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Abstract 

Gabion structures have been known for a long time, but now they become extremely 

widely used. Why have they become so popular and what are the advantages of these 

designs? 

Perhaps the most important of the advantages is their environmental friendliness. 

Among a number of environmental problems of our time, one of the most influential and 

least controlled is the problem of carbon dioxide emissions. Our future, the future of the 

planet and humanity in general depends on control of this emissions. So, compared to, for 

example, a concrete retaining wall, a gabion wall of the same height will reduce these 

emissions by 80%. In addition, they can be reduced by absorption by vegetation that 

appears over time on the gabion structures. 

Gabion structures are used to strengthen the slopes and shorelines of reservoirs, to 

prevent landslides, to prevent erosion, in the construction of highways, bridges, 

embankments etc. 

Gabion structures are multifunctional - they can be considered not just as a part of the 

general concept or a feature of the design, but as a full-fledged basis for territory planning. 

The relevance of the topic is modeling the correct approach to the design and 

calculation of gabion retaining walls, observing the technology of their arrangement and 

maintenance, understanding the possibilities of solving environmental and urban planning 

problems that can be avoided with using gabion structures. Thus the scope of this project is 

to study the gabion wall as a retaining structure in areas of possible landslides, by taking 

into account various factors such as stability, flexibility, environmental impact and 

serviceability, following the given design parameters such as overturning moment, 

resisting moment, sliding resistance and bearing pressure. 

Nowadays, new construction methodologies have appeared, as well as design with 

the help of various softwares, to facilitate the implementation of the structure in practice. 

The main goal is to present the gabion wall as retaining structure. 

Keywords: gabion, gabion construction, gabion structure, retaining wall, wire mesh. 

 

  



 

Resumo 

As estruturas de gabião são conhecidas há muito tempo, mas atualmente elas se 

tornaram amplamente utilizadas. Por que elas se tornaram tão populares e quais são as 

vantagens destas estruturas? 

Talvez a mais importante das vantagens seja elas serem ambientalmente mais 

adequadas. De entre vários problemas ambientais de nosso tempo, um dos mais relevantes 

e menos controlados é o problema das emissões de dióxido de carbono. Nosso futuro, o 

futuro do planeta e da humanidade em geral, depende do controle dessas emissões. Assim, 

em comparação, por exemplo, com um muro de contenção de betão, um muro de gabião da 

mesma altura é capaz de reduzir tais emissões em 80%. Além disso, elas podem ser 

reduzidas através da absorção pela vegetação que aparece ao longo do tempo nas estruturas 

de gabião. 

As estruturas de gabião são utilizadas para reforçar as encostas e as linhas costeiras 

dos reservatórios, para evitar deslizamentos de terra, para evitar a erosão, na construção de 

rodovias, pontes, terraplenos extensos. 

As estruturas de gabião são multifuncionais - podem ser consideradas não apenas 

como parte do conceito geral ou uma característica do projeto, mas como uma base 

completa para o planeamento do território 

A relevância do tópico tem modelado a abordagem correta do projeto e cálculo das 

paredes de contenção do gabião, observando a tecnologia de sua disposição e manutenção, 

compreendendo as possibilidades de solução de problemas ambientais e de planeamento 

urbano que podem ser evitados com o uso dessas estruturas. Assim, o escopo deste projeto 

é estudar a parede de gabião como uma estrutura de retenção em áreas de possíveis 

deslizamentos de terra, levando em conta vários fatores como estabilidade, flexibilidade, 

impacte ambiental e facilidade de manutenção, seguindo os parâmetros de projeto dados, 

tais como momento de derrube, momento de resistência, resistência ao deslizamento e 

pressão de suporte. 

Atualmente, novas metodologias de construção surgiram, assim como o projeto com 

a ajuda de vários softwares, para facilitar a implementação da estrutura na prática. O 

principal objetivo é apresentar a parede de gabião como estrutura de retenção. 

Palavras-chave: gabião, construção de gabião, estrutura de gabião, parede de contenção, 

malha de arame. 
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Nomenclature 

Upper-case letters: 

Pa  the total active force of the triangular pressure; 

Ka  the coefficient of active soil pressure; 

H  the wall height; 

B  the base width; 

Ph  the horizontal component of Pa; 

Mr  the resisting moment; 

Mo  the overturning moment; 

SFo  the safety factor against overturning; 

SFs the safety factor against sliding; 

Wg  the weight of the gabion wall; 

Wv  the sum of the vertical forces; 

P  the maximum pressure under the base; 

Pb  soil bearing pressure; 

 

Lower-case letters: 

ws   the soil density; 

wg   gabion fill density; 

q   distributed surcharge pressure; 

α   slope angle of backfill surface; 

β   acute angle of back face slope with vertical; 

δ   angle of wall friction; 

φ   angle of internal friction of soil; 



 

da   the distance of the total active force; 

dg   horizontal distance to Wg; 

µ   the coefficient of the sliding friction; 

e   eccentricity; 
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Introduction 

Unlike reinforced concrete structures, similar structures made of gabions are 

advantageously distinguished by ease of installation, moreover, they can be built at any 

time of the year and do not require large costs. Every year, the effectiveness of gabions 

increases more and more. Gabion structures have gained considerable popularity due to a 

large number of advantages. Therefore, I chosed a gabion retaining wall for research. 

The relevance of the research topic consists in modeling the correct approach to the 

design and calculation of gabion retaining walls, observing the technology of their 

arrangement and maintenance, understanding the possibilities of solving environmental 

urban planning problems that can be avoided when using gabion structures. 

The purpose of the work is to study the method of calculation and features of the 

design of gabion retaining walls. 

The main tasks of the study: 

- to determine the current trends in the use of gabion structures; 

- determine the advantages and disadvantages of using gabions for the construction 

of retaining walls; 

- to investigate the method of calculation of gabion retaining walls; 

- perform the calculation of the retaining wall manually and with the help of 

programs; 

- draw conclusions, give recommendations on the design of a gabion retaining wall. 

The object of the study is the method of calculating a gabion retaining wall. 
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Chapter 1 

1. STATE OF THE ART OF RETAINING WALLS 

1.1 History of gabions.  

Gabion from the Italian word ‘Gabbione’, means “big cage.”[1] 

One of the oldest cases of using gabion cages was recorded approximately 7000 

years ago - by the ancient Egyptians (figure 1.1a) They wove a basket with reeds or vines 

and filled it with stones to protect the banks of the Nile from erosion. 

For the first time in the 15th century, Leonardo da Vinci used a gabion called 

Corbeille Leonard to build the foundation of the Castle of San Marco in Milan. The 

construction is so called the construction, which is made of metal mesh and filled with 

stone or other materials. 

It follows that gabion is a volumetric mesh container, filled with stones from dense 

rocks. In other words, gabion structure is a gravity structure made of galvanized 

convoluted mesh filled with natural stones, which have a dimensional box (cylindrical) 

structure. 

According to the established ancient "tradition", the most often novelties of certain 

technologies come into the life of civilians from the military sphere. Obviously gabions are 

no exception. Before becoming an integral element in design solutions, gabions were 

widely used in the Middle Ages (5th to 15th centuries) for military purposes, in particular 

for the construction of military bastions and fortifications, as shown in Figure 1.1b-c. 

 

               a                                 b                                                        c   

Figure 1.1 a- use of gabions by ancient Egyptians; b- use gabions for fortifications; 

c-gabions at the artillery position, 1856. [1] 
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Figure 1.2 shows the use of gabion baskets for the protection of artillerymen and 

infantry as defensive structures. Wicker baskets filled with rammed earth were quite 

effective at that time for protection against bullets, buckshot, and even kernels. 

 

Figure 1.2 The events of the Napoleonic Wars or the defense of Sevastopol. [1] 

International experience using gabion structures over a century, clearly shows the 

effectiveness and reliability of this structures. To this day, gabion structures are used at 

NATO military bases. They are made of strong steel wire mesh and are designed for quick 

and convenient filling using automatic bucket loaders. In addition to military purposes, 

gabions were often used in heavy hydraulic engineering and road construction, including 

for strengthening slopes, dams and for strengthening river banks. 

The most common use of gabions in civil construction has been patented and refined 

by Gaetano Maccaferri in the late 1800s in Sacerno, Emilia Romagna/Italy. [3] The 

structures restrained water flows during floods and served as good dams (dykes) to protect 

settlements from natural disasters. Besides, gabion retaining walls were used in 

mountainous areas to contain rock slides and strengthen slopes along roads. 

Despite the fact that gabions were invented several centuries ago, today their appeal 

has increased significantly. This type of construction is being rediscovered for many 

infrastructure and architectural projects. With the development of technical progress and 

science, engineers are increasingly trying to use the latest materials, technologies and 

trying to implement new knowledge in the field of construction.  

The time of thoughtless use of natural resources and minerals is a thing of the past. In 

developed countries, synthetic and chemical materials are being replaced by safe and 

ecological natural materials every year. One of such materials with a wide range of 

applications is gabions.  

PROTECTIVE WALLS MADE OF BASKETS 
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Modern gabions are becoming more and more integrated into the environment and 

are more often used in landscape design, design of courtyards, greening of territories, in the 

construction of facades, fences, walls and elements of small architecture.  

A key factor of the growing popularity of gabions is their versatility, availability, 

ease of manufacture and assembly technology. They allow to create a visual effect that 

matches its natural surroundings. By infilling cages with locally sourced materials, new 

spaces can easily be tied into the culture of an area and location. Smart use of filler helps 

reduce waste, such as reusing needless materials to create different shapes, patterns and 

layers that create great visual interest. [4] 

A further reason for the urgent need for construction a barrier to protect against, 

mortars, shrapnel, small arms, grenades and other common types of weapons on the 

battlefield was the invasion of russian troops into Ukraine. The Ukrainian military began to 

use analogues of the British HESCO bastions, which were developed by the Lviv Company 

Plit LLC.  

The HESCO was first used in a security context in the 1990s. A Hesco bastion is a 

type of gabion used as a military fortification. 

 The Figure1.3 shows the HESCO bastions that are made up of a collapsible "wall" 

of wire mesh with a thick synthetic fabric.  

The advantage of such gabions is the ease and speed of installation, which is an 

important indicator for protection and reducing the number of human losses on the 

battlefield. [5] 

 

Figure 1.3 The HESCO bastions [5] 
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Figure 1.3 The HESCO bastions [5] 

Figure 1.4 shows the construction and step-by-step instructions for installing gabions 

of this type. 

 

Figure 1.4 The instruction of installing HESCO bastions [5] 

 

 



Design of gabion walls: practical case 
 
 

19 
 

 

DIAMETER 

DIAPHRAGM 

H L 

B 
L 

COVER 
CEILINGS 

1.2 Classification of gabions. 

Gabions are divided into different categories, depending on material of manufacture, 

structural features, type of mesh, functional purpose and other aspects.  

                                               

   

             

 

                                                                                

 

C 

 

Figure 1.5 Types of gabion structures: a – gabion baskets; b – gabion sacks; 

c – gabion mattresses. [13] 

Accordingly, each of the gabions has its own specific name, shape and purpose. In 

various literary sources, there are the differences in the classification of gabion 

structures,so consider several types into which gabion structures are divided. [11] 
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According to structural features, gabions are divided to: 

 Gabion baskets; 

 Gabion mattresses; 

 Gabion sacks.  

Some sources additionally subdivide- gabion wire mesh. [11] 

Figure 1.5 shows the types of each of the above-mentioned gabions. 

Each of the aforementioned types is considered in more detail below. [1] 

 Baskets-type gabion or “Jumbo” gabions are rectangular boxes made of wire mesh 

with hexagonal or square opening size. This type of gabion is the most common in the 

construction. 

 

 

Figure 1.6 Gabion basket  
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Usually, the height (H) of the container is twice its width (B). Proportions of gabions: 

width (B): 1 m, length (L): 1.5-4 m, height (H): 0.5-1 m. If the length of the "Jumbo" 

gabions is larger (from 2 meters), then the structure is divided into sections, strengthened 

inside with the help of additional partitions (membranes), respectively  they fasten the 

opposite walls to each other and thus strengthen the stability of the walls and increase the 

rigidity of the structure and evenly distribute the load. The frame of this type of 

construction is made from both welded mesh and twisting. As a result of connecting the 

containers together, an overall strong structure with clear lines and high strength 

characteristics is created. 

Figure 1.5(a) shows the design of box-type gabions, where: 

 B – the width of the gabion box panels;  

 L – the length of the gabion mesh sheet; 

 H – the height of gabion box panels. 

Table 1.1 Standard dimensions of box gabions (table according to [12]). 

Size, (m) 

  LxBxH 

Cell size, (mm) 

 

Wire thickness, 

(mm) grids/edges 

Wire coating 

1,5х1х0,5 80х100 2,7/3,4; 3,7/4,4 Zn, PVH 

2,0х1х0,5 80х100 2,7/3,4; 3,7/4,4 Zn, PVH 

3,0х1х0,5 80х100 2,7/3,4; 3,7/4,4 Zn, PVH 

4,0х1х0,5 80х100 2,7/3,4; 3,7/4,4 Zn, PVH 

1,5х1х1,0 80х100 2,7/3,4; 3,7/4,4 Zn, PVH 

2,0х1х1,0 80х100 2,7/3,4; 3,7/4,4 Zn, PVH 

3,0х1х1,0 80х100 2,7/3,4; 3,7/4,4 Zn, PVH 

4,0х1х1,0 80х100 2,7/3,4; 3,7/4,4 Zn, PVH 
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The main areas of using box-type gabions: 

- construction of retaining walls; 

- strengthening of roads and railways; 

- strengthening of slopes and dams, banks; 

-  protection of pipelines; 

- construction of fences, foundations, terraces, parapets, etc.; 

- protection against erosion; 

- production of decorative elements; 

- for decorative use in landscape design. 

If the structure will be located in an aggressive environment for a metal (constant 

contact with water), then a PVC-coated (Polyvinyl Chloride) mesh is used, which will 

protect the material not only from moisture, but also from chemical, mechanical, and 

corrosion damages. [1] 

 Mattress gabion or "Reno", (picture 1.7) the name of this type comes from their 

characteristic shape, which resembles a mattress (they have a rectangular parallelepiped 

shape). The height (H) of these gabions is much smaller than the width (B) and length (L). 

They are designed in the following sizes: width (B) 2 m, length (L) 3-6 m, height (H) 0.17- 

0.30 m. "Reno" gabions usually have just one size of width (B) 2 meters, by analogy with a 

standard double bed. 

 

Figure 1.7 Gabion mattresses  

This  type of gabion can quickly adapt to small terrain irregularities, so the structure 

can be laid directly on the ground surface. For additional rigidity in the middle of the 

structure diaphragm partitions are installed every meter (figure 1.8).  



Design of gabion walls: practical case 
 
 

23 
 

 

Standard dimensions of mattress gabions are in the Table 1.2 Therefore, these 

mattresses can level the impact of water waves, thereby preventing soil erosion. Unlike 

"Jumbo" gabions, “ Reno” mattress structures are easier to install, they have a smaller 

thickness and, accordingly, a smaller amount of filling materials. Usually, "Reno" 

mattresses are installed exclusively in a horizontal position, but there are cases when they 

were also installed vertically as sections of a fence. But it should be noted that this position 

of the structure requires additional strengthening with the help of pipes or structural 

channels. 

This type of gabions is used to strengthen a retaining wall built from “Jumbo” boxes, 

as it perfectly distributes the load and strengthens the structure. [1] 

 

Figure 1.8 Gabion mattresses [19] 

The main areas of using mattress gabions: 

- lining of slopes and dams; 

- strengthening of the coastline, ravines, canals. 

- basis for hydrotechnical structures; 

- foundation for box-type gabions; 
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Table 1.2 Standard dimensions of mattress gabions (table according to [12]) 

Size,(m) 

  LxBxH 

Cell size,(mm) Wire thickness, 

(mm) grids/edges 

Wire coating 

3,0х2х0,23 80х100 2,7/3,4; 3,7/4,4 Zn, PVH 

4,0х2х0,23 80х100 2,7/3,4; 3,7/4,4 Zn, PVH 

5,0х2х0,23 80х100 2,7/3,4; 3,7/4,4 Zn, PVH 

6,0х2х0,23 80х100 2,7/3,4; 3,7/4,4 Zn, PVH 

3,0х2х0,30 80х100 2,7/3,4; 3,7/4,4 Zn, PVH 

4,0х2х0,30 80х100 2,7/3,4; 3,7/4,4 Zn, PVH 

5,0х2х0,30 80х100 2,7/3,4; 3,7/4,4 Zn, PVH 

6,0х2х0,30 80х100 2,7/3,4; 3,7/4,4 Zn, PVH 

3,0х2х0,50 80х100 2,7/3,4; 3,7/4,4 Zn, PVH 

4,0х2х0,50 80х100 2,7/3,4; 3,7/4,4 Zn, PVH 

5,0х2х0,50 80х100 2,7/3,4; 3,7/4,4 Zn, PVH 

6,0х2х0,50 80х100 2,7/3,4; 3,7/4,4 Zn, PVH 

 

 Unlike the first two types, cylindrical gabions (also often called bags) do not have 

an internal membrane have a porous structure, so they are easily and quickly placed on 

significant terrain irregularities and have higher flexibility. Figure 1.9 shows examples of 

cylindrical gabions. Gabions in the form of a cylinder have dimensions: length 2,3,4 m and 

diameter 65 ー 95 centimeters.  

The main areas of using cylindrical gabions: 

- shore fortification, strengthening of slopes; 

- protection of soils from possible erosion near the river and during hydraulic works 

in the event of a malfunction or accident; 

- serve as a basis for leveling uneven terrain; 

- protection against disasters; 

- regulation of riverbeds (change of direction or division of the river, formation of 

sewage channels); 

- protection of pipelines; 

- creation of reliefs of different levels on the plots; 

- decorative use. 
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Figure 1.9 Cylindrical gabions  

Table 1.3 Standard dimensions of cylindrical gabions (table according to [12]). 

Size,(m) 

  LxBxH 

Cell size,(mm) Wire thickness, 

(mm) grids/edges 

Wire coating 

2,0х0,65 80х100 2,7/3,4; 3,7/4,4 Zn, PVH 

3,0х0,65 80х100 2,7/3,4; 3,7/4,4 Zn, PVH 

4,0х0,65 80х100 2,7/3,4; 3,7/4,4 Zn, PVH 

2,0х0,95 80х100 2,7/3,4; 3,7/4,4 Zn, PVH 

3,0х0,95 80х100 2,7/3,4; 3,7/4,4 Zn, PVH 

4,0х0,95 80х100 2,7/3,4; 3,7/4,4 Zn, PVH 

 

  Gabion wire mesh are presented in the form of a grid, which is used to protect 

railways and roads from possible rock falls. Gabion wire mesh in combination with geogrid 

reinforcement is used to increase the strength of the soil embankment. [11] 

 

MAX. WATER LEVEL 

MIN. WATER LEVEL 
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Figure 1.10 Gabion wire mesh  

1.3 Function of gabion structures and areas of their application 

In modern construction, gabions have acquired a wide range of applications, ranging 

from military purposes or road construction to decorative elements of garden and park 

sculptures. In European countries, they are actively used in elements of design, decor, and 

architectural solutions. 

According to their functional purpose, gabions are divided to: 

1. Gabions used on land; 

2. Gabions used under water; 

3. Gabions for variable water levels. 

 

ROCKFALL PROTECTION 

MESH 
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Each of the above gabions is used to prevent various damages and deformations. 

Having analyzed  the wide possibilities of using gabion structures it is possible to 

determine the main areas of their application: [1,7,10,11], 

- In engineering structures: retaining walls; strengthening of stability for banks and 

slopes; construction of dams, foundations; noise-absorbing barriers; temporary flood walls; 

structures for road embankment; prevention of rock slides; protection  soils from erosion; 

protective structures for pipelines (figure 1.11); 

 
a                                                                     b 

Figure 1.11 Gabions in engineering structures: a – gabion caged basket in bridge 

abutment; b – gabion retaining wall. [31] 

-  In design: architectural cladding for walls and buildings; various decorative 

elements for the exterior and interior; construction of arches; construction of staircases and 

basement structures; installed as external cladding of the facade, used for the construction 

and finishing of columns, pylons and other elements in low-rise construction (figure 1.12); 

 
a                                                                     b 

Figure 1.12. Gabions in design: a –gabion installed as external cladding of the 

facade; b – elements in low-rise construction from gabion. 
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- In the landscape and park (garden) sculptures: street furniture installed in the 

courtyard: tables, benches, chairs, fountains, etc.; garden paths; zoning and decoration of 

the courtyard; design of fences for framing lawns and flower beds, creating labyrinths and 

various geometric shapes; exterior decoration of outdoor stoves, grills, barbecues, 

swimming pools (figure 1.13); 

 

 
                                                             a 

 

b                                                                     c 

Figure 1.13 Gabions In the landscape and park sculptures: b – decorative flower 

bed from gabion; c – bench made from gabion. [available online] 

 

- In fence structures: construction of walls and fences, employed as a noise barrier) in 

the role of a temporary flood wall (figure 1.14); 
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a                                                                     b 

Figure 1.14 Gabions in fence structures: a – decorative fence from gabions; 

b – decorative fence from gabions [available online] 

 

- For military purposes used as fortification structures (figure 1.15); 

 
a                                                             b 

Figure 1.15 Gabions for military purposes: a – military hesco barrier; 

b – welded gabion box [available online] 

 

- In the road construction: installation of protective structures for the slopes of the 

ground surface, overpasses; highway stabilization; retaining walls for the road 

embankment (figure 1.16); 
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a                                                             b 

Figure 1.16 Gabions in road construction: a – gabion structures for the slopes; b – 

retaining walls for the road embankment [available online] 

1.4 Pros and cons of gabion structures 

Gabion structures have gained considerable popularity due to a large number of 

advantages. 

 Durability (сonstructions made of other materials begin to break down over time, 

but not gabions. On the contrary, over the years, gabions only become stronger due 

to the filling of voids and the fusion of stones with each other. The product does not 

deteriorate due to temperature changes and does not stagger due to strong wind. In 

consequence of the galvanized wire, gabions are quite resistant to corrosion). 

 Flexibility (one of the features of gabions, which allows their construction on areas 

with significant irregularities, in mountainous areas, in places with steep slopes and 

cliffs, in conditions of unstable soils. Gabions deform and settle, without losing 

their properties and effectiveness); 

 High permeability (gabion is a good drainage element, so it excludes the 

installation of additional filters or drainage pipes); 

 High strength (these are quite strong structures that can withstand floods, ice 

pressure, landslides, heavy downpours); 

 Cost-effectiveness (gabions are more economical compared to other alternatives, 

both in terms of the use of materials and in terms of labor costs for manufacturing 

and installation.) As gabions are made of inexpensive materials, the cost of such 

structures is also low, since local stone materials can be used to fill the baskets. [11] 

 Environmentally friendly (recycled materials can be filled into the gabion cage. 

Gaps in the soil allow plants to grow there. The materials from which gabions are 
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made do not harm the environment. After dismantling the structure, the material 

can be reused for various purposes. Using the gabion structure compared to a 

concrete retaining wall of the same size, can reduce CO2 emissions by up to      

80%; [9] 

 Fast installation (for the installation of gabions, special heavy-duty equipment is 

not required. They can be used to make structures of various complex shapes). In 

addition, gabion structures are perfectly scalable, as they can be used for both 

massive structures and small structures); [3] 

 Reliability (due to its heavy weight, gabions are securely fixed in place). 

Gabion structures do not prevent the growth of vegetation and over time become part 

of the natural landscape. They fit well to any style of the region, almost completely 

merging with it, perfectly complementing the aesthetic value of nature. These are stable 

structures that do not require special care. If all the rules and technologies were taken into 

account, then gabions can stand for 50 to 100 years. Over the years, the gabion structures 

dont not lose their purpose and color. They are ideal for all types of soils and climatic 

conditions. Designed constructions are also used as a cooling systems in hot climates and 

provides passive cooling due to air movement. [17] 

Based on the review of literary sources [1,3,9,11,14,15,16,17], it can be confidently 

stated that gabion structures have practically no disadvantages. But some of them should be 

noticed:  

- Both the cage and its contents will deteriorate over time, which means that you will 

need to replace them, leading to more expense and greater difficulty locating the 

resources. 

- In instances of high velocity streams and wave interaction, gabion wall wire mesh 

baskets can abrade and tear open, spilling the rock fill. 

- Gabion walls must be inspected on a regular basis to insure their integrity. They 

must also be immediately inspected and evaluated after any storm, which has 

caused heavier than normal water flow. 

1.5 Gabion retaining walls 

An experienced architect know how to turn the weak points of a site with slopes into 

interesting and profitable solutions in various aspects, so most often in such situations 

retaining walls are used to fixing the slopes. Gabion structures are most often used as 
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retaining walls (figure 1.17). All 3 types of gabions (gabion baskets, gabion mattresses, 

gabion sacks) are suitable for the construction of retaining walls. The structure of the wall 

can be different, depending on the angle of the slope that will be strengthened and the load 

that this wall will take. In one case, is used a stepped system, in another case, it can be 

installed at a certain angle to the slope of the site, in the third case, is used additional 

fastening (anchoring), which is buried in the ground. In the formation of retaining walls as 

a reinforcing structure, this is the most optimal option in terms of installation complexity 

and cost. It is worth noting, however that a large amount of earthworks is required before 

the installation of the structure. Іt is necessary to do accurate calculations of height and 

thickness of the retaining wall, as the reliability and quality of the gabion structure will 

depend on it. Gabion walls are also very cost effective as they require no maintenance. 

Moreover gabion walls are very profitable, as they do not need to be maintained. [1,18]  

 

    

 

Figure 1.17  Examples of gabion retaining walls [17] 
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1.6 Description and analysis construction of the gabion structures. Maintenance 

of gabion walls 

In this chapter discusses the technology of construction of the gravity retaining walls, 

which use their own weight to resist the lateral pressure of earth masses. 

1.6.1  Prefabrication and transportation of gabions 

The construction of the gabion wall consists in the installation of pre-assembled 

rectangular containers made of strong double-twisted steel mesh with hexagonal meshes, 

filled with rocks. Figure 1.18 shows the fundamental geometric elements of gabion baskets 

and mattresses 

      

Figure 1.18 Geometric elements of gabion basket and mattress [27] 

The prefabrication of gabions assumes that all its elements (base, front and back 

parts, lid) will be mechanically connected to each other into one whole. 

Gabions can be divided into sections using diaphragms located every 1 m. This 

strengthens the structure of the gabions and facilitates their installation. In the case of 

possible mechanical damage to one or few cells, the main part of the structure works 

without reducing strength. Diaphragms have the same characteristics as the mesh that 

GABION BASKET

GABION MATTRESS
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makes up the gabion, they are fixed directly to the base frame of the gabions during their 

manufacture. The ends and diaphragm(s) must be factory bonded to the base. The lid can 

be a separate part of the grid of the same type as the box. All edges of the mesh around the 

perimeter of the box and lid must be mechanically treated with wire of a larger diameter. 

Diaphragms must be fixed in such a position to the base that additional lacing is not 

required at the workplace [24]. 

Gabion boxes are usually transported in a folded form and rebuilt into boxes of the 

required sizes on site. These boxes are connected using stainless steel fasteners or lacing or 

galvanized rings depending on the specifications.  

1.7 Sequence and construction technology of gabion gravity retaining walls 

1.7.1 Terms 

In this work, the recommendations for carrying out work on the installation of a 

retaining gravity wall were considered. Recommendations are given in [14-25]. 

In the first stage, the project of carrying out works is developed, in which the 

technology and basic rules of execution of works on construction of gabion are described 

in detail. All types of work should be provided for when designing the project and drawing 

up a calendar schedule for the execution of the works: preparation, basic and finishing 

works. Methods of their evaluation should be developed to ensure the proper quality of the 

work. [14] 

1.7.2  Preparation of the basis 

At the beginning, prepare the base for the future wall and mark the axes. This stage is 

quite responsible, because it will influence all the further work of the construction. The 

basic requirements to the foundation depend on a number of factors: Geological conditions 

of the site, height of the gabion wall, its structure, etc. The upper (fertile) layer of the soil is 

usually removed to the indicated mark on drawings, that is, to the layer, which has the 

necessary bearing capacity. If the ground is removed to the desired mark, but the 

mentioned bearing layer is absent, it is necessary to consult with the responsible engineer 

for making a responsible decision. The prepared surface is cleaned and leveled, sealing the 

roller. In places where there is no access to the roller, use vibrobrambivki. Weaknesses 

must be checked and strengthened. If necessary, a saturated layer can be used, which is 
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compacted with a window roller weighing 8-10 tons to a minimum of 95% density 

according to Proctor density. Check the level (mark) before installing the gabion.  

Gabions are brought to the installation site packed in bundles, they are unloaded and 

made on an equal basis on which wood blocks are laid. Check if the bundles and net are 

damaged. The height should consist of one for one maximum of four bundles [24]. 

1.7.3 Mounting of gabions 

Іnstallation of gabions is performed on the construction site according to the design 

decision (figure 1.19 shows the stages of installation of the gabions). For this purpose, the 

flat planed surface is enclosed by the formed gabiоns, fold them out to make sure that all 

its parts are equal and without damage. The panels are then stretched, aligned with the 

walls, and the existing dents. Bend the front, back, and side panels into a vertical position, 

forming a rectangular box. The top corners of the box are joined together. The top of each 

of the four sides of the gabіon should be at the same level [14, 26,]. 

 

Figure 1.19 Stages of installation of the gabions [34]  
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The main stages of installation gabion: 

1. Prepare materials; 

2. Erect panels up; 

3. Secure panels with spiral wires; 

4. Install stiffners; 

5. Fill gabion with stones; 

6. Close the lid. 

The correct connection is controlled to create an exact rectangular shape of the 

specified size ([24], Figure 1.20). 

 

Figure 1.20 Unpacking and assembly process 

The edges are connected together, starting from the top, with flicks, continuously, 

turning the single and double loop through each 100- 125 mm. The ends of the cord are 

fixed on each corner, and you should use a suitable cord for the entire gabion. The steel 

ring can be used instead of the cord wire, which are attached with a mechanical tool (figure 

1.21a and 1.21b). [24] 
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a                                                             b 

Figure 1.21 Collection of parts: a - with cord; b - with C- rings [24] 

All other parties are also bound together. As a result, the frame of the structure (box 

with an open top), in which the filler will be inserted. Most often it is natural stone of 

different sizes and shapes. 

1.7.4 Installation of gabions 

Finished empty gabions are transferred to the place of construction assembly 

(according to the project). They are installed next to the gabions that are already filled with 

stones. Until the gabion is empty, it is necessary to connect the empty gabione with the 

already installed, as shown on picture 1.22. The overall dimensions are grouped together, 

with a strong stitch along all contact ends. The bottom gabions are fixed in the design 

position, closing in their corners metal rods, which are used to extract gabion [14, 26]. 

 

Figure 1.22 Gabion extract before filling [14] 
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If the gabion underground wall has a significant length, that is, takes a significant 

load, a compact (manual) winch can be used to tighten each installed gabion with simple 

adjustment for stretching. It is attached to the side of an empty gabion, the second side is 

attached to already filled elements. When working, the winch should be securely anchored. 

After stretching the gabion immediately should be filled with stones [14]. 

1.7.5 Filling gabions 

Filling of gabions is carried out manually or with the help of the appropriate 

equipment (loader or excavator). The latter significantly increases the productivity of 

works and reduces their cost. 

Before starting to fill with stones it is necessary to check the non-damage of the 

gabion and its final alignment. If any damage to the facade elements (gabions), armoation 

elements or connections is found during installation or mounting, the damaged element 

must be replaced [26]. 

The filler must meet the engineering requirements: to have the appropriate strength 

on the press and durability, as well as frost resistance to resist loading, atmospheric 

influences, and under conditions of use on rivers - also influence of water on the course of 

the whole term of operation of the structure [24, 25]. 

Gabions are filled with various stone materials. The filler for gabions can be the 

following types of stones: granite; basalt; shale; sandstone; quartzite; rubble; pebbles, etc.   

The size and quality of the mountain pored should correspond to the specifications 

given in the drawings. The size of the stone must exceed the size of the hole in 1,5 – 2 

times. Normally, a stone size of 125 – 200 mm (but not more than 250 mm) is used for 

filling (filling the gabion box with stones see picture 1.23). The minimum size of the stone 

must be larger than the size of the net opening, with only 5 – 7% of the smaller diameter of 

the stone allowed and placed inside the gabion [26] (Fig.1.23). 
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Figure 1.23 Filling the gabion box with stones. 

The stones should be put with layers of height not more than 300 mm, more dense to 

each other, so that the quantity and dimensions of gaps between them were minimal. For 

this stone is sorted. The size of any large-size breed should ensure placement of at least 

three layers of stone during filling of blocks with height 1 m and at least two layers - for 

gabion blocks with height 0,5 m. [24] 

To get a beautiful exterior surface of the gabion its front (facade) face must be laid 

carefully, picking up the stone. In the case of mountain breeds (rubble) it is necessary to 

choose stone so that at least one face has a flat shape. 

It is important to remember that the use of an unsorted filler and/or incorrect filling 

of the gabion can lead to deformation of the boxes and sludge after completion of 

construction works. The porous content of the filled gabion box should be within 30-40%. 

To check the real porosity, it is necessary to weigh the boxes filled with stone and compare 

the received weight with the calculated weight of the box.  [24] 

To ensure a flat surface of the facade of the gabion wall, it is advisable to use internal 

tie wires during filling the gabions. They also prevent the gabions from being deformed at 

the filling stage. Using boxes with a height of one meter, the gabins fill first one-third of 

the height, then fix the tie wires (figure 1.24) by fixing the gabion from the middle with a 

horizontal cross over on top of the stone layer. Then carry out the same operations for the 

second and third parts. The height of 0,5 m is allowed to fill in two methods, using only 

one row of tie wires at half the height of the gabion. The height of 0,33 m is filled in one 

reception without the use of ties. 

LID FRONT FACE 
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   Figure 1.24 Reinforcing details. 

To compensate for the settling of the stone, the gabion must be filled with reserve, 

2,5 – 5 cm above its top edge. Small stone material is the most suitable for this purpose. 

Filling of the adjacent boxes should not differ in height more than 300 mm. For this 

purpose it is necessary to follow the schemes of filling, shown in figure 1.25. [26] 

 

Figure 1.25 Filling pattern of gabion boxes. 
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Next, the last layer of the stone should be leveled so that the top of the diaphragm is 

visible, the cover is lowered and fixed on the edges of the gabions and on the top of the 

diaphragm with the help of a tie or cord. [25] 

To ensure an even external surface of the wall and avoid the release of gabions, use 

temporary formwork (figure 1.26). It ensures the invariability of the size of gabion boxes at 

the time of stoning and laying of stones.  

 

Figure 1.26 Gabion construction frame [28] 

1.7.6 Installation of the gabion lid 

The lid of the gabion must be tightly attached to the top faces of the gabion and 

simultaneously wired. To do this, use a special tool (like "stapler") to pull and tie the lid of 

the gabion. The istallation of the gabion lid is shown on the figure 1.27. 

 First of all, to do a temporary connection of angles, so that there is no collision of 

the grid around the perimeter of the top of the gabion. If the stone-filler prevents the tight 

lid attraction, it is necessary to move a little stone inside the gabion. At the end of the lid is 

tied to the diaphragms [14]. 
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Figure 1.27 Installation of the gabion lid.  

To make the lacing and bracing operations easier, it is recommended to use a pair of 

pliers to create tight joints. The picture 1.28 shows the tools that should be used to help to 

install the gabion. It is important to be careful not to damage the wire cover. The teeth of 

the pliers must be smooth. Not recommended to use fencing pliers as they damage the PVC 

and zinc coating. [28] 

 

Figure 1.28 Tools for lacing and bracing operations [28] 

1.7.7 Arrangement of the following rows / formation of the structure 

Іnstalling the next row of collected empty gabions, the top of the filled row should be 

positioned so that the vertical connections are shifted to each other. Empty boxes connect 

to the full wire at all outer lower edges. Vertical edges connect with wire or spiral 

connections. Similar actions, as in arrangement of the first row of gabions, are carried out 

until the complete completion of works on the installation of gabion wall, as shown in the 

picture 1.29. After each 10 m. along the wall it is necessary to measure the level of laid 

boxes. [25] 



Design of gabion walls: practical case 
 
 

43 
 

 

 

Figure 1.29 Gabion placement. 

1.7.8 Placement of the cap 

Before laying and sealing of the backfill, the sides of the curtain must be covered 

with unscanned geotextile. The backfill  is compacted with the help of a roller weighing 

from 8 to 10 tons. The density of the compacted core should be not less than 95% of the 

modified density of the Proctor for the formation. The seals within 1,5 m from the rear of 

the end element are carried out with care, with the help of broiler seals or pass-through 

boilers with a load capacity of 1 t. [24]. 

1.8 Maintenance of gabion walls 

The Gabion wall underfloor does not require special care during operation. The 

strength of the gabions is determined by the strength of the wire mesh. Lifetime of gabions 

(in non-aggressive environment) from galvanized wire from 8 to 12 years, from usual – 

from 3 to 5 years.  During this period, gabion laying is usually so dense and colmataged 

that no longer needed in this mesh. The choice between galvanized and simple wire is 

made depending on the expected intensity of the colmatage of the gabin masonry and the 

intensity of the corrosion of the wire in this environment. The period of obtaining the 

greatest strength of the built gabion structures makes up 1-5 years depending on intensity 

and volume of accumulation of soil particles in the body of gabion, soil consolidation in 

the basis of these structures and their boards touching with the surface of the oushes 

(shores), which are strengthened and other factors.  
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The lifetime of the zinc coating of the wire, from which the grid of the gabion frame 

is made, is determined by the corrosion resistance of this coating. At the dense galvanized 

(260 g/m2) the actual service life of the zinc coating is determined from the experience of 

previously built gabinovy structures.  

Laboratory-experimental tests show that at tight galvanizing (260 g/m2 ) the service 

life of zinc coating is 17-55 years. For the conditions of the marine (aggressive) 

environment, this figure is 6-25 years. At the density of zinc 50 g/m2 the service life of 

zinc coating in normal conditions makes 4 years, and in marine - 1-2 years. For wire tight 

galvanized reduction of zinc coating from corrosion action is 10g/m2/year for normal 

conditions, 25g/m2/year for marine conditions. The lifetime of zinc coating under PVC 

sometimes reaches 120 years. 

The simple double-twist mesh panels are often used to protect highways from 

rockfall and are also used to restore or initiate revegetation of steep rock slopes. The 

disclosure and implementation of all the possibilities of gabion structures can be carried 

out only on the basis of variable processing and comparison with other alternative variants 

of application of traditional or non-traditional constructions on specific objects of design. 

 

Figure 1.30 Geotextile. 
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The porosity of gabions prevents the development of pore water pressure behind the 

walls, which is one of the main advantages of such systems. These structures merge with 

the environment and allow plants to root through the structure, improving the lifespan of 

the structure. 

In the basis of gabion structures instead of the underlying layer from traditional 

gravel-sand, rubble and other materials it is possible to use geotextiles.  In order to prevent 

washing due to the gabions of a low or mixed (destroyed) during the operation of the stone 

material, the geotextile material is deposited in the bottom of the gabion frame. The figure 

1.30 shows an example of the use of geotextiles in the structure of a gabion retaining wall. 
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Chapter 2 

2. GABION RETAINING WALL DESIGN GUIDELINES  

2.1 General principles for the design of gabion retaining walls 

The gabion retaining wall is a simple flexible gravity structure, which in its weight 

holds the ground. It is designed according to the same principle as the gravitational wall: 

the mass of stone in the gabions must resist the harsh forces from the ground and external 

loading.  

The Gabion wall is designed so that the gabion grid can keep the stones inside with 

limited deformation, which does not affect esthetics and internal stability [24]. 

The design of gabion structures intended for engineering protection of territories, as 

well as protection of lands, agricultural lands and natural landscapes from the processes of 

collapse and irrigation should be carried out taking into account the requirements of the 

current normative documents [25]. 

The design of gabion constructions and structures should be based on materials of 

engineering designs and results of hydraulic-hydrologic calculations, as well as on the use 

of design materials and decisions on those structural elements of earthmoving, which are to 

be strengthened, reinforced, stabilized, protected and combined with gabion structures and 

constructions [26]. 

Retaining walls (type, shape, design dimensions, etc.) should be designed taking into 

account local conditions, design loads and possible deformations. 

The design of retaining walls from gabion constructions consists of construction 

(assignment of geometrical sizes and quantity of gabions) and calculations of them 

according to 2 groups of limiting states. The geometrical dimensions, which determine at 

the stage of construction, specify further calculations [26]. 

According to the first group of limit states, which involves the loss of bearing 

capacity or significant damage, the calculation is executed for: 

- general stability (external stability): 

 stability of the slope of the embankment with the retaining wall behind the 

round-cylindrical sliding surface; 
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 resistance of the wall against displacement on the base; 

 wall resistance against overturning; 

 strength of the soil base; 

- internal stability: 

 displacement of some gabions relative to others; 

 strength of the gabion as a structural element. 

According to the second group of limit states (unsuitability for normal operation), the 

calculation includes a check for permissible deformations during operation of the structure. 

The calculation according to the second group of limit states is performed for the action of 

normative loads, that is, the coefficients of the reserve for the load and for the materials are 

taken to be equal to units. [26] 

The geometric dimensions, which are determined at the design stage, are specified by 

further calculations. [26] 

2.2 Types and configuration of gabion walls 

These types of gabion retaining walls differ: 

1. Gravity wall; 

2. Semi-gravity wall; 

3. Stepped wall; 

4. Thin wall with anchoring. 

The front faces of gabion retaining walls can be stepped (vertical or sloping) and 

smooth (vertical or sloping). 

Depending on the site conditions and the initial data, the configuration of the gabion 

walls can be different, for example (a) with a stepped outside or (b) with batter angle or (c) 

with an offset, as shown in figure 2.1(a–c). [24] 
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a 

 

b 

 

c 

Figure 2.1 Typical Cross Sections of Gabion Wall: a- with stepped; b- with batter 

angle; c- with offset. [24]     
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2.3 Characteristics of materials 

2.3.1 Grid specifications 

For the design of gravity wall from gabions it is recommended to use box-shaped 

gabions and gabion mattresses of rectangular shape, made of metal galvanized mesh with 

hexagonal holes from wire double torsion. The grid used for production of gabions, gabion 

mattresses, has a strength limit of 380-500 MPa and an extension of less than 12%. The 

core coating of the wire has a density of 0,240-0,290 kg/ m2. In table 2.1 it`s showed the 

density of the zinc coating of                    the wire. [14] 

Table 2.1: Density of the zinc coating of the wire (table according to [14]). 

№ Wire diameter, 

mm 

Edges diameter ±, 

mm 

Amount of zinc, 

kg/m 
2
 

1 2.00 0.06 0. 240 

2 2.20 0.06 0. 240 

3 2.40 0.06 0. 260 

4 2.70 0,08 0. 260 

5 3.00 0.08 0. 275 

6 3.40 0.10 0. 275 

7 3.90 0.10 0. 290 

 

The breaking load of the metal mesh made of galvanized wire, depending on the 

combination between the size of the net openings and the diameter of the wire is 30-53 kN 

(Table 2.2). [14]  

Table 2.2: Strength limit of mesh with hexagonal links of double-twisted steel wire (table 

according to [14]). 

Link 

type 

Strength limit, kN/m 

Wire diameter, mm 

2.00 2.20 2.40 2.70 3.00 

5x7 35 40 45 - - 

6x8 30 35 42 47 - 

8x10 - - 34 43 53 

10x12 - - - 35 43 
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To strengthen metal fittings and facilitate its laying on the edges of the grid is 

reinforced with a wire, which has a larger diameter than the wire. (Table 2.3, see fig. 2.2). 

Table 2.3: The diameter of the grid wires, edges, lacing. (table according to [14]). 

№ Wire diameter, 

mm 

Edges diameter, 

mm 

Wire diameter of 

the lacing,mm 

1 2.00 2.40 2.00 

2 2.20 2.70 2.00 

3 2.40 3.00 2.00 

4 2.70 3.40 2.20 

5 3.00 3.90 2.40 

 

Tensile strength: the wire used to make the mesh must have a tensile strength of at 

least 350 N/mm 
2
 – 550 N/mm 

2
 in accordance with IS 280. Wire tolerances must match IS 

16014 (Class T1). Extension: the extension of the wire should not be less than 10%. The 

test should be carried out as an example of a length of at least 20 cm [24]. 

The shape of the mesh cells is hexagonal. This helps to distribute efforts evenly. The 

main requirements to the grid are corrosion resistance and high tensile strength. To ensure 

corrosion resistance, manufacturers use alloy coatings (e.g. zinc and aluminum, such as Zn 

95% Al 5% and Zn 90% Al 10%) that have proven to be better than zinc [24]. 

 Making gabion structures in especially corrosion environment, gabion with 

polyvinylchloride (PVC) coating (zinc-coated grid, covered with PVC coating 0,4…0,6 

mm) is used (figure 2.2c). [14] 

Edge wire: a terminal wire used to edge the wire mesh parallel to the double twist 

(figure 3.2a) by continuously weaving it into the wire mesh. 

Selvedge wire: a terminal wire used to edge the wire mesh perpendicular to the double 

twist by mechanically wrapping the mesh wires around it at least 2.5 times or by inserting it 

throughout the twists and folding one mesh length (figure 2.2b) [29] 
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                                           a 

                                              

 

                                               b                                                         c 

Figure 2.2 Details of mesh wire: a- mesh type and nominal size (D); b- selvedge,      

edge wire; c- polymer protective coating. 

2.3.2 Properties of mountain rocks for filling of gabions 

For filling it is recommended to use a material with a high specific weight of soil 

particles (not less than 17.00 kN/m3) and density 0.30...0.40; frost-free (with a mark on 

ice-resistance higher than MR 350); strong; non-ozone water; with high hardness.  

The type of stone suitable for filling of gabions is given in Table 2.4, figure 2.3. [14] 

 

 

D 

Double Twist Mesh Wire 

Selvedge Wire 

Edge Wire 

Mild Steel Wire 

Polymer Protective Coating 

Galvanising 
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Figure 2.3 Gabion filling with different type of stone.  

Table 2.4: Stone types for filling gabions (table according to [24]). 

Stone type Unit weight of soil particles , kN/m 
3
 

Basalt 29.00 

Granite 26.00 

Dense limestone 26.00 

Sandstones 23.00 

Soft limestone 22.00 

Tuff 17.00 

 

Table 2.5: Properties of rock to be fill in gabion. (table according to [24]). 

Sr No. Properties of Rockfill Values 

1 Minimum and Maximum size of 

stone 

1.5 to 2.5 times mesh 

opening 

2 Tolerance on size of stone ± 5%. 

3 Minimum density 22kN/m
3
 

4 Los Angeles abrasion value Not more than 45 

 

Minimum density and Los Angeles abrasion can be changed by designer based on 

availability of the rock in the area. In places where stones are not available alternate 

material having good characteristics can be used. (Table 2.5) [24] 
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2.3.3 Filter material 

The filtering material should be non-woven needle or thermally bonded geotextile. 

Geotextile should be made of polyester or polypropylene. The average values of the 

geotextile specification should comply according document the IRC - SP-116-2018 - 

Guidelines for Design and Installation of Gabion Structure [24] 

Table 2.6 Minimum geotextile strength of geotextile in terms of MARV under 

different installation (table according to [24]). 

 

 

 

 

Installation 

condition 

 

 

 

Type 

Strength property requirements(MARV) 

Grab 

strength in 

Newton(N)

as per 

ASTM D 

4632/IS 

13162 Part 

5 

Tear 

Strength in 

Newton (N) 

as per 

ASTM D 

4533/IS 

14293 

Puncture 

Strength 

in Newton 

(N)as per 

IS 13162 

Part 4 

Burst Strength in 

Newton (N) as per 

ASTM D 3786/IS 

1966 

Elongation at failure 

  <50% <50% <50% <50% <50% <50% <50% <50% 

Harsh 

installation 

condition 

Type 

1 

1400 900 500 350 500 350 3500 1700 

Moderate 

installation 

condition 

Type 

2 

1100 700 400 250 400 250 2700 1300 

Less severe 

installation 

condition 

Type 

3 

800 500 300 180 300 180 2100 950 
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Table 2.7:  Minimum requirement of Puncture Strength in different Condition (table 

according to [24]). 

Installation condition  Strength property requirement (MARV) 

Puncture Strength in Newton (N) as per  ASTM D 

6241. 

Elongation at Failure 

< 50 

% 

< 50 

% 

Harsh installation condition 2800 2000 

Moderate Installation condition 2250 1400 

Less Severe Installation condition 1700 1000 

 

Table 2.8:  Requirements for Ultra Violet Stability (table according to [24]). 

Sr No. Properties of Fabric Requiremen

ts (Retained 

Strength) 

1 Grab Strength  

Not less than 70% after 500 hours 

of exposure. 

2 Tear Strength 

3 Puncture Strength 

4 Burst Strength 

 

Table 2.9: Geotextile Requirements for Subsurface Drainage (table according to [24]). 

In-situ passing 0.075 mm Permittivity, per sec, as Maximum Apparent 

sieve (%) per ASTM D 4491/ opening size, mm 

 IS 14324: 1995 ASTM D 4751/ 

  IS 14294 : 1995 

<15 0.5 0.43 

15 to 50 0.2 0.25 

>50 0.1 0.22 
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2.4 Initial data for design 

Input data for design should cover all the data necessary for analysis of the state of 

saturation, determination of the forces operating on supporting gabion structures, 

calculations of basic parameters of buildings, their arousing, development of technologies 

of installation of underground walls and their technical and economic estimation [14]. 

2.4.1  Materials of engineering searches 

The following materials of engineering design are required [14]: 

 topographic plan of the site; 

 transverse and longitudinal engineering and geological cuts; 

 hydrogeological and hydrological data; 

 climate characteristics; 

 physical and mechanical characteristics and soil strength characteristics  

2.4.2 Basic parameters 

The basic design of the gabion structure is also [24]: 

  drainage requirements, 

  base width, 

  the depth of the laying, 

  tilt angle, 

  loading, 

  density of gabions, 

  an amount of backfill, 

 presence of seismic influences  

2.4.3 Drainage requirements 

Usually for gabion walls there is no urgent need to arrange some drainage system, 

unlike concrete or reinforced concrete walls, because the construction of the gabion is 

porosity and water can freely wall and drain. 

To prevent the wash-off of the fill and the fall of the soil in the pores of the gabion 

wall (in the case of clay or sandy soils), between the wall and the gabion provide a filter, 

while applying non-woven geotextile. In this case, it is also necessary to take measures to 
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improve drainage in the back of the wall, using the bottom coarse material, and water 

discharge. 

The non-woven geotextile (figure 2.4) can also be used under the base of the wall to 

prevent the washing of a small faction from the foundation (figure 2.5). 

 

Figure 2.4 Non-woven geotextile. 

 

Figure 2.5 Drainage requirеments. Use of non-woven geotextile in gabion retaining wall. 

2.4.4  Base width. 

The width of the base of the gabion wall for height H from 1 m to 6 m is 

recommended from 0,6 to 0,75 H, and for height above 6 m to 10 m – 0,55-0,65 H and 

meet the requirements of the project [24]. 

Coarse Aggregate Backfill 

Gabion Baskets 
Backfill 

Geotextile Membrane 

Drainage Channel 
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2.4.5 Depth of laying. 

The minimum depth of the bottom wall of the gabions should be not less than 0,5 m 

for level ground at H from 1 m to 6 m, and 1 m for H from 6 m to 10 m (according to IS 

14458 part 1). 

Depth of freezing, shrinkage and soil erosion, presence of seismic activity and water 

washing also influence the depth of laying. Usually, the minimum depth for any design is 

taken 0,5 m. the exception is the construction, which is built on the glass soil. In this case, 

the depth of wall depth can be smaller due to the strength of the base and the complication 

of earthworks. In this case, the depth can be 0,3 m – 0,5 m, and the foundation can be 

leveled by setting up the dowels and concrete foundation [24]. 

2.4.6 Tilt angle 

Regulations recommend to arrange a gabion wall at an angle of 3-6° to the vertical. 

The wall can also be vertical, while arranging for the shift of gabions on the outer side 

(figure 2.6). 

 

Figure 2.6 Gabion wall with angle. 

2.4.7 Density of gabions 

Recommended porosity at filling of gabions – from 35% to 40%. This value can be 

reduced by choosing the size of the mountain rocks and using stone rock and stone crumb 

of a small size, which fills the empties between the stones. 

3-6° 
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2.4.8 Аmount of backfill 

The selected filling must be extended to the intersection of the line 45+φ/2 from the 

toe of the gabion with the horizontal line of the ground surface [according to IRC:78], as 

shown in figure 2.7 [24] 

 

Figure 2.7 Extent of Backfill [24] 

2.5 Methodology of construction and calculation of gravity retaining walls 

2.5.1 Ultimate limit states to check on a wall 

The gabion gravity wall (GGW) should be designed taking into account possible 

schemes of its ultimate limit states, as shown in figure 2.8 [14, 24] 

 

Figure 2.8 Possible schemes of ultimate limit states of gabion gravity wall 

 [available online] 

45+φ/2 
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2.5.2 Design technique 

First, the type and shape of the retaining wall structure is selected, the connection to 

local conditions, assign the basic dimensions of the wall, perform the connection to the 

construction of the saturated saturation. The height of the wall should ensure the stability 

of the upper part of the pour. The width of the gabions that make up it, and the shape of the 

wall is established from the condition of the wall stability against the seam and 

overturning, additionally checked by calculations on the estimation of the bearing capacity 

of the base and on the estimation of the internal stability of the wall [14, 26].  

The external and internal stability of the wall is considered. The external stability of 

the wall is assessed by the resistance to shear, overturning and loss of the bearing capacity 

of the base. The internal stability of the wall is checked by calculating the strength at the 

most dangerous intersections (at the places where the gabions connect to each other). [14]  

2.5.3 The main steps on calculation of gabion underground walls 

The calculation of the gabion retaining wall was carried out according to the 

Canadian manual [25], according to which the design begins with the selection of the base 

dimensions for a typical vertical section of the wall. Then four basic steps should be taken: 

1. Determine the forces acting on the wall. 

2. Check that resisting moment exceeds the overturning moment by a suitable safety 

factor. 

3. Check that sliding resistance exceeds the active horizontal force by a suitable safety 

factor. 

4. Check that the resultant force falls within the middle third of the wall’s base, and 

that the maximum bearing pressure is within the allowable limit. 

These steps are repeated iteratively until a suitable constructive decision is reached, 

which meets all criteria. The stability of the wall should be checked at the base and at each 

step in height [25]. 

2.5.4 Calculated loads 

Calculation of the gabion wall should be performed on the calculated load acting on 

it: constant (from its own weight of the soil and constant evenly distributed load on the 

surface of the filling) and temporary (from vehicles). 
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As shown in figure 2.9, the main forces acting on the walls of the gabions are vertical 

forces from the weight of the gabions and side pressure of the earth acting on the rear 

surface.   

 

Figure 2.9 Gravity wall design: a- stepped front face; b- stepped back face [25] 

If it is necessary to consider other influences, such as transport or seismic loads, then 

calculate them, that is, they should also be included in the analysis. The own weight of one 

linear meter of the wall (Wg) determine the multiplication of the area of cross-section of the 

wall on density of filled gabion. [25] 

2.5.5 Determination of the active pressure of the backfill soil.  

The Coulomb method is used to calculate the active and passive pressure acting on 

the retaining structure. It is assumed that the total resistance of the soil is concentrated 

along the surfaces of forging and destruction, located in the soil mass. The Coulomb 

method assumes that such surfaces are flat and that the pressure acts on the critical surface 

of the destruction. Besides that, this method allows to analyze constructions with non-

vertical inner front side, it also allows to consider possible friction between the support 

structure and the ground. In case of a step-by-step filling to determine the point of 

application of the total active pressure, assume that the parameters of the ground acting on 

the wall are linear in each layer that crosses the force of the active pressure. 

2.5.6 Forces acting on the wall 

The side pressure on the ground is determined by the equality of Coulomb. The force 

of active soil pressure of the Pa (kN/m) on the retaining wall is laid at a distance H/3 from 

the base of the wall.  
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The active force per meter of the soil of the backfill on the back face of the retaining 

wall are determined: 

     Pa =  Kaws H 2 / 2 ,                                             (3.1) 

If an additional load (q) is evenly distributed on the surface of the fill, it can be 

considered as an equivalent layer of soil, which creates an even pressure on the whole 

height of the wall. Then the equinns (3.1) can be modified  as follows: 

Pa =  K a (ws H 2 / 2 + qH )                                        (3.1а)     

The pressure coefficient Ka is:                                                                     (3.2)     

             

𝐾𝑎 =
𝑐𝑜𝑠2(40 − 5)

𝑐𝑜𝑠2  𝑐𝑜𝑠(5 + 5) [1 + √
𝑠𝑖𝑛(40 + 5) 𝑠𝑖𝑛(40 − 20)

𝑐𝑜𝑠(5 + 5) 𝑐𝑜𝑠(20 − 5)
]

2 

The horizontal component of Pa is: 

Ph = Pa cosβ                                            (3.3) 

The vertical component of Pa is usually neglected in calculations, as it reduces the 

moment of overthrowing and increases the sliding resistance. 

2.5.7 External stability of the gabion retaining wall 

The moment of overturning is created by side efforts, acting along the walls of 

gabions. It can overturn the wall if it is not designed properly. The resistance or moments 

of resistance arise because of the own weight of the gabion wall, vertical component of the 

force of pressure on the ground, weight of soil on the benches, load acting on the wall, etc. 

The safety factor against overturning (ratio of overturning and resistance) for a safe 

condition must be more than 2. [14] 

2.5.8 Overturning moment check 

Active forces of soil pressure have a tendency to overturn the wall, and this should be 

properly balanced by the moment of resistance. Using the basic principles of statics, the 

moment of resistance and the moment of overturning are calculated to check the 

overturning of the walls. Both moments are calculated by summing the results of the 

corresponding force on its shoulder (distance perpendicular to the toe of the wall). 
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This check can be expressed as: 

Mr = SFo Mo                                           (3.4) 

Neglecting the friction of the wall, the active pressure of the soil of the backfill acts 

normally to the back face at a distance H/3 from the base. When there is an additional load 

(surcharge), the distance to the total active force above the toe is:                                (3.5) 

𝑑𝑎 =
𝐻(𝐻 + 3𝑞/𝑤𝑠)

3(𝐻 + 2𝑞/𝑤𝑠)
+ 𝐵 sin 𝛽 

Overturning moment: 

Mo = d a Ph                                                             (3.6) 

The weight of the gabion wall (Wg) acts vertically through the center of the weight of 

the area of its cross section. The horizontal distance to this point from the toe of the wall 

(dg) can be obtained from the static moment of the wall areas. In other words, the moments 

about the toe is taken, and then divided into the total area. The moment of resistance is the 

sum of the products of vertical forces or the weight on the unit of length (W) and their 

distance (d) from the toe of the wall (figure 3.10): 

Mr = dW                                                        (3.7) 

For a simple gravity wall, the moment of resistance is completely provided by the 

weight of the wall: 

Mr = dgWg                                                         (3.7а) 

dg={Ax/{A                                                         (3.7b) 

Safety factor against sliding: 

SF
s=Wg / Ph                                                  (3.8) 
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Figure 2.10 Calculation scheme to determine wall resistance to overturning [14] 

Check bearing pressure 

First, it is checked whether the resulting vertical force is within the middle third of 

the base. If (B) means the width of the base, then the eccentricity (e) of the vertical force 

from the middle of the base is equal to: 

 e = B/2 - (M r - Mo)/Wv                                             (3.10) 

So that the resulting force lies in the middle third: 

-B / 6   e   B / 6                                                   (3.11) 

Then the maximum pressure under the base P: 

P = (Wv / B)(1 + 6e / B)                                               (3.12) 

Maximum pressure must not exceed the permissible soil pressure, Pb: 

P   Pb                                                                  (3.13) 

The safety factor must be included in  Pb. 

Note: all formulas and their meanings are taken from the document “Gabion Walls 

Installation Guide. Modular Gabion Systems” [25]. 
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Chapter 3 

3. APPLICATION TO A CASE STUDY AND PARAMETRIC ANALYSIS 

Having studied various literature, we can proceed to the practical case of studying a 

gabion retaining wall. To design a wall, we need to understand what input data we need to 

design. This section describes the data and parameters that we need to adopt to design the 

wall 

In this section, we are going to design a gabion retaining wall, following the basic 

steps described in chapter 2 point 2.5.3. Taking into account the main parameters, we can 

simulate the appearance of our wall and depict it graphically as shown in the figure 3.1. 

Therefore, we are going perform the calculation of the gabion retaining wall manually and 

with the help of a “GAWAC WIN 2003” software package in order to look at the 

differences in one and another approach to the calculation, and choose the best option, 

according to which it is possible to correctly design the gabion wall.  

Manual calculation is carried out according to the Canadian document, which is 

described in the previous section “Gabion Walls Installation Guide. Modular Gabion 

Systems”.  

Also we carry out the software calculation according to the document “Obras de 

contenção. Manual Tecnico”. All information about the calculation according to this theory 

is presented in Annex B. 

Also, in order to choose the best parameters for the designed wall, we will change 

certain parameters in the wall structure to see the effect of certain parameters on the change 

and behavior of our structure. 

 

The following initial data were chosen for the design of the wall (table 3.1): 
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3.1  Given data 

Table 3.1 Initial data for designing the gabion wall. 

SYMBOL NAME OF VALUE VALUE UNIT OF 

MEASURE 

H Wall Height 7 m 

q Surcharge 5 kN/m 

α Backfill slope angle 20 deg 

β Back Face slope angle 5 deg 

φ Soil friction angle 40 deg 

ws Soil density 20 kN/m3 

wg Gabion fill density 18 kN/m3 

Pb Soil bearing pressure 300 kPa 

B Width of the base 4.5 m 

 

 

Figure 3.1: Gabion retaining wall 

 

- soil (sand-gravel); 

- location of the gabion wall (Bragança); 

- filler (granite); 

- porosity of gabion – 30%. 

- Angle of wall friction 5° 
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Figure 3.2 shows the view of the designed retaining wall with the initial data presented in 

the table 3.1 

 

 

Figure 3.2: Designed gabion retaining wall 

 

3.2 Manual calculation 

 

𝐾𝑎 =  
0.671

0.992 × 0.984 [1 + √0.707 × 0.342
0.984 × 0.966]

2 =
0.671

0.976 [1 + √0.241
0.951

]

2  

𝑲𝒂 = 𝟎. 𝟑𝟏 

 According to (3.2); 

𝑃𝑎 = 0.31 (20 ×
72

2
+ 5 × 7) 

 

𝑷𝒂 = 𝟏𝟔𝟐. 𝟕𝟓 

 According to (3.1a); 

𝑃ℎ = 162.75 × 0.996 

𝑷𝒉 = 𝟏𝟔𝟐. 𝟏 
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 According to (3.3); 

da =
7(7 + 3 × 5/20)

3(7 + 2 × 5/20)
+ 4.5 × sin 5 =

54.25

22.5
+ 0.391 = 2.41 + 0.391 

𝐝𝐚 = 𝟐. 𝟖 

 According to (3.5); 

𝑀𝑜 = 2.8 × 162.1 

𝑴𝒐 = 𝟒𝟓𝟑. 𝟗 

 According to (3.6); 

𝑊𝑔 = (4.5 + 4 + 3.5 + 3 + 2.5 + 2 + 1.5) × 18 = 21 × 18 

𝑾𝒈 = 𝟑𝟕𝟖 

𝑑𝑔 = [4.5(2.25 × 0.996 + 0.0436) + 4(2.5 × 0.996 + 0.131) + 3.5(2.75 × 0.996

+ 0.218) + 3(3 × 0.996 + 0.31) + 2.5(3.25 × 0.996 + 0.4) + 2(3.5

× 0.996 + 0.48) + 1.5(3.75 × 0.996 + 0.57)]/21 

𝒅𝒈 = 𝟑. 𝟎𝟖 

 According to (3.7b); 

𝑀𝑟 = 3.08 × 378 

𝑴𝒓 = 𝟏𝟏𝟔𝟒. 𝟐𝟒 

 According to (3.7a); 

𝑆𝐹𝑜 =
1164.24

453.9
 

𝑺𝑭𝒐 = 𝟐. 𝟓𝟔 > 𝟐. 𝟎𝟎 

 According to (3.8); 

𝑆𝐹𝑠 = 𝑡𝑎𝑛 40
378

162.1
= 0.839 × 2.34 

 

𝑺𝑭𝒔 = 𝟏. 𝟗𝟔 > 𝟏. 𝟓 

 According to (3.8a); 

𝑒 =
4.5

2
−

(1164.24 − 453.9)

378
= 2.25 − 1.87 
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𝒆 = 𝟎. 𝟑𝟖 

 According to (3.10); 

−0.75 ≤ 0.38 ≤ 0.75 

 According to (3.11); 

𝑃 = (
378

4.5
) (1 + 6 ×

0.38

4.5
) = 84 × 1.5 

𝑷 = 𝟏𝟐𝟔 

 According to (3.12); 

126 ≤ 300 

 According to (3.13); 

 

All safety factors are within limits. Stability checks at intermediate levels in the walls 

show similar results. V 

Manual calculation was carried out according to the Coulomb principle. 

 

3.3 Calculation using the "Gawac Win 2003" program 

Designing a gabion retaining wall, several calculations were carried out, with change 

of various parameters such as: the angle of inclination of the wall, the porosity of the 

gabions, the offset of the gabion boxes relative to each other, the height (H) and width (B) 

of the gabion boxes, the geotextile on the base. 

All calculations were carried out using the “GAWAC WIN 2003” software package. 

These parameters were taken exclusively in order to see the effect of their change on 

the construction of the wall. Obviously, we can change various parameters and quantities, 

so we will have more information to look at different variations in the design of the 

structure. 
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Table 3.2 Parameters that were changed to compare the influence of different parameters 

on the design of a gabion wall. 

 Parameters that were changed: 

1  

2 - Changed the angle of inclination of the wall from 5° to 6°; 

3 - Changed the porosity of gabions from 30% to 40%; 

- Added geotextile on the base; 

- Friction reduction reduced by 5.00 %;  

4 - Added Layer 8, H- 8.00 m. (original- 7 m.); 

- Length B -  4 m. (original- 4.5 m.); 

5 - Changed the porosity of gabions from 30% to 40%; 

- Added geotextile on the base; 

- Friction reduction reduced by 5.00 %;  

- Added Layer 8, H- 8.00 m. (original- 7 m.); 

- Length B -  4 m. (original- 4.5 m.); 

6 - Changed the porosity of gabions from 30% to 40%; 

- Added geotextile on the base; 

- Friction reduction reduced by 5.00 %;  

- Added Layer 8, H- 8.00 m. (original- 7 m.); 

- Length B -  4 m. (original- 4.5 m.); 

- Changed the angle of inclination of the wall from 5° to 6°; 

7 -The offset of gabion boxes relative to each other was increased from 0.5 m.  

to 0.6 m.; 

8 -The offset of gabion boxes relative to each other was increased from 0.5 m.  

to 0.6 m.; 

- Changed the angle of inclination of the wall from 5° to 6°. 
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RESULTS OF ANALYSIS OF STRUCTURAL STABILITY WITH THE HELP OF THE PROGRAM “GAWAC WIN 2003” 

Table 3.3 Results of analysis of structural stability. 

 

Stability analysis results 1 2 3 4 5 6 7 8 

Active and passive thrust         

Active thrust : 79.14  75.42  79.14  107.29  107.29  101.71  60.84  56.64  

Point of application ref. To x axis 4.68  4.71  4.68  4.21  4.21  4.25  4.87  4.90  

Point of application ref. To y axis 1.88  1.79  1.88  2.24  2.24  2.18  1.83  1.75  

Direction of the thrust ref. To x axis : 33.00  32.00  33.00  33.00  33.00  32.00  28.10  27.10  

Passive thrust : 0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  

Point of application ref. To x axis 0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  

Point of application ref. To y axis 0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  

Direction of the thrust ref. To x axis 0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  

Sliding         

Normal force on the base:  429.47  426.54  375.07  392.41  345.79  341.88  413.97  411.04  

Point of application ref. To x axis : 2.91  2.96  2.89  2.47  2.42  2.47  3.15  3.20  

Point of application ref. To y axis : 0.25 0.31  0.25  0.22  0.21  0.26  0.28  0.34  

Shear force on the base 29.05 19.48  33.81  56.00  60.08  50.80  17.65  7.49  

Resisting force on the base: 360.36  357.91  298.99  329.27  275.64  272.53  347.36  344.90  

Sliding safety coefficient : 6.31 6.69 5.25 4.23 3.55 3.77 7.47 8.11 

Overturning         

Overturning moment :   124.78  114.54 124.78  201.81  201.81  188.34  98.02  87.99  

Restoring moment :  1374.94  1378.52  1207.35  1170.08  1038.09               1033.73  1400.37  1404.03  

Overturning safety coefficient 11.02 12.04 9.68 5.80 5.14 5.49 14.29 15.96 

Stresses acting on found.         

Eccentricity : 0.67  0.73   0.65  0.48  0.43  0.49  0.91  0.97  

Normal stress on outer border 179.55  184.94  154.06  166.90  140.71  146.08  0.00  0.00  

Normal stress on inner border : 1231.39  1239.20  1203.59  1013.21  980.49  991.79  1260.90   1271.24  
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The calculations were analyzed and the change and influence of the above 

parameters on the strength and stability of the wall structure was determined. For the 

general analysis, 2 main values were taken: the safety factor against sliding and the safety 

factor against overturning (the change of all parameters submitted in table 3.4). After that, 

the change was monitored relative to the first basic calculation given in column number 1.  

For better visibility, the analysis of changes in the construction of the wall is presented in a 

percentage ratio. 

 

Table 3.4 The analysis of changes sliding and overturning safety coefficient in the 

construction of the gabion wall. 

 Sliding safety coefficient  Overturning safety coefficient 

1  

2 + 9,25 % + 6 % 

3 - 12,2 % - 16,8 % 

4 - 47,4 % - 33 % 

5 - 53,4 % - 43,8 % 

6 - 50,2 % - 40,3 % 

7 + 29,7 % + 18,4 % 

8 + 44 % + 28,6 % 

 

Calculations with the changed parameters are presented in Appendix A. 

The entire theory that allows to calculate the gabion retaining wall is described in 

Portuguese and is placed in Appendix B. 
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3.4 CALCULATION WITH THE HELP OF THE PROGRAM “GAWAC WIN 

2003” 
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Chapter 4 

4. CONCLUSION AND FUTURE WORKS  

As a result of the work, the method of calculating gabion retaining walls was 

investigated, the wall was calculated manually and with the help of the "GAWAC WIN 

2003" program. 

Every effort has been made to ensure the accuracy and reliability of the information 

presented in manual calculation. Nevertheless, manual calculation in this case did not give 

us accurate conclusions, since this calculation is suitable for the design of ordinary 

concreet retaining walls. Therefore, the next step was to use the software and another 

approach (Terzaghi's), since we have a gabion retaining wall and try to design and 

calculate safety factor. In this case, it is clear why there were deviations in the manual and 

program results. Application of the information must be based on responsible professional 

judgment. 

Based on the obtained calculation results (tables 3.3 and 3.4), it was established that a 

positive effect occurs due to changes in parameters related with increasing wall batter 

inclination and offset relative to each other (2,7,8), which increase the strength of the 

designed retaining wall and the negative impact occurs due to addition parameters related 

with an increasing porosity of gabions; geotextile on the base; friction reduction; an 

additional layer along the height of the wall; reducing the base of the gabion (3,4,5,6), that 

reduces its stability. 

In this case, the wall is negatively affected by a change in the following parameters: 

- Increasing the porosity of gabions. This leads to a decrease in the weight of 

the gabion construction, which in the future may lead to an increase in the 

risk of overturning. In this case we obtained a value in lower procentage;  

- The presence of geotextile on the base. This leads to a decrease in friction, 

which in turn leads to a worse adhesion of the structure to the ground; 

- Increasing the height and decreasing the width of the base almost doubles the 

overturning moment and reduces the anti-sliding coefficient by (47.4%) and 

the overturning coefficient by (33%). This means that the wall structure 

becomes more vulnerable to destruction. 
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The most negative effect on the wall is the change in factors in the 5th calculation. 

which is related with increasing porosity of gabions; addition geotextile on the base ; 

friction reduction; an additional layer along the height of the wall; reducing the base of the 

gabion. 

Changing such parameters as: the angle of inclination of the wall and the offset of 

gabions relative to each other, the pre-section of the wall and the resistance of the structure 

to the ground increases, which in turn increases reliability, increases the safety factor 

against sliding and overturning, and increases the strength of the structure. 

The most positive changes are shown in calculations 7 and 8 where we changed such 

parameters as: offset of gabions relative to each other from 0.5 m to 0.6 m and changed the 

angle of inclination of the wall in a larger direction from 5 deg. to 6 deg. Therefore, to 

improve and increase the reliability of the retaining structure, its internal stability and 

overturning moment, it is important to take into account the change of these parameters. 

Instead of using the tipical theiry of classical concrete retaining walls, its better to use 

the Terzaghi`s principle, according to the manual “Obras de Contenção. Manual Técnico” 

[35], where is presented the corrections to obtain the correct theory how to design a gabion 

retaining wall. My work can serve as the basis, because there is a general information 

about the appearance and application of gabion walls from the beginning of the 

appearance, to the present. 

 In the future work, I propose to conduct calculations according to the theory 

mentioned above in the technical manual and make multicalculation according to the 

example given in the annex. Conduct more analyses to compare the impact on the 

construction of the gabion wall changes of various parameters.  
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