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Analytical layer-element method for non-axisymmetric loading problem of
multi-layered soils
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Abstract: Starting from the analytical solution for the non-axisymmetric elastic problem of multi-layered soils, the analytical
layer element of a single soil layer, namely a symmetric exact stiffness matrix, is acquired in the Hankel transform domain. The
global stiffness matrix is obtained by assembling the interrelated layer-elements based on the principles of finite layer method.
By solving algebraic equations of the global stiffness matrix which satisfy the boundary conditions, we can get the solution to
the non-axisymmetric loading problem for multi-layered soils in the Hankel transform domain. Eventually the actual solutions
in the physical domain can be acquired by inverting the Hankel transform. Numerical calculation and analysis are carried out by
means of the corresponding computer program, and the surface horizontal displacement of multi-layered soils along the radial
direction under non-axisymmetric loading is discussed.
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Fig. 1 Generalized stresses and displacements for a single soil
layer
MR IEIE (&, 2) (f LT 2%
B, = @, = 2EE(v-1)((3 - 4v)(a, ~1) +42,28) /T ,
By =Py =Dy =B, =—CE((1+a,)(-3+10v -
8v?) +2a,(3—-10v +8v* + 2£%2°)) /T
B, =, =-45aE(v-1)(B-4v+Sz)a, +
(-3+4v+E&2)IT ,
B =Dy =Py =Dy =4§Za1(1_az)E(V_l)Z/T ’
D, =B =5(1+3,)E/(2(1-a,)1+V)) »
Dy =B, = —CaE/(1-a,)1+V)) »
—2EE(v-1D((3-4v)(1-a,)+4&a,z)/T,
@Dy =D, =4 E(V-1)((-3+4v+Ez)a, +3-4v+2E)IT,
1 =P =D =Dy =Dy, =Dy, =Dy, = Dyg
=y =V =By =V =B, =y =D,; =0,
Hr,

5
Il
8
S

a=e", a=e7%, =", T=(1+V)



1080 = &

2011 4£

((3—4v)’(L+a,) —2a,(9 — 24V +16V* + 22°E2)).

2 RARMEAER X AR s A%

Bl 2 DR i 2 T AR FH AR b R far 20 78
K, ®LEZ8E 2 s, K5 BRREEN
AH, =H, -H,,, HiAE i ZTHEREMEMmAEEE,

P
—
s S
y r
HO
E\ v, AH, z
Hl
E,v,AH,
H2
anl
E,v,,AH,
H
n

2 BARtEAHIER IR AR R E
Fig. 2 Multi-layered soils under non-axisymmetric loading
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Fig. 3 Vertical and horizontal displacements of multi-layered soils

along depth
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Fig. 4 Surface horizontal displacement of multi-layered soils along
radial direction under non-axisymmetric loading
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