 

Category UfiiSis. Pttumtnyu» «55 
I Median 

Optlalied __ 55, It, Ik 
5«. H. Ik 

k 4 10 
k*5 

10.5 
T.5 

16 
16 

II Median 
Optlaltad _ 58.5. k. lit 

«9.5. k. 15 
k ♦ 13^ 
k ♦ au.s 

13.0 
20.5 

15 
20 

I Kadian 
OptlBlMd mm 

55, k. Ik 
56, k. Ik ^m, fc.5 

5.0 
16 
17 

II Median 
Optlalsed 

— 58.5, k. Ik 
«9.5, k. 15 

k « k 
«i* 15 

7.« 
lk.0 

15 
20 

I Median 
Oi>tlaiied _ 55. k, Ik 

56. k, xk 
k « 12.$ 
k ♦ 13.5 

12.5 
13.0 

16 
17 

II Median 
OptinUed _. 58.5, k. Ik 

69.5. k, 19 
k 4 16 
k ♦ 27 

lli.5 
22.0 

15 
20 

I Median 
OptUUtod ». 55, k, Ik 

56. k. Ik 
~ 3.0 

3.0 
15 
16 

II Medlui 
Optiuited 

— 58.5. k. Ik 
«9.5. k, 15 k * 10 

3.0 
10.5 

Ik 
19 

I Median 
Optlalwd 

— 5!' J« ^ 56. k, Ik 
k * 10.5 11.0 

11.5 
16 
16 

II Median 
Optiulied .. 58.5. k. ik 

69.5. k. 15 
k ♦ 13.5 
k ♦ 2k.5 

13.0 
20.5 

15 
20 

I Median 
OptUiied 

— 15. k, U 
15.5. k, 11.5 

0 
0 

0 
0 

0 
0 

II Median 
Optinized 

— 15.5. k. 11.5 
17.5, k. 13.5 

0 0 
3.0 

0 
20 

i Median 
OptUiiad 

— 19, k 12 
19.5, k, 12 

— 3.0 
3.0 

17 
17 

ii Median 
OptUlted ., 19.5, k, 12 

23, k, 13 __ 3.0 
«1.5 

16 
20 

i Median 
OptiBlaod „ 

19, k, 12 
19.5. k, 12 .. 6.0 

6.5 
17 
17 

ii Median 
Optlalsed .« 19.5. k. 12 

23. k. 13 k/i 
6.5 
8.5 

1« 
21 

i Median 
OptUlted ._ 19. k. 12 

19.5, k. 12 ._ k.5 
5.0 

17 
17 

II Median 
Optinlied „ 

19.5. k. 12 
23. k, 13 k*! 

5.0 
7.5 

16 
20 

i Median 
OptiBiicd 

— 19. k. 12 
19.5. k, 12 

0 
0 

0 
0 

0 
0 

ii Median 
Opt tailed „ 

19.5. k. 12 
23. k, 13 

0 
0 

0 
0 

0 
0 
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OptiBlied mm 

19, k. 12 
19.5. k, 12 ». 3.0 

3.0 
17 
17 

II Median 
OptlBiled 

— 19.5. k. 12 
23. k. 13 

~ 3.0. 
k.5 

16 
20 

i Median 
Optiuited 

18 
18 mm _. 

5.0 
5.5 

10 
10 

II Median 
OptiBlied 

17 
22 

— 
k ♦ 10.5 

k.5 
11.0 

9 
15 

i Median 
OptiBlied 

20 
20 ._ k ♦ 9.5 

U ♦ 11 
10.5 
11.5 

11 
12 

ii Median 
OptlBlttd 

20 
26 _.. 

k ♦ 10 
k * 23 

10.5 
19.5 

11 
18 

i Median 
Optlmlted 

20 
20 .. k*7 

k» 8.5 
9.0 
9.5 

10 
11 

ii Median 
Optiaited 

20 
26 

— k* 7.5 
k * 20.5 

9.Ö 
18.0 

10 
17 

i Median 
OptiBlied 

20 
20 

~ k»7 
k 4 8.5 

9.0 
9.5 

10 
11 

II    Median 
(Continued) 

20 — k4 7.5 9.0 10 

(Sheet 6 or 11) 

\ 

k.51' 2U8 



r* pn,p*?Tflf'\TiiKT^.'j~iv."ri'''"TT,™T*r : '""n*¥Jn>Wf<WHn'' 

nmmm-' ji i, -  — BMaWM——Wfig* 

Appaadix C (Continued) 

Mmn 
«t. taut* (Conttwiad)  Apron 1 

•oaolulu 

Dttrolt 

•aattla/TMoM 

BaM 
Pavaäknt 

TVoa 

KC 

Aircraft 
Cataaory 

II 

.   Oe«r 

OptlBlxad 

Thicknpr.c Ki-qu trptnentß .    IB. 
Pavawat Hew Connlruoti.'ii Overln/ff 

Uta Klgid 

26 

KU.xlWc Kloxiblc 

k ♦ 20.5 

llituninou:; 

18.0 

llifitd 

Apron 1 XT 

RuBvar 1 AC I Median 
Optlitlied »_ Zt. 

25. 
k. 12 
1.. 12 

0 
0 

0 
0 

0 
0 

u Nrdlon 
Optlnlsod 

— 25. 
29. 

K 12 
"..13 

0 
0 

0 
0 

0 
0 

Swlmyi 3. 

10 

AC I Median 
Optlsltad — 

2k. 
25. 

k. 12 
k.lS 

0 
0 

0 
0 

0 
0 

II Median 
Optlnlxed 

— 25. 
29. 

k. 12 
k. 13 

0 
0 

0 
0 

0 
0 

twtvaya S. 
«. T. U. 
and» 

AC I Median 
Optinlied 

Md at. 
25. 

k, 12 
k, 12 

0 
0 

0 
0 

0 
0 

II Median 
Optimized 

— 25. 
29. 

k. 12 
k. 13 

0 
0 

0 
0 

0 
0 

Tastmyia AC I Median 
Optlnlxed ._ 21». 

25. 
k. 12 
k. 12 

0 
0 

0 
0 0 

II Median 
Optlauted 

~ 25. 
29. 

k. 12 
k. 13 

0 0 
3.0 

0 
20 

Aproni FCC I Median 
Optimised 

17 
ie .. ... 

k.O 
5.0 

9 
10 

II Median 
Optinized 

17 
22 .. k ♦ 9 

3.5 
10.0 

8 
Ik 

«axlvv 1 AC I Median 
Optiniied 

— 21.. 
25. 

k. 1? 
k. 12 

0 
0 

0 
0 

0 
0 

II Median 
Oiitlmlzed __ 25. 

29. 
k. 12 
k. 13 

0 
0 

0 
0 

0 
0 

Runvaya 1 
and 2 

PCC I Median 
Optiuited 

19 
20 , mm 

k 
k 

♦ 7 
♦ 8 

8.5 
9.5 

13 
13 

II Median 
Optinited 

19 
25 

— k 
k 
♦ 7 
* 18 

8.5 
16.0 

13 
19 

Tasimys I, 
2. 3, and 

PCC I Median 
Optlnlxed 

19 
20 - 

k 
k 
♦ 7 
♦ 6 

8.5 
9.5 

13 
13 

II Median 
Optinited 

19 
25 „ 

k 
k 
♦ 7 
♦ 18 

8.5 
16.0 

13 
19 

Apron 1 PCC I Median 
Optinixed 

19 
20 

— k 
k 

♦ k.5 
♦ 5 

7.0 
7.5 

12 
12 

II Median 
Optimized 

19 
25 

~ k 
k 

♦ k.5 
♦ 15 

7.0 
Ik.o 

12 
18 

RumMr 1 PCC I Median 
Optimized 

18 
18   

k 
k 
♦ 9 
♦ 10 

15.0 
16.0 

13 
Ik 

II Median 
Optinixed 

17 
22 

" k 
k 

* 8 
♦ 19 

Ik. 5 
22.0 

13 
16 

Runway 2 PCC I Median 
Optlnlxed 

18 
18 

7-   
3.0 
3.0 

7 
6 

II Median 
Optlnlxed 

17 
22 

— 
k ♦'k.5 

3.0 
7.0 

6 
13 

Taxivayi 1. 
2. and k 

PCC I Median 
Optinixed 

18 
18 .. .. 

3.0 
3.0 

7 
8 

II Median 
Optlnlxed 

17 
22   k ♦"k.5 

3.0 
7.0 

6 
13 

Taxtray 3 PCC I Median 
Optlnlxed 

18 
16 

— .. 
k.5 
5.0 

9 
10 

II Median 
Optinixed 

17 
22 

— 
k ♦ 9.5 

k.O 
10.5 

9 
15 

Aprons 1, 
2. 3, and 

rec I Mcdlnn 
Optlnlxed 

16 
18 

"" k 
k 

♦ 6 
♦ 7 

8.0 
6.5 

11 
12 
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KC 
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torn 
17 
22 

"'»IM» 
k * 5 
k ♦ Ik.$ 

Bltuninvyi 

7.0 
lk.0 
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SMUU/TMOH (Cont'd) Aproat 1,2. 
3, Md k 

11 
IT 

riUiburtfi Ihunmy 1 PCC I Medlon 
Optlnlicd 

19 
19 

— k ♦ 8.5 
k ♦ 9.5 

9.5 
10.5 Ik 

II Median 
OptinUed 

19 
21. „ 

k * 8 
k ♦ 19 

9.5 
16.5 

13 
19 

RiiBMor 8 rec I Median 
Optiuized 

19 
19 _, k ♦ io.5 

l| ♦ 12 
U.o 
12.0 

11 
12 

II Median 
OptiBised 

19 
81. 

— k ♦ 11.5 11.5 
20.0 

11 
IT 

TUlMf* 1 PCC 1 Median 
Optimised 

19 
19 

mm fc ♦ 7 8.5 
».5 

11 
12 

. II Median 
Opllnized 

19 
21. 

— k ♦ 6.5 
k * 18 

«.5 
16.0 

11 
IT 

Tuiwagr 2 PCC 1 Median 
OptiBited 

19 
19 

— — 3.5 
k.5 

11 
12 

• II Median 
OptiBlzed 

19 
ZU 

" 
k «'ii ■ 

3.5 
11.J 

11 
17 

T*xl«v 3 AC 1 Median 
Optiuiicd __ 55. k. l* 

56, k. 1» 
k ♦ 19 
1. * 20 

16.5 
17.0 

IT 
17 

II Median 
Optinixcd 

— 59. k. Ik 
TO. k, 15 

1. »23 
k ♦ 33 

19.0 
26.0 

16 
21 

Twivay 5 PCC I Median 
Optidlxed 

19 
19 

— ~ 5.5 
6.5 

10 
11 

II Median 
OpLiaixed 

19 
21. _. k ♦ 12 

5.0 
12.0 

10 
16 

i Apron 1 PCC I Median 
Optiuized 

21 
21 .. 

It ♦ Ik 
k ♦ 15.5 

13.5 
Ik. 5 

13 
13.5 

i 

II Median 
OptiniMd 

21 
27 «. k ♦ 26.9 

6.5 
2S.0 

13.5 
M 

Hoiutoii Rummy 1 PCC I Median 
Optiaized 

16 
17 

— — 3.0 
3.5 

a 
8 

II Median 
Optimized 

16 
20 

-r 

k *1 
3.0 
5.0 

7 
13 

Tulvayt 1, 
8,  «Dd3 

PCC I Median 
Optimixed 

16 
17 

— 
mm 

3.0 
3.5 

8 
6 

' II Modi.in 
Oj/tiolzed 

16 
20 

~ 
k *~6 

3.0 
8.0 

7 
13 

Tulmjr It PCC I Median 
Optinixcd 

16 
17 

— .. 3.0 
3.0 

6 
6 

II Median 
Optimxcd 

16 
20 

~ 
„ 

3.0 
k.5 

6 
11 

Apron 1 PCC I Median 
Optimized 

16 • 
17 

— — 3.0 
3.5 

6 
8 

II Medlon 
Optimized 

16 
?0 ,. I. *'l 

3.0 
6.0 

7 
12 

NtmiMpolli/St. Paul Itanmy 1 PCC I Median 
Optinized 

19 
20 .. 

k ♦ 16.5 
It « 16 

15.0 
16.0 

lit 
15 

11 Median 
Optimized 

19 
25 

— It ■» 16.5 
It* 29 

15.0 
23.0 

lit 
20 

Runmy 2 rcc I Median 
Optimized 

19 
20 

— It ♦ 11.5 
I ♦ 13 

It * 8 
It ♦ 9 

13 
13 
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19 
lb 

— k * 11.5 
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k * 8 
It * 16 

13 
19 
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PCC I Median 
Optimized 

18 
19 

~ — 5.0 
6.0 

10 
10 
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Optinixcd 

18 
23 .. k *'n 
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11.0 

9 
15 

■ 
Apron 1 PCC I          Krdiun 
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I OpUalM« 19 — ~ 6.0 10 

IX Ntdlw 
OpttBlM« 23 
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9 
15 

I IMlM 
Optial««d 

20 
mm 

k*«.5 
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a.o 
9-0 

11.5 
U 

XI Itadlan 
OptlatMd 

21 
26 

— k»T 
k ♦ 18.} 

1.5 
16.» 

10 
15.T 

I ttedlaa 
OptlatMd 

21 
21 mm 

k*T 
k«8.5 

9.0 
9-5 

13 
Ik 

II ttodiaa 
OgklBlMd 

21 
27 

— k*$ 
k «20 

9.5 
17.0 

ik 

I MMlan 
Optl^M« 

IS 
19 

— — 5.0 
6.0 

10 u 
II NMlu 

Opttaltad 
18 
23 

— 
k ♦"II 

k.J 
11.» 

9 
16 

X IMlM 
Optt^Md 

21 
21 • _ k*T 

»♦8.5 
9.0 
9.5 

13 

II NtdiM 
OptialMd 

21 
27 

— k*a 
k ♦ 20 

9-5 
1T.0 

Ik 
21 

I NMiw 
Optialud 

18 
19 

— — 5.0 
6.0 

10 
11 

II Itodian 
OptUiicd 

18 
23 _ k«"ll 

k.» 
11.5 

9 
16 

I Ntdlu 
Optlmltad 

25 
2« 

— k«2k.5 
k* 26 

20.0 
21.0 

20 
21 

II Itodian 
OptUltad 

27 
32 

— k«29 
k « k2 

23.0 
31.5 

82 
26 

I ttodiaa 
Optlalied 

— 35.5. k, 13 
37, <>. 13 

k*8.5 
k ♦ 10 

9.5 
.     10.5 

17 
IT 

XX Nadlaa 
OptUltad 

~ V' k. 13 
».Ik 

k ♦ 10 
k »18 

10.» 
16.» 

16 • a 
I Itodian 

OptlBtMd 
— 

25. 
J. 12 
"•.12 

k *k 
k*5 

6.5 
t.5 

ie 
19 

II Madlan 
Optlaltad 

— 25. 
29. 

k. 12 
k. 13 

k*5 
k*9 

7.» 
10.0 

ie 
23 

X Nadlaa 
OptUltad .. 28. 

29. 
k. 12 
k. 12 

— 3.0 
3.0 

IT 
IT 

IX Nadlaa 
OptUltad 

— 29. 
35. 

k. 12 
k. Ik kö 

3.0 
T.» 

16 
81 

I Nadlaa 
OptUltad mm 

8k. 
25. 

k. 12 
k. 12 

k* k 
k ♦ 5 

6.5 
T.» 

IT 
IT 

II Nadlaa 
OptUltad »_ »5. 

29. 
k. 12 
k. 13 

k* 5 
k »9 

7.5 
10.0 

16 
21 

I Nadltn 
OptUltad •_ 21.. 

25. 
k. 12 
k, 12 \:i T.5 

e.o 
IT 
IT 

II Itodian 
OptUltad ,. 25. 

29. 
k. 12 
k. 13 

k ♦ 7 
k « 10 

«.5 
U.O 

16 
a 

I itodian 
OptUltad 

18 
19 

— k ♦ 7.5 
k 4 8.5 

9.0 
9.5 

12 
13 

II Nadlaa 
OptUltad 

18 
23 

~ k*7 
k *n 

a.» 
15.5 

12 
18 

I Itodian 
OptUltad 

19 
19 M _ 5.5 

6.0 
a 
12 

XI Nadlaa 
OptUltad 

19 
2l| 

~ 
k~ii 

5.5 
lk.0 

U 
IT 

I Itodian 
OptUltad 

19 
19 

~ k ♦ 10.5 
k « 12 

11.5 
12.0 

11 
12 

XX         H*dlui 
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19 
■ 

k ♦ U.5 11.5           11 
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OptiBlM« 
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OptlalMd 
NrtlM 
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OptlatMd 
IMlM 
Optlait«« 
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Optlalttd 

NedlM 
OptlalMd 
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Optlalttd 

ItodUn 
OptlalMd 
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OptlalMd 
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OptlalMd 
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OptlalMd 

Itodlu 
OptlalMd 
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22 
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APPENDIX D 

COMPUTATION OF TOTAL PAVEMENT PRICE FOR MAJOR HUB AIRPORTS 
(1972 DOLLARS) 

The total pavement prices for the major huh airports were computed 

using Equation 3 from the main text. Computations made for the median 

and the optimized gear for Category I and Category II aircraft are shown 

on following tabulation. 
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