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European foreword 

This document (EN 16907-4:2018) has been prepared by Technical Committee CEN/TC 396 
“Earthworks”, the secretariat of which is held by AFNOR. 

This European Standard shall be given the status of a national standard, either by publication of an 
identical text or by endorsement, at the latest by June 2019, and conflicting national standards shall be 
withdrawn at the latest by June 2019. 

Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. CEN shall not be held responsible for identifying any or all such patent rights. 

This document is one of the European Standards within the framework series of EN 16907 on 
Earthworks, as follows: 

— Part 1: Principles and general rules; 

— Part 2: Classification of materials; 

— Part 3: Construction procedures; 

— Part 4: Soil treatment with lime and/or hydraulic binders (this document); 

— Part 5: Quality control; 

— Part 6: Land reclamation earthworks using dredged hydraulic fill; 

— Part 7: Hydraulic placement of extractive waste. 

According to the CEN-CENELEC Internal Regulations, the national standards organisations of the 
following countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, 
Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia, 
France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, 
Netherlands, Norway, Poland, Portugal, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, 
Turkey and the United Kingdom. 
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Introduction 

In the context of the present standard, the treatment of a material designates the operation which 
consists of mixing, to an agreed specification, the material with a binder, for example lime, or hydraulic 
binder, or both of them, and optionally with additional water. The objective is to enhance the properties 
of materials with poor characteristics for use in earth structures. It can also be to enhance properties of 
materials to enable their use in specific applications (like capping layers, abutment fills, foundations, 
etc.). 

Although the technique has been used for a long time, its application at a large scale, for the 
construction of earth structures, started in the 1960s. Since then, the technique has seen a substantial 
increase thanks to its many benefits, among which are: 

— enhancement of the mechanical properties of material; 

— elimination of lorry movements for disposal of site material; 

— reduced lorry movements for importation of construction material; 

— reduced noise and nuisance to local residents; 

— less wear and tear on the local road network; 

— no tipping charges or landfill tax; 

— maintained landfill capacity; 

— no waste of valuable non-renewable aggregate resources; 

— generally reduced construction time and cost. 

Once treated properly, the material can be used in embankment, capping layer or any part of the 
structure, provided it meets the specification of the project. 

The treatment products considered in this standard are limited to the following standardized products: 
cement, fly ash, granulated blast furnace slag, hydraulic road binder and lime. 

For the purpose of this standard, these treatment products will be designated as binders. 

For the purpose of this standard, cement, granulated blast furnace slag and hydraulic road binder will 
be designated as hydraulic binders. 

Fly ash includes siliceous fly ash and calcareous fly ash. Siliceous fly ash is a material which requires a 
source of calcium oxide, e.g. lime or cement, to produce a hydraulic reaction. Calcareous fly ash contains 
calcium oxide and is comparable to a hydraulic binder. For the purpose of this standard, both types of 
fly ash will be designated as hydraulic binders. 

Lime is air lime and has no hydraulic property. For the purpose of this standard, it will be designated as 
a binder. 

Typical uses of the binders are as follows: 

— lime is generally used to dry up wet materials, and/or to enhance the performance of cohesive 
materials; 

— hydraulic binders are mainly used to quickly and significantly increase the mechanical performance 
of non-cohesive materials; 
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— in presence of cohesive material and depending on the application, lime and hydraulic binder may 
be used together, in two steps on site, or through a pre-blended form like a hydraulic road binder. 

The materials considered in this standard are: soils, weak rocks, intermediate rocks, chalk, recycled 
materials, artificial materials. They can also be mixes of these different types. 

The success of a treatment operation relies upon the respect of specifications as well as of good 
practices that closely depend on local geological and climatic conditions. Thus, in addition to the 
requirements of this standard, reference may be made to the guidelines of good practices valid in the 
place of use. Some of them are included as notes in the standard or in the annexes at the end of this 
document. 
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1 Scope 

This European Standard applies to the treatment with binders of natural soils, weak rocks, intermediate 
rocks, chalk, recycled materials and artificial materials for the execution of earthworks during the 
construction and maintenance of roads, railways, airfields, platforms, dykes, ponds and any other types 
of earth structure. 

It relates only to the treatment in layers, produced for earthworks in situ or from a mixing plant, as 
opposed to the treatment by columns for example. 

The standard specifies the requirements for the constituents of the mixtures, the preliminary 
laboratory testing methodology, the laboratory performance classification, the execution and control. 
NOTE 1 The informative annexes also give example of good practices for execution and control. 

The laboratory performance classification specified in this European Standard covers the two types of 
treatment: improvement and stabilization. 

For improvement, the classification relates to the short term performance.  

For stabilization, the classification relates to the medium to long term performance. 
NOTE 2 EN 16907-4 prepared by CEN/TC 396 “Earthworks” is for improvement and stabilization in 
earthworks applications. EN 14227-15 prepared by CEN/TC 227 “Road materials“ is for stabilization only in 
pavement applications. 

NOTE 3 For stabilization, the performance classification specified in EN 16907-4 uses generally the same 
laboratory performance classification specified in EN 14227-15, except for the performance classification diagram 
according to “Rt and E” specific to pavements in EN 14227-15, which has been replaced in EN 16907-4 by a 
performance classification diagram according to “Rt and E” specific to earthworks (Figure 1). 

2 Normative references 

The following documents are referred to in the text in such a way that some or all of their content 
constitutes requirements of this document. For dated references, only the edition cited applies. For 
undated references, the latest edition of the referenced document (including any amendments) applies. 

EN 197-1, Cement - Part 1: Composition, specifications and conformity criteria for common cements 

EN 450-1, Fly ash for concrete - Part 1: Definition, specifications and conformity criteria 

EN 459-1, Building lime - Part 1: Definitions, specifications and conformity criteria 

EN 13282-1, Hydraulic road binders - Part 1: Rapid hardening hydraulic road binders - Composition, 
specifications and conformity criteria 

EN 13282-2, Hydraulic road binders - Part 2: Normal hardening hydraulic road binders - Composition, 
specifications and conformity criteria  

EN 13286-2, Unbound and hydraulically bound mixtures - Part 2: Test methods for laboratory reference 
density and water content - Proctor compaction 

EN 13286-3, Unbound and hydraulically bound mixtures - Part 3: Test methods for laboratory reference 
density and water content - Vibrocompression with controlled parameters 

EN 13286-4, Unbound and hydraulically bound mixtures - Part 4: Test methods for laboratory reference 
density and water content - Vibrating hammer 

Full document details: BS EN 16907-4:2018
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EN 13286-5, Unbound and hydraulically bound mixtures - Part 5: Test methods for laboratory reference 
density and water content - Vibrating table 

EN 13286-40, Unbound and hydraulically bound mixtures - Part 40: Test method for the determination of 
the direct tensile strength of hydraulically bound mixtures 

EN 13286-41, Unbound and hydraulically bound mixtures - Part 41: Test method for the determination of 
the compressive strength of hydraulically bound mixtures 

EN 13286-42, Unbound and hydraulically bound mixtures - Part 42: Test method for the determination of 
the indirect tensile strength of hydraulically bound mixtures 

EN 13286-43, Unbound and hydraulically bound mixtures - Part 43: Test method for the determination of 
the modulus of elasticity of hydraulically bound mixtures 

EN 13286-45, Unbound and hydraulically bound mixtures - Part 45: Test method for the determination of 
the workability period of hydraulically bound mixtures 

EN 13286-46, Unbound and hydraulically bound mixtures - Part 46: Test method for the determination of 
the moisture condition value 

EN 13286-47, Unbound and hydraulically bound mixtures - Part 47: Test method for the determination of 
California bearing ratio, immediate bearing index and linear swelling 

EN 13286-48, Unbound and hydraulically bound mixtures - Part 48: Test method for the determination of 
degree of pulverisation 

EN 13286-49, Unbound and hydraulically bound mixtures - Part 49: Accelerated swelling test for soil 
treated by lime and/or hydraulic binder 

EN 13286-50, Unbound and hydraulically bound mixtures - Part 50: Method for the manufacture of test 
specimens of hydraulically bound mixtures using Proctor equipment or vibrating table compaction 

EN 13286-51, Unbound and hydraulically bound mixtures - Part 51: Method for the manufacture of test 
specimens of hydraulically bound mixtures using vibrating hammer compaction 

EN 13286-52, Unbound and hydraulically bound mixtures - Part 52: Method for the manufacture of test 
specimens of hydraulically bound mixtures using vibrocompression 

EN 13286-53, Unbound and hydraulically bound mixtures - Part 53: Methods for the manufacture of test 
specimens of hydraulically bound mixtures using axial compression 

EN 14227-2, Hydraulically bound mixtures - Specifications - Part 2: Slag bound granular mixtures 

EN 14227-4, Hydraulically bound mixtures - Specifications - Part 4: Fly ash for hydraulically bound 
mixtures 

EN 14227-15, Hydraulically bound mixtures - Specifications - Part 15: Hydraulically stabilized soils 

EN 15167-1, Ground granulated blast furnace slag for use in concrete, mortar and grout - Part 1: 
Definitions, specifications and conformity criteria 

EN ISO 17892-7, Geotechnical investigation and testing - Laboratory testing of soil - Part 7: Unconfined 
compression test (ISO/FDIS 17892-7) 
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3 Terms and definitions 

For the purposes of this document, the terms and definitions given in EN 16907-1 and EN 16907-2 and 
the following apply. 

ISO and IEC maintain terminological databases for use in standardization at the following addresses:  

• IEC Electropedia: available at http://www.electropedia.org/ 

• ISO Online browsing platform: available at http://www.iso.org/obp 

3.1 
air lime 
lime which combines and hardens with carbon dioxide present in air 

3.2 
binder 
product or combination of products which, when mixed with a material, provides either a short term or 
a long term enhancement of the properties of the material 

Note 1 to entry: The binders covered by this standard are limited to the following standardized products: 
cement, fly ash, blast furnace slag, hydraulic road binder and building lime. 

3.3 
binder spreading unit 
equipment used to distribute the binder uniformly on the soil to be treated  

Note 1 to entry: These include spreaders that are capable of applying binders under the form of powder or 
suspension into water. 

3.4 
cement 
hydraulic binder, i.e. a finely ground inorganic material which, when mixed with water, forms a paste 
which sets and hardens by means of hydration reactions and processes and which, after hardening, 
retains its strength and stability even under water 

3.5 
curing period 
period of time during which a treated mixture is left undisturbed after final compaction, in prescribed 
conditions to limit evaporation, to allow stabilization processes to continue 

3.6 
in situ soil mixing plant 
equipment used to thoroughly mix the binders with the soil 

Note 1 to entry: This equipment comes in various sizes and includes mainly two types of plants: stationary tool 
mixers (plough) and moving tool mixers (rotovators, soil pulverisers, etc.). 

3.7 
fly ash 
fine powder produced by the combustion of pulverized coal or lignite with or without co-combustion 
materials in energy generating plants and captured by mechanical or electrostatic precipitators 

Note 1 to entry: Fly ash may be: 

— siliceous, where the essential chemical components are silicates, aluminates and iron oxides; 

— calcareous, where the essential chemical components are silicates, aluminates, calcium oxide and sulphates. 
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Note 2 to entry: Siliceous fly ash is a pozzolanic material and requires a source of calcium oxide, e.g. lime or 
cement, to produce a hydraulic reaction. 

3.8 
hydraulic binder 
binder which, when mixed with water, hardens both in the air and under water and remains solid, even 
under water 

3.9 
hydraulic road binder 
factory produced hydraulic binder, supplied ready for use, having properties specifically suitable for 
treatment of materials for bases, sub-bases and capping layers as well as earthworks, in road, railway, 
airport and other types of infrastructures 

3.10 
lime 
calcium oxide and/or hydroxide, and calcium-magnesium oxide and/or hydroxide produced by the 
thermal decomposition (calcination) of naturally occurring calcium carbonate (for example limestone, 
chalk, shells) or naturally occurring calcium magnesium carbonate (for example dolomitic limestone, 
dolomite) 

Note 1 to entry: Lime may be under the form of quicklime, hydrated lime, or lime slurry. 

Note 2 to entry: All references to lime in this standard are for Building lime according to EN 459-1. 

3.11 
lime slurry 
suspension of hydrated lime into water which is produced from either quicklime or hydrated lime, in a 
specific device, at the lime plant or at the jobsite 

3.12 
mix-in-place or in-situ treatment 
method of treatment which is carried out with mobile equipment (spreader and mixer) 

3.13 
mellowing period 
period of time when a cohesive material and lime mixture is left undisturbed after light compaction to 
allow the migration of lime through the material clods created during mixing and for improvement 
processes to take place 

3.14 
mixture 
combination of materials with binder(s) and water, and possibly other constituents 

3.15 
pozzolanic material 
material which does not harden by itself when mixed with water but which reacts at normal ambient 
temperature with dissolved calcium to form strength-developing cementitious compounds 

3.16 
silo 
horizontal or vertical storage unit, often cylindrical in shape, in which binders are stored  

Note 1 to entry: They can be mobile or fixed. 
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3.17 
slag 
all reference to slag in this standard are for granulated blast furnace slag 

3.18 
slenderness ratio 
height to diameter ratio of the specimen 

3.19 
soil improvement 
operation which modifies the physical properties of a material - such as water content, plasticity, water 
and frost susceptibility, compactibility and swelling potential - by the addition of a binder 

Note 1 to entry: The quantity of binder added may not be sufficient to induce significant permanent properties. 

3.20 
soil stabilization 
operation consisting in obtaining an homogeneous mixture of soil with binder(s), and optionally with 
water, which properly compacted significantly changes (generally in the medium or long term) the 
characteristics of the soil in a way that renders it stable, particularly with respect to the action of water 
and frost 

Note 1 to entry: Soil stabilization gives a permanent characteristic that can be measured by methods typical of 
solid materials. 

3.21 
soil treatment 
general term to indicate a process aimed at modifying a given soil so that the mixture resulting from the 
addition of binder or a combination of binders to a soil can fulfill the purpose intended 

Note 1 to entry: Treatment encompasses both improvement and stabilization. 

3.22 
treatment in plant 
method of treatment in which stationary plants are employed  

Note 1 to entry: The plant can be semi-mobile.  

Note 2 to entry: The materials and binders are mixed through a pugmill. The mixture is then discharged into a 
truck or to a stockpile. 

3.23 
workability period 
duration of time calculated from the end of the mixing, during which the binder setting remains nil or 
very low, and within which all placement operations must be completed, including compaction and 
trimming 
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4 Symbols and abbreviations 

For the purpose of this document, the following symbols and abbreviations apply. 

w is the water content; 

P is the degree of pulverization; 

IIPI is the immediate bearing index; 

IMCV is the moisture condition value; 

ICBR is the California bearing ratio index; 

R is the compressive or tensile strength; 

Rc is the compressive strength; 

Rt is the tensile strength; 

Rit is the indirect tensile strength; 

Ri is the compressive or tensile strength after immersion in water; 

E is the modulus of elasticity; 

Ec is the modulus of elasticity in compression; 

Et is the modulus of elasticity in direct tension; 

Eit is the modulus of elasticity in indirect tension; 

Ir is the strength after immersion ratio (Ri/R); 

LS is the linear swelling amplitude (in a CBR mould); 

Gv is the volumetric swelling. 

Full document details: BS EN 16907-4:2018
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5 Constituents 

5.1 Materials 

5.1.1 General 

The categories of earthworks materials to be treated with binders in this standard are as follows: 

— natural soils; 

— processed aggregates; 

— low strength, intermediate strength and high strength rocks, and chalk; 

— recycled material; 

— artificial materials. 

They can also be mixes of these different categories. 
NOTE Some types of materials may be pre-treated, for example with lime, to adjust water content and/or 
flocculate clays. 

They shall comply with the following: 

a) The maximum particle size shall be compatible with the performance of the equipment (mixer, 
roller, grader, etc.) as well as with the geometric requirements, particularly regarding the thickness 
of the layers after compaction; 

b) no constituent in a proportion that would adversely affect setting, hardening, performance and 
volumetric stability of the treated material. 

5.1.2 Natural soils and processed aggregates 

Soils as well as processed aggregates are classified according to EN 16907-2. 
5.1.3 Low strength, intermediate strength and high strength rocks, and chalk 

Low strength, intermediate strength and high strength rocks, and chalk are classified according to 
EN 16907-2. 
5.1.4 Recycled materials 

Recycled materials arise from the demolition/removal of buildings or infrastructures, or from 
excavations. Most recycled materials are normally chemically inert. Their use should be 
environmentally assessed. 
5.1.5 Artificial materials 

Artificial materials are resulting from industrial process involving thermal or other modification (e.g. fly 
ash, bottom ash, etc.). They are not necessarily chemically inert.  

5.2 Binders 

5.2.1 Cement 

Cement shall conform to EN 197-1. 
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5.2.2 Fly ash 

Fly ash shall be either siliceous fly ash conforming to EN 450-1, or siliceous or calcareous fly ash 
conforming to EN 14227-4. 
NOTE Siliceous fly ash is a pozzolanic material and requires a source of available calcium oxide, lime or 
cement, to produce a hydraulic reaction. 

5.2.3 Slag 

Slag shall be either ground granulated blast furnace slag conforming to EN 15167-1 or partially-ground 
granulated blast furnace slag conforming to EN 14227-2. 
NOTE Other constituents are normally necessary to enhance the hydraulic reactivity of slag. 

5.2.4 Hydraulic road binder 

Hydraulic road binder shall conform to EN 13282-1 or EN 13282-2. 
5.2.5 Lime 

Lime shall be air lime conform to EN 459-1, in the form of quick lime, or hydrated lime, or lime slurry. 
5.2.6 Blends 

Blends of standardized binders described in 5.2.1 to 5.2.5 can be used provided the blending operation 
is performed in a mixing plant according to a declared composition and controlled with adequate 
records. 

5.3 Water 

Water shall not contain any elements which would adversely affect the setting, hardening and 
performance of the mixture. 

5.4 Other constituents 

Other constituents include aggregates, gypsum, soils, other materials or additives, like retardants, that 
are necessary for hydraulic reaction, or to improve hydraulic reaction, workability, traffickability or 
performance. 

6 Mixtures 

6.1 General 

The mixture comprises constituents listed in Clause 5. 

In the case of constituents added at different time to the materials (for example treatment with lime 
followed by the addition of another constituent), the time interval between the respective additions 
should be reported. 

6.2 Proportioning 

The proportioning of the constituents, including binder, is expressed as percentages by dry mass of the 
total dry mass of the mixture and shall be made in accordance with Clause 7. 

The water content is expressed as a percentage by mass of the total dry mass of the mixture. 
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7 Laboratory testing methodology 

7.1 General 

In determining the mixture, a clearly defined and reported laboratory testing methodology shall be 
followed. This section sets out the suggested minimum requirements necessary as part of that 
methodology to produce a feasible design for the mixture. 

The principle of the methodology described in this subclause is to produce in the laboratory, from the 
sample(s) of representative material(s) from the selected deposit(s) to be treated, one (or more) 
mixture(s) with one (or more) binder(s) in one (or more) dosage(s) corresponding to one (or more) 
predetermined composition(s). 

The characteristics of the mixture(s) are measured by different tests representative of the behaviour of 
the treated material once in place. 

For each composition studied, the results of the tests are used to establish the values of parameters for 
the implementation of the mixture and to classify the mechanical performance in accordance with the 
classification of Clause 8. 

7.2 Identification tests 

7.2.1 Identification of the materials to be treated 

Materials to be treated are identified according to the testing requirements for the identification and 
classification of materials of EN 16907-2. 

Identification tests shall be performed on representative samples of the deposit. 
7.2.2 Identification of the binders 

Binders shall meet the requirements of the standards mentioned in 5.2. 

a) For binders covered by a harmonized standard: conformity to the standard and the Declaration of 
Performance (DoP) as defined in the Regulation (EU) no 305/2011 of the European Parliament and 
of the Council of 9 march 2011 (CPR) attest to the suitability for use of the binder. 

b) For other binders mentioned in 5.2: the conformity of the binder to the relevant European product 
standard shall be checked within the factory production control of the manufacturer through the 
autocontrol data sheets. In addition, tests shall be performed on samples of the delivered product. 
The characteristics to be tested and the test methods are those described in the relevant European 
product standard. 

When required for further identification or testing, samples of binders shall be kept and adequately 
stored. 

7.3 Feasibility of treatment 

Feasibility of treatment depends on grading and of the nature of the components of the material. 

a) Grading (including the maximum particle size as indicator) shall be compatible with the 
performance of the equipment (mixer, roller, grader, etc.) as well as with the geometric 
requirements, particularly regarding the thickness of the layers after compaction. 

For stabilization, depending on the hardness of the particles, the maximum particle size should be 
less than 150 mm, unless the equipment is capable of easily achieving the specified parameters 
with larger particles. 

The final particle size of the mixture shall be in accordance with the rules for compaction. 
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NOTE 1 For options on methods to remove particles which are oversize, refer to 9.6.3, Particle size 
correction. 

b) It should not contain any constituent in a proportion which would adversely affect the performance 
and volumetric stability of the treated material. 

The assessment of the risk due to the presence of deleterious elements is indicated in Clause 8 of 
this standard. 

NOTE 2 Organic matter can reduce or prevent the setting and hardening process. Laboratory mixture design 
work will determine whether soil containing organic matter can be accommodated. The amount of organic matter 
that can be accommodated depends on the type of organic matter. 

NOTE 3 Soil containing or suspected of containing sulfur, sulfide or sulfate can result in expansion of the 
mixture. Laboratory mixture design work including ‘resistance to water testing’ in accordance with this European 
Standard will determine if material with the potential to cause swelling can be accommodated. Limiting values of 
swelling due to the presence of sulfide and sulfate are defined through the swelling measured according to 8.2.5. 
Limits to the proportion of these deleterious materials may also be set in national practices. 

NOTE 4 The informative Annex G gives examples of field and laboratory identification procedures of common 
sulfide and sulfate minerals. 

7.4 Workability period 

When required, the workability period shall be determined in accordance with EN 13286-45, or 
according to alternative methods depending on local practices or based on information given by the 
provider of binder. 

7.5 Characteristics for execution 

7.5.1 Improvement 

Improvement works are normally carried out to lower the water content of the material to enhance its 
characteristics. 

Characteristics for execution shall be determined by: 

— either the immediate bearing index (IIPI); 

— or the moisture condition value (MCV); 

— or the degree of compaction. 

7.5.2 Stabilization 

Characteristics for execution depend on the water content of the mixture compatible with the hydration 
of the binder on one side, and the obtaining of a sufficient bearing capacity to support the traffic for 
execution on the other side. 

They shall be determined either: 

— by the degree of compaction and the water content required for hydration of the binder; or 

— by the water content compared to the optimum water content for the lower water content value, 
and the water content corresponding to a specified immediate bearing index (IIPI) for the upper 
value; or 

— by the moisture condition value (MCV). 
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7.6 Mechanical performance 

7.6.1 Curing conditions 

In absence of specific conditions depending on climatic environment in the place of use, the curing 
conditions of the specimens shall be the following: 

a) in the air: 

— temperature: 20 °C ± 2 °C; 

— in conditions to avoid evaporation (paraffin, or sealed container, or special cabinet with 
humidity ≥ 90 %); 

b) in the water: 

— temperature: 20 °C ± 2 °C. 

These curing conditions are for temperate regions. Other conditions may be adopted in warmer or 
colder climate. 
7.6.2 Resistance to water 

When required, resistance to water shall be examined through one of the following procedures, 
whichever is appropriate: 

— retained strength after immersion in water; 

— linear swelling after soaking in water; 

— volumetric swelling after immersion in water. 

7.6.3 Strength for direct construction trafficking 

7.6.3.1 Improvement 

The characteristics for execution listed in 7.5.1 should permit direct construction trafficking, depending 
on the load and type of vehicle. 
7.6.3.2 Stabilization 

When required, strength for direct construction trafficking shall be determined through the MCV or IIPI 
or ICBR or Rc of specimens measured after appropriate curing period. 
7.6.4 Resistance to frost 

When required, the frost resistance shall be examined in accordance with provisions valid at the place 
of use. 
7.6.5 Performance classification testing 

When required, the performance of the stabilized mixture shall be examined through one of the 
following procedures, whichever is appropriate: 

— by California bearing ratio CBR; 

— by compressive strength Rc in accordance with EN 13286-41 (stress control) or EN ISO 17892-7 
(strain control). For further information refer to informative Annex B; 

— by the combination of tensile strength Rt and modulus of elasticity E in accordance with 
EN 13286-43. 
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The age of classification and curing conditions employed for the specimens before test shall be specified 
in accordance with practice at the place of use. 
7.6.6 Other performance tests 

Depending on the application, other tests can be performed to characterize the performance of the 
mixture. 
NOTE 1 Informative Annex C gives an example of use of the seismic method to determine the mechanical 
performance of treated materials measured in the laboratory as well as in the field. 

NOTE 2 Informative Annex F gives examples of other possible performance tests. 

7.7 Preparation of the specimens 

7.7.1 Particle size of the material 

Dmax is depending on the test standard applied. 
NOTE Some soils with an excess of round particles, or with a discontinuous grading curve due to a lack of 
particle size like fine particles, may be unstable under construction traffic, or may need a high percentage of 
binder to fill the voids. A preliminary particle size distribution correction, by addition of another material, may be 
necessary to improve traffickability during construction works, or reduce the percentage of binder to be used. 

7.7.2 Production of the mixtures 

A procedure for the production of the mixtures for tests specimens of treated materials is proposed in 
the informative Annex A. 

The mixtures should preferably be produced in a mechanical mixer. 

Mixing by hand may be possible in certain cases because of specific requirements or for cohesive soils. 

The mixture shall be mixed until no further improvement of homogeneity is possible. 

In any case, the mixing process used shall be reported in the laboratory testing report. 
7.7.3 Dimensions of the specimens 

Dimensions of the specimens depend on Dmax of the mixture and on characteristics to be measured in 
accordance with the relevant standards. 
NOTE Depending on the test, Dmax is specified in one of the following standards: EN 13286-50, EN 13286-51, 
EN 13286-52 and EN 13286-53. 

The dimensions of the specimens shall be reported in the laboratory testing report. 
7.7.4 Compaction procedures 

The compaction procedures depend on dimensions of the specimens, on the objective to be achieved 
(compaction energy or density) and on characteristics to be measured in accordance with the relevant 
standards. 

The compaction procedures shall be reported in the laboratory testing report. 
NOTE 1 The permitted methods of specimen manufacture produce different specimen shapes and density, and 
thus for the same mixture, different strengths. Hence it is important, on the basis of experience and utilization, not 
to separate strength from the method of specimen manufacture. 

NOTE 2 Depending on the test, the compaction procedure is defined in one of the following standards: 
EN 13286-50, EN 13286-51, EN 13286-52 and EN 13286-53. 
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7.7.5 Curing 

A curing period which may be required between specimen manufacture and testing consists of the 
storage of the specimen for a specified period of time in specific conditions (temperature, humidity, 
etc.). 

Further information on curing conditions is given in the informative Annex A. 

The informative Annex E gives examples of age of classification and curing regimes for mechanical 
performance of treated materials. 

7.8 Content of the laboratory studies 

7.8.1 General 

This subclause gives the minimum investigation to be done in the laboratory to determine the 
characteristics and performance of a material to be used in earthworks after improvement or 
stabilization. 
7.8.2 Identification of the constituents 

Materials, binders and any other component shall be identified. 

The representativeness of the materials shall be established, whatever the objective of the treatment 
(improvement or stabilization). 
7.8.3 Improvement 

The improvement study shall consist of one of the following testing procedures: 

— immediate bearing index; 

— moisture condition value; 

— degree of compaction. 

When required, other tests can be carried out (e.g. swelling tests). 
7.8.4 Stabilization 

7.8.4.1 General 

This subclause describes three levels of stabilization studies that can be selected depending on the 
context of the project. 
7.8.4.2 Level 0 

Objective 

The objective of a level 0 study is limited to verifying the feasibility of stabilization. 

Content 

a) Mandatory actions: 

1) suitability of treatment with the proposed binders(s); 

2) characteristics for execution; 

b) Optional actions: 

1) workability period. 
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7.8.4.3 Level 1 

Objective 

The objective of a level 1 study is to check the relevance of a mixture, selected a priori based on past 
experience with the same material(s). 

Content 

a) Mandatory actions: 

1) suitability of treatment with the proposed binders(s); 

2) characteristics for execution; 

3) strength for direct trafficking; 

4) long term performance. 

b) Optional actions: 

1) workability period; 

2) resistance to water; 

3) resistance to frost. 

7.8.4.4 Level 2 

Objective 

The objective of a level 2 study is to optimize the binder(s) content taking into account the impact of the 
variability of the binder(s) content during spreading, the degree of compaction and the water content 
on the performance of mixture. 

The results allow determining of the minimal dosage necessary to place the mixture in the desired class 
as well as the appropriate dosage to compensate dispersions during execution. 

Content 

A level 2 study contains: 

— a study level 1 on a mixture called “basic formula”, selected according to experience; 

— a study of the variations of the long term mechanical performance of the mixture according to the 
binder content. This study is made with at least two dosages of binders (on each side of the dosage 
of the “basic formula”); 

— a study of the impact of variations, during execution (proportioning, degree of compaction, water 
content), on the long term mechanical performance of the mixture. To do this, specimens are made 
in order to reproduce the dispersions and tested to determine their mechanical long-term 
performance. 

NOTE The informative Annex D gives an example of evaluation of performance variability of treated 
materials classified according to Rt and E. 

7.9 Laboratory testing report 

Depending on the application and the level of the study, the laboratory testing report should contain: 
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a) reference to this European Standard, i.e. EN 16907-4; 

b) origin, characteristics and homogeneity of the material before treatment; 

c) description of the constituents; 

d) mixture proportions including water content; 

e) for soil improvement: 

1) if applicable, the laboratory performance, including the compaction energy used, when 
necessary; 

f) for soil stabilization: 

1) if applicable, the selected fresh mixture categories (e.g. w, P, IIPI, MCV) including the compaction 
energy used to determine IIPI for soil stabilization from 8.3.1; 

2) if applicable the performance classification from 8.3.2; 

3) if applicable resistance to water category (e.g. Ir, LS or Gv) from 8.3.3; 

4) If applicable the strength for direct construction trafficking from 8.3.4; 

5) If applicable the resistance to frost from 8.3.5; 

6) if applicable other requirements from 8.3.6; 

7) in addition, if applicable, the laboratory performance values together with the method of 
manufacture (including if appropriate the time interval between the additions of constituents 
to the material), curing conditions, curing period, dry density and water content of the 
performance specimens. 

g) any other information necessary for the correct use of the mixture and design of the earthworks. 

8 Performance classification of the mixtures 

8.1 General 

For each composition studied, the results of the tests performed according to the methodology in 
Clause 7 can be used to establish the values of parameters for the implementation of the mixture and or 
to classify it according to the performance: 

— either on short term (improvement), generally corresponding to the construction period; 

— or on middle to long term (stabilization), generally after the construction period. 

8.2 Improvement 

8.2.1 General 

Soil improved by binders shall conform to one of the categories in either 8.2.2, or 8.2.3, or 8.2.4 for 
immediate bearing index, moisture condition value and degree of compaction respectively. 
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In addition to the categories listed above and detailed below, limits on air voids or iso-saturation curves 
can be specified in accordance to the local practice at the place of use. 
8.2.2 Immediate bearing index 

When required, the immediate bearing index of the mixture determined in accordance with 
EN 13286-47, shall conform to one of the categories in Table 1. 

Table 1 — Immediate bearing index 

Immediate bearing index (IIPI in %) Category 

≥ 5 IPI5 

≥ 7 IPI7 

≥ 10 IPI10 

≥ 15 IPI15 

≥ 20 IPI20 

≥ 25 IPI25 

≥ 30 IPI30 

Declared value IPIDV 

8.2.3 Moisture condition value 

When required, the moisture condition value of the mixture, determined in accordance with 
EN 13286-46, shall conform to one of the categories in Table 2. 

Table 2 — Moisture condition value 

Moisture condition value (IMCV) Category 

8 minimum, 12 maximum MCV8/12 

Declared values MCVDV 

NOTE The moisture condition value test is particularly suitable for cohesive soils. 

8.2.4 Degree of compaction 

When required, the degree of compaction of the mixture shall conform to one of the categories in 
Table 3. 
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Table 3 — Degree of compaction 

The ratio in % of the in situ dry density to the Proctor (see NOTE) dry 
density determined in accordance with EN 13286–2 Category 

≥ 95 DC95,SPT 

≥ 97 DC97,SPT 

≥ 98 DC98,SPT 

≥ 100 DC100,SPT 

≥ 95 DC95,MPT 

≥ 97 DC97,MPT 

Declared value DCDV 

NOTE 1 SPT refers to Proctor test and corresponds to an energy level of approximately 0,6 MJ/m3, conforming 
to EN 13286-2. 
NOTE 2 MPT refers to Modified Proctor test and corresponds to an energy level of approximately 2,7 MJ/m3 
conforming to EN 13286-2. 

8.2.5 Swelling 

When required, the swelling of the mixture shall be examined using either linear swelling or volumetric 
swelling described in 8.3.3.3 and 8.3.3.4. 
NOTE These tests are measuring the total swelling due to the presence of remaining expansive clay as well as 
the presence of deleterious products like sulphate. 

8.3 Stabilization 

8.3.1 Requirements for the fresh mixture 

8.3.1.1 Water content 

When required, the water content of the mixture shall comply with the selected category from Table 4 
for the minimum value. 

The water content shall be selected to permit compaction on site by rolling and to optimize the 
mechanical performance of the mixture. The water content shall be determined by a method in 
conformity with EN 13286-2, EN 13286-3, EN 13286-4 and EN 13286-5, and limits set that give a 
workable range on site compatible with the compaction and desired performance of the mixture. 
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Table 4 — Minimum water content categories 

Minimum water content Category 

0,9 optimum water content of the mixture determined in accordance with the 
selected method of compaction from EN 13286-2, EN 13286-3, EN 13286-4 and 
EN 13286-5 

w0,9 

0,95 optimum water content of the mixture determined in accordance with the 
selected method of compaction from EN 13286-2, EN 13286-3, EN 13286-4 and 
EN 13286-5 

w0,95 

The optimum water content of the mixture determined in accordance with the 
selected method of compaction from EN 13286-2, EN 13286-3, EN 13286-4 and 
EN 13286-5 

w1,0 

1,05 optimum water content of the mixture determined in accordance with the 
selected method of compaction from EN 13286-2, EN 13286-3, EN 13286-4 and 
EN 13286-5 

w1,05 

Declared value wDV 

The selected method of compaction shall be reported. 

8.3.1.2 Degree of pulverization 

When required, the degree of pulverization of the mixture, determined in accordance with 
EN 13286-48, shall conform to one of the categories in Table 5. 

Table 5 — Degree of pulverization 

Degree of pulverization (P in %) Category 

≥ 30 P30 

≥ 40 P40 

≥ 50 P50 

≥ 60 P60 

Declared value PDV 

8.3.1.3 Immediate bearing index 

When required, the immediate bearing index of the mixture, determined in accordance with 
EN 13286-47, shall conform to one of the categories in Table 6. The water content of the mixture 
corresponding to the selected category of immediate bearing index shall be reported. 
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Table 6 — Immediate bearing index 

Immediate bearing index (IIPI in %) Category 

≥ 10 IPI10 

≥ 15 IPI15 

≥ 20 IPI20 

≥ 25 IPI25 

≥ 30 IPI30 

≥ 40 IPI40 

≥ 50 IPI50 

Declared value IPIDV 

8.3.1.4 Moisture condition value 

When required, the moisture condition value of the mixture, determined in accordance with 
EN 13286-46, shall conform to one of the categories in Table 7. 

Table 7 — Moisture condition value 

Moisture condition value (IMCV) Category 

6 minimum, 10 maximum MCV6/10 

7 minimum, 11 maximum MCV7/11 

8 minimum, 12 maximum MCV8/12 

9 minimum, 13 maximum MCV9/13 

Declared values MCVDV 

8.3.1.5 Workability period 

When required for the intended use and the weather conditions, the workability period, determined in 
accordance with EN 13286-45, or according to alternative methods depending on local practices or 
based on information given by the provider of binder, shall be reported. 
8.3.1.6 Degree of compaction 

When required, the degree of compaction of the mixture shall conform to one of the categories in 
Table 8. 

In addition, limits on air voids or iso-saturation curves can be specified in accordance to the local 
practice at the place of use. 
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