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AIRCRAFT LOADS

An important factor in an airport’s operation is the
proper functioning of its drainage facilities. Because of
the relatively flat grades and shallow covers associated
with subsurface drainage for airfields, it is necessary to
evaluate the effect of aircraft loads in the structural design
of underground conduits.

The distribution of aircraft wheel loads on any
horizontal plane in the soil mass is dependent on the
magnitude and character of the aircraft loads, the air-
craft's landing gear configuration, the type of pavement
structure and the subsoil conditions. Trends toward
heavier gross aircraft weights has resulted in multiple
wheel undercarriages consisting of dual wheel assemblies
and/or dual tandem assemblies, and the distribution of
wheél loads through rigid and flexible pavements are
illustrated in Figures 1 and 2,

If a rigid pavement is provided, an aircraft wheel
load concentration is distributed over an appreciable area

and is substantially reduced in intensity at the subgrade.
For multi-wheeled landing gear assemblies, the total pres-
sure intensity is dependent on the interacting pressures
produced by each individual wheel. The maximum load
transmitted to a pipe varies with the pipe size under con-
sideration, the pipe's relative location with respect to the
particular landing gear configuration and the height of fill
between the top of the pipe and the subgrade surface.

For a flexible pavement, the load distribution at
any plane in the soil mass is considerably less than for
a rigid pavement. The interaciion of pressure intensities
due to individual wheels of a multi-wheeled landing gear
assembly is also less pronounced at any given depth ot
caver.

Because aircraft are partially airborne when taxiing
and landing, dynamic and impact loads are less critical
than static loads.

FIGURE 1: Pressure Distribution Rigid Pavement

FIGURE 2: Pressure Distribution Flexible Pavement

Fill Height H = 2 Feet

Fill Height H = & Feet

Fill Height H=2 Feet

Fill Height H = 6 Feet




TABLE 1: Pressure Coefficients for a Single Load

TABLE II: Pressure Coefficients for Two Loads
Spaced 0.8R_ Apart

L |Single lead
Values of C
,é'.":“-'o'.'\-\“ NI e ,;J’_

g SP pounds per square foot TS ot

= I
P . wheel load, pounds H
ARg radius of stiftness of = x—-{

pavement slab, feet

2 lcads 0.8Fs
apart along
+ axls ol pipe

Values of ©

p = %ﬁpounds per square foot
5

P =wheel lcad, pounds
RAg = radius of stiffness of
pavernent slab, feet

H X/Rg

H X/Rs

Rs 00] 04 ] 08 1.2 1.6 Z0 | 24 | 28 [ 32 |36 [40

Rg 0.0 [\X:) 0.8 1.2 1.6 Z0 X 2.8 3.4 36 Ty

0.0 113 | .15 | ose |.088 ;048 | 032 | 020 | 011 |.006 |.002 | 00O
04 101 085 | 082 |.065 |.047 | 033 | 021 | .01l | .004 | .0CL |.000
0.8 psa | o84 | 074 |06l [.045 | 033 | 02z ; 012 | 005 |.002 |.001
1.2 076 | 072 | 065 ].0s4 |.043 | 032 | .022 | .014 | 008 | 005 |.003

16 062 05 { .054 |.047 |.038 | .0%0 | g2z | .016 | 0Ll |.007 |.005
20 o5l | 049 | 046 | 04z | 035 | 028 | Q022 | .06 | 011 | .008 |.00B
2.4 043 | o041 | 038 | 036 |.030 | .026 | o2l | 016 | 011 | 008 }.006
28 037 | 036 | 033 | 031 |.02r | 023} 018 [ D15 | QML | 003 | .0OG

32 032 | 030 | o2 |.026 i 024 | 021 § 018 | 014 | Oli | .003 |.007
36 027 | 026 | 025 |.023 | 021 | 019 | 016 | 024 | 011 | 009 |.007
40 024 | 023 | o2z | 020 | 019 | 018 | 015 | .03 .01l | 009 | .007
a4 020 | 020 | o190 |.e18 | 017 | .015% 014 | 012 |.010 | .009 | .007

48 0181 017 | 017 {016 | o5 | o013 | 012 | 011 [ 008 |.008 | .007
5.2 o015 | 015 | 014 {014 |03 ) 012 | 011 7 010 | 008 |[.007 }.006
56 o1 | o131 013 | o1z |11 | 010} 010 | 008 | .00& {.007 | .DOB
6.0 olz | o012 | 011 | o011 | .0io | .009 | 0OY | .00 | .007 | 007 |.006

6.4 811§ .010 { 010 | 010 | 005 | 008 | 008 [ 007 | .007 | .006 | .005
6.8 00| .00 | oo | 009 | 008 | 008 | 007 | 007 | .006 | .006 | .005
1.2 009 | .08 | .008 |.008 | 008 | .07 | 007 | .006 | 006 | 006 | 005
16 oo | 008 | 0os |.007 | .007 | 007 | 006 | 006 | 008 | .005 ; .005
80 007 | o7 | o7 | .007 | .006 | 006 | 006 | 006 | 005 .05 | .005

0.0 910 | 198 | .ie8 | 130 | 092 | o5z 038 | 022 | L£I1 | 004 | 000
0.4 190 | 181 ] 156 | .126 | .osz | 084 ; 040 | 023} 010 | 002 .000
0.8 168 | a0 | 140 | .17 | 088 | 063 | 042 [ 024 | 010 [ 002 | 001
1.2 144 | 133 | 124 | 06 | 083 | 062 | 043 3 027 | 013 | .007 | 004

16 s | 15| g0s | .0sa | 076 | 060 | 044 | 030 | 020 | 0141 009
20 098 | 095 | 088 | el ! 070 | 056 | 043 | 032 | 023 | 017 | 0 12
24 o8z | 080 | o76 | 069 { 061 | 050 | 040 | 031 | 023 ¢ 017 012
2.8 o071 o080 | 066 | 60 | 053 | 045 | 037 | 029 | o2z | 017 012

32 061 | 059t 057 | 052 | .0a6 | 040 [ 034 | 028 [ 022 [ .017 013
3.6 05z | 081 | 049 | 046 | 041 | 036 | 032 | 027 | Q22 | 018 014
4.0 045 | o044 | 02 | o040 | 037 | 034 030 | 026 | Q22 | 018 015
44 03s | 038 | 037 | 035 | 033 ] 030 ] Q27 | D24 921 | 07 013

4.8 034 | 038 033 | 031 | 029§ 027 | 024 o2l LIS 016 1 014
52 o30] ozg | o2e | oz | 025 | o023 021 019 017 | 015 013
56 095 | o026 | 025 | 024 022 | 021 | 019 0183 016 7 .04 012
6.0 073 | 023 | 022 | 021} o020 | 019 | 017 | 016 015 | 013 011

6.4 21| 21| oeo i e | 018 | 017 | o185 5| Q14| o1z DI
6.8 019 613 | 018 | 018 | 017 | 016 | 015 | 014 013 [ pl2) 010
1.2 017 o) 06| o016 | 015 | 014 | 013 03[ o1z 01l .010
76 0| .015] 015 | 015 014 | 083 | 012 Q12| 011 | 010 009
80 014 o14{ o4} 013 03| o012 012 | 011) 010} Q10 008

RIGID PAVEMENT
The pressure intensity is computed by the equation:

CP
p (H,X) = -R_sz- (1)

where
P @y, = Pressure intensity at any horizontal distance
(X) and any vertical distance (H) within the
soil mass, pounds per square foot.
C = pressure coefficient, dependent on H, X and
Rs
P = wheel load, pounds
R.= radius of stiffness of the rigid pavement, feet
or inches
R, is further defined as:
: Eh°®

Re= ~/50-B K

(2

where

E = modulus of elasticity of concrete, pounds per
square inch

h = thickness of concrete pavement, inches

« = Poisson’s ratio of concrete (assumed con-
stant and = 0.15)

k = modulus of subgrade reaction, pounds per
cubic inch

Tables | through V present pressure coefficients in
terms of the radius of stiffness as developed by the Port-
land Cement Association and published in the report
“Vertical Pressure on Culverts Under Wheel Loads on
Concrete Pavement Slabs.” * Since the coefficient values
presented in Tables I1 through IV are larger, for any given
fill height, than the coefficient values presented in Table
I, the combined pressure on any plane for wheels spaced
2.4 R, or less apart is greater than for a single wheel.
Comparing the coefficient values presented in Table V
with the coefficient values presented in Table |, it is seen
that the coefficient values for 2 loads spaced 3.2 R; apart
are larger than the coefficient values for a single load,
except close to the subgrade. For a wheel spacing 3.2 R,,
the combined pressure will be greater except close to the
subgrade where it is accurate to use the single wheel load
pressure. For greater wheel spacings, the pressure from
a single wheel will exceed the combined pressure of two
wheels on planes further below the subgrade.

Values of radivs of stiffness are listed in Table VI
for pavement thickness and modulus of subgrade reaction.
Figure 3 correlates different subgrade classifications
with k, the modulus of subgrade reaction.

* The values given in Tables | to V are the pressures on planes at depth H
in a semi-infinite elastic body. The presence of a pipe introduces & boundary
condition which theoreticaily creates 2 problem approaching that of an
elastic laver of depth H resting on a rigid base. Although pressures based
on this assumption are somewhat higher than those given, uncertainties as
to the exact elastic properties of the backfill over the pipe, the rigidity of
the pipe and other factors are such that theoretically more accurate compu-
tations are not considered justified.




TABLE lil: Pressure Coefficients for Two Loads
Spaced 1.6R Apart

TABLE 1V¥: Pressure Coefficients for Two Loads
Spaced 2.4R_ Apart

210245 16Rs
apart along
L axis of pipe

T T
A IS aﬁ
R

Values of C

p = Qf_ pounds per square foot
As

= wheel load. pounds

Rg = radius of stiffness of
pavement slab, feet

2 loads 2.4Rs
apan along

axis of pipe
AR

S < —
T s o e
i IW T L e

ﬁq
NN

Values of C

AR

p  EF pounds per square foot
A
I wheel load. pounds H
Rg - radius of stiffness of
pavement siab, feet

H XiRg

H XiRs

Rs 00| 04 0.8 12 ] 16 20| 247 281 32| 38 4.0

Re 00| 04 0.8 1.2 1.6 20| 24 | 28 ] 32 | 36 | 40

0.0 178) s7| 142 ] .liz | 080 .054| .034) .019} 009 | .004 | 00D
04 64| 56| 136 ) .109 | .080| .056| .036 | .019 | .008 | .002 | .00D
08 47 ety 1es | xp3 | ors| .os¥l 087 | 020 008 | D02 § 001
12 128l 124 106 084§ Q74| 056 039 | 023 | 012 | 006 | 004

16 J08] 1050 097 | 0821 070 0547 .040 | .028 | 019 | 014 | DO9
20 092] .0%0] .084 | 07531 065| 0521 .040 | 030 | 022 | 017 | 012
24 073 ovel 072 | 0BS5S | 56 G47] 038 | 02§ | o022 | 017 | 012
28 D8 &6 | 062 | 058 | 050 .043| .035| 028 | 022 | 017 | 012

3.2 58| 056 | 054 | .0S0 ] 044l 038 .03z | .02y | 022 | 017 | D2
36 050| .04 | 047 | 044 | 040 | 035 030 | 026 | .022 | 017 | 013
40 043 042 041 | 039 | 0367 033 030 028 022 018 015
44 038 037 | 036 | 034 | 032| 029 026| .023| 020} .0i6 | .0l4

43 033] 032 031 | 030 | .028| (026 024 0214 .018 | .015, 013
5.2 028 028 | .02k| 026 | (025 Q23| .021| 019 | .016 | .0l4 } .012
5.6 023 025| D24 | 023 | 022 020 019 0174 015 .13 012
6.0 0231 022| 022 | 021 | 019 018 017 016§ 014 013 DU

6.4 020 Q20 o019 | .019 | .018| 018 .015| .0I5) 013 | Q12| .0l
6.8 018 018} 018 | 017 ] 06| 015 04| .013{ 01z | .011] 010
7.2 017 016§ 016 | 015 | 015f .014| M3 | .13 | Q12| 011} 010
16 015 015) o014 | 014 014 .0i3| 012| 012 011 | .010 | .01C
&0 014 .014( 013 013 013f .p12| 0114 011 .010 | .010 | .00%

0.0 137 | 130 | 112 | .088 | w65 | .044 1 028 | 014 | 007 | .003 | 00D
0.4 30 | 125 | 09 | 087 | 086 | 047 { 028 | 013 | .0G5 | 0O | .0OO
0.8 121 | 17 | 104 | 085 | 065 | 048 | 030 | .014 | 006 | 002z | 001
1.2 Jog | 305 | 098 | 079 | 064 | 048 | 033 | 018 | 012 | 006 | 005

1.6 095 { 092 | .084 | 072 | 060 | 047 | 035 | 025 | 018 | 012 | 009
20 083 { 081 | .077 | 068 | 057 | 046 | 035 | 026 | 020 | 015 | .00
2.4 Q070 § 089 | 085 | 059 | 052 | 044 | 034 | 026 | 020 | 0I5 | 011
28 062 ] 080 | .058 | .0S3 | 046 | 039 7 .033 | 027 | .020 | 015 | .01l

3.2 053 1 052 | .050 | .046 | .04l | .035 | .03z § 026 | 020 | 016 | 012
36 046 1 045 | 044 | 042 | 038 | 034 | 030 | D026 | 021 | .17 ) .03
4.0 040 1 040 | 039 | 037 [ 035 | 032 028 | 025 | 021 | 017 ) 014
4.4 0361 .035 | 034 | 033  .031 | 028 ; 025 | 022 | 019 | Ol6 | 013

48 031 | 031 | .030 | 029 | 027 | 025 | 22 | 020 | 017 | 015 (012
5.2 027 | 027 | 028 | 025 | 024 | 022 [ 020 | .018 | 016 | (014 | (12
56 024 | D23 | 023 4 ez | 02 | 020 [ 018 | 017 | 015 ) 013 | Q11
6.0 022 | 21| .02l ) 020 | 019 | 018 | 017 | 018 | (014 [ 012 | 0N

64 019 ¢ 019! p1e | 018 | 017 | 016 015 | (014 | 013 | .012 | QL0
6.8 018 | o171 017 ) 016 | 016 | 015 014 | 013 | 012 [ 011 | 010
1.2 016 | 016 | .016 | 015 | 014 | 014 | 013 | .012 | 011 | 010 | .008
76 015 | 014 ) 014 | 014 | 013 | 013 | 012 | 012 | 011 | .010 | .009
8.0 013 | o013 013 013 | Ql2 | ©l2 ¢ @ii | 011 | 010 | .08 | .009

FLEXIBLE PAVEMENT
The pressure intensity is computed by the equation:

()

where

P ax, = Pressure intensity at any horizontal distance
{X) and any vertical distance (H) within the
soll mass, pounds per square foot.

C = pressure coefficient dependent on H,X and
the radius of the circle of pressure at the
surface {r}

p. = tire pressure, pounds per square inch

The radius of the circle of pressure at the surface
(r) is further defined as:

{4)

where

r = radius of the circle of pressure at the surface,
inches

P = single wheel load, pounds
p, = lire pressure, pounds per square inch
= 3.1416

TABLE V: Pressure Coefficients for Two Loads
Spaced 3.2R_ Apart

2 loads 3.2Rs
| apart along
axis ol pipe
Values 0f C

RO

S AR
oo ‘vu] T

vl

[ ok S AT 7 ST

=

-

o - CP pounds per square foot
Ré
P - wheel load, pounds H
Ry - radius of stiftness of

pavement slab. feet

NN

Rg co| 04| 08 1.2 1.8 20| 24| 28] 32 36| 40

0.0 097 | 093] .080| .065( .048
04 095} 092 | 079 | .067 [ .0SO
08 092 088 | .078| 066 .0S1
12 086, 082 | .074| 066 .050

18 0774 .075| 068 | 080 .049
2.0 070| .068| .063 | 057 .048
24 061 060 | .0&6 | .051| .045
28 058 | 054 .0s2| .048| .042

32 043 045 | 044 | 041y 037
38 043 041| 040} 033 | 034
40 038| 037} 036 035 032
4.4 033 033} 032} 031 028

43 029| 029 .028| 027 | 025
5.2 025 025| .02s| 024 .022
38 D2z| oez| 022) 021 020
6.0 D20 020l 0204 020 020

6.4 18§ .013| 018 018| (018
5.8 016] 016| .16 | .016| 016
72 0157 015 | 015 | 0I5 0I5
76 014 014 | 03| 013 .03
8.0 013 03| 012 01z Q12

D321 020 011 .04 | 000 | .00
034} .020| .010| .003 | .000 ) .0OO
036} 028 | .010( .003| .000 ) 00O
0381 025 .01a| .007{ .003( .0OL

039 o030 e21| 015 | 011 | .007
080 031 023 017 .013| .009
038 030 023 017 | 013 0L0
036] .029( .023| 018 | .013| 010

032 | .028| .623| .18 | 014 010
030 | 027 22| ©oi3 | 015} 012
029 | .026| 022} 01%| .016| 013
027 | 028 020 018 | 015 013

023 | 021 | 018) ol .0i4 | 012
021 019 | 0173 .015] 013 | 012
018 017 | 016 0141 012 011
017 0168 | 015 .013] .011 | 01l

016 | 015 | 014 012 | 011 QIO
0141 04| 013 012 | 010 0N
013 013 0lz| 011 | 010 .009
012 012|011 010 | 0091 .009
D11 011|013 .0ip L 009 | 008




TABLE VI: Values of Radius of Stiffness Inches

FIGURE 3: Approximate Interrelationships of Soil
Classifications and Bearing Values
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TABLE VIi: Pressure Coefficients for a Single
Load Applied on Subgrade or
Flexible Pavement

Singie toad
Valuesof C
Plux) Coolb. persq.f. ] T
£, tire pressure |b. per sq.it. M
r radius of the circle of | I~ "’
pressure at the surface —
; T
/-_—-\ \
H Xl
r 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
0.0 1.000 1000 000 .000 .000 .00g 000 000
0.5 911 425 010 401 000 .aeo .000 009
1.0 646 350 050 .005 .001 .000 00D 000
15 424 .250 075 012 004 001 000 .000
2.0 .284 198 075 020 007 .003 001 001
2.5 .200 145 070 026 010 .04 002 001
30 146 110 065 029 013 008 003 Qg2
35 110 101 060 .031 015 .008 004 002
4.0 087 081 054 031 017 .008 005 003
5.0 0857 054 041 028 017 an 008 008
6.0 .040 039 032 024 017 011 007 003
7.0 030 028 .025 020 015 011 .008 .005
3.0 023 023 020 017 013 010 .008 .006
9.0 018 018 016 .014 012 009 007 006
10.0 .015 015 | 014 2012 .010 .009 007 008

Pressure coefficients in terms of the radius of the
circle of pressure at the surface (r) are presenied in
Table VIl

Tables VIl through X present aircraft loads in
pounds per linear foot for circuiar, horizontal elliptical
and arch pipe. The tables are based on equations 1 and
3 using a 180,000-pourd dual tandem wheel assembly
spaced 26 inches between dual tires and 66 inches be-
tween tandem axles. The rigid pavement is based on a k
value of 300 pounds per cubic inch, 12-inch thick con-
crete pavement and an R, value of 37.44 inches. Subgrade
and subbase support for a rigid pavement is evaluated in
terms of k, the modulus of subgrade reaction. A k value of
300 was used, since this value represents a desirable sub-
grade or subbase material. In addition, because of the
interaction between the pavement and subgrade, a lower
value of k (representing reduced subgrade support} re-
sults in less load on the pipe.

Although Tables VIl through X are for specific
values of aircraft weight and landing gear configuration,
the tables can be used with sufficient accuracy for all
heavy commercial aircraft currently in operation. Investi-
gation of the design loads of future jets indicates that
although the total loads will greatly exceed present air-
craft loads, the distribution of such loads over a greater
number of gears and wheels will not impose foads on
underground conduits greater than by commercial air-
craft currently in operation. For lighter aircrafts and/or
different rigid pavement thicknesses, it is necessary 10

calculate loads as illustrated in Example 4.
& n



