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Absiract

Induasacs charts are presented for obtaining theoretical deflections and moments in concrete alrport run-
way slabs for edge loading. The subgrade material on which the concrete pavement rests is idealized by
Filonenka-Borodich model. The charts are similar to those presented by Pickett and Ray in which the
subgrade m:dium is idealized by Winkler model.
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1. Introduction

Inflaeace charts for obtaining deflection and moments in concrete slabs for interior loade
ing were presented by Siva Reddy and Pranesh!. The subgrade material on which the
concrete pavement rests is idealized by Filonenko-Borodich and Reissner models which
possess continuity. Siva Reddy? presented similar charts for Hetenyi model for interior
loading. In this paper influence charts are presented for obtaining theoretical deflections

. and moments in concrete airpart runway slabs for edge loading. The subgrade material
in this case is idealized by Filonenko-Borodich model. The charts are similar to those
presented by Pickett and Ray3 in which the subgrade medium is idealized by Winkler

1 model.

L

2. Derivation of equations

Figure 1 shows a semi-infinite concrete slab resting on Filonenko-Borodich foundation.
i, The interaction between the spring elements is achieved by connecting a stressed elastic
& membrane at the top ends of the springs. The stretched membrane is subjected to a
& constant tensile force field 7.
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Fie. 1. Semi-infinite concrete slab on Filonenko-Borodich model.

The goveming differential equation for the slab is
DVw=g—p. : )]
in whlch w = deflection of the concrete slab

Eh®
2(1 — &) °

E = modulus of Cld.Sthlty of concrete slab,

D=

h = thlckness of slab,

b= Poisson’s ratio of slab,

&%
4 — 2
v 6x2 ) V5
52
2
v 5x3 + 6y2 H
¢ = uniformly distributed load,
p = reaction at the bottom of the slab.

The reaction, p, on the slab is givén by*
p=Kw—TV3%*w . 2)

in which K = modulus of subgrade reaction and T = tensile force.
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Fionr €1 and (2) when only a concentrated toad is acting on the slab

5w Stw Sw S2w 8% wN ) .
b ( oxt +2 ox2 8yt + W) - T(b'x'*‘ v 5))2) + Kw=0. L (3)

Inteaducing the nondimensional variables

X = x/l, ¥ = yll, W =:w/l where [ =4 \/5/_!\;

©0 N
and ussuming W = | cosax g(y')da, we get from (3)
o

— Qe+ 4)g" +g(l + 4% +04) =0 ' (4)
in which
, o, dig w228
A= 8 =g e =g

The general solution for (3) is then given by

W= l:E erwit gin & / S 1 e sin /—3; + Eyem" cos f-’li

+ Eeitsin '@i c0s = ] ' | (5)

in which

— i
\/-a - +\/1+azA’—\—a"
y'— -

\/ (Za +A>+\/1+a2,4 + at

Considering thé case of a semi-infinite slab acted on by a concentrated load Q at the
origin which is on the edge of the slab, the four constants of (5) can be evaluated from
the following boundary conditions.

(i) W(c0) =0
(i) W' (c0) =0
;' : (i) M, (0) =0

Q

(lV) v, (0) (6)

e
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‘Expresslng the shear oondmon V,(0) in Fourier integral and applying the boundany

conditions
2 20
W : \/4 — 4 #lPK

=]
— I& 2 ’
¥ COS — 2x [\/4 4 0s @l’ + {?:(_"_i__A — ﬂaﬁ} sin @:I ¢ (yhda
% 1, 2 {

1+40—wa*y*— (1 —pu¥)a
° :
- ™)
2.1. Deflections from distributed load
From Maxwell’s reciprocal relations, (7) can also be considered to be the deflection at
the origin caused by a concentrated load at variable coordinate point. Then by use of
the principle of superposition and by integration, one may find the deflection at the
origin due to a distributed load. The load Q is replaced by the load ¢ dx dy and then
integrated with respect to x between a4, and a, and with respect to y between b, and
b, as shown in Fig. 2 to determine the number of blocks for given region.

‘Y

(a4, b2) (an bo!

/ Jay

] ' -
FIG. 2. Region of integration.
The result of integration with respect“’fo.x'a.hd y was expressed in the form
w = w(a,, by) — w(ay, by) — w(a,, b)) + w(ay, b)) : ®)
in which the general form w (a, b) is as follows: :

(VA=A w =22

S /- . :
j’ y? |:(A +2Bp?) (1 —cos é[l_’ e ) + (2A8*—B) sin ﬂ—lb e—'Y"“] sin a_/a da
X

| T PR F A0 -ty = (= @]

o . p
: A ' ' €}
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in which

b= J{- T + VIF T T} [2

y =\/{(2“—“2Li> Ve EET Ik

VI AT
2

B = (Ef_“zi_"i__ _ #a2>
D\V4 '
| = (Z’)

E = Young’s modulus of slab

¢

A=

u = Poisson’s ratio for slab, assumed to be 0-15 in all computations.

2.2. Moments from distributed load
- The moment at point (x, y) in a direction of reference axis O — n due to a load at the
origin® is

0w
M—_D<<5x~ ,u(s—y., . _ (10)

Due to reciprocal theorem, (10) is also the moment at the origin in the direction of the
references axis O-n due to load at the point (x, y). In-the equation for deflection the
load @ is replaced by gdxdy and the moment due to the load on area bounded by (ay, by),
(a,, bi), (a;, b,) and (a,, b,) is arrived at.

The result of integration with respect to x and y was expressed in the form

Mx = M(a27 b2) - A/,(al’ b‘.’,) - M(a‘_'" bl) + M (a" bl)' : - (]])
The general term M (a, b) can be written as follows:

| 2i l2 | 7sing [S (1 — cos B0 -t — T, sin po e-'i°/1:]-da; L
M(a, b) = " ’ 1 I 1y
a(ﬂ2+y2)[1+4(1—/1)a2y _(1_#)%4]

.

in whlch
S = —,uz)oc2 [l +2(1 —#) 2/92]
T; =(l — .;12) a? [(l — y) a? — 2[}21.
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The integrals for both deflection and moment are evaluated numerically using trape-
zoidal rule. The integral was evaluated for values of a at 0-1 intervals in the range from
0 to 270 and at 0-5 intervals in the range from 2-0 to 5-0. In all cases the integral for
valu¢ a in. excess of 5-0 is considered negligible.

3. Results and discussion

The parameters that constitute the foundation models, viz., Tensile force (T) in the case
of Filonenko-Borodien model can be determined by conducting a rigid stamp test on
the subgrade and analysing the load deflection curve beyond the stamp®. It has been
shown that the values of 4’ can range up to 0-25 and with A’ =0, the Filonenko-~
Borodich model reduces to Winkler foundation®. '

Since T depends on soil type and other conditions like density, moisture content, etc.,
results are given up to A’ =0-25 '

Influence charts for deflection and moments for values A’ = 0:01,0:05,0-1 and 0-25
are presented in Figs. 3 to 10. The deflection w and moment M, at the origin 0 are put
in the form

0-0005g/*N - '

w=""3D , a3
_ gP’N A

M. = {00004 . (14)

in which
N = number of blocks enclosed,
M, = moment at the origin in the n-direction.

A=@WE=AD2

In Figs. 7 to 10 a line divides the figures into two regions. The region to the left of
the line consists of positive blocks and the region to the right of the line consists of nega-
tive blocks. In arriving at the values of the number of blocks N in the formula for
bending moment, the-number of blocks covered by the contact area is to be given positive
sign when they happen to be to the left of the dividing line and the number of blocks
covered by the contact area to the right of the line is to be given a negative sign. The
sum of the blocks in the positive and negative regions is the value of N to be used in the
formula for M,. :

The procedure for finding deflections and moments by using the influence charts is
similar to that of Pickett and Ray®. A numerical example is worked out herein to show
the use of cbarts, ~ '

MBI PT R et
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FiG. 10. Influence chart for moment M,
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4, [lustrative example

A dual tandem landing gear of a plane has a total load of 150,000 b with fore and aft
and dual spacing equal to 62” and 31-5" respectively. The other essential data are tyre
pressure = 158 1b.  per sq. inch, the thickness of concrete slab = 16", E = 4,000,000 Ib
per sq..in. g = 0-15, k = 100 1b per cu. in. 4’ = 0-25 for Filonenko-Borodich founda-
tion. The orientation of the gear with the axis O-n is as shown in Fig. 11.

]

62"

‘Q Freg¢ edge '

-
.

o
1-
f

L Ao

Fr@. 11. Tyre imprints and their orientation for the numerical example.

Find the stress in the slab at point O.

Taking the shape of the contact area as a rectangle with sg:mi-circulér ends with width
W, equal to six tenth of the length L and the contact pressure equal to tyre pressure,
contact area = 0-5227 L®.

s Vo RPN R Y L el R e ] i TS
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37,500
158

23773 .
= [ 22 =213t
£ \/0-5227 21-3lin

Wo=0-6 x 21-31 =12-79 in.

o) TTER T 4 ]%000,000 x 167
l=NTZ0=35% = A IZ(1-0-159 100

= 61-13in.

0-5227 L° = =237-3 sq. in.

For drawing the tyre imprint the following relationship is used.

Tracing dimension (L or W,) _ Length / on chart

Actual contact dimension [ of pavement
21-31 .
L= 61—15 X 59 = 2-06 in.

Wy=06L=06x206=1-2361in.

Similarly, lateral tyre spacing on tracing

315 .
i 5.0 — 3. .
¢T3 X 5:9=3-04 in

Fore and aft spacing on tracing

62-00 .
m X 59 =5-98 in.

Using the dimensions obtained, the outline of the tyre imprints is drawn. For tle
orientation of the tyre imprint shown in Fig. 11, N, the number of blocks encloscd = 425,

158 (61.13)2

M, = x 425 = 25344 in.Ib.

A 10,000
Stress in slab at point ‘0’ = M, _ 6 X 25344 = 549 psi.

R T 16°

5. Conclusion

Influence charts for edge loading for slabs on Filonenko-Borodich model are presented
The charts can be used for the design of rigid airport pavement, resting on subgrade soil,
which can be idealized as Filoneénko-Borodich model. The charts are similar to those
presented by Pickett and Ray?, in which the subgrade is idealised as Winkler foundation.
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