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Geostatic stress field procedure is the first and the most important step for the numerical simulation of geotechnical engineering,
which greatly influences the simulation results. Traditional methods often fail when the model is complex. In this paper, based on
finite element method (FEM) software ABAQUS, failure reasons of four commonly used methods for the geostatic stress field are
studied. According to the analysis results, a new set of methods, which can provide reasonable displacement and stress field results
under complex conditions, is proposed. ,e proposed methods follow the principle that the stress of different materials should be
obtained separately to avoid stress distortion. ,en, the accuracy and applicability of the proposed method are verified through a
comparison study and a specific application. ,is study provides a theoretical basis for the method of geostatic stress field
procedure under complex condition and can serve as a reference for relevant studies.

1. Introduction

Geostatic stress (geo-stress) is the natural stress existing in
rock and soil structure, also known as the initial stress,
absolute stress, or original rock stress of rock and soil mass
[1], which is the fundamental factor causing deformation
and failure of underground engineering [2]. In the nu-
merical analysis of geotechnical engineering, the geostatic
stress field procedure is used to verify that the initial
geostatic stress field is in equilibrium with applied loads and
boundary. Only when the obtained geostatic stress accu-
rately restores the actual situation of the studied soil, can the
simulated problems such as foundation pit excavation or
tunnel excavation problems be solved in accordance with
the actual situations [3]. ,erefore, the geostatic stress field
procedure is one of the vital steps for various geotechnical
engineering numerical analysis. Zavriyan [4] deduced the
theoretical formula of initial stress of truss element in in situ
stress analysis. Peng et al. [5] proposed a convenient and
stable superposition model to simulate the induced stress
and displacement fields around artificial or natural fractures
under arbitrarily distributed inner pressures in conjunction

with the complex variable method in the theory of elasticity.
Meng and He [6] studied the theoretical solution of the
hydraulic fracturing equation in a high geo-temperature
environment. Pan [7] proposed a method that is applicable
to the estimation of gravity-induced horizontal stress in an
intact rock mass. Dai et al. [8] analyzed the advantages and
disadvantages of several methods for geostatic stress field
procedure in ABAQUS through comparative analysis. Xu
[9] proposed a method to realize geostatic stress field
procedure by directly applying nodal force to the numerical
model, which can be used for producing high-precision
geo-stress of some complex boundary condition problems.
Guo et al. [10] proposed a different geostatic stress field
procedure using nodal force based on regression analysis
and verified the effectiveness of the proposed method
through an example. Akbarov et al. [11] carried out finite
element analysis on the geostatic stress field procedure with
stress concentration problems. Hou and Ge [12] carried out
a systematic summary of the theoretical methods of geo-
static stress field procedure. Fu et al. [13], Hu et al. [14], and
Zhang et al. [15] studied different types of in situ stress
using inversion analysis, respectively. However, in many
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geotechnical analyses, an artificial structure such as
retaining piles [16], diaphragm walls [17], or existing
buildings [18] is involved. In such analysis, there may be
numerical contact problems between the soil and the
structure, which may complicate the geostatic stress field
procedure [19, 20]. ,ese problems can be collectively
referred to as the stratum-structure geotechnical problems
(i.e., the problems involving both stratum and structures)
[21]. Commonly used methods often fail to function for
these problems. In order to address such problems, this
paper proposed a new geostatic stress field procedure based
on the analysis of the defects of several commonly used
methods and verified the accuracy of the proposed method
by comparing analysis and application study.

2. Flexibility Analysis for Commonly Used
Geostatic Stress Field Procedure in ABAQUS

ABAQUS is a general finite element software. Because of its
excellent nonlinear computing capability, ABAQUS has
been widely used in the field of geotechnical engineering
[22]. ABAQUS will be used in this paper, but the application
of the proposed method is not restricted. ,e geostatic stress
field procedure is normally used as the first step of a geo-
technical analysis; in such cases, gravity loads and some
existing structural loads are applied during this step. Ideally,
the loads and initial stresses should exactly equilibrate and
produce zero deformations. However, in complex problems,
it may be difficult to specify initial stresses and loads that
equilibrate exactly.

,ere are four basic methods for geostatic stress field
procedure in ABAQUS: A: automatic method, B: direct
defining method, importing methods (which can be further
divided into two different methods, i.e., C: importing stress
results from output files (odb files of ABAQUS), and D:
importing nodal force from output files [23].

2.1. Method A. When method A is invoked, the software
automatically computes the equilibrium corresponding to
the initial loads and the initial configuration, allowing only
small displacements within specified tolerances. ,e pro-
cedure is available with a limited number of elements and
materials and is intended to be used in analyses in which the
material response is primarily elastic.

2.2.Method B. Method B is used when the initial stress state
is approximately known and rather simple so that the stress
can be directly given with explicit equations. If the stresses
given as initial conditions are far from equilibrium under the
geostatic loading and boundary conditions, the method will
fail.

2.3. Methods C and D. For a rather complex model, that is,
whether the model has a complex geometry and boundary
conditions or it is a nonlinear constitutive model, methods C
and D should be applied. Methods C and D involve two
steps: (a) run a regular simulation rather than a geostatic

stress field procedure and (b) run the geostatic stress field
procedure by importing the stress or nodal results of step a.

To study the flexibility of the four methods under dif-
ferent conditions, three numerical models representing
three different complexities are established.

Model 1. Simple model.
Model 2. Model with tie constraint.
Model 3. Model with contact interaction.

,e first condition (simple model) represents a model
with simple stress state and geometric characteristics, while
the other two models represent a model with a complex
stress state or geometric characteristics of two different
types. ,e second condition (tie constraint) represents the
model with two different parts with no relative displacement
at the interface. ,e third condition (contact interaction)
represents the model with two different parts allowing
relatively displacement at the interface.

2.4.Model 1: SimpleModel. As shown in Figure 1, the model
size is 50m× 50m× 50m. Elastic-plastic constitutive model
and Mohr–Coulomb yield criterion are applied [24]. ,e
material properties are shown in Table 1. ,e boundary
condition for the bottom, side, and top of the model are
fixed, normal constraint, and free, respectively. ,e simu-
lation model is shown in Figure 2.

Applying four methods to model 1, vertical deformation
and vertical stress (σz) contours are obtained as shown in
Figure 3 and 4. ,e calculation results are summarized in
Table 2.

,e ground displacement caused by the process of
foundation pit excavation or tunnel excavation is mostly
bigger than 10−3m, and displacement smaller than 10−4m is
usually ignored in engineering practice. ,erefore, a 10−4m
level of displacement can be a reasonable upper bound for
the results of the geostatic stress field procedure. As shown in
Figures 3 and 4 and Table 2, all four methods achieve
equilibrium with a displacement smaller than 1× 10−4m.

In addition, it can be seen from Figures 3 and 4 that the
stress results obtained by the four methods are nearly
identical, while the displacement results are quite different.
,e reason for this phenomenon is that, for a simple model,
the four basic methods can obtain the stress results close to
the actual stress field but with small differences, which is too
small to reflect on the stress contours. But the displacement
difference caused by the stress difference is evident.

2.5. Model 2: Model with Tie Constraint. In ABAQUS, to
establish a tie constraint between two surfaces is to constrain
each of the nodes on one surface to have the same value of
displacement as the nodes on the other surface that it
contacts. In geotechnical engineering simulation, tie con-
straint is often used to simulate the relationship between
artificial structure and the soil when relative slip can be
ignored, such as the interaction between the lining and the
surrounding soil in the shield tunnel excavation simulation,
the interaction between the foundation and the soil, and the
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connection between the retaining pile and the soil in the
simulation of foundation pit supporting system. As shown in
Figure 5, the model size of model 2 is 100m× 50m× 50m,
which is composed of a 50m× 50m× 50m cube of soil and
an identical concrete cube. Material settings of the soil are
the same as Section 2.1, while the concrete adopts a linear
elastic constitutive model for simplification. Parameters of
the materials are shown in Table 3. Boundary conditions are
the same as Section 2.1. Additionally, a tie constraint is used
to connect the soil model and concrete model. ,e nu-
merical model is shown in Figure 6.

Only methods C and D reach convergence, and the
calculation results are obtained (shown in Figures 7 and

8). Methods A and B fail to produce a reasonable
stress field in equilibrium with the applied loads and
boundary.

It can be seen from Figures 7 and 8 that the results
obtained by methods C and D are almost identical. ,is is
because the two methods import data from the same output
file. For method C, stress field was imported, while the nodal
force was imported for method D. ,e resulting displace-
ment for both methods is relatively large (nearly 6×10−4m).
Furthermore, stress near the tie surface is distorted. ,is is
because the stress results in the first step of methods C and D
are distorted because of the abrupt change of stiffness at the
tied surface.

Table 1: Parameters of the materials in model 1.

Material Elastic modulus (kPa) Poisson’s ratio Cohesion (kPa) Friction angle (°) Density (kg/m3)
Clay 1.8×104 0.35 32 14 2.0

Figure 2: FEA model of Model 1.

50
m

50m
50m

Figure 1: Dimensions of model 1.
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Considering the stress distortion results of methods C
and D, all the four methods fail to produce a reasonable
result for a tie constraint model.

2.6. Model 3: Model with Contact Interaction. In the nu-
merical simulation such as pile-soil interaction simulation,
friction contact is often used to simulate the interaction be-
tween the pile side surface and soil side surface. Infinite element
analysis, contact interaction is a nonlinear boundary condition,
which often causes convergence difficulty. ,e behavior of the
four methods was discussed under such conditions.

Settings of model 3 are almost the same as model 2
except that the tie constraint between soil and concrete is
replaced by a surface contact interaction (Figure 9). ,e
friction properties are set to hard contact in the normal
direction and penalty function in the tangential
direction.

Similar to the situation of model 2, only methods C and
D converged, and the calculation results are shown in
Figures 10 and 11).

It can be seen from Figures 10 and 11 that the maximum
displacement for both methods is approximately 1.3×10−2m,
which is far bigger than that requiring 10−4m standard [3].
Figures 12 and 13 show the displacement of soil and concrete
separately. ,e maximum displacement of both soil and
concrete occurs at the interface but in opposite direction. ,e
displacement direction is downwards for soil and upwards for
concrete. ,is is because the stress results were imported but
the contact forces were not. In addition, it can be seen from the
stress nephogram that, like model 2, the stress near the contact
interface is also distorted. ,e distorted stress is caused by the
unexpected friction produced by the relative displacement
between two surfaces.

,erefore, the four basic methods cannot produce a
reasonable result for a model with contact interaction either.

In summary, four basic methods can come up with
reasonable results for a rather simple finite element model
with uncomplicated geometry, single material property,
and no nonlinear boundary conditions. Since the auto-
matic method is the simplest and produces the most ideal
results, it should be used when possible. However, when
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Figure 3: Vertical deformation results for model 1 (unit: m). (a) Method A, (b) method (B), (c) method C, and (d) method D.
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nonlinear boundary conditions such as tie constraint or
contact interaction were involved, which is quite common
in the numerical simulation in foundation pit excavation
or tunneling, all four methods are unable to function
properly.

3. Method for Geostatic Stress Field
Procedure for Complex Model

In the numerical simulation of geotechnical engineering
problems, the interaction of soil layers and artificial struc-
ture in amodel can be pretty complex, such as the simulation

of the influence of the excavation of foundation pit on
existing structures, or the excavation simulation or slope
stability analysis considering the retaining pile. For these
sorts of problems, the geostatic stress field procedure will be
difficult because of the poor performance of the commonly
used methods. In this study, a new method for geostatic
stress field procedure is proposed to deal with these
problems.

According to the analysis in the above section, the
reasons for the failure of the basic methods lie in the huge
stiffness difference between soil and artificial structure
material such as steel and concrete. Because of the stiffness
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Figure 4: Stress results for model 1 (unit: kPa). (a) Method A, (b) method B, (c) method C, and (d) method D.

Table 2: Table of the simulation results.

Method Max stress (kPa) Max displacement (m) Conclusion
Method A −9.706×102 2.828×10−16 Equilibrium acquired
Method B −9.706×102 7.076×10−16 Equilibrium acquired
Method C −9.706×102 9.370×10−09 Equilibrium acquired
Method D −9.706×102 9.289×10−8 Equilibrium acquired
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difference, relative displacement occurs at the interface of
the soil and artificial structure, which will lead to a re-
dundant stress increment that makes the acquired stress field
inappropriate, and thus the displacement cannot meet the
requirement. Since the redundant stress near the interface is
the main cause of the failure of the geostatic stress field
procedure, avoiding the redundant stress during the geo-
static stress field procedure may be a practicable approach.

,erefore, the following geostatic stress field procedure
was proposed and verified by applying to model 2 and model
3. ,e proposed method follows the principle that the stress
of different materials should be obtained separately to avoid
stress distortion.

3.1.MethodDescription. ,e proposed method contains two
similar forms to deal with the tie constraint and contact
interaction conditions.

(1) For tie constrained:

① Remove the tie constraint that connects soil and
artificial structures in the model, and apply ap-
propriate displacement boundary conditions to the
corresponding surface of the model (for the above
example, the applied displacement boundary
condition for model 2 should be zero normal
displacement on both sides of soil and concrete).

② Run a static analysis of the model, and import
the output file to the geostatic stress field
procedure.

③ Restore the tie constraints and run the geostatic
stress field procedure.

(2) For contact interaction:

① Remove the contact interaction that connects soil
and artificial structures in the model, and apply

50
m

50m

Concrete
Soil

50m 50m

Tie constraint

Figure 5: Dimensions of model 2.

Table 3: Parameters of the materials in Model 2.

Material Elastic modulus (kPa) Poisson’s ratio Cohesion (kPa) Friction angle (°) Density (kg/m3)
Soil 1.8×104 0.35 32 14 20
Concrete 3.15×107 0.2 — — 25

Z

Y

X

Figure 6: FEA model of model 2.
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appropriate displacement boundary conditions
to the corresponding surface of the model, or set
the friction coefficient to zero so that the contact
interaction can act as a zero normal displacement
boundary condition.

② Run a static analysis of the model, and import the
output file to the geostatic stress field procedure.

③ Restore the contact interaction and run the
geostatic stress field procedure, or restore the
friction coefficient and run the geostatic stress
field procedure.

If each part of themodel is simple enough for the automatic
method, then the method can be simplified as follows:

① Deactivate the contact interaction (or set the
friction coefficient to zero) at the first step of the
simulation, and use the automatic method to run
the geostatic stress field procedure for each part of
the model.

② Activate the contact interaction (or restore the
friction coefficient) at the second step and run a static
analysis.

3.2. Verification of the Proposed Method. ,e proposed
method is applied to model 2 and model 3 to verify the
validity and accuracy of the method.
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Figure 7: Simulation results of method C. (a) Vertical displacement results (unit: m) and (b) vertical stress results (unit: kPa).
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(1) Model 2
Displacement and stress results of the proposed
method applying to the tie constraint are shown in
Figures 14 and 15,

(2) Model 3
Displacement and stress results of the proposed
method applying to the contact interaction model
are shown in Figures 16 and 17.

According to Figures 14–17, the maximum displacement
for both models is approximately 5×10−5m. ,e produced
stress field is not distorted on the joint area. ,erefore, the
proposed method is adequate for complex models. Although

only ABAQUS is used in this paper to demonstrate the
procedure, the proposed method is also available for other
FEM software such as ANSYS and MIDAS.

4. PracticalApplicationof theProposedMethod

,e accuracy and applicability of the proposed method are
further verified through the simulation of two practical
engineering applications.

4.1.FiniteElementAnalysis ofDeepFoundationPitExcavation.
,e first practical engineering case is the excavation of a
deep foundation pit of a subway station. ,e depth and
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Figure 8: Simulation results of method D. (a) Vertical displacement results (unit: m) and (b) vertical stress results (unit: kPa).
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Figure 9: Dimensions of model 3.
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Figure 10: Simulation results of method C. (a) Displacement results (unit: m) and (b) vertical stress results (unit: kPa).

Advances in Civil Engineering 9



+4.951e – 04

–6.834e – 04

–1.862e – 03

–3.040e – 03

–4.219e – 03

–5.397e – 03

–6.576e – 03

–7.754e – 03

–8.933e – 03

–1.011e – 02

–1.129e – 02

–1.247e – 02

–1.365e – 02

(a)

–2.733e + 01

–1.399e + 02

–2.524e + 02

–3.649e + 02

–4.774e + 02

–5.899e + 02

–7.024e + 02

–8.150e + 02

–9.275e + 02

–1.040e + 03

–1.153e + 03

–1.265e + 03

–1.378e + 03

(b)

Figure 11: Simulation results of method D. (a) Displacement results (unit: m) and (b) vertical stress results (unit: kPa).
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Figure 15: Stress contours of model 2 (unit: kPa).
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Figure 17: Stress contours of model 3 (unit: kPa).
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Figure 18: Model before and after excavation. (a) Before excavation. (b) After excavation.
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width of the foundation pit are 18m and 19.2m, respec-
tively. ,e foundation pit adopts the combined support
system composed of supporting pile, top beam, middle
beam, and supporting steel pipe. ,e initial state of the
model is shown in Figure 18(a), while the final state is shown
in Figure 18(b). In the model, solid elements were used to
simulate the soil, top beam, and middle beam; beam ele-
ments were used to simulate the supporting steel pipe. Soil,
top beam, middle beam, and supporting steel pipe were all
connected by tie constraint. ,erefore, the first form of the
proposed method is used. Results of the geostatic stress field
procedure are shown in Figures 19 and 20.

According to Figures 19 and 20, the proposed method
produces a reasonable and well-layered stress field, and the
displacement results also meet the requirement.

4.2. Analysis of Pile-Soil Interaction. ,e second practical
engineering case is the bearing capacity test of a friction pile.
,e diameter and length of the pile are 2m and 55m, re-
spectively. Axisymmetric modeling is used for the model
(see Figure 21). Contact interaction is used to simulate the
relation between soil and pile. ,erefore, the second form of
the proposed method is used. ,e model simulates the

+2.206e + 02

+1.201e + 02

+1.960e + 01

–8.088e + 01

–1.814e + 02

–2.819e + 02

–3.823e + 02

–4.828e + 02

–5.833e + 02

–6.838e + 02

–7.843e + 02

–8.848e + 02

–9.852e + 02

Figure 19: Vertical stress contours (unit: kPa).
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response of piles under different loads. Results of the geo-
static stress field procedure are shown in Figures 22 and 23.
,e test results and the simulation results of the bearing
capacity test are shown in Figure 24.

From the displacement and stress results in Figures 22
and 23, it can be concluded that the proposed method
produces a reasonable and well-layered stress field, and the
displacement results alsomeet the requirement. Comparison
of the test results and the simulation results also shows the
accuracy of the proposed method.

5. Conclusion

In this study, four commonly used methods for the geostatic
stress field procedure were applied to three models with
different complexities to investigate the flexibility of the
methods.When the model involves tie constraints or contact
interactions, none of the four methods can produce a rea-
sonable result. ,e reason for the failure of the methods is
the distorted stress distribution near the adjacent area
caused by stiffness difference between materials such as soil
and concrete.

According to the analysis of the failure of the commonly
used methods, a new method was proposed to overcome the
defect of the commonly used methods. ,e proposed
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Figure 22: Stress contours of pile-soil interaction.
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Simulation results
Test results

–2
0
2
4
6
8

10
12
14
16
18
20
22
24

Se
ttl

em
en

t (
m

m
)

5000 10000 15000 20000 25000 300000
Load (kN)
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Figure 21: Model of the pile-soil interaction.
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methods follow the principle that the stress of different
materials should be obtained separately to avoid stress
distortion.

Finally, the accuracy and applicability of the proposed
methods were proved through the comparison with the
commonly used methods and the application to two prac-
tical engineering applications. ,e proposed method is a
good solution for the geostatic stress field procedure under
complex conditions.
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