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Abstract 
Soil reinforced walls are a type of retaining walls that does not have a specific way of calculating yet, as 

different methods for calculation exist. External stability is calculated mostly the same way in each 

country, while internal stability has different calculations methods in different countries. The USA uses 

the Simplified Method, the UK and France the Tieback Wedge method and in Germany just a wedge 

stability check is performed. However, it is not clear which guidelines, and as such which calculation 

methods are more conservative than the other. A design in the Ultimate Limit State of a simple reinforced 

soil wall with a traffic surcharge and extensible reinforcement has been done in this thesis, following 

four different countries guidelines (USA, UK, France and Germany). Afterwards overdesign ratios are 

calculated for sliding on the base, vertical bearing capacity, reinforcement rupture and pull-out. It 

became clear that the biggest differences in over design ratios were because of different calculation 

methods and that the partial factors only had a very small role to play, except for sliding on the base. 

Unlike the US, UK and French guidance, the German guideline does not calculate the maximum tensile 

force in each layer. Finally, the Serviceability Limit State is mentioned in all four guidelines but no in-

depth explanation nor calculation method were given in any of the guidelines. 
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Chapter 1 

1. Introduction 
2. This chapter gives a brief introduction to reinforced soil retaining walls; what’s the current 

state of calculation and design, and what methods are used in the USA, UK, France and 

Germany. The motivation and the objectives behind this work are also presented and at 

the end of the chapter, the thesis structure is outlined. 
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1.1. Overview 

Retaining walls have been around since man became sedentary, and the existence of earth pressures 

quickly became clear and ways were sought to reduce them. Evidence of such efforts in two very 

different techniques is to be found in monuments constructed thousands of kilometres apart as early as 

the fourth and third millennia B.C.: one is the insertion of horizontal mats and the other the technique of 

compartments, (Kerisel, 1993). Throughout the years many improvements have been made to construct 

retaining walls, from the classic gravity mass wall to the reinforced soil wall with extensible reinforcement 

that will be discussed in this thesis.  

The reinforced soil wall is not a new idea, but it is a rather undiscussed type of retaining wall, certainly 

in national guidelines. Reinforced soil structures are both economically and technically very 

advantageous over their conventional counterparts, especially under poor soil conditions, and also when 

there are space and property line limitations. Moreover, reinforced soil structures provide numerous 

other indirect savings and conveniences, such as speedy construction time, ease in construction 

methods and graceful appearance (Durukan et al., 1992).  

Despite all this, there is not a standard method for designing reinforced soil retaining walls, and various 

methods have been developed and are still being developed, some more conservative than the others. 

All methods appear to take the same approach in checking both the external and internal stability of the 

reinforced soil mass. For external stability, design guidelines use the same calculations, for internal 

stability, the design guidelines use a variety of differing approaches to evaluate the reinforcement 

requirements, it will be seen that the USA uses the Simplified Method, the UK and France use the 

Tieback Wedge method, and German guidance requires a wedge stability check to find the most critical 

slip plane. 

1.2. Motivation and Contents 

This work aims to compare national guidelines from four countries (USA, UK, France and Germany), so 

that differences in calculation methods and partial factors can be examined. It will also become clear 

where the national guidelines lack explanation or equations, and where the biggest differences in the 

designs (benchmarked through the over design ratio, ODR) are. All of this will give insight into which 

guidelines, and as such which methods are more conservative. In this thesis, a simple retaining wall, 

with a traffic surcharge and extensible reinforcement, will be designed following the four different 

national guidelines. The following Ultimate Limit States were then compared through the ODR: 

• External stability: Sliding on the base 

• External stability: Vertical bearing capacity 

• Internal stability: Rupture of reinforcement 

• Internal stability: Pull-out of reinforcement 
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An overview will also be given of the different partial factors, so they can be compared. As well as a 

summary of all calculations and checks mentioned in the guidelines. 

1.3. Structure of the Thesis 

This thesis is composed of five main chapters which are ordered as follows: 

1. Introduction 

2. Gravity Retaining walls 

3. Calculation methods for soil retaining walls 

4. Calculation data and results 

5. Analysis of the results 

6. Conclusions 

In Chapter 1, a general overview of the history of soil retaining walls and their design has been 

presented. Chapter 2 and 3, constitute the literature review of the thesis, where the lateral earth pressure 

is explained following the Coulomb Theory. A small summary of gravity walls is given as well as an 

explanation of the three different calculation methods used in the national guidelines, which are 

necessary to understand the calculations done later in the thesis. In Chapter 4, a simple retaining wall 

is calculated in the Ultimate Limit State, following the four national guidelines. In Chapter 5, a summary 

of the partial factors is presented, as well as four different overdesign ratios and a summary of the 

calculations mentioned in the guidelines. The reason for the differences in overdesign ratios is also 

discussed in this Chapter. Finally, in Chapter 6, conclusions are drawn and the recommendations for 

future developments are made. 
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Chapter 2 

2. Gravity Retaining Walls 
3. This chapter explains the lateral earth pressure, calculated according to the Coulomb Theory, 

which is the main pressure retaining walls need to resist. It also gives a small summary of 

Gravity walls, one of which is the soil reinforced wall discussed in this thesis. 
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2.1. Introduction 

This chapter will explain the Coulomb Theory for calculating the coefficient of lateral earth pressure, K, 

both active and passive, and as such the lateral earth pressure. K, is defined as the ratio of the horizontal 

effective stress, σ’h, to the vertical effective stress, σ’v. The coefficient of lateral earth pressure, according 

to Coulomb, is a function of the internal friction angle of the soil (ϕ), the slope of the backfill (β), the angle 

of the back of the retaining wall (α) and the friction angle between soil and back of retaining wall (δ). Bell 

later developed an analytical solution for the contribution of the soil cohesion to the overall resulting 

pressure. Wall stability will also be explained. 

Some examples of gravity walls will be described, including soil reinforced walls which this thesis 

discusses.  

2.2. Gravity Walls 

2.2.1. Principle 

There are three types of lateral earth pressure: 

• Active pressure: when the retaining wall is moving away from the soil, K = Ka 

• Passive pressure: when retaining wall is moving into the soil, K = Kp 

• At-rest pressure: which represents the undisturbed stress state in the, K = K0 

Coulomb used limit equilibrium theory, which considers the failing soil block as a free body, in order to 

determine the limiting horizontal earth pressure. The limiting horizontal pressures at failure in extension 

or compression are used to determine the Ka and Kp respectively. Since the failure surface is uncertain, 

multiple failure surfaces need to be analysed to identify the critical failure surface. Later the equations 

were extended to account for wall friction, δ, by Mayniel. These equations were then further generalized 

for a non-horizontal backfill and a non-vertical soil-wall interface, by Müller-Breslau, (En.wikipedia.org, 

2018). 

 

Figure 1: Assumed conditions for failure in Coulomb earth pressure theory (n.d.) 
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In accordance with Figure 1, the coulomb active (Ka) and passive (Kp) earth pressure coefficients 

can be formulated: 

𝐾𝑎 =  
sin ²(𝛼+𝜙)

𝑠𝑖𝑛²𝛼sin (𝛼−𝛿)(1+√
sin(𝜙+𝛿) sin(𝜙+𝛽)

sin(𝛼+𝛿) sin(𝛼+𝛽)
)

           [2-1] 

𝐾𝑎 =  
sin ²(𝛼−𝜙)

𝑠𝑖𝑛²𝛼sin (𝛼+𝛿)(1−√
sin(𝜙+𝛿) sin(𝜙+𝛽)

sin(𝛼+𝛿) sin(𝛼+𝛽)
)

           [2-2] 

Where: 

’ is the angle of shearing resistance of the retained soil 

β is the slope of the backfill 

α is the angle of the back of the retaining wall 

δ is the friction angle between the soil and the back of the retaining wall 

For soils with cohesion, Bell developed an analytical solution that uses the square root of the pressure 

coefficient to predict the cohesion’s contribution to the overall resulting pressure. The following 

equations represent the total lateral earth pressure. The first term represents the non-cohesive 

contribution and the second term the cohesive contribution. The first equation is for the active earth 

pressure condition and the second for the passive earth pressure condition, (En.wikipedia.org, 2018).  

𝜎ℎ =  𝐾𝑎𝜎𝑣 − 2𝑐√𝐾𝑎             [2-3] 

𝜎ℎ =  𝐾𝑝𝜎𝑣 + 2𝑐√𝐾𝑝             [2-4] 

Rankine’s theory simplifies these equations, in the assumption that the soil cohesionless, the wall is 

frictionless, the soil-wall interface is vertical, the failure surface on which the soil moves is planar, and 

the resultant force is angled parallel to the backfill surface. For an inclination angle of β=0, the Coulomb 

equations simplify to, (En.wikipedia.org, 2018) : 

𝐾𝑎 = tan²(45 −
𝜙

2
)             [2-5] 

𝐾𝑝 = tan²(45 +
𝜙

2
)             [2-6] 

The failure of gravity walls is defined by four different failures calculated in the Ultimate Limit state, and 

excessive movement is limited in the Serviceability Limit State. The four different failures calculated in 

the Ultimate Limit State are: 

• Sliding along the base of the wall 

• Vertical bearing capacity 

• Overturning 

• Global failure 

These are all discussed in Chapter 3. 
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2.2.2 Mass Gravity Wall 

A retaining wall that relies solely on its own weight to remain stable is called a mass gravity wall. They 

may have a ‘batter’ setback to improve stability by leaning back towards the retained soil. They can pivot 

and topple relatively easily, as the internal leverage of the earth pressure is very high. Figure 2 shows 

an example of a small gravity wall to hold back a hillside. 

 

Figure 2: Gravity wall in Saranac Lake, NY, USA (https://www.redi-rock.com/cobblestone-
masonry-restoration-segmented-retaining-wall-system-new-york.htm) 

2.2.3. Cantilevered Gravity Wall 

A cantilevered wall mostly has an inverted-T or L shape, they are made from reinforced concrete, precast 

concrete or cast-in-place concrete. It works on the principles of leverage, as it converts horizontal 

pressures from behind the wall to vertical pressures on the ground below. It uses much less material 

than a mass gravity wall as it does not solely depend on its mass to withstand the lateral earth pressure. 

Figure 3 shows the cross section of a cantilevered gravity wall and Figure 4 shows the construction of 

a cantilevered gravity wall. 
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Figure 3: Principle of a Cantilevered Concrete Retaining Wall (InterNACHI, 2009) 

 

Figure 4: Construction of a cantilevered pre-cast retaining wall, 
(http://www.ultimateconcrete.co.nz/products.php?id=31) 

2.2.4. Reinforced soil walls 

Mechanically stabilized earth (MSE), or reinforced soil, is soil constructed with artificial reinforcement 

embedded in the fill. For the reinforcement elements, either steel or polymer (geosynthetics/geogrid) 

can be used. It retains soil by using a wall face that can tolerate some differential movement, and 

reinforcement connected to that wall face. In between the reinforcement layers is soil, this entire mass 

along with the facing forms the wall.  

A reinforced soil wall is quicker and easier to install than conventional reinforced concrete walls. They 

are constructed in layers, and each layer is structurally sound as it is laid, so it does not need external 

support. They also have a high seismic load resistance because they are more flexible than other 

retaining walls. Figure 5 shows the cross section of a reinforced soil wall and Figure 6 shows a 

construction example in India. 
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Figure 5: Principle of a reinforced soil retaining wall (CSI, 2013)  

 

Figure 6: Soil retaining wall in India for the National Highways Authority of India by Garware-
Wall Ropes (Garware-Wall Ropes, n.d.) 
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Chapter 3 

3. Calculation Methods for Soil 

Retaining Walls 
This chapter provides an overview of the different methods used in the USA, UK, French and German 

guidelines, both for external and internal stability. It touches the Serviceability Limit State for each 

guideline as well, as the calculations are mentioned but no equations or in-depth explanation is given.  
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3.1. General introduction 

There are methods that can be used for calculating the stability of reinforced soil walls and these will be 

summarised in the literature study below. As this thesis focuses on extensible reinforcement, the main 

focus will be on methods for designing reinforced soil walls with this type of reinforcement. The 

summaries for each method are written to help explain the equations and subjects discussed in Chapter 

4. If a more in-depth explanation is needed the original papers can be referred to. For future reference, 

the USA uses the FHWA: Design and Construction of Mechanically Stabilized Earth Walls and 

Reinforced slopes (2009), the UK uses BS8006-1 (2016), France uses NF P94-270 (2009) however this 

is for inextensible reinforcement but partial factors for extensible reinforcement are given and Germany 

uses EBGEO: Recommendations for Design and Analysis of Earth Structures using Geosynthetic 

reinforcements (2011). The French guideline uses the same partial factors as in Eurocode 7 (2004), 

using Design Approach 2. The German guideline does this as well, except for a differing partial factor 

for tan ϕ’. 

Generally, the design of reinforced soil walls examines two sets of collapse mechanisms, i.e. those 

affecting internal and external failure. There are four external failure mechanisms in the Ultimate Limit 

State which are: 

• Sliding on the base of the reinforced soil block (ULS) 

• Overturning (ULS) 

• Bearing capacity failure (ULS) 

• Deep seated (Global) failure (ULS) 

For internal failure, there are two mechanisms to be considered: 

• Breakage or excessive elongation of reinforcements (ULS) 

• Reinforcement pull-out (ULS) 

Both modes of internal failure are analysed using the maximum tensile forces line, as this line is 

assumed to also define the most critical potential internal slip surface. The length of the reinforcement 

extending beyond this line will thus be the available pull-out length.  

In the following, the approach taken to check the external stability is described as well as the different 

methods for checking internal stability. However, note that it will only be checking the Ultimate Limit 

State, as checking Service Limit State is only mentioned briefly in all four guidelines and as such no 

equations or checks were given. There will be a section for each country for the calculations in the 

Service Limit State that are mentioned. These mainly handles position of the bearing resultant, 

deformation of the structure and settlement in the contact zone.   



13 

3.2. External stability 

The method for checking the external stability is the same in each of the four countries that will be 

discussed. However, there can be differences in the assumptions made about the acting forces. There 

are also differences in the way that sliding and bearing on the foundation are checked. As well as if 

vertical load eccentricity is checked or not. The results, partial load factors and analysis of failure will be 

discussed in Chapter 4. 

3.2.1. Forces acting on the reinforced soil mass 

Figure 7 illustrates the forces acting on the reinforced soil wall. The assumptions made about the forces 

are the same in the USA, UK and France. However Germany makes a different assumption and this will 

be explained in a separate section. 

 

Figure 7: External analysis: nominal earth pressures; horizontal backslope with traffic 
surcharge, Berg et al (2009) 
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All of the following equations are only true for a near vertical wall (batter of less than 10 degrees from 

vertical) with a horizontal backslope. 

The active coefficient of earth pressure, Kab, calculated using Rankines formula: 

𝐾𝑎𝑏 =  tan²(45 − 𝜙𝑏 2)⁄                [3-1] 

Where ϕb is the angle of shearing resistance of the backfill. 

In Germany, the horizontal component of earth pressure is calculated by: 

𝐾𝑎ℎ,𝑘 =
cos² 𝜙𝑏

[1+√
sin(𝜙𝑏+ 𝛿𝑏)∗sin 𝛿𝑏 

cos 𝛿𝑏
]

2            [3-2] 

 

Where the wall friction angle, 

𝛿𝑏 = (2
3⁄ ) ∗ 𝜙𝑏              [3-3] 

i.e. friction between the retained soil and the reinforced soil is considered, while in the other methods it 

is 0. 

The characteristic earth pressure from soil dead weight: 

𝐹1 =  𝐸𝑎𝑔ℎ,𝑘 = 0.5 ∗  𝐾𝑎𝑏 ∗  ϒ𝑏 ∗ 𝐻²           [3-4] 

Where ϒb is the unit weight of the retained back fill. 

The characteristic earth pressure from variable load: 

𝐹2 =  𝐸𝑎𝑝ℎ,𝑘 =  𝐾𝑎𝑏 ∗ 𝑞 ∗ 𝐻            [3-5] 

Where q is the traffic load. 

The characteristic action from dead weight: 

𝑉1 = 𝐺𝑘 =  ϒ𝑟 ∗ 𝐻 ∗ 𝐿             [3-6] 

Where ϒr is the unit weight of the reinforced soil. 
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Germany 

The German guideline assumes that there are vertical and horizontal components to the earth 

pressures from the soil dead weight and the variable load, instead of only a horizontal component in 

the other guidelines. 

 

Figure 8: Acting forces following German guidelines, EBGEO (2011) 

This assumptions gives two more acting forces, Eaghv,k and Eapv,k . Which are calculated by using the 

following equations: 

𝐸𝑎𝑔𝑣,𝑘 =  𝐸𝑎𝑔ℎ,𝑘 ∗ tan(𝛿 − 𝛼)            [3-7] 

𝐸𝑎𝑝𝑣,𝑘 =  𝐸𝑎𝑝ℎ,𝑘 ∗ tan(𝛿 − 𝛼)            [3-8] 

With α=0 because a vertical wall is discussed 

3.2.2. Sliding on the base of the reinforced soil block 

The sliding force is calculated the same way in each country by taking the sum of the horizontally acting 

forces and multiplying both of them with their respective partial load factor: 

𝑃𝑑 =  𝐹1 ∗  ϒ𝐸𝐻 +  𝐹2 ∗ ϒ𝐿𝑆            [3-9] 

With ϒEH the partial load factor for the horizontal load and ϒLS the partial load factor for the surcharge. 

For calculating the sliding force, the horizontal forces are seen as unfavourable and will have values 

higher than one. The actual values are mentioned and used in Chapter 3. 

For the resisting force, ∑V is calculated where the vertical force is minimized. The analysis of these 

forces is different in each country, so each country’s analysis of sliding failure will be discussed in 

Chapter 4. 
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3.2.3. Bearing capacity failure 

Calculating the vertical forces acting on the foundation is the same in the USA and UK. France does not 

use a Meyerhof-type distribution but just the summation of all vertical forces. Germany also just takes 

the summation of all vertical forces but there are two extra vertical forces. The way the nominal bearing 

resistance of the ground is calculated is the same in the USA and the UK but different in France and 

Germany. Please note that each country has its own way of analysing these forces, and this will be 

discussed in Chapter 4. 

The uniform vertical pressure, calculated with the uniform Meyerhof-type distribution, is: 

𝜎𝑣 =  
∑𝑉

𝐿−2𝑒
             [3-10] 

Where: 

∑V= summation of all vertical forces 

L = Width of foundation, equal to reinforcement length 

e = eccentricity for bearing calculation 

The eccentricity is calculated as followed, see Figure 1: 

𝑒 =  
ϒ𝐸𝐻∗𝐹1∗(𝐻

3⁄ )+ ϒ𝐿𝑆∗𝐹2∗(𝐻
2⁄ )

ϒ𝐸𝑉∗𝑉1+ϒ𝐿𝑆∗𝑞∗𝐿
          [3-11] 

And where the summation of all vertical forces is: 

∑𝑉 =  ϒ𝐸𝑉 ∗ 𝑉1 +  ϒ𝐿𝑆 ∗ 𝑞 ∗ 𝐿          [3-12] 

With ϒEH the partial load factor for the horizontal load, ϒLS the partial load factor for the surcharge and 

ϒEV the partial load factor for the vertical load. For calculating the bearing capacity forces, the acting 

forces are seen as unfavourable and will have values higher than one. The actual values are mentioned 

and used in Chapter Four. 
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The nominal bearing resistance for a level grade soil retaining wall with no groundwater influence is 

calculated by: 

𝑞𝑛 =  𝑐𝑓 ∗ 𝑁𝑐 + 𝑖𝑏 ∗ (𝐿 − 2𝑒) ∗ ϒ𝑓 ∗ 𝑁ϒ         [3-13] 

Where: 

ib is the inclination factor which is assumed to be 0,5 

cf = cohesion of foundation soil 

ϒf = the unit weight of the foundation soil 

Nc and Nϒ = dimensionless bearing capacity coefficients 

L = foundation width equal to reinforcement length 

e = eccentricity 

The bearing capacity coefficients can be taken from Table 1. 

Table 1: Bearing resistance factors, AASHTO (2007) 

 

The bearing capacity factor is Nγ=2(Nq-1)*tan ϕ’f, which is the formulation given by Vesic (1975). This 

is equivalent to the approach suggested in Annex D of Eurocode 7.  
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Germany forces acting on foundation 

The forces relevant to determining the position of the bearing pressure resultant are shown in the figure 

below: 

 

Figure 9: Distribution of forces for the position of the bearing pressure resultant, EBGEO 
(2011) 

𝑒 =  
𝑀𝑘

𝑁𝑘
             [3-14] 

𝑀𝑘 =  (𝐸𝑎𝑔ℎ,𝑘 ∗
𝐻

3
) + (𝐸𝑎𝑝ℎ,𝑘 ∗

𝐻

2
) − (𝐸𝑎𝑔𝑣,𝑘 ∗

𝐵

2
) − (𝐸𝑎𝑝𝑣,𝑘 ∗

𝐵

2
)      [3-15] 

Note: B = L = Length of the reinforcement 

𝑁𝑘 =  𝐺𝑘 + 𝑝𝑘 ∗ 𝐵 +  𝐸𝑎𝑔𝑣,𝑘 + 𝐸𝑎𝑝𝑣,𝑘         [3-16] 

The design value of the effect normal to the foundation base is calculated by: 

𝑁𝑑 =  ϒ𝐸𝑉 ∗ (𝐸𝑎𝑔𝑣,𝑘 + 𝐺𝑘) +  ϒ𝐿𝑆 ∗ (𝐵 ∗ 𝑝𝑘 + 𝐸𝑎𝑝𝑣,𝑘)       [3-17] 

With ϒLS the partial load factor for the surcharge and ϒEV the partial load factor for the vertical load. For 

calculating the bearing capacity forces the acting forces are seen as unfavourable and will have values 

higher than one. The actual values are mentioned and used in Chapter 4. 
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Germany and France: Bearing resistance 

The following equations are found in the Recommendations for Design and Analysis of Earth Structures 

using Geosynthetic Reinforcements by EBGEO (2011). 

The bearing resistance design value, Rn,d (similar to qn from equation 3-12) equals: 

𝑅𝑛,𝑘 = (𝐿 − 2𝑒) ∗ (ϒ𝑓 ∗ (𝐿 − 2𝑒) ∗ 𝑁𝑏0 ∗ 𝑖𝑏        [3-18] 

Please note that this equation is only valid if there is no cohesion, depth, ground or base inclination that 

needs to be adopted. 

For France, equation 3-11 is used for calculating the eccentricity, for Germany equation 3-14 is used. 

Determining bearing capacity coefficients: 

𝑁𝑑0 = 𝑒π∗tan 𝜙′𝑓 ∗ tan² (45 +  
𝜙′

𝑓

2
) = 𝑁𝑞         [3-19] 

𝑁𝑏0 = (𝑁𝑑0 − 1) ∗ tan 𝜙′𝑓 = 𝑁𝛾          [3-20] 

Determining load inclination coefficients: 

𝑖𝑏 = (1 − tan 𝛿)𝑚+1           [3-21] 

With: 

m=2 (cf. DIN 4017, Section 7.2.4) 

tan 𝛿 =  
𝐸𝑎𝑔ℎ,𝑘+𝐸𝑎𝑝ℎ,𝑘

𝐸𝑎𝑔𝑣,𝑘+ 𝐸𝑎𝑝𝑣,𝑘+𝐺𝑘+𝑞∗𝐿
          [3-22] 

 

3.2.4. Overturning 

Overturning is only checked in the USA and in Germany. For both, this translates to calculating the 

eccentricity of the bearing pressure resultant and analysing the result. This will be discussed further in 

Chapter 4. For the USA, the eccentricity can be calculated by using equation 3-11, however attention 

has to be paid to the partial load factors as for the checking of overturning there is a different load case. 

For Germany, equation 3-14 can be used. The EC7 approach used in the German guideline differs from 

the EC7 EQUilibrium verification used for gravity walls, in that the actions are not factored (all equal to 

1,0) 

3.2.5. Global failure 

Global failure occurs when the wall slides on failure planes passing behind and under the reinforced 

zone. Analyses can be performed using a classical slope stability analysis method with standard slope 

stability computer programs. This will not be done in this thesis.  
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3.3. Internal stability 

3.3.1. Introduction 

In this section, the three main calculation methods that are used in the four guidelines will be discussed. 

The USA uses the Simplified method, which uses parts of the Structure stiffness method developed by 

Christopher et al (1990). The UK and France use the Tieback Wedge method, originally developed by 

Bell et al. (1975) and the Steward et al. (1977). Both of these methods calculate the maximum tensile 

force (Tmax or Tj) per reinforcement layer. The critical  slip surface in a simple reinforced soil wall, i.e. a 

wall with a vertical face and horizontal backfill, is assumed to coincide with the locus of the maximum 

tensile force, Tmax in each layer. This critical slip surface is assumed to be a Rankine failure surface for 

extensible reinforcement. The German guideline considers all possible slip planes and the most 

unfavourable mechanism is investigated by doing a wedge stability check. It does however not check 

the local stability of each layer but rather the entire internal stability.  

3.3.2. Structure Stiffness Method and the Simplified method 

The Simplified method was developed by Allen et al (2001). It is an attempt to combine the best and 

simplest features of the Coherent Gravity Method, the Tieback Wedge Method and the Structure 

stiffness method, as all these three methods have a similar way to calculate Tmax. The result was a single 

Kr/Ka curve for each reinforcement type based on reinforcement type alone. It does however use the 

exact same equations as the Structure Stiffness method, except for the Kr/Ka curve. So in the following 

section the Structure Stiffness method will be explained, and it will be made clear where the Simplified 

Method differs. 

The Structure Stiffness Method, Christopher et al (1990), was developed, following a large FHWA 

research project in which multiple full-scale soil retaining walls were constructed and monitored. 

Christopher et al. (1990) discusses design and construction guidelines for reinforced soil walls. The 

following figures are only valid for a wall with a vertical face and horizontal backfill surface. 

Generally the maximum tensile force in the reinforcement is located some distance behind the facing, 

Figure 10 and is located where the shear stresses exerted on the reinforcement by the fill reverse 

direction as shown. 
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The maximum tensile forces line, which is drawn through the different maximum tensile force points in 

each of the reinforcement, separates the reinforced fill into two zones. There is an active zone and a 

resistant zone, Figure 17. In the active zone, the shear stresses on the reinforcement are directed 

towards the wall face. The shear stresses on the reinforcement in the resistant zone are directed away 

from the wall face. The tensile force generated in the reinforcement by the soil in the active zone is 

transferred through the reinforcement back to the soil in the resistant zone to stabilise the soil mass.  

Depending on the extensibility of the reinforcement and the global stiffness of the facing, the location of 

the maximum tensile forces line can vary. Figure 11 shows the location for inextensible reinforcements 

and Figure 12 for extensible reinforcements.  

 

 

Figure 10: Maximum tensile forces line – General case, Christopher et al. (1990) 

 

Figure 11: Maximum tensile forces line – Inextensible reinforcement, Christopher et al. 
(1990) 
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The different steps in the calculation process using the Structure Stiffness Method will now be presented. 

The first step is to calculate the maximum tensile forces Tmax, developed along the potential failure line 

in each of the reinforcements. 

First, the horizontal stresses σh are calculated along the potential failure line.  

𝜎ℎ = 𝐾 ∗ ((ϒ𝑟 ∗ 𝑍 + 𝑞) ∗ ϒ𝐸𝑉 + ∆σ𝑣 ∗ ϒ𝐸𝑆) + ∆σℎ ∗ ϒ𝐸𝑆       [3-23] 

where K = K(z) and is based on Figure 13, on which we can see that different equations need to be 

used above and below 6 m depth:  

𝑍 ≤ 6 𝑚:  𝐾 = 𝐾𝑎(Ω1 (1 + 0.4 
𝑆𝑟

47880
) (1 −

𝑍

6
) + Ω2

𝑍

6
        [3-24]  

Z > 6m:  𝐾 = 𝐾𝑎Ω2           [3-25] 

Sr is the global reinforcement stiffness factor, which for geosynthetic reinforcement equals: 

𝑆𝑟 =
𝐽∗𝑅𝑐

(𝐻 𝑛)⁄
             [3-26] 

J is the modulus of geosynthetic, usually determined from wide width test as secant modulus at 5% 

strain which equals to: 

 J = ( T at 5% ε)/(0.05)           [3-27] 

Rc is the coverage ratio b/SH , b is the gross width of the reinforcing element, and SH is the centre-to-

centre horizontal spacing between reinforcements.   

  

 

Figure 12: Maximum tensile forces line – Extensible reinforcement, Christopher et al. (1990) 
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Ka is the Rankine active lateral earth pressure coefficient:  

𝐾𝑎 =  𝑡𝑎𝑛2(45 + 𝜙𝑟 2)⁄             [3-28] 

𝜙r is the peak angle of shearing resistance of the reinforced backfill. This equation is only for horizontal 

retained ground surfaces and vertical walls, an expression for sloped retained ground is mentioned in 

Christopher et al (1990) but won’t be used here. 

1 is a dimensionless coefficient equal to 1.0 for strip and sheet reinforcements or 1.5 for grids and 

welded wire mats, 2 is a dimensionless coefficient equal to 1.0 if Sr is less than or equal to 47880 kPa 

or equal to 1, if Sr is greater than 47880 kPa. 

γEV and γES are partial load factors that will be discussed in Chapter 4. 

 

  

 

Figure 13: Variation of the stress ratio K with depth, Christopher et al. (1990) 
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However, this is where the Simplified Method makes a change. A new graph for the variation of the 

stress ratio K with depth was made as seen on Figure 14. Instead of using equations 3-23 till 3-26, Kr/Ka 

is determined directly from Figure 8. With Ka determined by equation 3-17. 

 

Figure 14: Determination of Kr/Ka for the Simplified Method (After AASHTO, 1999), by Allen et al 
(2001) 

The reason why the ratio for inextensible reinforcement is higher than one is because these types of 

reinforcements are assumed to prevent the development of a minimum active earth pressure condition. 

Thus resulting in higher Kr values. The higher Kr values are to accommodate for higher horizontal earth 

pressures above a depth of 6m. 

For this thesis this means that Ka=Kr=K because only extensible reinforcements are considered.  
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∆σv is the increment of vertical stress due to concentrated vertical loads using a 2V:1H pyramidal 

distribution as shown in Figure 15. 

 

∆σh is the increment of horizontal stress due to horizontal concentrated surcharges. However this factor 

isn’t needed for this thesis so it will not be explained. Neither is the replacement of ∆σv in case of a 

sloping surface.  

When σh has been found, the maximum tension per unit length along the wall in each reinforcement 

layer, Tmax, can be calculated:  

𝑇𝑚𝑎𝑥 = 𝑆𝑣 ∗ σℎ            [3-29] 

This allows the required tensile capacity to be determined for the reinforcement to be used. Once Tmax 

has been calculated several conditions have to be checked, to confirm the reinforcement is sufficient. 

Sv is the vertical spacing between the reinforcement layers. This can be set depending on different 

factors, for example, if you use a segmental block/panel facing it will be the multiples of the height of the 

facing blocks.  

The first condition is the internal stability with respect to breakage, which requires that: 

𝑇𝑚𝑎𝑥 ≤  𝑇𝑟𝑅𝑐            [3-30] 

Tr = ϕ*Tal             [3-31] 

Where the allowable tension force per unit width of the reinforcement, Tal can be found in the technical 

sheets of the reinforcement and is provided by the manufacturer, please be aware of any partial factors 

that need to be applied specified by the manufacturer,  

  

 

Figure 15: Distribution of Stress from Concentrated Vertical Load Pv, Christopher et al. 
(1990) 
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which are:  

RFID: Installation Damage Reduction Factor. A reduction factor that accounts for the damaging effects 

of placement and compaction of soil or aggregate over the geosynthetic during installation. 

RFCR: Creep Reduction Factor. A reduction factor that accounts for the effect of creep resulting from 

long-term sustained tensile load applied to the geosynthetic. 

RFD: Durability Reduction Factor. A reduction factor that accounts for the strength loss caused by 

chemical degradation (aging) of the polymer used in the geosynthetic reinforcement (e.g., oxidation of 

polyolefins, hydrolysis of polyesters, etc.). 

φ is a resistance factor and will be specified in chapter 3.  

The connection of the reinforcements with the facing also needs to be checked, Tconn. It cannot be 

greater than the allowable tensile strength of the connection. This will depend on the structural 

characteristics of the facing system used. This value can be found in the technical sheets of the facing 

system and needs to be multiplied by the same resistance factor as used in equation 3-30. 

𝑇𝑚𝑎𝑥 < 𝜙 ∗ 𝑇𝑐𝑜𝑛𝑛            [3-32] 

The second condition is the internal stability with respect to pull-out failure.  

𝑇𝑚𝑎𝑥 ≤ ϕ (𝐹∗ ∝ 𝛾𝑟𝑧′𝐿𝑒𝐶)𝑅𝑐          [3-33] 

With: 

𝜙 is the resistance factor for soil reinforcement pull-out, 

C is 2 for strip, grid and sheet type reinforcement and π for circular bar reinforcements, 

F* is the pull-out resistance factor, 

α is the scale effect correction factor, 

𝛾𝑟𝑧′ is the overburden pressure including distributed surcharges, 

Le is the length of embedment in the resisting zone. 

So we can single out the required embedment length in the resistance zone (beyond the potential failure 

surface): 

𝐿𝑒 ≥
𝑇𝑚𝑎𝑥

𝜙∗𝐶∗𝐹∗∝𝛾𝑧′𝑅𝐶
           [3-34] 

If the criterion isn’t satisfied for all the reinforcement layers, the length has to be increased and/or 

reinforcement with a greater pull-out resistance per unit width must be used. 

The third condition is the variation of reinforcement strength and spacing, which means using different 

types of geogrid, with different strength parameters, and changing the spacing in between them for 

example. However doing this increases the complexity of the reinforced backfill. So there needs to be a 

consideration as to whether the increased complexity is worth it, even if it’s more economical. Most of 
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the times it is more economical, because using the same reinforcement and spacing usually gives an 

excess near the top of the wall. 

For extensible reinforcements, which are more planar (like geotextiles or geogrids), the most common 

way of varying the density is to change the vertical spacing Sv.  

 

As can be seen in Figure 16, the spacing can be variable. The calculated line (Tmax/Sv) is actually just 

σh which is calculated in the very first step. So when this line is plotted, different spacings (the vertical 

lines) can be visually checked if they are allowed, by checking if they don’t intersect the σh line. 

Thus economically speaking, it’s better to first calculate σh and plot the line so a variation of Sv can be 

chosen. Then continue with the other steps. 

The discussion above refers to gravity loading only, however, in many countries, stability with respect 

to seismic loading also needs to be checked. The guidance from France, Germany and the UK does not 

cover this aspect however the FHWA guide from the USA does. In this guidance, the seismic loading is 

considered to induce an internal inertia force PIR acting horizontally on the active zone, in addition to the 

existing static forces. This force will lead to incremental dynamic increase in the maximum tensile forces 

in the reinforcements. With the assumption that the maximum tensile force line doesn’t change during 

seismic loading, this calculation is conservative relative to reinforcement rupture and acceptable for pull-

out resistance. The evaluation made in this thesis will not consider seismic loading. 

 

 

 

Figure 16: Planar reinforcement density versus height: extensible reinforcement, 
Christopher et al. (1990) 
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3.3.3. Tieback Wedge Method 

The Tieback Wedge Method was originally developed by Bell et al. (1975) and Steward et al. (1977). 

The way it calculates Tmax is similar to the Simplified Method, however it does not use a graph to 

calculate Kr but uses Ka directly (which for geogrid reinforcements is the same). This method is used in 

both the UK and French guideline. Please note that the UK and France both assume a Meyerhof-type 

distribution for the vertical pressure on the layers while the original method does not. 

The maximum ultimate limit state tensile force Tj (which is the same as Tmax in each layer) to be resisted 

by the jth layer of elements at a depth of hj, below the top of the structure, may be obtained from the 

summation of the appropriate forces as follows, see Figure 17: 

 

Figure 17: Stability – Effects to be considered, by BSI (2016) 

𝑇𝑗 = 𝑇𝑝𝑗 + 𝑇𝑠𝑗 + 𝑇𝑓𝑗   for frictional fill        [3-35] 

And 

𝑇𝑗 = 𝑇𝑝𝑗 + 𝑇𝑠𝑗 + 𝑇𝑓𝑗 − 𝑇𝑐𝑗 for cohesive frictional fill      [3-36] 

Tpj and Tsj will be discussed as they also were in the section of the Simplified Method, Tfj (result of a 

horizontal shear applied to a strip contact area on top of the wall) and Tcj (the effect of cohesion on force) 

are not considered in this thesis. For these equations, please refer to the BS 8006-1:2010+A1:2016, 

BSI (2016).  

Vertical loading due to self-weight of fill plus any surcharge and bending moment caused by external 

loading acting on the wall as shown in Figure 18. 
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Figure 18: Stresses imposed due to self-weight, surcharge and retained backfill, by BSI (2016) 

𝑇𝑝𝑗 = 𝐾𝑎 ∗ 𝜎𝑣𝑗 ∗ 𝑆𝑣𝑗           [3-37] 

Where 

Tpj is the tensile force per metre “run” 

Ka is the coefficient of earth pressure within the reinforced volume, see equation 3-28 

σvj is the factored vertical stress acting on the jth level of reinforcements according to the Meyerhof 

distribution 

Svj is the vertical spacing of reinforcements at the jth level in the wall 

𝜎𝑣𝑗 =  
𝑅𝑣𝑗

𝐿𝑗−2𝑒𝑗
            [3-38] 

Where 

Rv is the resultant factored vertical load acting on the jth layer of reinforcements 

Lj is the length of the reinforcements at the jth level in the wall 

ej is the eccentricity of resultant vertical load at the jth level in the wall 
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If a vertical strip loading SL is applied, see Figure 19, to a strip contact area of width b on top of the wall 

the calculations are as followed: 

 

Figure 19: Dispersal of vertical strip load through reinforced fill – Tie back wedge method 

For the purpose of deriving the magnitude only of the tensile force Tsj dispersal of the vertical load SL  

from the contact area on top of the wall, may be taken at a slope of 2 vertically to 1 horizontally as shown 

in Figure 13. 

𝑇𝑠𝑗 =  𝐾𝑎 ∗  𝑆𝑣𝑗 ∗
𝑓∗𝑆𝐿

𝐷𝑗
           [3-39] 

Where 

𝐷𝑗 =  (ℎ𝑗 + 𝑏) 𝑖𝑓 ℎ𝑗 ≤ (2𝑑 − 𝑏) or 

𝐷𝑗 =  (ℎ𝑗 + 𝑏)/2 𝑖𝑓 ℎ𝑗 > (2𝑑 − 𝑏)         [3-40] 

f is the partial load factor applied to external loads 

As in the Simplified Method, the first condition is the internal stability with respect to breakage which 

requires that: 

𝑇𝑎𝑙

𝑓𝑛
≥  𝑇𝑗  ↔  

𝑇𝑢𝑙𝑡

𝑅𝐹𝐼𝐷∗𝑅𝐹𝐶𝑅∗𝑅𝐹𝐷∗𝜙
 ≥ 𝑇𝑗            [3-41] 

Tult can be found in the technical sheets of the reinforcement and is provided by the manufacturer, RFID, 

RFCR and RFD are also found in the technical sheets and are partial factors specified by the 

manufacturer. φ is a partial factor and will be touched in Chapter 4. 
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Second condition is the internal stability with respect to pull-out failure. 

2 ∗ 𝑅𝑐 ≥
𝑇𝑗

µ∗𝐿𝑒𝑗∗ϒ𝐸𝑉∗ϒ𝑟∗𝑧𝑗

𝜙1∗𝜙2

          [3-42] 

With µ the coefficient of friction between the fill and reinforcing elements, which is taken as 2/3 if no test 

data is available, and ϒEV, φ1 and φ2 partial factors specified in Chapter 3 for each country. . φ2 is not 

applied in France. 

3.3.4. Wedge stability check by EBGEO (2011) 

The wedge stability check is used in Germany and does not calculate Tmax for each layer. It considers 

all possible slip planes and the most unfavourable failure mechanism is investigated, so it’s not a local 

stability check at each layer but rather the stability of the entire wedge. 

Various slip planes need to be investigated, so the calculations need to be done for each one. All (acting) 

mobilising forces are compared to the total (resisting) restraining force of the reinforcement. The plane 

with the highest mobilising forces needs to be investigated. The general equations for calculating both 

the mobilising forces and the restraining force of the  reinforcement will be given.  

First, partial factors need to be applied to the variable action, the angle of friction, the cohesion and the 

unit weights. The values of these factors will be given in Chapter 4. 

𝑝𝑑 = 𝑝𝑘 ∗ ϒ𝑄            [3-43] 

𝜙𝑑 = tan−1((tan 𝜙𝑘)/ϒ𝜙)          [3-44] 

𝑐𝑑 = 𝑐𝑘/ϒ𝑐            [3-45] 

ϒ𝑑 = ϒ𝑘 ∗  ϒ𝐺             [3-46] 

 

 

Figure 20: Case 1 - Distribution of forces for a slip plane penetrating the rear face, by EBGEO 
(2011) 
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Figure 21: Case 2 - Distribution of forces for a slip plane penetrating the top of the wall, by 
EBGEO (2011) 

The action effect is:  

∑𝐹𝑑(𝜗) = (𝐺𝑑(𝜗) + 𝑃𝑣,𝑑(𝜗) + 𝐸𝑑,𝑣(𝜗)) ∗ tan(𝜗 − 𝜙𝑟,𝑑) +  𝐸𝑑,ℎ(𝜗)      [3-47] 

Where: 

𝐺𝑑(𝜗) =  1
2⁄ ∗ ϒ𝑟,𝑑 ∗  𝐵(𝜗) ∗  𝐻(𝜗) +  ϒ𝑟,𝑑 ∗ 𝐵(𝜗) ∗ (𝐻 − 𝐻(𝜗))      [3-48] 

𝑃𝑣,𝑑(𝜗) = 𝑝𝑣,𝑑 ∗ 𝐵(𝜗)           [3-49] 

𝐸𝑔ℎ,𝑑(𝜗) = 1
2⁄ ∗ ϒ𝑟,𝑑 ∗ 𝐾𝑎ℎ,𝑔,𝑑 ∗ (𝐻 − 𝐻𝜗)2         [3-50] 

𝐸𝑔𝑣,𝑑(𝜗) =  𝐸𝑔ℎ,𝑑(𝜗) ∗ tan(𝛿𝑟,𝑑 − 𝛼)         [3-51] 

𝐸𝑝ℎ,𝑑(𝜗) = 𝐾𝑎ℎ,𝑝,𝑑 ∗ (𝐻 − 𝐻𝜗) ∗ 𝑝𝑣,𝑑         [3-52] 

𝐸𝑝𝑣,𝑑(𝜗) =  𝐸𝑝ℎ,𝑑(𝜗) ∗ tan(𝛿𝑟,𝑑 − 𝛼)         [3-53] 

𝐸𝑑,ℎ(𝜗) = 𝐸𝑔ℎ,𝑑(𝜗) + 𝐸𝑝ℎ,𝑑(𝜗)          [3-54] 

𝐸𝑑,𝑣(𝜗) = 𝐸𝑔𝑣,𝑑(𝜗) + 𝐸𝑝𝑣,𝑑(𝜗)          [3-55] 

With: 

𝐾𝑎ℎ,𝑑 =
cos² 𝜙𝑟,𝑑

[1+√
sin(𝜙𝑟,𝑑+ 𝛿𝑟,𝑑)∗sin 𝛿𝑟,𝑑 

cos 𝛿𝑟,𝑑
]

2          [3-56] 
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𝛿𝑟,𝑑 = (2
3⁄ ) ∗ 𝜙𝑟,𝑑           [3-57] 

Where the subscript “r” refers to the fill in the reinforced soil block. 

𝐵(𝜗) = 𝐻 ∗ tan(90° − 𝜗)           [3-58] 

For case 1 (see Figure 20), B(ϑ) equals B. 

For case 2 (see Figure 21), H(ϑ) equals H, as well as reducing equation 3-45 to: 

∑𝐹𝑑(𝜗) = (𝐺𝑑(𝜗) + 𝑃𝑣,𝑑(𝜗)) ∗ tan(𝜗 − 𝜙𝑟,𝑑)        [3-59] 

The design strength of a reinforcement layer is calculated by: 

𝑅𝑏,𝑑 =  
𝑅𝐵,𝑘

ϒ𝑀
            [3-60] 

Rb,k can be found in the technical sheets of the reinforcement and is provided by the manufacturer, 

please be aware of any partial factors that need to be applied specified by the manufacturer. ϒM is a 

resistance factor for the material specified in Chapter 4. 

Pull-out resistance of planar reinforcement is calculated by: 

𝑅𝐴𝑖,𝑑 = 2 ∗ 𝜎𝑣,𝑑𝑖 ∗  𝐿𝑒,𝑖 ∗ (
𝑓𝑠𝑔,𝑘

ϒ𝐵
)          [3-61] 

With: 

𝑓𝑠𝑔,𝑘 = 0,8 ∗ tan 𝜙𝑟,𝑘           [3-62] 

𝐿𝑒,𝑖 = 𝐿 − 𝐿𝑎,𝑖            [3-63] 

𝐿𝑎,𝑖 = (𝐻 − 𝑧𝑖) ∗ tan(90 − 𝜗)          [3-64] 

ϒB is the resistance factor for pull-out which will be specified in Chapter 4. 

Failure by rupture and pull-out of the reinforcement elements shall be examined on the resistance side. 

Safety assumed if the following limit state condition is met: 

∑𝐹𝑑(𝜗) ≤ min( ∑𝑅𝐵𝑖,𝑑;  ∑𝑅𝐴𝑖,𝑑)          [3-65] 

The governing value for each layer is the smaller one. 
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3.4. Serviceability Limit State 

3.4.1. USA 

For the external stability, the USA guideline requires conventional settlement analyses, to ensure that 

immediate, consolidation, and secondary settlement are less than the performance requirements of the 

project. Settlement is evaluated under bearing pressure computed at a Service I limit state.  

For the internal stability there is the evaluation of lateral wall movements. In general most internal lateral 

deformations of a soil reinforced wall usually occur during construction. Post construction movements, 

however, may take place due to post construction surcharge loads, settlement of wall fill, or long-term 

settlement of the foundation soils. 

Serviceability limit state deflection requirements for geosynthetic reinforcements are met through the 

use of low stress levels resulting from reduction factors combined with the inherent constraining effects 

of granular soils. With regard to strain limits on the reinforcement, methods for estimating of strain vary 

widely with no present consensus on an appropriate analytical method capable of modelling strains in 

the structure. Measurements from instrumented field structures have consistently measured much lower 

strain levels in the reinforcement (typically less than 1 percent) than predicted by most current analytical 

methods. Therefore, the USA guideline states that, until an appropriate method of determination is 

agreed upon, it is recommended that strain limit requirements not be imposed on the reinforcement.  

3.4.2. UK 

For the external stability, in the Serviceability Limit State, the post-construction movements of reinforced 

soil structures that should be considered in the UK guideline are: 

a) foundation settlements; 

b) internal compression of fill; 

c) internal creep strain of reinforcement; 

d) uniform or differential settlements resulting from mining or closure of voids beneath the structure 

e) creep strain of backfill with a high fines content. 

For the internal stability, the potential mechanism of post-construction internal movements should be 

considered. The following factors, which can influence serviceability should be included in the design 

check where appropriate: 

a) Post-construction internal creep of polymeric reinforcements; 

b) Post-construction internal creep strain of saturated fine grained soils used with reinforced soil. 
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3.4.3. France 

On the Serviceability Limit State of reinforced soil structures, the following remarks are given: 

a) When evaluating the amplitude of the displacements, one must take comparable experiments 

and, if necessary, calculations must also be performed. 

b) Mostly, only deformations of external origin are to be considered. However, in some cases, the 

internal movements related to construction, or the application of heavy loads need to be 

checked. 

c) For foundation sites of low strength and high compressibility, calculations of settlements must 

be made in all cases from settlement calculation methods, considering the three components of 

settlement (immediate, consolidation and creep). 

d) For steep and firm terrain, the vertical displacement (settlement) should generally be estimated 

from commonly recognized semi-empirical methods. 

e) Settlement calculations should not be considered as accurate. They only give an approximate 

indication. 

f) Displacements should be considered both in terms of displacements of the whole wall, as in 

terms of differential displacements. 

g) The range of possible variations in relative rotations should be evaluated and compared with 

relevant limit values of movements. 

3.4.4. Germany 

For checking the Serviceability Limit state of reinforced soil structures, the following are checked: 

a) The position of the bearing pressure resultant, which translates to e<L/6. This demonstrates 

that no foundation gap occurs in the foundation base plane as a result of permanent actions. 

b) Displacements in the base plane. 

c) Ground settlement. 

d) Intrinsic settlement of fill soil, it is necessary to adequately compact the fill soil.  

e) Horizontal displacements of the slope front. The deformation behaviour of the composite 

structure consisting of soil and reinforcement is complex and can only be described 

approximately. 

f) Shear deformation in the retaining structure, which results predominantly from the strains in the 

reinforcement  layers necessary to achieve an equilibrium condition in the reinforced retaining 

structure.  
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Chapter 4 

4. Calculation Data and Results 
In this chapter, a simple reinforced soil wall with a traffic surcharge and extensible reinforcement is 

calculated following the four different guidelines. 
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4.1. Introduction 

In this chapter, a simple reinforced soil retaining wall illustrated in Figure 16 will be designed following 

the four different guidelines. The wall has an above ground height, Hf, of 8 meters and a traffic surcharge, 

q, of 10 kPa. The embedment will be 0,6m,for all calculations. This gives us a total design height, Hd, of 

8,6m. The length of the reinforcement will be 6 meters and will be discussed in depth for each country. 

The spacing of the reinforcement layers will also be the same for each country. The vertical 

reinforcement spacing is picked in multiples of 0,2m as it’s convenient and practical. The type of 

reinforcement and facing system is the same for each country, again for continuity. The symbols for the 

partial factors are different in each country and in its tables, a side-to-side comparison of them will be 

given in Chapter 5. The French calculations are done with the assumption that the Tieback Wedge 

method is applied for geosynthetics, as the only guidelines found were the NF P94-270, by AFNOR 

(2009), which uses the Coherent Gravity method, used for inextensible reinforcement. However, the 

partial load and resistance factors are still applicable. Please note the equations used in each country’s 

guidelines may be shortened as there is no cohesion and no surcharge due to dead loads in this 

example. As well some symbols have changed from the original equations, so that there aren’t different 

symbols for each country.  For the original equations, please refer to the original guidelines.  

 

Figure 22: Calculation example of a simple reinforced soil wall with traffic surcharge  
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4.2. USA 

4.2.1. External Stability 

The minimum embedment depth is D= Hf/20 ≥ 0,6m (2ft) for walls with horizontal ground  in front of the 

wall, see Table 2, which in this case equals to 0,6m. Thus, design height of the wall, Hd= 8,6m. 

Table 2: Minimum MSEW Embedment Depths, FHWA (2009) 

 

According to Table 3, with a traffic surcharge and no backslope or seismic loading, the minimum length 

of the reinforcement to be considered should be L=0,7H=0,6m. This length will be verified as part of the 

design process. 

Table 3: Typical Minimum Length of Reinforcement, FHWA (2009) 

 

Using equation 3-1, the active coefficient of earth pressure is calculated: 

𝐾𝑎𝑏 =  tan²(45 − 38° 2)⁄ = 0.238     

Then the unfactored loads are calculated using equations 3-4, 3-5 and 3-6. 

The characteristic earth pressure from soil dead weight: 

𝐹1 = 0.5 ∗  0.238 ∗  20 𝑘𝑁 𝑚3⁄ ∗ (8,6𝑚)2 =  176 𝑘𝑁/𝑚     

The characteristic earth pressure from the variable surcharge load: 

𝐹2 = 0.238 ∗ 10 𝑘𝑁 𝑚2⁄ ∗ 8,6𝑚 =  20,5 𝑘𝑁/𝑚      

The characteristic action from the dead weight of the reinforced soil block: 

𝑉1 = 20 𝑘𝑁 𝑚³⁄ ∗ 8,6𝑚 ∗ 6𝑚 = 1032 𝑘𝑁/𝑚   
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Next is a summary of the Load Combinations, Load Factors and Resistance Factors. Load factors 

applicable to this problem are listed in Table 4 and Table 5. For more complex structures they can be 

found in the guideline by Berg et al (2009). The Strength I Load Combination is used for external 

stability. 

Table 4: Summary of applicable load factors for Permanent Loads, FHWA (2009) 

 

Table 5: Typical MSE Wall Load Combinations and Load Factors, FHWA (2009) 

 

Resistance factors for external and for internal stability are summarized in Table 6. 

Table 6: Summary of applicable resistance factors for evaluation of resistances, FHWA (2009) 

 

 

 

 

For sliding and eccentricity checks, the minimum load factor (Strength I (minimum)) for vertical load is 

used (EV) and the maximum (Strength I(maximum)) for horizontal load (EH). Both the vertical load and 

the traffic surcharge are beneficial to resisting sliding and the eccentricity, and therefore the traffic 

surcharge on top of the reinforced wall fill is not included for sliding and eccentricity checks. The 

surcharge on the retained backfill is still included, as this is unfavourable to the stability of the wall. 

Sliding on the base of the reinforced soil block 

The sliding force is calculated using equation 3-9. 

𝑃𝑑 = 176 𝑘𝑁 𝑚⁄  ∗  1,5 +  20,5 𝑘𝑁 𝑚⁄ ∗ 1,75 = 300 𝑘𝑁 𝑚⁄   

Assuming the sliding failure can be along the foundation soil as well as along the sheet of reinforcement, 

both need to be checked. 
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The frictional property for sliding along the foundation soil is the lowest angle of resistance between the 

foundation soil and the reinforced wall fill. In this example, the angle of resistance of the foundation soil 

is lower. 

µ = tan 𝜙′𝑓 = tan 34° = 0,675  

The frictional property for sliding along the reinforcement sheet is the angle of resistance of the 

reinforced wall fill. The soil-reinforcement friction angle ρ, should preferably be measured by means of 

interface direct shear tests. In absence of testing, it may be taken as 2/3 tan ϕ’r. 

µ = 2
3⁄ tan 𝜙′𝑟 = 2

3⁄ tan 38° = 0,521  

The nominal components of resisting force and the factored resisting force per unit length of wall are 

then calculated.  

For sliding along the foundation soil: 

𝑅𝑟 = 𝜙𝑠𝑅𝜏 = 𝜙𝑠 ∗ ϒ𝐸𝑉 ∗  𝑉1 ∗ µ = 1 ∗ 1 ∗ 1032 𝑘𝑁 𝑚⁄ ∗ 0,675 = 696 𝑘𝑁 𝑚⁄   

For sliding along the reinforcement sheet: 

𝑅𝑟 = 𝜙𝑠𝑅𝜏 = 𝜙𝑠 ∗ ϒ𝐸𝑉 ∗  𝑉1 ∗ µ = 1 ∗ 1 ∗ 1032 𝑘𝑁 𝑚⁄ ∗ 0,521 = 537 𝑘𝑁 𝑚⁄   

Comparison of the factor sliding resistance, Rr, to the factored driving force, Pd, to check that resistance 

is greater.  

The sliding overdesign ratio for sliding along the foundation soil: 

𝑂𝐷𝑅𝑠 =  
𝑅𝑟

𝑃𝑑
=  

696 𝑘𝑁 𝑚⁄

300 𝑘𝑁 𝑚⁄
= 2,3 ≥ 1 𝑠𝑜 𝑂𝐾  

The sliding overdesign ratio for sliding along the reinforcement sheet: 

𝑂𝐷𝑅𝑠 =  
𝑅𝑟

𝑃𝑑
=  

537 𝑘𝑁 𝑚⁄

300 𝑘𝑁 𝑚⁄
= 1,8 ≥ 1 𝑠𝑜 𝑂𝐾  

If the ratio would happen to be smaller than one, the reinforcement length needs to be increased and 

the calculation must be repeated.  

Overturning 

Using equation 3-11 the eccentricity limit can be checked. However, as we don’t include the traffic 

surcharge on the reinforced wall fill, the part with q is left out of the denominator. 

𝑒 =  
1,5∗176 𝑘𝑁 𝑚⁄ ∗(8,6𝑚

3⁄ )+ 1,75∗20,5 𝑘𝑁 𝑚⁄ ∗(8,6𝑚
2⁄ )

1∗1032 𝑘𝑁 𝑚⁄
= 0,882 𝑚  

Check that 𝑒 ≤  𝐿 4⁄ : 

𝐿

4
=  

6𝑚

4
= 1,5𝑚 ≥ 0,882𝑚 𝑠𝑜 𝑂𝐾  

Bearing capacity 
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The partial load factors for the bearing capacity are taken from Strength I (maximum), see Table 4 and 

Table 5. For this calculation the traffic surcharge on top of the reinforced wall fill is included, as it’s 

unfavourable 

First, the eccentricity, of the resulting force at the base of the wall is calculated using equation 3-11. 

𝑒 =  
1,5∗176 𝑘𝑁 𝑚⁄ ∗(8,6𝑚

3⁄ ) + 1,75∗20,5 𝑘𝑁 𝑚⁄ ∗(8,6𝑚
2⁄ )

1,35∗1032 𝑘𝑁 𝑚 + ⁄ 1,75∗10𝑘𝑁 𝑚⁄ ²∗6𝑚
= 0,608 𝑚  

Then the summation of all vertical forces, using equation 3-12. 

∑𝑉 =  1,35 ∗ 1032 𝑘𝑁 𝑚⁄ +  1.75 ∗ 10 𝑘𝑁 𝑚2⁄ ∗ 6𝑚 =  1498 𝑘𝑁 𝑚⁄    

Using equation 3-10, the uniform vertical pressure, calculated with the uniform Meyerhof-type 

distribution is: 

𝜎𝑣 =  
1498 𝑘𝑁 𝑚⁄

6𝑚−2∗0,608 𝑚
= 313 𝑘𝑁 𝑚²⁄   

The nominal bearing resistance is calculated using equation 3-13 and Table 1. 

𝑞𝑛 =  0 ∗ 42,5 + 0,5 ∗ (6𝑚 − 2 ∗ 0,608𝑚) ∗ 20 𝑘𝑁 𝑚3⁄ ∗ 41,1 = 1966 𝑘𝑁 𝑚²⁄   

With the resistance factor from  

Table 6, the factored bearing resistance is given by: 

𝑞𝑅 =  𝜙 ∗ 𝑞𝑛 =  0,65 ∗  1966 𝑘𝑁 𝑚2⁄ = 1278 𝑘𝑁 𝑚²⁄   

The comparison of the factored bearing resistance, qR, to the factored bearing stress, σv, to check that 

the resistance is greater. 

𝑂𝐷𝑅𝑏 =  
𝑞𝑅

𝜎𝑣
=  

1278,197 𝑘𝑁 𝑚²⁄

313,132 𝑘𝑁 𝑚²⁄
= 4,8 ≥ 1 𝑠𝑜 𝑂𝐾  

4.2.2. Internal Stability 

Geogrid soil reinforcement will be used. It is assumed that the reinforcement is Geogrid RE570 from 

Tensar Int.; the ultimate tensile strength and the safety factors given by the manufacturer are shown in 

Table 7, see also Appendix A 

Table 7: Tensar Geogrid RE570 

Tensar Geogrid RE570 
  

Tult 118,4 kN/m RFID 1,07 
   

RFCR 2,1 
   

RFD 1 

The lateral earth pressure coefficient Kr is determined by applying a multiplier to the active earth 

pressure coefficient. The multiplier can be found using Figure 14: Determination of Kr/Ka for the 

Simplified Method (After AASHTO, 1999), by Allen et al (2001), which for geosynthetics this gives us a 

multiplier of 1. The active earth pressure coefficient is calculated using equation 3-28. 
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𝐾𝑟 = 1 ∗ 𝐾𝑎 =  𝑡𝑎𝑛2(45 + 38° 2) = 0,238⁄   

The factored horizontal stress, σv, at any depth Z below the top of the wall is equal to (after equation 3-

23): 

𝜎ℎ =  0,238((20 𝑘𝑁 𝑚3⁄ ∗ 𝑍) +  10 𝑘𝑁 𝑚2⁄ ) ∗ 1,35  

Tmax is found by using equation 3-29. The results for each layer are given in Table 8. 

Table 8: Calculation results for Tmax using the USA guideline 

Layer # Z(m) Sv (m) σh (kN/m²) TMAX (kN/m) 

1 0,6 0,9 6,10 5,49 

2 1,2 0,6 10,92 6,55 

3 1,8 0,6 14,77 8,86 

4 2,4 0,6 18,63 11,18 

5 3 0,6 22,48 13,49 

6 3,6 0,5 26,33 13,17 

7 4 0,4 28,90 11,56 

8 4,4 0,4 31,47 12,59 

9 4,8 0,4 34,04 13,62 

10 5,2 0,4 36,61 14,64 

11 5,6 0,4 39,18 15,67 

12 6 0,4 41,75 16,70 

13 6,4 0,4 44,32 17,73 

14 6,8 0,4 46,89 18,75 

15 7,2 0,4 49,46 19,78 

16 7,6 0,4 52,03 20,81 

17 8 0,4 54,59 21,84 

19 8,4 0,4 57,16 22,87 

 

Internal stability with respect to breakage 

The first condition is the internal stability with respect to breakage. Which following equation 3-30 and 

3-31 and using  

Table 6 for the resistance factor gives us: 

𝑇𝑚𝑎𝑥 ≤  𝜙𝑡𝑇𝑎𝑙𝑅𝑐 = 0,90 ∗
𝑇𝑢𝑙𝑡

𝑅𝐹𝐼𝐷∗𝑅𝐹𝐶𝑅∗𝑅𝐹𝐷
∗ 1 = 0,90 ∗  

118,4𝑘𝑁 𝑚⁄

1,07∗2,1∗1
= 47,42 𝑘𝑁 𝑚⁄   

Where the factors RFID, RFCR and RFD are obtained from the manufacturers datasheet. 

The ratio of Tr/Tmax is given in Table 9 for each layer. 
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Table 9: Ratio of Tr/Tmax using the USA guideline 

Layer # Z(m) TMAX (kN/m) Tr (kN/m) Tr/Tmax 

1 0,6 5,49 47,42 8,64 

2 1,2 6,55 47,42 7,24 

3 1,8 8,86 47,42 5,35 

4 2,4 11,18 47,42 4,24 

5 3 13,49 47,42 3,52 

6 3,6 13,17 47,42 3,60 

7 4 11,56 47,42 4,10 

8 4,4 12,59 47,42 3,77 

9 4,8 13,62 47,42 3,48 

10 5,2 14,64 47,42 3,24 

11 5,6 15,67 47,42 3,03 

12 6 16,70 47,42 2,84 

13 6,4 17,73 47,42 2,68 

14 6,8 18,75 47,42 2,53 

15 7,2 19,78 47,42 2,40 

16 7,6 20,81 47,42 2,28 

17 8 21,84 47,42 2,17 

19 8,4 22,87 47,42 2,07 

 

Internal stability with respect to pull-out failure 

Using equation 3-34 and  

Table 6 for the resistance factor, the required embedment length in the resistance zone can be 

calculated.  

In the absence of test data, the F* value for geosynthetic reinforcement is conservatively taken as: 

𝐹∗ = 2
3⁄ tan 𝜙  

Where used in the above relationships, φ is the peak friction angle of the soil which for MSE walls, which 

as specified in the guideline, is taken as a maximum of 34 degrees. Which gives us F* = 0,45. 

The factor α can be found using Table 10. 

. 
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Table 10: Summary of Pullout Capacity Design Parameters 

 

Which gives us: 

𝐿𝑒 ≥
𝑇𝑚𝑎𝑥

0,9∗2∗0,45∗0.8∗𝛾𝑧′∗1
  

A summary of the required pull-out length, as well as the ratio is given in Table 10 

. The available pull-out length is given by: 

𝐿𝑒 = 𝐿 − 𝐿𝑎 = 𝐿 − (𝐻 − 𝑍) ∗ tan(45 − 𝜙′
𝑟
/2)          [4-1]  
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Table 11: Available and required pull-out length, calculated using the USA guideline 

Layer # Z(m) La (m) Available Le,a (m) Req Le,r (m) Le,a/ Le,r 

1 0,6 3,90 2,10 0,71 2,97 

2 1,2 3,61 2,39 0,42 5,67 

3 1,8 3,32 2,68 0,38 7,06 

4 2,4 3,02 2,98 0,36 8,28 

5 3 2,73 3,27 0,35 9,42 

6 3,6 2,44 3,56 0,28 12,61 

7 4 2,24 3,76 0,22 16,83 

8 4,4 2,05 3,95 0,22 17,89 

9 4,8 1,85 4,15 0,22 18,93 

10 5,2 1,66 4,34 0,22 19,97 

11 5,6 1,46 4,54 0,22 20,99 

12 6 1,27 4,73 0,21 22,02 

13 6,4 1,07 4,93 0,21 23,04 

14 6,8 0,88 5,12 0,21 24,05 

15 7,2 0,68 5,32 0,21 25,06 

16 7,6 0,49 5,51 0,21 26,07 

17 8 0,29 5,71 0,21 27,08 

19 8,4 0,10 5,90 0,21 28,08 

 

Connection strength check 

The connection detail is proprietary and the connection strength is given in the manufacturers datasheet 

(Appendix B). Where Tconn = 50,39 kN/m for a depth greater than 2m, and 27,45 kN/m for a depth smaller 

than 2m.  

𝑇𝑚𝑎𝑥 ≤  𝜙𝑡 ∗ 𝑇𝑐𝑜𝑛𝑛  

With the maximum Tmax = 22,87 kN/m for the bottom layer and the same resistance factor as for rupture, 

this equals to: 

22,87 𝑘𝑁 𝑚⁄ ≤ 0,9 ∗ 50,39 𝑘𝑁 𝑚⁄ = 47,42 𝑘𝑁 𝑚,⁄  𝑠𝑜 𝑂𝐾  

And  Tmax = 8,86 kN/m for layer 3 at a depth of 1,8m: 

8,86 𝑘𝑁 𝑚⁄ ≤ 0,9 ∗ 22,87 𝑘𝑁 𝑚⁄ = 20,583 𝑘𝑁 𝑚,⁄  𝑠𝑜 𝑂𝐾  
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4.3. United Kingdom 

4.3.1. External Stability 

The minimum embedment depth, D = Hf/20 ≥ 0,45m for walls with horizontal ground in front of the wall, 

see Table 12. This gives 0,45m; for continuity, the same embedment (0,6m) as previously applied. Thus 

the design height of the wall is Hd=8,6m. 

Table 12: Determination of the minimum embedment as a function of the mechanical height H 
in metres and the factored bearing pressure qr in kN/m², BSI (2016) 

 

Following Table 13, the minimum reinforcement length is 0,7H, which equals to 6m. 

Table 13: Dimensions of walls and abutments, BSI (2016) 
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Using equation 3-1 the active coefficient of earth pressure is calculated and using equations 3-4, 3-5 

and 3-6 the unfactored loads are calculated. These have the same values as in the USA section, as 

shown in Table 14. 

Table 14: Active coefficient of earth pressure and unfactored loads, UK 

Ka 0,238 
 

Active coefficient of earth pressure 

Unfactored loads 
  

F1 176 kN/m Characteristic earth pressure from soil deadweight 

F2 20,5 kN/m Characteristic earth pressure from variable load 

V1 1032 kN/m Characteristic action from dead weight 

Next is a summary of the load combinations, load factors and resistance factors. Load factors are given 

in Table 15 and the resistance factors are found in Table 16. As mentioned before, only the Ultimate 

Limit State is checked. 

Table 15: Partial load factors for load combinations associated with walls, BSI (2016) 
 

 

 



49 

Table 16: Summary of partial factors, BSI (2016) 

 

Only sliding on the base and bearing capacity are checked. Tilt is mentioned together with bearing but 

there isn’t an eccentricity check. 

Sliding on the base of the reinforced soil block 

For sliding on the base, load combination B is used, it considers the maximum overturning loads together 

with minimum self-mass of the structure and superimposed traffic load, on the retained backfill only. 

The sliding force is calculated using equation 3-9. 

𝑃𝑑 = 176 𝑘𝑁 𝑚⁄  ∗  1,5 +  20,5 𝑘𝑁 𝑚⁄ ∗ 1,5 = 295 𝑘𝑁 𝑚⁄   

Assuming the sliding failure can be along the foundation soil as well as along the sheet of reinforcement, 

both need to be checked. 

For sliding along the foundation soil: 

𝑓𝑠𝑃𝐷 ≤ ϒ𝐸𝑉 ∗ 𝑉1 ∗
tan 𝜙′𝑓

𝑓𝑚𝑠
               [4-2] 

1,2 ∗ 295 𝑘𝑁 𝑚⁄ ≤ 1 ∗ 1032 𝑘𝑁 𝑚⁄ ∗ 
tan 34°

1
 ↔ 354 𝑘𝑁 𝑚⁄  ≤ 696 𝑘𝑁 𝑚,⁄  𝑠𝑜 𝑂𝐾  
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For sliding along the reinforcement, the same soil-reinforcement friction angle ρ is used as in the USA, 

as there was no testing: 

𝑓𝑠𝑃𝐷 ≤ ϒ𝐸𝑉 ∗ 𝑉1 ∗
𝜌 tan 𝜙′𝑟

𝑓𝑚𝑠
             [4-3] 

1,3 ∗ 295 𝑘𝑁 𝑚⁄ ≤ 1 ∗ 1032 𝑘𝑁 𝑚⁄ ∗ 
2

3⁄ tan 38°

1
   

383 𝑘𝑁 𝑚⁄  ≤ 537 𝑘𝑁 𝑚⁄  𝑠𝑜 𝑂𝐾  

Bearing capacity 

For the bearing capacity, load combination A is used, it considers the maximum values of all loads. 

First, the eccentricity, e, of the resulting force at the base of the wall is calculated using equation 3-11. 

𝑒 =  
1,5∗176 𝑘𝑁 𝑚⁄ ∗(8,6𝑚

3⁄ ) + 1,5∗20,5 𝑘𝑁 𝑚⁄ ∗(8,6𝑚
2⁄ )

1,5∗1032 𝑘𝑁 𝑚 + ⁄ 1,5∗10𝑘𝑁 𝑚⁄ ²∗6𝑚
= 0,542 𝑚  

As well as the summation of all vertical forces using equation 3-12. 

∑𝑉 =  1,5 ∗ 1032 𝑘𝑁 𝑚⁄ +  1,5 ∗ 10 𝑘𝑁 𝑚2⁄ ∗ 6𝑚 =  1638 𝑘𝑁 𝑚⁄    

Using equation 3-10 the uniform vertical pressure, calculated with the uniform Meyerhof-type distribution 

is: 

𝜎𝑣 =  
1638 𝑘𝑁 𝑚⁄

6𝑚−2∗0,542 𝑚
= 333 𝑘𝑁 𝑚²⁄   

No guidelines for calculating qn are given in the UK guideline, so the nominal bearing resistance is 

calculated using equation 3-13 and Table 1, i.e. the same value from the USA section is used.  

𝜎𝑣 ≤
𝑞𝑛

𝑓𝑚𝑠
+  ϒ𝑓𝐷𝑚             [4-4] 

333 𝑘𝑁 𝑚2⁄  ≤  
1966 𝑘𝑁 𝑚2⁄

1,35
+ 20 𝑘𝑁 𝑚3⁄ ∗ 0,6𝑚  

333 𝑘𝑁 𝑚2⁄  ≤ 1508 𝑘𝑁 𝑚2⁄  𝑠𝑜 𝑂𝐾   

Please note that it is shown in the guidelines by BSI (2016) that Dm is measured to the reinforced wall 

fill, but is still multiplied with the foundation soil density. 

4.2.2. Internal Stability 

The same geogrid soil reinforcement is used for all four calculations. The ultimate tensile strength and 

the safety factors given by the manufacturer are shown in Table 7. For internal stability, load combination 

A is used for calculating Tj and verifying rupture; load combination B is used for verifying pull-out. 

The coefficient of earth pressure is taken as the active condition Ka and is calculated using equation 3-

28. 

𝐾𝑎 =  𝑡𝑎𝑛2(45 + 38° 2) = 0,238⁄   
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Equation 3-35 is used to calculate Tj (same as Tmax), there is no vertical strip loading and no horizontal 

shear, which reduces the equation to just Tpj, calculated using equation 3-37. 

The resultant factored vertical load, Rvj, acting on the jth layer of reinforcement is calculated as followed: 

𝑅𝑣𝑗 =  ϒ𝐸𝑉 ∗  𝑉1𝑗 + ϒ𝐿𝑆 ∗ 𝑞 ∗ 𝐿            [4-5] 

𝑅𝑣𝑗 =  1,5 ∗  𝑉1𝑗 + 1,5 ∗ 10 𝑘𝑁 𝑚2⁄ ∗ 6𝑚  

With V1j calculated using equation 3-6 but replacing H with Zj 

ej is calculated using equation 3-11 

𝑒 =  
1,5∗𝐹1𝑗∗(

𝑧𝑗
3⁄ ) + 1,5∗𝐹2𝑗∗(

𝑧𝑗
2⁄ )

1,5∗𝑉1𝑗+1,5∗10𝑘𝑁 𝑚⁄ ²∗6𝑚
  

With F1j and F2j calculated with equations 3-4 and 3-5 and replacing H with Zj 

The results for each layer are shown in in Table 17. 

Table 17: Calculation results for Tj using the UK guideline 

Layer # Z(m) Sv (m) F1j F2j V1j Ej Rvj L-2ej σvj Tj (kN/m) 

1 0,6 0,9 0,86 1,43 72 0,01 198,00 5,99 33,05 7,08 

2 1,2 0,6 3,43 2,85 144 0,02 306,00 5,97 51,26 7,32 

3 1,8 0,6 7,71 4,28 216 0,03 414,00 5,94 69,71 9,95 

4 2,4 0,6 13,70 5,71 288 0,05 522,00 5,90 88,51 12,63 

5 3 0,6 21,41 7,14 360 0,08 630,00 5,85 107,75 15,38 

6 3,6 0,5 30,83 8,56 432 0,11 738,00 5,79 127,53 15,17 

7 4 0,4 38,06 9,52 480 0,13 810,00 5,74 141,08 13,42 

8 4,4 0,4 46,05 10,47 528 0,15 882,00 5,69 154,96 14,74 

9 4,8 0,4 54,81 11,42 576 0,18 954,00 5,64 169,21 16,10 

10 5,2 0,4 64,32 12,37 624 0,21 1026,00 5,58 183,87 17,50 

11 5,6 0,4 74,60 13,32 672 0,24 1098,00 5,52 199,00 18,94 

12 6 0,4 85,64 14,27 720 0,27 1170,00 5,45 214,64 20,42 

13 6,4 0,4 97,44 15,22 768 0,31 1242,00 5,38 230,85 21,97 

14 6,8 0,4 110,00 16,18 816 0,35 1314,00 5,31 247,68 23,57 

15 7,2 0,4 123,32 17,13 864 0,39 1386,00 5,23 265,22 25,24 

16 7,6 0,4 137,40 18,08 912 0,43 1458,00 5,14 283,52 26,98 

17 8 0,4 152,25 19,03 960 0,47 1530,00 5,05 302,69 28,80 

19 8,4 0,4 167,85 19,98 1008 0,52 1602,00 4,96 322,81 30,72 

 

Internal stability with respect to breakage 

The first condition is the internal stability with respect to breakage. It is checked using equation 3-41, 

with 𝜙 =fn the partial factor for economic ramifications of failure, see Table 18.  
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Table 18: Category of structure depending upon ramification of failure 

 

𝑇𝑗 ≤  
118,4𝑘𝑁 𝑚⁄

1,07∗2,1∗1∗1,1
= 47,9 𝑘𝑁 𝑚⁄   

The ratio Tr/Tj is given in Table 19. 

Table 19: Ratio of Tr/Tj using the UK guideline 

Layer # Z(m) Tj (kN/m) Tr Tr/Tj 

1 0,6 7,08 47,90 6,77 

2 1,2 7,32 47,90 6,55 

3 1,8 9,95 47,90 4,81 

4 2,4 12,63 47,90 3,79 

5 3 15,38 47,90 3,11 

6 3,6 15,17 47,90 3,16 

7 4 13,42 47,90 3,57 

8 4,4 14,74 47,90 3,25 

9 4,8 16,10 47,90 2,98 

10 5,2 17,50 47,90 2,74 

11 5,6 18,94 47,90 2,53 

12 6 20,42 47,90 2,35 

13 6,4 21,97 47,90 2,18 

14 6,8 23,57 47,90 2,03 

15 7,2 25,24 47,90 1,90 

16 7,6 26,98 47,90 1,78 

17 8 28,80 47,90 1,66 

19 8,4 30,72 47,90 1,56 

 

Internal stability with respect to pull-out failure 

Using equation 3-42 and Table 16 for the resistance factor, pull-out failure can be checked 

With ϒEV, 𝜙 1 = fp and 𝜙 2 = fn partial factors found in Table 16 and Table 18. 

𝑇𝑗
0,7∗tan (38°)∗𝐿𝑒𝑗∗1∗20 𝑘𝑁 𝑚⁄ ∗𝑧𝑗

1,3∗1,1

 ≤ 2 ∗ 1  

The results are given in Table 20. 
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Table 20: Checking of pull-out failure, calculated using the UK guideline 

Layer # Z(m) La (m) Available Le (m) ≥2*Rc 

1 0,6 3,90 2,10 0,73 

2 1,2 3,61 2,39 0,33 

3 1,8 3,32 2,68 0,27 

4 2,4 3,02 2,98 0,23 

5 3 2,73 3,27 0,21 

6 3,6 2,44 3,56 0,15 

7 4 2,24 3,76 0,12 

8 4,4 2,05 3,95 0,11 

9 4,8 1,85 4,15 0,11 

10 5,2 1,66 4,34 0,10 

11 5,6 1,46 4,54 0,10 

12 6 1,27 4,73 0,09 

13 6,4 1,07 4,93 0,09 

14 6,8 0,88 5,12 0,09 

15 7,2 0,68 5,32 0,09 

16 7,6 0,49 5,51 0,08 

17 8 0,29 5,71 0,08 

19 8,4 0,10 5,90 0,08 

 

Connection strength is mentioned but no equations or partial factors are given. The UK guideline does 

however recommend that a wedge stability check is made for each layer. Only a Rankine failure plane 

was checked at 3 different layers. The higher the toe of the failure plane, the higher the ratio of resisting 

forces on acting forces. Detailed steps on how to calculate wedge stability are explained in 3.3.4. and 

an example calculation will be given in 4.5. 

The total resistance of the layers of elements anchoring the wedge is satisfied by: 

∑ 𝑇𝑟𝑗  ≥  ∑ 𝐹𝑗   𝑜𝑟𝑚
𝑗=1              [4-6] 

∑ [
𝑅𝑐∗𝐿𝑒𝑗

𝑓𝑝∗𝑓𝑛
(µ ∗ 𝑓𝑓𝑠 ∗ ϒ𝑟 ∗ 𝑧𝑗]  ≥  ∑ 𝐹𝑗  𝑚

𝑗=1            [4-7] 

Table 21, Table 22 and Table 23 show a wedge stability check on respectively layer 10, 14 and 19. They 

also include the ratio of resisting forces on acting forces. 
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At layer 10 

Table 21: Wedge stability check on layer 10, following the UK guideline 

Layer # Z(m) La (m) Available Le (m) TDj/fn pullout governing 

1 0,6 2,24 3,76 47,90 38,79 38,79 

2 1,2 1,95 4,05 47,90 60,39 47,90 

3 1,8 1,66 4,34 47,90 84,68 47,90 

4 2,4 1,37 4,63 47,90 111,66 47,90 

5 3 1,07 4,93 47,90 141,32 47,90 

6 3,6 0,78 5,22 47,90 173,67 47,90 

7 4 0,59 5,41 47,90 196,73 47,90 

8 4,4 0,39 5,61 47,90 220,98 47,90 

9 4,8 0,20 5,80 47,90 246,43 47,90 

10 5,2 0,00 6,00 47,90 273,07 47,90      
∑Rdi= 469,91 

ϑ 64 ° 
    

B(ϑ) 2,54 m 
    

P(ϑ) 38,04 kN/m 
    

V1(ϑ) 197,82 kN/m 
    

∑Fj 115,04 kN/m 
  

ratio 4,08 

 

At layer 14 

Table 22: Wedge stability check on layer 14, following the UK guideline 

Layer # Z(m) La (m) Available Le (m) TDj/fn pullout governing 

1 0,6 3,02 2,98 47,90 30,73 30,73 

2 1,2 2,73 3,27 47,90 48,75 47,90 

3 1,8 2,44 3,56 47,90 69,46 47,90 

4 2,4 2,15 3,85 47,90 92,86 47,90 

5 3 1,85 4,15 47,90 118,94 47,90 

6 3,6 1,56 4,44 47,90 147,71 47,90 

7 4 1,37 4,63 47,90 168,38 47,90 

8 4,4 1,17 4,83 47,90 190,24 47,90 

9 4,8 0,98 5,02 47,90 213,30 47,90 

10 5,2 0,78 5,22 47,90 237,55 47,90 

11 5,6 0,59 5,41 47,90 263,00 47,90 

12 6 0,39 5,61 47,90 289,64 47,90 

13 6,4 0,20 5,80 47,90 317,47 47,90 

14 6,8 0,00 6,00 47,90 346,50 47,90      

∑Rdi= 653,46 

ϑ 45 ° 
    

B(ϑ) 3,32 m 
    

P(ϑ) 49,75 kN/m 
    

V1(ϑ) 338,29 kN/m 
    

∑Fj 189,26 kN/m 
  

ratio 3,45 
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At layer 19 

Table 23: Wedge stability check on layer 19, following the UK guideline 

Layer # Z(m) La (m) Available Le (m) TDj/fn pullout governing 

1 0,6 3,90 2,10 47,90 21,67 21,67 

2 1,2 3,61 2,39 47,90 35,66 35,66 

3 1,8 3,32 2,68 47,90 52,34 47,90 

4 2,4 3,02 2,98 47,90 71,71 47,90 

5 3 2,73 3,27 47,90 93,76 47,90 

6 3,6 2,44 3,56 47,90 118,50 47,90 

7 4 2,24 3,76 47,90 136,48 47,90 

8 4,4 2,05 3,95 47,90 155,66 47,90 

9 4,8 1,85 4,15 47,90 176,03 47,90 

10 5,2 1,66 4,34 47,90 197,60 47,90 

11 5,6 1,46 4,54 47,90 220,36 47,90 

12 6 1,27 4,73 47,90 244,31 47,90 

13 6,4 1,07 4,93 47,90 269,46 47,90 

14 6,8 0,88 5,12 47,90 295,80 47,90 

15 7,2 0,68 5,32 47,90 323,33 47,90 

16 7,6 0,49 5,51 47,90 352,06 47,90 

17 8 0,29 5,71 47,90 381,98 47,90 

19 8,4 0,10 5,90 47,90 413,10 47,90      

∑Rdi= 823,76 

ϑ 64 ° 
    

B(ϑ) 4,10 m 
    

P(ϑ) 61,45 kN/m 
    

V1(ϑ) 516,22 kN/m 
    

∑Fj 281,75 kN/m 
  

ratio 2,92 
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4.4. France 

4.4.1. External Stability 

A minimum embedment depth is not specified in the French guideline. For continuity, the same 

embedment, 0,6m, as in the USA and UK is used. Thus the design height of the wall is Hd=8,6m. 

The minimum reinforcement length is also not given in the French guideline. For continuity the same 

length as in the USA and UK will be used, L=6m. 

Using equation 3-1 the active coefficient of earth pressure is calculated and using equations 3-4, 3-5 

and 3-6 the unfactored loads are calculated. These are the same values as in the USA and UK sections, 

as shown in Table 24. 

Table 24: Active coefficient of earth pressure and unfactored loads, France 

Ka 0,238 
 

Active coefficient of earth pressure 

Unfactored loads 
  

F1 176 kN/m Characteristic earth pressure from soil deadweight 

F2 20,5 kN/m Characteristic earth pressure from variable load 

V1 1032 kN/m Characteristic action from dead weight 

Load combination or “ L’approche de calcul “ is used for external and internal calculations. The 

combinations of partial factors that needs to be applied is: 

A1 “+” M1 “+” R2 

Table 25: Partial load factors, EFNOR (2009) 

 

Table 26: Partial soil characteristics factors, EFNOR (2009) 
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Table 27: Partial resistance factors, EFNOR (2009) 

 

Only sliding on the base and bearing capacity is checked. Tilt is mentioned together with bearing but 

there isn’t an eccentricity check. 

Sliding on the base of the reinforced soil block 

For sliding on the base the horizontal loads are unfavourable ,the self-weight and superimposed traffic 

load are seen as favourable. 

The sliding force is calculated using equation 3-9 and ϒEV = ϒG and ϒLS = ϒQ found in Table 25. 

𝑃𝑑 = 176 𝑘𝑁 𝑚⁄  ∗  1,35 +  20,5 𝑘𝑁 𝑚⁄ ∗ 1,5 = 268 𝑘𝑁 𝑚⁄   

The French guideline only mentions sliding failure along the foundation soil, however, both will be 

checked. 

For sliding along the foundation soil, using equation 4-2: 

𝑃𝐷 ≤
ϒ𝐸𝑉∗𝑉1∗tan 𝜙′

𝑓

ϒ𝑅;ℎ
   

With ϒEV = ϒG and ϒR;h found in Table 25. 

268,204 𝑘𝑁 𝑚⁄ ≤  
1∗1032 𝑘𝑁 𝑚⁄ ∗tan 34°

1.1
 ↔ 268,204 𝑘𝑁 𝑚⁄  ≤  632,812 𝑘𝑁 𝑚⁄  𝑠𝑜 𝑂𝐾  

For sliding along the reinforcement, using equation 4-3, the same soil-reinforcement friction angle ρ is 

used as in the USA, as there was no testing: 

𝑃𝐷 ≤
ϒ𝐸𝑉∗𝑉1∗𝜌 tan 𝜙′𝑟

ϒ𝑅;ℎ
        

268 𝑘𝑁 𝑚⁄ ≤  
1∗1032 𝑘𝑁 𝑚⁄ ∗2

3⁄ tan 38°

1.1
 ↔  268  𝑘𝑁 𝑚⁄  ≤ 489 𝑘𝑁 𝑚,⁄  𝑠𝑜 𝑂𝐾  

𝑂𝐷𝑅𝑠 =
489 𝑘𝑁 𝑚,⁄

268 𝑘𝑁 𝑚⁄
= 1,8  
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Bearing capacity 

For the bearing on the foundation, all loads are seen as unfavourable. 

First the eccentricity, e, of the resulting force at the base of the wall is calculated using equation 3-11. 

𝑒 =  
1,35∗176 𝑘𝑁 𝑚⁄ ∗(8,6𝑚

3⁄ ) + 1,5∗20,5 𝑘𝑁 𝑚⁄ ∗(8,6𝑚
2⁄ )

1,35∗1032 𝑘𝑁 𝑚 + ⁄ 1,5∗10𝑘𝑁 𝑚⁄ ²∗6𝑚
= 0,548 𝑚  

With ϒEV = ϒEH = ϒG and ϒLS = ϒQ 

As well as the summation of all vertical forces using equation 3-12. 

∑𝑉 =  1,35 ∗ 1032 𝑘𝑁 𝑚⁄ +  1,5 ∗ 10 𝑘𝑁 𝑚2⁄ ∗ 6𝑚 =  1483 𝑘𝑁 𝑚⁄    

The bearing resistance is calculated using slightly altered versions of equations 3-18 to 3-22 and ϒR;v 

from Table 27. 

Determining bearing capacity coefficients: 

𝑁𝑑0 = 𝑒π∗tan 34° ∗ tan2 (45 +  
34°

2
) = 29,44    

𝑁𝑏0 = (29,44 − 1) ∗ tan 34° = 19,18    

Determining load inclination coefficients: 

tan 𝛿 =  
𝐹1+𝐹2

𝑉1+𝑞∗𝐿
            

 𝑖𝑏 = (1 −
176 𝑘𝑁 𝑚⁄ +20,5 𝑘𝑁 𝑚⁄

1032 𝑘𝑁 𝑚⁄  + 20 𝑘𝑁 𝑚²⁄ ∗6𝑚
)2+1 = 0,55    

𝑅𝑘 = (6𝑚 − 2 ∗ 0,548𝑚) ∗ (20 𝑘𝑁 𝑚2⁄ ∗ (6 − 2 ∗ 0,548𝑚) ∗ 19,18 ∗ 0,55 = 5090 𝑘𝑁 𝑚⁄   

𝑅𝐷 =  
𝑅𝑘

ϒ𝑅;𝑣
=  

5090 𝑘𝑁 𝑚⁄

1,4
= 3636 𝑘𝑁 𝑚⁄   

∑𝑉 ≤  𝑅𝐷  ↔ 1483 𝑘𝑁 𝑚⁄  ≤  3635 𝑘𝑁 𝑚⁄  𝑠𝑜 𝑂𝐾   

𝑂𝐷𝑅𝑏 =
3635 𝑘𝑁 𝑚,⁄

1483 𝑘𝑁 𝑚⁄
= 2,5  

4.4.2. Internal stability 

The same geogrid soil reinforcement is used for all four calculations. The ultimate tensile strength and 

the safety factors given by the manufacturer are shown in Table 7.  

The coefficient of earth pressure is taken as the active condition Ka and is calculated using equation 3-

28. 

𝐾𝑎 =  𝑡𝑎𝑛2(45 + 38° 2) = 0,238⁄   

Equation 3-35 is used to calculate Tj (same as Tmax), there is no vertical strip loading and no horizontal 

shear, which reduces the equation to just Tpj, calculated using equation 3-37. 
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The resultant factored vertical load, Rvj, acting on the jth layer of reinforcement is calculated using 

equation 4-5: 

𝑅𝑣𝑗 =  1,35 ∗  𝑉1𝑗 + 1,5 ∗ 10 𝑘𝑁 𝑚2⁄ ∗ 6𝑚  

With V1j calculated using equation 3-6 but replacing H with Zj 

ej is calculated using equation 3-11 

𝑒 =  
1,35∗𝐹1𝑗∗(

𝑧𝑗
3⁄ ) + 1,5∗𝐹2𝑗∗(

𝑧𝑗
2⁄ )

1,35∗𝑉1𝑗+1,5∗10𝑘𝑁 𝑚⁄ ²∗6𝑚
  

With F1j and F2j calculated with equations 3-4 and 3-5 and replacing H with Zj 

The results for each layer are shown in in Table 28. 

Table 28: Calculation results for Tj using the French guideline 

Layer # Z(m) Sv (m) F1 F2 V1 e Rvj L-2e σvj Tj (kN/m) 

1 0,6 0,9 0,86 1,43 72 0,005 187,20 5,99 31,25 6,69 

2 1,2 0,6 3,43 2,85 144 0,016 284,40 5,97 47,65 6,80 

3 1,8 0,6 7,71 4,28 216 0,032 381,60 5,94 64,28 9,17 

4 2,4 0,6 13,70 5,71 288 0,052 478,80 5,90 81,22 11,59 

5 3 0,6 21,41 7,14 360 0,078 576,00 5,84 98,56 14,07 

6 3,6 0,5 30,83 8,56 432 0,109 673,20 5,78 116,41 13,85 

7 4 0,4 38,06 9,52 480 0,132 738,00 5,74 128,64 12,24 

8 4,4 0,4 46,05 10,47 528 0,157 802,80 5,69 141,17 13,43 

9 4,8 0,4 54,81 11,42 576 0,184 867,60 5,63 154,04 14,66 

10 5,2 0,4 64,32 12,37 624 0,213 932,40 5,57 167,29 15,92 

11 5,6 0,4 74,60 13,32 672 0,245 997,20 5,51 180,96 17,22 

12 6 0,4 85,64 14,27 720 0,278 1062,00 5,44 195,09 18,56 

13 6,4 0,4 97,44 15,22 768 0,314 1126,80 5,37 209,75 19,96 

14 6,8 0,4 110,00 16,18 816 0,352 1191,60 5,30 224,97 21,41 

15 7,2 0,4 123,32 17,13 864 0,392 1256,40 5,22 240,84 22,92 

16 7,6 0,4 137,40 18,08 912 0,434 1321,20 5,13 257,41 24,49 

17 8 0,4 152,25 19,03 960 0,478 1386,00 5,04 274,76 26,14 

19 8,4 0,4 167,85 19,98 1008 0,524 1450,80 4,95 292,98 27,88 

 

Internal stability with respect to breakage 

The first condition is the internal stability with respect to breakage. It is checked using equation 3-41, 
with 𝜙 =ϒm;t the partial factor for rupture for geosynthetics, see  

 

Table 29.  
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Table 29: Partial material factors for geosynthetics rupture, EFNOR (2009) 

Properties Symbol M1 M2 

Rupture resistance ϒM;t 1,25 1,25 

 

𝑇𝑗 ≤  
118,4𝑘𝑁 𝑚⁄

1,07∗2,1∗1∗1,25
= 42,15 𝑘𝑁 𝑚⁄   

The ratio Tr/Tj is given in Table 30. 

Table 30: Ratio of Tr/Tj using the French guideline 

Layer # Z(m) Tj (kN/m) Tr Tr/Tj 

1 0,6 6,69 42,15 6,30 

2 1,2 6,80 42,15 6,20 

3 1,8 9,17 42,15 4,59 

4 2,4 11,59 42,15 3,64 

5 3 14,07 42,15 3,00 

6 3,6 13,85 42,15 3,04 

7 4 12,24 42,15 3,44 

8 4,4 13,43 42,15 3,14 

9 4,8 14,66 42,15 2,88 

10 5,2 15,92 42,15 2,65 

11 5,6 17,22 42,15 2,45 

12 6 18,56 42,15 2,27 

13 6,4 19,96 42,15 2,11 

14 6,8 21,41 42,15 1,97 

15 7,2 22,92 42,15 1,84 

16 7,6 24,49 42,15 1,72 

17 8 26,14 42,15 1,61 

19 8,4 27,88 42,15 1,51 

 

Internal stability with respect to pull-out failure 

Using equation 3-42 for the resistance factor, pull-out failure can be checked.  

With φ1 = fp factors found in Table 31. 

𝑇𝑗
2

3⁄ ∗𝐿𝑒𝑗∗1∗20 𝑘𝑁 𝑚⁄ ∗𝑧𝑗

1,35

 ≤ 2 ∗ 1  

Table 31: Partial material factor for geosynthetics pullout, EFNOR (2009) 

Resistance Symbol M1 M2 

Interaction soil-reinforcement ϒM;f 1,35 1,1 
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Interaction terrain-nails ϒM;f 1,4 1,1 

The results are given in Table 32. 

Table 32: Checking of pull-out failure, calculated using the UK guideline 

Layer # Z(m) La (m) Le(m) ≤ Rc*2 

1 0,6 3,90 2,10 0,69 

2 1,2 3,61 2,39 0,31 

3 1,8 3,32 2,68 0,25 

4 2,4 3,02 2,98 0,21 

5 3 2,73 3,27 0,19 

6 3,6 2,44 3,56 0,14 

7 4 2,24 3,76 0,11 

8 4,4 2,05 3,95 0,10 

9 4,8 1,85 4,15 0,10 

10 5,2 1,66 4,34 0,09 

11 5,6 1,46 4,54 0,09 

12 6 1,27 4,73 0,08 

13 6,4 1,07 4,93 0,08 

14 6,8 0,88 5,12 0,08 

15 7,2 0,68 5,32 0,08 

16 7,6 0,49 5,51 0,08 

17 8 0,29 5,71 0,07 

19 8,4 0,10 5,90 0,07 

 

Connection strength check 

The available connection strength is Tconn = 50,39 kN/m for a depth greater than 2m, and 27,45 kN/m 
for a depth smaller than 2m.This is given by the manufacturer. 𝜙 t = ϒm;t found in  

 

Table 29. 

𝑇𝑚𝑎𝑥 ≤  𝜙𝑡 ∗ 𝑇𝑐𝑜𝑛𝑛  

With the maximum Tmax = 27,88 kN/m for the bottom layer and the same resistance factor as for rupture, 

this equals to: 

27,88 𝑘𝑁 𝑚⁄ ≤
1

1,25
∗ 50,39 𝑘𝑁 𝑚⁄ = 40,31 𝑘𝑁 𝑚⁄  𝑠𝑜 𝑂𝐾  

And  Tmax = 9,17 kN/m for layer 3 at a depth of 1,8m: 

9,17 𝑘𝑁 𝑚⁄ ≤
1

1,25
∗ 27,45 𝑘𝑁 𝑚⁄ = 24,4 𝑘𝑁 𝑚⁄  𝑠𝑜 𝑂𝐾  
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4.5. Germany 

4.5.1. External Stability 

A minimum embedment depth is not specified in the German guideline, EBGEO (2010). For continuity, 

the same embedment, 0,6m, as in the USA, UK and France is used. Thus, the design height of the wall 

is Hd=8,6m. 

The guideline specifies that a reinforcement length of 70% of the structure height H should be adopted 

for preliminary design, which is L=6m.  

Using equation 3-2 and 3-3 the active coefficient of earth pressure is calculated and using equations 3-

4 till 3-8, the unfactored loads are calculated.  

Note that for the external stability the friction coefficient for tan 𝜙’ is not factored. 

𝛿𝑏 = (2
3⁄ ) ∗ 38° = 25,33°  

𝐾𝑎ℎ,𝑘 =
cos² 38°

[1+√
sin(38°+ 25,33°)∗sin 25,33° 

cos 25,33°
]

2 = 0,288  

The characteristic earth pressure from soil dead weight: 

𝐹1 =  𝐸𝑎𝑔ℎ,𝑘 = 0.5 ∗  0,288 ∗  20 𝑘𝑁 𝑚³⁄ ∗ (8,6𝑚)2 = 213 𝑘𝑁 𝑚⁄     

𝐸𝑎𝑔𝑣,𝑘 =  213 𝑘𝑁 𝑚⁄ ∗ tan(25,33° − 0°) = 101 𝑘𝑁 𝑚⁄   

The characteristic earth pressure from variable load: 

𝐹2 =  𝐸𝑎𝑝ℎ,𝑘 =  0,288 ∗ 10 𝑘𝑁 𝑚²⁄ ∗ 8,6𝑚 = 24,8 𝑘𝑁/𝑚        

𝐸𝑎𝑔𝑣,𝑘 =  24,8 𝑘𝑁/𝑚 ∗ tan(25,33° − 0°) = 11,7𝑘𝑁/𝑚  

The characteristic action from dead weight: 

𝑉1 = 𝐺𝑘 = 20
𝑘𝑁

𝑚3 ∗ 8,6𝑚 ∗ 6𝑚 = 1032 𝑘𝑁/𝑚       

Characteristic variable action: 

𝑃𝑘 = 𝐵 ∗ 𝑞 = 6𝑚 ∗ 10 𝑘𝑁 𝑚²⁄ = 60 𝑘𝑁/𝑚  

Next is a summary of the Load factors and Resistance Factors. Load factors applicable to this problem 

are listed in Table 33. Resistance factors are listed in Table 34. All of the partial factors are from Load 

Case 1. STR, the loss of balance of a construction, is used for external stability and GEO, the 

geotechnical failure, is used for internal stability. 
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Table 33: Partial load factors, adopted from Table 2 DIN 1054 (2005) 

Action Symbol External (STR) Internal (GEO) 

Permanent  ϒG 1,35 1,0 

Variable  ϒQ 1,5 1,3 

 
Table 34: Partial resistance factors, adopted from Table 3 DIN 1054 (2005) 

 Symbol STR GEO 

Sliding Resistance  ϒGL 1,1  

Bearing Resistance  ϒGr 1,4  

Friction coefficient tan φ’ ϒϕ  1,25 

Pull-out resistance ϒB  1,4 

Rupture  ϒM  1,4 

The traffic surcharge on top of the reinforced wall fill is not included for sliding, but is for the eccentricity 

check. The surcharge on the retained backfill is included for both.  

Sliding on the base of the reinforced soil block 

The sliding force is calculated using equation 3-9, with ϒEH = ϒG and ϒLS = ϒQ both found in Table 33. 

𝑃𝑑 = 213 𝑘𝑁 𝑚⁄  ∗  1,35 +  25 𝑘𝑁 𝑚⁄ ∗ 1,5 = 325 𝑘𝑁 𝑚⁄   

The resting force is then calculated by using the following equation, with ϒGL found in Table 34: 

𝑅𝑡,𝑑 = (𝐸𝑎𝑔𝑣,𝑘 + 𝐸𝑎𝑝𝑣,𝑘 + 𝐺𝑘) ∗
0,8∗ tan 𝜙′𝑓

ϒ𝐺𝐿
           [4-8] 

𝑅𝑡,𝑑 = (101 𝑘𝑁 𝑚⁄ + 11,8 𝑘𝑁 𝑚⁄ + 1032 𝑘𝑁 𝑚⁄ ) ∗
0,8∗ tan 34°

1,1
= 561 𝑘𝑁 𝑚⁄   

𝑅𝑡,𝑑  ≥  𝑃𝑑  ↔  561 𝑘𝑁 𝑚⁄ ≥  325 𝑘𝑁 𝑚⁄  𝑠𝑜 𝑂𝐾  

𝑂𝐷𝑅𝑠 =
561 𝑘𝑁 𝑚,⁄

325 𝑘𝑁 𝑚⁄
= 1,7  

Overturning 

Using equations 3-14 till 3-16 the eccentricity limit can be checked.  

𝑀𝑘 = (213 𝑘𝑁 𝑚⁄ ∗
8,6𝑚

3
) + (24,8 𝑘𝑁 𝑚⁄ ∗

8,6𝑚

2
) − (101 𝑘𝑁 𝑚⁄ ∗

6𝑚

2
) − (11,7 𝑘𝑁 𝑚⁄ ∗

6𝑚

2
) = 379 𝑘𝑁𝑚/𝑚

  

𝑁𝑘 =  1032 𝑘𝑁 𝑚⁄ +  10 𝑘𝑁 𝑚²⁄  ∗ 6𝑚 +  101 𝑘𝑁 𝑚⁄ + 11,7 𝑘𝑁 𝑚⁄ = 1204 𝑘𝑁/𝑚    

𝑒 =  
379 𝑘𝑁𝑚/𝑚

1204 𝑘𝑁/𝑚
= 0,315𝑚         

𝑒 <  
𝐿

3
 ↔  0,315𝑚 < 2𝑚, 𝑠𝑜 𝑂𝐾   
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Bearing capacity 

The effect normal to the foundation base is calculated using equation 3-14, with ϒEV = ϒEH = ϒG and ϒLS 

= ϒQ. 

𝑁𝑑 =  1,35 ∗ (101 𝑘𝑁 𝑚⁄ + 1032 𝑘𝑁 𝑚⁄ ) +  1,5 ∗ (6𝑚 ∗ 10 𝑘𝑁 𝑚2⁄ + 11,7 𝑘𝑁 𝑚⁄ ) = 1636 𝑘𝑁/𝑚  

The bearing resistance is calculated using equations 3-15 to 3-19 and ϒGr from Table 34. 

Determining bearing capacity coefficients: 

𝑁𝑑0 = 𝑒π∗tan 34° ∗ tan2 (45 +  
34°

2
) = 29,44    

𝑁𝑏0 = (29,44 − 1) ∗ tan 34° = 19,18    

Determining load inclination coefficients: 

tan 𝛿 =  
212,879 𝑘𝑁 𝑚⁄ +24,753 𝑘𝑁 𝑚⁄

100,779 𝑘𝑁 𝑚⁄ + 1,718 𝑘𝑁 𝑚⁄ +1032 𝑘𝑁 𝑚⁄ +6𝑚∗10𝑘𝑁 𝑚2⁄
= 0,197  

 𝑖𝑏 = (1 − 0,197)2+1 = 0,52  

The same value for e is used as the one calculated in the overturning section.   

𝑅𝑘 = (6𝑚 − 2 ∗ 0,315𝑚) ∗ (20 𝑘𝑁 𝑚2⁄ ∗ (6 − 2 ∗ 0,315𝑚) ∗ 19,18 ∗ 0,52 = 5723 𝑘𝑁 𝑚⁄   

𝑅𝐷 =  
𝑅𝑘

ϒ𝐺𝑟
=  

5723 𝑘𝑁 𝑚⁄

1,4
= 4088 𝑘𝑁 𝑚⁄   

𝑁𝑑  ≤  𝑅𝐷  ↔ 1636 𝑘𝑁/𝑚 ≤  4088 𝑘𝑁 𝑚⁄  𝑠𝑜 𝑂𝐾   

𝑂𝐷𝑅𝑏 =
1636 𝑘𝑁 𝑚,⁄

4088 𝑘𝑁 𝑚⁄
= 2,5  
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4.5.2. Internal Stability 

For the internal stability, partial factors (ϒϕ=1,25) need to be applied to the soil properties using 

equations 3-44 to 3-46. Table 35 shows the design values of soil properties (GEO). 

Table 35: Design values of soil properties (GEO) 

Foundation soil Reinforced wall fill Retained backfill 

ϒf 20 kN/m³ ϒr 20 kN/m³ ϒb 20 kN/m³ 

φ'f 27,2 ° φ'r 30,4 ° φ'b 30,4 ° 
 

δr 20,27 ° δb 20,26667 
 

The guideline states that multiple failure planes need to be investigated and the most critical one needs 

to be used. As such, the Rankine Failure Plane is investigated (ϑ=45° + φb/2) and a failure plane under 

an angle of ϑ=45,94° which intersects the back of the reinforced wall fill at layer 4 is investigated. 

Afterwards, the results for  angle of ϑ=70° and ϑ=34,99° (intersecting the back of the reinforced wall fill 

at layer 8) to show that angles smaller and greater the Rankine Failure Plane angle have a bigger ratio 

of resisting forces on acting forces, thus confirming that the Rankine Failure Plane is the most critical 

slip plane. 

For the wedge stability of the ϑ=45° + φb/2 slip plane, equations 3-43, 3-48, 3-49, 3-58 and 3-59 are 

used for calculating the acting forces (Case 2 from 3.3.4).  

𝐵(𝜗) = 8,6𝑚 ∗ tan(90° − (45° −
38°

2
) =  4,93𝑚  

𝐺𝑑(𝜗) =  1
2⁄ ∗  20 𝑘𝑁 𝑚3⁄ ∗  4,93𝑚 ∗  8,6𝑚 = 424 𝑘𝑁 𝑚⁄   

𝑝𝑑 = 10 𝑘𝑁 𝑚²⁄ ∗ 1,3 = 13 𝑘𝑁 𝑚²⁄   

𝑃𝑣,𝑑(𝜗) = 13 𝑘𝑁 𝑚²⁄ ∗ 4,93𝑚 = 64,0 𝑘𝑁 𝑚⁄   

∑𝐹𝑑(𝜗) = (424 𝑘𝑁 𝑚⁄ + 64,03 𝑘𝑁 𝑚⁄ ) ∗ tan ((45° −
38°

2
) − 30,4°) = 324 𝑘𝑁 𝑚⁄    

The design strength of a reinforcement layer, Rb,d which is the same as Tr from the other calculations, 

is calculated by using equation 3-29, with ϒM found in Table 34. 

𝑅𝑏,𝑑 =  
118,4𝑘𝑁 𝑚⁄

1,07∗2,1∗1∗1,4
= 37,6 𝑘𝑁/𝑚    

Pull-out resistance is calculated by using equations 3-60 to 3-63, with ϒB found in Table 34.  

𝐿𝑒,𝑖 = 𝐿 − (𝐻 − 𝑧𝑖) ∗ tan(90 − 𝜗) =  6𝑚 − (8,6𝑚 − 𝑧𝑖) ∗ tan(90° − (45° −
38°

2
))  

𝑅𝐴𝑖,𝑑 = 2 ∗  20 𝑘𝑁 𝑚3⁄ ∗  𝐿𝑒,𝑖 ∗ (
0,8∗tan 30,4°

1,4
)  

Equilibrium is given if the following limit state condition is met: 

∑𝐹𝑑(𝜗) ≤ min( ∑𝑅𝐵𝑖,𝑑;  ∑𝑅𝐴𝑖,𝑑)         

The governing value for each layer is the smaller one. The results are found in Table 36. 
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Table 36: Wedge stability check following the German guideline for Rankine Failure Plane 

Layer # Z(m) La (m) Le(m) RB (kN/m) RAi (kN/m) Governing (kN/m) 

1 0,6 4,58 1,42 37,64 15,20 15,20 

2 1,2 4,24 1,76 37,64 37,76 37,64 

3 1,8 3,89 2,11 37,64 67,68 37,64 

4 2,4 3,55 2,45 37,64 104,97 37,64 

5 3 3,21 2,79 37,64 149,62 37,64 

6 3,6 2,86 3,14 37,64 201,64 37,64 

7 4 2,63 3,37 37,64 240,41 37,64 

8 4,4 2,41 3,59 37,64 282,45 37,64 

9 4,8 2,18 3,82 37,64 327,76 37,64 

10 5,2 1,95 4,05 37,64 376,35 37,64 

11 5,6 1,72 4,28 37,64 428,21 37,64 

12 6 1,49 4,51 37,64 483,34 37,64 

13 6,4 1,26 4,74 37,64 541,74 37,64 

14 6,8 1,03 4,97 37,64 603,42 37,64 

15 7,2 0,80 5,20 37,64 668,37 37,64 

16 7,6 0,57 5,43 37,64 736,59 37,64 

17 8 0,34 5,66 37,64 808,09 37,64 

19 8,4 0,11 5,89 37,64 882,86 37,64  
∑Rdi= 655,03 kN/m 

324 𝑘𝑁 𝑚⁄ ≤ 655 𝑘𝑁 𝑚,⁄  so OK   

For the wedge stability of the ϑ=45,94° slip plane, equations 3-43 and 3-48 to 3-58 are used for 

calculating the acting forces (Case 1 from 3.3.4).  

𝛿𝑟,𝑑 = (2
3⁄ ) ∗ 30,4° = 20,27°  

𝐾𝑎ℎ,𝑑 =
cos² 30,4°

[1+√
sin(30,4°+ 20,27°)∗sin 20,27° 

cos 20,27°
]

2 = 0,275  

𝐺𝑑(𝜗) =  1
2⁄ ∗  20 𝑘𝑁 𝑚3⁄ ∗  6𝑚 ∗  6,2 𝑚 +  20 𝑘𝑁 𝑚3⁄ ∗ 6𝑚 ∗ (8,6𝑚 − 6,2𝑚) = 660 𝑘𝑁 𝑚⁄   

𝑃𝑣,𝑑(𝜗) = 13 𝑘𝑁 𝑚⁄ 2
∗ 6𝑚 = 60 𝑘𝑁/𝑚        

𝐸𝑔ℎ,𝑑(𝜗) = 1
2⁄ ∗ 20 𝑘𝑁 𝑚3⁄ ∗ 0,275 ∗ (8,6𝑚 − 6,2𝑚)2 = 15,8 𝑘𝑁/𝑚    

𝐸𝑔𝑣,𝑑(𝜗) =  15,8 𝑘𝑁 𝑚⁄ ∗ tan(20,27° − 0°) = 5,84 𝑘𝑁/𝑚       

𝐸𝑝ℎ,𝑑(𝜗) = 0,275 ∗ (8,6𝑚 − 6,2𝑚) ∗ 13 𝑘𝑁 𝑚⁄ 2
= 8,57 𝑘𝑁 𝑚⁄       

𝐸𝑝𝑣,𝑑(𝜗) =  8,57 𝑘𝑁 𝑚⁄ ∗ tan(20,27° − 0°) = 3,16 𝑘𝑁 𝑚⁄       

𝐸ℎ,𝑑(𝜗) = 15,8 𝑘𝑁 𝑚⁄ + 8,57 𝑘𝑁 𝑚⁄ = 24,4 𝑘𝑁 𝑚⁄        

𝐸𝑣,𝑑(𝜗) = 5,84 𝑘𝑁 𝑚⁄ + 3,16 𝑘𝑁 𝑚⁄ = 9,00 𝑘𝑁 𝑚⁄        
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∑𝐹𝑑(𝜗) = (660 𝑘𝑁 𝑚⁄ + 60
𝑘𝑁

𝑚
+ 9,00 𝑘𝑁 𝑚⁄ ) ∗ tan(45,94° − 30,4°) +  24,38 𝑘𝑁 𝑚⁄ = 227 𝑘𝑁 𝑚⁄    

The design strength of a reinforcement layer, Rb,d, which is the same as Tr from the other calculations, 

is calculated by using equation 3-29, with ϒm found in Table 34. 

𝑅𝑏,𝑑 = 37,6 𝑘𝑁/𝑚    

Pull-out resistance is calculated by using equations 3-61 to 3-64, with ϒb found in Table 34. 

𝐿𝑒,𝑖 = 𝐿 − (𝐻 − 𝑧𝑖) ∗ tan(90° − 𝜗) =  6𝑚 − (8,6𝑚 − 𝑧𝑖) ∗ tan(90° − 45,94°)  

𝑅𝐴𝑖,𝑑 = 2 ∗  20 𝑘𝑁 𝑚3⁄ ∗  𝐿𝑒,𝑖 ∗ (
0,8∗tan 30,4°

1,4
)  

Equilibrium is given if the following limit state condition is met: 

∑𝐹𝑑(𝜗) ≤ min( ∑𝑅𝐵𝑖,𝑑;  ∑𝑅𝐴𝑖,𝑑)         

The governing value for each layer is the smaller one. The results are found in Table 37. 

Table 37: Wedge stability check following the German guideline for ϑ=45,94° 

Layer # Z(m) La (m) Le(m) RB (kN/m) RAi (kN/m) Governing 

5 3 5,42 0,58 37,64 31,11 31,11 

6 3,6 4,84 1,16 37,64 74,66 37,64 

7 4 4,45 1,55 37,64 110,60 37,64 

8 4,4 4,06 1,94 37,64 152,08 37,64 

9 4,8 3,68 2,32 37,64 199,09 37,64 

10 5,2 3,29 2,71 37,64 251,62 37,64 

11 5,6 2,90 3,10 37,64 309,69 37,64 

12 6 2,52 3,48 37,64 373,29 37,64 

13 6,4 2,13 3,87 37,64 442,42 37,64 

14 6,8 1,74 4,26 37,64 517,07 37,64 

15 7,2 1,35 4,65 37,64 597,26 37,64 

16 7,6 0,97 5,03 37,64 682,98 37,64 

17 8 0,58 5,42 37,64 774,23 37,64 

19 8,4 0,19 5,81 37,64 871,01 37,64      
∑Rdi= 520,39 kN/m 

 

227 𝑘𝑁 𝑚⁄ ≤ 520 𝑘𝑁 𝑚,⁄  so OK   

Table 38 shows the acting forces, resisting forces and their ratio for 4 different angles of slip planes, it 

is clear that the Rankine Failure Plane is the most critical. 

Table 38: Comparison of different slip planes using the German guideline 

 
70° 45° + φb/2 45,94° 34,99° 

Acting forces (kN/m) 310,65 323,96 227,09 138,36 

Resisting forces (kN/m) 553,12 541,83 433,70 309,79 

Ratio 1,78 1,67 1,91 2,24 
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Chapter 5 

5. Analysis of the Results 
This chapter will discuss the partial factors from each guideline, the overdesign ratios of sliding on the 

base, bearing on foundation, rupture and pull-out of reinforcement for each guideline and the 

calculations mentioned in each guideline. 
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5.1. Introduction 

In this chapter, the results from Chapter 3 will be analysed by calculating the overdesign ratios, which 

are calculated by dividing the designed resisting values by the designed action values. The higher the 

ODR of a country, the more the wall, which is exactly the same design in each of the four countries, is 

overdesigned according to the country’s guideline. This is to give a clear overview of the 

conservativeness of each country’s guidelines, i.e. the higher the ODR, the less conservative the 

guideline. These will be given for the four main calculations, which are sliding, bearing capacity, rupture 

of the reinforcement and pull-out of the reinforcement. A comparison of the different calculations and 

partial factors for each country will also be given, where it will be clear what each guideline calculates 

and what it doesn’t.  

5.2. Analysis of the partial factors 

In Table 39, an overview is given of all the different partial factors used in the calculations. These will 

give small differences in the overdesign ratios. Most guidelines state which load factor to use 

(unfavourable or favourable), depending on which calculations need to be done. The UK guideline 

summarizes this in different load combinations A,B and C. Combination A is the most unfavourable one 

with all the unfavourable load factors, Combination B states that the vertical load is a favourable load 

and that the traffic surcharge on the reinforced fill is not included, and combination C states that all loads 

are favourable and that traffic surcharge is not included, both on the reinforced fill and the retained 

backfill, which is the combination used for serviceability limit state. 

Table 39: Comparison of the different partial factors 

Unfavourable load Factors US UK FR DE 

Vertical load  1,35 1,5 1,35 1,35 

Horizontal load  1,5 1,5 1,35 1,35 

Surcharge  1,75 1,5 1,5 1,5 

Favourable load factors   US UK FR DE 

Vertical load  1,0 1,0 1,0 1,0 

Horizontal load   1,0  1,0  1,0  1,0 

Surcharge load  0 0 0 0 

Resistance factors   US UK FR DE 

Sliding          

Soil-Reinforcement  1,0 1,3 1,1 1,1 

Soil-Soil  1,0 1,2 1,1 1,1 

Bearing resistance  1,5 1,5 1,4 1,4 

Materials          

Tan φ’  1,0 1,0 1,0 1,25 

Tensile resistance  1,1 N/A 1,25 1,4 

Pullout resistance  1,1 1,3 1,35 1,4 

Economic ramifications of 
failure   N/A 1,0-1,1 N/A N/A 
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France uses EC7 Design Approach 2 and Germany as well. But the earth pressure loads are defined 

based of a frictional soil resistance (γϕ=1,25). EC7 does not deal with reinforced soil retaining walls and 

each guideline has different partial factors for reinforcement rupture and pull-out. 

The resistance factors in the US were inverted so they can easily be compared to the others. The partial 

material factors are only applied for calculating the internal stability.   

5.3. Analysis of the overdesign ratio’s 

5.3.1. Sliding 

The ODR for sliding are calculated by dividing the factored resisting force by the acting sliding force. 

Only sliding on the reinforcement is compared, as this is the worst case scenario for each country. 

As seen on Figure 23, the ratio’s for sliding are in the same range of 1,70 to 1,85, except for the UK, 

which is at 1,40. All four guidelines use the same way of calculating the resisting and acting forces, so 

the difference is mainly because the partial resistance factor against sliding on reinforcement, which is 

1,3 in the UK in comparison to the 1,1 in Germany and France, and even the 1 in the USA. This can be 

seen in the low resisting force. France has the second lowest resisting force, but because the acting 

force is the lowest of all four countries, they have the highest ODR. The small differences between the 

USA, France and Germany are in the partial load factors. 

 

Figure 23: Absolute values of design resistance and action for sliding and the ODR 
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5.3.2. Bearing capacity 

The ODR for the bearing on the foundation are calculated by dividing the factored bearing resistance by 

the vertical pressure acting on the foundation. 

As seen on Figure 24, the ratio’s for bearing in the USA and the UK are rather high, between 4 and 4,5 

and between 2,45 and 2,50 for the France and Germany. If we take a closer look at the equations used 

for bearing on the foundation, the biggest difference is in the calculating of the factored bearing 

resistance. The USA and the UK use equation 3-13 and Table 1, while France and Germany use 

equation 3-18. Both equations are technically the same if we move the (L-2e) from equation 3-18 to the 

other side this becomes: 

𝑁𝑑

(𝐿−2𝑒)
≤ ϒ𝑓 ∗ (𝐿 − 2𝑒) ∗ 𝑁𝑏0 ∗ 𝑖𝑏  

This then becomes the same comparison as in the USA and the UK, with the same ϒf, ib which is 

assumed to be 0,5 in the USA and the UK, and is calculated to be 0,55 in France and Germany. The 

eccentricity is between 0,61m and 0,54m for the USA, UK and France and is 0,31m in Germany, but 

this is compensated because of the extra acting forces. Which leaves us to Nb0 which is comparable to 

Nϒ in the USA and UK. Nb0 is calculated to be 19,18 in France and Germany, while in the USA and UK 

it is retrieved from Table 1, which states that for an internal friction angle of 34° it is 41,1. This is a bit 

more than twice the value of France and Germany, which explains why the overdesign ratio of the USA 

and the UK is almost double that of France and Germany. This can be seen in the values of the resisting 

forces. 

The reason why the UK ratio is 0,43 greater than the USA one is because of the extra term ϒfDm in 

equation 4-4. 

 

Figure 24: Absolute values of design resistance and action for bearing capacity and the ODR 
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5.3.3. Reinforcement rupture 

The ODR for rupture are calculated by dividing the allowable tension force by the Tmax of the bottom 

layer, which is the biggest value. For Germany the ratio is slightly different as the way of calculating 

rupture failure does not use Tmax but rather combines both rupture and pull-out in one calculation. So 

the ratio of Germany is the resisting forces divided by the acting forces and is a general ratio for internal 

stability.  

As seen on Figure 25, the performance ratios are between 2,10 and 1,50. The USA’s performance 

ratio’s is this great because of the way Tmax is calculated. The value of Tmax in the bottom layer is 22,87 

kN/m for the USA, 30,72 kN/m for the UK and 27,88 kN/m for France. The USA one is lower because it 

does not assume a Meyerhof-type distribution for the vertical pressure on the reinforcement layer, in 

comparison to the UK and France. The German ratio is also higher but uses a completely different 

calculation, so the exact reason in comparison to the others cannot be given, see Figure 26Figure 25. 

The small differences between the UK and France are because of different partial load and resistance 

factors. 

 

Figure 25: Absolute values of design resistance and action for reinforcement rupture and the 
ODR 

 

Figure 26: Absolute values of design resistance and action for reinforcement rupture and pull-
out and the ODR (Germany) 
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5.3.4. Reinforcement pull-out 

The ODR for pull-out in the USA is calculated by dividing the available pull-out length by the required 

pull-out length. And in the UK and France by dividing the available pull-out length by 2 (the result of 

equation 3-42 has to be smaller than 2*Rc), this is the same as dividing the available pull-out length by 

the required pull-out length, as can be seen when equation 3-42 is rearranged.  

𝐿𝑒𝑗 ≥
𝑇𝑗

µ∗2∗𝑅𝑐∗ϒ𝐸𝑉∗ϒ𝑟∗𝑧𝑗

𝜙1∗𝜙2

  

They are only for the top layer as the ratio is the smallest there. The German ratio is again dividing the 

resisting forces by the acting forces and is a general performance ratio for internal stability. 

The results are given on Figure 27. The differences between the USA, UK and France are due to the 

differences in partial factors. The German ratio uses a completely different calculation, so the exact 

reason in comparison to the other cannot be given, see Figure 26. 

 

Figure 27: Absolute values of design resistance and action for reinforcement pull-out and the 
ODR 
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5.4. Analysis of calculations 

The four different guidelines all do different calculations and checks to verify both the external and 

internal stability. Not all calculations mentioned in this chapter were done in the thesis, only the ones 

that were explained and where equations were given. The other calculations are mentioned in the 

guidelines but are not elaborated. In Table 40 an overview is given of all the calculations and checks 

used in the four different guidelines.  

Table 40: Calculations and checks used in the different guidelines 

 
US UK France Germany 

Bearing on foundation X X X X 

Overturning 
(eccentricity) 

X - - X 

Sliding X X X X 

Settlement X X - X 

Rupture X X X X 

Pull-out X X X X 

Wedge stability 
 

X 
 

X 

Connection strength X X X X 

Lateral movements X X X X 

Vertical movement X X - X 

Global stability X X X X 

Compound stability X X X X 

Drainage X X - - 

 



76 

 

 

 

 



77 

 

Chapter 6 

6. Conclusions 
This thesis intended to compare the guidelines on the design of soil reinforced walls with extensible 

reinforcement. An example was calculated and performance ratios were given, as well as a summary of 

the partial factors and calculations. The main results and conclusions are summarized in this chapter. 
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6.1. Conclusions and Results Summary 

The four different guidelines were followed for calculating a simple wall in the Ultimate Limit State. It is 

believed that comparing the ODR of the different calculations for each guideline will be useful to 

encourage further refinement of each countries guidelines and calculation methods. The example 

calculations may also help clarify some of the calculation methods and application of partial factors. 

Regarding the analysis of the partial factors, ODR and calculations used: 

• The partial load factors only have small differences, except for the surcharge load factor in the 

US, which is 1,75. For the resistance factors, the biggest difference is in the US values, which 

are smaller than the other three countries, except for the bearing resistance factor.  The 

resistance factor for sliding in the UK is also substantially bigger than the other three countries. 

As for the partial material factors, they are only mentioned in the UK and German guideline, 

however, they only have an impact in the German guideline. Also the UK method applies a 

partial factor for economic ramifications of failure, to both reinforcement rupture and pull-out 

calculations. There is however no resistance factor for rupture in the UK, as the only partial 

factor applied to is the one for economic ramifications. 

• For the ODR for bearing capacity, the USA uses a different way of obtaining the bearing 

resistance factor Nϒ or Nb0. This makes the ratios around 1,5 times bigger than the ones from 

France and Germany. The UK does not specify a way to calculate Nϒ or Nb0 and, as stated in 

Chapter 3, the same way as in the US has been used. Also note the extra term in the calculation 

for bearing resistance in the UK, which is out of line with the other three countries.  

• For the ODR for sliding, the USA, France and Germany are all quite in line, with small 

differences because of different load factors. However, the UK ratio is lower, because of a big 

difference in the resistance factor for sliding, which is 1,3 in the UK, compared to 1,1 in France 

and Germany, and 1.0 in the US. 

• For the internal stability, the US, the UK and France all use particular calculation methods to 

calculate Tmax at each reinforcement layer. The German guideline however only does a wedge 

stability check on the most critical slip plane, to ensure that the total reinforcement resistance is 

greater than the design action. Performing a wedge stability check is mentioned in the UK 

guideline but not in the US or French guidelines. This means that the ratio for both rupture and 

pull-out for Germany cannot be directly compared to those of the other three countries. 

• For the ODR for reinforcement rupture, the US method stands out, because the Simplified 

Method does not assume a Meyerhof-type distribution for the vertical load on the reinforcement 

layers, i.e. the USA has lower values for the vertical pressure on the reinforcement layers. 

• Only the USA and the German guidelines check for overturning, by limiting the eccentricity of 

the bearing pressure resultant. The UK guideline mentions tilt in the same calculation as bearing 

capacity but does not actually limit the eccentricity. 
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• All four guidelines have at least provided equations for calculations in the Ultimate Limit state, 

but have not done the same for the calculations in the Serviceability Limit State. The calculations 

are mentioned, and the partial factors are given but they do not go in-depth. 

• The partial factors only have a small influence in the differences between the guidelines, the 

biggest differences come from the different calculation methods that are used. 

• It is concluded that the US guideline is the least conservative guideline for calculating both 

external and internal stability in the Ultimate Limit State. 

• It cannot be stated however, that the Simplified method is the least conservative compared to 

the Tieback Wedge method, as a Meyerhof-type distribution is assumed for the vertical pressure 

on the reinforcement layers in the UK and France, while this is not stated in the original method. 

If this distribution would not be used, the only differences would be because of the partial factors, 

at least for the design of this specific wall. This is because the main difference between the 

Simplified Method and the Tieback wedge method is the use of a Kr/Ka ratio in the Simplified 

Method, and just Ka in the Tieback wedge method, however for geosynthetics the Kr/Ka ratio is 

1, which means the equations become identical. 

6.2. Future developments 

It is clear that there is still room for refinement in all four guidelines. All guidelines have proven to give 

calculations that will not result in failure of a reinforced soil wall, however they are still quite conservative. 

Serviceability Limit State needs more explanation in all guidelines, as it is now only mentioned for 

completeness but not an in-depth explanation with equations as for the Ultimate Limit State, especially 

for reinforcement creep. Once this is done, a more elaborate comparison between the four guidelines 

can be made.  

Seismic actions also need to be incorporated in the EU guidelines, as well as drainage 

recommendations, is this is not mentioned at all in some guidelines. 
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Appendix A 

Tensar Geogrid RE570 
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Appendix B 

Tensar TW1 Wall System 
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