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Abstract
The paper presents results of numerical analysis of the gabion retaining wall stability. A few of the possible 
design variants were analyzed and the optimal one was chosen.
Keywords:  gabion, retaining wall, FEM, stability

Streszczenie
Praca przedstawia rezultaty analiz numerycznych stateczności muru oporowego z gabionów. Przeanalizo-
wano możliwe warianty projektowe i wybrano optymalne.
Słowa kluczowe: gabion, mur oporowy, MES, stateczność
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a case study and the methodology of numerical modelling
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Symbols
f  –  internal friction angle [deg]
g –  soil bulk density [kN/m3]
c –  cohesion [kPa]
SF –  stability factor [–]

1. Introduction 

The landslide which is analysed in this work is localised in a sub-mountain area of southern 
Poland, near  the city of Nowy Sącz. It is located at lower parts of slopes of a V-shaped valley. At 
the valley floor a stream runs, which normally carries minimal flow (less than 0.5 cubic metre/
sec), but it temporarily grows up to several cubic metres per second. Exact hydrological data 
were not available; however, evidence of such events in the past was visible, along the banks 
of the stream. Erosion related to this was the most probable cause of landslide activation, 
endangering the municipal road crossing it. Signs of massive movements were observed, both 
as the deterioration of the road surface and terrain deformation.  In order to protect the road, 
and to fix the problem of  stream bank strengthening, a gabion retaining wall is proposed. Also 
ecological and landscape preservation issues were taken into account

The whole landslide has a length of about 300 m, but the length of its lowest part, 
protection of which is considered here, is of 60 m. Remaining parts of the road crossing the 
landslide was protected by other structural means (Tessina-wall).

Fig. 1. Situation of the landslide area (gabion wall at the left, marked dark)

The design history and the possible construction variants (especially the final one) 
analysed are described. Special attention is paid to numerical analysis, which was used to 
perform static calculations (in order to check stability conditions of the landslide and estimate 
internal forces in structural elements).

The height of the slope beneath the road reaches 7.5 m, so it looks quite possible to 
construct a gabion retaining wall as a protective structure. 

According to existing geotechnical evidence, the existing slope is built mostly from weak 
clays (cohesion c about 11 kPa, internal friction angle f about 11°). Rocks with compressive 
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strength fc about 0.36 MPa are found at about 4 m below the terrain level, stronger rock (with 
fc about 0.78 MPa) – 6 m below the terrain level. A load of 25 kPa due to road traffic was 
introduced at the municipal road according to Polish legal regulations [8].

2. Numerical simulations

Numerical simulations were performed using ZSoil v16 code. The c-f reduction method 
(described in [5–7]) was used to estimate Stability Factor SF. All simulations were performed 
in the plane strain conditions. The Coulomb – Mohr elastic-plastic model was used for the soil. 
The soil-water composite was treated as a single-phase media, mainly because the geotechnical 
documentation, which was prepared prior to the author’s involvement in the case, only 
contains data allowing for this kind of approach. For gabions (made of 60 x 80 x 3.3 mm wire 
mesh and filled with crushed aggregate), the Coulomb-Mohr model with additional cohesion 
(described in [2], parameters estimated with use of mesh strength parameters according to 
[1]) was used. Interface elements between gabions and soil and between gabions were used. 
Interface parameters were estimated according to [3] (friction angle between gabions and 
between gabions and subsoil equal to 90% of the internal friction angle) and [4] (cohesion 
in the interface elements responsible for the limited tensile strength of the joints between 
gabions estimated as 20 kPa). The truss elements responsible for modelling of the joints 
between gabions resistance to gap opening were used, with tensile strength of the joints of 
20 kN/m (see [4] for details).

Table 1. Parameters of the gabion and soil used in the stability analysis 

Material E 
[MPa] γ [kN/m3] f 

[°]
c  

[kPa]

I (uncontrolled embankment) 100 21.0 20 5

II (silty clay + rubble) 13 22.5 11 11

IVa (clay rubble) 15 21.5 12 12

Va (rubble) 400 24.0 55 57

VI (soft rock) 500 24.0 55 123

Gabions h = 1 m 200 22.0 40 30.75

Gabions h = 0.5 m 200 22.0 40 61.5

Concrete 24000 24.0 - -

First of all, a stability analysis of the existing “in situ” state of the slope was performed 
(numerical model – see Fig. 2). The value of the stability factor SF = 1.028 obtained (without 
road load) shows that slope is practically in the limit state of the stability (Fig. 4). So design of 
the protecting structure was really necessary.
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Fig. 2. Numerical model of the existing landslide 

Fig. 3. Failure mode (sliding surface) of the existing landslide, SF = 1.028

The first variant of the gabion wall consists of one 1 m high and eleven 0.5 m high gabions. 
Numerical simulation shows that such a construction does not improve the stability of the 
landslide (SF = 1.01 without road load). It’s worth noticing that the destruction mode of this 
variant includes lowest gabion failure due to shearing. So taking into account the limited shear 
strength of the gabions is essential for safe design.

In order to obtain a satisfactory value of SF, about 1.50, anchoring of the wall was analysed. 
Titan 40/20 type anchors with 90 mm drilling tool diameter were used. An anchoring length of 
12 m (including 5 m active zone), distance between anchors of 5 m and prestress s0 = 20 MPa 
was applied.

Firstly, one anchor level was proposed (Fig. 5) and an SF = 1.20 (Fig. 6) with road load 
was achieved. So anchoring of the gabions wall leads to some increase of the SF, but the result 
obtained is still not satisfactory.
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Fig. 4. Failure mode (sliding surface) of the landslide supported by gabions without anchors, SF = 1.01

Fig. 5. Numerical model of the gabions wall with 1 level of anchoring. Detail of gabions modelling

Two levels of anchors results in an SF = 1.26 (with road load), which is still not satisfactory. 
Finally, a variant with 4 levels of anchors was proposed and a satisfactory SF = 1.63 (with 

road load) was achieved.
This variant was chosen as the optimal one and selected for realisation. One important 

detail is the way of strengthening the gabion surface in a situation where large forces from the 
anchors are introduced, by means of a continuous reinforced concrete beam (section 0.3 x 
0.5 m), placed on the anchor levels. This is shown in drawings (Fig. 8).



58

Fig. 6. Failure mode (sliding surface) of the landslide supported by gabions with 1 anchor level, SF = 1.20

Fig. 7. Failure mode (sliding surface) of the landslide supported by gabions with 4 anchor level, SF = 1.63

Fig. 8. Final structural solution of anchored gabions securing the roads.
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3. Final remarks

The numerical simulations of the landslide protected with gabions presented show that 
such simulations could be a useful tool in the design process. It was possible to analyse several 
variants of the structure and to choose the optimal one. It`s worth noticing that in some cases 
stability loss occurs with shearing of the gabions or failure of the connection between gabions. 
Therefore, the limited shear strength of the gabions and limited joints strength should be 
taken into account.
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