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Lamb's problem is related to wave propagation in a semi-infinite elastic medium
subjected to an impulsive force applied at the surface, Lamb (1904). The problem is
simulated in PLAXIS and the results are verified against Lamb's solution, which has been
considered by, among others, Miklowitz (1978), Cagniard, Flinn & Dix (1962) and
Foinquinos & Roesset (2000). In the present validation, the closed form solution
introduced by Foinquinos & Roesset (2000) is adopted as reference.

Used version:

• PLAXIS 2D - Version 2018.0

• PLAXIS 3D - Version 2018.0

Geometry: In PLAXIS 2D, Lamb's far field problem is simulated by use of an
axisymmetric model extended 100 m in the radial x-direction and 30 m in the vertical
y-direction. Viscous boundaries are assigned at the bottom and the right boundary of the
model. The soil mass is subjected to a dynamic point load A at the line of symmetry (left
boundary). The applied impulse has the form of a triangular function with duration equal
to 0.025 s and amplitude equal to 50 kN. The load starts acting after 0.05 s. Figure 1
illustrates the model geometry in PLAXIS 2D, while Figure 2 depicts the applied
triangular impulse.
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Figure 1 Model geometry and generated mesh (PLAXIS 2D)
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Figure 2 Triangular impulse assigned to the point load A

In PLAXIS 3D, taking advantage of the model's symmetry, only one-quarter of the
geometry is modelled. The model is extended 100m in both x and y directions, while its
depth in vertical z-direction equals 30m. In order to equalise the applied dynamic load A
in PLAXIS 3D with the one applied in PLAXIS 2D, an amplification factor equal to 1.571
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is considered (π/2 ≈ 1.571). The bottom and the two outer model boundaries (xmax ,
ymax ) are set to be viscous. Figure 3 illustrates the model geometry in PLAXIS 3D.
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Figure 3 Model geometry and generated mesh (PLAXIS 3D)

Materials: The soil is modelled as Linear elastic. In order to analytically solve the closed
form solution for the vertical displacements, minor soil damping was introduced to avoid
numerical waviness, which might occur due to presence of singularities. Because of this,
in PLAXIS, small soil damping has to be considered as well. As such, Rayleigh damping
coefficients with αR=0.001 and βR=0.002 are assigned to the soil mass. The adopted
material parameters are:

Soil: Linear elastic Drained γ = 20 kN/m3 ν ' = 0.25 E ' = 50×103 kN/m2

Meshing: In both PLAXIS 2D and PLAXIS 3D, the Coarse option is selected for the
Element distribution. In PLAXIS 2D, the top and the left model boundaries are refined
with a Coarseness factor equal to 0.075. Figure 1 illustrates the generated mesh.

In PLAXIS 3D, in order to minimise the number of generated mesh elements, mesh is
refined only at the one-quarter of the model, at the vicinity of the applied load A. Within
that zone, the side boundaries (xmin and ymin) are refined with a Coarseness factor equal
to 0.5, while a Coarseness factor equal to 0.2 is used for the top boundary. A
Coarseness factor of 1.0 is used everywhere else in the model. Figure 3 illustrates the
generated mesh.

Calculations: In the Initial phase, initial stresses are generated by using the K0
procedure. A dynamic analysis is performed in Phase 1 and the dynamic component of
the point load A is activated. Time interval is set equal to 1 s. The Mass matrix value is
selected equal to 1, considering a consistent mass matrix. The time step determination is
set to semi-automatic and the Max steps are set equal to 250. The Newmark alpha and
Newmark beta coefficients for numerical time integration are selected as 0.25 and 0.5
respectively (average acceleration method), to ensure that the model does not have
numerical damping.

Output: Figure 4 illustrates the vertical displacements over time at a point located at the

2 Validation & Verification | PLAXIS 2018



LAMB'S PROBLEM

soil surface, 50 m away from the source (radial distance). The obtained results in
PLAXIS are compared with the ones obtained from the closed form solution introduced
by Foinquinos & Roesset (2000).
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Figure 4 Vertical displacements over time obtained in PLAXIS and by Lamb's solution for a point
located at the soil surface, 50 m away from the source (radial distance)

It is concluded that despite the difference in the response pulse period, the
displacements amplitude and shape obtained in PLAXIS are in good agreement with the
analytical solution. The difference can be attributed to the finite element discretisation
and integration time step. However, knowing the difficulties involved in simulating far
fields problems with finite element method, the computational result, with relatively small
number of elements (2768 elements in PLAXIS 2D and 13642 in PLAXIS 3D),
encourages the use of PLAXIS to simulate wide range of dynamic problems.

In Figure 4, it is also observed that PLAXIS is capable of capturing the arrival time of both
P wave (compression) and S wave (shear). This is not possible in the Lamb's formulation
because it takes into consideration only the Rayleigh wave.

Deformed mesh snapshots at various times provide insight into the Rayleigh wave
propagation throughout the soil mass, as displayed in Figures 5 to 6 for PLAXIS 2D and
in Figures 7 to 8 for PLAXIS 3D (all deformed meshes are equally scaled up to 50 ×103

times). Even better insight can be obtained by using the PLAXIS feature to create
animations.

Figure 5 Rayleigh wave, t = 0.20s, PLAXIS 2D (scaled up to 50 ×103 times)

PLAXIS 2018 | Validation & Verification 3



VALIDATION & VERIFICATION

Figure 6 Rayleigh wave, t = 0.40s, PLAXIS 2D (scaled up to 50 ×103 times)

Figure 7 Rayleigh wave, t = 0.20 s, PLAXIS 3D (scaled up to 50 ×103 times)

Figure 8 Rayleigh wave, t = 0.40 s, PLAXIS 3D (scaled up to 50 ×103 times)
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