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This document describes an example that is used to verify the elastic deformation
capabilities of PLAXIS. The problem involves the settlement and stress distribution under
a smooth rigid strip footing on elastic soil.

Used version:

• PLAXIS 2D - Version 2018.0

• PLAXIS 3D - Version 2018.0

Geometry: In PLAXIS 2D, the model geometry of the smooth rigid strip footing on an
elastic soil layer with depth H = 4 m is presented in Figure 1. Due to symmetry, half the
model is simulated. Its right boundary is placed 7 m away from the plane of symmetry
(left boundary). 15-node soil elements are used. A uniform vertical displacement of 0.01
m acts upon the soil, representing the settlement of the footing. The vertical reaction
force F is determined based on the results of the finite element calculation. A mesh
refinement zone is defined with geometry lines, covering an area 2 m × 2 m around the
prescribed displacement.
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Figure 1 Model geometry and generated mesh (PLAXIS 2D)

In PLAXIS 3D, under the same simulation principles as PLAXIS 2D, half the model is
considered, extended by 1 m in the y-direction. The model geometry is illustrated in
Figure 2. A surface vertical displacement equal to 0.01 m is applied on top of the soil,
representing the settlement of the footing. A mesh refinement zone is defined with
geometry surfaces, covering a volume 1 m × 2 m × 1 m around the prescribed
displacement. In addition, in order to capture abrupt loading gradient around the strip
corner, a geometry line is added at the strip edge, i.e. from (1.0; 0.0; 4.0) to (1.0; 1.0;
4.0). A proper refinement factor is later assigned to this line.

Material: The soil is modeled as Linear elastic with unit weight γ equal to zero. The
adopted material parameters are:

Soil: Linear elastic (Drained) G = 500 kN/m2 ν ' = 0.333

Meshing: In both PLAXIS 2D and PLAXIS 3D models, the Medium option is selected for
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Figure 2 Model geometry and generated mesh (PLAXIS 3D)

the Element distribution and a Coarseness factor equal to 0.5 is used for the refinement
zone. In PLAXIS 2D, the geometry line representing the footing is refined with a
Coarseness factor equal to 0.03125. In PLAXIS 3D, a Coarseness factor equal to 0.1 is
used for the corresponding geometry surface. Also, a Coarseness factor equal to
0.03125 is assigned to the geometry line at the edge of the strip footing. The generated
mesh is illustrated in Figures 1 and 2 for PLAXIS 2D and PLAXIS 3D respectively.

Calculations: In the Initial phase zero initial stresses are generated by using the K0
procedure (γ = 0). The prescribed line/surface displacement and the interface are
activated in a separate phase (Phase 1). The calculation type is Plastic analysis.

Output: The deformed mesh at the end of the elastic analysis (scaled up 50 times) is
illustrated in Figures 3 and 4 for PLAXIS 2D and PLAXIS 3D respectively.

Figure 3 Deformed mesh (PLAXIS 2D)

Verification: Giroud (1972) presents the analytical solution to this problem in the
formula below, where H is the depth of the soil layer, B is the total width of the footing and
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Figure 4 Deformed mesh (PLAXIS 3D)

δ is a constant.

Settlement =
Fδ

2(1 + ν ')G
with δ = 0.88 for

H
0.5B

= 4 (1)

For the model dimensions and material properties used in the present analysis, the
analytical solution gives F = 15.148 kN. The reaction force beneath the footing is Fy =
7.604 kN in PLAXIS 2D and Fz = 7.615 kN in PLAXIS 3D. Due to the fact that half the
model is considered, the obtained reaction forces are doubled to compare them with the
analytical solution. The corresponding error equals 0.4% and 0.5% for PLAXIS 2D and
PLAXIS 3D respectively.

The total vertical stress (σv ) distribution underneath the footing is given by Eq. (2) (Poulos
& Davis, 1974), in which x is the horizontal distance from the left model boundary.

σv =
2
π
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√
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)
2

(2)

Figure 5 gives both the analytical and PLAXIS results. To obtain this plot in PLAXIS 3D, a
vertical cross-section at y = 0.0 m is used. It is concluded that PLAXIS results are in good
agreement with the analytical solution.
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Figure 5 Total vertical stress distribution underneath the footing
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