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ABSTRACT: The current EN 1997-1 has only a very short and rather unspecific clause 5.5 about the design of ground improvement 
(GI) covering only half a page. This does not represent the current geotechnical reality where plenty of ground improvement 
technologies have a vast range of applications. Ground improvement reaches from dynamic compaction and vibro compaction over 
improvement of the ground with granular columns or rigid inclusions up to bulk solidifications with soil mixing, grouting and jet 
grouting or even ground freezing. Therefore the future EN 1997-3 will contain two whole chapters (clauses 11 and 12) dealing with 
the design of GI. Work on this started with Evolution Group 14 (EG14) as part of CEN TC 250 SC7 and its report from 2015 and 
has evolved since then through a number of iterations and discussions between the project team drafting the code and the task group 
advising and supporting this work. The result of this efforts, that will be made available in the near future, is a comprehensive design 
approach to GI based on a system of design models (2 classes x 2 families = 4 models) to cover all possible technologies for GI for 
ultimate and serviceability verifications and 3 design models for groundwater control. This will provide sufficient guidance for 
existing technologies as well as the necessary flexibility to accommodate new methods of GI. The authors of this paper as convenor 
and members of the relevant working group and task group will explain this new approach and the set of rules coming with it, both 
for ultimate limit state as well as for serviceability limit state design. 

RÉSUMÉ : L’actuel EN 1997-1 ne contient qu'une très succincte clause 5.5 d’une demi-page sur la conception des solutions 
d’Amélioration de Sol. Ceci ne représente pas dignement la réalité de la géotechnique actuelle, où de nombreuses technologies 
d'Amélioration de Sol sont couramment  utilisées pour de vastes gammes d'applications. L'Amélioration de Sol couvre une large palette 
de techniques, depuis le compactage dynamique et le vibro-compactage, en passant par les renforcements de sol avec des colonnes 
granulaires ou des inclusions rigides jusqu'aux techniques de solidification dans la masse par soil-mixing, injection et jet-grouting ou 
même par congélation des sols. Le futur EN 1997-3 intègrera deux chapitres entiers (articles 11 et 12) traitant spécifiquement de la 
conception des techniques d’amélioration de sol. Les travaux de rédaction, initiés par l’Evolution Group 14 (EG14) du CEN TC 250 
SC7 et son rapport de 2015, ont évolué depuis lors à travers un certain nombre d'itérations et de discussions entre l'équipe de projet qui 
rédige le nouveau code et le groupe de travail qui intervient en tant que conseil et référent technique. Le résultat de ces travaux, qui sera 
mis à disposition dans la nouvelle version de l’EN-1997, est une approche globale de conception des solutions d’Amélioration de Sol, 
basée sur un système de modèles de dimensionnement (2 classes x 2 familles = 4 modèles) qui permet de couvrir l’ensemble des stratégies 
d’Amélioration de Sol pour leurs vérifications aux Etats Limites Ultimes et aux Etats Limites de Service. Le texte propose également 
une classification en 3 modèles de conception pour les problématiques spécifiques liées au contrôle des eaux souterraines. Ce système 
fournira un cadre normatif adapté aux technologies existantes tout en assurant la flexibilité nécessaire pour intégrer les développements 
futurs des méthodes d'Amélioration de Sol. Les auteurs de cet article, en tant que membres et coordinateurs des différents groupes de 
travail, détailleront cette nouvelle approche, ainsi que l'ensemble de règles de conception qui l'accompagne, aussi bien pour les 
vérifications aux Etats Limites Ultimes que pour les vérifications aux Etats Limites de Service. 

KEYWORDS: Ground improvement, EN 1997-3, design, ultimate limit state, serviceability limit state 

 
1  INTRODUCTION TO GROUND IMPROVEMENT 

Under the joint European Commission and EFTA mandate 
M/515 CEN with its Technical Committee 250 Subcommittee 7 
(TC250 SC7), the next generation of Eurocode 7 is currently 
prepared. The first generation was published in 2004 and left a 
lot of room to accommodate local and national design approaches. 
The new generation shall explicitly “…reduce the number of 
Nationally Determined Parameters (NDPs).” (European 
Commission, 2012) and also expand the existing rules where 
necessary. The clauses 11 and 12 in the current draft of EN 1997-
3 dealing with “ground improvement” and “groundwater control” 
are the result of the latter. 

The definition of ground improvement in the current draft 
from May 2021 of EN 1997-3 is “modification of the ground or 
its hydraulic conductivity in order to bring the effects of actions 
within ultimate and serviceability requirements” (CEN TC250 
SC7 WG1 PT6, 2021). This definition already uses some key 
terms. “Modification of the ground” implies a set of procedures 
to change its properties and characteristics compared to the pre-
treatment situation. “Effects of actions” already hints at certain 
aspects of the built-in safety concept. “Ultimate and 
serviceability requirements” is the distinction between the two 
basic verifications necessary in geotechnical engineering, where 
“ultimate” stands for bearing capacity, stability and safety and 
“serviceability” for conditions to safeguard service requirements 
for a structure to be utilized for the intended purpose. 
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This can be achieved by very different approaches and 
technologies that have been mentioned in the final report of the 
evolution group (CEN TC250 SC7 EG14, 2015) that laid the 
foundation for the work on the new clauses. In its figure 1 there 
is a very detailed chart of ground improvement techniques 
ranging from dynamic compaction at one end of the spectrum to 
driven steel columns at the other. Problem with this chart was, 
that, apart from listing some brand names, it was way too detailed 
to be practical for design purposes and therefore a modified 
approach was followed eventually. 

2  CLASSIFICATION OF GROUND IMPROVEMENT AND 
GENERAL DESIGN RULES 

The language used by geotechnical engineers is often misleading 
when they talk e.g. about “designing a bored pile” or any other 
specific geotechnical product or system. What they are doing in 
reality is that they establish a more or less complex model 
representing the real system with a number of mechanisms. 
Calculations and verifications as the core of design works are 
performed within those design models. 

For ground improvement this concept of design models is 
implemented in the form of a basic set of 4 models by overlaying 
two families and two classes of ground improvement that are able 
to accommodate all the different design approaches without 
getting attached to individual products or brand names. 
 
Table 1. Classification of ground improvement design (CEN TC250 SC7 
WG1 PT6, 2021) 

Class 
Family 

A – Diffused B – Discrete 

I 

AI – Diffused with no 
unconfined 
compressive strength 

The improved ground 
has an increased shear 
strength higher than 
that of the original 
ground. The improved 
ground can be 
modelled as a ground 
with improved 
properties. 

BI – Discrete with 
non-rigid inclusions 

Inclusions, installed in 
the ground with higher 
shear capacity and 
stiffness compared to 
the surrounding 
ground. The 
unconfined 
compressive strength 
of the inclusion is not 
measurable. 

II 

AII – Ground 
improvement zone 

with unconfined 
compressive strength 

The improved ground 
is modified from its’ 
original natural state, 
has a measurable 
unconfined 
compressive strength 
and is significantly 
stiffer than the 
surrounding ground. 
Usually, it comprises a 
composite of a binder 
and ground. 

BII – Discrete with 

rigid inclusions 

Rigid inclusions, 
installed in the ground 
with unconfined 
compressive strength 
and significantly stiffer 
than the surrounding 
ground. The inclusions 
can be an engineered 
material such as 
timber, concrete/grout 
or steel or a composite 
of a binder and ground. 

 
All those design models come with a set of rules for limit state 
verification. For groundwater control, the current draft in its 
clause 12 lists 3 groups or models: 

 

- measures to reduce the hydraulic conductivity; 
- dewatering or infiltration to control the groundwater 

and/or surface water; 

- impermeable barriers to control the groundwater by 
preventing and/or cutting off the flow. 

So for groundwater control both, increasing or decreasing the 
hydraulic conductivity, is an option and requires suitable 
modelling for design purpose. How those ground water control 
models correlate to the ground improvement models is discussed 
in chapter 7. 

3  AI - DIFFUSED WITH NO UNCONFINED 
COMPRESSIVE STRENGTH 

At first glance, this looks like the most simple and 
straightforward design model and from a pure numerical 
calculation perspective it may well be. “No unconfined 
compressive strength” means, that also after treatment the ground 
is still essentially a soil with corresponding parameters and the 
calculations and verifications themselves remain unchanged as 
algorithms and (in)equations. The limit state verifications remain 
geotechnical verifications in the narrow meaning of the term. 

The complexity in this model is “buried” in the determination 
of the improved ground properties, for which the current draft of 
part 1 of Eurocode 7 (CEN TC250 SC7 WG1 PT6, 2021) in its 
clause 4.3.2 mandates the establishment and use of 
“representative values”. Compared to the current generation of 
Eurocodes this is a change of terminology as the representative 
value can be either: 

- A nominal value derived on a non-statistical basis 
- A characteristic value defined as a fractile of a statistical 

distribution (e.g. 5% or 10%) 

This is a redefinition or more precise definition of and a 
repurposing of the characteristic value, which is currently used 
directly as an input value to calculate a design value with 
appropriate partial safety factors while no real distinction is made 
regarding its origin. In equation (4.5) of the current draft of EN 
1997-1 it is now defined as: 

 Xk = Xmean[1 ∓ knVx] = Xmean [1 ∓ kn𝜎𝜎𝑥𝑥𝑋𝑋𝑚𝑚𝑟𝑟𝑚𝑚𝑛𝑛] (1) 

 

with 𝑋𝑋𝑚𝑚𝑟𝑟𝑚𝑚𝑚𝑚 = mean value of the ground property X from a number 

n of derived values; 𝑉𝑉𝑥𝑥 = is the coefficient of variation of X; 𝑘𝑘𝑚𝑚 = is a coefficient that depends on n; 𝜎𝜎𝑥𝑥 = standard deviation of X 

 
Which method (field tests, lab tests, correlations, etc.) shall be 
used is not specified in detail. For this, requirements and 
recommendations can be found in prEN 1997-2 (CEN TC250 
SC7 WG1 PT6, 2021). 

4  AII - GROUND IMPROVEMENT ZONE WITH 
UNCONFINED COMPRESSIVE STRENGTH 

If ground is modified in a way to generate strength, the treated 
zone itself becomes a structural element. As a consequence, in 
addition to the geotechnical calculations and verifications in the 
soil surrounding the treated zone, structural verifications have to 
be made inside the treated zone. The stresses in the improved 
zone are “effects of actions”. This indicates, that they are the 
results of a combination of the actions the improved zone is 
exposed to, but not the actions themselves. How to calculate 
them, depends on the geotechnical problem. 

In figure 1 below an underpinning installed by jet grouting is 
shown. This ground improvement body is exposed to the 
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foundation loads on top, earth and water pressures and also 
supported by an anchor. The geotechnical calculations and 
verifications to be conducted here are, among others, earth and 
water pressure calculation, earth resistance, base failure, 
settlement calculation, deep seated failure to determine the 
anchor length as well as a slope stability calculation. The 
structural calculations and verifications have do demonstrate, 
that the stresses as effects of actions do not exceed the material’s 
resistance. 

 

 

Figure 1. Jet grouted underpinning body employed as a lateral support 
system 

Annex G of prEN1997-3 proposes to use a stress envelope as 
shown in figure 2 for this verification to avoid underestimating 
the resistance of the jet grouting material. 

 

 

 

Figure 2. Stress envelope of rigid ground improvement material (figure 
G.1 of prEN 1997-3) 

In this figure, the failure line (1) has an inclination assumed to be 
identical to the design value of the friction angle of the soil 
subject to ground improvement and is a tangent to the Mohr’s 
circle of the UCS test (3). The smaller principal stress can be 
even tensile up to -10% of the design UCS. All circles (2) inside 
the stress envelope are acceptable. 

Equations (2) and (3) below can be used to calculate principal 
stresses and their orientation from cartesian stresses 

 𝜎𝜎1,3 = 𝜎𝜎𝑥𝑥+𝜎𝜎𝑧𝑧2 ± √(𝜎𝜎𝑥𝑥−𝜎𝜎𝑧𝑧)24 + 𝜏𝜏𝑥𝑥𝑥𝑥2  (2) 

 𝑡𝑡𝑡𝑡𝑡𝑡(2𝛼𝛼) = 2𝜏𝜏𝑥𝑥𝑧𝑧𝜎𝜎𝑥𝑥−𝜎𝜎𝑧𝑧 (3) 

The following equation 4 is the verification that the principal 
stresses are inside the stress envelope. It has to be noted, that with 
growing confining stresses 𝜎𝜎3 > 0 the main principal stress 𝜎𝜎1 
may well be greater than the design UCS of the material 𝑓𝑓𝑚𝑚,𝑑𝑑. 

 𝜏𝜏𝑟𝑟,𝑑𝑑 = [𝜎𝜎1+𝜎𝜎32 − 𝜎𝜎1−𝜎𝜎32 ∙ 𝑠𝑠𝑠𝑠𝑡𝑡𝜑𝜑𝑑𝑑] ∙ 𝑡𝑡𝑡𝑡𝑡𝑡𝜑𝜑𝑑𝑑 + 𝑓𝑓𝑚𝑚,𝑅𝑅2 ∙ 𝑐𝑐𝑐𝑐𝑠𝑠𝜑𝜑𝑅𝑅𝑠𝑠𝑠𝑠𝑚𝑚𝜑𝜑𝑅𝑅+1⏟                              𝑠𝑠𝑠𝑠𝑟𝑟𝑟𝑟𝑠𝑠𝑠𝑠 𝑟𝑟𝑚𝑚𝑒𝑒𝑟𝑟𝑒𝑒𝑐𝑐𝑟𝑟𝑟𝑟 (1) ≥
𝜎𝜎1−𝜎𝜎32⏟𝑀𝑀𝑐𝑐ℎ𝑟𝑟′𝑠𝑠 𝑐𝑐𝑠𝑠𝑟𝑟𝑐𝑐𝑒𝑒𝑟𝑟 (2) ∙ 𝑐𝑐𝑜𝑜𝑠𝑠𝜑𝜑𝑑𝑑 (Ͷ) 

 

This is intentional and allows for geometrical optimizations of 
the ground improvement body. 

As the unconfined compressive strength of this type of 
materials is significantly lower than that of standard concrete, it 
is recommended to determine the characteristic value using a log-
normal distribution, typically with a confidence level of 90%, 
and not a normal distribution to avoid mechanically nonsensical 
negative values for the representative value of UCS. 

5  BI - DISCRETE WITH NON-RIGID INCLUSIONS 

With this ground improvement model stone and sand columns 
can be designed. The effect of those elements/inclusions is based 
on the fact that they are considerably stiffer than the surrounding 
ground and as a consequence will attract a larger load share than 
corresponds to their area ratio. However, in lack of unconfined 
compressive strength, they rely on lateral support from the 
surrounding soil to function as a reinforcement. 

In literature different methods are proposed for the design of 
this type of inclusions. Good overviews can be found in (Castro, 
2017) and also in (Ng & Tan, 2015). One of the most common 
and reliable methods to assess the improvement effect of those 
inclusions is still Priebe’s method, first published in Germany in 
1976 in “Bautechnik” (Priebe, 1976). It uses a unit cell model 
and is therefore able to capture the interaction of inclusion and 
surrounding soil over the whole treatment depth. This approach 
is superior to simplified models like the spring method, which 
just phenomenologically apply the resulting behavior of soil and 
inclusion at the top of the treatment zone disregarding the 
underlaying soil mechanical relationships responsible for this 
behavior. 

 

 
 

Figure 3. Unit cell model for the determination of the improvement effect 
of stone columns (Priebe, 1976) 

The primary result of those considerations and calculations is 
typically a so-called improvement factor, that reduces the 
deformations (settlements) compared to the unimproved 
situation. This reduction of deformations can be interpreted in 

 no 

Xk = Xmean[1 ∓ knVx] = Xmean [1 ∓ kn𝜎𝜎𝑥𝑥𝑋𝑋𝑚𝑚𝑟𝑟𝑚𝑚𝑛𝑛]
𝑋𝑋𝑚𝑚𝑟𝑟𝑚𝑚𝑚𝑚𝑉𝑉𝑥𝑥𝑘𝑘𝑚𝑚𝜎𝜎𝑥𝑥
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that way, that the composite treatment zone (inclusions and 
associated soil in the unit cell) behaves stiffer overall. 

 

 
 

Figure 4. Basic improvement factor for different friction angles of the 
non-rigid inclusion (Priebe, 1976) 

For the assessment of shear parameters of the composite system 
the area ratio or the load ratio or a weighted mix of both is used. 

Very common for this type of ground improvement is a mixed 
application of design models. In a first step, the unit cell model 
as a representation of a BI design model may be used to calculate 
the improvement factor for the composite system. The resulting 
stiffness and shear properties for the treatment zone are then used 
in an AI design model, where the treated zone’s bulk behavior is 
used. 

This is perfectly legitimate and highlights the fact that design 
models are chosen with a view on the design task at hand. If e.g. 
the settlements of a raft or an embankment have to be calculated, 
then the use of the resulting bulk properties of the treatment zone 
(design model AI) are a good practical approach to the problem. 
If the stresses and strains in a geogrid or internal forces in a raft 
above the treatment zone have to be calculated, then the 
composite model (design model BI) needs to be chosen as only 
this model is able to provide the required details as calculation 
results. 

6  BII - DISCRETE WITH RIGID INCLUSIONS 

The design model for this type of ground improvement is 
relatively new and some aspects of it are still under development. 
In the beginning there were some misconceptions about it and it 
has been wrongfully perceived as a method to design piles with 
a reduced level of safety, which is definitely not the case. The 
correct understanding of this design model is that it takes into 
account the complex interactions between the rigid inclusions, 
the soil, the superstructure (raft or footing) and, if present, the 
load transfer platform for an accurate representation of all 
mechanisms. 

A rigid inclusion in the meaning of prEN 1997-3 is any 
discrete element in the ground with an unconfined compressive 
strength, independent from the material and the technology used 
for installation, designed using this model. Ergo, a conventional 
bored pile or even a steel tube can be a rigid inclusion, if it is 
correctly modelled and designed as such. 

The most comprehensive description of this design model to 
date can be found in the French ASIRI recommendations 
(Combarieu, et al., 2012). A more recent description with some 
additional features compared to ASIRI has been presented in 
(Bohn & Vogt, Lasttransfermethode zur Berechnung von 
Gründungen und Baugrundverbesserung mit starren Säulen, 
2018). From a certain point of view, piled rafts might be seen as 
a special case of this design model as described e.g. in 
(Katzenbach, et al., 2000). In prEN 1997-3, piled rafts mark the 

transition between piling and ground improvement. If there is a 
structural connection between the inclusion and the 
superstructure (e.g. presence of continuous reinforcement), then 
it is seen as a piled raft foundation (piles). If there is just 
(geometrical) contact between the superstructure and the rigid 
inclusion or even a load transfer layer present, then it is ground 
improvement. Model factors and partial safety factors in both, 
the piling and the ground improvement clauses of prEN 1997-3 
are aligned for a smooth transition from one system to the other 
without discontinuities in the overall safety of the system. 

In its figure 11.2, prEN 1997-3 illustrates the behaviour of 
rigid inclusions for foundation systems with and without a load 
transfer platform or layer. 

 

 
 

Figure 5. Interaction effects of a ground improvement with rigid 
inclusions, Figure 11.2 of prEN 1997-3 (CEN TC250 SC7 WG1 PT6, 
2021) 

In realistic cases and models with a load transfer platform, there 
will be a negative skin friction in the upper part of the rigid 
inclusion. This negative skin friction is not to be misunderstood 
as a load in itself but is part of the bearing mechanism of the 
system, in particular the mechanism to attract some of the load 
that at the top of the system is initially transferred into the soil. 
The positive skin friction in the lower part of the rigid inclusion 
is then the mechanism to retransfer the load back into the soil. It 
is therefore essential not to factor negative and positive skin 
friction differently as this would distort the system behavior and 
show an unrealistic system response. 

Essential for a correct capture of the system behavior is a 
realistic modelling of the mobilization of skin friction and end 
bearing. For this, limit values are not sufficient but appropriate 
non-linear mobilization functions have to be applied. In her PhD-
thesis one of the co-authors of this paper (Bohn, 2015) proposes 
and discusses different types of non-linear mobilization curves 
for skin friction and end bearing, namely cubic root and 
hyperbolic functions. 

Limit values to calibrate those curves can be found e.g. in the 
German recommendations for piling (Deutschen Gesellschaft für 
Geotechnik, 2012). 
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Figure 6. Cubic root (left) and hyperbolic (right) mobilization functions 
for skin friction (top) and end bearing (bottom) (Bohn & Vogt, 2018) 

For the verification of the ultimate limit state, the total resistance 
is the sum of the resistance of the soil and the resistance of the 
rigid inclusions as expressed in equation (11.7) of prEN 1997-3: 
 𝑅𝑅𝑑𝑑,𝑠𝑠𝑠𝑠𝑠𝑠 = 𝑅𝑅𝑟𝑟𝑟𝑟𝑟𝑟,𝑠𝑠𝑠𝑠𝑠𝑠𝛾𝛾𝑅𝑅,𝑠𝑠𝑠𝑠𝑠𝑠𝛾𝛾𝑅𝑅𝑅𝑅,𝑠𝑠𝑠𝑠𝑠𝑠  𝑜𝑜𝑜𝑜 (∑ 𝑅𝑅𝑟𝑟𝑟𝑟,𝑟𝑟𝑛𝑛𝑟𝑟𝛾𝛾𝑅𝑅𝑅𝑅𝛾𝛾𝑅𝑅𝑅𝑅 + 𝑅𝑅𝑔𝑔𝛾𝛾𝑔𝑔) (5) 

with 𝑅𝑅𝑟𝑟𝑟𝑟𝑟𝑟,𝑠𝑠𝑠𝑠𝑠𝑠 total resistance of the GI system with RIs 𝛾𝛾𝑅𝑅,𝑠𝑠𝑠𝑠𝑠𝑠 partial resistance factor for the RI system 𝛾𝛾𝑅𝑅𝑑𝑑,𝑠𝑠𝑠𝑠𝑠𝑠 a model factor for the RI system 

 

For the resulting system resistance, the same level of safety as 
for a piling solution or any other geotechnical system or structure 
is required. 

To avoid discontinuities in the system response, it has to be 
avoided that a structural failure occurs in the rigid inclusions 
themselves. Therefore it is mandatory to verify the structural 
resistance of the rigid inclusions. In case they are made of 
improved ground, the verification has to be conducted as for AII 
material (stress envelope). For other materials, the respective 
existing design standards have to be followed, e.g. Eurocode 2 
for concrete (CEN TC250 SC2, 2004). 

7  GROUNDWATER CONTROL 

In the draft prEN 1997-3 groundwater control is the subject of 
clause 12. It “shall apply to groundwater control measures, to 
prevent limit states in the geotechnical structure due to changes 
in groundwater and/or surface water”. 

The model to be applied for designs where a “reduction of 
hydraulic conductivity” is achieved means the formation of a 
body or barrier, e.g. to reduce water ingress into an excavation. 
This model for groundwater control is related to the design model 
AII of clause 11, even if not explicitly mentioned. The 
groundwater control aspect means, that this reduction of 
hydraulic conductivity will result in a built up of water pressure, 
which is an additional action. 
When looking at the same system as in figure 1, but with a focus 
on the differential groundwater pressure, the difference in 
groundwater table between inside and outside the excavation 
results in the additional action as shown in the figure below. This 
action and its effects have to be considered in the geotechnical 
and structural verifications. 

 

 
 

Figure 7. Differential groundwater pressure (action) as the result of the 
reduced hydraulic conductivity of an underpinning body 

Drainage systems are providing an increase in hydraulic 
conductivity. This can be done to lower groundwater tables, 
which can have a beneficial effect on groundwater pressures as 
in the previous model. It can also be a means to accelerate 
consolidation e.g. in combination with a surcharge (reduced 
construction time). The design models for those systems can be 
related to design model BI of clause 11: 

 

 
 

Figure 8. Unit cell model of a vertical drain with the associated soil to 
calculate consolidation 

Often, this groundwater model and model BI are representing the 
very same system, e.g. for stone columns. The model BI is able 
to capture the geotechnical improvement factor for the system 
once fully consolidated while the groundwater model allows to 
predict the time required to achieve this state: 

 

3053



 

 

 
 

Figure 9. Consolidation over time and depths with vertical drains 

Cut-off walls may have a structural capacity and in that case this 
would require a structural verification. But their main effect is to 
change groundwater pressure in a larger zone in the ground and 
as a consequence of that increase the effective stress there. From 
that point of view, it can be associated with design model AI: 

 

 

 
 

Figure 10. Pore water pressure in a dam with (bottom) and without (top) 
a cut-off wall in its core 

The increased effective stress can be considered in geotechnical 
verifications and will increase resistance e.g. against slope failure, 
but not because of the structural resistance of the cut-off wall but 
because of the positive impact on pore water pressure and 
effective stresses in the relevant zone in the ground. 

8  CONCLUSION 

The future prEN 1997-3 in its clauses 11 and 12 will provide a 
comprehensive framework for the design of ground 
improvement including the necessary geotechnical and hydraulic 
verifications for ultimate and service limit state. It does not focus 
on certain products but provides guidance for establishing 
suitable design models. 

Those design models have to be chosen with respect to the 
specific design task and geotechnical problem as well as the 
geotechnical or structural detail to be analysed. They are not 
product or brand specific and therefore provide sufficient 
flexibility to accommodate future innovations in ground 
improvement technologies. 

By treating ground improvement as any other well established 
geotechnical method or structure, prEN 1997-3 is getting in line 
with today’s industry practice and will eliminate uncertainty and 
ambiguity in the design of ground improvement that is still found 
often today. 
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