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0 1 0t 0
n-1 D ) X. D(h.)
K (m) j=1 (vj - 1) C
n
Dn
L J
where K(M) = 1/m2, and
\Y . -2V
Q = |[™ m 1 (7)
m 2v. -1 -m 2v, -1
1 i
X, = am i, vy kY v, EL) KQv E. ) M(h,, V.. .) (V. -1) (8)
i i’ i i’ i i+l’ i+l 17 i+l i
In the above equations m is a dummy variable; Jo(mr), Jl(mr) are
Bessel functions, vy and Ei are Poisson's ratio, and the Elastic Modulus
of the ith layer; and 0;, Trz’ ul, w' are the normal stress, shear stressé¢
radial displacement and vertical displacement of the {th layer. Thus,
given the number of layers n, Ei’ vi (i=1, ..., n) and with a unit load
acting on the surface point, Equations (5) and (6) can be used to
determine the coefficients Ai’ Bi’ Ci’ Di (i=1, ..., n;. Then sub-
stituting into Equation (1), the stresses and displacements in each layer
can be determined.
For a circular load, acting over radius as with intensity p, the
stresses and displacements are given by
~1 i
= g
3 a [ 3/ ma) o] du
0
(92} .
~1 i
T . = a .f Jl(ma) Trz dm
%, (%)

=
[
'Y

J | (ma) ul dm

~1
W =

s}

T

J, (m) w' dm

-
-
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3. Probabilistic Closed Form Solution

The partial derivative method was used for developing closed form
probabilistic solutions for the stationary load program.

The method involves expanding the desired function (stress, strain or
deflection) in a Taylor's Series expansion about the mean and neglecting
all moments greater than second order. For example, letting Si represent

.th

the desired stress or displacement at the i layer of the pavement system

and El’ EZ’ cees En the instantaneous values of the relaxation modulus
of N-layers of different materials at the loading time of interest, one
can write

S, = gy(Ej, Eyy ey Ep) 10)

The expected value of S; may be approximated by the expression

n azg
_ - 1 i o2 (1)
= g.(E., E., ..., E) +7L ‘—- E.
E[Si] gl( 1 2 n 2-j=1 ?)Ejz Ej J
The variance of S, is given by
i
n fog. 2 2
Var[Si] = .Z 3E |— OE. (12)
J=1 j hj )

The term gi(El, EZ’ e En) represents the mean value of Si’ i.e., the

value of Si obtained using mean moduli values Ei' The terms

2 and E
E. J |E. )

are the 2nd and lSt partial derivatives of Si with respect to E, evaluated

= . q. 2 -
at Ej and multiplied by Op. respectively. The E, and oy are assumed to
] J 3
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have been determined from an experimental characterization program.

Equation (l1)and (12) were used assuming that Ei are mutually independent.

From Eq. (1)

A, ]
9 ¢ i
°E. = D9E. 3E. M(Zi, \)1) D(z) 1
J J J i
D.
e 1—
[3A,
1
oE.
J
9B.
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+ K(v,, E.) Mz, vy) D(z) | °Fj 13
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