MATEC Web of Conferences 251, 02030 (2018)
IPICSE-2018

https://doi.org/10.1051/matecconf/201825102030

Determining the stability of slopes in the
conditions of transport infrastructure objects
construction
Zaven Ter-Martirosyan and Vitalii Sidorov*
Moscow State University of Civil Engineering, Yaroslavskoe shosse, 26, Moscow, 129337, Russia

Abstract. The article is devoted to the stability determining of the slopes,
near which are being carried out works on the construction of the
foundation of an automobile overpass. The methods of determining the
landslide pressure on the retaining structures, accounting for the
technological vibration load on the base, which occurs when the sheet pile
is submerged into soil base during the excavation are considered. The
analysis of the options for usage the strength undrained characteristics of
the soil base under vibration influence on them is made. The risk of
construction works near the slope is estimated with the forecasting of the
safety coefficients and limiting slip surfaces obtained by the finite element
method implemented in the PLAXIS geotechnical software. Many factors
of influence on the safety of the slope were taken into account: the staging
of construction, the change in the hydrogeological situation, the application
of technological and vibrational loads. Based on the results obtained,
possible types of work to increase the stability of the slope are presented,
and conclusions are drawn on the need for additional studies in the field of
undrained properties in case of vibrational loads.

1 Introduction
Problems related to the stability of natural slopes do not lose their relevance at the present
time, although they have been solved since old times both by traditional analytical and
numerical methods. And the calculated cases are determined as a consideration of
potentially landslide slopes both in the natural state and under the influence of external
factors [1-2], as well as in the transformation of the original slope for various purposes.
Such cases may include the construction near the edge or the bottom of the slope, involving
the excavation of a soil massif or the formation of embankments, the application of loads
on the base during the storage of materials, the application of dynamic or vibrational loads
to the soil base when the structural elements are embedded. A significant impact on the
stability of the slope is also provided by operating conditions of buildings that was
constructed near the slope, for example for road infrastructure there are dynamic impacts
from moving large-sized freight vehicles [3].
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The standard composition of the slope calculations includes an analysis of their natural
state and the forecast of changes in their stability, taking into account many factors, such as
changing the relief, changing the hydrogeological conditions, changing the conditions for
the movement of surface waters, changing the physical and mechanical characteristics of
the soils composing the slope, the effect of external loads and impacts, activation and
development of landslide processes and erosion, the emergence of seismic influences, etc.
[4].
In this paper, to determine the magnitude of the landslide pressure and the stability of
the slope and the "slope-retaining structures" system, the finite element method
implemented in the PLAXIS software was used. The peculiarities of the calculation cases
are the provision of a complex effect on the initial state of the slope, consisting of the
presence of unloading impacts at the level of the foot of the slope, the production of
excavations of the soil massif for the foundation of the supports of the automobile overpass
[5], and the vibration effects to the soil base when the metal sheet piles are embedded.
Special attention is also paid to the strength characteristics of soils under conditions of
vibration effects [6-7] and to the influence of undrained soil characteristics on the results
obtained.
The article describes two cases of calculation by the finite element method related to
slope stability in the process of road construction. The first case involves the process of
determining the landslide pressure to the piles of the retaining structure in one of the
sections. The second is devoted to determining the stability of a slope in the conditions of
constructing the supports of an automobile overpass.
Table 1. Soil parameters
No

Soil layer

Internal
friction
angle, °

Cohesion,
kPa

Undrained
shear
strength,
kPa

2

stiff loam

9

36

90

2a

sandy loam

25

17

80

3

stiff clay

11

92

70

4

stiff loam

9

36

90

5

soft loam

8

13

40

5a

soft sandy
loam

25

17

80

6

stiff clay

11

92

70

Generally, 7 engineering-geological elements are allocated along the route of the road.
No. 1a is anthropogenic sandy soil. No. 1b is represented by technogenic clay soil. No. 2 is
the cover loam. No. 3 is a landslide bedrock. No. 4 was a light and silty loam of a turgidlike consistency. Layer No. 5 was a light silty loam. A light semi-solid clay in the base of
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the slope was identified as a No. 6 layer. Subsequently, in some sections of the route, a
more differentiated base separation system was introduced.
The construction situation was also complicated by the presence of three water
horizons, one of which lay close to the surface of the relief.

2 Methods
The main objectives of the calculations were to predict the most dangerous sliding surface
[8], formed in the massif of the landslide slope, and also to determine the magnitude of the
landslide pressure on the piles of the containment structure.
To calculate the stability of the slope at various stages of construction, the finite element
method was used as the most optimal method of calculation, which is able to take into
account the presence of underground structures and the stage of work on the site. A
quantitative indicator of the degree of slope stability is the safety factor (reliability), which
is determined by the ratio of the initial and ultimate cohesion of the ground, or by the ratio
of the tangents of the initial and limiting values of the angles of internal friction:

K

cinit tg init

cult
tg ult

(1)

where сinit , сult - initial and ultimate values of cohesion ;

 init ,  ult

- initial and ultimate values of internal friction angle.

PLAXIS 2D 2018.0 [9], widely used in geotechnical practice, was used as a calculation
complex for solving problems. This program carries out the forecast of the safety factor
using the "φ-c reduction" method [10-11], which consists in the fact that in the calculation
process the named strength characteristics of soils are gradually reduced, which continues
until the moment of collapse of the slope. Thus, the program receives the limit values of
these characteristics. After this, according to formula (1), the coefficient itself is found.
Calculation of landslide pressure was also carried out with the help of PLAXIS. The
landslide pressure itself is defined as the force that is the difference between the holding
and shearing forces (moments) acting along the slip surface in the soil massif of the slope.
It is usually found as the difference between the resultant force of pressure on the holding
structure from the upper part of the body of the alleged landslide and the resultant ground
repelling below the structure. In the computational complex, it is possible to obtain pressure
diagrams along the required section in the ground, and also directly on the contact
"structure-soil massif".
Calculations on the first problem - the determination of the magnitude of landslide
pressure on piles - were carried out in several stages. The first stage is the loading of the
calculated array with the weight of the soil and the determination of its initial (natural)
stress-strain state. The second stage is the calculation of the stability of the initial state of
the slope. The third stage is the calculation of the stress-strain state and stability of the
system after construction work on the slope flaking and the construction of the retaining
structures.
The second and third calculations also included the step of immersing the sheet piling of
the Larsen-5 elements, which was done by the method of vibration dumping. The operation
of the ICE 32 RF (nonresonant high-frequency vibrator) was simulated with the following
parameters:
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Table 2. The vibrator ICE 32 RF parameters
Static
moment of
unbalances,
kg*m

Amplitude,
mm

Frequency,
rpm

Applied
load, kH

32

9

36

90

Short-term impact on the soil grounds of high-frequency loads leads to a specific case of
the base, so water, located in the structure of the soil massif, does not have time to squeeze
out of pores and this behaviour more corresponds to undrained behaviour. The parameters
of undrained strength (minimum) are presented in Table 1. Since before the calculation it is
not possible to determine the zone of influence of the vibrational action, the comparative
calculations of the case of dynamic calculation with the use of parameters of undrained
behaviour for both the entire soil massif and for the restricted area around immersed sheet
piling.

3 Results
Figure 1 shows the results of calculating the stability of slope No1. From the resulting slip
surface, it can be seen that the potential landslide occupies virtually the entire volume of the
slope, but the safety factor is 1.238, which indicates a sufficient overall stability of the
system.

Fig. 1. A view of the potentially dangerous sliding surface of a landslide, Ksf = 1.238

Special tools of the PLAXIS program make it possible to obtain the form of a plot of
landslide pressure distribution along the pile shaft, as well as internal forces in the piles that
occur when bending takes place. The values of internal forces are within the permissible
limits of the project and confirm the designed diameter for piles of 1.5 m.
The greatest interest in the calculation of the second slope was caused by the immersion
of the tongue (the effect of dynamic impact on the slope) with various soil properties, as
well as the possibility of excavating the foundation pit under the trestle support in the
immediate vicinity of its sole. Figure 3 shows a picture of the potential sliding surface of a
soil massif after application of a dynamic load and using drained soil characteristics.
The results indicate that the slope is not sufficiently stable, and the dynamic highfrequency impact along with the removal of the part, the loading of the sole of the slope
(old mound) reduced the safety factor from 1,061 to 1,022.
When setting the ground undrawn properties for the entire volume of the slope, the
picture looks quite different (Figure 4). The slope is unstable, and the slip surface captures
the entire volume of the model.
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Fig. 2. Plots of landslide pressure, bending moments and lateral forces in pile elements in case of
displacement of a landslide

Fig. 3. Potentially dangerous sliding surface of a landslide after application of dynamic loads, Ksf =
1.022

When carrying out the calculation for setting undrained soil properties only in the zone
of interaction with the tongue, a slip prism was obtained, completely repeating the one
shown in Fig. 3, however, the safety factor was 1.044.

Fig. 4. Potentially dangerous sliding surface of a landslide after application of dynamic loads
(undrained behaviour of the grooves as a whole, Ksf = 0.95

The last result of the calculation was the proof of the danger of construction work in the
immediate vicinity of the foot of the slope. Figure 5 shows the deformed scheme
(destruction) of the excavation in the simulation of its excavation to the bottom.
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Fig. 5. Scheme of the deformed state after excavation to the bottom of the excavation (the scale of
movements is increased by 10 times for clarity)

4 Conclusions
The determination of landslide pressure to the retaining structures is carried out within the
framework of the theory of limiting equilibrium. To assess it using the graphic-analytical
method, the cut-off method is used, in which the slope is divided into parts and the forces
within this part are considered, as well as inter-section forces.
However, when determining landslide pressure by the finite element method, the
estimator should be sure that its slope is in the state of limiting equilibrium [12], otherwise
it is possible to obtain internal forces in structures corresponding to the resting pressure or
small movements of the retaining structure. Therefore, it is necessary to make sure that
during the modelling the upper part of the slope is unstable and really applies the greatest
possible pressure on the structure. This can be achieved by additional calculation of the
slope without a retaining structure, which must result in destruction and give a certain slip
surface of the soil massif, which will subsequently be cut into pieces by the retaining
structure.
Simulation of the construction of the automobile overpass foundation near the foot of
the slope showed a great danger of destruction of the excavation and the insufficient
rigidity of its enclosing structures and the depth of immersion. Vibration effects from sheet
piles penetration affect negatively the overall safety factor of the system under
consideration. Various options for the use of undrained soil base parameters are considered,
but we consider it more correct to apply them directly to soils near the submerged sheet pile
wall as being most exposed to these impacts.
Possible options to increase the stability of the slope are the following measures:
flattening and terracing of the slope with a decrease in its steepness; a significant increase
in the rigidity of the retaining structures of the excavation adjacent to the slope body, to
ensure the perception of a possible additional landslide pressure without loss of stability of
the excavation; increasing the stability of the slope by using pile structures (single-row or
multi-row) [13-14].
A promising direction of the development of the topic is the development of a method
for forecasting the refined zone of influence of construction works near the slope for
assigning to these soils undrained properties or another behaviour model, since their
deformations undergo significant changes in comparison with the surrounding ground,
which does not receive perturbations from vibration.
This work was financially supported by the Ministry of Education and Science (state task
#1.4984.2017/6.7). All tests were carried out using research equipment of The Head Regional Shared
Research Facilities of the Moscow State University of Civil Engineering.
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