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ABSTRACT

This report describes standardized methods for analyzing ground flotation

characteristics for aircraft of various designs based on the type of airfield

construction. The method proposed for analyzing flexible pavements is an

adaptation of the California Bearing Ratio (CBR) method. The analysis for

rigid pavements is based on equations developed by Mr. H. M. Westergaard,

Corps of Engineers, Ohio River Division Laboratories, and by the Portland

Cement Association.

The methods described have been applied herein with an analysis of the

KC-135 aircraft to illustrate the techniques. These methods can be applied to

any aircraft to determine its flotation characteristics in relation to a given

type runway.
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NOMENCLATURE

Symbols

A Tire contact area -SWL

p

B Distance between centers of outer main gear tires

C Tire coverage; value for base pavement factor in
overlay calculations

CW Critical single wheel

D CS Diagonal spacing of bogie tires

F Factor

h Thickness of concrete

hb Existing rigid pavement thickness

Sh° 0Overlay thickness

K Subgrade modulus

L Length of single tire contact area

Q. Radius of relative stiffness

M Equivalent single wheel multiplier

N Number of tires

n Number of influence chart blocks

PS Gear load

P E Equivalent pressure

p Tire inflation pressure

R Tire footprint radius

S Aircraft pass

s Tensile stress in the bottom concrete surface

SWL Single wheel load

t Thickness of flexible pavement structure

vii
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NOMENCLATURE (CONTD)

W Width of single tire contact area

X Main tire tread

Y Axle base

Z Nose tire tread

Subscripts

cs Critical spacing

Terms

Pavement A permanent runway surface.

Flexible Pavement An asphaltic concrete or bituminous aggregate mix
surface with a thickness normally varying from
1-1/2 to 8 inches (Reference 10).

Rigid Pavement Portland Cement concrete aggregate mix with a
thickness normally varying from 6 to 30 inches
(Reference 9).

Overlay Pavement Flexible or rigid pavement laid over a pavement to
increase load-carrying capacity.

Flexible Pavement Complete depth of prepared flexible pavement, from
Structure surface to virgin soil (Reference 10, Figure 3).

California Bearing The load-bearing capability ratio between the soil
Ratio (CBR) and crushed limestone.

Center of Gravity That point about which all parts of the aircraft
(CG) balance; to be used herein to establish landing gear

loads.

Gross Weight (GW) The maximum weight (ramp weight) of the aircraft
fully loaded.

Tire Inflation Gage pressure of the tire.
Pressure

Rated Tire Load Load used in determining the design strength of
the tire.

viii
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NOMENCLATURE (CONTD)

Tire Contact Area Tire footprint, determined, unless otherwise
specified, by dividing the load by the tire inflation
pressure.

Single Wheel Load Calculated static load on each tire; normally
(SWL) computed by dividing the assembly load by the

number of tires on the assembly.

Equivalent Single Calculated load which, if applied to a sin~le tire,
Wheel Load would produce the same effect on the airfield as
(ESWL) does the multiple wheel assembly.

Tread Distance Distance between the center lines of two adjacent
tires.

Axle Base Distance between the center lines of the fore and aft
axles of the main gear.

Wheel Base The distance between center lines of the nose axle
and the main gear bogie pivot.

Strut Spacing Distance between center lines of main landing gear
Distance struts.

Assembly Load Load on the landing gear assembly used in calcu-
lating ground flotation, equal to ground reaction load
calculated from the specified aircraft gross weight
and CG condition.

Critical Single For a multiwheeled bogie, an equally loaded or the
Wheel (Main most heavily loaded wheel of the geometric arrange-
Gear) ment (see Appendix I for designation of critical

single wheels).

Aircraft Pass An aircraft passing a given taxiway station; a takeoff
and a landing constitute one pass.

Coverage When applied to a point, a tire moving over that
point; when applied to an area, movement of a tire
over every point in that area.

ix
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NKT'I'ON I
I ~~IN'HIXIt)~ICTIO)N

During tho past 18 ytvarm, nuniei'oum attoimtp lhVv ht'ave ln made' to IYov•l•p it

simple standard mothod for doet'rmining whother or not ik l)ropotetIl Aircrnft ean

operate atitafaotorily from an existing airfihld, an evidenicd by Lite literature

(References 2, 3, 4, 8, 6, 7, and 8), Many methoda are boing utied today for

rating airfield bearing vapabilition, but All (i the methods Are not appropriate

for our purpose. atid all do not provide idontiot results, Moreover, the liter-

aturo containing the theories is at) voluminous that the aircrnft desilner very

easily reaches an impasse In determining the appropriate method to utie for

the existing situation and cannot establish a common base for determining flo-

tation oapabilItiei.

Methods for determining airfield flotation capabllities have generally been

adapted from airfield design theory and construction factors. The Unit Con-

struction Index (Reference 3), fur example, which was based on a construction

factor, was a very useful tool, but it did not define flotation capability in terms

compatible with airfield construction.

The CBR method described in Reference 8, which the Air Force recently

modified and adopted for determining flotation capability, is basically a flexible

pavement analysis. Reference 8 does not provide a method of determining the

flotation capabilities for rigid pavement, however. It merely categorizes rigid

pavements as to their capabilities for supporting heavy, medium, or light loads.

This report presents a method for determining the ground flotation

characteristics of an air vehicle and evaluating these characteristics in rela-

tion to flexible, rigid, or overlay pavements. By use of these methods, air-

fields from which a proposed aircraft can operate can be determined in advance,

or the design of the aircraft can be modified to permit it to be operated from

existing facilities.

1A
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i41ECTION ii

PROCE.'DUR(ES4 1,OI DET.EI'MI•NIN(O FIOLMILE PAVE'MENT
81T1ICU(ITURA 1, REQ}UlRE MENTrs FORl AIIAIRA FT

Procodurots for tvaluaiting the ground flotatlon uharaoteristion of an air-

oraft to determine whethter or not it can bo operated from flexible pavement are

buaed on (but arte not idwitioal to) the CBR techniques described in References

1, 7, and 8, (The background for this analysis is not included here, since that

information is available in the literaturo.) Flexible pavement in defined an a

surface constructed of an asphaltic concrete or bituminou% aggrepate mix, with

a surface thickness varying from 1-1/2 to 8 inches, as described in Reference

10, The flexible pavement structure consists of the complete depth of the pre-
pared flexible pavement, including the surface and subsurfaces down to the

virgin soil, as shown in Figure 3 of Reference 10.

The technique described herein Involves constructing a ourve of CBR values

versus airfield surface thickness, which indicates whether that surface can

support that particular aircraft. For this analysis, we will first present the

theory and then calculate the values for the KC-135 aircraft for each of the

steps in the procedure.

Procedures are given for calculating only the main landing gear values.

Calculations should be made for the nose wheels also, to determine which

landing gear assembly is the more critical.

1. AIRCRAFT DATA

The first step in the analysis is to determine the landing gear configuration

and the load characteristics of the aircraft. Information needed includes loads

on landing gear, single wheel loads (SWL), and tire pressure for the gross

weight of the aircraft being considered, using the most forward CG for the

nose gear and the most aft CG for the main gear. The gear assembly load is

divided by the number of tires to determine the SWL.

2
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lFor thim analysis, we will uso the values for tho KC-135 aircraft as an

example. The landing gear configuration for the KC-135 aircraft is shown in

1igure 1. Valuos for the roquired aircraft parameters are as follows:

Nose Gear

Total Load 22, 000 lbe

SWL 1 1,000 lbs

Tire Pressure 95 psi

Main Goal,

Individual Gear Load 144,000 lbs

SWL 3(3,000 lbs

Tire Pressure 155 pat

2. TIRE FOOTPRINT RADIUS

The tire contact area, A, can be determined from

A aI)WL
Tire Pressure

The contact area, A, can be converted to footprint radius, R, by

R: (2)

For our example, the tire contact area would be:

36,000 = 232.3 Square Inches
155

And the footprint radius would be

3R 8.6 Inches

3hhR
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FORWARD

X c 36 In.
45ft~tn. IY = 60in

Z : 22.25 In.

L 3n

P 5 6 9 10

22ft 1in.

Figure 1. Landing Gear Configuration for KC-135 (7%Win-Tandem Gear)

4
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3. CRITICAL WHEEL DEFLECTION FACTORS

a. Offset Dimensions

Next, we must determine from the critical wheel the offset dimensions for

all other wheelv. (The critical wheel is indicated by an X on the configuration

layouts given in Appendix I). The critical spacing is measured in radii and is

determined by the following equations:

Critical spacing, width

x
X (3)Cs R

Critical spacing, length

L Y (4)Cs R
Critical spacing, diagonal

Dc S C S ' LCT (5)

The critical wheel on the twin-tandem configuration of the KC-135 is

Wheel No. 6. For our example, therefore,

W X- 36 4.18

Cs R 8.6

L Y &' 6 :6.98
Cs R 8.6

D -s ,/ 418T +T6.98 = 8.14

Offset factors obtained from Equations 3, 4, and 5 are used to determine

deflection factor values from Figure 2. (Deflection Factor Values are tabu-

lated in Appendix III.) Values for deflection factor vs depth in radii should

then be tabulated. We recommend tabulating values to at least 8 radii of depth;

large aircraft may require greater depths. Values for the KC-135 aircraft are

listed in Table I.

b. Critical Main Gear Assembly I-aad

The next step is to determine the offset of the wheels from the geomet-

rical center of the main gear. For our example, the landing gear assembly

for the KC-135 is symmetrical, as shown in Figure 1, and therefore the

5
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OFFSET RADIII I
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TABLE I

WHEEL DEFLECTION FACTORS FOR KC-135 AIRCRAFT

Deflection Factor
for Wheel No.

3 4 5 6 Total
Deflection

Offset 8.14 6.98 4.18 0

Depth
In

Radii
0 0.092 0.109 0.182 1.5 1.883

0.5 0.0925 0.110 0.185 1.342 1.730

1 0.093 0.111 0.187 1.060 1.451

2 0.0945 0.112 0.197 0.670 1.074

3 0.097 0.115 0.200 0.474 0.886

4 0.099 0.117 0.192 0.364 0.772

5 0.100 0.118 0.183 0.294 0.695

6 0.100 0.116 0.170 0.247 0.633

7 0.099 0.115 0.157 0.212 0.583

8 0.0985 0.112 0.147 0.186 0.544

7
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geometrical center is in the center of the main gear. Since the diagonal di-

miension, I) , calculated in Equation 5, is 8.14, the offset distance from all(2'S

foii r \\'hlecls \voultl be

8.14
Offset Distan'e 2 4.07

Defk( tion factors should be determined for each wheel at each depth and

offset, and the information tabulated. Deflection factors for our example, the

KC-135 aircraft, are tabulated to 8 radii of depth in Table II.

c. Maxinmum Deflection Factor Curve

The critical deflection factors for the critical wheel and the entire assembly

should now be plotted versus depth in radii. (It may be necessary to plot these

factors in half radii to form smooth curves.) The critical wheel curve is valid

at shallow depths and the assembly curve at deep depths. At intermediate

depths, however, the curves for wheel and assembly may cross over; in this

case, values must be estimated and a transition curve drawn in. This transi-

tion curve should originate at the deeper depths, closely follow but stay to the

right of the assembly deflection factor curve, and fair into the single wheel

deflection factor curve as it progresses upward. This transition curve indi-

cates the maxi'num deflection factor at the given depth.

For our example, deflection factors from Tables I and II have been plotted

in Figure 3. The faired portion of the curve is shown to extend from a depth

of 5. 3 to 1. 8 radii. The lower portion of this curve is conservative.

d. Equivalent Single Wheel Multiplier Curve

A multiplier, M, to determine the equivalent SWL is developed by dividing

the values on the limiting curve by the critical single wheel deflection factors

for a given d(epth. These values should be plotted in a curve of M versus depth

in radii.

For our example, the limiting value of the deflection factor at each depth

was divided by the critical wheel deflection factor to produce M. These values

are tabulated in Table Ill and are plotted in Figure 4.
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TABLE II

ASSEMBLY DEFLECTION FACTORS FOR KC-135 AIRCRAFT
(OFFSET = 4.07)

Depth Deflection Factor Total Deflection
(In Radii) Per Wheel* Factor for 4 Wheels

0 0.185 0.740

1 0.192 0.768

2 0.200 0.800

3 0.201 0.804

4 0.196 0.784

5 0.185 0.740

6 0.172 0.688

7 0.159 0.636

8 0.148 0.592

* If the bogie is not symmetrical, each wheel may have a different deflection
factor. In that case, they would have to be listed separately, as in Table I.

TABLE III

MULTIPLIERS FOR EQUIVALENT SINGLE WHEEL LOAD OF KC-135AIRCRAFT

Depth Total Deflection Critical Wheel
(In Radii.) Factor Deflection Factor M

0 1.883 1.5 1.255

0.5 1.730 1.342 1.289

1 1.451 1.050 1.369

2 1.100 0.670 1.642

3 0.940 0.474 1. 983

4 0.830 0.364 2. 280

5 0.755 0.294 2.568

6 0.688 0.247 2. 785

7 0.636 0.212 3. 000

8 0.592 0.186 3. 1A3

9
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DEFLECTION FACTOR

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

2-

S5-

6-

7-

8 -

10 1 m- - -

Figure 3. Deflection Factors for Various Depths

For convenience, a plot of M versus depth in inches should be provided in-

stead of depth in radii, since airfield structures are measured in inches. To

determine the multiplier for a given depth in inches, divide the number of iniches

by the number of inches in 1 radius; the quotient will be the value for converting

the multiplier from R to an equivalent value in inches. These values should

then be plotted in a curve of M vs. depth in inches.

10
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M

0 2 3 5

2

4

5 _ _

6

7 \

8

9

Io

Figure 4. Equivalent Single Wheel Multiplier (M) Versus Depth in Radii
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For Or txample, th tonvet'rsion values are developed as follows:

Depth'
(hi Inches) Divide Quotient M

0 1.255

10 10/8.6 1.16 1.40

20 20/8.6 2.325 1.76

30 30/8.6 3.49 2.15
40 40/8.6 4.66 2.48

50 50/8.6 5.82 2.76

60 60/8.6 6.98 2.99

These values have been plotted in Figure 5.

M

0 2 3 4 5 60 r'1 -i '

I0

30

40

z 50

60

70

80

90

tO0 L

Figure 5. Equivalent Single Wheel Multiplier Versus Depth in Inches
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4. CORRECTION OF COMBINiDI) Clill CIJHVE AT SIIA lI,()\ I)'I'IPH

Basic CBR theory does not provide valid strength values ifor the Shallow

depths because It does not consider the surface deformations resulting fronm

variations in wheel loads. A correction nmust be compute(d, therefore, to de-

termine the proper surface thickness for' thi \\liecl loads of a given aircraft.

This correction factor is determined as follows:

a. Surface thickness has been determincd fo)r varying wheel loads and tire

inflation pressures. These values are plotted in ligure(, . l)etermine from

Figure 6 the required surface thickness for the SWI, and tire inflation pressure

for the given aircraft. Our example, the KC-1 35, uses a tire pressure of 155

psi and has a single wheel load of 36, 000 lbs. Figure 6 shows the mininum

surface thickness for such an aircraft to be 2. 1 Inches.

For a multiwheeled landing gear, determine the equivalent tire pressure,

PE' by multiplying the M value for the indicated surface thickness by the tire

inflation pressure.

PE = M x tire inflation pressure (6)

For our example, where Figure ( indicated a thickness of 2. 1 liches of as-

phalt, the M value would be 1.28. Therefore,

P = 1.28 x 155 = 199 psiE

To correct the CBR curve at the indicated surface depth, two ratios must

be established: CBR to PE; and t (surface depth) to . For our example,

where the CBR is 100 and PE is 199, this ratio would be

CBR 100: 199 = 0.502

And for a surface depth of 2.1 inches and a contact area of 232. 3 sq in, the

second ratio would be

t 2.1S= 1 .2 - 0.138
15.2

13
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The corrected values for CHIt/P F and t/ IA" rt', used to entahilih it point

for plotting it ourrockid CDR curve, beginiing tt a C]I11/P 1 ,, value o plroxi-

mately 0. 25. This curve xhouhld be faire,(d in, its shown in Figure 7.

5. CONSTRUCTING TlIM CR11i CITiAVE

a. Determining C1B for 5C000 Coverangvt

iatu for t/ v/ T CBR/P E, and li, are usMed to consti'uutt it C|R curve for

5000 aircraft coveragoe. The CBR value for 15000 coverages is obtained from

the equation

CBR~ CBR ) p (7)
~P /E

E

Table IV presents CBR data for 5000 coveragos of the KC-135 aircraft.

TABLE IV

CBR DATA FOR 5000 COVERAGES

t t CBR(a) pB (b) CBR(°)

Surface 0,138 0.502 199 10010)

6 (d) 0.328 0.31 200 62.0

10 0.656 0.165 217 35.8

15 0.984 0.088 238 20.9

20 1.310 0.057 273 15.5

25 1.64 0.040 306 12.2

30 1.97 0.029 333 9.7

35 2.30 0.022 364 8.0
40 2.63 0.018 384 6.9

(a) From Corrected Combined CBR Curve (Figure 7)

(b) From Equation 6

(o) From Equation 7

(d) If surface thickness is 6 inches or more, omit this line

(e) CBR value at a depth of 2.1 Inches.

15
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b. Converting lPaisos to Coverages

Sirnce the number of passes rather than the number of coverages is the

valut usually specified, the next step is to convert the passes to coverages by

means of the following equation:

c (8)
P/C

w here

S 9 the number of passes

C the number of coverages

P/C the number of passes per load repetition factor, as
determined in Figure 9

and the equivalent thickness of runway surface, tE, can be determined by divid-

ing the depth by a conversion factor

tt (9)tE = 0.15 + 0.23 logC

We now determine the number of coverages that would be equivalent to 300 passes

for our example, the KC-135 aircraft. From Figure 9, we find that the value

for P/C is 3.24. Therefore

C = = 92.63.24

The equivalent thickness, tE, therefore, would be

t t
E 0.15 + 0.23 log 92.6 0.6023

Data for 300 passes of the KC-135 aircraft are tabulated in Table V and are

plotted in Figure 8 together with the values for 5000 coverages. Values can be

computed from Equations 8 and 9 for any desired number of passes.

16
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CBR/PE

b 0 o 0 00 0 0 0 0 00-

. ~0.1 0.2 e

0.2

2.4

3.0

3.6 - .

Figure 7. Corrected CBR Curve
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6. EVALUATION OF AIRCRAFT VS. RUNWAY CAPABILITY

a. The use of a specific runway by a specific aircraft can be evaluated by

first determining the runway construction. A typical flexible type runway is

constructed as follows:

Depth
(Inches) Structure Material CBR

0 - 4 Surface Asphaltic Concrete 100

4 - 10 Base Sand, Gravel, and Limestone 60

10 - 20 Subbase 1 Crushed Limestone 45

20 - 30 Subbase 2 Stabilized Silty Sand 40

30 - 34 Subbase 3 Subbase Material No. 1 30

34 - Subgrade Virgin Soil 7

These values for runway CBR have been plotted as the heavy solid black

line in Figure 8 with the CBR curves for 300 passes and 5000 coverages of the

KC-135 aircraft. If all the CBR values for the runway are below the CBR

curves for the aircraft, the runway is capable of supporting the aircraft; if not,

it is not considered safe. For our example, the runway is not adequate for

5000 coverages, but it would be adequate for 300 passes.

TABLE V

CBR CURVE FOR 300 PASSES OF KC-135 AIRCRAFT

t() tE tE CBR__b) PE(a) CBR(d)
(inches) (inohes) /A- PE

Surface 0.138 0.515 194 100)

5 8.3 0.542 0.200 200 40

10 16.6 1.09 0.083 217 18

15 24.9 1.63 O.G41 238 9.8

20 33.2 2.18 0.0255 273 6.9

(a) Use these thicknesses vs CBR values for plotting on Figure 8. tE
(b) From Corrected Combined CBR curve (Figure 7) using values of -
(c) From Equation 6./
(d) From Equation 7.

(e) CBR at a depth of 2.1 inches.

18



4ASD-TR-70-43

Go x_ _

u I--o

0 0 0.

0 1

it) Z NI)



ASD-TR-70-43

B E

PROCEDURE

M A a 0 + WM P/C Pases per load repetition factor
Main Assembly : P/C:

(0.5) (NM)(WM) NM Number of tires per main gear
NN Number of tires per nose gear

D 4 80 + WN assembly
Nose Assembly PIC x WM Width of main single tire contact

(0.75) (NN) (WN) area WMa 0,974 v/Tq

WN Width of nose single tire contact
area WN x 0.874 .

AM Single tire contact area of main
tires

AN Single tire contact area of nose
tires

Figure 9. Procedure for Finding P/C Value

20
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SEC TION HI

PROCEDURES FOR DETERMINING RIGID PAVEMENT
STRUCTURAL REQUIREMENTS FOR AIRCRAFT

1. METHODOLOGY

Procedures for evaluating the ground flotation characteristics of an air-

craft to determine whether it can be operated from a specific rigid pavement

runway are based on the interior-loaded-slab, concrete-stress techniques de-

scribed in References 2, 4, 5, and 6. The term "rigid pavement, " as used

herein, is defined as a surface of Portland cement aggregate mix, with a

thickness varying from 6 to 30 inches, constructed on a prepared subgrade,

thb strength of which is defined by the subgrade modulus, K, in psi/in (Refer-

ence 9). The technique described herein for making this evaluation involves

constructing a curve for concrete thickness versus K values to define the pave-

ment characteristics required to support the aircraft for the required volume

of traffic.

A chart showing the functional flow for the technique is given in Figure 10.

The notation in parenthesis following each step in the procedure refers to the

paragraph which explains that step. An alternate input in the computation per-

mits using stress rather than coverages or passes as the input, which pro-

vides data consistent with that used by civilian agencies.

2. PROCEDURE

The evaluation procedure includes four major steps described as follows:

a. Develop n vs 9. relationship, which indicates the basic stress char-

acteristics of a gear on rigid pavement, where

n = number of blocks on the influence chart (Figure 11) covered by

the gear footprint, and

radius of relative stiffness of the pavement.

Values of n must be determined for the full range of applicable f. values.

Usually, computations for I. values from 20 to 90 should be made in the

following increments: I from 20 to 30; 5 from 30 to 50; and 10 above 50. For

single-wheel gears, n can be determined from Figure 12; for multiple-wheel

21
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gears, the PCA computer program (Reference 13) can be used. If computer

facilities are not available, n can be determined manually by using a large,

scale version of the influence chart and proceeding as follnwmi

(1) Draw the gear footprint pattern on transparent paper to the following

scale:

Drawing Dimension - Actual Dimension X

Tire contact areas are assume e rectangles with rounded
ends, havinga length, L 0.5227 and a width W w 0,6L.

(2) Place the drawing on the chart with the center of the critical wheel on

the origin, oriented approximately its shown In Appendix 1.

(3) Count the number of blocks enclosed by the tire footprints; eatimate

fractional blocks. Deduct negative blocks from the positive total.

(4) Rotate the footprint about the origin and repeat Step (3) until the

maximum block count is obtained.

(5) Repeat Steps (1) through (4) for all I. values and tabulate.

b. If a coverage level is specified, determine the allowable pavement

stream from Figure 13.

o. If a pass level is specified, uso Figure 9 to convert passes to the

corresponding number of coverages and then determine the allowable pavement

stress level from Figure 13.

d. Use the n/i. curve derived in Step a, the allowable stresm from Steps

b and c, and the tire Inflation pressure to determine the required pavement

thickness (h) and subgrade strength (K) by using the following equations

(developed in Appendix I3):

h 0.0248* / (10)

K = 3.41 x 10 X h0

where F 0. 75 for runway centers (Type C traffic area) and 1.00 for runway

ends, taxiways, etc. (Type A and B traffic areas). If the aircraft in question

does not have a positive lift force during takeoff run prior to rotation, however,

use 1,00 for the runway center also.

25
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3. EXAMPLEK

Tht KC-1311 t•tltmiltt, aPs ikel, (,d ih * cioii 11, Wa us1d IK theilt' VX1MI1Q.

(|)llilmloutiorw, titi vontittt att'a, and tire Inflation prssur, arte givv\i ott uiagri4

2) 3, atnd 4.) We have as14sumleld' rqtkl'irvllnt forl I , ur lo ,(oeraKes and M(1o

pamov.i on a Typo C trilfith, ten.

it. r \,olop Ii VM . *

(1) Footprint Conxtrwlitiont*

X a 36 K -- 1 1,33 (3 60 for this
60 computation)

y • 60K i 2 2,28

K. -- •0,83
L V 0.58227 60

W, 06 x 083 0,498

Draw footprint to theme dimensions.

(2) Locate footprint drawing on chart (Figure 14) using Appendbt I

as a guide.

(3) Cowkt the blocks - 238.

(4) Rotate footprint and repeat count until the position providing the

maximum count is found (the maximum count position has already been deter-

mined in this case).

(5) Repeat Steps (1) through (4) for IL values of 20, 30, .40, 50, O. Restuits

are given In Table VI, Item 1.

* A small-scale chart (Figure 14) with •. 2. 28 inches is used for this

example, In actual compututlons, a large-scale chart ( W.i- 101nches) should

be used.

** CAUTION: The PCA computer program uses gear dimensions of X and Y

rotated 90 degrees to those shown ill FigAre 1.

27
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positve Bl~k~lNoegati ve Block%s

Figure 14. KC-135 Gear Footprint on Influenr'e Chart
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TABILE V1

DATA SUMMARY 'I13 KC-1:15

9. Values

Item 20 22 25 3( J-I a S0

1 n 801 694 584 491 :71 29,1 2:19

2 h 6.65 6.80 7.09 7.80 ( 9.05 1(. 1 10.9

3 K 626 459 311 200 !)S.(; .

4 h 5.8 6.0 6. 2 6'.8 7.9) s. .s •5.

5 K 418 307 208 134 65.9 37.1 22.7

*Note: A values used in the example

b. The allowable stress level for 10, 000 coverages d(ehrmici d from

Figure 13 is 505 psi.

c. The coverage equivalent for 300 passes is 92. G (See 11, pa ra 5. )). T1h'e

allowable stress from Figure 1:3 is 662 psi.

d. Calculate h for 10, 000 coverages (505 psi).

S155 x 239 x 0. 75'

h = 0.0245 x 60 x 505 3, •089

Repeat for other A values (results indicated in Table VI, O<,m 2).

e. Calculate K for corresponding h values.

3.41 x I0o x 10.89
K: 604 : 33.98

Repeat for other h values (Table VI, Item :3).

f. Plot h versus K (Figure 15),

29
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Figure 15. Air Vehicle Rigid Pavement R~equirements -

KC-135 Main Gear
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g. Calculate h for 300 passes.

h = 0.0245 x 60 / 155x39- x 0. 7-5 9.52 (TabIe',Item4)
662

h. Calculate K for corresponding h values

K 3.41 x 10 x 9.52 22.72 (Table M, Item 5)
(60)'

i. Plot h versus K values (Figure 15).

4. FLOTATION CAPABILITY OF RIGID PAVEMENT

To determine whether an aircraft can operate from a specific runway,

find the K and h values for that runway and plot them on the b vs. K curve for

the aircraft. If the runway curve falls below the aircraft curve, the field can

be used by that aircraft for that number of operations. For example, a

runway 7 inches thick, constructed on a K of 200, is adequate for 300 passes

of the KC-135 aircraft, but is not adequate for 10, 000 coverages (Figure 15).
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SECTION IV

OVERLAY PAVEMENT CONSIDERATIONS

This section provides standard procedures for determining ground flo-

tation characteristics of proposed aircraft in relation to overlay pavements,

including the following:

"* Rigid overlay over rigid pavement

"* Flexible overlay over rigid pavement

"• Rigid overlay over flexible pavement

"* Flexible overlay over flexible pavement

"* Sandwich construction, consisting of rigid-flexible-rigid pavement

These procedures provide the equivalent strength of the overlay pavement.

When the equivalent strength is determined, these values must be applied to

the equations for flexible or rigid pavement, as applicable.

1. RIGID OVERLAY OVER RIGID PAVEMENT

The equivalent strength for this case (from Reference 9) depends on

whether or not a bonding process has been used between the base pavement and

the overlay. If no bonding process is used, the equation is

hE '. (ho 4 ) + C ( hb) (12)
hE

If a bonding process is used between the base pavement and the overlay, then

the applicable equation is

hE (ho) + C(h b) (13)

where

hE equivalent thickness of rigid pavement

hb= thickness of existing rigid pavement

h overlay thickness
0

32
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and C is a factor with a value of 1.00 if the base pavement is in good condition,

0.75 if it has initial but nonprogressive cracks, and 0. 35 if it is badly cracked,

with continuity interrupted.

The hE and the K values can then be used to plot the pavement capability

vs ground flotation capability of the aircraft (see Figure 15).

2. FLEXIBLE OVERLAY OVER RIGID PAVEMENT

The equation for determining the equivalent strength of a flexible pavement

overlay over a rigid base pavement (based on Reference 9) is

h - (0.4t + hb ) (14)hE F b

where

hE = equivalent thickness of combined overlay and base

F = factor determined from Figure 16

t = thickness of flexible overlay

hb = thickness of rigid base pavement

The hE value can be used as total rigid pavement thickness together with

the K value to plot pavement capability vs ground flotation capability

(Figure 15).

3. RIGID OVERLAY OVER FLEXIBLE PAVEMENT

The equivalent strength of a rigid pavement overlay over a flexible pave-

ment can be determined by equating the strength of the flexible pavement to a

K value (Figure 16) and solving as for rigid pavement.

4. FLEXIBLE OVERLAY OVER FLEXIBLE PAVEMENT

The equivalent strength of a flexible pavement overlay over a flexible

pavement is evaluated by determining t1,- "'d kneas of the thinnest section of

the base pavement and adding this value to the thickness of the overlay. Then

solve as for flexible pavement.

33
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5. SANDWICH CONSTRUCTION

For a rigid overlay over a flexible overlay over a rigid base pavement, use

the fol1 owing assumptions in making the determination.

a. If the flexible overlay is less than 4 inches thick, consider the struc-

ture to be a rigid overlay over a rigid pavement with a bonding agent.

b. If the flexible overlay is 4 inches or greater, consider the structure

to be a rigid overlay over a flexible pavemnnt, using the rigid base pavement

a.d flexible overlay as a base course with a given K value.

I
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FORMULA DERIVATION8
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APPENDIX III

TABULATED DEFLECTION FACTOR VALUES
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