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Symbols

εa  – axial strain at steel mesh failure [–]
φ  – internal friction angle [deg]
γ – soil bulk unit weight [kn/m3]
c – cohesion [kpa]
e – young modulus [kpa]
ft – steel mesh tensile strength [kn/m]
M – steel mesh elastic modulus [kn/m]
sF – safety factor [–]

1. Introduction

the main subject of the study is the behaviour of the retaining wall made of gabions. 
a gabion is a cage, cylinder, or box made of steel wire mesh, filled with rock samples. In 
civil engineering, gabions are often used to form gravity retaining walls or gabion-faced 
reinforced soil retaining walls (when the steel mesh used for gabion cages is also used as a soil 
reinforcement). despite their simplicity, the numerical modelling of gabion retaining wall-
soil interaction is complicated. the main sources of complications are: nonlinear behaviour 
of the soil (both retained soil and gabion filling), and the interactions (friction) between steel 
mesh and soil and between gabions.

In engineering practice, stability calculations for retaining walls formed from gabions 
are usually performed using ultimate soil pressure theory, identical with the case of concrete 
retaining walls. the friction between the gabions and the retained soil (on the vertical surface 
of the wall) and the cohesion of the retained soil is usually neglected, which is on the safe 
side but could lead to uneconomical design. Usually only two possible destruction mode are 
taken into account – overturning and horizontal sliding.

when numerical analysis is used, gabions are usually modelled as an elastic continuum. the 
interface (contact) elements are used to describe the friction between the gabions and the retained 
soil or the friction between gabions (if the connections between gabions are not “perfect”). this 
approach fails to identify one of the possible destruction modes – shearing of the filling and 
tensional failure of the steel mesh. the retained soil is usually modelled with use of coulomb-
Mohr elasto – plastic model. plane strain assumption is usually used (for example in [4]).

In some works a bit more sophisticated approach (which could be called homogenization 
approach) is used. Gabions are modelled using the coulomb-Mohr elasto-plastic model. the 
friction angle of gabions is equal to the friction angle of the filling, and some additional cohesion 
is used. the value for additional cohesion is taken from membrane theory and can be verified in 
triaxial tests. according to [2] and [4] this additional cohesion can be calculated from:

 cr = °+
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M – membrane elastic modulus (kn/m) 
εa – axial strain at steel mesh failure
d  – characteristic dimension of the sample (lowest gabion dimension)

Mesh tensional strength does not appear explicitly in such this approach, but we can see 
that it is a function of axial strain at steel mesh failure and membrane elastic modulus:

 f Mt a= ε  (2)

In this homogenization approach, the elastic stiffness of the gabions should also be 
a function of filling and steel mesh stiffness. at this state of the research, the elastic stiffness 
of the filling (in fact young modulus e) is used as an approximation of the gabion elastic 
stiffness – the influence of the steel mesh elastic stiffness is neglected.

even in simple stability calculations the friction coefficient between gabions and subsoil 
should be identified. according to [3] it could can be performed using the following equation:

 α ϕ α δ ϕds s satan tan tan= + −( )1  (3)

where:
αds – friction coefficient between gabion and soil
δ	 – friction angle between steel and soil
as – ratio between steel area and gabion-subsoil connection area
φ – friction angle of the subsoil

If we choose to use the assumption typical in polish design practice that there is no 
friction between soil and steel (δ	=	0)	equation (3) can be simplified to: 

 αds sa= −1   (4)

this approach is on the safe side, because it leads to some underestimating of the friction 
forces between the gabions and the subsoil.

the problem of the friction between gabions is (as far as the author knows) has not 
yet been not solved to this day. In the absence of joints between gabions, the coefficient 
of friction between gabions could be tested in the laboratory (direct sliding test). If some 
steel joints are used to join gabions three different approaches could be used. the first 
assumes that the connection is “perfect” and that no interface element between gabions 
are necessary. this approach do not allow the failure of the wall caused by joints failure to 
be described. the second approach (more conservative) leads to using the coulomb-Mohr 
law for the interface elements between gabions, where the friction angle would describe 
the friction between gabions, and cohesion would describe the strength of the joints. this 
approach allows failure of the wall due to joint failure to be described, but is not capable 
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of describing the resistance of the joints against opening of the gap between gabions. the 
third approach (closest to reality) leads to modelling the joints between gabions using truss 
elements perpendicular to the gabion surface. Friction in the interface elements is then 
responsible for describing the friction between gabions, and cohesion in interface elements 
describes the joint resistance against sliding and joints describe the resistance to opening 
the gap between gabions.

2. Numerical experiment

2.1. simple retaining wall

Fig. 1. analysed object (dimensions in metres)

a stability analysis of a 4 m high model retaining wall was performed. a variety of 
retained soil and wall property combinations were used to obtain different destruction modes. 
all numerical simulations were performed in plane strain conditions, using the zsoil Finite 
element Method (FeM) software described in detail in [5] and [7]. the safety factor sF was 
estimated using the c-f reduction method described in [6]. the interface elements were used 
between soil and gabions. Filling and steel mesh properties were taken from [4]. the friction 
coefficient between gabion and subsoil and between gabions was calculated according to 
equation (3). no joints between the gabions were taken into account. the coulomb-Mohr 
elasto-plastic model was used for retained soil and gabions. additional cohesion for gabions 
was calculated as described in chapter 1.

the stability loss modes obtained are presented below. the first shows overturning 
(typical of retaining soil with small cohesion and high friction angle), the second – horizontal 
sliding of the whole wall (typical of retained soils with high cohesion and low friction angle), 
the third – horizontal sliding of the part of the wall (top gabion) (could happen when there 
are no joints between gabions or there are joints without friction and a weak layer at the top 
of the structure appears), and the fourth – shearing of both retained soil and gabion (typical 
of weak gabion filling and weak steel mesh).
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Fig. 2. typical stability loss modes a) overturning, b) horizontal sliding of the whole wall,  
c) horizontal sliding of the part of the wall (top gabion), d) shearing of retained soil and gabion

For simplicity, this same value E = 100 Mpa of the young modulus for gabion and retained 
soil was used. the ratio between the tangent of the friction angle of interface and tangent of 
the friction angle of the soil or gabion was set to 0.95, cohesion of the interface was set to 0. 
other parameters used in the simulations are listed below.

t a b l e  1

Parameters used in the simple retaining wall stability analysis

retained soil Gabions
stability loss mode c [kpa] φ [deg] c [kpa] φ [deg]
overturning 5 35 23 43
horizontal sliding  
of the whole wall 20 10 23 43

horizontal sliding  
of the top gabion 5 (1 for weak layer) 45 (8 for weak layer) 23 43

sheraring of the retained 
soil and gabion 5 35 20 43
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2.2. anti-flood embankment supported by gabions

numerical simulation of 5 m high embankment behaviour (whose stability was analysed 
in [1]) was performed. 

Fig. 3. analysed embankment (after [1]) a) without gabions b) with 4 gabions

the safety factors obtained were compared with those obtained using the classic 
Fellenius or bishop method presented in [1]. For simplicity darcy`s coefficients for soil and 
gabions were assumed as equal (no drainage effect produced by gabions). alternatively, for 
the highest wall (with 4 gabions) a ratio of 1:100 between darcy’s coefficients for soil and 
gabions were taken into account, which introduces a drainage effect produced by the gabions. 
numerical simulations were performed in the steady state of the flow. the influence of the 
pore pressure on the mechanical behaviour of the embankment was introduced according to 
the effective stresses principle.

the results obtained show that safety factors for the embankment without gabions 
are comparable, regardless of calculation method. however, large differences in safety 
factors between the classic approach (using the cylindrical sliding surface assumption) and 
numerical analysis appear when the embankment is supported by gabions. this is because the 
assumption of a cylindrical sliding surface is not true for retaining structures. this assumption 
leads to unsafe results (overestimation of the safety factor) being obtained.

the drainage effect produced by the gabions leads to raising of the sF for the embankment 
from 1.23 to 1.31, which is a noticeable effect. this is due to a lowering of the water free 
surface in the vicinity of the gabions.

so for hydrotechnical structures the drainage effect of gabions is significant and should 
be taken into account in stability calculations.
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t a b l e  2

Results of the stability calculations for anti-flood embankment supported by gabions

number of gabions sF from Fellenius 
method (after [1])

sF from bishop`s 
method (after [1])

sF from numerical 
simulations

0 1.564 1.605 1.56
2 1.634 1.689 1.53
3 1.543 1.609 1.37
4 1.459 1.522 1.23 (without drainage 

effect) – 1.31 (with 
drainage effect)

Fig. 4. sliding surface for embankment with 4 gabions

3. Final remarks

the results of the numerical simulations described above show the complexity of the 
gabion retaining wall-soil interaction. different destruction modes are obtained. overturning 
is typical of retained soils with small cohesion but high friction angle, horizontal sliding of 
soils with high cohesion and small friction angle. sliding between gabions is obtained where 
there are no joints between gabions (or joints are weak) and a weak layer of soil appears near 
the top of the structure. destruction due to filling shear and steel mesh failure is obtained 
when weak material is used for filling and weak steel for mesh. the assumption of cylindrical 
sliding surfaces leads to unsafe results (overestimating of stability factor) being obtained and 
should not be used in engineering practice. For hydrotechnical structures, the drainage effect 
of gabions is significant and should be taken into account in stability calculations.

r e f e r e n c e s

[1] balawejder a., kozłowski w., surowiecki a., Stateczność nasypu wzmocnionego 
ścianą gabionową w warunkach napływu wody, zeszyty naukowe politechniki rze-
szowskiej, budownictwo i Inżynieria Środowiska, nr 3/2011/II.



62

[2] bathurst, r.J., rajagopal, k., Large-scale triaxial compression testing of geocell 
reinforced granular soils, Geotechnical testing Journal vol. 16 no. 3, 1993, 296–303.

[3] bergado d.t., youwai s., teerawattanasuk c., Visudmedanukul p., The interaction 
mechanism and behavior of hexagonal wire mesh reinforced embankment with silty 
sand backfill on soft clay, computers and Geotechnics 30 (2003), 517–534.

[4] Jayasree p. k., Performance of gabion faced reinforced earth retaining walls, phd 
thesis, cochin University of science and technology, 2008.

[5] podleś k., truty a., Urbański a., Analiza zagadnień geotechnicznych w systemie Z_SOIL, X 
Jubileuszowa konferencja naukowa “Metody numeryczne do projektowania i analizy 
konstrukcji hydrotechnicznych”, korbielów 1998, 100–108.

[6] truty a., Urbański a., Grodecki M., podleś k., Komputerowe modele zagadnień 
osuwiskowych oraz ich zabezpieczeń, zeszyty naukowo-techniczne stowarzyszenia 
Inżynierów i techników komunikacji rzeczpospolitej polskiej w krakowie nr 88 
(zeszyt 144), 2009.

[7] “Z_Soil.PC, Theoretical Manual”, zace services Ltd., Lozanna 2014.


