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SUBJECT: CHANGE 1 TO AC 150/5320-6B, AIRPORT PAVEMENT DESIGN AND EVALUATION 
1. PURPOSE. This change transmits revised pages incorporating the changes 

cited in paragraph 2. 

2. EXPLANATION OF CHANGES. The following changes have been made to 
AC 150/5320-6B, and the use of asterisks denotes changed, added, or 
deleted portions of the text. 

a. The masthead page was reprinted because the signature of the Airports 
Service Director did not print clearly. 

b. Figure >-l. The width of the keel section for runways, 100 feet, was 
added to Section A-A. The previous drawing led to confusion when a 
200-foot wide runway was considered. The keel section should be 100 
feet wide for both 150- and 200-foot wide runways. 

c. Paragraph 32 was changed to clarify the meaning of the minimum pave­
ment -thickness determined from the Fa line. The minimum thickness 
refers to total pavement thickness rather than only surface plus 
base. 

d. Paragraph 45 was reworded to indicate the design procedure developed 
by the Portland Cement Association is intended for use mainly on 
cement stabilized base course which is rather rigid. For bituminous 
'base course, the alternate method of using a plate bearing test value 
i s considered more applicable. Reference 14 was also changed to 
reference 6. 

e. Paragraph 48a was changed to correct the r from 1.1125 to the correct 
value of 1 .125. The equation on page 60 was also changed to correct 
the r value. 

f. Figure >-19 was changed to show the tolerances of + 1/8" on the 
joint width. 
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g. Table 3-1 had to be revised to emphasize the jointing requirements 
for wide body aircraft. 

h. A sentence was added to paragraph 49b to indicate Table 3-2 applies 
to nonreinforced pavement,, Table >-2 was changed to show footnote 
1 / in the column entitled Longitudinal rather than Transverse. 

i. Paragraph 53b was changed to differentiate an odd-shaped slab from 
a long rectangular slab. The reinforcing steel percentage for odd-
shaped slabs has been corrected from 0.50# to 0.05$. 

j. Paragraph 56c was changed to require 0.05$ steel in the longitudinal 
direction only. Transverse steel is deteiroined by the foranila in 
paragraph 56a with appropriate minimum sizes and maximum spacings. 

k. Paragraph 66a(l) was reworded to avoid possible misinterpretation of 
the proper "F" factor to select for design of bituminous overlays. 

1 . Paragraph 66b—the word bituminous was changed to rigid. 

m. Paragraph 8lb(2) was changed to correct the first sentence. A 
portion of the sentence was typed twice, which made the sentence 
unclear. 

n. Paragraph 8lb(2)(a) was changed to correct the unadjusted aircraft 
gross weight from 69,000 pounds to 100,000 pounds. 

o. Paragraph 82b(l)—the example was changed to show division rather 
than subtraction. 

p. Paragraph 83a(2) was expanded to include the use of a subgrade 
modulus. 

q. Paragraph 83c was changed as some computational errors were made in 
the example. 

r. Figure 6-1 was changed from Well-Graded Crushed Stone to Well-Graded 
Crushed Aggregate. 

s. Paragraph 8^d(2)—the reference to Figure 4-2 should have been 
Figure 4-3. 

t. Paragraph 83d(2)(b). The dual tandem gross weight was changed 
from 155,000 pounds to 185,000 pounds. 

HOW TO OBTAIN ADDITIONAL COPIES OF THIS PUBLICATION. Additional copies 
of this Change 1 to AC I5O/5320-6B. Airport Pavement Design and 
Evaluation, may be obtained from the Department of Transportation, 
Publications and Foims Section, TALV-443.1, Washington, D.C. 20590. 
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DATE! May 28, 1974 

| 0 ADVISORY 
W CIRCULAR 

SUBJECT! AIRPORT PAVEMENT DESIGN AND EVALUATION 

1. PURPOSE. This circular provides guidance to the public for the design 
and evaluation of pavements at civil airports. 

2. CANCELLATION. Advisory Circular 150/5320-6A, Airport Paving, 
dated May 9i 19&7» i 3 cancelled. 

3. REFERENCES. The publications listed in Appendix 1 provide further 
guidance and detailed information on the design and evaluation 
of airport pavements. 
«*. 

4. HOW TO OBTAIN THIS PUBLICATION. Additional copies of this circular, 
A C 150/5320-6B, Airport Pavement Design and Evaluation, may be 
obtained from the Department of Transportation, Publications and Forms 
Section, TAD-443.1, Washington, D. C. 20590. 

DEPARTMENT OF TRANSPORTATION 
FEDERAL AVIATION ADMINISTRATION 

WILLIAM V. VITALE 
Acting Director, Airports Service 
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CHAPTER 1. AIRPORT PAVEMENTS - THEIR FUNCTIONS AND PURPOSES 

!• GENERAL. Airport pavements are constructed to provide adequate support 
for the loads imposed by aircraft using the airport and to produce a 
firm, stable, smooth, all-year, all-weather surface, free from dust or 
other particles that may be blown or picked up by propeller wash or jet 
blast. In order to satisfactorily fulfill these requirements, the pave­
ment must be of such quality and thickness that it will not fail under 
the load imposed. In addition, it must possess sufficient inherent 
stability to withstand, without damage, the abrasive action of traffic, 
adverse weather conditions, and other deteriorating influences. To 
produce such pavements requires a coordination of many factors of design 
construction, and inspection to assure the best possible combination of 
available materials and a high standard of workmanship. 

a. Types of Pavement. Pavements are divided into two general types: 

(1) Flexible pavements are those consisting of a bituminous 
surface course, a base course of suitable granular material, 
and, in most cases, a granular subbase course. 

(2) Rigid pavements are those pavements constructed of Portland 
cement concrete and may or may not include a subbase course. 

b. Flexible or Rigid Pavements. When properly designed and constructed 
flexible and rigid pavements will provide a satisfactory airport 
pavement for any or all types of civil aircraft. However, a few 
areas where a specific type of pavement has proven beneficial are: 

(1) The areas subjected to appreciable fuel spillage at the 
aircraft gate positions and the service or maintenance portions 
of the apron. Rigid pavements are recommended for these areas. 
This does not preclude the use of existing flexible pavements 
with a fuel resistant surface in these areas. 

(2) The areas where jet erosion occurs adjacent to pavement. Many 
low cost stabilized surfaces may be used as erosion control 
measures. These areas include runway ends, blast pads, holding 
apron shoulders, and taxiway shoulders where turf cannot be 
established. This stabilization is further discussed in the 
Federal Aviation Administration publication, AC 150/5525-6, 
Airport Design Standards - Effects and Treatment of Jet Blast. 

Chap 1 
Par 1 Page 
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c Pavement Courses. 

(1) Surface courses include Portland cement concrete, bituminous 
concrete, sand-bituminous mixtures, and sprayed bituminous 
surface treatments. 

(2) Base courses consist of a variety of different materials which 
generally fall into two main classes, treated and untreated. 
The untreated bases consist of crushed or uncrushed aggregates. 
The treated bases normally consist of a crushed or uncrushed 
aggregate that has been mixed with cement, bitumen, lime, or 
fly ash, or a combination of stabilizers. 

(5) Subbase courses consist of a granular material, a stabilized 
granular material, or a stabilized soil. 

STANDARDS AMD SPECIFICATIONS. 

a. Dimensional standards applicable to the various airports are covered 
in the referenced advisory circulars. These standards establish 
recommendations for lengths, widths, grades, and slopes of the 
pavements on airports. 

b. The PAA publication, AC 150/5370-1, Standard Specifications for 
Construction of Airports, includes descriptions of the various 
pavement components and specifies the requirements governing the 
control, handling, quality, and gradation of individual materials 
included in the pavement layers. It also contains detailed infor­
mation on excavation, embankment, construction, and subgrade 
preparation. 

(1) These specifications are necessarily broad in scope because 
they are for use throughout the United States and its posses­
sions. They may not be completely satisfactory to cover a 
particular situation or a condition peculiar to a certain 
locality without some modification. However, the types of 
paving covered by the specifications have been used success­
fully on airports for many years; and experience has shown 
that radical departures from the standards will accomplish 
no useful purpose. 

( 2 ) It is not the intent of these specifications to restrict the 
use of local materials which will serve as acceptable alter­
nates, nor to preclude the adoption of local construction 
methods if they are predicated upon sound and proven engineering 
and construction practices and experience has shown them to be 

ge 2 
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satisfactory. Materials normally produced by local suppliers 
in accordance with State and local highway specifications may 
be satisfactory for use on smaller airports without modification, 
When aircraft gross weights exceed 12,000 pounds, the local 
material shall be carefully examined from the standpoints of 
durability, toughness, and gradation. Blending or treatment 
will often improve the local materials. Many State highway 
materials specifications, used in major trunk route or 
interstate system construction, may provide adequate pavements 
for gross aircraft weights to 60,000 pounds and tire pressures 
less than 150 psi. For pavements to receive substantial use by 
aircraft exceeding 60,000 pounds gross weight and tire pressures 
our highest material standards shall be employed. 

3. SPECIAL CONSIDERATIONS. 

a. In addition to the property of furnishing support for the aircraft 
loads which will be applied, the pavements of aircraft operating 
areas must be designed and constructed to assure inaximum 
safety and efficiency of operations which normally are to be 
expected. As previously mentioned, gradient and similar standards 
are specified in the referenced circulars. Particular care must be 
exercised to assure satisfactory transition of grades and slopes 
at pavement intersections and to provide fillets at such points 
which Vill permit m a y - i n n i m operational utilization of the facility. 

b. The surface or wearing course shall be dense and well bonded to 
prevent displacement of surface aggregates. The wearing surface 
texture shall provide a nonskid property. A trowel finish shall 
never be applied to portland cement concrete operational surfaces. 
A longitudinal burlap drag may be applied to apron and taxiway 
surfaces but shall not be permitted on runway pavements unless 
immediate grooving is intended. When immediate grooving is not 
intended, portland cement concrete runways shall be finished 
according to usage as discussed below: 

(1) Runway pavements serving air carrier or jet aircraft shall 
be finished by transverse brooming or "combing" with a stiff 
bristle broom or steel comb. 

(2) Runway pavements serving general aviation nonjet aircraft may 
be finished by transverse brooming or belting. 

'Chap 1 
Par 2 Page Z 
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c. Bituminous concrete runways may be given a satisfactory surface by 
utilizing high quality aggregate and by careful control of the 
minus 1/4-inch aggregate fractions. When hard, sharp, crushed 
aggregates are used with a gradation following PAA recommendations, 
a good texture should be achieved without sacrifice in stability 
or durability. The use of a bituminous seal on a new bituminous 
surface is not recommended. 

d. Certain areas of the pavement will be subjected to repeated loadings 
occasioned by channelization or concentration of traffic. These 
areas (which include taxiway3, aprons, runup aprons, and runway 
ends) must be designed to withstand the stresses from such loadings. 

e. Rigid and flexible overlay pavements which contain a nonstabilized 
granular layer between the two surfacing courses shall not be allowed. 
Poor performance has been observed on pavements of this type due to 
the accumulation of excessive moisture in the granular layer. 
Excessive moisture has been observed even in arid clijiiates where 
moisture accumulation would seem improbable. 

STAGE CONSTRUCTION OF AIRPORT PAVEMENTS. 

a. In some instances it may be necessary to construct the airport 
pavement in stages; that is, to build up the pavement profile, 
layer by layer, as the traffic using the facility increases in 
weightsand numbers. If stage construction is to be undertaken, the 
need for sound planning cannot be overemphasized. The complete 
pavement should be designed prior to the start of any stage, and 
each stage must provide an operational surface. 

b. The planning of a staged constructed pavement must recognize a 
number of considerations such as the following: 

(1) Careful economic studies are required to determine if staged 
construction is warranted. Construction materials and labor 
costs follow inflationary trends and can be expected to 
increase as later stages are constructed. The costs and time 
involved in any pavement shutdown or diversion of traffic 
necessitated by the construction of any stage must be considered. 
The costs of mobilizing construction equipment several times 
must be compared with mobilizing once. The costs of * maintaining 
intermediate stage must be considered. 

( 2 ) Each stage must be designed to adequately accommodate the 
traffic which will use the pavement until the next stage is 
constructed. 

Chap 1 
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(3) The underlying layers and drainage facilities of a staged 
constructed pavement must be built to the standards required 
for the final cross section. Funds committed to providing the 
proper foundation and drainage facilities are wisely invested 
as the underlying layers will not be readily accessible for 
upgrading in the future. 

(4) All parties concerned and, insofar as practicable, the general 
public should be informed quite clearly that staged constructic 
is planned. Staged construction sometimes draws unjust critici 
when relatively new facilities are upgraded for the next stage. 

Chap 1 
Par k Pages 5 and 
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CHAPTER 2. SOIL INVESTIGATIONS AND EVALUATION 

5. GENERAL. The importance of accurate identification and evaluation of 
pavement foundation cannot be overemphasized. Although it is 
impossible to explore the entire field of soil mechanics in a publica­
tion such as this, the following text will highlight those aspects 
which are particularly important to the airport paving engineer. 

a. Classification systems of soils and subgrades which are to be used 
in connection with design of airport pavements are set forth in 
this chapter. To avoid misunderstanding, certain terms employed 
are defined below: 

(1) For engineering purposes, and particularly as it applies to 
airports, soil includes all natural deposits which, without 
requiring blasting under unfrozen conditions, can be moved 
with excavating equipment. 

(2) Soil conditions include such items as the elevation of the 
water table, the presence of water bearing strata, and the 
field properties of the soil. Field properties of the soil 
include the soil's structure, identification, plasticity, 
moisture content, and density. 

(3) The soil profile is the vertical arrangement of layers of 
soils, each of which possesses different physical properties 
from the adjacent layer. 

(4) Subgrade soil is that soil which forms the foundation for 
the pavement. It is the soil directly beneath the pavement 
structure. 

b. Soil conditions and the availability of suitable construction 
materials are the most important items affecting the cost of 
construction of the landing areas and the pavements. Grading costs 
are directly related to the difficulty with which excavation can 
be accomplished and compaction obtained. 

c. It should be remembered that the subgrade soil carries the loads 
imposed by aircraft utilizing the facility. The pavement serves to 
distribute the imposed load to the subgrade over an area greater 
than that of the tire contact area. The greater the thickness of 
pavement, the greater is the area over which the load on the 
subgrade is distributed. It follows, therefore, that the more 
unstable the subgrade soil, the greater is the required area of 
load distribution and consequently the greater is the required 
thickness of pavement. The soils having the best engineering 
characteristics encountered in the grading and excavating operations 
should be worked into the upper layers of the subgrade. 

Chap 2 
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d. In addition to the relationship which soil conditions bear to 
grading and paving operations, they determine the necessity for 
underdrains and materially influence the amount of surface runoff. 
Thus, they have a consequent effect on the size and extent of 
other drainage structures and facilities'1. (See PAA publication, 
AC 150/5320-5, Airport Drainage) 

SOIL INVESTIGATIONS. 

a. To provide essential information on the various types of soils, 
investigations should be made to determine their distribution and 
physical properties. The information so obtained, when combined 
with data on site topography and area climatic records, provides 
basic planning material essential to the logical and effective 
development of the airport. An investigation of soil conditions 
at an airport site will include: 

(1) A soil survey to determine the arrangement of different layers 
of the soil profile with relation to the proposed subgrade 
elevation. 

(2) Sampling of the layers of soil. 

(3) Testing of samples to determine the physical properties of the 
various soil materials with respect to stability and subgrade 
support. 

(4) A survey to determine the availability of materials for use in 
construction of the subgrade and pavement. 

b. With respect to sampling and surveying procedures and techniques, 
Method T 86 of the American Association of State Highway and Trans­
portation Officials (AASHTO) is one of those most frequently used. 
This method is based entirely on the soil profile. In the field, the 
various layers that comprise the soil profile are identified by such 
characteristics as color, texture, structure, consistency, compact­
ness, cementation, and to varying degrees, chemical composition. 

(1) This method of soil identification parallels that used by the 
Department of Agriculture which appears on their soils maps. 
The intelligent use of these maps can prove an invaluable aid 
in the study of soils at and in the vicinity of the airport. 
Although the pedological classification, determined from these 
maps, does not treat soil as engineering or construction 
material, data so obtained are extremely useful to the 
agronomist in connection with the development of turf areas 

Chap 2 
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on airports and to the engineer concerned with preliminary 
investigations of site selection, development costs, and 
alignment. 

(2) The practice of determining data on soils by use of aerial 
photographs is becoming more widespread. Relief and soil 
patterns may be determined from the photographs, and an 
experienced photo interpreter can define differences in 
characteristics of soils. By employing this method of 
investigation, it is possible to expedite soil studies and 
reduce the amount of effort required to gather data. 

7. SURVEYING AND SAMPLING. 

a. The initial step in an investigation of soil conditions is a soil 
survey to determine the quantity and extent of the different types 
of soil, the arrangement of soil layers, and the presence of any 
subsurface water. Samples of soil are usually obtained by means of 
borings made with a soil auger or similar device. Inasmuch as each 
location presents its particular problems and variations, the 
spacing of borings cannot always be definitely specified by rule 
or preconceived plan. Suggested criteria for the location, 
depth, and number of borings are tabulated below. 

AREA SPACING DEPTH 

Runways and 
Taxiways 

Other Areas 
of Pavement 

Along Centerline, 200 
Feet on Centers 

1 Boring per 10,000 
Square Feet of Area 

Cut Areas - 10' Below 
Finished Grade 

l/Fill Areas - 10* Below 
Existing Ground Surface 
Cut Areas - 10' Below 
Finished Grade 

l/Fill Areas - 10* Below 
Existing Ground Surface 

Borrow Areas Sufficient Tests to 
Clearly Define the 
Borrow Material 

To Depth of Proposed 
Excavation of Borrow 

1 / For deep fills, boring depths shall be used as necessary to 
determine the extent of consolidation and slippage, which 
the fill to be placed may cause. * 

Chap 2 
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b. Obviously, the locations, depths, and number of borings must be 
such -that all important soil variations can be determined and 
mapped, whenever past experience at the location in question has 
indicated that settlement or stability in deep fill areas may be 
a problem or, if in the opinion of the engineer, additional 
investigations are warranted, more and/or deeper borings may be 
required in order that the proper design, location, and construction 
procedures may be determined. Conversely, where uniform soil 
conditions are encountered, fewer borings may be acceptable. 

c. The soil survey is not confined to soils encountered in grading or 
necessarily to the area within the boundaries of the airport site. 
Possible sources of locally available material that may be used in 
the paving operation should be investigated. 

d. Samples representative of the different layers of the various soils 
encountered and various construction materials discovered should 
be obtained and tested in the laboratory to determine their physical 
and engineering properties. Because the results of a test can only 
be as good as the sampling, it is of utmost importance that each 
sample be representative of a particular type of soil material and 
not be a careless and indiscrirninate mixture of several materials. 

e. Pits, open cuts, or both may be required for making inplace bearing 
tests, for the taking of undisturbed samples, for charting variable 
soil strata, etc. This type of supplemental soil investigation is 
recommended for all heavy load runway areas and for other problem 
soil areas that may be encountered. 

8. SOIL TESTS. 

a. Physical Soil Properties. To determine the physical properties of 
a soil and to provide an estimate of its behavior under various 
conditions, it is necessary to conduct certain soil tests. A 
number of field and laboratory tests have been developed and 
standardized. Detailed methods of performing soil tests are 
completely covered in publications of the American Association of 
State Highway and Transportation Officials (AASHTO) and American 
Society for Testing and Materials (ASTM) and in military standards. 

b. Testing Requirements. Soil tests are usually identified by terms 
indicating the soil characteristics which the tests will reveal. 
Terms which identify the tests considered to be the minimum or 
basic requirement for airport pavement, with their AASHO 
designations and brief explanations, follow: 
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(1) Dry Preparation of Disturbed Soil Samples for Test (AASHO T 87) 
or Wet Preparation of Disturbed Soil Samples for Test 
(AASHO T 146). The dry method (T 87) should be used only 
for clean, cohesionless granular materials. The wet method 
(T 146) should be used for all cohesive or borderline materials 

(2) Mechanical Analysis of Soils (AASHO T 88). The mechanical 
analysis of soils is a test for determining, quantitatively, 
the distribution of particle sizes in soils. 

(3) Deterniining the Plastic Limit of Soils (AASHO T 90). The 
plastic limit is defined as the minimum moisture content at 
which the soil becomes plastic. At moisture contents above 
the plastic limit, there is a sharp drop in the stability of 
a soil. 

(4) Determining the Liquid Limit of Soils (AASHO T 89). The 
liquid limit is the water content at which the soil passes 
from a plastic to a liquid state. The liquid state is defined 
as the condition in which the shear resistance of the soil is 
so slight that a small force will cause it to flow. 

(5) Calculating the Plasticity Index of Soils. The plasticity 
index is the numerical difference between the plastic limit 
and the liquid limit. It indicates the range in moisture 
content over which a soil remains in a plastic state prior 
to changing into a liquid. 

(6) Determination of Maximum Density and Optimum Moisture. For 
purposes of compaction control during construction, it will 
be necessary to perform tests to determine the maximum 
density and optimum moisture content of the different types 
of soils. 

(a) Maximum density is defined as the dry unit weight defined 
by the peak of a curve showing the relationship between 
the dry unit weight and the water content of a soil for 
a given compactive effort. 

(b) Optimum moisture content is the water content at which a 
soil can be compacted to the maximum dry unit weight by 
a given compactive effort. 
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c» Supplemental Tests. 

(1) In many cases, special or unusual soil conditions exist or are 
anticipated and supplemental soil tests will be required. 
These will vary in the areas of occurrence and in available 
treatment methods to such an extent that thorough discussion 
is beyond the scope of this circular. As examples, an 
expansive soil combined with high seasonal moisture change may 
require stabilization as noted in paragraph I2f or, alter­
nately, compaction at higher moisture and lower density, with 
the choice influenced by area practice, surface type, and 
design loadings. Soils with low field densities and/or subject 
to consolidation may require densification to greater depths 
than the normal design requirement. Such problem soils must 
be recognized and corrective measures taken where required. 

(2) For many soils, it is essential that the inplace density and 
bearing strength be determined. Drive samples can be used if 
sufficient correlation with other test procedures has been 
established for a particular soil. In other cases, pits shall 
be carefully opened for the taking of undisturbed samples and 
penetration bearing tests. Density and moisture content should 
be carefully charted as heavy load pavements may require 
compaction at depth. This information permits establishment 
of a reasonable shrinkage factor and aids both designer and 
contractor in estimating compaction requirements in cut areas, 

(3) California Bearing Ratio (CBR) tests, laboratory and field, and 
plate bearing tests are included in this text as applicable to 
specific design and evaluation options. These are not intended 
to limit the supplemental testing which may be appropriate to 
a specific soil, such as tests for shrinkage and swell, 
consolidation under load, frost susceptability, etc 

SOIL CLASSIFICATION • 

a, While the results of individual tests indicate certain physical 
properties of the soil, the principal value is derived from the 
fact that,through correlation of the data so obtained, it is 
possible to prepare an engineering classification of soils related 
to their field behavior. Such a classification is presented in 
Table 2-1. 
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Soil group 

Mechanical analysis 

Llquld limit Plasticity Indu Soil group Material retained 
on No. 10 sieve-

percent1 

Material Oner than No. 10 sieve—percent 
Llquld limit Plasticity Indu Soil group Material retained 

on No. 10 sieve-
percent1 Coarse sand, pass-

ins No. 10; retained 
on No, 4 0 

Plne sand, passing 
No 4 0 retained 

on No. 2 0 0 

Combined silt and 
clay; passing So. 

2 0 0 

Llquld limit Plasticity Indu 
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K-5 0-55 45- 40- 15-
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E-0 0-55 45+ 40- 10-

1 
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k-7 0-55 | | 45+ 50- | 10-30 

1 
G

ra
n

u
 

K-8 0-55 | i | 45+ | 60- | 15-40 
.H 
'5 l. 
w 

E-« | 0-55 | 45+ | 40+ | 30-.H 
'5 l. 
w E-10 | 0-55 ! i 45+ | 70- 20-50 

.H 
'5 l. 
w 

ti-ll | 0-55 | 1 j 45+ | 80- 30+ 

.H 
'5 l. 
w 

K-12 ; 0-55 | 1 | 45+ 80+ 

.H 
'5 l. 
w 

K-i'.i 1 M u c k a n d p e a t — f i e l d e x a m i n a t i o n 

i If pcrcontuRe of material retained on the No. 10 sieve exceeds that shown, the classification may be raised, provided such material Is sound and 
fairly wrll (traded. 
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b. The soil classification requires basicially the performance of 
three tests— the mechanical analysis, determination of the liquid 
limit, and determination of the plastic limit. Tests for these 
properties have been utilized for many years as a means of eval­
uating soil for use in the construction of embankments and pavement 
subgrades. These tests identify a particular soil as having 
physical properties similar to those of a soil whose performance 
and behavior are known. Therefore, the test soil can be expected 
to possess the same characteristics and degree of stability under 
like conditions of moisture and climate. 

c. As can be discerned from Table 2-1, the mechanical analyses provide 
the information to permit separation of the granular soils from 
the fine grained soils; whereas, the several groups are arranged 
in order of increasing values of liquid limit and plasticity index. 
The division between granular and fine grained soils is made upon 
the requirement that granular soils must have less than 35 percent 
of silt and clay combined. Determination of the sand, silt, and 
clay fractions is made on that portion of the sample passing the 
No. 10 sieve because this is considered to be the critical portion 
with respect to changes in moisture and other climatic influences. 
The classification of the soils with respect to different percent­
ages of sand, silt, and clay is shown in Figure 2-1. 

S I LT 

FIGURE 2-1. TEXTURAL CLASSIFICATION OF SOILS 
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(1) Group E-l includes well-graded, coarse, granular soils that 
are stable even under poor drainage conditions and are not 
generally subject to detrimental frost heave. Soils of this 
group may conform to well-graded sands and gravels with little 
or no fines. If frost is a factor, the soil should be checked 
to determine the percentage of the material less than 0.02 mm 
in diameter. 

(2) Group E-2 is similar to Group E-l but has less coarse sand 
and may contain greater percentages of silt and clay. Soils 
of this group may become unstable when poorly drained as well 
as being subject to frost heave to a limited extent. 

(3) Groups E-3 and E-4 include the fine, sandy soils cf inferior 
grading. They may consist of fine cohesionless sand or sand-
clay types with a fair-to-good quality of binder. They are 
less stable than Group E-2 soils under adverse conditions of 
drainage and frost action, 

(4) Group E-3 comprises all poorly graded soils having more than 
35 percent but less than 45 percent of silt and clay combined. 
This group also includes all soils with less than 45 percent 
of silt and clay but which have plasticity indices of 10 to 
15. These soils are susceptible to frost action. 

(5) Group E-6 consists of the silts and sandy silts having zero-
to-low plasticity. These soils are friable and quite stable 
when dry or at low moisture contents. They lose stability 
and become very spongy when wet and, for this reason, are 
difficult to compact unless the moisture content is carefully 
controlled. Capillary rise in the soils of this group is very 
rapid; and they, more than soils of any other group, are 
subject to detrimental frost heave. 

(6) Group E-7 includes the silty clay, sand clay, clayey sands, 
and clayey silts. They range from.friable to hard consistency 
when dry and are plastic when wet. These soils are stiff and 
dense when compacted at the proper moisture content. Varia­
tions in moisture are apt to produce a detrimental 
volume change. Capillary forces acting in the soil are strong, 
but the rate of capillary rise is relatively slow and frost 
heave, while detrimental, is not as severe as in the E-6 soils, 
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(7) Group E-8 soils are similar to the E-7 soils but the higher 
liquid limits indicate a greater degree of compressibility, 
expansion, shrinkage, and lower stability under advene 
moisture conditions. >> 

(8) Group E-9 comprises the silts and clays containing micaceous 
and diatomaceous materials. They are highly elastic and very 
difficult to compact. They have low stability in both the 
wet and dry state and are subject to frost heave. 

(9) Group E-10 includes the silty clay and clay soils that form 
hard clods when dry and are very plastic when wet. They are 
very compressible, possess the properties of expansion, 
shrinkage, and elasticity to a high degree and are subject to 
frost heave. Soils of this group are more difficult to 
compact than those of the E-7 or E-8 groups and require care­
ful control of moisture to produce a dense, stable fill. 

(10) Group E-ll soils are similar to those of the E-10 group but 
have higher liquid limits. This group includes all soils 
with liquid limits between 70 and 80 and plasticity indices 
over 30. 

(11) Group E-12 comprises all soils having liquid limits over 80 
regardless of their plasticity indices. They may be highly 
plastic clays that are extremely unstable in the presence of 
moisture, or they may be very elastic soils containing mica, 
diatoms, or organic matter in excessive amounts. Whatever the 
cause of their instability, they will require the maximum in 
corrective measures, 

(12) Group E-l3 encompasses organic swamp soils such as muck and 
peat which are recognized by examination in the field. In 
their natural state, they are characterized by very low 
stability and density and very high moisture content. 

SPECIAL CONDITIONS AFFECTING FINE GRAINED SOILS. 

a. A soil may 'possibly contain certain constituents that will give test 
results which would place it, according to Table 2-1, in more than 
one group. This could happen with soils containing mica, diatoms, 
or a large proportion of colloidal material. Such overlapping can 
be avoided by the use of Figure 2-1 in conjunction with Table 2-1, 
with exception of E-5 soils, which should be classified strictly 
to Table 2-1 and paragraph 9c(4). 
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b. Soils with plasticity indices higher than corresponding to the 
' maximum liquid limit of the particular group are not of common 

occurrence, when encountered, they are placed in the higher 
numbered group as shown in Figure 2-2. This is justified by the 
fact that for equal liquid limits the higher the plasticity index; 
the lower the plastic limit (the plastic limit is the point when 
a slight increase in moisture causes the soil to rapidly lose 
stability). 

-si 

10 20 30 40 50 60 70 80 90 100 
L I Q U I D L I M I T 

FIGURE 2^2- CLASSIFICATION CHART FOR FINE GRAINED SOILS 

1 1 . COARSE MATERIAL RETAINED ON NO. 10 SIEVE. Only that portion of the 
sample passing the No. 10 sieve is considered in the above-described 
classification. Obviously, the presence of material retained on the 
No. 10 sieve should serve to improve the overall stability of the soil. 

, For this reason, upgrading the soil from 1 to 2 classes is permitted 
when the percentage of the total sample retained on the No. 10 sieve 
exeeds 4-5 percent for soils of the E-l to E-4 groups and 55 percent 
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for the others. This applies when the coarse fraction consists of 
reasonably sound material which is fairly well graded from the nvort.Tnwn 
size down to the No. 10 sieve size. Stones or rock fragments scattered 
through a soil should not be considered of sufficient benefit to warrant 
upgrading. 

.2. SUBGRADE CLASSIFICATION» 

a. For each soil group, there are corresponding subgrade classes. 
These classes are based on the performance of the particular soil 
as a subgrade for rigid or flexible pavements under different 
conditions of drainage and frost. The subgrade class is determined 
from the results of soil tests and the information obtained by means 
of the soil survey and a study of climatological and topographical 
data. The subgrade classes and their relationship to the soil 
groups are shown in Table 2-2. The prefixes "R" and "F" indicate 
subgrade classes for rigid and flexible pavements, respectively. 
These subgrade classes determine the total pavement thickness for a 
given aircraft load. The requirements are fully discussed vnder 
rigid and flexible pavement design in following parts of this text; 
therefore, only a brief description of the classes will be presented 
here. 

TABLE 2-2. AIRPORT PAVING SUBGRADE CLASSIFICATION 

Soil Group 

Subgrade Class 

Good Drainage 

No Frost or Frost 

Poor Drainage 

No Frost Frost 

Fa or Ra-
Fa or Ra-
Fl or Ra-
Fl or Ra-

Fa or Ra-
Fl or Ra-
F2 or Rb-
F2 or Rb-
F3 or Rb-
F4 or Rc-
F5 or Rc-
F6 or Rc-
F7 or Rd--
F8 or Rd-. 
F9 or Re--
F10 or Re-

Fl or Ra 
F2 or Rb 
F3 or Rb 
F4 or Rb 
F5 or 
F6 or 

Rb 
Rc 

or Rc F7 
F8 or Rd 
F9 or Rd 
F10 or Rd 
F10 or Re 
F10 or Re 

Not suitable for subgrade 
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b. Subgrades classed as Pa for flexible pavements and Ra for rigid 
pavements furnish adequate subgrade support without the addition 
of subbase material. The soil's value as a subgrade material 
decreases as the number increases. 

c. Good and poor drainage in this classification refer to the 
subsurface soil drainage. 

(1) Poor Drainage is defined for the purpose of this circular as 
soil that cannot be drained because of its composition or 
because of the conditions at the site. Soils primarily composed 
of silts and clays for all practical purposes are impervious; 
and as long as a water source is available, the soil's natural 
affinity for moisture will render these materials unstable. 
These fine grain soils cannot be drained and are classified as 
poor drainage as indicated in Table 2-2. A granular soil that 
would drain and remain stable except for conditions at the 
site, such as high water table, flat terrain, or impervious 
strata, should also be designated as poor drainage. In some '• 
cases, this condition may be corrected by the use of subdrains. 

(2) Good Drainage is defined as a condition where the internal soil 
drainage characteristics are such that the material can and 
does remain well drained resulting in a stable subgrade 
material under all conditions. 

d. There is a tendency to overlook the detrimental effects of frost in 
pavement design. The effects of frost are widely known; however, 
experience shows that all too often pavements are damaged or 
destroyed by frost that was not properly taken into account in the 
design. Most inorganic soils containing 3 percent or more of 
grains finer than 0.02 mm in diameter by weights are frost suscep­
tible for pavement* design purposes. The subgrade soil should be 
classified either as "No Frost" or "Frost" depending on one of the 
two following conditions: 

(1) No Frost should be used in. the design when the average frost 
penetration anticipated is less than the thickness of the 
pavement section. 

(2) Frost should be used when the anticipated average frost 
penetration exceeds the pavement sections. The design should 
consider including nonfrost susceptible material below the 
required subbase to minimize or eliminate the detrimental 
frost effect on the subgrade. The extent of the subgrade 
protection needed depends on the soil and the surface and 
subsurface environment at the site. 
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e. Figure 2-3 shows the average annual frost penetration throughout the 
conterminous united States. It is included primarily as a guide. 
Actual depth of frost penetration should be determined for each 
particular site on the basis of reliable local information. 

f. Subgrade treatment should be considered in the pavement design if 
one or more of the following conditions exist: poor drainage, 
adverse surface drainage, frost, or need for a stable working 
platform. A stabilized or modified subgrade will, to some degree, 
make hard-to-work soils more workable, provide a working platform 
for construction, and improve the frost resistance of conditions. 
Lime is generally used for plastic-type soils while cement materials 
are generally more adaptable to less plastic-type soils and bitumen 
for granular materials. 

SOIL STRENGTH TESTS. While the Atterburg limits and mechanical gradation 
are indicators of inherent soil stability, they are not infallible in 
this regard. Variations in grain shape,, grittiness, etc., influence the 
stability and performance of a soil under load. The possibility of 
performance at variance with these tests can be greatly lessened by the 
use of CBR (laboratory and field) or plate bearing tests which are 
indicative of soil strength. 

a. California Bearing Ratio. The CBR tests are applicable to flexible 
pavement design and are performed in accordance with the procedures 
established in MIL-STD-621A, Method 101. The FAA design criteria 
can be compared to the CBR design system and, where doubt exists 
as to the. validity of the "F" classification design procedure, 
the CBR method of thickness design should be used. In order to 
convert CBR results into the FAA classification design method, the 
comparison shown on Figure 2-4 is applied. 

C B R 

L . . 1 1 1 ^ 
1 9 I I 13 1 i 2 0 

| no F9 FS | F7 | F6 F5 | F4 J F3 | F2 F l | FO 

S U B G R A D E C L A S S 

FIGURE 2-4. CBR - FAA SUBGRADE CLASS COMPARISONS 

The CBR-F comparison shown above is based on "no frost" conditions. 
Reference to good drainage or poor drainage is not required as the 
CBR is measured on soaked specimens and reflects drainage character­
istics. 

> 2 
12 Page 21 



AC 1 5 0 / 5 3 2 O - 6 B May 2 8 , 1 9 7 4 

b, Plate Bearing Tests. Plate bearing tests are applicable to rigid 
pavement design procedures and should be performed in accordance 
with the procedures established in MIL-STD -621A. Method 104. Plate 
bearing tests should be performed on the material upon which the 
concrete will be placed except in the case of stabilized subbase 
where a different procedure may be required. If CBR data are 
available, an approximate relationship to the FAA rigid pavement 
subgrade classification can be obtained from Figure 2-4 and Table 2 - 2 . 

4 . SOIL TESTS REQUIRED. 

a. A summary of the preceding text discloses that the following tests 
are required in order to analyze correctly the conditions on the 
site and to prepare design plans and construction specifications: 

( 1 ) Mechanical analysis to show the percentage of coarse material 
fine sand, silt and clay, as well as the amount of material 
retained on the No. 1 0 sieve. 

( 2 ) Liquid and plastic limit tests. 

(3) Maximum density and optimum moisture content determination. 

(4) If frost conditions exist, the percentage, by weight, of 
grains finer than 0 . 0 2 mm in diameter. 

b. Additional tests, such as those for bearing, shrinkage, permeability, 
consolidation, inplace density, and moisture content, should be 
performed where applicable in order to properly evaluate the 
performance of a soil. 

5e 22 Chap 2 
Par 1 3 



May 28, 197^ AC 150/5320-6B 

CHAPTER 3. PAVEMENT DESIGN 
SECTION I. DESIGN CONSIDERATIONS 

15• SCOPE. This chapter covers pavement design for major civil airports; 
i.e.. airports serving aircraft with gross weights of 30,000 pounds 
or more. Chapter 5 is devoted to the construction of pavements 
serving lighter aircraft with gross weights under 30>000 pounds. 

16. BACKGROUND. An airfield pavement and the operating aircraft represent 
an interactive system which must be recognized in the pavement design 
process. Design consideration associated with both the aircraft and 
the pavement must be satisfied in order to produce a satisfactory 
pavement. 

a." The determination of pavement thickness requirements is a complex 
engineering problem. A large number of interacting variables are 
involved and pavements are subject to wide variations in climate 
and loadings. Although a great deal of research work has been 
completed and more is underway, it has been impossible to arrive at 
a direct mathematical solution of thickness requirements. For this 
reason the determination of pavement thickness must be based on a 
theoretical analysis of load distribution through pavements and 
soils, the analysis of experimental pavement data, and a study of 
the performance of pavements under actual service conditions. 
Pavement thickness curves presented in this chapter have been 
developed from a correlation of the data obtained from these 
sources. Pavements constructed in accordance with these standards 
have generally proven satisfactory. Airfield pavements designed 
by the FAA method are intended to provide a pavement with a 
20-year life that is free from major maintenance, 

b. The structural design of airport pavements consists of determining 
both the overall pavement thickness and the thickness of the 
component parts of the pavement. There are a number of factors 
which influence the thickness of pavement required to provide 
satisfactory service. These include the magnitude and character 
of the aircraft loads to be supported, the volume of traffic, the 
concentration of traffic in certain areas, and the quality of the 
subgrade soil and constitutive materials comprising the pavement 
structure. 

17. AIRCRAFT CONSIDERATIONS. 

a. Load. The most Important aircraft design consideration is the 
aircraft load. The FAA design method is based on total gross 
weight of the aircraft. For design purposes the aircraft is 
assumed to be operating at the maximum takeoff weight. 
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b. Gear Type and Geometry. 

( 1 ) The gear type and geometry of the gear dictate how the aircraft 
gross weight is distributed on the pavement and determine 
pavement response to aircraft loadings. It would have been 
unpractical to develop design curves for each type of aircraft. 
However, since the thickness of both rigid and flexible 
pavements is dependent upon the gear dimensions and the type of 
gear, separate design curves would be necessary unless some 
valid assumptions could be made to reduce the number of 
variables. Examination of gear configuration and spacing, 
tire contact areas, and tire pressure in common use indicated 
that these follow a definite trend related to aircraft gross 
weight. Reasonable assumptions could therefore be made and 
design curves constructed from the assumed data. These 
assumed data are as follows: 

(a) Single Gear Aircraft^ No special assumptions needed. 

(b) Dual Gear Aircraft« A study of the spacing between dual 
wheels for these aircraft indicated that a dimension of 
S=20 inches between the centerline of the tires agreed 
favorably for the lighter aircraf c and a dimension of 
S=30 inches between the centerline of the tires appeared 
reasonable for the heavier aircraft. 

(c) Dual Tandem Gear Aircraft• The study indicated that 
dimensions of S=20 inches and S= 4 5 inches for the lighter 
aircraft, and S=30 inches and S^ = 5 5 inches for the heavier 
aircraft were reasonable assumptions. 

( 2 ) Tire pressure varies between 7 5 and 2 0 0 psi depending on 
gear configuration and gross weight. It should be noted that 
tire pressure asserts less influence on pavement stresses as 
gross weights increase, and the assumed maximum of 200 p.s.i. 
may be safely exceeded if other parameters are not exceeded. 
The relatively new wide body jet aircraft now in service 
represent a radical departure from the above assumed parameters. 
Landing gear complexes of 4 main struts, 3 main struts, and 
widely spaced dual tandem gears are in use. Due to the large 
differences in gross weights and in gear geometry, separate 
design curves have been prepared for the wide body'aircraft. 

c. Traffic Volume. 

(l) Historically, the Federal Aviation Administration pavement 
design has provided for "capacity" operations of the critical 
aircraft; and based on the Corps of Engineers' criteria from 
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which it was derived,"capacity" was considered to be 5»000 
coverages. A coverage is said to have occurred when each 
point of the pavement traffic area has been subjected to one 
maximum stress by the critical aircraft. Due to the large 
increases in aircraft traffic in the late 50fs and through the 
60's, the design criteria were revised to provide for 
approximately 25.000 coverages. 

(2) The coverage concept of describing traffic volume becomes more 
difficult and awkward to use as the number of wheels increase. 
Tandem wheels and landing gears which trail each other tend 
to compound the difficulty in using the coverage concept. 
A much more meaningful method of describing traffic 
is to refer to number of operations. Coverages are conceptual 
and must be computed from rather nebulous data; whereas 
traffic operations are commonly used for other purposes and can 
be readily observed and counted. Aircraft departures only are 
considered as being oritical since the maximum landing weight 
of today's airoraft is usually about three-fourths of the maxi­
mum takeoff weight or less; therefore, for the purpose of pave­
ment design, traffic is expressed in departures. The design 
method for rigid and flexible pavements is such that the de­
signer can select the traffic volume applicable to the particu­
lar design conditions. 

18, DETERMINATION OF EQUIVALENT DESIGN AIRCRAFT DEPARTURES. 

a. The relationship between cumulative pavement stress due to a given 
wheel load and repetitions as compared to other wheel loads and 
repetitions is logarithmic. The relationship can be expressed as 
follows: 

log R;L = log R 2 

(1) R 1 and R ? are the respective repetitions or departures 
and W- afid W ? are the respective wheel loads. For this 
computation 95 percent of the aircraft gross weight is 
assumed to be carried by the main landing gear. The above 
equation is limited to families of aircraft with the same 
main landing gear configurations; i.e., single, dual, or dual 
tandem. When traffic mixtures involve combinations of single, 
dual and dual tandem landing gear assemblies, the following 
conversion factors should be used: 
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To convert from To Multiply R by 
single wheel dual wheel 0«8o 
single wheel dual tandem 0*50 
dual wheel dual tandem 0.60 

(2) The above conversion factors will be used to obtain R 2 for use 
in the logarithmic equation given above. Wide body jet aircraft 
are analyzed in two separate fashions to determine the controlling 
design. In the first analysis, all wide body jet departures will 
be substituted on a one-for-one basis with DC-8 60-series traffic 
and a design thickness for dual tandem computed. The second 
analysis will use only wide body jet aircraft departures and a 
design thickness computed. The thicker of the two analyses will 
control the design pavement thickness. 

b. Example: Assume an airfield pavement is to be designed for the 
following traffic mix over a 20-year life: 

Aircraft Departures R W, Load Per Wheel 

727-100 15,000 38,500 
727-200 10,000 391900 
707-320 B 4.000 37,800 
cv88o 3,100 21,800 
DC-9-32 11,000 25,200 

DC-8-61 3,000 39,400 

Convert all traffic to equivalent DC-8-61 departures: 
727-100 =0.60x15,000 = 9,000 log R x = log 9000 ^ § ^ § 5 ) ^ R L = 8 , 1 5 0 

727-200 = 0.60 x 10,000 = 6,000 log rx = log 6000 nx = 6,270 

707-320B = I X 4,000 = 4,000 log Ri = log 4000 ^^jj§§^ R l = 3,380 

cv 880 = i x 3,000 = 3,100 log R]_ = log 3100 R l = "°° 

DC-9-32 = 0.60 X 11,000 = 6,600 log RX = log 6600 0^i§°jj^ Rl = 1|1*W 

DC-8-61 i x 3,000 = R, = 3,000 

TOTAL = 22.340 
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The design would be based on the dual tandem landing gear design 
curve usingan aircraft gross weight of 328,000 pounds and the 
appropriate number of departures. The designer should note that 
pavement thickness requirements are not extremely sensitive to 
number of departures. The magnitude of load is much more important 
than number of departures and should be of paramount concern. 

19. TRAFFIC DISTRIBUTION. 

a. Research studies have shown that aircraft traffic is distributed 
laterally across runways and taxiways according to a normal 
distribution. Certain areas of the pavement receive a more 
concentrated distribution of traffic such as primary taxiways 
-.and runway ends. The design procedures presented in this 
advisory circular have incorporated the different distributions 
of traffic by providing for critical and noncritical pavement 
thickness. Critical pavement thickness is used in areas of high 
traffic concentration and nonoritical pavement thickness is used 
in areas of dispersed traffic. 

b. In addition to the lateral distribution of traffic across various 
pavement features, aircraft traffic is moving at different speeds 
on different areas of the pavement. Taxiway, apron area, and runway 
end traffic is moving much slower than runway interior traffic. 
Research is currently underway to determine the effects of dynamic 
loading and pavement performance. No criteria are as yet available 
to include dynamic effects in the design process. 

c. The present design method includes dynamic effects by empirical 
techniques. The design procedure will be modified as required 
when more sophisticated dynamic design methods are developed. 

20. TYPICAL SECTIONS. 

a. Typical plan and cross section drawings for runway pavements are 
shown on Figure 3-1. These typical sections are intended for run­
ways to serve jet powered aircraft. Deviations from these typical 
sections will be common due to the changes inherent in staged 
construction projects where runways are extended and the location 
of taxiways is uncertain. As a general rule of thumb the designer 
should specify full pavement thickness T where departing traffic 
will be using the pavement; pavement thickness of 0.9T will be 
specified where traffic will be arrivals such as high speed turn-
offs; and pavement thickness of 0.7T will be specified where 
pavement is required but traffic is unlikely such as along the 
extreme outer edges of the runway. 
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b. In the unlikely event that the runway pavement will serve propeller 
driven aircraft only, a modification to the typical sections shown 
on Figure >-l will be allowed (typicaV.sections for runways for 
aircraft of less than 30,000 pounds gross weight are shown in 
Chapter 5). The runway interior, 1,000 feet from each end, 
may be constructed to 0.9T thickness if no taxiing occurs on the 
runway. If taxiing operations occur on the runway as a part of 
normal operations, the runway shall be constructed to a thickness 
of T for the entire length. The transition from thickness T to 
thickness 0.9T shall be accomplished over a distance of one slab 
length for rigid pavement or on a 4:1 slope for flexible pavements. 

CLIMATIC CONSIDERATIONS. 

a. General. The design of an airfield pavement must consider the 
climatic conditions which will act on the pavement during its 
construction and life. Most climatic effects such as, protection 
of the pavement during curing, laydown temperatures, etc. are 
handled by construction specifications and local construction 
experience. 

b. Frost Protection. The effects of frost have a direct bearing on 
the structural design of airport pavements and are handled 
separately. Full depth frost protection shall be provided for the 
primary runway(s) at large hub airports. For other paved areas, 
protection shall be provided for depths between 65 percent and 90 
percent of the total frost penetration. The degree or protection 
provided shall be determined considering the frost susceptibility 
of the underlying material, depth to water, the extent to which 
variable soils will contribute to differential heaving, and 
local experience with the construction materials being used. 
Chapter 2 of this document gives information on frost considerations. 
More information on frost design can be found in the Corps of 
Engineers Technical Manual* 1M 5-8l8-2, Pavement Design for 
Frost Conditions. Utility companies in the vicinity of projects 
are often excellent sources of information on the depth of frost 
penetration. 

DESIGN REQUIREMENTS AS AFFECTED BY SOIL PROFILE. 

a. In some cases the upper level of the subgrade may exist as a 
clearly defined thin layer of soil of a much better quality than the 
underlying soil. Obviously, to design on the basis of the thin up­
per layer only would be inadequate in many instances. However, it 
must be realized that the upper layer of superior quality soil, 

I 
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even though thin in section, will provide some benefits which can be 
utilized in the pavement design. The following paragraphs illus­
trate the means by which these benefits may be realized. It should 
be noted, however, that this procedure does not apply when the 
underlying soil is a swelling soil. 

b. As an illustration,* assume the upper level of soil is designated 
"A" and the underlying layer is designated "B." If the thickness 
of layer "A" is insufficient to reduce the stresses imposed on 
layer "B" to an acceptable level, then an increase in the thickness 
of subbase is necessary over that which would be required if the 
soil was composed entirely of layer "A" material. Conversely, the 
required subbase thickness would be less than the subbase thickness 
required to protect layer "B" because of some beneficial effect of 
layer "A." 

c. Logically then, the thickness of subbase required to fulfill design 
requirements under conditions similar to those stated above lies 
somewhere between the thickness of subbases required for "A" and 
"B." A method which may be used to determine the subbase require­
ment on a thin layered subgrade is based on the relationship between 
the two subbase thicknesses. This relationship is expressed by the 
formula: 

z = required thickness of subbase 
x = subbase thickness for layer "A" soil 
y = subbase thickness for layer "B" soil 
t = thickness of layer "A" 

(1) It can be seen from the formula that " 2 " will be less than Mx" 
if "t" is greater than "x" = "y," Therefore, if "t" is equal 
to or greater than the sum of "x" = "y," the subbase required 
for layer "A" should be used, 

(2) For an example of the application of this formula, determine 
the subbase thickness required for a taxiway to accommodate a 
120,000-pound dual gear aircraft where the subgrade consists 
of an 8-inch layer of E-3 soil overlaying and E-7 soil. Drain­
age conditions are poor and no frost.problem exists. 

z = y - t(y-x) 
x+y 

in which 
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Soil 
Layer 

Soil 
Group 

Subgrade 
Class 

Subbase 
Thickness (Inches) 

A 
B 

E-3 
E-7 

P2 
P5 

3 inches 
11 inches 

z = 11 - 8(11-3) = 11 - 5 = 6 inches 
3 + 1 1 

(3) If "t" had been greater than3+ll = 14 inches, the subbase 
requirements would have been that as required for layer "A" 
i.e., 3 inches. The same principle may be applied for both 
flexible and rigid pavements. 

d. -This illustrates the manner in which economic advantage may be 
gained by use of selective grading. If superior material is 
available on the site, it may be economical to remove inferior 
material, or a portion thereof, and replace it with the superior 
material thereby reducing the subbase thickness requirements. 

e. The above procedure can also be applied to pavements designed on th< 
basis of strength tests rather than subgrade classification. 

23. PAVEMENT CONSIDERATIONS. Due to the large number of variables 
associated with pavements, some assumptions were required to establish 
tractable design methods. The assumptions associated with rigid 
and flexible pavements are different because of the different 
mechanisms of supporting the load. Rigid pavements carry load 
primarily by flexure of the pavement slabs and reaction of the 
subgrade* Flexible pavements carry load by spreading stresses 
through successive layers of decreasingly select materials until 
the stresses have attenuated to levels which can be tolerated by 
the in-situ soil. The particular assumptions associated with each 
pavement type will be presented in the appropriate seotion devoted 
to the design of that pavement type* 

2 4 . GENERAL. Flexible pavements consist of a bituminous wearing surface 
placed on a base course and when required by subgrade conditions, a 
subbase. The entire flexible pavement structure is ultimately 
supported by the subgrade. Definitions of the function of the various 
components are given in the following paragraphs. For some aircraft 
the base and subbase have to be constructed of stabilized materials. 
The requirements for stabilized base and subbase are discussed under 
the heading of flexible pavement design. 

SECTION 2 . FLEXIBLE PAVEMENT COMPONENTS 
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25. BITUMINOUS SURFACING. 

a. The bitaiinous surface or wearing course must prevent the penetra­
tion of surface water to the base course; provide a smooth, well-
bonded surface free from loose particle^ which might endanger air­
craft or persons; resist the shearing stresses occasioned by 
aircraft loads; and furnish a texture of nonskid qualities, yet not 
cause undue wear on tires. To successfully fulfill these require­
ments, the surface must be composed of mixtures of aggregates and 
bituminous binders which will produce a uniform surface of suitable 
texture possessing maximum stability and durability. Since control 
of the mixture is of paramount importance, these requirements can 
best be achieved by use of a central mixing plant where proper 
control can be most readily obtained. A dense-graded bituminous 
concrete such as Item P-401 produced in a central mixing plant will 
most satisfactorily meet all the above requirements. 

b, whenever a flexible pavement is to be subjected to concentrated 
fuel spillage or other solvents, as at aircraft fueling positions 
and maintenance areas, protection should be provided by a solvent 
resistant surface such as Item P-625. The military has had 
satisfactory service from rubberized tar asphaltic concrete in 
areas of concentrated fuel spillage. Should the size of the proj­
ect and economics warrant, the designer may wish to consider 
rubberized tar asphaltic concrete. 

26. BASE COURSE. The base course is the principal structural component of 
the flexible pavement. It has the major function of distributing the 
imposed wheel load pressures to the pavement foundation, the subgrade. 
The base course must be of such quality and thickness to prevent 
failure in the subgrade, withstand the stresses produced in the base 
itself, resist vertical pressures tending to produce consolidation and 
resulting in distortion of the surface course, and resist volume 
changes caused by fluctuations in its moisture content. 

a. The quality of the base course depends upon composition, physical 
properties and compaction. Many materials and combinations 
thereof have proved satisfactory as base courses. They are 
composed of select, hard and durable aggregates. 

b. Specifications covering the quality of components, gradation, 
manipulation, control, and preparation of various types of base 
courses for use on airports for design loads above 30,000 pounds 
gross aircraft weight are as follows: 
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(1) Item P-201 - Bituminous Base Course . 

(2) Item P-209 - Crushed Aggregate Base Course 

(3) Item P-211 - Lime Rock Base Course 

W Item P-214 - Penetration Macadam Base Course 

(5) Item P-215 - Cold Laid Bituminous Base Course 

(6) Item P-304 - Cement Treated Base Course 

27. SUBBASE. 

a. A subbase is included as an integral part of the flexible pavement 
structure in all pavements except those on subgrades classified 
as Pa. The function of the subbase is similar to that of the base 
course. However, since it is protected by the base and surface 
courses, the material requirements are not as strict as for the 
base course. Specification Item P-154, "Subbase Course," covers the 
quality gradation, control, and preparation of the standard subbase 
course. 

b. Certain materials that are permitted only for base courses for 
pavements serving aircraft with gross weights of less than 
30,000 pounds may be used as subbase courses for the larger 
aircraft. They are: 

(1) Item P-206 - Dry-Bound Macadam Base Course or Water-Bound 
Macadam Base Course 

(2) Item P-208 - Aggregate Base Course 

(3) Item P-210 - Caliche Base Course 

W Item P-212 - Shell Base Course 

(5) Item P-213 - Sand-Clay Base Course 

(6) Item P-216 - Mixed In-Place Base Course 

(7) Item P-301 - Soil Cement Base Course 

(8) Item P-305 - Aggregate-Lime-Ply Ash Base/Subbaee Course 
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c. When the material Items P-201 and P-304 are used as base courses, 
they may also be used as subbase. 

SUBGRADE. 

a. The subgrade soils are subjected to the same stresses, though to a 
lesser degree, as the surface, base and subbase courses. These 
imposed stresses decrease with depth and are most severe at the 
top of the subgrade, unless unusual conditions prevail, such as a 
layered subgrade or water content and/or density varies sharply with 
depth. These conditions should be checked during the soils 
investigation. The ability of a particular soil to resist 
shear and deformation will vary with its density and moisture 
content. 

(1) Specification Item P-152, Excavation and Embankment, covers the 
construction and density control of subgrade soils. Figure 3-2 
shows depths below the subgrade surface to which compaction 
controls apply. 

(2) Noncohesive soils, for the purpose of determining compaction 
control are those for which either no plasticity index is 
discernible in the Atterburg tests, or for which the 
moisture-density curve is either reversed or a straight line. 

(3) For most soils, moisture-density curves show the water content 
at which the desired density can be most easily achieved. 
These soils when so compacted will provide a satisfactory level 
of inplace stability and will have voids and voids filled 
percentages that limit the detrimental effects of added 
available water. Some soils, when compacted to the optimum 
modified AASHTO densities, due to ohemical attraction of a 
low voids filled to voids ratio, will attract available water 
and swell. The swelling is accompanied by an extreme loss in 
bearing value. Soils of this type shall be stabilized or 
modified where possible to the extent required to preclude the 
swelling. Where this is impractical, compaction with additional 
water to lower densities will minimize swelling, but will reduce 
bearing values. When this procedure is followed, the pavement 
section shall be increased by the increment shown in Figure 3-2 
as the difference between the FAA Specification T-6ll density 
required and that achieved. The additional material may 
consist of a suitable nonswelling borrow or added subbase, 
compacted to the required Figure 3-2 densities. For flexible 
pavement design based on CBR tests performed in the manner 
prescribed in MIL-STD-621A, no thickness adjustment is 
required. A transition or working platform to permit the 
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FIGURE 3-2. SUBGRADE COMPACTION REQUIREMENTS 

NOTES: . 

1. Curved lines denote depths below the finished 
subgrade above which densities must equal 
or exceed the indicated percentage of the 
maximum density at optimum moisture as 
determined by the FAA compaction control 
T-611. 

2. For embankment areas the charted criteria 
shall be .met except that the minimum 
density of soils placed in fill shall be 
90% for cohesive and 95% for noncohesive, 
and for the top nine Inches In fill shall 
be not less than 95% for cohesive and 100% for 
noncohesive, of the T-611 density. 

3. The subgrade in cut areas shall have 
natural densities equal to or greater than 
the densities shown or shall (a) be 
compacted from the surface to achieve the 
required densities, (b) shall be removed 
and replaced in which case the minimum 
densities for fills apply, or (c) when 
economics and grades permit, be covered 
with sufficient select or subbase material 
so that the uncompleted subgrade is at a 
depth where the in-place densities are 
satisfactory. 

4. Where a noncohesive soil of F class 3 or 4 
may exist, the difference in subbase thick­
ness required in excess of that required 
for an ¥2 soil may be deducted from the 
required subgrade compaction depths. 

5. For swelling soils, reduced densities may 
be used. 

FOR FLEXIBLE PAVEMENTS 
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required subbase compaction to 100 percent density may be 
specified, not to exceed 6 inches in thickness for each 
5 percent density difference in excess of 5 percent. 

(4) Examplei For an apron extension to accommodate a 340,000-pound 
dual tandem geared aircraft, a soils investigation has shown 
the subgrade will be Fl and noncohesive. Inplace densities 
of the B horizon soils have been determined at even foot 
increments below the ground surface. Design calculations 
indicate that the top of subgrade in this area will be 
approximately 10 inches below the existing grade. Depths and 
densities may be tabulated as follows: 

Depth Below Existing Depth Below Finished Inplace 
Ground Subgrade Density 

1' 2" 70 % 
2' 14" 84 % 
y 26" 86 % 
4' 38" 90 % 
5' 50" 93 % 

In Figure 3-2, project a line downward from 340,000 pounds on 
dual tandem scale; and from the point of intersection with the 
line representing each density requirement project a line to 
the noncohesive compacted subgrade depth scale. 

Reference to the tabulation shows that for this example, 
inplace density is satisfactory at a depth of 38 inches, 
being 90 percent and within the required 90 percent zone. It 
will be necessary to compact an additional 2 inches at 90 per­
cent, 15 inches at 95 percent, and the top 21 inches of 
subgrade at 100 percent density. With modern compaction 
equipment, these densities can usually be achieved from the 
surface in a noncohesive soil. 

SECTION 3, FLEXIBLE PAVEMENT DESIGN 

29. INITIAL THICKNESS SELECTION. Due to the variations in stress distribu­
tion of single, dual, dual tandem,and wide body landing gear configura­
tions as previously discussed, separate flexible pavement design curves 
for each of these gear configurations have been prepared and are pre­
sented as Figures 3-3 through 3-9 inclusive. The thicknesses deter­
mined from these design charts have to be adjusted for traffic volume, 
frost effects, and stabilized materials as appropriate. 
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5°« TRAFFIC VOLUME. 
a. After all preliminary information on site location, soil tests, 

etc., has been established, the next step in designing a flexible 
pavement is determining the traffic conditions. The number of 
departures of the design aircraft is computed as shown in 
paragraph 18 . The flexible pavement design curves for single, dual, 
and dual tandem gears, Figures 3-3> 3-4, and 3-5 respectively, are 
based on 1,200 annual departures. Pavements designed for a 
greater number of annual departures require an increase in 
thickness as follows: 

(1) For equivalent departures in excess of 1,200 annually, both 
critical and noncritical surface course thicknesses shall be 
increased one inch. In addition, make one of the following 
adjustments. 

(2) For equivalent departures between 1,200 and 3,000 annually 
increase both base and subbase thicknesses by 10 percent. 

(3) For equivalent departures between 3,000 and 6,000 annually 
increase base and subbase thicknesses by 20 percent. 

(4) For equivalent departures in excess of 6,000 annually, increase 
base and subbase thicknesses by 30 percent. 

b. The flexible pavement design curves for wide body aircraft, Figures 
3-6, 3-7, 3-8 and 3-9, are based on 5,000 annual departures. The 
reasons for using a different design departure level are twofold. 

(1) The design criteria are based on equivalent annual departures. 
Wide body aircraft will normally be operating from facilities 
where traffic volumes are high*., 

(2) The design curves for wide body aircraft are relatively new 
and have little operational background verification. The 
curves represent the best available information based on 
theory and experimental test track data; however, until more 
actual inuse operational data are generated a conservative 
approach is required. 
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CRITICAL AREAS - TOTAL PAVEMENT THICKNESS - INCHES 

CRITICAL AREAS - T O T A L PAVEMENT THICKNESS - INCHES 

FIGURE DESIGN CURVES - FLEXIBLE PAVEMENT - SINGLE GEAR 
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CRITICAL A R E A S - T O T A L PAVEMENT THICKNESS - INCHES 

3 5 4 0 4 5 5 0 5 5 6 0 6 5 

2 5 3 0 3 5 4 0 4 5 SO 5 5 6 0 6 5 

CRITICAL A R E A S - T O T A L PAVEMENT THICKNESS - INCHES 

FIGURE 3-4. DESIGN CURVES - FLEXIBLE PAVEMENT - DUAL GEAR 
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CRITICAL AREAS - TOTAL PAVEMElff THICKNESS - INCHES 

CRITICAL AREAS - TOTAL PAVEMENT THICKNESS - INCHES 

FIGURE "5-5. DESIGN CURVES - FLEXIBLE PAVEMENT - DUAL TANDEM GEAR 
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31. STABILIZED SUBBASE. For new pavements to accommodate dual tandem gear 
aircraft weighing in excess of 200,000 pounds gross weight and sections 
of equal thickness for other gear types, it shall be the FAA policy to 
require stabilized subbase courses. These may be substituted for 
granular subbase at a ratio not to exceed one inch of stabilized 
material for lj inches of granular material. The exact value of this 
ratio shall be determined on the basis of known performance of the 
materials involved under similar conditions. The ratio is sensitive to 
a number of factors such as layer "thickness, stabilizing agent type and 
quantity, location of stabilized layer in pavement structure, etc. 
Exceptions to the policy requiring stabilized subbase should be based 
on proven performance of a granular material in a specific location, 
such as lime rock in the State of Florida. Other exceptions may be 
made on the basis of superior materials being available, such as 
100 percent crushed, hard, well-graded aggregate, or materials modified 
with cement, lime, or asphalt. These shall meet the present specifi­
cation requirements, plus the following criteria. For nonfrost areas 
the subbase materials shall exhibit a remolded, soaked California 
Bearing Ratio (CBR) minimum of 35. In addition where frost will 
penetrate the subbase, the material must meet such tests as will be 
satisfactory to the respective regions and the materials used are 
impermeable or nonfrost susceptible. The niinimum thickness of 
stabilized subbase shall be 4 inches. 

32. STABILIZED BASE. The FAA policy requiring stabilized subbase courses 
for dual tandem aircraft weighing in excess of 200,000 pounds gross 
weight and sections of equal thickness for other gear types shall also 
apply to flexible pavement base courses. The maximum substitution 
ratio of l| to 1 granular material shall also apply to stabilized base 
courses. The exact value of the substitution ratio shall be determined 
as described above for stabilized subbase. The exceptions listed above 
for stabilized subbase shall also be applicable to base courses. For 
nonfrost areas, the base course material shall exhibit a remolded, 
soaked CBR niinimum of 100. In ord?r to prevent a saturated, entrapped 
granular layer in the pavement structure, no unstabilized granular base 
course shall be placed on a stabilized subbase course. The minimum. 

• total pavement thickness shall not be less than the total pavement thick­
ness required by the_ F a line on the appropriate design curve, nor shall 
P-201 and P-304 be less than 4 inches and 6 inches in thickness, 
respectively. Reflection cracking is sometimes encountered when P-304 
is used. The thickness of the bituminous surfacing course should be at 
least 4 inches to minimize "the chances of reflection cracking when 
P-304 is used. 

33. FROST jSK'iMTS.' Frost protection must be provided in areas where 
conditions conducive to detrimental frost action exist. Frost protection 
requirements are given in paragraph 21b of this document. Frost con­
siderations may result in thicker subbase courses than the thick­
nesses needed for structural support. 
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CRITICAL AMD NONCRITICAL AREAS. The design curves. Figures 3-3 through 
5-9, are used to determine the total critical pavement thickness, "T" 
and the surface course thickness requirements. The 0.9T factor for the 
noncritical pavement applies to the base and subbase courses; the sur­
face course thickness is as noted on the design curves. For the 
variable section of the transition section and thinned edge, the reduc­
tion applies only to the .Base course. The 0.7T thickness for subbase 
shall be the minimum permitted, and the subbase thickness shall be 
increased and/or varied to provide positive surface drainage from the 
entire subgrade surface. For fractions of an inch of 0.5 or more, use 
the next higher whole number; for less than 0.5* use the next lower 
number. 

35« DESIGN EXAMPLE. As an example of the use of the design curves, assume 
that a flexible pavement is to be designed for dual gear aircraft 
having a gross weight of 140,000 pounds for 4,000 annual equivalent 
departures of the design aircraft. The soil classification is E-7 
with poor drainage and 42 inches of frost penetration. From Table 2-2 
the subgrade classification would-be F5 or P7» depending on whether 
or not frost will penetrate the subgrade.. In this case, the classifi­
cation will be F7. 

a. Enter figure 3-4 on the left at 140,000 pounds gross weight and 
proceed horizontally to the intersection with subgrade classification 
F7 and then proceed vertically downward to the total pavement 
thickness scale. In this case, the 140,000-pound dual aircraft for 
an F7 requires 32 inches of pavement thickness. 

b. Go back to the intersection of the 140,000-pound gross weight line 
and the F7 subgrade classification line, proceed to the right, 
parallel with dashed lines, to the intersection of the required 
base thickness line' and read 10 inches for the critical area. A 
4-inch surface is required by this chart. The balance of the total 
thickness requirement is subbase, in this case 18 inches. 

c. The thicknesses obtained in the previous steps must be adjusted to 
include the high traffic volume of 4,000 annual departures. This 
traffic volume requires an increase of 1 inch in the surface ' . 
thickness and a 20 percent increase in base and subbase thickness. 
These adjustments would result in a surface course thickness of 
5 inches, a base course thickness of 12 inches and a subbase 
thickness of 22 inches. 
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d. The total pavement thickness for noncritical areas is obtained by 
taking 0.9 of the critical pavement base and subbase courses plus the 
required surface course thickness. The thinned edge portion of the 
critical and noncritical pavement 0.7T factor applies only to the 
base course as the subbase must provide transverse subgrade drainage. 
The transition section and surface course requirements are noted in 
Figure 3 -1 . 

e. The final requirements of the dual gear aircraft are: 

"T" Critical 0.9T Noncritical 0.7T Edge 
Areas Areas Areas 

Surface 5" 4" 2" 

Base 12" 1 1 " 8" 

Subbase 22" 20" 29" 2/ 

Frost Protection 1 / 0 4" 0 

Total 39" 39" 39" 

1/ See discussion paragraphs 21b and 33-

2/ See discussion paragraph 35d. 

36. CONSIDERATIONS FOR THIN SUEBASES. Where a pavement is to be constructed 
on an excellent subgrade, the subbase thickness requirement may be less 
than 3 inches. Where a subbase is less than 3 inches thick, it is 
recommended that additional base course be substituted for the thin 
subbase in a proportion not to exceed 1 inch of base course for each 
1-1/2 inches of subbase. The final decision usually depends on the 
thickness of the subbase course and economic consideration as they are 
affected by construction problems, materials, and frost penetration. 

37. DESIGN BASED ON CBR. When considered to be advantageous, CBR tests of 
the flexible pavement subgrade may be used in the design of flexible 
pavements. The conversion of CBR test results to the F classification 
shall be performed as discussed in paragraph l^a. 

38. FULL DEPTH ASPHALT PAVEMENTS. Approval for the construction of full 
depth asphalt pavements under the Airport Development Aid Program (ADAP) 
shall be on a case-by-case basis. Sufficient experience is unavailable 
to allow unrestricted use of full depth asphalt pavements at the present 
time. Full depth asphalt pavements contain asphaltic cement in all 
layers of the pavement structure above the prepared subgrade. Manual 
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Series No. 11 prepared by the Asphalt Institute, dated January 1973. is 
recommended for the design of full depth asphalt pavements. The design 
method prepared by the Asphalt Institute is based on limiting either the 
horizontal 3train in the bottom of the asphalt bound layer or the 
vertical strain in the subgrade, whichever is controlling for the 
particular design case. 

39. GENERAL. Rigid pavements for airports are composed of portland cement 
concrete placed upon a granular or treated subbase course that rests 
upon a compacted subgrade. An exception is made if the subgrade falls 
in the Ra classification; in this case no subbase is required. 

40. CONCRETE PAVEMENT. The concrete surface must provide an acceptable 
nonskid surface, prevent the infiltration of surface water, rnd provide 
structural support to the aircraft. The quality of the concrete, the 
mixes, the control tests, methods of construction and handling, and 
quality of workmanship are covered in detail in Item P-501, "Portland 
Cement Concrete Pavement." 

41. SUBBASE. The purpose of a subbase under a rigid pavement is to provide 
drainage and uniform stable support for the pavement slabs. A minijiium 
thickness of 4 inches of subbase is required under all rigid pavements, 
except where the subgrade is Ra. Subbase thicknesses in excess of 4 
inches can be used to increase the modulus of soil reaction and reduce 
the required thickness of concrete needed if economical. The costs 
of providing the additional thickness of subbase must be weighed 
against the savings in concrete thickness. The materials suitable for 
subbase courses under rigid pavements are covered Item P-154, "Subbase 
Course," and Item P-301, "Soil Cement Base Course." 

42. SUBGRADE. 

a. The subgrade materials under a rigid pavement must be compacted to 
provide adequate stability and uniform support as with flexible 
pavement; however, the compaction requirements for rigid pavements 
are not as stringent as flexible pavements due to the relatively 
lower subgrade stresses. For cohesive soils used in fill sections, 
the entire fill shall be compacted to 90% maximum density. For 
cohesive soils in cut sections, the top 6 inches of the subgrade 
shall be compacted to 90% maximum density. For noncohesive soils 
used in fill sections, the top 6 inches of fill shall be compacted 
to 100$ maximum density, and the remainder of the fill shall be 
compacted to 95$ maximum density. For cut sections in noncohesive 
soils, the top 6 inches of subgrade shall be compacted to 100% 
maximum density and next 18 inches of subgrade shall be compacted 
to 95$ maximum density. 

SECTION 4. RIGID PAVEMENT COMPONENTS 
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b. In addition to the soils survey and analysis and classification of 
of subgrade conditions, the determination of the modulus of 
subgrade reaction is required for rigid pavement design. The 
measurement of the modulus of subgrade reaction (K value) should 
be made at the top of the subbase (or Ra subgrade) and determined 
by testing a limited test section which has been constructed to the 
required thicknesses and densities. The section should consist of 
the design subgrade and subbase material and utilization of plate 
bearing test procedures specified in Military Standard MIL-STD-621A, 
Test Method for Pavement Subgrade, Subbase and Base Course Materials, 
Method 104. 

c. The determination of the modulus of subgrade reaction for stabilized 
subbase is difficult. Often stabilized materials possess sufficient 
rigidity to behave as slabs. If the stabilized layer responds as 
a slab to the plate bearing test, an erroneous K value will be 
obtained. Methods of assessing the structural benefits of 
stabilized layers are discussed under the heading "Stabilized 
Subcases." 

43. SLAB THICKNESS DETERMINATION. Design curves have been prepared for 
rigid pavements similar to those for flexible pavements; i.e., separate 
curves for single, dual, and dual tandem landing gear assemblies and 
separate design curves for wide body jet aircraft. See Figures 3-10 
through 3-l6. Use of the design curves requires three different inputs: 
working stress, subgrade modulus, and gross weight of the design air­
craft. The rigid pavement design curves indicate the thickness of 
concrete only. Thicknesses of other components of the rigid pavement 
structure must be determined separately. 

44. TRAFFIC VOLUME. 

a. The use of the rigid pavement design curves requires the computation 
of equivalent design aircraft departures identical to the method 
described for flexible pavements. Varying traffic volumes are 
accommodated by varying the safety factor of the design. The 
safety factor is used to determine the allowable working stress of 
the concrete. The flexural strength of the concrete divided by the 
safety factor yields the allowable working stress of the concrete. 
The rigid pavement design curves have been prepared on the basis of 
working stress thus no traffic volume is associated with the curves. 
The designer establishes the traffic volume by the selection of the 
safety factor. A range of safety factors is available for various 
traffic intensities as discussed on page 57. 

SECTION 5 . RIGID PAVEMENT DESIGN 
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FIGURE > 1 0 . DESIGN CURVES - RIGID PAVEMENT - SINGLE GEAR 
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FIGURE 3-11, DESIGN CURVES - RIGID PAVEMENT - DUAL GEAR 
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FIGURE 3-12. " DESIGN CURVES - RIGID PAVEMENT - DUAL TANDEM GEAR 
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FIGURE > l 6 . DESIGN CURVES-RIGID PAVEMENT L-1011 
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(1) For equivalent departures of 1,200 or less annually, use a 
safety factor of 1.75« 

(2) For equivalent departures between 1,200 and 3,000 annually, 
use a safety factor of I.85. 

(3) For equivalent departures between 3,000 and 6,000 annually, 
use a safety factor of 1.96'. 

(4) For equivalent departures in excess of 6,000 annually, use a 
safety factor of 2.00. 

* 45. STABILIZED SUBBASE. 

a. Requirements. Stabilized subbase shall be required on all new 
rigid pavements to accommodate dual tandem gear aircraft weighing 
in excess of 200,000 pounds g r o s 3 weight and sections of equal 
thickness. The structural benefits imparted to a pavement section 
by a stabilized subbase can be evaluated in two different ways, 
depending on the properties of the stabilized material. 

b. Nonrigid Subbases. Stabilized subbases which are not rigid; that 
is, not capable of exhibiting slab action such as P-201, should be 
assigned a modulus of subgrade reaction. A plate bearing test 
conducted in accordance with the procedures in paragraph 42b can be 
performed. The maximum k value allowed in this instance will be 
500 pci. Some nonrigid stabilized subbases are temperature sensi­
tive and the k value assigned to the subbase should reflect con­
sideration of the temperature environment that the subbase is likely 
to experience. 

c. Rigid Subbases. A procedure developed by the Portland Cement 
Association is recommended for assessing the structural benefits of 
rigid subbases which are capable of exhibiting slab action such as 
P-30^ {see paragraph 6, Appendix 1). In this instance a dual 
requirement is placed on the stabilized material. The first and 
most important requirement is that the material must pass the wet-
dry and freeze-thaw tests, ASTM D 559 and D 560, respectively. 
Pending revision of AC 156/537O-IA, Standard Specifications of 
Construction of Airports, the following maximum weight loss of 
specimens after 12 cycles of either wet-dry or freeze-thaw shall be 
used. For soils classed E-l through E-4, the marl rmim weight loss 
will be l4#. For soils classed E-5 or E-6, the maximum weight loss 
will be 10#. For soils classed E-7 through E-12fthe maximum weight 
loss will be 7%» The maximum weight losses given above are intended 
to cover both cement-treated base (P-30^) and 3 o i l cement (P-30I). 
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Hie second requirement which stabilized material must meet to use 
this procedure is that the compressive strength after 7 days of 
moist curing must be at least 500 psi when tested in accordance with 
ASTM D l6]53, Compressive Strength of Molded Soil-Cement Cylinders. 
The compressive strength requirement is intended to define the 
rigidity of the subbase. The density, moisture content, etc., of 
the compressive strength specimens must be the same as that used for 
wet-dry and freeze-thaw tests. The design procedure involves 
relating the stiffness of a rigid pavement section containing a 
stabilized subbase to the stiffness of an equivalent single slab 
without a stabilized subbase. The relationship presented in 
Figure 3-17 provides the information required to compute an equiva­
lent single slab thickness. Mathematically r, relative change in 
pavement stiffness, raised to the I.33 power, equals the ratio of the 
equivalent slab thickness to the actual slab thickness. The required 
input parameters are the thickness of the concrete slab, thickness of 
stabilized subbase, and modulus of elasticity of the subbase. The 
modulus of elasticity of the concrete slab is assumed to be 4 mil­
lion psi when the lower abcissa of Figure 3-3-7 is used. If the 
modulus of elasticity of the concrete and subbase is known, the 
upper abcissa of Figure 3-17 should be used. The modulus of 
elasticity should be determined using ASTM C 215 Fundamental 
Transverse, Longitudinal, and Torsional Frequencies of Concrete 
Specimens. Specimens should be prepared in accordance with ASTM D 
1632 and moist cured for 28 days prior to test. The design of a 
pavement section using this procedure requires a trial and error 
solution as the thickness of the slab and subbase is unknown at this 
stage. An example of the trial and error solution is presented in 
paragraph 48. * 

46. FROST EFFECTS. As with flexible pavements, frost protection must be 
provided for rigid pavements in areas where conditions conducive to 
detrimental frost action exist. The frost protection requirements 
given in paragraph 21b are applicable to rigid pavements. 

47. CRITICAL AM) HONCRITICAL AREAS. 

a. The design curves, Figures 3-10 through J-l6t are used to deter­
mine the concrete slab thickness .for the critical pavement areas 
shown as "T" on Figure 3 - 1 . The 0.9T thickness for noncritical 
areas applies to the concrete slab thickness. 
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RATIO OF CONCRETE ELASTICITY TO SUBBASE ELASTICITY 
4 0 0 2 0 0 I0O SO 

IX 10 

8 0 

T [ 1 1 11 1 " — 1 — r "1 ' | 1 1 RI 
IXIO» IXIO» 
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1.30 

14.00 

(After Packard) 

FIGURE > 1 7 . STABILIZED LAYER EFFECTS ON PAVEMENT STIFFNESS 
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b. For the variable thickness section of the thinned edge and transi­
tion section, the reduction applies to the concrete slab thickness. 
The change in thickness for the transitions should be accomplished 
over an entire slab length or width. In areas of variable slab 
thickness, the subbase thickness must be increased or decreased as 
necessary to provide surface drainage from the entire subgrade 
surface. For fractions of an inch of 0.5 or more, use the next 
higher whole number; for less than 0.5, use the next lower 
number. 

48. DESIGN EXAMPLE. As an example of the use of the design curves, assume 
that a rigid pavement is to be designed for dual tandem gear aircraft 
having a gross weight of 350,000 pounds and for 1,500 annual equivalent 
departures of the design aircraft. The equivalent annual departures of 
1,500 include 300 annual departures by B747 aircraft weighing 700,000 
pounds gross weight. The subgrade modulus is 100 pci with poor 
drainage and frost penetration is 18 inches. The subgrade soil group 
is E-9 which would result in a subgrade classification of Rd regardless 
of frost penetration. Concrete mix designs indicate a flexural strength 
of 650 psi can be readily produced with the available aggregates. 

a. The traffic is a mixture of wide body jet aircraft and other than 
wide body aircraft. This will necessitate two separate thickness 
computations. The gross weight of the aircraft dictates the use of 
a stabilized subbase which will result in a trial and error 
solution. The 1,500 annual equivalent departures of 350,000-pound 
dual tandem aircraft will require a safety factor of I.85 as 
indicated in paragraph 44a. A safety factor of I.85 and flexural 
strength of 650 psi result in a working stress of 350 psi. Using 
a k value of 100 pci, a working stress of 350 psi, and a gross 
aircraft weight of 350,000 pounds, the design chart for dual tandem * 
gear, Figure 3-12, will provide the initial trial thickness. The 
above parameters yield a trial thickness of about 18 inches. A 
stabilized subbase is required according to paragraph 45. Assume 
a 9-inch cement stabilized subbase with a modulus of elasticity of 
1 X 10 psi will be used. The trial and error solution would proceed 
as follows: 

Trial #1 h^ = 18 inches (concrete thickness) 

h-2 = 9 inches (subbase thickness) 

E 2 = 1 X 1 0 6 psi 

r = 1 . 1 2 5 from Figure 3-17 * 
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Equivalent thickness = h^ X r1.33 

= 18 X ( l . ^ ) 1 ' ^ 

= 21 inches 

b. This trial indicates that an l8-inch thick slab supported on a 
9-incH cement treated subbase on a subgrade k of 100 pci will 
behave as a 21-inch thick slab supported directly oh a subgrade 
k of 100 pci. In this instance the subbase is equivalent to 
adding 3 inches to the slab thickness. A logical second trial 
would be h]_ - 15 inches on a 9-inch stabilized subbase: 

Trial #2 h^ = 15 inches (concrete thickness) 

h2 = 9 inches (subbase thickness) 

E2 = 1 X 106 psi 

r = 1 .15 

Equivalent thickness = 15 X (1.15) 
= 18 inches 

This trial produced a pavement section which is adequate as the 
initial computation showed a thickness of 18 inches on a 
subgrade k of 100 pci is required. 

c. The pavement section of 15 inches of concrete on 9 inches of 
stabilized subbase was for equivalent 350,000-pound dual tandem 
traffic. The section will have to be checked for adequacy for the 
wide body aircraft. The wide body aircraft traffic consists of 
300 departures of a 700,000-pound 747 aircraft. The traffic volume 
of 300 departures requires the minimum safety factor of 1.75* 
In this instance the working stress becomes 370 psi. Using the 
design chart for 747 aircraft, Figure 3-I3t and the above design 
parameters of 700,000 pounds gross weight, 370 working stress and 
100 pci subgrade modulus result in a concrete thickness of 16 
inches. Since this thickness is less than that required for the 
equivalent 350,000-pound aircraft departure, the design determined 
in paragraph 48b above will control. 

I 
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d. The design of 15 inches of concrete over 9 inches of cement treated 
subbase results in a total section thickness of 24 inches which is 
thicker than the frost penetration of 15 inches. In this instance 
no frost protection would be required. The final pavement 
requirements are: 

"T" Critical 0.9T Noncritical 0.7T Edge 
Areas Areas Areas 

Concrete Pavement 15" I2*" H " 

Subbase 9" ' 9" 13" 2/ 

Frost Protection 1 / 0 0 0 
24" 23" 24" 

1 / See discussion paragraph 21b 

2/ See discussion paragraph 47 

e. The above design is merely an example. An actual design should 
include a cost comparison of varying stabilized subbase thickness 
and different stabilizing agents to determine the most economical 
section. 

49. JOINTING OF CONCRETE PAVEMENTS. Variations in temperature and moisture 
content can cause volume changes and/or slab warping and reduce stresses 
of significant magnitude. In order to reduce the detrimental effects of 
these stresses and to minimize random cracking, it is necessary to 
divide the pavement into a series of slabs of predetermined dimensions 
by means of joints. 

a. Joint Categories. Pavement joints are categorized according to the 
function which the joint is intended to perform. The categories are 
expansion, contraction, and construction joints. All joints, 
regardless of type, should be finished in a manner which permits the 
joint to be sealed. Pavement joint details are shown in Figures 
3-18 and 3-19 and are summarized in Table 3-1 • These various joints 
are described as follows: 

(l) Expansion Joints. The function of an expansion joint is to 
provide space for the expansion of the pavement, to isolate 
intersecting pavements, and to isolate structures from the 
pavement. There are two types of expansion joints. 

(a) Type A is used when load transfer across the joint is 
required. This joint contains a 3/4-inch nonextruding 
compressible material and is provided with dowel bars 
for load transfer. 
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TABLE 3-1. JOINT TYPES - DESCRIPTION AMD USE 

TYPE DESCRIPTION LONGITUDINAL TRANSVERSE \ 

A Doweled expansion 
joint. 

1 i 
Use near intersections to 
isolate them. 

B Thickened edge 
expansion joint. 

Use at intersections where 
are not suitable and where 

dowels 
pave-

Provide thickened edge (or 
keyway) where pavement 

» 

I 
© 

merits abut structures. enlargement is likely. 

C or D Keyed or doweled 
construction joint, 

Use for all construction joints 
except where !Type E is used. 

Use Type D where paving 
operations are delayed or 
stopped. 

Hinged construc­
tion joint. 

Use for.all contraction joints of the taxxway and for all other con­traction joints placed 25' or less from the pavement edge unless wide body aircraft are expected. See paragraph 50b for wide body air­craft requirements. 

Doweled contrac­
tion joint. 

Use for contraction joints for a distance of at least 3 joints from a free edge, for the first two joints on each side of expansion joints and for all contraction joints in reinforced pavements. # 

Hinged contrac­
tion joint. 

Use for all contraction joints of 
•the taxiway and for all other con­
traction joints placed 25 1 or less 
from the pavement edge unless wide 
body aircraft are expected. See 
paragraph 50b for wide body air­craft requirements. 
Use tor all other contraction 
joints in pavement. 

CO 
H IJumm'y "cohtrac-

tion joint. 
Use for all remaining contrac­
tion joints in nonreinforced 
pavements. 
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(b) Type B is used when conditions preclude the use of a 
load transfer device which spans across the joint; such 
as, where the pavement abuts a structure or where 
horizontal differences in movement of the pavements may 
occur. These joints are formed by increasing the 
thickness of the pavement along the edge of slab. No 
dowel bars are provided. 

(2) Contraction Joints. The function of contraction joints is to 
provide controlled cracking of the pavement when the pavement 
contracts due to shrinkage caused by curing, decrease in 
moisture content, or a temperature drop. Contraction joints 
also decrease stresses caused by slab warping. Details for 
contraction joints are shown as Types P, G, and H, in 
Figure 3~l8. 

(3) Construction Joints. Construction joints are required when 
two abutting slabs are placed at different times such as 
at the end of days' placement, or between paving lanes. 
Details for construction joints are shown as Types C. D, and 
E in Figure 3-l8. 

b. Joint Spacing. Table 3-2 summarizes the recommended spacing of 
joints. As indicated, thinner pavements require closer joint 
spacing. The joint spacings recommended in Table 3~ 2 a r© maximum 
values; shorter spacing may be more convenient in some instances. 
Table 3-2 is intended for nonreinforced pavements. Jointing of 
reinforced pavements is discussed in paragraph 59. 

TABLE > 2 . RECOMMENDED JOINT SPACINGS 
Slab Thickness 

Inches 

less than 9 

9 to 12 

greater than 12 

Transverse 

15 feet 

20 feet 

25 feet 

Longitudinal 

12.5 feet 

20 feetl/ 

25 fee 

1 / Where 20- or 25-foot paving lanes are used in construction of 
75-foot taxiways, a Type G or Type H dummy point shall be pro­
vided along the centerline. 

50. SPECIAL JOINTING CONSIDERATIONS. A number of special considerations 
are required when designing the jointing system for a portland cement 
concrete pavement. Several considerations are discussed below. 
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a. Keyed Joints. Keyed construction joints should not be used for 
slabs less than 9 inches in thickness. Keyed joints in slabs of 
lesser thickness result in very small key-ways with limited strength. 
In some instances the key and key-way may be so small that the 
coarse aggregate cannot enter the key or key-way and segregation of 
material can result. 

b. Jointing Systems for Wide Body Jet Aircraft. Experience gained 
through full-scale test track pavements indicates poor performance 
can be expected from keyed longitudinal construction joints 
supported on low-strength foundations when wide body aircraft 
loadings are encountered. Special jointing designs are required for 
different subgrade strengths as discussed below. 

(1) For subgrade moduli of 200 pci or less, doweled or thickened 
edge construction joints, Type D or B is recommended. Keyed 
or hinged joints should not be used as poor performance will 
likely result. In areas of low traffic usage, such as extreme 
outer lanes or runways and aprons, keyed joints, Type C, may 
be used. 

(2) For subgrade moduli between 200 pci and 400 pci hinged 
construction joints, Type E may be used as well as doweled or 
thickened edge. Caution must be exercised when hinged joints 
arejjsed on wide pavement areas such as runways or aprons. 
Hinged joints do not allow for contraction due to temperature 
changes. The maximum width of pavement which can be tied 
together depends on several factors such as subgrade fractional 
restraint, pavement thickness, and climatic conditions. 
Normally, the maximum width of tied pavement should not exceed 
75 feet. Type C joints may be used in low traffic areas. 

(3) For subgrade moduli of 400 pci or greater conventional keyed 
joints, Type C may be used regardless of traffic usage. The 
designer is reminded, however, that the prohibition against 
keyed joints in pavements less than 9 inches thick shall still 
remain in effect. 

c. Future Expansion. When a runway or taxiway is likely to be 
extended at some future date, it is recommended that a thickened 
edge joint be provided at that end of the runway or taxiway. Like­
wise, if any pavement is to be widened in the future, a key-way or 
thickened edge should be provided at the appropriate edge. 
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51. JOINTING STEEL, 
a. Tie Bars. Tie bars are used across certain longitudinal contraction 

joints and keyed construction joints to hold the slab faces in 
close contact. The tie bars themselves do not act as load trans­
fer devices. By preventing wide opening of the joint, load 
transfer is provided by the keyed joint or by aggregate interlock 
in the crack below the groove-tyjje joint. Where tie bars are 
required, they should be deformed bars of new-billet steel. The 
bars should be 5/8 inch in diameter and JO inches long and spaced 
30 inches on center. 

b. Dowels. Dowels are used at joints to provide for transfer of 
load across the joint and to prevent relative displacement of 
adjacent slab ends. Dowels permit longitudinal movement of 
adjacent slabs. 

(1) Where Used. Provision for load transfer by dowels is provided 
at all transverse expansion joints and all butt^type construc­
tion joints. Dowels should be provided across transverse 
contraction joints for a distance of at least 3 joints from 
a free edge. Contraction joints in the interior of the 
pavement may be the dummy groove type. 

(2) Size Length and Spacing. Dowels should be sized such that 
they will resist the shearing and bending stresses produced 
by the loads on the pavement. They should be of such length 
and spacing that the bearing stresses exerted on the concrete 
will not cause failure of the concrete slab. Table 3-3 
indicates the dowel dimensions and spacing for various pave­
ment thicknesses. 

TABLE > 3 . DIMENSIONS AND SPACING OF STEEL DOWELS 

Thickness of Slab Diameter Length Spacing 

6-7 3/4 18 12 

8-12 1 

y 

18 12 

13-16 1 1/4 y 20 15 

17-20 1 1/2 y 20 18 

21-24 2 y 24 18 
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1/ Dowels noted may be a solid bar or high strength pipe. High 
strength pipe dowels must be plugged on each end with a 
tight fitting plastic cap or with bituminous or mortar 
mix. 

(3) Dowel Positioning. The alignment and elevation of dowels is 
extremely important in obtaining a satisfactory joint. 
Transverse dowels will require the use of a fixture, usually 
a wire cage or basket firmly anchored to the subbase, to hold 
the dowels in position. During the concrete placement 
operation, it is advisable to place plastic concrete directly 
on the dowel assembly immediately prior to passage of the 
paver to prevent displacement of the assembly by the paving 
equipment. 

52. JOINT SEALANTS AND FILLERS, Sealants are used in all joints to prevent 
the ingress of water and foreign material in the joint. Premolded 
compressible fillers are used in expansion joints to permit expansion 
of the slabs. Joint sealants are applied above the filler in expansion 
joints to prevent infiltration of water and foreign material. 

53- JOINT LAYOUT NEAR PAVEMENT INTERSECTIONS. 

a. Isolation Joints. Two intersecting pavements such as a taxiway 
and runway should be isolated to allow the pavements to move 
independently. Isolation can best be accomplished by using a 
Type B expansion joint between the two pavements. The expansion 
joint should be positioned such that the two pavements can expand 
and contract independently; normally this can be accomplished by 
using a Type B expansion joint where the two pavements abut. 
One isolation joint is normally sufficient to allow independent 
movement. 

b. Odd-Shaped Slabs. Cracks tend to form in odd-shaped slabs; there­
fore, it is normally good practice to maintain sections which are 
nearly square or rectangular in shape. Pavement intersections which 
involve fillets are difficult to design without a few odd-shaped 
slabs. In instances where odd-shaped slabs cannot be avoided, steel 
reinforcement or painting out fillets on full-sized slabs is recom­
mended. Steel reinforcement should consist of 0.05)5 steel in both 
directions on slabs which are not square or rectangular in shape. 
Slabs in which the length-to-width ratio exceeds I.25 should be 
reinforced in accordance with the provisions of paragraphs 54 through 
59- The steel reinforcement should be placed in accordance with 
the recommendations given under Reinforced Concrete Pavements. 
Fillets can be defined by constructing slabs to the normal, full 
dimensions and painting out fillets with bitumen. By painting out 
fillets the cost of forming curved sections is eliminated; however, ihe 
concrete used to construct the slabs to full size is wasted. The costs 
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of constructing reinforced odd-shaped sections must be compared to 
that of painting out fillets on full-sized slabs to determine the 
most economical method of construction. 

54. REINFORCED CONCRETE PAVEMENT* The main benefit of steel reinforcing is 
that, although it does not prevent cracking, it keeps the cracks that 
form tightly closed so that the interlock of the irregular faces pro­
vide structural integrity and usually improves pavement performance. 
By holding the cracks tightly closed, the steel minimizes the infil­
tration of debris into the cracks. The thickness requirements for 
reinforced concrete pavements are the same as plain concrete and are 
determined from the appropriate design curves, Figures >-10 through 
3-l6. Steel reinforcement allows larger joint spacings thus the cost 
benefits associated with fewer joints must be determined in the decision 
to use plain or reinforced concrete pavement. 

55. TYPE AND SPACING OF REINFORCEMENT. Reinforcement may be either welded 
wire fabric or bar mats installed with end and side laps to provide 
complete reinforcement throughout the slab panel. End laps should be 
a minimum of 12 inches but not less than 30 times the diameter of the 
longitudinal wire or bar. Side laps should be a minimum of 6 inches 
but not less than 20 times the diameter of the transverse wire or bar. 
End and side clearances should be a maximum of 6 inches and a minimum 
of 2 inches to allow for nearly complete reinforcement and yet achieve 
adequate concrete cover. Longitudinal members should be spaced not less 
than 4 inches nor more than 12 inches apart; transverse members should 
be spaced not less than 4 inches nor more than 24 inches apart. 

56. AMOUNT OF REINFORCEMENT. 

a. The steel area required for a reinforced concrete pavement is 
determined from the subgrade drag formula and the coefficient of 
friction formula combined. The resultant formula is expressed 
as follows: 

A g = 3.7 L VTt 
f s 

where 
As = area of steel per foot of width or length, 

square inches 
L = length or width of slab, feet 

t = thickness of slab, inches 

fs = allowable tensile stress in steel, psi 

Chap 3 
Par 53 Page 69 



AC 150/5320-6B CHCT 1* November 18, 1974 

b. In this formula the slab weight is assumed to be 12.5 pounds per 
square foot, per inch of thickness. The allowable tensile stress 
in steel will vary, with the type and grade of steel. It is 
recommended that allowable tensile stress be taken as two-thirds 
of the yield strength of the steel. Based on current specifications 
the yield strengths and corresponding design stresses (f g) are as 
listed in Table 3-4. 

TABLE 3-4. YIELD STRENGTHS OP VARIOUS GRADES OF REINFORCING STEEL 

ASTM 
Designation Type & Grade of Steel 

Yield Strength 
psi fs. psi 

A 615 Deformed Billet steel, grade 40 40,000 27,000 

A 616 Deformed Rail steel, grade 50 50,000 33,000 * 

A 6l6 Deformed Rail steel, grade 60 60,000 4o,ooo 

A 615 Deformed Billet steel, grade 60 60,000 4o,ooo 

A I85 Cold drawn welded steel wire fabric 65,000 43,000 

A 497 Cold drawn welded deformed steel wire 
fabric 

70,000 47,000 

c. The minimum percentage of longitudinal steel reinforcement should be 
0.05#. The percentage of steel is computed by dividing the area of 
steel, A a , by the area of concrete per foot of length and multi­
plying by 100. The minimum percentage of longitudinal steel of 
0.05$ is considered the least amount of steel which can be econom­
ically placed. The amount of required transverse steel will be 
determined using the formula given in paragraph 56a. No rmriimum 
percentage of transverse steel is specified; however, the minimum 
size of deformed bar to be used in bar mats is number 3 In either 
direction and the minimum sizes for welded wire fabric are given in 
paragraph 58. Maximum spacing applicable to both bar mats and 
welded wire fabric are given in paragraph 55^ Steel reinforcement 
allows larger slab size and thus decreases the number of transverse * 
contraction joints. The costs associated with providing a reinforced 
pavement must be compared with the savings realized in eliminating 
some of the transverse contraction joints to determine the most 
economical steel percentage „ The maxirrum allowable slab length 
regardless of steel percentage is 75 feet. 

57- DIMENSIONS AND WEIGHTS OF REINFORCEMENT. Dimensions and unit weights of 
standard deformed reinforcing bars are given in Table 3-5 and wire size 
number, diameters, areas, and weights of wires used in welded wire 
fabric are given in Table 3-6. 
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TABLE > 5 . SECTIONAL AREAS OF WELDED FABRIC 

Nominal Nominal | 
Wire Size Number Diameter, Weight ; Center to Center Spacing 

Smooth Deformed Inches Lbs./Lin. Ft. i 4" 6 " 8" * 10" 12" 

W31 D31 0.628 1.054 .93 .62 .465 372 .31 
• W30 D30 0.618 1.020 .90 .60 .45 .36 .30 

W28 D28 0.597 .952 .84 .56 .42 .336 28 
W26 D26 0.575 .934 .78 .52 .39 .312 26 
W24 D24 0.553 .816 - .72 .48 .36 288 .24 
W22 D22 0.529 .748 .66 .44 .33 264 .22 
W20 D20 0.504 .680 .60 .40 .30 .24 .20 
W18 D18 0.478 .612 .54 .36 .27 216 .18 
wia D16 0.451 .544 .48 .32 24 .192 .16 
W14- D14 0.422 .476 .42 .28 21 .168 .14 
W12 D12 0.390 .408 .36 ,24 .18 .144 .12 
W11 D11 0.374 .374 .33 .22 .165 .132 .11 
W10.5 0.366 .357 .315 .21 .157 .126 .105 
W10 D10 0.356 .340 .30 .20 .15 .12 .10 
W9.5 0.348 .323 .285 .19 .142 .114 .095 
W9 D9 0.338 .306 .27 .18 .135 .108 .09 
W8.5 0.329 .289 .255 .17 .127 .102 .085 
W8 D8 0.319 .272 .24 .16 .12 .096 .08 
W7.5 0.309 .255 225 .15 .112 .09 .075 
W7 D7 0.298 .238 21 .14 .105 .084 .07 
W6.5 0288 .221 .195 .13 .097 .078 .065 
W6 D6 0.276 .204 .18 .12 .09 .072 .06 
W5.5 0.264 .187 .165 .11 .082 .066 .055 
W5 D5 0.252 .170 .15 .10 .075 .06 .05 
W4.5 0.240 .153 .135 .09 .067 .054 .045 
W4 D4 0.225 .136 . .12 .08 .06 .048 .04 

TABLE > 6 . DIMENSIONS AND UNIT 'WEIGHTS OF DEFORMED 
STEEL REINFORCING BARS 

NOMINAL DIMENSIONS 
Bar Unit Weight, 

Number Diameter In. Area, eq. in. Perimeter, in.' lb. per ft. 

3 0.375 0.11 1.178 0.376 

k 0.500 0.20 1.571 0.668 

5 0.625 0.31 1.963 l.ofrj 
6 0.750 O.H 2.356 1.502 

7 0.875 0.60 2.7^9 2.0W 
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58, WELDED WIRE FABRIC. The use of welded wire fabric requires some special 
design considerations to achieve the most economical design. The use 
of smooth welded wire fabric or deformed welded wire fabric is the 
option of the designer. The choice should be based on the difference 
in allowable design stresses, the availability of the desired sizes 
(smooth wire fabric is available in a wider range of sizes), and the 
costs associated with each style of fabric. It is recommended that the 
minimum size of longitudinal wire be W5 of D5. The minimum transverse 
wire should be no smaller than W4 of D4, In addition, should calculated 
area of longitudinal steel be less than 0.05 percent of the cross-
sectional area of the slab, the size and spacing of the steel members 
(bars or wire) should be determined on the premise that the min-imiim 
area should not be less than 0.05 percent. This percentage applies in 
the case of steel having a yield strength of 65»000 psi. If lower 
grades are used, the percentage should be revised proportionately 
upward. For the example cited above, Table >-5 shows that W10.5 
wires, spaced 6 inches apart, furnish an area of 0.21 square inches 
which satisfies the requirement for pavements up to 20 inches thick. 
Sizing of individual sheets of welded wire fabric is also important in 
providing an economical design. Not all fabricators supply all wire 
sizes in all spacings. While nearly any fabric style can be produced 
on special order, it is generally more economical to specify a 
standard production configuration. Sheet and roll widths in excess of 
8 feet can result in higher shipping costs. 

59. JOINTING OF REINFORCED PAVEMENTS. Contraction joints in reinforced 
pavements may be spaced up to 75 feet apart, and all joints should 
be provided with load transfer devices as shown in Figure 3-20. Also, 
this figure presents other reinforcement details such as clearance at 
joints and edges of pavement and depth below the surface. The larger 
joint spacing allowed with reinforced pavements will result in larger 
joint openings. The joints must be sealed extremely carefully to 
accommodate the larger movements at the joints, 

6*0. C0NTINTJ0USLY REINFORCED CONCRETE PAVEMENT. Continuously reinforced 
concrete pavement usually contains 0.5 to 1.0 percent steel reinforc­
ing in the longitudinal direction and is constructed without trans­
verse contraction joints. As with conventionally reinforced concrete 
pavement, the pavement is expected to crack when continuously rein­
forced, and the reinforcing steel is to hold the cracks tightly closed. 
At the present time the design of continuously reinforced concrete 
airfield pavements is not well established. Designs using continuously 
reinforced concrete must be approved on a case-to-case basis. It shall 
be FAA policy to require the same thickness for continuously reinforced 
concrete pavement as that required for nonreinforced concrete pavement 
until performance reports indicate a thickness reduction is justified. 
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CHAPTER 4. AIRFIELD PAVEMENT OVERLAYS 

61. GENERAL. 

a. Airport pavement overlays may be required for a variety of reasons. 
A pavement may have been damaged by overloading in such a way that 
it cannot be maintained satisfactorily at a serviceable level. 
Similarly, a pavement in good condition may require strengthening to 
serve heavier aircraft -than those for which the pavement was 
originally designed. A pavement may also require an overlay simply 
because the original pavement has served its design life and is 
"worn out." Generally, airport pavement overlays consist of either 
Portland cement concrete or bituminous concrete or a combination of 
Portland cement concrete and bituminous concrete. Overlay pavements 
which use a granular separation course between the old and new 
surfaces are not allowed. Pavements containing granular separation 
courses are sometimes referred to as sandwich pavements. Sandwich 
pavements are not allowed because the separation course is likely 
to become saturated and provide rather unpredictable performance. 
Saturation of the separation course can be caused by the infiltra­
tion of surface water, ingress of ground or capillary water, or the 
condensation of water from the ateiosphere. In any event, the water 
in the separation course usually cannot be adequately drained and 
drastically reduces the stability of the separation course. 

b. Definitions applicable to overlay pavements are as follows: 

(1) Overlay pavement. Pavement which is constructed on top of an 
existing pavement. 

(2) Bituminous overlay. Bituminous concrete pavement placed on 
an existing pavement. 

(3) Concrete overlay. Portland cement concrete pavement on an 
existing pavement. 

Typical overlay pavement cross sections are shown in Figure 4 -1 . 

62. PRELIMINARY DESIGN DATA. Regardless of the type of overlay to be 
employed, several determinations should be made prior to the actual 
design. The following items will provide this essential information: 

a. Determine the soil group and subgrade class of the soil underlying 
the existing pavement on the basis of soil tests, drainage, and 
climatic conditions. 
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b. Determine the actual thickness of each layer of the existing pave­
ment, its condition and strength. 

c. In accordance with the requirements for the particular type of 
overlay, determine the pavement thickness required for the loading 
under consideration by using the appropriate basic pavement design 
curves included in Chapter 3« 

63. MATERIAL SELECTION CONSIDERATIONS. Criteria are presented in this 
chapter for both flexible and concrete overlay pavements. The selection 
of the overlay type should be made after careful consideration of many 
factors. The designer should consider the total life cycle cost of the 
overlay pavement. Life cycle costs should include initial construction 
and maintenance costs over the design life of the pavement. Other 
considerations such as allowable down time of the pavement and avail­
ability of alternate pavements to use during construction will have a 
significant impact on the overlay type selected. 

64. DESIGN OF BITUMINOUS OVERLAYS. Bituminous overlays can be applied to 
either flexible or rigid pavements. Design of the overlay is 
accomplished in a manner similar to the design of a new flexible 
pavement, giving credit to the various layers of the existing pavements 
as base or subbase courses. Certain criteria are applicable to the 
design of bituminous overlays whether they are to be placed over 
existing rigid or flexible pavements; these are: 

a. Base and subbase courses are not allowed in bituminous overlays. 

b. Bituminous overlays for increasing strength should have a 
m-irnmnm thickness of 3 inches. 

c. All materials for bituminous overlays should comply with 
applicable items of AC 150/5370-1, Standard Specification for 
Construction of Airports. 

65. BITUMINOUS OVERLAYS ON EXISTING FT.EXTRT.F, PAVEMENTS. Use the appropriate 
basic flexible pavement curves (Figures 3-3 through 3-9) "to determine 
the total thickness required for a flexible pavement for the desired 
load and number of equivalent design aircraft departures. The difference 
between the existing total pavement thickness and the required total 
pavement thickness represents the unadjusted thickness of the overlay. 

a. Adjustment to the overlay thickness is made on the basis of the 
character and condition of the existing surface and base as follows: 
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(1) An existing dense-graded plant-mix bituminous surface or base, 
such as Item P-401 or P-201, may be evaluated as granular 
base course on the basis that each inch of surface is equiva­
lent to no more than 1^ inches of granular base course. 
The equivalency factor used to convert surface course to 
granular base must be based on judgment and local experience 
under similar traffic conditions. Surface cracks, high degree 
of oxidation, evidence of low stability, etc., are all factors 
which would tend to reduce the equivalency factor. Any 
bituminous layer which is located between courses of granular 
base shall be evaluated inch for inch as granular base course. 

(2) If a bituminous base, such as Item P-201, is to be utilized, a 
thickness adjustment may be made on the basis of 1 inch of 
bituminous base being equivalent to not more than 1-g- inches of 
granular base. As in the evaluation of existing pavements, the 
selection of a base course equivalency factor must be based on 
experience and judgment. 

b. To illustrate the procedure followed in designing a bituminous over­
lay, assume an existing taxiway pavement, resting on an E-6 soil, 
consists of 2 inches of bituminous concrete surface course, 6 inches 
of crushed stone base, and 6 inches of subbase. Frost action is 
negligible and drainage is poor, CBR test data are not available. 
The subgrade (under the stated condition) corresponds to class F4, 
It is desired to strengthen the pavement to accommodate an aircraft 
gross weight of 280,000 pound on dual tandem gear. The flexible 
pavement requirements (referring to Figure 3-5) for a taxiway under 
these conditions are: 

Bituminous concrete surface 4" 
Base 10" 
Subbase 10" 
Total pavement thickness 24" 

The existing pavement has a total thickness of 14 inches thus the 
unadjusted thickness of the overlay would be 10 inches (24" -10"). 
For the sake of illustration, assume the existing pavement is in 
such a condition that only one-to-one equivalency factors can be 
used. The new bituminous base is of such quality that it can be 
substituted for granular base at a lj to 1 ratio. The overlay 
would thus consist of an 8-inch thick bituminous overlay. 
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66. BITUMINOUS OVERLAY ON EXISTING RIGID PAVEMENT. If an existing rigid 
pavement is to be strengthened with a bituminous overlay, the design 
procedure shown below should be followed. 

a. To establish the required thickness of a bituminous overlay, it is 
first necessary to determine the single thickness of rigid pavement 
required to satisfy the design conditions. This thickness is then 
modified by a factor "P" which*controls the degree of cracking 
which will occur in the base pavement. The thickness of the exisi>-
ing rigid pavement is also adjusted by a condition factor "Cb." 
Some degree of confusion exists as to what the "P" and "Cb" factors 
are intended to mean; an explanation of each factor is given below: 

(l) The factor "F" which controls the degree of cracking which will 
occur in the base pavement is a function of the amount of traffic 
and the subgrade strength. The "F" factor selected will dictate 
the final condition of the overlay and base pavement. Photo­
graphs of various overlay and base pavements shown in Figure 
4-2 illustrate the meaniig of the "F" factor. Figures 4-2a, 
b, and c show how the overlay and base pavements fail as more 
traffic is applied to a bituminous overlay on an existing rigid 
pavement. In the design of a bituminous overlay, the condition 
of the overlay and base pavement after the design life should 
be close to that shown in Figure 4-2b. Figure 4-3 is a graph 
enabling the designer to select the appropriate "F" value to 
yield a final condition close to that shown in Figure 4-2b. * 

(2) The condition factor "Cb" applies to the existing rigid pave­
ment. The "Cb" factor is an assessment of the structural 
integrity of the existing pavement. The determination of the 
proper "Cb" value is a judgment decision for which only general 
guidelines can be provided. A "Cb" value of 1.0 should be 
used when the existing slabs contain nominal initial cracking 
and 0.75 when the slabs contain multiple cracking. The 
designer is cautioned that the range of "Cb" values used 
in bituminous overlay designs is different from the "Or" 
values used in rigid overlay pavement design. The mininium 
"Cb" value is 0.75. A single "Cb" should be established 
for an entire area. The "Cb" value should not be varied 
along a pavement^feature. Figures 4-4 and 4-5 illustrate "Cb" 
values of 1.0,and 0.75 respectively. The condition factor 
"Cb" is indicative of the structural capacity of the existing 
pavement) altering the condition factor to fit the available 
funds is false economy as the performance of the overlay is 
at stake. 
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FIGURE 4-2. ILLUSTRATION OF VARIOUS "F" FACTORS FOR BITUMINOUS OVERLAY DESIGN 
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MODULUS OF SUBGRADE REACTION 
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FIGURE 4-3. GRAPH OF "F" FACTOR VS. MODULUS OF SUBGRADE 
REACTION FOR 3 DIFFERENT TRAFFIC LEVELS 
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b. After the "F" factor, condition factor "C b
n and single thickness 

Of the rigid pavement have been established, the thickness of the 
bitunminous overlay is computed from the following formula: # 

t = 2.5 (Ph - C b h e) 

where t = thickness of bituminous overlay, inches 

P = factor which controls the degree of cracking in 
the base pavement 

h ss single thickness of rigid pavement required for 
design conditions. Use the exact value of h, 
do not round off, inches 

Cb = condition factor for base pavement ranging from 
1.0 to 0.75 

he = thickness of existing rigid pavement, inches 

67. DESIGN OF CONCRETE OVERLAYS. Concrete overlays can be constructed on 
existing rigid or flexible pavements. The minimum allowable thickness 
for a concrete overlay is 6 inches. This minimum thickness is based 
primarily on construction restraints. 

68. CONCRETE OVERLAY ON FLEXIBLE PAVEMENT. The design of concrete overlays 
on existing flexible pavements is based on the design curves in 
Figures >-10 through" >-l6. The existing flexible pavement is considered 
a foundation for the overlay slab. 

a > For design of the rigid pavement using Figures 5-10 through 3-l6, 
the existing flexible pavement shall be assigned a k value obtained 
from plate bearing tests on the bituminous surface. The plate 
bearing tests should be performed in accordance with Military 
Standard 621A, method 104. The maximum k assigned will be 500. 

b. When frost conditions require additional subbase thickness, the use 
of nonstabilized material is not allowed as this would result in a 

• sandwich pavement. The frost protection must be provided by 
stabilized material on a 1-inch for 1-inch basis. 
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69. CONCRETE OVERLAY ON RIGID PAVEMENT. The design of concrete overlays 
on existing rigid pavements is also predicated on the design curves 
in Figures >-10 through J>-l6. The rigid pavement design curves indicate 
the thickness of concrete required to satisfy the design conditions for 
a single thickness of concrete pavement. Use of this method requires 
the designer to assign a k value to the existing foundation. The k 
value may be determined by field bearing tests conducted in test pits 
cut through the existing rigid pavement, or the k value may be esti­
mated from construction records for the existing pavement. The design 
of a concrete overlay on a rigid pavement requires an assessment of the 
structural integrity of the existing rigid pavement. The condition 
factor should be designed after a pavement condition survey. Unfortu­
nately, the selection of a condition factor is a judgment decision 
which is somewhat arbitrary. No method is available to determine 
structural integrity by quantitative measurement; until such a method 
is available, the assessment of the condition factor must be a 
judgment decision. In order to provide a more uniform assessment of 
condition factors, the following values are defined: 

Cp = 1.0 for existing pavement in good condition — some minor cracking 
evident but no structural defects. 

Cr = 0.75 for existing pavement containing initial corner cracks due 
to loading but no progressive cracking or joint faulting. 

Cr - 0.35 for existing pavement in poor structual condition — badly 
cracked or crushed and faulted joints. 

The three conditions discussed above are used to illustrate the con­
dition factor rather than establish the only values available to the 
designer. Conditions at a particular location may require the use of 
an intermediate value of Cr within the recommended range. Three 
different values of Cr are shown in Figures 4-6, 4-7, and 4-8. 

a. Concrete Overlay Without Leveling Course. The thickness of the 
concrete overlay slab applied directly over the existing rigid 
pavement is computed by the following formula: 

1.4-Ci.hel.4 in which 

h c = required thickness of concrete overlay 
h = required single slab thickness determined from design curves 

h e = thickness of existing rigid pavement 

Cr = condition factor 

Chap 4 
Par 69 Page 85 









May 28, 1974 AC 150/5320-6B 

Due to the inconvenient exponents in the above formula, graphic 
displays of the solution of the formula are given in Figures 4-9 
and 4-10. These graphs were prepared for only two different 
condition factors, C r = 1.0 and O .75. The use of a concrete 
overlay pavement directly on an existing rigid pavement with a 
condition factor of less than 0.75 is not recommended because of 
reflection cracking. 

b. Concrete Overlay With Leveling Course. In some instances it may 
be necessary to apply a leveling course of bituminous concrete to an 
existing rigid pavement prior to the application of the concrete 
overlay. Under these conditions a different formula for the 
computation of the overlay thickness is required. When the existing 
pavement and overlay pavement are separated, the slabs act more 
independently than when the slabs are in contact with each other. 

• The formula for the thickness of an overlay slab when a leveling 
course is used is as follows: 

The leveling course must be constructed of highly stable bituminous 
concrete. A granular separation course is not allowed as this 
would constitute sandwich construction. Graphic solutions of the 
above equation are shown in Figures 4-11 and 4-12. These graphs 
were prepared for condition factors of 0.75 and 0.35* Other 
condition factors between these values can normally be computed to 
sufficient accuracy by interpolation. 

70. JOINTING OF CONCRETE OVERLAYS. Where a rigid pavement is to receive 
the overlay, some modification to jointing criteria may be necessary 
because of the design and joint arrangement of the existing pavement. 
The following points may be used as guides in connection with the 
design and layout of joints in concrete overlays. 

a. Joints need not be of the same type as in the old pavement. 

b. It is not necessary to provide an expansion joint for each expan­
sion joint in the old pavement. 

c. Contraction joints may be placed directly over or within 1 foot 
of existing expansion, construction, or contraction joints. Should 
spacing result in slabs too long to control cracking, additional 
intermediate contraction joints may be necessary. 

which 

the variables have the same identity as in the 
previous formula 

Chap 4 
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h c (THICKNESS IN INCHES OF OVERLAY SLAB) 
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FIGURE 4-9. CONCRETE OVERLAY ON RIGID PAVEMENT 

Page 90 
Chap 4 
Par 70 



May 28, 1974 AC 150/5320-6B 

h c (THICKNESS IN INCHES OF OVERLAY SLAB) 

FIGURE 4-10. CONCRETE OVERLAY ON RIGID PAVEMENT 
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h c (THICKNESS IN INCHES OF OVERLAY SLAB) 

FIGURE 4 - 1 1 . CONCRETE OVERLAY ON RIGID PAVEMENT WITH LEVELING COURSE 
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(2) Consider the same pavement sections as in the previous example, 
except that frost Is not a factor and no frost protection is 
provided. In this case also assume the pavement to be 
approximately 15 years old, and that record information is 
lacking. The critical aircraft to date has been the DC-6 and 
DC-9 averaging 10 operations per day. The balance of the 
traffic has consisted of a similar number of lighter twins 
averaging about 50,000 pounds gross, and a considerable amount 
of lighter general aviation traffic. Heavier traffic is 
anticipated, and the evaluation is undertaken to determine the 
strength of the existing pavement. Cores are taken to verify 
pavement and subbase thickness, and to check subbase and sub-
grade materials and densities. The cores are checked for 
compressive strength and are such that the concrete is 
considered as equal to the FAA 400 p.s.i. assumption. 
Densities are satisfactory, however, it is found that the 
subbase class is R d, but no subbase has been provided. This 
precludes comparison with Figure 9, except to note that this 
slab thickness requires, for Rd subgrade, 12 Inches of subbase. 

(a) Enter Figure 22 at the 400 p.s.i. stress point and proceed 
horizontally to the 180 p.c.i. subgrade reaction (k) line, 
having deducted 10 p.c.i. for inch of subbase deficiency 
in accordance with paragraph 35b(8). From this point 
proceed vertically to intersect the slab thickness, 
located from the scale at the right side of the chart 
(coincident in this case). This Intersection determines 
the load point. .Interpolating between the 110,000 pound i 
and 120,000 pound load lines, this point approximates 
115,000 pounds. 

(b) The noncritical sections are evaluated by the same 
procedure used in the previous example. Evaluation for 
turbojet use would be 9" 4 0.9 = 10" and limit reported 
strength to 96,000 pounds. 

(c) Measured flexural strength of concrete and/or k values 
can be used to obtain more accurate information with which 
to enter Figure 21, 22, or 23. In other respects the 
evaluation would be the same as in the above example. 

d. Rigid Pavement with Flexible or Bituminous Overlay. The overlay 
formulas in paragraph 26 are irrational and cannot be used for 
evaluation purpose. Accordingly, Figure 24 has been incorporated 
herein and should be used to determine an equivalent concrete slab 
thickness, and some explanation of its derivation is in order. 

Chap 6 Par 37 



Page 94 AC 150/5320-6A CHG 1 
6/11/68 

(1) The reasons normally advanced for requiring a minimum overlay 
thickness is that in thinner sections, reflective cracking 
occurs and the pavement is dependent for continuity on the load 
transferability of the original thinner slab, usually deficient 
when considered against the thicker equivalent slab requirement 
While this argument has strong backing, it is true that in at 
least some cases, thin overlays are performing satisfactorily, 
and in order that these may be given proper consideration in 
evaluation, Figure 24 was devised to provide a transition 
between the overlay formula at reasonable depths, and a thin 
overlay condition. The following assumptions were made: 

(a) The first inch of overlay accomplishes a leveling function 
only and adds no strength to the basic pavement. 

(b) Some safety factor is usually present in the existing 
load transfer function, whether by dowels, keyways, 
or aggregate interlock. 

(c) Some aggregate interlock is realized in the bituminous 
overlay through cracked areas, just as with concrete, 
and the tightness and maintainability of the cracks 
increase with overlay thickness. 
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(2) Evaluation of both flexible and bituminous overlays is the 
same insofar as procedures are concerned and should be 
accomplished in the following manner. 

(a) First evaluate the concrete slab as described previously 
for rigid pavement. In the event the pavement is 
evaluated as nonstandard, it should be assigned a 
thickness from reference to Figure 9. A 12-inch pavement 
on a weak subgrade and no subbase might be evaluated as 
unconventional and capable of supporting 130,000 pounds 
on dual gear, using Figure 22. Reference to Figure 9 
will show 11 inches conventional pavement with subbase 
required for this weight. Therefore, the original slab 
will be considered as 11 inches concrete for use in 
Figure 24. 

(b) For a given overlay thickness, enter Figure 24 from the 
bottom scale and proceed vertically to the concrete slab 
thickness, interpolating where required. From the 
concrete thickness move horizontally to the left and read 
the equivalent concrete pavement thickness on the left 
hand scale. A three-inch bituminous overlay on the 
11-inch pavement above would result in an equivalent 
13-inch slab for evaluation purposes. 

(c) The equivalent slab is again checked against Figure 9 to 
read the pavement strength. For the 13-inch slab above, 
the strength is 170,000 pounds on dual and 300,000 pounds 
on dual tandem gear. 

(d) Noncritical pavement is evaluated in the same manner as 
in (a) and (b), with the equivalent slab being divided 
by the appropriate factor prior to re-entering Figure 9 
as in (c) above. 

(e) Reported strength of flexible overlays will be reduced 
by the 10 percent per inch of surface deficiency in excess 
of one inch, in the same manner as with flexible pavement 
evaluation, paragraph 35, except that bituminous surface 
will not be converted to equivalent base course. The 
required surface thickness for this purpose will be 4 
inches in critical areas and 3 inches in noncritical areas 
(3 inches and 2 inches for single gear) as in Figures 6, 
7, and 8. 
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(3) Example. A section to be evaluated has been tested, and the 
following determinations have been made: 

Concrete Flexural Strength 725 p.s.i. 
Subgrade Modulus k 150 p.c.i. 

The critical aircraft is four-engine turbojet at 310,000 
pounds. The following sections are in place: 

Critical Noncritical 

Bituminous Surface 3" 3" 
Crushed Stone Base 7" 4" 
PCC 8" 8" 
Subbase 0" 0" 

(a) Use Figure 23 to evaluate the 8-inch pavement. From the 
415 p.s.i. working stress and 150 k intersection, drop a 
vertical to intersect the 8-inch slab thickness, and read 
approximately 115,000 pounds. 

(b) From Figure 9, 115,000 pounds requires a 7fc-inch slab, 

Cc) From Figure 24, read equivalent slab thicknesses of 
14 inches for the critical and 12^ inches for the 
noncritical sections. 

(d) From Figure 9, read 350,000 pounds dual tandem and 200,000 
pounds dual gear critical strength. 

(e) Also from Figure 9, read 12%" ̂  0.9 = 13.9" = 345,000 pounds 
dual tandem and 195,000 pounds dual gear noncritical 
strength. 

e. Rigid Pavement with Rigid Overlay. Rigid overlays on rigid pavement 
are evaluated by application of Figures 16 and 17. 

(1) The basic evaluation is a simple reversal of the design 
procedure. Enter the bottom of the appropriate chart at the 
overlay thickness and proceed vertically to the thickness of 
the underlying slab, and read the equivalent single slab 
thickness on the scale at left. This thickness is applied to 
Figure 9 to read single, dual, and dual tandem strengths. 

(2) Evaluation of either pavement course can be accomplished by 
any of the means discussed in the paragraphs 37a and b 
above. When evaluating by other than standard Figure 9 assump­
tions, the following conditions apply. 
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(a) Use the same k value for each course. 

(b) Use the flexural strength which applies to each course 
even though the two courses may vary. 

(c) When the lower slab condition C factor must be assumed, 
use the lower values in Figures 16 and 17 for overlay 
without or with leveling course, respectively. For 
relatively new overlays, record or test information is 
of primary Importance. For older overlays, condition of 
the overlay slab assumes greater importance. Although a 
C factor may be assumed based on condition of the overlay, 
it is still applied to the base pavement when using 
Figures 16 and 17. 

(d) For noncritical areas, divide the equivalent single slab 
by the appropriate factor for turbojet or propeller 
aircraft use. 

Consider the original 8-inch concrete in the previous example, 
except that a concrete overlay has been provided. The overlay 
is 10 inches thick in the critical pavement areas and 8 inches 
thick in the noncritical. Record information shows the original 
pavement was considered as 8 inches and slabs were replaced or 
jacked as required to achieve a C factor of 0.75 and no 
leveling course was used. The overlay was designed to use 
700 pounds concrete and very slightly greater strength was 
determined from beams cast during construction. 

(a) The base pavement has been evaluated as Ik, inches in the 
previous example. 

(b) From Figure 24 determine the 10-inch and 8-inch pavements 
to be 150,000 pounds and 115,000 pounds for dual tandem, 
based on 400 p.s.i. working stress and subgrade modulus 
of 150 p.c.l. 

(c) From Figure 9, the above strengths equate to 9-inch and 
7-inch pavement, respectively. 

(d) From Figure 16, the equivalent single slab thicknesses 
are read as 12V and 10%" critical and noncritical. 12V 
evaluates at 265,000 pounds on dual tandem gear, 160,000 
pounds on dual gear; 10V ~ 0.9 = 11.7" and evaluates as 
240,000 pounds on dual tandem and 140,000 pounds on 
dual gear, as shown in Figure 9. 
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z = y - in which 

z = equivalent subbase thickness 
x = subbase thickness for good soil 
y = subbase thickness for poor soil 
t * thickness of good soil layer 

Evaluation will be illustrated in the following! example. 

Example. Assume a critical aircraft to be a 160,000-pound turbojet 
on dual gear. A 12-inch layer of borrow soil classified as F2 
overlies a soil classified as F8. From Figure 7, the subbase 
required for the two soils would be 4 inches and 24 inches, 
respectively, in critical areas. Applying the formula -

, - 24,- 1 2 < 2 4" 4> (24+4) 

z * 24 - 8.6 * 15.4" 

Returning to the 160,000-pound load line in Figure 7, the 15.4-inch 
subbase requirement best satisfied an F6 subgrade condition, and the 
pavement will be considered to be on an F6 subgrade. 

Chap 6 Par 37 

f. Consideration for Layered Subgrade. In any of the previous 
examples it could be necessary, due to selective grading, use of 
a borrow material or soil modifier, to evaluate a subgrade which 
consists of a thin layer of superior material over a relatively 
poor one. Design requirements for such a situation are discussed 
in paragraph 15. The evaluation procedure is virtually the same 
as the design procedure with a change in meaning of the z term. In 
either case the analysis must be in relation to a critical aircraft. 
For convenience the formula is repeated here. 
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APPENDIX 1. DEVELOPMENT OF PAVEMENT DESIGN 
CURVES BASED ON GROSS AIRCRAFT WEIGHT 

1. BACKGROUND. 

a. The previous method of airport pavement design used by the Federal 
Aviation Administration was related to the equivalent single wheel 
load (ESWL) concept. With this method, the loads transmitted by 
multiwheeled undercarriages were converted to a theoretical . 
Isolated single wheel load. 

b. Past experience h a B Indicated that the ESWL design method was 
misunderstood and misinterpreted by various segments of the aviation 
community. This was due to the fact that individuals unfamiliar 
with all aspects of airport pavement design had become interested 
in the subject and were attempting to use the criteria to design 
or evaluate pavements. 

c. It, therefore, became apparent that a new method of presenting design 
curves was desirable. The method chosen was that of relating 
pavement thicknesses to subgrade classification and the total or 
gross weight of an aircraft. It also became apparent, after a check 
on the current civil aircraft, that the assumption that 10 percent 
of the gross weight of the aircraft is supported by the nose wheel 
was unconservative. 

d. For the above reasons, it was decided to modify the design curves to 
reflect the change in the assumption from 10 percent to 5 percent 
supported on the nose wheel, and transform the weight scale from 
single wheel load to gross aircraft weight. 

2. DEVELOPMENT OF NEW CURVES. 

a. It would have been impractical to develop design curves for each 
different aircraft. However, since the thickness of both rigid and 
flexible pavement is dependent upon the gear dimensions and the type 
of gear, this would be necessary unless some valid assumptions could 
be made on these variables. 

* b. In addition to gear type and dimension, other factors affecting 
pavement thickness design are the supporting value of the subgrade, 
the tire contact area and pressure, and the physical properties of 
the pavement structure. Examination of gear configuration and 
spacing, tire contact areas, and tire pressure in common use 
Indicated that t h e B e follow a definite trend related to gross aircraft 
weight. Reasonable assumptions could therefore be made and design 
curves constructed from the assumed data. 
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*3. RIGID PAVEMENT CURVES. 

a. The rigid pavement design curves are based on the Westergaard 
equation for interior slab loading and the "Influence Charts for 
Concrete Pavement" developed by Pickett and Ray. Computer analyses 
of various aircraft gear configurations have established orientation 
versus stress relationships which show that maximum stress occurs, 
in other than single wheel gear, at some point removed from any 
tire print center. In the case of dual-tandem gear, rotation is 
also a critical factor. Stress increases of as much as 15 percent 
are found to exist when compared with the previous application of 
the influence charts with gear configurations centered and squared. 

DISTRIBUTION OF WHEEL LOADS THROUGH FLEXIBLE PAVEMENTS 

DUAL TANDEM GEAR T IRE IMPRINT S I N G L E T IRE IMPRINT 
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FIGURE 2. DEVELOPMENT OF RIGID PAVEMENT CURVES 
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b. Curves have been developed from charts furnished by the Portland 
Cement Assoc Iat ion, wh ich reflect the increased stresses. These 
charts are shown in Figure 2. They are based also on assumed 
gear dimensions, tire pressures, and parameters explained in the 
following paragraphs, * 

(1) Single Gear Aircraft - No special assumptions are needed. 

(2) Dual Gear Aircraft - A study of the spacing between dual 
wheels for these aircraft indicated that a dimension of 
S=20 inches between centerline of tires agreed favorably 
for the lighter aircraft and a dimension of S=30 inches 
between centerline of tires agreed favorably for the heavier 
aircraft, see Figure 1, 

(3) Dual-Tandem Gear Aircraft - The study indicated that dimensions 
of S=20 inches and ^T=45 inches appeared reasonable for the 
lighter aircraft, and S=30 inches and ST=55 inches appeared 
reasonable for the heavier aircraft, see Figure I , 

* (4) Tire pressure (Q) varies between 75 p.s.i. and 200 p.s.i. 
depending on gear configuration and gross weight. It should be 
noted that tire pressure asserts less influence on stress as 
gross weights increase, and the 200 p.s.i. maximum pressure may 
be safely exceeded if other parameters are adhered to. 

(5) Parameters - The following additional parameters were assumed 
in developing the rigid pavement thickness. 

k = 300 pounds per cubic inch 

s = 400 psi working stress 

E = 4,000,000 psi 

Poisson's Ratio = 0.15 

(6) Safety Factor - The curves are based on a 700 psi flexural 
strength at 90 days (a safety factor of 1.75) and the 
requirements of critical area pavement. 

c. The Figure 2 curves form the basis for the rigid pavement design 
curves in Figure 9 of Chapter 3, and the evaluation curves in 
Figures 21, 22, and 23 of Chapter 6. * 
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4. FLEXIBLE PAVEMENT CURVES. 

a. As in the case of rigid pavements, it was necessary to make some 
reasonable compromise on gear dimensions in order to convert from 
equivalent single wheel loads to gross aircraft weight. Plots of 
the gear dimensions for civil aircraft indicated a trend of larger 
spacing for the larger aircraft. 

(1) The design curves shown in Figures 3 and 4 were used to 
develop the present curves. After making the assumptions 
listed below, it was a simple matter to convert ESWL to 
gross weight. 

(a) Single Gear Aircraft . No special assumptions were needed 
for the single gear aircraft because the ESWL is 
independent of depth. All that was necessary was to 
multiply the ESWL curves by 1/0.475 to convert directly 
to gross weight. A new gross weight grid was constructed 
for convenience and the new design curves are shown in 
Chapter 3, Figure 6. 

(b) Dual Gear Aircraft - The plots of the gear dimensions 
versus ESWL for the dual gear aircraft indicated that 
a relationship between the d/2 distances and the ESWL's 
of the aircraft at this depth could be expressed by a 
straight line on the single wheel load versus pavement 
thickness curves (Figure 3). This line varied from a 
d/2 of 5 inches at an ESWL of 15,000 pounds to a d/2 of 
10 inches at an ESWL of 50,000 pounds. This line is 
shown as line "a" in Figure 3. Similarly, these plots 
also indicated that a straight line could be assumed to 
express the relationship between the 2S distances and 
the ESWL's of the aircraft at that depth. This line 
varied from a 2S of 35 inches at an ESWL of 15,000 
pounds to a 2S of 60 inches at an ESWL of 100,000 pounds. 
This line is shown as line "b" in Figure 3. 

(c) Dual-Tandem Gear Aircraft - The plots of the gear 
dimensions versus ESWL for these aircraft indicated a 
relationship similar to those discovered for the dual 
gear aircraft. Plots of the lines expressing these 
relationships are shown in Figure 4 as lines "a" and "b". 

* 
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(2) Lines representing dual gear aircraft with gross weights of 
50,000, 100,000, and 200,000 pounds are plotted in Figure 3. 
A new graph is plotted in Chapter 3, Figure 7, with gross 
aircraft weight on the vertical axis and the total pavement 
thickness on the horizontal axis. From Figure 3, total 
pavement thickness requirements for each gross aircraft weight 
are plotted for each subgrade classification. Connection of 
the three points for 50,000, 100,000, and 200,000 pounds gross 
weights for each subgrade classification by a straight line 
resulted in the reorientation of the subgrade curves. In 
Chapter 3, Figure 8 for dual-tandem gear aircraft was estab­
lished by using Figure A In a like manner. 

(3) The dashed lines in Figures 6, 7, and 8 of Chapter 3 represent 
the required nonbltuminous base course thickness for critical 
pavement. The area between the two diagonally dashed lines 
represents the base course requirements for those gross 
aircraft weights. This base course thickness requirement 
is indicated along the right edge of the F10 subgrade 
classificationline. * 
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APPENDIX 2. DESIGN OF PAVEMENTS AND STRUCTURES FOR HEAVY AIRCRAFT 

1. BACKGROUND. 

a. Aircraft weighing more than 350,000 pounds will soon operate at 
a number of airports. These include the B-747, DC-10, L-1011, 
L-500, etc. Other aircraft of lesser weights, but with greater 
operating frequencies, will Impose pavement stresses of large 
magnitude at these same airports. These Include the B-707 (300 
and 400 series), DC-8 (20 through 60 series), and B-727 (C, QC, 
100C, 200). 

b. Traffic forecasts and the predictions of industry associations 
and airline planners support the supposition that increasingly 
heavy subsonic aircraft will be developed and utilized within 
a 10- to 20-year period, A 1-1/2 million pound aircraft appears 
feasible and reasonably certain to materialize. 

c. These data create concern regarding our design practices in the 
several areas of structures, coverages, heavy loads, stabilized 
components, and keel sections, as discussed below. 

2. CULVERTS, BRIDGES. AND AIRPORT STRUCTURES SUPPORTING AIRCRAFT. 

a. Little, if any, information is available concerning the flotation 
arrangement which the future heavy aircraft will employ; i.e., 
whether the primary weight distribution shall be longitudinal 
along the aircraft fuselage, lateral along the winga, or a 
combination of both. 

b. It may be assumed that sufficient distribution of the imposed 
aircraft load will be accomplished to permit operation on present 
runway pavements or, conversely, that strengthening of pavements 
will not pose extreme problems. Point loading on some structures 
will be increased; while on overpasses, the entire aircraft weight 
may be Imposed upon a deck span, pier, or footing. For these, 
strengthening is extremely difficult, costly, and time-consuming, 

c. For structures with spans In excess of 10 feet, the slab or deck 
design, and to some degree,the design of piers and footings, become 
greatly dependent upon the aircraft gear configuration. Our 
assessment indicates that three basic configurations, shown in 
Figure 1, will, if all are considered in the design of the bridge 
components, provide sufficient support for any aircraft 
which may be forthcoming. These consist of two areas enclosing 
eight wheels each, or 16 wheels per aircraft comprising the main 
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gear. Nose gears, as such, are not considered, except as they 
occur in the Type A bicycle configuration where they support 
roughly half of the static load. The "area" dimensions are six 
or eight feet by 20 feet, each supporting half of the aircraft 
gross weight or 750,000 pounds. Wheel prints are uniformly 
spaced within their respective areas. 

d. Footing design will vary with depth and soil type. No departure 
from accepted methodology is anticipated; except that foi shallow 
structures, such as inlets and culverts, the concentrated loads 
may require heavier and wider spread footings than those presently 
provided by the structures standards in current use. 

e. It should be noted that all loads discussed herein are to be 
considered as live loads, and that braking loads as high as .7G 
(for no-slip brakes) must be anticipated on bridge decks and 
considered for other structures subject to direct wheel loads. 
Where clearances permit, the use of an earth cover over structures 
shall be used because of the earth's relative insensitivity to 
increased loadings and to minimize braking thrust and "bridge 
approach" settlement problems. 

f. At airports where operations are occurring or anticipated by 
aircraft of the type mentioned in paragraph la, airport owners 
shall be encouraged to design decks and covers subject to direct 
aircraft loadings of this type, such as manhole covers, inlet 
grates, utility tunnel roofs, bridges, etc., to withstand the 
following loadings: 

(1) For spans of two feet or less in the least direction, a 
uniform live load of 250 p.s.i. 

(2) For spans between two feet and 10 feet in the least direction, 
a uniform live load varying between 250 p.s.i. and 50 p.s.i., 
in inverse proportion to the span length. 

(3) For spans of 10 feet or greater in the least direction, the 
design shall be based on the most critical loading condition 
which may be applied by the gear configurations illustrated 
in Figure 2. 

(4) Special consideration shall be given to structures that will 
be required to support both in-line and diagonal traffic lanes, 
auch as diagonal taxiways or apron taxi routes. If structures 
require expansion joints, load transfer may not be possible. 
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3. PAVEMENT DESIGN AS AFFECTED BY COVERAGES. 

C « coverages 

D = cycles of operations (one landing and one takeoff) 

N = number of wheels on one main gear 

W - width of tire contact area of one tire In inches 

T - traffic width in feet (use 7.5) 

c. Using a 13-inch tire width as typical and a 7.5-foot wide traffic 
lane, 5,000 and 25,000 coverages are achieved by about 12,000 and 
60,000 "cycles of operations" by dual tandem gear aircraft. In 
FAA terminology, this would be expressed as 24,000 and 120,000 
operations, respectively, or two D, Further, we consider jet 
aircraft departures only as being critical, since the maximum 
landing weight of today's jet is usually 3/4 of the maximum 
takeoff weight or less, and landings are not critical from a 
pavement stress standpoint. Accordingly, 24,000 and 120,000 
departures are considered to be the design life of flexible and 
rigid pavements, respectively. 

d. Pavement constructed with Federal-aid Airport Program (FAAP) funds 
should, with normal maintenance, have a life equal At least to the 
obligation term of the grant agreement or 20 years. Accordingly, 
pavement constructed to FAA standards now provides for 1,200 and 
6,000 departures annually for flexible and rigid pavements, 
respectively. While this may appear to penalize flexible pavement 
from an eligibility standpoint, the provisions of this appendix will 
tend to cancel any discrepancy. We suggest that rather than attempt 
to provide the 25,000 coverages in original construction, the 

C = D x 0.75 x N x W 
T x 12 

where 
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a. Historically, the Federal Aviation Administration (FAA) pavement 
design has provided for "capacity" operations of the critical 
aircraft; and, based on the Corps of Engineers' criteria from 
which it was derived, "capacity" Is considered as 5,000 coverages. 
While this is true for flexible pavement, the rigid pavement 
design changes, incorporated in Change 1 to the Airport Paving 
Circular, dated 11 June 1968, now provide for approximately 
25,000 coverages. 

b. The Corps of Engineers' formula for converting aircraft operations 
to coverages (a coverage occurs when each point of the pavement 
surface has been subjected to one maximum stress by the operating 
aircraft) is: 
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added thickness be reserved for stage completion at a time when 
the flexible surface will benefit from a new, dense cover. 

e. References 7 and 8, as listed in the masthead page, forecast 
1980 level of operations by aircraft such as those mentioned in 
the background statement. These figures are used as a convenient 
20-year mean value. 

f. There is a logarithmic relationship between cumulative pavement 
stress due to a given wheel load and repetitions thereof as 
compared to other wheel loads and repetitions. This relationship 
can be expressed as: 

log Rx = log R£ x I W]_ / wherein 

R2 and are the respective repetitions and W2 and W^ are the 
respective wheel loads. We can, thus, convert operations of an 
aircraft (or family) of known weight to an equivalent number of 
350,000-pound gross weight operations (Ŵ  - 350,000 pounds) on 
dual tandem gear. Gross weight is used in this interpretation 
per the FAA design system. 

g. From tabulated FY 1968 air carrier departures, we can tabulate 
equivalent departures and determine a factor for actual versus 
equivalent departures on a national basis, as shown below. 

AIRCRAFT 

707-300, 300B, 300C 
DC-8 -20, 30, 40, 50 
DC-8 -61, 62, F 

1/ 727-100, QC, 100C, 200 
TOTALS 

MAX. GTW FY '68 
(W2) PEPS. (R2) 

312,000* 74,900 
315,000 148,700 
340,000 23,600 
170,000 900,900 

1,148,100 

( v k EQUIVALENT 

^2] CRITICAL 
Wi / PEPS. (Rj) 
.944 39,950 
.949 81,110 
.985 20,290 
.926 326.600 

467,950 
NOTE: Ratio of equivalent to actual departures = 

467.950 , 
1,148,100 

1/ In order to avoid the cumbersome conversion of the dual gear 727 
to coverages relative to dual tandem gear in the balance of the 
table, the 727 has been assigned a 300,000-pound dual tandem 
gross weight as determined by the equal pavement thickness 
requirement incorporated in the Airport Paving Circular, Figures 7, 
8, and 9. It is assumed that this provides an equal stress 
magnitude per aircraft passage. 
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h. Figure 2 la a listing of locations where the forecast number of 
departures, after conversion to equivalent critical departures, 
exceeds 1,200 annually for 1980. For these and for any other 
location for which FAA planning procedures indicate more than 1.200 
equivalent critical departures annually by the aircraft tabulated 
in paragraph 3g or equivalent, the minimum pavement design section 
for areas used by the heavy aircraft shall be the FAA 350,000-
pound standard contained in Chapter 3. In addition, ground 
traffic and departure runway use shall be examined and the 
following design corrections applied to any runway, associated 
taxiway and terminal apron, when equivalent critical departures 
(planned by 1980) will exceed the following levels. 

(1) For flexible pavements: 

(a) For equivalent critical departures in excess of 1,200 
annually, both critical and noncritical surface thick­
nesses shall be increased one inch. In addition, make 
one of the following adjustments. 

(b) For departures between 1,200 and 3,000 annually, increase 
both base and subbase thicknesses by 10 percent. 

(c) For departures between 3,000 and 6,000 annually, increase 
base and subbase thicknesses by 20 percent. 

(d) For departures in excess of 6,000 annually, increase base 
and subbase thicknesses by 30 percent. 

(2) For rigid pavements, when equivalent critical departures exceed 
6,000 annually, concrete thickness shall be determined by 
Figure 23, Chapter 6, using a design safety factor of 2; 
I.e., for 700 p.s.i. concrete design flexural strength, use 
a working stress of 350 p.s.i. 

4. AIRCRAFT EXCEEDING 350.000 POUNDS IN WEIGHT. 

a. Several new aircraft which exceed the 350,000-pound loadings 
contemplated in FAA design criteria, and for which the flotation 
systems vary considerably from the assumptions and parameters noted 
in the Appendix 1 to this circular, are now in the advanced 
development or production stage. These include the B-747, DC-10, 
Lockheed L-1011, and L-500. For these, the manufacturers1 published 
aircraft characteristics for airport planning typically include 
pavement design charts which are based on the PCA-Plckett & Ray-
Interior loading design method for rigid pavement and a modified 
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CBR procedure for flexible pavement. These design methods have been 
satisfactory for aircraft which do not exceed 350,000 pounds 
in weight, as the aircraft to which they have been applied were 
In reasonable conformity to the experimental data from which the 
design criteria were derived. 

b. In each of the large new aircraft, however, the experimental data 
have required extrapolation and/or additional factors have been 
introduced, such as the influence of remote wheels and the intro­
duction of meaningful stresses into deeper subgrade strata. These 
combine to lessen somewhat the relative confidence which can be 
placed In the present design system as extended to the heavier 
aircraft. This problem is recognized in the industry, and 
considerable research is being undertaken to extend the design 
systems logically. Until such research produces useful 
criteria, we must make some conservative assumption in our 
design recommendations for these heavy aircraft. 

c. The Figure 1 locations marked by a number sign (#) are considered 
likely to receive service by aircraft weighing in excess of 
350,000 pounds. For these and for other locations designated by 
FAA planning procedures to receive service by aircraft weighing 
in excess of 350,000 pounds, the minimum pavement design section 
for any area on which the heavy aircraft will operate shall be 
the FAA 350,000-pound standard, regardless of the number of 
operations anticipated. 

5. STABILIZED BASE AND SUBBASE COURSES. 

a. A clear majority of pavement difficulties and failures which oc­
curred under heavy aircraft loadings (except in those instances 
where extreme overloading of the pavement's design capability was 
at fault) have been attributed to excessive moisture in base and 
subbase courses. This is especially true for "sandwich" overlays 
where granular material is used between upper and lower impervious 
courses. 

b. For new pavements to accommodate dual tandem gear aircraft weighing 
in excess of 200,000 pounds gross aircraft weight and sections of 
equal thickness for other gear types, it shall be the FAA policy 
to require that all base and subbase pavement courses be stabil­
ized (P-201, P-304 or equivalent). These shall be substituted 
for granular base or subbase at the ratio of one inch of stabilized 
material for 1-1/2 inches of granular material. Exceptions should 
be based on proven performance of a granular material in a 
specific location, such as lime rock bases in the State of Florida. 
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c. Other exceptions may be made on the basis of superior materials 
being available, such as 100 percent crushed, hard, closely graded 
stone, or materials modified with cement, lime, or asphalt. These 
shall meet the present specification requirements, plus the 
following criteria. For nonfrost areas, base and subbase materials 
shall exhibit a remolded soaked CBR minimum of 100 and 35, 
respectively. In addition, where frost may penetrate the base or 
subbase, the materials must meet such tests as will be satisfactory 
to the respective regions that the materials used are impermeable 
or nonfrost susceptible. In no case, however, shall a nonstabilized 
material be used over a subgrade modified by lime, port land 
cement, or bituminous material. 

d. The minimum combined bituminous surface and stabilized base 
thickness shall not be less than required by the Fa line in 
Chapter 3, Figures 7 and 8; nor shall P-201 and P-304 be less than 
4" and 6" in thickness, respectively. 

6. KEEL SECTION DESIGN. 

The advent of heavier aircraft is accompanied by wider gear spacing; 
and pavement designers must consider the coverage limits in 
determining acceptable keel and transition section dimensions. 
Runway design based on the keel sections shown in Chapter 3, 
Figure 5, is to be encouraged. For runways to serve "X" and "L" 
category aircraft, as listed in references 7 and 8, the minimum 
keel width for both critical and noncritical runway areas 
shall be 100 feet. 
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FIGURE 2. ESTIMATED 1980 EQUIVALENT CRITICAL DEPARTURES 

The number sign (#) shows locations where service by aircraft exceeding 
350,000 pounds is anticipated. 

LOCATION EQUIVALENT NO. OF DEPARTURES 
BY CRITICAL AIRCRAFT 

Albany, N.Y. 3,050 
#Albuquerque 5,300 
^Anchorage, Alaska 1,636 (1) 
^Atlanta 51,630 
//Baltimore 26,400 
Birmingham, Ala. 1,735 

^Boston 43,775 
^Buffalo 7.500 
Charlotte, N.C. 1,200 

^Chicago - 0'Hare 108,200 
Chicago - Midway 27,050 
^Cincinnati 18,525 
^Cleveland 29,650 
#Columbus, Ohio 6,835 
#Dallas 51,200 
Dayton 2,250 

^Denver 28,175 
^Detroit 40,500 
#E1 Paso 5,080 
#Fort Lauderdale, Fla ( 11,150 
Hart: ford, Confli (Bradley) 4,365 

tfttottolulti, Hawaii 12,978 (1) 
#Rou§tott 27,175 
#Indianapolis 2,020 
^Jacksonville, Fla. 7,710 
#Kansas City 14,280 
#Las Vegas 17,550 
#Los Angeles 111,300 
#Louisville 6,140 
^Memphis 3,775 
#Miami 60,425 
^Milwaukee 7,240 
^Minneapolis 21,215 
Nashville 2,960 

#New Orleans 26,600 
^Newark 46,690 
#New York (JFK) 83,905 
#New York (La Guardia) 56,220 
#0akland 6. 1 4 5 
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^Oklahoma City 4,120 
Omaha 1,940 
Orlando 5,630 

^Philadelphia 36,990 
#Phoenix 13,830 
#Pittsburg 26,600 
#Portland, Oregon 17,015 
^Rochester, N.Y. 4,900 
Sacramento 2,850 

#Salt Lake City 9,365 
#San Antonio 8,445 
#San Diego 15,690 
#San Francisco 64,900 
#San Juan, Puerto Rico 8,806 
#Seattle-Tacoma 31,620 
#St. Louis 25,680 
Syracuse 3,040 

#Tampa 26,480 
#Tucson 3,980 
#Tulsa 3,960 
^Washington (Dulles) 13,730 
Washington (National) 65,605 
#West Palm Beach, Fla. 7,013 
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(1) Forecast data are not available for these locations in references 
7 and 8, so individual calculations were made using hub growth 
factors. 
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DEPARTMENT OF TRANSPORTATION 
FEDERAL AVIATION ADMINISTRATION 
SUBJECT: AIRPORT PAVING 

1. PURPOSE a This advisory circular change transmits new paragraphs 3, 4, 
and 5, on Masthead, and adds a new Appendix 2. 

2. EXPLANATION OF CHANGES. 

a. Paragraph changes are made to include references erroneously omitted 
in previous change. 

b. Research is under way or is contemplated in the following areas of 
airport pavement design and strength requirements of airport 
structures: 

(1) Culverts, bridges, and airport structures supporting aircraft. 

(2) Pavement design as affected by coverages. 

(3) Stabilized pavement and subgrade components. 

(4) Aircraft exceeding 350,000 pounds in weight. 

As the criteria in Appendix 2 are refined as a result of research 
findings, they will be included in the basic text and deleted from 
the appendix. Meanwhile, Appendix 2 shall be used as the basis for 
design of airport pavement that serves aircraft weighing in excess 
of 110,000 pounds on dual gear, or 200,000 pounds on dual tandem 
gear. As such, it will supplement and supersede where applicable 
Chapters 1, 2, 3, 4, 6 and Appendix 1. It shall be effective for 
all allocations issued after the date of this change. 
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3. REFERENCES. 

a. Obtain copies of the following advisory circulars and additional 
copies of this circular from the department of Transportation, 
Distribution Unit, TAD-484.3, Washington, D.C. 20590: 

(1) AC 150/5325-2A, Airport Surface Areas Gradient Standards. 

(2) AC 150/5325-5A, Aircraft Data. 

(3) AC 150/5325-6, Effects of Jet Blast. 

(4) AC 150/5330-2A, Runway/Taxiway Widths and Clearances for 
Airline Airports. 

(5) AC 150/5335-1, Airport Taxiways. 

(6) AC 150/5335-2, Airport Aprons. 

(7) Aviation Demand and Airport Facility Requirement Forecasts 
for Large Air Transportation Hubs Through 1980, dated August 
1967. 

(8) Aviation Demand and Airport Facility Requirement Forecasts 
for Medium Air Transportation Hubs Through 1980, dated 
January 1969. 
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(9) Airport Activity Statistics of Certificated Route Air 
Carriers, for 12 Months Ended 30 June 1968. 

(10) FAA Air Traffic Activity for Calendar Year 1968. 

b. Copies of the following publications may be obtained from the 
Superintendent of Documents, U.S. Government Printing Office, 
Washington, D.C. 20402. Send a check or money order in the 
amount listed for each document. No c.o.d. orders are accepted. 

(1) AC 150/5370-1A, Standard Specifications for Construction 
of Airports, dated May 1968 - $3.50. 

(2) AC 150/5320-5A, Airport Drainage, dated 28 January 1966 -
$.45. 

4. ADDITIONAL REFERENCE. In addition to the references listed on the 
masthead page of this circular in paragraph 3, MIL-STD-621A, Subgrade, 
Subbase, and Test Method for Pavement Base-Course Materials, pertains 
to this circular. This military standard may be obtained from the 
Commanding Officer, Naval Supply Depot, 5901 Tabor Avenue, 
Philadelphia, Pennsylvania 19120. 

5. EXPLANATION OF REVISION. 

a. This revision provides for lengthening the critical runway 
pavement and increasing the noncritical pavement strength. 

b. Criteria are added to place emphasis on additional soil tests. 

c. The list of referenced publications is updated. 
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SUBJECT: AIRPORT PAVING 

1. PURPOSE. This advisory circular change transmits page changes and an 
added new Chapter 6 to the subject advisory circular. 

2. EXPLANATION OF CHANGES. 

a. Paragraph 17. A statement is added to permit a controlled 
correlation between CBR and F classification in flexible 
pavement design. 

b. Paragraph 19. This paragraph has been rewritten in its entirety 
to incorporate plate bearing and flexural strength of concrete as 
optional variables in rigid pavement design. 

c* Figure 9. The rigid pavement design curves have been revised to 
incorporate more realistic tire pressures and to reflect the stress 
findings resulting from sophisticated computer analyses of the 
Westergaard formula. 

Table 5. Slab thickness and dowel lengths are adjusted to reflect 
new design thicknesses. 

e* Chapter VI. A new chapter is added to provide guidance and 
methodology for airport pavement evaluation. 

f. Appendix 1. The section on development of rigid pavement curves 
has been revised to reflect the new design assumptions and 
computerized curves. 
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CHAPTER 1, AIRPORT PAVEMENTS - THEIR FUNCTIONS AND PURPOSES 

1. GENERAL. Airport pavements are constructed to provide adequate support 
for the loads imposed by aircraft using the airport and to produce a 
firm, stable, smooth, all-year, all-weather surface, free from dust or 
other particles that may be blown or picked up by propeller wash or jet 
blast. In order to satisfactorily fulfill these requirements, the pave­
ment must be of such quality and thickness that it will not fail under 
the load imposed. In addition, it must possess sufficient inherent 
stability to withstand, without damage, the abrasive action of traffic, 
adverse weather conditions, and other deteriorating influences. To 
produce such pavements requires a coordination of many factors of design, 
construction, and inspection to assure the best possible combination of 
available materials and a high standard of workmanship. 

a. Types of Pavement. Pavements are divided into two general types: 

(1) Flexible pavements are those consisting of a bituminous 
surface course, a base course of suitable granular material, 
and in most cases a granular subbase course. 

(2) Rigid pavements are those pavements constructed of portland 
cement concrete and may or may not include a subbase course. 

b. Flexible or rigid pavements, when properly designed and constructed, 
will provide a satisfactory airport pavement for any or all types of 
civil aircraft. However, a few areas where a specific type of 
pavement has proven beneficial are: 

(1) The areas subjected to appreciable fuel spillage at the 
aircraft gate positions and the service or maintenance portions 
of the apron. Rigid pavements are recommended for these areas. 
This does not preclude the use of existing flexible pavements 
with a fuel resistant seal coat in these areas. 

(2) The areas where jet erosion occurs adjacent to pavement. Many 
low cost stabilized surfaces may be used as erosion control 
measures. These areas include runway ends, blast pads, holding 
apron shoulders, and taxIway shoulders where turf cannot be 
established. This stabilization is further discussed in the 
Federal Aviation Administration publication, AC 150/5325-6, 
Effects of Jet Blast. 

c. Pavement Courses. 

(1) Surface courses include portland cement concrete, bituminous 
concrete, sand-bituminous mixtures, and bituminous surface 
treatments. 
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(2) Base courses consist of a variety of different materials which 
generally fall into two main classes, treated and untreated. 
The untreated bases consist of stone, slag, caliche, gravel, 
limerock, shell, sand-clay, coral, or any one of a variety of 
other approved materials. The treated bases normally consist 
of a crushed or uncrushed aggregate that has been mixed with 
cement or bitumen. 

* (3) Subbase courses consist of a granular material, a stabilized 
granular material, or a stabilized soil. * 

2. STANDARDS AND SPECIFICATIONS. 

a. Dimensional standards applicable to the various airports are 
covered in the referenced advisory circulars. These standards 
establish recommendations for lengths, widths, grades, and slopes 
of the pavements on airports. 

b. The FAA publication, Standard Specifications for Construction of 
Airports, Includes descriptions of the various pavement components 
and specifies the requirements governing the control, handling, 
quality, gradation, and quantity of individual materials included 
in the pavement mixes. It also contains detailed information on 
excavation, embankment, construction, and subgrade preparation. 

(1) These specifications are necessarily broad in scope because 
they are for use throughout the- United States and its posses­
sions. They may not be completely satisfactory to cover a 
particular situation or a condition peculiar to a certain 
locality without some modification. However, the types of 
paving covered by the specifications have been used success­
fully on airports for many years; and -experience has shown 
that radical departures from the standards will accomplish 
no useful purpose. 

(2) It is not the intent of these specifications to restrict the 
use of local materials which will serve as acceptable alter­
nates, nor to preclude the adoption of local construction 
methods if they are predicated upon sound engineering and 
construction practices and experience has shown them to be 
satisfactory. Materials normally produced by local suppliers 
in accordance with State and local highway specifications may 
be satisfactory for use on smaller airports without modifi­
cation. When gross aircraft weights exceed 12,500 pounds, 
the local material shall be carefully examined from the 
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* standpoints of durability, toughness, and gradation. Blending 
or treatment will often improve the local materials. Many 
state highway materials specifications, used in major trunk 
route or interstate system construction, will provide adequate 
pavements for gross aircraft weights to 60,000 pounds. For 
pavements to receive substantial use by aircraft exceeding 
60,000 pounds gross weight, our highest material standards 
shall be employed. * 

3. SPECIAL CONSIDERATIONS. 

a. In addition to the property of furnishing support for the aircraft 
loads which will be applied, the pavements of aircraft operating 
areas must be so designed and constructed in order to assure maximum 
safety and efficiency of operations which normally are to be 
expected. As previously mentioned, gradient and similar standards 
are specified in the referenced circulars. Particular care must be 
excercised to assure satisfactory transition of grades and slopes 
at pavement intersections and to provide fillets at such points 
which will permit maximum operational utilization of the facility. 

The surface or wearing course shall be dense and well bonded to 
prevent displacement of surface aggregates. The wearing surface 
texture shall provide a nonskid property. A trowel finish shall 
never be applied to portland cement concrete operational surfaces. 
A longitudinal burlap drag may be applied to apron and taxiway 
surfaces, but shall not be permitted on runway pavement unless 
immediate grooving is intended. In other cases, portland cement 
runways shall be finished by transverse brooming or belting and 
for air carrier or turbojet operations, limited to transverse 
brooming or "combing" with a stiff bristle broom or steel comb. 
Bituminous concrete runways may be given a satisfactory surface by 
utilizing high quality aggregate and by careful control of the 
minus 1/4-inch aggregate fractions. When hard, sharp,crushed 
aggregates are used with a gradation following FAA recommendations, 
a good texture should be achieved without sacrifice in stability 
or durability. * 

c. Certain areas of the pavement will be subjected to repeated load­
ings occasioned by channelization or concentration of traffic. 
These areas (which include taxiways, aprons, run-up aprons, and 
runway ends) must be designed to withstand the stresses from such 
loadings. 

Chap 1 Par 2 
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4. STAGE CONSTRUCTION OF AIRPORT PAVEMENTS. 

a. It may be desirable to construct the airport pavement by stages, 
that is, to build up the surface or improve the pavement profile, 
layer by layer, as the traffic using the facility increases in 
weight and numbers. In addition, such a method of construction 
can be utilized to advantage when construction funds are limited. 

b. If stage construction is to be undertaken, the need for sound 
planning cannot be too highly stressed. The complete pavement 
should be designed prior to the start of any stage, and each stage 
undertaken must result in a usable surface. Such a procedure, in 
addition to providing interim surfaces to serve the immediate 
need, will assure that development accomplished in each stage 

fe will form an integral part of the ultimate pavement. While 
either flexible or rigid pavement may be planned for stage 
construction, the use of a flexible or "sandwich" overlay shall 
not be included in any planned stage. 

c. The division of work into stages can be arranged in any manner 
suitable to the financial or physical condition particular to the 
site in question as long as the above principles are applied. 
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CHAPTER 2, SOIL INVESTIGATIONS AND EVALUATION 

5. GENERAL. 

a. The importance of accurate identification and evaluation of the 
pavement foundation cannot be overemphasized. Although it is 
impossible to explore the entire field of soil mechanics in a 
publication such as this, the following text will highlight those 
aspects which are particularly important to the airport paving 
engineer. 

b. Classification systems of soils and subgrades which are to be used 
In connection with design of airport pavements are set forth in 
this chapter. To avoid misunderstanding, certain terms employed 
are defined below. 

(1) For engineering purposes, and particularly as it applies to 
airports, soil includes all natural deposits which, without 
requiring blasting under unfrozen conditions, can be moved 
with excavating equipment. 

(2) Soil conditions include such items as the elevation of the 
water table, the presence of water bearing strata, and the 
field properties of the soil. Field properties of the soil 
include the soil's structure, identification, plasticity, 
moisture content, and density, 

(3) The soil profile is the vertical arrangement of layers of 
soils, each of which possesses different physical properties 
from the adjacent layer. 

(4) Subgrade soil Is that soil which forms the foundation for 
the pavement. It is the soil directly beneath the pavement 
structure. 

c. Soil conditions and the availability of suitable construction 
materials are the most important items affecting the cost of 
construction of the landing areas and the pavements. Grading costs 
are directly related to the difficulty with which excavation can 
be accomplished and compaction obtained. 

d. It should be remembered that the subgrade soil carries the loads 
imposed by aircraft utilizing the facility. The pavement serves to 
distribute the imposed load to the subgrade over an area greater 
than that of the tire contact area. The greater the thickness of 
pavement, the greater is the area over which the load on the 
subgrade is distributed. It follows, therefore, that the more 
unstable the subgrade soil, the greater is the required area of 
load distribution and consequently the greater is the required 
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thickness of pavement. The soils having the best engineering 
characteristics encountered in the grading and excavating opera­
tions should be worked into the upper layers of the subgrade. 

* e. In addition to the relationship which soil conditions bear to 
grading and paving operations, they determine the necessity for 
underdrains and materially influence the amount of surface runoff. 
Thus, they have a consequent effect on the size and extent of 
other drainage structures and facilities. (See FAA publication, 
AC 150/5320-5A, Airport Drainage). 1 

6. SOIL INVESTIGATIONS. 

a. To provide essential information on the various types of soils, 
investigations should be made to determine their distribution and 
physical properties. The information so obtained, when combined 
with data on site topography and area climatic records, provides 
basic planning material essential to the logical and effective 
development of the airport. An investigation of soil conditions 
at an airport site will include: 

(1) A soil survey to determine the arrangement of different layers 
of the soil profile with relation to the proposed subgrade 
elevation. 

(2) Sampling of the layers of soil. 

(3) Testing of samples to determine the physical properties of 
the various soil materials with respect to stability and 
subgrade support. 

(4) A survey to determine the availability of materials for use in 
construction of the subgrade and pavement. 

b. With respect to sampling and surveying procedures and techniques, 
Method T 86 of the American Association of State Highway Officials 
(AASHO) is one of those most frequently used. This method is 
based entirely on the soil profile. In the field, the various 
layers that comprise the soil profile are identified by such char­
acteristics as color, texture, structure, consistency, compactness, 
cementation, and to varying degrees, chemical composition. 

(1) This method of soil Identification parallels that used by 
the Department of Agriculture, which appears on their soils 
maps. The intelligent use of these maps can prove an 
invaluable aid* in the study of soils at and in the vicinity 
of the airport. Although the pedoioglcal classification, 
determined from these maps, does not treat soil as engineering 
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or construction material, data so obtained are extremely useful 
to the agronomist in connection with the development of turf 

* areas on airports and to the engineer concerned with preliminary 
investigations of site selection, development costs, and 
alignment. * 

(2) The practice of determining data on soils by use of aerial 
photographs is becoming more widespread. Relief and soil 
patterns may be determined from the photographs, and an 
experienced photo-interpreter can define differences in 
characteristics of soils. By employing this method of 
Investigation, it is possible to expedite soil studies and 
reduce the amount of effort required to gather data. 

7. SURVEYING AND SAMPLING. 

a. The initial seep in an investigation of soil conditions is a 
soil survey to determine the quantity and extent of the 
different types of soil, the arrangement of soli layers, and the 
presence of any subsurface water. Samples of soil are 
usually obtained by means of borings made with a soil auger or 
similar device. Inasmuch as each location presents its parti­
cular problems and variations, the spacing of borings cannot 
always be definitely specified by rule or preconceived plan. 
A suggested criterion for the location, depth, and number of 
borings is tabulated below. 

AREA SPACING DEPTH 

Runways and 
Taxiways 

Other Areas 
of Pavement 

Borrow Areas 

Along Centerline, 200 
Feet on Centers 

1 Boring per 10,000 
Square Feet of Area 

Sufficient Tests to 
Clearly Define the 
Borrow Material 

Cut Areas - 10* Below 
Finished Grade 

1/.F111 Areas - 10' Below 
Existing Ground Surface 

Cut Areas - 10' Below 
Finished Grade 

1/Fill Areas - 10* Below 
Existing Ground Surface 

To Depth of Proposed 
Excavation of Borrow 

1/ For deep fills, boring depths shall be used as necessary to 
determine the extent of consolidation and slippage, which 
the fill to be placed may cause. * 

Chap 2 Par 6 
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b. Obviously, the locations, depths, and number of borings must be 
such that all important soil variations can be determined and 
mapped, whenever past experience at the location in question has 
indicated that settlement or stability in deep fill areas may be 
a problem, or if in the opinion of the engineer additional inves­
tigations are warranted, more and/or deeper borings may be required 
in order that the proper design, location, and construction proce­
dures may be determined. Conversely, where uniform soil conditions 
are encountered, fewer borings may be acceptable. 

c. The soil survey is not confined to soils encountered in grading or 
necessarily to the area within the boundaries of the airport site. 
Possible sources of locally available material that may be used in 
the paving operation should be investigated. 

d. Samples representative of the different layers of the various soils 
encountered, and various construction materials discovered, should 
be obtained and tested in the laboratory to determine their physi­
cal and engineering properties. Because the results of a test 
can only be as good as the sampling, it is of utmost importance 
that each sample be representative of a particular type of soil 
material and not be a careless and indiscriminate mixture of 
several materials. 

* e. Pits, open cuts, or both may be required for making in-place 
bearing tests, for the taking of undisturbed samples, for charting 
variable soil strata, etc. This type of supplemental soil 
investigation is recommended for all heavy load runway areas and 
for other problem soil areas as may be encountered. 

8. SOIL TESTS. 

a. Physical Soil Properties. To determine the physical properties of 
a soil and to provide an estimate of its behavior under various 
conditions, it is necessary to conduct certain soil tests. In 
this regard, a number of field and laboratory tests have been 
developed and standardized. Details of methods of performing soil 
tests are completely covered in publications of the AASHO and 

* ASTM and in Military Standards. 

b. Testing Requirements. Soil tests are usually identified by terms 
indicating the soil characteristics which the tests will reveal. 

* Terms which identify the tests considered to be the minimum or 
basic requirement for airport pavement, with their AASHO 
designations and brief explanations, follow. 
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(1) Dry Preparation of Disturbed Soil Samples for Test (AASHO T 
87) or Wet Preparation of Disturbed Soil Samples for Test 
(AASHO T 146). The dry method (T 87) should be used only 
for clean, cohesionless granular materials. The wet method 
(T 146) should be used for all cohesive or borderline 
materials. 

(2) Mechanical Analysis of Soils (AASHO T 88). The mechanical 
analysis of soils is a test for determining, quantitatively, 
the distribution of particle sizes in soils. 

(3) Determining the Plastic Limit of Soils (AASHO T 90). The 
plastic limit is defined as the minimum moisture content at 
which the soil becomes plastic. At moisture contents above 
the plastic limit, there is a sharp drop in the stability of 
a soil. 

(4) Determining the Liquid Limit of Soils (AASHO T 89). The 
liquid limit is the water content at which the soil passes 
from a plastic to a liquid state. The liquid state is defined 
as the condition in which the shear resistance of the soil is 
so slight that a small force will cause it to flow. 

(5) Calculating the Plasticity Index of Soils. The plasticity 
index is the numerical difference between the plastic limit 
and the liquid limit. It indicates the range in moisture 
content over which a soil remains in a plastic state prior 
to changing into a liquid. 

(a) Maximum density is defined as the maximum dry weight, in 
pounds per cubic foot, obtained when a material is mixed 
with different percentages of water and compacted in a 
standard manner. 

(b) Optimum moisture content is the percentage of water at 
which maximum density is obtained with a specified 
compactive effort. Compaction Control Tests are covered 
in Division VII, Tests, Item T-611 of AC 150/5370-1A, 
Standard Specifications for Construction of Airports. 

(6) Determination of Maximum Density and Optimum Moisture. For 
purposes of compaction control during construction, it will be 
necessary to perform tests to determine the maximum density 
and optimum moisture content of the different types of soils. * 
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c. Supplemental Testa. 

(1) In many cases special or unusual soil conditions exist or are 
anticipated, and supplemental soil tests will be required. 
These will vary in the areas of occurrence and in available 
treatment methods to such an extent that thorough discussion 
Is beyond the scope of this circular. As examples, an 
expansive soil combined with high seasonal moisture change may 
require stabilization as noted in paragraph 12f or, alter­
nately, compaction at higher moisture and lower density, with 
the choice influenced by area practice, surface type, and 
design loadings. Soils with low field densities and/or subject 
to consolidation may require densification to greater depths 
than the normal design requirement. Such problem soils must 
be recognized and corrective measures taken where required. 

(2) For many soils, it is essential that the in-place density and 
bearing strength be determined. Drive samples can be used if 
sufficient correlation with other test procedures has been 
established for a particular soil. In other cases, pits shall 
be carefully opened for the taking of undisturbed samples and 
penetration bearing tests. Density and moisture content should 
be carefully charted when heavy load pavements may require 
compaction at depth in accordance with Figure 8-1. This 
information permits establishment of a reasonable shrinkage 
factor, and aids both designer and contractor In estimating 
compaction requirements in cut areas. 

(3) California Bearing Ratio (CBR) tests, laboratory and field, and 
plate bearing tests are included in this text as applicable to 
specific design and evaluation options. These are not intended 
to limit the supplemental testing which may be appropriate to 
a specific soil, such as tests for shrinkage and swell, 
consolidation under load, frost acceptability, etc. * 

SOIL CLASSIFICATION. 

a. While the results of Individual tests Indicate certain physical 
properties of the soil, the principal value is derived from the 
fact that through correlation of the data so obtained it is 
possible to prepare an engineering classification of soils related 
to their field behavior. Such a classification is presented in 
Table 1. 
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TABLE 1. CLASSIFICATION OF SOILS FOR AIRPORT PAVEMENT CONSTRUCTION 

Soil group 

Mechanical aoalyiU 

Liquid limit Plasticity index Soil group Material retained 
oa No. 10 sieve— 

percent1 

Material finer than No. 10 ileve— percent 
Liquid limit Plasticity index Soil group Material retained 

oa No. 10 sieve— 
percent1 Coarse sand, pass­

ing No. 10; retained 
on No. 4 0 

Fine sand, passing 
No.40 retained 

on No, 2 0 0 

Comblned jilt and 
clay; passing No. 

2 0 0 

Liquid limit Plasticity index 

• 
G

ra
nu

la
r 

E-l 0-45 40 + 6 0 - 1 5 - 2 5 - 6 -

• 
G

ra
nu

la
r E-2 0-45 15 + 8 5 - 2 5 - 2 5 - 6 -

• 
G

ra
nu

la
r 

E-3 0-45 2 5 - 2 5 - 6 -

• 
G

ra
nu

la
r 

E-4 0-45 3 5 - 3 5 - 1 0 -

Fi
ne

 g
ra

in
ed

 

E-5 0-55 4 5 - 4 0 - 1 5 -

Fi
ne

 g
ra

in
ed

 

E-6 0-55 45 + 4 0 - 1 0 -

Fi
ne

 g
ra

in
ed

 

E-7 0-55 45 + 5 0 - 10-30 

Fi
ne

 g
ra

in
ed

 E-8 0-55 | 45 + 6 0 - | 15-40 

Fi
ne

 g
ra

in
ed

 

E-9 0-55 | | 45 + 40+ | 3 0 -

Fi
ne

 g
ra

in
ed

 

E-10 0-55 45 + 7 0 - 20-50 

Fi
ne

 g
ra

in
ed

 

E-U 0-55 45 + 8 0 - 30+ 

E-12 0-55 45 + 80+ E-12 0-55 45 + 80+ 

E-13 Muck and peat—field examination 

l If percentage of material retained on the No. 10 sieve exceeds that 
•hown, the classification may be raised, provided such material Is sound 
and fairly well graded. 
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b. The soil classification requires, basically, the performance of 
three tests - the mechanical analysis, determination of the liquid 
limit, and determination of the plastic limit. Tests for these 
properties have been utilized for many years as a means of eval­
uating soil for use in the construction of embankments and pave­
ment subgrades. These tests identify a particular soil as having 
physical properties similar to those of a soil whose performance 
and behavior are known. Therefore, the test soil can be expected 
to possess the same characteristics and degree of stability under 
like conditions of moisture and climate. 

c. As can be discerned from Table 1, the mechanical analyses provide 
the information to permit separation of the granular soils from 
the fine grained soils; whereas, the several groups are arranged 
in order of increasing values of liquid limit and plasticity index. 
The division between granular and fine grained soils is made upon 
the requirement that granular soils must have less than 35 percent 
of silt and clay combined. Determination of the sand, silt, and 
clay fractions is made on that portion of the sample passing the 
No. 10 sieve because this is considered to be the critical portion 
with respect to changes in moisture and other climatic influences. 
The classification of the soils with respect to different percent­
ages of sand, silt, and clay is shown in Figure 1. 

S I L T 

FIGURE 1. TEXTURAL CLASSIFICATION OF SOILS 

Chap 2 Par 9 
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(1) Group E-l includes well-graded, coarse, granular soils that 
are stable even under poor drainage conditions and are not 
generally subject to detrimental frost heave. Soils of this 
group may conform to we11-graded sands and gravels with 
little or no fines. If frost is a factor, the soil should 
be checked to determine the percentage of the material less 
than 0«02 mm in diameter (paragraph 12d). 

(2) Group E-2 is similar to Group E-l but has less coarse sand 
and may contain greater percentages of silt and clay. Soils 
of this group may become unstable when poorly drained as well 
as being subject to frost heave to a limited extent. 

(3) Groups E-3 and E-4 include the fine, sandy soils of inferior 
grading. They may consist of fine cohesionless sand or sand-
clay types with a fair-to-good quality of binder. They are 
less stable than Group E-2 soils under adverse conditions of 
drainage and frost action. 

(4) Group E-5 comprises all poorly graded soils having more than 
35 percent but less than 45 percent of silt and clay combined. 
This group also includes all soils with less than 45 percent 
of silt and clay but which have plasticity indices of 10 to 
15. These soils are susceptible to frost action. 

(5) Group E-6 consists of the silts and sandy silts having zero-
to-low plasticity. These soils are friable and quite stable 
when dry or at low moisture contents. They lose stability 
and become very spongy when wet and for this reason are 
difficult to compact unless the moisture content is care­
fully controlled. Capillary rise in the soils of this group 
is very rapid; and they, more than soils of any other group, 
are subject to detrimental frost heave. 

(6) Group E-7 includes the silty clay, sand clay, clayey sands, 
and clayey silts. They range from friable to hard consist­
ency when dry and are plastic when wet. These soils are 
stiff and dense when compacted at the proper moisture con­
tent. Variations in moisture are apt to produce a detri­
mental volume change. Capillary forces acting in the soil 
are strong, but the rate of capillary rise is relatively slow 
and frost heave, while detrimental, is not as severe as in 
the E-6 soils. 

(7) Group E-8 soils are similar to the E-7 soils but the higher 
liquid limits indicate a greater degree of compressibility, 
expansion, shrinkage, and lower stability under adverse 
moisture conditions. 
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(8) Group E-9 comprises the silts and clays containing micaceous 
and diatomaceous materials. They are highly elastic and very 
difficult to compact. They have low stability in both the 
wet and dry state and are subject to frost heave. 

(9) Group E-1Q includes the silty clay and clay soils that form 
hard clods when dry and are very plastic when wet. They are 
very compressible, possess the properties of expansion, 
shrinkage, and elasticity to a high degree and are subject to 
frost heave. Soils of this group are more difficult to com­
pact than those of the E-7 or E-8 groups and require careful 
control of moisture to produce a dense, stable fill. 

(10) Group E-ll soils are similar to those of the E-10 group but 
have higher liquid limits. This group includes all soils 
with liquid limits between 70 and 80 and plasticity indices 
over 30. 

(11) Group E-12 comprises all soils having liquid limits over 80 
regardless of their plasticity Indices. They may be highly 
plastic clays that are extremely unstable in the presence of 
moisture, or they may be very elastic soils containing mica, 
diatoms, or organic matter in excessive amounts. Whatever 
the cause of their instability, they will require the 
maximum in corrective measures. 

(12) Group E-13 encompasses organic swamp soils such as muck and 
peat which are recognized by examination in the field. In 
their natural state, they are characterized by very low 
stability, very low density, and very high moisture content. 

10. SPECIAL CONDITIONS AFFECTING FINE GRAINED SOILS. 

a. A soil may possibly contain certain constituents that will give 
test results which would place it, according to Table 1, in more 
than one group. This could happen with soils containing mica, 
diatoms, or a large proportion of colloidal material. Such 
overlapping can be avoided by the use of Figure 2 in conjunction 
with Table 1, with the exception of E-5 soils which should be 
classified strictly according to Table 1 and paragraph 9c(4). 

b. Soils with plasticity indices higher than those corresponding to 
the maximum liquid limit of the particular group are not of common 
occurrence. When encountered, they are placed in the higher 
numbered group as shown in Figure 2. This is justified by the 
fact that, for equal liquid limits, the higher the plasticity 
index, the lower the plastic limit at which a slight increase in 
moisture causes the soil to rapidly lose stability. 
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FIGURE 2 . CLASSIFICATION CHART FOR FINE GRAINED SOILS 

11. COARSE MATERIAL RETAINED ON NO. 10 SIEVE. Only that portion of the 
sample passing the No. 10 sieve is considered in the above-described 
classification. Obviously, the presence of material retained on the 
No, 10 sieve should serve to improve the overall stability of the soil. 
For this reason, upgrading the soil from 1 to 2 classes is permitted 
when the percentage of the total sample retained on the No. 10 sieve 
exceeds 45 percent for soils of the E-l to E-4 groups and 55 percent 
for the others. This applies when the coarse fraction consists of 
reasonably sound material which is fairly well graded from the maximum 
size down to the No. 10 sieve size. Stones or rock fragments scattered 
through a soil should not be considered of sufficient benefit to warrant 
upgrading. 

12. SUBGRADE CLASSIFICATION. 

a. For each soil group there are corresponding subgrade classes. 
These classes are based on the performance of the particular soil 
as a subgrade for rigid or flexible pavements under different 
conditions of drainage and frost. The subgrade class is determined 
from the results of soil tests and the information obtained by 
means of the soil survey and a study of climatological and topo­
graphical data. The subgrade classes and their relationship to the 
soil groups are shown in Table 2. The prefixes "R" and "F" indi­
cate subgrade classes for rigid and flexible pavements, respec -
tively. These subgrade classes determine the total pavement 
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thickness for a given aircraft load. The requirements are fully 
discussed under rigid and flexible pavement design in following 
parts of this text. Therefore, only a brief description of the 
classes will be presented here. 

TABLE 2. AIRPORT PAVING SUBGRADE CLASSIFICATION 

Soil Group 

Subgrade Class 

Good Drainage 

No Frost or Frost 

Poor Drainage 

No Frost Frost 

E-l-
E-2-
E-3-
E-4-
E-5--
E-6-. 
E-7-
E-8--
E-9--
E-10 
E-ll-
E-12-

Fa or Ra-
Fa or Ra-
Fl or Ra-
Fl or Ra-

Fa or Ra-
Fl or Ra-
F2 or Rb-
F2 or Rb--
F3 or Rb--
F4 or Rc--
F5 or Rc--
F6 or Rc--
F7 or Rd--
F8 or Rd--
F9 or Re--
F10 or Re-

Rb 
Rc 

Fl or Ra 
F2 or Rb 
F3 or Rb 
F4 or Rb 
F5 or 
F6 or 
F7 or Rc 
F8 or Rd 
F9 or Rd 
F10 or Rd 
F10 or Re 
F10 or Re 

E-13- Not suitable for subgrade 

b. Subgrades classed as Fa for flexible pavements and Ra for rigid 
pavements furnish adequate subgrade support without the addition 
of subbase material. The soil's value as a subgrade material 
decreases as the number increases. 
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c. Good and poor drainage in this classification refers to the 
subsurface soil drainage. 

(1) Poor Drainage is defined for the purpose of this circular as 
soil that cannot be drained because of its composition or 
because of the conditions at the site. Soils primarily 
composed of silts and clays for all practical purposes are 
impervious and as long as a water source is available the 
soils' natural affinity for moisture will render these mate­
rials unstable. These fine grain soils cannot be drained and 
are classified as poor drainage as indicated in Table 2. A 
granular soil that would drain and remain stable except for 
conditions at the site such as high water table, flat terrain, 
or impervious strata, should also be designated as poor 
drainage. In some cases this condition may be corrected by 
the use of subdrains. 

(2) Good Drainage Is defined as a condition where the internal 
soil drainage characteristics are such that the material can 
and does remain well drained resulting in a stable subgrade 
material under all conditions. 

d. There is a tendency to overlook the detrimental effects of frost in 
pavement design. The effects of frost are widely known; however, 
experience shows that all too often pavements are damaged or 
destroyed by frost that was not properly taken into account in the 
design. Most inorganic soils containing 3 percent or more of 
grains finer than 0.02 mm in diameter by weights are frost suscep­
tible for pavement design purposes. The subgrade soil should be 
classified either as "No Frost" or "Frost" depending on one of 
the two following conditions: 

(1) No Frost should be used in the design when the average frost 
penetration anticipated is less than the thickness of the 
pavement section. 

(2) Frost should be used when the anticipated average frost 
penetration exceeds the pavement sections. The design should 
consider including non-frost susceptible material below the 
required subbase to minimize or eliminate the detrimental 
frost effect on the subgrade. The extent of the subgrade 
protection needed depends on the soil and the surface and 
subsurface environment at the site. 

e. Figure 3 shows the average annual frost penetration throughout the 
conterminous United States. It is included primarily as a guide. 
Actual depth of frost penetration should be determined for each 
particular site on the basis of reliable local information. 
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Subgrade treatment should be considered in the pavement design if 
one or more of the following conditions exists: poor drainage, 
adverse surface drainage, or frost. A stabilized or modified 
subgrade will to some degree make a hard-to-work soil more work­
able, provide a working platform for construction, act as a 
moisture barrier between untreated soil and the pavement section, 
and is frost resistant. The agent for the treatment will depend 
on the soil and site conditions. Lime is used for most clay, 
silt, and silt-clay soils, while portland cement and bituminous 
materials are readily adaptable to some soils. 

While the Atterburg limits and mechanical gradation are indicators 
of inherent soil stability, they are not infallible in this regard. 
Variations in grain shape, grittiness, etc., influence the 
stability and performance of a soil under load. The possibility 
of performance at variance with these tests can be greatly 
lessened by the use of CBR tests as a supplemental classification 
procedure. A CBR-F classification and adjustment procedure is 
shown in Chapter 6, Figure 20 and paragraph 35a. For design 
purposes, the CBR-F classification can be related to the rigid 
pavement subgrade classification by reference to Table 2. * 

13. SOIL TESTS REQUIRED. 

a. A summary of the preceding text discloses that the following tests 
are required in order to analyze correctly the conditions on the 
site and to prepare design plans and construction specifications. 

(1) Mechanical analysis to show the percentage of coarse sand, 
fine sand, silt and clay, as well as the amount of material 
retained on the No. 10 sieve. 

(2) Liquid and plastic limit tests. 

(3) Maximum density and optimum moisture content determination. 

* b. Additional tests, such as those for bearing, shrinkage, permeability, 
consolidation, in-place density and moisture content should be 
performed where applicable in order to properly evaluate the 
performance of a soil (see paragraph 8c). * 

f. 

* g-
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14, GENERAL. This chapter covers pavement design for major civil airports, 
i.e., airports serving aircraft with gross weights of 30,000 pounds or 
more. Chapter 5 is devoted to the construction of pavements serving 
the lighter aircraft with gross weights under 30,000 pounds. 

a. Determination of pavement thickness requirements is not an exact 
science. Although a great deal of research work has been completed 
and more is underway, it has been impossible to arrive at a formula 
that would provide a direct mathematical solution of thickness 
requirements. For this reason the determination of pavement thick­
ness must be based on a theoretical analysis of load distribution 
through pavements and soils, the analysis of experimental data, and 
a study of the performance of pavements under actual service condi­
tions. Pavement thickness curves presented in this chapter have 
been developed from a correlation of the data obtained from these 
sources. Pavements constructed in accordance with these standards 
have generally proven satisfactory. Use of the curves is described 
in paragraphs 17 and 19. 

b. Structural design of airport pavements consists of determining both 
the overall pavement thickness and the thicknesses of the component 
parts of the pavement. There are a number of factors which influ­
ence the thickness of pavement required to provide satisfactory 
service. These Include the magnitude and character of the aircraft 
loads to be supported, the volume of traffic, the concentration of 
traffic in certain areas, and the quality of the subgrade soil as & 
pavement foundation. 

(1) Aircraft Wheel Loadings. Eractically all large civil aircraft 
are supported on a tricycle arrangement of landing wheels, 
consisting of a nose gear and two main undercarriage assemblies. 
The exact percentage of the gross weight on the main gear 
undercarriages depends upon the type of aircraft and whether 
the aircraft is loaded with a forward or aft center of gravity. 
Recent information on current aircraft indicates that from 
88 to 98 percent of the aircraft weight may be distributed to 
the two main gear undercarriages. This publication considers 
that 5 percent of the gross weight of the aircraft is supported 
by the nose wheel and that the remaining 95 percent is distri­
buted equally between the two main undercarriage assemblies. 
The design curves, based on gross aircraft weight, will cover 
the three types of main gear assemblies in current civil use 
(single, dual, and dual-tandem). As new civil aircraft are 
developed with other gear arrangements, new curves will be 
developed for them in the same manner as described in Appendix 
1 
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(2) Traffic. It is general practice to design the pavement for 
"capacity operations" of the most critical aircraft that will 
normally operate from the airport. The curves presented in 
this publication are based on this condition. 

(3) Concentration of Traffic. Airport pavements may be divided 
into two or more categories by reason of the thicknesses 
required to satisfy operating conditions. The areas requiring 
the thickest pavement (critical areas) are the aprons, taxi-
ways (except certain exit taxiways), and the ends of the runway. 
In the remaining area of the runway, the noncritical area, the 
less adverse loading conditions permit a reduction in the 
required pavement thickness. Such a reduction can result in a 
considerable saving in both construction effort and funds. 
Typical layouts and sections are shown in Figures 4 and 5. 

(a) Figure 5 illustrates a keel section recommended for run­
ways serving turbojet aircraft primarily. However, the 
details of Figures 4 and 5 are interchangeable to the 
extent that the Figure 4 or conventional section can be 
used for jet runways by substituting 0.9T for the entire 
noncritical runway area, and the keel section may be used 
for runways serving propeller driven aircraft primarily 
by substitution of 0.8T for the 0.9T runway area. The 
0.9 factor, as opposed to 0.8, shall be used for the 
noncritical runway when 25 percent or more of the planned 
operations will be by turbojet aircraft which gross 90 
percent or more of the design weight. 

(b) Figure 5 shows a 75-foot keel dimension for the 0.9T 
noncritical area. Optional sections may include a 50-foot 
keel with transition to 0.7T over a 25-foot width, a 100-
foot keel with transition through the outer 25-foot 
width only. 

(c) The exit taxiway thicknesses shown in Figures 4 and 5 are 
for typical domestic operations by propeller and jet 
aircraft, respectively. Gross landing weight shall control 
the design thickness, per paragraph 14b(3), where these 
will vary from the standard by more than nominal thickness. 

(d) There are certain areas of airport pavements which air­
craft normally will not traverse. These areas include 
blast pads, taxiway and apron shoulders, and certain 
portions of the terminal apron adjacent to buildings. 
Normally, the only vehicles that traverse these areas are 
maintenance vehicles, fuel trucks, snowplows, and baggage 
carts. These areas shall be designed for their intended 
use. * 
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T Y P I C A L S E C T I O N S 
RIGID FLEXIBLE 

CRITICAL AREAS 

NONCRITICAL AREAS 

TRANSITION AREAS 

0 . 8 T 

T R A N S I T I O N A R E A 
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1 0 0 0 

J % * 

# MAXIMUM 

T TOTAL THICKNESS OF FLEXIBLE PAVEMENT 
OR CONCRETE THICKNESS OF RlGlO PAVEMENT. 

i f MINIMUM 

FIGURE 4. TYPICAL SECTIONS AND CRITICAL AREAS 
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15. DESIGN REQUIREMENTS AS AFFECTED BY SOIL PROFILE. 

a. In some cases the upper level of the subgrade may exist as a clearly 
defined thin layer of soil of a much better quality than the under­
lying soil. Obviously, to design on the basis of the thin upper 
layer only would be inadequate In many instances. However, it must 
be realized that the upper layout of superior quality soil, even 
though thin in section, will provide some benefits which can be 

* utilized In the pavement design. The following paragraphs illus­
trate the means by which these benefits may be realized. It should 
be noted, however, Ghat this procedure does not apply when the 
underlying soil is a swelling soil for which the compaction 
criteria of FAA Specification P-152 and Figure 8-1 are not achieved. 
For these soils, see paragraph 16d. * 

b. As an illustration, 'assume the upper layer of soil is designated 
"A" and the underlying layer is designated "B." If the thickness 
of layer "A" is insufficient to reduce the stresses imposed on 
layer "B" to an acceptable level, then an increase in the thickness 
of subbase is necessary over that which would be required if the 
soil was composed entirely of layer "A" material. Conversely, the 
required subbase thickness would be less than the subbase thickness 
required to protect layer "B" because of some beneficial effect of 
layer "A." 

c. Logically then, the thickness of subbase required to fulfill design 
requirements under conditions similar to those stated above lies 
somewhere between the thickness of subbases required for "A" and 
"B." A method which may be used to determine the subbase require­
ment on a thin layered subgrade is based on the relationship 
between the two subbase thicknesses. This relationship is expressed 
by the formula: 

z » Y - l n which 
x+y 

z =» required thickness of subbase 
x « subbase thickness for layer "A" soil 
y = subbase thickness for layer "B" soil 
t « thickness of layer "A" 

(1) It can be seen from the formula that "z" will be less than 
"x" if "t" is greater than "x" + "y." Therefore, if "t" 
is equal to or greater than the sum of "x" + "y»" the 
subbase required for layer "A" should be used. 

(2) For an example of the application of this formula, determine 
the subbase thickness required for a taxiway to accommodate 
a 120,000-pound dual gear aircraft where the subgrade 
consists of an 8-inch layer of E-3 soil overlaying an E-7 
soil. Drainage conditions are poor and no frost problem 
exists. 
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Soil 
Layer 

Soil 
Group 

Subgrade 
Class 

Subbase 
Thickness (Inches) 

A 
B 

E-3 
E-7 

F2 
F5 

3 inches 
11 inches 

z = U - 8(1,1-3) _ u . 5 = 6 inches 
3+11 

(3) If "t" had been greater than 3+11 ~ 14 inches, the subbase 
requirements would have been that as required for layer "A", 
i.e., 3 inches. The same principle may be applied for both 
flexible and rigid pavements. 

d. This illustrates the manner in which economic advantage may be 
gained by use of selective grading. If superior material is 
available on the site, it may be economical to remove inferior 
material, or a portion thereof, and replace it with the superior 
material thereby reducing the subbase thickness requirements. 

16. FLEXIBLE PAVEMENTS. Flexible pavements consist of a bituminous 
wearing surface placed upon a base course and, when required by 
subgrade conditions, a subbase. Figures 4 and 5 show a typical cross-
section of a flexible pavement. 

a. The bituminous surface or wearing course must prevent the 
penetration of surface water to the base course; protect 
the base from raveling and disintegration caused by various 
abrasive effects of traffic; provide a smooth, well-bonded 
surface free from loose particles which might endanger aircraft 
or persons; resist the shearing stresses occasioned by aircraft 
loads; and furnish a texture of nonskid qualities, yet not cause 
undue wear on tires. 

(1) To successfully fulfill these requirements, the surface must 
be composed of mixtures of aggregates and bituminous binders 
which will produce a uniform surface of suitable texture pos­
sessing maximum stability and durability. Since control of 
the mixture is of paramount importance, these requirements can 
best be achieved by use of a central mixing plant where pro­
per control can be most readily obtained. A dense-graded, 
bituminous concrete such as Item P-401 produced in a central 
mixing plant will most satisfactorily meet all the above 
requirements. 
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(2) Wherever a flexible pavement is to be subjected to concentrated 
fuel spillage or other solvents, as at aircraft loading posi­
tions and maintenance areas, protection should be provided 
by use of a solvent resistant seal coat such as Item P-625. 
A seal coat may be desirable in other operational areas for 
protection of the pavement structure. Seals on newly paved 
runway surfaces, when used, should be limited to the chip 
variety in order to achieve the needed visibility and skid-
resistant properties. 

b. The base course is the principal structural component of the 
flexible pavement. It has the major function of distributing the 
imposed wheel load pressures to the pavement foundation, the 
subgrade. The base course must be of such quality and thickness to 
prevent failure in the subgrade, withstand the stresses produced in 
the base itself, resist vertical pressures tending to produce 
consolidation and resulting in distortion of the surface course, 
and resist volume changes caused by fluctuations in its moisture 
content. 

(1) These qualities of the base course depend upon composition, 
physical properties and compaction, and individual materials 
which make up the mixture. Many materials and combinations 
thereof have proved satisfactory as base courses. They are 
composed of select, hard and durable aggregates blended with 
binders or fillers of approved types so as to produce a uni­
form mixture which will meet specifications as to gradation 
and soil constants and to permit compaction into a dense, 
well-bonded mass. 

(2) Specifications covering the quality of components, gradation, 
manipulation, control, and preparation of various types of 
base courses for use on airports for design loads above 
30,000 pounds gross aircraft weight are as follows: 

(a) Item P-201 - Bituminous Base Course 

(b) Item P-209 - Crushed Aggregate Base Course 

(O Item P-210 - Caliche Base Course 

(d) Item P-211 - Lime Rock Base Course 
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(e) Item P-212 - Shell Base Course 

(f) Item P-214 - Penetration Macadam Base Course 

* (8) Item P-215 - Cold Laid Bituminous Base Course 

(h) Item P-304 - Cement Treated Base Course 

* (3) Experience has shown that when high quality aggregates are * 
used, asphalt and portland cement treatments produce bases 
that are more effective than untreated bases. In recognition 
of the superior effectiveness of such bases, one inch of 
treated base material is considered to be equivalent to 1.5 
inches of untreated base material and may be substituted in the 
pavement construction on this basis. These reductions are 
applicable only when high quality base courses, specifically 
Item P-201, "Bituminous Base Course," and Item P-304, "Cement 
Treated Base Course," are used. However, the minimum permis­
sible thickness of bituminous base course is 4 inches and the 
minimum permissible thickness of cement treated base course 
is 6 inches, in either critical or noncritical areas. 

c. A subbase is included as an integral part of the flexible pavement 
structure In all pavements except those on subgrades classified 
as Fa. The function of the subbase is similar to that of the base 
course. However, since it is protected by the base and surface 
courses, the material requirements are not as strict as for the 
base course. 

(1) Specification Item P-154, "Subbase Course," covers the quality 
gradation, control, and preparation of the standard subbase 
course. 

(2) Certain materials that are permitted only for base courses 
for pavements serving aircraft with gross weights of less than 
30,000 pounds may be used as subbase courses for the larger 
aircraft. They are: 

* (a) Item P-206 - Dry-Bound Macadam Base Course or Water-Bound 

(b) Item P--208 
Macadam Base Course 

- Aggregate Base Course 

(O Item P-•213 - Sand-Clay Base Course 

(d) Item P-•216 - Mixed In-Place Base Course 

(e) Item P-•301 - Soil Cement Base Course 
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(3) When the material Items P-201 and P-304 are used as base 
courses, they may be used as subbase also on the basis that 
one-inch of P-201 or P-304 is equivalent to 1-1/2 inches of 
the approved subbase materials. 

d. The subgrade soils are subjected to the same stresses, though to 
a lesser degree, as the surface, base, and subbase courses. These 
imposed stresses decrease with depth and are most critical at the 
top of the subgrade, unless unusual conditions prevail, such as a 
layered subgrade (see paragraph 15) or water content and/or density 
vary sharply with depth. These conditions should be checked during 
the soils Investigation. The ability of a particular soil to 
resist shear and deformation is dependent on the soil density and 
moisture content. 

(1) Specification Item P-152, Excavation and Embankment, covers 
the construction and density control of subgrade soils. 
Figure 8-1 shows depths below the subgrade surface to which 
compaction controls apply, 

(2) Noncohesive soils, for the purpose of determining compaction 
density and depth, are those for which no plastic index is 
discernible in the Atterburg tests, or for which the moisture-
density curve is either reversed or a straight line. 

(3) For most soils, moisture-density curves show the water content 
at which the desired density can be most easily achieved. 
These soils when so compacted will provide a satisfactory 
level of in-place stability and will have voids and voids 
filled percentages that limit the detrimental effects of added 
available water. Some soils, when compacted to the optimum 
modified AASHO densities, due to chemical attraction or a low 
voids filled to voids ratio, will attract available water and 
swell. The swelling is accompanied by extreme loss In bearing 
value. Soils of this type shall be stabilized or modified 
where possible to the extent required to preclude the swelling. 
Where this is impractical, compaction with additional water to 
lower densities will minimize swelling, but will reduce 
bearing values. When this procedure is followed, the pavement 
section shall be increased by the increment shown in Figure 8-1 
as the difference between the FAA Specification T-611 density 
required and achieved. The additional material may consist of 
a suitable nonawelling borrow or added subbase, compacted to 
the required Figure 8-1 densities. Exceptions may be considered 
as follows: * 
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(4) 

(5) 

(a) For flexible pavement design based on CBR tests performed 
in the manner prescribed in MIL-STD-621A and converted 
to FAA subgrade class per Figure 20, no thickness 
adjustment is required. A transition or working platform 
to permit the required subbase compaction to 100 percent 
density may be specified, not to exceed 6 inches in 
thickness for each 5 percent density difference in 
excess of 5 percent. 

(b) For rigid pavement design (using plate bearing tests in 
the manner prescribed in MIL-STD-621A and in paragraph 
19b) no thickness adjustment is required. A working 
platform may be specified as in (a) above. 

(c) For application of CBR to rigid pavement design, see 
paragraphs 12g and 35a. 

(d) For heavy load pavements and for extensive areas, methods 
(a) and (b) above are the recommended design procedures. 

When P-201 and P-304 are used for subbase over swelling soils, 
they may be used for added subbase as required in (3) above 
on the same basis; i.e., one inch of P-201 or P-304 for each 
1-1/2 inches of added subbase required. Other stabilized 
materials may be used for added subbase on a one-for-one basis. 

Example. For an apron extension to accommodate a 340,000-
pound dual-tandem geared aircraft, a soils investigation has 
shown the subgrade will be Fl and noncohesive. In-place 
densities of the B horizon soils have been determined at even 
foot increments below the ground surface. Design calculations 
indicate that the top of subgrade in this area will be 
approximately 10 inches below the existing grade. Depths and 
densities may be tabulated as follows: 

i Below Existing Depth Below Finished In-Place 
Ground Subgrade Density 

In Figure 8-1, project a line downward from 340,000 pounds on 
the dual tandem scale; and from the point of intersection with 
the line representing each density requirement project a line 
to the noncohesive compacted subgrade depth scale. 

1' 
2' 
3' 
4' 
5' 

2" 
14" 
26" 
38" 
50" 

70 % 
84 % 
86 % 
90 % 
93 % 
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17. DESIGNING THE FLEXIBLE PAVEMENT. Due to the variation in stress 
distribution of single, dual, and dual-tandem gear aircraft as 
discussed In Appendix 1, separate flexible pavement design curves for 
each of these gear arrangements have been prepared as shown in 
Figures 6, 7, and 8, respectively. 

a. Fieure 4. Figures 6, 7, and 8 are used to obtain the total critical 
pavement thickness, "T," and surface course requirements. To 
obtain the noncritical pavement thickness, the critical pavement 
base and subbase courses are reduced by a factor of .8T. The 
noncritical surface course requirements are noted in Figures 6, 7, 
and 8. For fractions of an inch of .5 or more, use the next higher 
whole number; and for less than .5, use the next lower number. 

b* Figure 5. Figures 7 and 8 are used to obtain the total critical 
pavement and surface course thickness for the area designated as 

* "T M in Figure 5. The .9T factor for the noncritical pavement 
applies to the base and subbase courses. The surface course is 
noted in Figures 7 and 8. For the variable section of the 
critical, transition section, and thinned edge of the noncritical 
section, the reduction applies only to the base course. The ,7T 
thickness for subbase shall be the minimum permitted, and the 
subbase thickness shall be increased and/or varied to provide 
positive surface drainage from the entire subgrade surface. Use 
the same procedure outlined in paragraph 17a for rounding off 
fractions to whole numbers. For optional use of Figures 4 and 5 
and for optional keel widths, see paragraph 14.3(b). * 

c. Example. As an example of the use of these design curves and 
Figure 5, assume that a jet aircraft on dual gear has a gross 
weight of 140,000 pounds, and the soil classification is E-7 with 

* poor drainage and 42 Inches of frost penetration. From Table 2, 
the subgrade classification would be F5 or F7, depending on whether 
or not frost will penetrate the subgrade. In this case, the 
classification will be F7. * 

(1) Enter Figure 7 on the left at 140,000 pounds gross weight and 
proceed horizontally to the intersection with subgrade class­
ification F7 and then proceed vertically downward to the 
total pavement thickness scale. In this case, the 140,000-
pound dual aircraft for an F7 requires 32 inches of pavement 
thickness, 
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* Reference to the tabulation shows that for this example, in-
place density is satisfactory at a depth of 38 inches, being 
90 percent and within the required 90 percent zone. It will be 
necessary to compact an additional 2 inches at 90 percent, 
15 inches at 95 percent, and the top 21 inches of subgrade at 
100 percent density. With modern compaction equipment, these 
densities can usually be achieved from the surface in a 
noncohesive soil. * 
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(2) Go back to the Intersection of the 140,000-pound gross weight 
line and the F7 subgrade classification line, proceed to the 
right, parallel with dashed lines, to the intersection of the 
required base thickness line and read 10 inches for the 
critical area. A 4-inch surface is required by this chart. 
The balance of the total thickness requirement is subbase, 
in this case 18 inches. 

(3) The total pavement thickness for noncritical is obtained by 
taking .9 of the critical pavement base and subbase courses 
plus the required surface course thickness. The thinned edge 
portion of the critical and noncritical pavement ,7T factor 
applies only to the base course as the subbase must be 
increased to provide transverse subgrade drainage. The 
transition section and surface course requirements are 
noted in Figure 5. 

(4) The final requirements of the dual gear aircraft are: 

"T" CRITICAL ,9T NONCRITICAL ,7T EDGE 
AREAS AREAS AREAS 

Surface 4" 3" 2" 

Base 10" 9" 7" 

* Subbase 18" 16" 19" V 

Frost 

Protection V 4" 8" 8" 

TOTAL 36" 36" 36" 
If Full depth frost protection shall be provided for the primary 

runway(s) at large hub airports. For other paved areas, 
protection shall be provided for depths between 65 percent 
and 90 percent of the total frost penetration. The degree 
of protection provided shall be determined considering the 
frost susceptibility of the underlying material, depth to 
water, the extent to which variable soils will contribute 
to differential heaving, and local experience with the 
construction materials being used. 

2/ See discussion, paragraphs 17b and 19c. 
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CRITICAL AREAS - TOTAL PAVEMENT THICKNESS - INCHES 

8 10 15 20 25 30 35 40 45 50 55 60 65 

CRITICAL AREAS - T O T A L PAVEMENT THICKNESS - INCHES 

FIGURE 6. DESIGN CURVES - FLEXIBLEPAVEMENT - SINGLE GEAR 
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CRITICAL AREAS - T O T A L PAVEMENT THICKNESS - INCHES 

FIGURE 7. DESIGN CURVES - FLEXIBLE PAVEMENT - DUAL GEAR 
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CRITICAL AREAS - TOTAL PAVEMENT THICKNESS - INCHES 

CRITICAL AREAS - TOTAL PAVEMENT THICKNESS - INCHES 

FIGURE 8. DESIGN CURVES - FLEXIBLE PAVEMENT - DUAL-TANDEM GEAR 
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GROSS AIRCRAFT WEIGHT-DUAL TANDEM GEAR - IOOO POUNDS 

200 250 300 350 400 150 

80 110 140 170 200 

GROSS AIRCRAFT WEIGHT— DUAL GEAR- 1000 POUNDS 
230 

NOTES: 

1 . Curved lines denote depths below the finished 
subgrade above which densities must equal 
or exceed the indicated percentage of the 
maximum density at optimum moisture as 
determined by the FAA compaction control 
T-611. 

2 . For embankment areas the charted criteria 
shall be met except that the minimum 
density of soils placed in fill shall be 
905, for cohesive and 95% for noncohesive, 
and for the tap nine Inches in fill shall 
be not less than 951 for cohesive and 100X for 
noncohesive, of the T-611 density. 

3 . The subgrade in cut areas shall have 
natural densities equal to or greater than 
the densities shown or shall (a) be 
compacted from the surface to achieve the 
required densities, (b) shall be removed 
and replaced in which case the minimum 
densities for fills apply, or (c) when 
economics and grades permit, be covered 
with sufficient select or subbase material 
so that the uncompacted subgrade is at a 
depth where the in-place densities are 
satisfactory. 

4 . Where a noncohesive soil of F class 3 or A 
may exist, the difference in subbase thick­
ness required in excess of that required 
for an ?2 soil may be deducted from the 
required subgrade compaction depths. 

5. For swelling soils, reduced densities may 
be used in accordance with paragraph I6d. 
When reduced densities are employed, Figures 2 1 , 
22, and 23 shall be used for rigid pavement 
design. 
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(5) In the preceding example, the design is for a jet aircraft 
using the criteria shown in Figure 5. If the design had 
been for a conventional aircraft, the pavement should conform 
to the criteria outlined in Figure 4. The .8T factor used to 
obtain the noncritical thickness applies to both the base and 
the subbase. The pavement sections as obtained from Figures 6, 
7, and 8, and reduction required in Figures 4 and 5 provide only 
minimum thickness and do not provide for frost protection of the 
subgrade as previously discussed in Chapter 2, paragraph 12d(2). 

d. Considerations for Thin Subbases. Where a pavement is to be 
constructed on an excellent subgrade, the subbase thickness 
requirement may be less than 3 inches. Where a subbase is less 
than 3 inches thick, it is recommended that additional base course 
be substituted for the thin subbase in the proportion of 1 inch of 
base course for each 1-1/2 Inches of subbase. The final decision 
usually depends on the thickness of the subbase course and economic 
consideration as they are affected by construction problems, 
materials, and frost penetration. 

* e. Design Based on CBR. When considered to be advantageous, California 
Bearing Ratio tests of the subgrade soils, made in accordance with the 
procedures discussed in paragraph 35a, may be used in the design of 
flexible pavements. The application of CBR test results to the F 
classification in Table 2 shall be the same as is spelled out for the 
evaluation procedure. * 

18. RIGID PAVEMENTS. Rigid pavements for airports are composed of portland 
cement concrete placed upon a granular or treated subbase course that 
rests upon a compacted subgrade. An exception is made if the subgrade 
falls in the Ra classification, in this case no subbase Is required. 

a. The quality of the concrete, the mixes, the control tests, methods 
of construction and handling, and quality of workmanship are covered 
in detail in Item P-501, "Portland Cement Concrete Pavement." 

b. The materials suitable for subbase courses under rigid pavements 
are covered in Item P-154, "Subbase Course," and Item P-301, 
"Soil Cement Base Course." Some of the benefits derived from the 
subbase course are: 

(1) Increases the support and provides a more uniform bearing of the 
portland cement concrete pavement. 

(2) Eliminates pumping action. 

(3) Minimizes effects of volume changes in subgrade soils. 

(4) Prevents detrimental effects of frost action. 

Chap 3 Par 17 



Page 34 AC 150/5320-6A CHG 1 
6/11/68 

*19. DESIGNING THE RIGID PAVEMENT. Two methods for determining rigid 
pavement thickness requirements are available. Separate design curves 
for each of the gear configurations (single, dual, dual-tandem) are 
prepared as shown in Figure 9 and discussed in Appendix 1. These are 
based on conservative assumptions and are recommended for limited areas 
of work. When economics or unusual soil conditions warrant the testing 
and Investigation necessary to more closely determine the design 
requirements, rigid pavement thickness may be determined from Figures 
21, 22, and 23 in Chapter 6. 

a. Rigid Pavement for Critical Areas - Figure 9. Rigid pavement 
thickness for critical areas Is read from the top group of design 
curves given in Figure 9. The thickness of the concrete pavement 
is figured independently of the subgrade classification. After 
determining the required thickness of the concrete pavement and 
knowing the subgrade classification, the bottom group of design 
curves is used to determine the subbase thickness. When the 
figure shows concrete thickness in fractional inches, the design 
thickness should be increased to the next full Inch from fractions 
of an inch of .3 or more and reduced to the lower full inch from 
fractions of less than .3 inch. Pavement thickness thus increased 
by .5 inch or more may be compensated for by a reduction of 1 Inch 
in subbase thickness. 

b. Rigid Pavement for Critical Areas - Figures 21. 22. and 23. In 
addition to the soils survey, analysis, and classification 
discussed in Chapter 2, rigid pavement design by application of 
Figures 21, 22, and 23 requires additional testing and design 
procedures as explained below. 

(1) Determination of the Modulus of Soil Reaction (k value) should 
be measured at the top of subbase (or Ra subgrade) and 
determined by construction to required densities of a limited 
test section. The section should consist of the design 
subgrade and subbase material and utilization of plate bearing 
test procedures specified In Military Standard MIL-STD-621A, 
Subgrade, Subbase, and Test Method for Pavement Base-Course 
Materials. 

(2) Determination of the design flexural strength should be 
reduced by a safety factor of 1.75 to compute working stress 
for critical area pavement. The stress scale In Figures 21, 
22, and 23 is the working stress. 

(3) Flexural stress and k values may be Investigated through a 
range of pavement and subbase thicknesses to arrive at the 
most economical section withct regard to subgrade class. A 
minimum 4-inch subbase shall be used, however, for any 
subgrade classified as poor drainage. * 
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c. 

(4) It is recommended, and particularly for frost areas, that the 
PCC be designed for at least 700 p.s.i. flexural strength at 
90 days. Where laboratory procedures are used to provide 
mix design and cement factor, beams shall be cast in 
accordance with ASTM C 192 and tested in accordance with 
ASTM C 78. 

Rigid Pavement for Noncritical Areas. Noncritical area pavement 
is constructed to thicknesses of 0.9, 0.8, or 0.7 of the critical 
pavement thickness "T" depending on traffic type and relative 
location. See Figures 4 and 5. For the 0.9T and 0.8T factors, 
subbase thickness is not reduced. For the 0.7T factor, subbase 
is increased as required to provide the same total pavement 
thickness as for the adjacent pavement and subbase combination. 
Exceptions to the subbase requirement may be made in arid regions 
(see paragraph 20b) but no reduction in subbase thickness shall 
be provided which would preclude positive drainage of the subgrade 
surface. 

Example Using Figure 9. Assume the design critical aircraft is 
propeller driven on dual gear, gross weight 160,000 pounds, with 
E-7 soil and no frost. From Table 2 the subgrade class is Rc. 

(1) From Figure 9, the required thickness of concrete pavement for 
the 160,000-pound dual aircraft is 12.5 inches. This figure 
is obtained by proceeding horizontally from the 160,000-pound 
gross weight scale to the intersection with the dual curve then 
proceeding vertically downward to the pavement thickness scale. 

(2) The subbase thickness Is determined by proceeding vertically 
downward from 12.5 inches to the intersection with the Rc 
subbase curve and then proceeding horizontally to the left to 
the subbase thickness scale. The required thickness of the 
subbase (approximately 9 inches in this case) is obtained. 

(3) The required pavement thickness for noncritical areas is 
obtained by taking 80 percent of the required critical area 
pavement thickness. 

(4) Fractional thicknesses of portland cement concrete of .3 or 
more are rounded to the next higher full inch, and for the 
.5 inch increase in this example, a 1-inch reduction in 
subbase is appropriate. The design thickness becomes: 

160.000 POUND DUAL 

Critical Area Noncritical Area 

Pavement 12.5" use 13" 12.5 x 0.8 = 10.0 
Subbase 9" - 1" « 8 9" 
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(5) In the above example, if the soil classification had been E-8 
instead of E-7, the subgrade classification would have been Rd 
(see Table 2 ) . The concrete thickness requirement would remain 
the same but the subbase thickness would have been 12 inches 
instead of 9 inches. Also note that the noncritical pavement 
thicknesses are computed from the charted thickness prior to 
rounding off. 

e. Example Using Figure 22. For the same aircraft and soil as the 
previous example, assure additional design effort has been made and 
that a test section has shown k values of 170 on a 6-inch subbase 
and 210 on a 9-inch subbase. A subbase thicker than shown in 
Figure 9 would not normally be used. Concrete design strength of 
700 p.s.i. at 90 days is selected. 

(1) Enter Figure 22 at the 400 p.s.i. stress point of the left hand 
vertical scale and proceed across to the 210 k line. From this 
line (interpolated between 200 and 300 k) move vertically to 
the 160,000-pound load line. From this point proceed 
horizontally to the pavement thickness scale on the right. 
The required pavement thickness Is 12.8 inches and 13 inches 
critical pavement will be used. The .8T factor applied to the 
noncritical area pavement results in a 10.2-lnch section 
requirement rounded off to 10 inches 

(2> Similar analysis for the 170 k value results in a critical 
area pavement thickness of 13.1 inches (13 inches would be 
used) and 0.8 noncritical thickness of 10.5 inches rounded 
off to 11 inches. 

(3) Additional design options remain which may be applied, such as: 

(a) Working from the 13-inch slab thickness proceed hori­
zontally to the load line and vertically to intersect 
the 400 p.s.i. stress line. These intersect at the 190 k 
reaction line. This would permit a reduction in subbase 
thickness of 1 inch, as a conservative application of 
assumed linear relationship between the subbase and k 
values investigated. 

(b) Again working from the 13-inch slab thickness as above, 
intersect the 170 k line and read a working concrete stress 
of 408 p.s.i. This section and 6-inch subbase require a 
715 p.s.i. flexural strength to satisfy the design 
requirement. * 
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(4) The four design options and thicknesses are charted below. 

Critical Noncritical (0.8) 
k s. Area Slab Subbase Area Slab Subbase 

210 700 12.8" 9" 10.2" 9" 
use 13" use 10" 

190 700 13" 8" 10.4" 7" 
use 11" 

170 700 13.1" 6" 10.5" 5" 
use 13" use 11" 

170 715 13" 6" 10.4" 5" 
use 11" 

Since any of these design approaches are considered 
satisfactory, the design decision should be made primarily on 
a cost comparison basis. Additional consideration based on cost 
would be needed for frost protection as discussed below, 
subgrade stabilization, etc. 

20. SPECIAL DESIGN CONSIDERATIONS. 

a. Increase in Subbase Thickness Due to Frost. There may be locations 
and conditions where the combined thickness of portland cement 
concrete and subbase course is not adequate to prevent frost heave 
which would result in pavement deterioration. Where such a condition 
exists, the thickness of the subbase course should be increased over 
that which results from the use of curves. The total thickness of 
pavement required In such a case should be determined from a study 
of conditions prevailing at the site. Portland cement concrete has 
considerable insulating value which has the effect of reducing the 
depth of penetration of frost. This beneficial insulating effect 
should be considered in all areas where frost might be encountered. 
For purposes of rigid pavement design, frost penetration may be 
reduced by an amount equal to one-half the thickness of concrete 
slab. 

b. Decrease in Subbase Thickness. In arid regions, subbase course 
thickness may be reduced below that shown in Figure 9, but not less 
than 4 inches. Such reduction, however, must be predicated upon 
knowledge of the particular subgrade soil as a rigid pavement 
foundation. 
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21. JOINTS IN CONCRETE PAVEMENT. Variations in temperature and moisture 
content cause volume changes in concrete pavements. These volume 
changes produce compressive, tensile, and flexural stresses. In order 
to reduce the effects of these stresses and to minimize random cracking, 
it is necessary to divide the pavement into a series of slabs of 
predetermined dimensions by means of joints. 
a» Joint Types. A joint can be placed in a specific category depending 

upon its principal function or its purpose in the pavement. The 
categories are expansion, contraction, and construction joints. 
No matter which type of joint is installed, it should be finished 
In a manner that permits the joint to be sealed. The types of 
joints are shown in Figures 10 and 11 and summarized in Table 3. 
These various joints are described as follows: 

CD Expansion Joints. The function of an expansion joint is to 
provide space for the expansion of the pavement, to isolate 
pavement intersections, and to isolate structures from the 
pavement. There are two types of expansion joints. 

(a) Type A is used when load transfer between the slabs of 
the pavement is required. This joint contains a 3/4-inch 
nonextruding compressible material and is provided with 
dowel bars for load transfer. 

^b) Type B is used when load transfer is not practicable; 
such as, where the pavement abuts a structure or where 
horizontal differences in movement of the pavements may 
occur. These joints are formed by increasing the 
thickness of the pavement along the edge of the slab. 
No dowels are provided. 

(2) Construction Joints. Construction joints are those joints 
which occur as a result of the construction operations. 
Proper construction joints are shown as Types C, D, and E in 
Figures 10 and 11, 
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TABLE 3. JOINT TYPES - DESCRIPTION AND USE 

TYPE DESCRIPTION LONGITUDINAL TRANSVERSE 

A Doweled expansion 
joint. 

Use near intersections to 
isolate them. 

B Thickened edge 
expansion joint. 

Use at intersections where dowels 
are not suitable and where pave­
ments abut structures. 

Provide thickened edge (or 
keyway) where pavement 
enlargement is likely. 

C or D Keyed or doweled 
construction joint. 

Use for all construction joints 
except where Type E is used. 

Use Type D where paving 
operations are delayed or 
stopped. 

E Hinged construc­
tion joint. 

Use for all construction joints of 
the taxiways and for all other con­
struction joints that are 25' or 
less from the pavement edge. 

F Doweled contrac­
tion joint. 

Use for all contraction joints 
in critical areas, for all 
reinforced pavement areas, and 
for the first two joints on 
each side of expansion joints. 

G Hinged contrac­
tion joint. 

Use for all contraction joints of 
the taxiway and for all other con­
traction joints placed 25' or less 
from the pavement edee. 

H Dummy contrac­
tion joint. 

Use for all other contraction 
joints in pavement. 

Use for all remaining contrac­
tion joints in nonreinforced 
pavements. 
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(3) Contraction Joints. The function of a contraction joint is 
to provide controlled cracking of the pavement when the 
pavement contracts due to shrinkage caused by curing, 
decrease in moisture content, or a temperature drop. The 
contraction joints are shown as Types F, G, and H in 
Figures 10 and 11. 

b. Joint Spacing. Table 4 summarizes the recommended spacing of 
joints. As indicated, pavements 10 inches or less In thickness 
generally require closer spacing of joints. 

TABLE 4. JOINT SPACING 

Slab Thickness PLAIN CONCRETE REINFORCED CONCRETE 
Inches Longitudinal Transverse Longitudinal Transverse 

10 or less 12.5' Max. 15* - 20' 12.5' Max. 45' - 75' 

Over 10 25.0' Max.l' 20' - 25' 25.0' Max.I/ 45" - 75* 

1/ Where 25-foot paving lanes are used In construction of 75-foot taxi* 
ways, a Type G or H dummy joint shall be provided along the center-
line. 

c. Special Joint Consideration. When a runway or taxiway is likely 
to be extended at some future date, it is recommended that a 
thickened edge joint be provided at that end of the runway or 
taxiway. Likewise, if any pavement Is to be widened In the future, 
a keyway or thickened edge should be provided at the appropriate 
edge. 

d. Tie Bars. Tie bars are used across certain longitudinal contrac­
tion joints and keyed construction joints to permit hinge action 
while holding the slab faces In close contact. The tie bars 
themselves do not act as load transfer devices. By preventing 
excessive opening of the joint, load transference is provided by 
either the tongue and groove of the keyed joint or by aggregate 
interlock in the crack below the groove-type hinged joint. Where 
tie bars are required, they should consist of deformed bars of 
new-billet steel* The bars should be 5/8 of an inch in diameter 
and 30 inches long and spaced 30 inches on center. 

e. Dowels. Dowels are used at joints to provide for transfer of part 
of the wheel load across the joints and to prevent relative dis­
placement of adjacent slab ends. Dowels permit longitudinal 
movement of adjacent slabs. 
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(1) Where Used. Provision for load transfer by dowel Installation 
is provided at all transverse expansion joints and all butt 
type construction joints. Dowels should also be installed 
across all transverse contraction joints in critical areas 
(aprons, taxiways, and runway ends) to provide an increased 
margin of safety with respect to load transfer in these areas. 

(2) Size, Length, and Spacing. Dowels should be of such size that 
they will safely resist the shearing and bending stresses 
produced by loads on the pavement. They should be of such 
length and spacing that the bearing pressures they exert in 
the slab will not be excessive and thus cause failures. 
Table 5 indicates dowel dimensions and spacing for various 
pavement thicknesses. 

TABLE 5. DIMENSIONS AND SPACING OF STEEL DOWELS 

Thickness of Slab 
(inches) 

DOWEL 
Thickness of Slab 

(inches) 
Diameter 
(inches) 

Length 
(inches) 

Spacing 
(inches) 

6-7 3/4 18 12 
8-14 1 18 12 
12-16 1-1/4 20 12 * 

f. Joint Sealers and Fillers. Sealers are used in all joints to 
prevent the entrance of water or foreign material. Premolded 
compressible fillers are used in expansion joints to permit 
expansion of the adjacent slabs. Joint sealer is applied above 
the filler in expansion joints to prevent the infiltration of 
water. 

22. JOINT LAYOUT NEAR PAVEMENT INTERSECTIONS. It is a general engineering 
practice to isolate the intersection from the rest of the pavement 
areas by the use of expansion joints. This allows the pavement to move 
independently. The treatment of the joints near the intersection, 
however, is not so general. Varying experience precludes stating any 
but general comments pertaining to the joints in this area. 
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a. Since cracks tend to form in odd shaped slabs, It is important 
to eliminate these shapes when designing the rigid pavement. 
The use of off-sets will help eliminate some of these irregular 
shapes around fillets. Except in the near 90 degree intersections, 
it is difficult to design a rigid pavement without a few of these 
irregularly shaped slabs. Pie-shaped sections will cause the 
most trouble and therefore should not be allowed except In areas 
where there is little or no traffic. Generally, sections should 
be roughly square or rectangular in shape. Figure 12 shows one 
possible intersection layout that reduces troublesome sections 
to a minimum in nonreinforced pavement. 

b. When the proper amount of steel reinforcement is used in a rigid 
pavement, the allowable transverse joint spacing may be increased 
up to a maximum of 75 feet. By using greater joint spacing, 
the number of odd shaped slabs is automatically reduced. Figure 
13 shows one example of joint layout for reinforced pavement. 

c. Both Figures 12 and 13 show typical joint arrangement for 
pavements more than 10 inches in thickness. For pavements 
10 inches or less in thickness, intermediate longitudinal 
hinged or dummy contraction joints are required, as shown 
in Table 3. 
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23. REINFORCED CONCRETE. The main benefit of the steel reinforcing is 
that, although it does not prevent cracking, it keeps the cracks that 
form tightly closed so that the interlock of the irregular faces 
provide load transference. By holding the cracks tightly closed, 
the steel minimizes the infiltration of dirt, soil, and other materials. 
The thickness requirements for reinforced concrete pavements are the 
same as plain concrete and are determined from the curves in Figure 9. 

a. Type and Spacing of Reinforcement. Reinforcement may be either 
welded wire fabric or bar mats installed with end and side laps 
to provide continuous reinforcement throughout the slab panel. 
Longitudinal members should be spaced not less than 3 inches nor 
more than 12 inches apart; transverse members should be spaced not 
less than 3 inches nor more than 18 inches apart. 

b. Amount of Reinforcement. The required steel area is determined 
by the "subgrade drag" formula which is as follows: 

Ag « FLw 
2f s 

Ag = required area of steel per foot of width or length, 
square inches 

F = coefficient of subgrade friction 

L = length or width of slab, feet 

w ~ weight of slab, pounds per square foot 

f s = allowable tensile stress in steel, psi 

In this formula the slab weight is calculated on the basis of 
12.5 pounds per square foot, per inch of thickness, and the 
allowable tensile stress will vary with the type and grade of 
steel. It is recommended that allowable tensile stress be taken 
as two-thirds of the yield strength of the steel. Based on 
current specifications the yield strengths and corresponding 
design stresses (f s) are as follows: 

Yield Strength f s 

Type & Grade of Steel psi psi 

Billet steel, intermediate grade 40,000 27,000 
Rail steel or hard grade of billet steel 50,000 33,000 
Rail steel, special grade 60,000 40,000 
Billet steel, 60,000 psi minimum yield 60,000 40,000 
Cold drawn wire 65,000 43,000 
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Force-displacement tests indicate that the coefficient of friction 
averaged over half the slab length or width may be expressed by 

Substituting for F in the subgrade drag formula 

As a 3.7L 

where T is the slab thickness in inches. To illustrate the use 
of this formula, assume that the slab dimensions have been 
established as 75 feet long, 25 feet wide,and 12 inches thick 
then for the longitudinal steel. 

A3 = 3.7(75) \/(75?(l2j „ o a 9 4 i n > 

43,000 

This is the required area of longitudinal steel per foot of width 
of the slab. The transverse steel area is computed in the same 
manner but L = 25 feet and Ag is equal to 0,037 square inches per 
foot of length of the slab. 

c. Dimensions and Weights of Reinforcement. Dimensions and unit 
weights of standard deformed reinforcing bars are given in 
Table 6 and gauge numbers, diameters, areas, and weights of wires 
used in welded wire fabric are given in Table 7. 

TABLE 6. DIMENSIONS AND UNIT WEIGHTS OF 
DEFORMED STEEL REINFORCING BARS 

Bar 
Number 

DIMENSIONS 
Unit Weight, 
lb. per ft. 

Bar 
Number 

Diameter,in. Area,sq.in. Perimeter,in. 

Unit Weight, 
lb. per ft. 

3 0.375 0.11 1.178 0.376 
4 0.500 0.20 1.571 0.668 
5 0.625 0.31 1.963 1.043 
6 0.750 0.44 2.356 1.502 
7 0.875 0.60 2.749 2.044 

CO
 1.000 0.79 3.142 2.670 

9 1.128 1.00 3.544 3.400 
10 1.270 1.27 3.990 4.303 
11 1.410 1,56 4.430 5.313 

Chap 3 Par 23 



Steel Wire 
Wire Center to Center Spacing, in Inches 
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.037 

.035 

.030 
5 
6 
7 

.2070 

.1920 

.1770 

.033654 

.028953 

.024606 

.1143 

.09832 

.08356 

.202 

.174 

.148 

.135 

.116 

.098 

.101 

.087 

.074 

.081 

.069 

.059 

.067 

.058 

.049 

.050 

.043 

.037 

.040 

.035 

.030 

.034 

.029 

.025 

.025 

.022 

.018 
8 
9 

10 

.1620 

.1483 

.1350 

.020612 

.017273 

.014314 

.07000 

.05866 

.04861 

.124 

.104 

.086 

.082 

.069 

.057 

.062 

.052 

.043 

.049 

.041 

.034 

.041 

.035 

.029 

.031 

.026 

.021 

.025 

.021 

.017 

.021 

.017 

.014 

.015 

.013 

.011 

11 
12 
13 

.1250 

.1055 

.0915 

.011404 

.0087417 

.0065755 

.03873 

.02969 

.02233 

.068 

.052 

.039 

.046 

.035 

.026 

.034 

.026 

.020 

.027 

.021 

.016 

.023 

.017 

.013 

.017 

.013 

.010 

.014 

.010 

.008 

.011 

.009 

.007 

.009 

.007 

.005 

14 
15 
16 

.0800 

.0720 

.0625 

.0050266 

.0040715 

.0030680 

.01707 

.01383 

.01042 

.030 

.024 

.018 

.020 

.016 

.012 

.015 

.012 

.009 

.012 

.009 

.007 

.010 

.008 

.006 

.008 

.006 

.005 

.006 

.005 

.001 

.005 

.004 

.003 

.004 

.003 

.002 

TABLE 7. SECTIONAL AREAS OF WELDED MERE FABRIC 
(Area in square inches per foot of width for various spacings of wire) 
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d. Minimum Size of Fabric. In connection with the use of welded 
wire fabric, it is recommended that the minimum size of 
longitudinal wire for slabs 10 inches or less In thickness should 
be No. 2 gauge, and for slabs over 10 inches thick it should not 
be smaller than No. 1 gauge. The minimum transverse wire should 
be no smaller than No. 4 gauge. In addition, should the 
calculated area of longitudinal steel be less than 0.1 percent 
of the cross-sectional area of the slab, the size and spacing of 
the steel members (bars or wire) should be determined on the 
premise that the minimum area should not be less than 0.1 percent. 
This percentage applies in the case of steel having a yield 
strength of 60,000 to 65,000 psi. If lower grades are used, the 
percentage should be revised proportionately upward. For the 
example cited above, Table 7 shows that No. 000 gauge wires, 
spaced 6 inches apart, furnish an area of 0.206 square inches 
which satisfies the requirement for longitudinal steel. 
Similarly, No. 4 gauge wires, on 12-inch centers, provide an 
area of 0.040 square inches which satisfies the requirement for 
transverse steel. 

Contraction Joints in Reinforced Pavements. Contraction joints 
in reinforced pavements may be spaced up to 75 feet apart and all 
joints should be provided with load transfer dowels as shown in 
Figure 14. Also, this figure presents other reinforcement details 
such as clearance at joints and edges of pavement and depth 
below the surface. 
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3 " M A X . 
W « W I D T H O F L A N E 

S T E E L S T E E L 

TRANSVERSE CROSS-SECTION OF PAVING LANES 

4 5 ' T O 75 ' 

3 M A X 4, 

N A T 4 5 ' T O 75 ' 

S T E E L R E I N F O R C I N G X 
'A 

E X P A N S I O N 
J O I N T 

^ D O W E L S IN C O N T R A C T I O N J O I N T S 

4 5 ' T O 75 ' 

E X P A N S I O N 
J O I N T — 

LONGITUDINAL CROSS-SECTION 

S E E N O T E S ) & 2 

:x. 
4 

LONGITUDINAL CONTRACTION JOINT 
( 3 G E NOTE 3 ) 

NOTES : 

1. S E E F I G U R E S 10 B II F O R G R O O V E D E T A I L S . 

2 . J O I N T D E T A I L S A R E S I M I L A R T O J O I N T D E T A I L S 
F I G U R E S 10 6k 11 E X C E P T F O R S T E E L R E I N F O R C I N G . 

3 . U S E T H I S J O I N T W H E N T H E S L A B T H I C K N E S S IS 10 

I N C H E S O R L E S S A N D P A V I N G L A N E E X C E E D S I2£ 

F E E T . S E E T A B L E 4 . 

FIGURE 14, DETAILS OF REINFORCED CONCRETE PAVEMENT 
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CHAPTER 4. AIRPORT PAVEMENT OVERLAYS 

24. GENERAL. 

a. A pavement that has been subjected to continual overloading may 
have been damaged to such an extent that it cannot be satisfac­
torily maintained. Similarly, a pavement in good condition may 
require strengthening to accommodate heavier aircraft than those 
for which the pavement was originally designed. Both situations 
may be remedied by the construction of overlays with either 
portland cement concrete, bituminous concrete, or a combination 
of bituminous concrete and flexible base course. Overlay types are 
defined as follows: 

(1) Overlay refers to the pavement constructed on top of the 
existing pavement, 

(2) Concrete overlay is an overlay consisting of portland cement 
concrete, 

(3) Flexible overlay consists of a combination of high quality 
base course and a bituminous surface. 

(4) Bituminous overlay consists entirely of bituminous concrete. 

b. Typical overlay pavement cross sections are shown in Figure 15. 

25. PRELIMINARY DESIGN DATA. Regardless of the type of overlay to be 
employed, several determinations should be made prior to the actual 
design. The following items will provide this essential information: 

a. Determine the soil group and subgrade class of the soil underlying 
the existing pavement on the basis of soil tests, drainage, and 
climatic conditions. 

b. Determine the actual thickness of each layer of existing pavement. 

c. In accordance with the requirements for the particular type of 
overlay, as stipulated in the following text, determine the pave­
ment thickness required for the loading and subgrade class under 
consideration, using the appropriate basic pavement design curves 
included in Chapter 3. 

Chap 4 Par 2$ 
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,XtBi >NP BITUMINOUS OVERLAYS. 
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i s ble or bituminous overlays can be applied to either 
jid pavements. Design of the overlay is accomplished 
Mlar to the design of a new flexible pavement giving 
various layers of the existing pavement as pavement 
Certain criteria should be followed in the design of 

ituminous overlays, whether they are to be placed over 
„d or flexible pavements, these are: 

; courses should not be used in pavement overlays. 

ourses should consist of materials discussed in 
:aph 16b. 

tinous overlays for increasing strength should have a 
•mm thickness of 3 inches. 

materials for base or surface courses should comply with 
150/5370-1, Standard Specifications for Construction of 
sports. 

exible overlays are susceptible to base course saturation 
iich results in pavement failures due to the pore water 
treasure with rising temperature; thus, in most cases, a 
,ubdrainage system is required in order to maintain the 
Moisture content at a tolerable level. 

.ble or Bituminous Overlays on Existing Flexible Pavements. Use 
appropriate basic flexible pavement curves (Figure 6, 7, or 8) 
jetermine the total thickness required for a flexible pavement 
the desired load. The difference between the existing total 

(ement thickness and the required total pavement thickness 
>resents the unadjusted thickness of the overlay. 

) Adjustment to the overlay thickness is made on the basis of the 
character and condition of the existing surface and the type of 
overlay base as follows: 

(a) An existing dense-graded plant-mix bituminous surface such 
as Item P-401, in sound condition, may be evaluated for 
base course purposes, on the basis that each inch of 
surface is equivalent to 1-1/2 inches of base course, 
provided a bituminous overlay is used. 

(b) Under all other conditions, the existing surface course 
will be considered, inch for inch, as base course. 
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(c) If a bituminous base, such as Item P-201, is to bn 
utilized, a thickness adjustment may be made on tlii 
of one inch of base being equivalent to 1-1/2 inch] 
nonbituminous base. 

(2) With regard to flexible overlays, the thickness of the i\ 
bituminous base should not be less than 4 inches unless 
existing bituminous surface is broken to such an extent 
it can be blended with the new base course material. 

(3) To illustrate the procedure followed in designing flexibl] 
or bituminous overlays, assume an existing taxiway paveme] 
resting on an E-6 soil, consists of 2 inches of bituminou] 
concrete surface course, 6 inches of crushed stone base, 
6 inches of subbase. Frost action is negligible and draiil 
is poor. The subgrade (under the stated condition) corret] 
to class F4. It is desired to strengthen the pavement to 
accommodate a gross aircraft weight of 280,000 pounds on d| 
tandem gear. The flexible pavement requirements (referring 
Figure 8) for a taxiway under these conditions are: 

Bituminous concrete surface 4" 
Nonbituminous base 10" 
Subbase 10" 
Total pavement thickness 24" 

Inasmuch as the existing pavement has a total thickness of 
14 inches, it will be necessary to add an overlay approximat! 
10 inches thick to accommodate the load. Since the upper 
4 inches of pavement consists of bituminous concrete, the 
required pavement may consist of any of the following section 
depending on the existing pavement condition and type of 
overlay. 

(a) Alternate I - The existing bituminous surface is broken 
due to overloading and a flexible overlay is to be 
employed. Under these conditions, the existing 
bituminous surface is considered as being equal, inch 
for inch, as base course and no thickness adjustment 
is warranted. The pavement will consist of: 

New bituminous concrete surface 4" 
New nonbituminous base 6" 
Existing bituminous surface 2" 
Existing nonbituminous base 6" 
Existing subbase 6" 
Total pavement thickness 24" 

Par 26 Chap 4 
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(b) Alternate 2 - On the existing pavement stipulated in 
Alternate 1, a bituminous overlay is to be constructed. 
In this case, the 10-inch design deficiency will be made 
of 4 inches of bituminous surface and the bituminous 
concrete equivalent to 6 inches of nonbituminous base. 
Applying allowable adjustment, 4 inches of bituminous base 
will suffice and the pavement should consist of: 

New bituminous concrete surface 4" 
New bituminous base 4" 
Existing bituminous surface 2" 
Existing nonbituminous base 6" 
Existing subbase 6" 
Total pavement thickness 22" 

(c) Alternate 3 - The existing bituminous surface is in 
sound condition and a bituminous overlay is to be 
employed. The existing 2-inch bituminous surface is 
equivalent to 3 inches of base and the pavement will be 
made of the following: 

New bituminous concrete surface 4" 
New bituminous concrete base 3" 
Existing bituminous surface 2" 
Existing nonbituminous base 6" 
Existing subbase 6" 
Total pavement thickness 21" 

c. Flexible or Bituminous Overlay on Existing Rigid Pavement. If an 
existing rigid pavement is to be strengthened with a bituminous or 
flexible overlay, the design procedure shown below should be 
followed. 

(1) To establish the required thickness of a flexible or bituminous 
overlay, it is first necessary to determine from the basic 
rigid pavement design curves (Figure 9) the thickness of 
rigid pavement required to satisfy the design conditions. 
This thickness is then modified by a factor "F" which 
represents the subgrade and subbase conditions under the 
existing concrete. Table 8 shows values for the factor 
iipit t 

Chap 4 Par 26 
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TABLE 8. FLEXIBLE AND BITUMINOUS OVERLAYS ON RIGID PAVEMENTS 

Existing 
Subgrade 
Class 

Value of F when subbase under existing pavement 
conforms to requirements for class of subgrade 
indicated below 

Rb Rc Rd Re 

Ra 
Rb 
Rc 
Rd 
Re 

0.80 
.90 
.94 
.98 

1.00 

0.80 
.90 
.94 
.98 

0.80 
.90 
.94 

0.80 
.90 0.80 

If Figures in this column apply when no subbase has been provided. 

Preliminary investigations will reveal the class of the 
subgrade upon which the existing pavement rests. This is 
the first or left column of Table 8. These investigations 
will also disclose whether the existing pavement includes a 
subbase and if so, Its thickness. The appropriate value for 
"F" is found in the column which represents the subgrade 
class that would have to prevail for the existing thickness 
of subbase to be adequate for the design load. If no 
subbase exists, the factor will be selected from the column 
headed Ra. 

(2) Having determined the value of "F", the overlay thickness 
can be computed from one of the following formulas: 

(a) For flexible overlays: 

t f = 2.5 (Fh - h e) in which 

tf = Required thickness of flexible overlay 

F = Factor which varies with subgrade class 

h = Required thickness of an equivalent single 
slab placed directly on the subgrade or 
subbase. 

Thickness of existing slab 

Par 26 Chap 4 
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(b) For bituminous overlays: tf + 0.5ta 7 t b « -i- 2. m which 1*5 
t D = Required thickness of bituminous overlay 
tf 8 Required thickness of flexible overlay 
t 8 = Required thickness of surface course 

The following minimum8 apply to flexible and 
bituminous overlays on rigid pavements: 

4 inches for nonbituminous base course 
3 inches for a bituminous overlay 

* 4 Inches and 3 Inches of bituminous surface over 
nonbituminous base course in critical and 
noncritical areas, respectively 

Flexible overlay thickness should be rounded 
off to the nearest inch. 
Bituminous overlay thickness should be rounded 
off to the nearest 1/2 inch. 

(3) Example - An existing turbojet runway consists of 6 Inches 
of concrete with no subbase provided. The subgrade soil is 
classified as E-5, frost action is negligible, and drainage 
is poor resulting in an Rb subgrade classification. It is 
necessary to strengthen the pavement to support a gross 
loading of 150,000 pounds on dual gear. Table 8 discloses 
that the factor "F" of 0.90 must be used in the overlay 
thickness formula. Other values in the formula are: 

h e = 6" 
h • 12" for critical - from Figure 9 
h * 10.8" for noncritical - 90% of critical thickness 
Substituting in the formula for flexible overlays: 
tf - 2.5 [(0.9 x 12) - 6]» 12" for critical area 

t f - 2.5 [(0.9 x 10.8) - 6J » 9.3" for noncritical area (use 9") 

The equivalent thicknesses of bituminous overlays are found 
12 + 2 

cb a T i l — ° 9- 3' ? f o r critical .(use 9.5") 
as follows: 1 2 + 2 

9.3 + 1.5 
t 0 a J a 7 * 2 " f o r noncritical (use 7") 

Chap 4 Par 26 
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(4) If adequate subbases have been provided under existing concrete 
pavements in accordance with the requirements in Table 8, the 
value of 0,80 for the factor "F" can be used in all cases. This 
condition would be equivalent to an Ra subgrade class. Since, 
in most cases, the subbase under the older pavements will not 
conform to these requirements, especially for the heavier 
loadings, the appropriate value of "F" must be obtained from 
Table 8. In further explanation of the use of Table 8 suppose 
that a design must be based on an Rd subgrade class. The desire 
is to determine the proper factor for the condition where no 
subbase has been provided, where the existing subbase conforms 
to the requirements for an Rb subgrade class, and where the 
existing subbase conforms to the requirements for an Rc 
subgrade class. The table shows that the factors will be 0.98, 
0.94, and 0.90, respectively. 

27. DESIGN OF CONCRETE OVERLAYS. 

a. General. Concrete overlays can be constructed on existing rigid or 
flexible pavements. The minimum allowable thickness of a concrete 
overlay is 6 inches. Criteria for steel reinforcing, joint details 
and layout, size and spacing of dowels and tie bars, and other 
details of concrete overlays are similar to those applicable to 
conventional rigid pavement construction. These details are 
described in Chapter 3. Where a rigid pavement is to receive the 
overlay, some modification to these criteria may be necessary 
because of the design and joint arrangement of the existing 
pavement. The following points may be used as guides in connection 
with the design and layout of joints in concrete overlays. 

(1) Joints need not be of the same type as in the old pavement. 

(2) It is not necessary to provide an expansion joint for each 
expansion joint in the old pavement. 

(3) Contraction joints may be placed directly over or within 1 foot 
of existing expansion, construction, or contraction joints. 
Should spacing result in slabs too long to control cracking, 
additional intermediate contraction joints may be necessary. 

(4) If slabs longer than 20 feet are considered desirable, 
distributed reinforcement should be provided. 

*U. 3. GOVEHNMENT PRINTING O F F I C E : 1870 O - 381-filS 
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