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Foreword

This document (EN 13286-1:2003) has been prepared by Technical Committee CEN/TC 227 "Road Materials", the
secretariat of which is held by DIN.

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by endorsement, at the latest by September 2003, and conflicting national standards shall be withdrawn at the
latest by December 2003.

This European Standard is one of a series of standards as follows:

EN 13286-1, Unbound and hydraulically bound mixtures – Part 1: Test methods for laboratory reference density
and water content – Introduction, general requirements and sampling.

prEN 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.

EN 13286-5, Unbound and hydraulically bound mixtures – Part 5: Test methods for laboratory reference density
and water content – Vibrating table.

prEN 13286-7, Unbound and hydraulically bound mixtures — Part 7: Cyclic load triaxial test for unbound mixtures.

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 methods for the determination of the
compressive of 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.

prEN 13286-44, Unbound and hydraulically bound mixtures — Part 44: Test method for the determination of the
alpha coefficient of vitrified blastfurnace slag.

prEN 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.

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

prEN 13286-48, Unbound and hydraulically bound mixtures — Part 48: Test method for the determination of the
degree of pulverisation.
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prEN 13286-49, 

Unbound and hydraulically bound mixtures — Part 49: Test method for the determination of the
accelerated swelling of soil treated by lime and/or hydraulic binder.

prEN 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.

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

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

prEN 13286-53, Unbound and hydraulically bound mixtures — Part 53: Method for the manufacture of test
specimens of hydraulically bound mixtures using axial compression.

Annex A is normative.

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following
countries are bound to implement this European Standard: Austria, Belgium, Czech Republic, Denmark, Finland,
France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Luxembourg, Malta, Netherlands, Norway, Portugal,
Slovak Republic, Spain, Sweden, Switzerland and the United Kingdom.
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1 Scope

This European Standard specifies a number of test methods for the determination of the relationship between the
water content and the density of unbound and hydraulically bound mixtures under specified test conditions. The
test results provide an estimate of the mixture density that can be achieved on construction sites and provides a
reference parameter for assessing the density of the compacted layer of the mixture.

The test results are used as a basis for specifying requirements for hydraulically bound and unbound mixtures
before use in road construction. The test result also allows a conclusion to be drawn as to the water content at
which a mixture can be satisfactorily compacted in order to achieve a given density.

2 Normative references

This European Standard incorporates by dated or undated reference, provisions from other publications. These
normative references are cited at the appropriate places in the text, and the publications are listed hereafter. For
dated references, subsequent amendments to or revisions of any of these publications apply to this European
Standard only when incorporated in it by amendment or revision. For undated references the latest edition of the
publication referred to applies (including amendments).

EN 932-1:1996, Tests for general properties of aggregates – Part 1: Methods for sampling.

EN 932-2:1999, Tests for general properties of aggregates – Part 2: Methods for reducing laboratory samples.

EN 932-5, Tests for general properties of aggregates – Part 5: Common equipment and calibration.

EN 1097-5, Tests for mechanical and physical properties of aggregates – Part 5: Determination of the water
content by drying in a ventilated oven.

3 Terms and definitions

For the purposes of this European Standard, the terms and definitions given in EN 932-1:1996, EN 932-2:1999 and
the following apply.

3.1
laboratory dry density
maximum dry density that can be determined from the dry density/water content relationship derived using a
specified test method

3.2
optimum water content
water content associated with the maximum value of laboratory dry density

3.3
aggregate size
designation of aggregate in terms of lower (d) and upper (D) sieve sizes expressed as d/D

NOTE This designation accepts the presence of some particles which will be retained on the upper sieve (oversize) and
some which will pass the lower sieve (undersize). The lower sieve size (d) may be zero.
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4 Principle

4.1 Relationship between dry density and water content

The solid particles of unbound and hydraulically bound mixtures are compacted, i.e. packed more closely together,
thereby increasing the dry density of the mixture. The dry density which can be achieved depends on the effective
compaction work applied and on the amount of water present in the mixture.

For a given degree of compaction work applied to a particular mixture an optimum water content exists at which the
dry density obtained reaches a maximum value. These principles are illustrated in Figure 1.

Key

1 Maximum value of laboratory dry
density

3 0 % air void line for a given particle density,
saturation line

2 Compaction curve 4 Optimum water content

A Dry density, megagrams per cubic
metre

B Water content, per cent

Figure 1 — Dry density/water content relationship curve

NOTE 1 The mixtures which are not free-draining will, in most cases, establish a well defined optimum water content and
maximum density. However, for free-draining mixtures, the laboratory tests will not, in many cases, produce a well defined water
density relationship. The maximum density obtained will generally be less than that obtained in the finished pavement layer.

NOTE 2 For free-draining mixtures it is possible to draw two curves: one for the relationship between the dry density and the
initial water content (before compaction) and another for the relationship between the dry density and the final water content
(after compaction). The possible difference between these curves shows the draining capacity of the mixture.
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4.2 Choice of test method

The following four test methods are used for compaction:

 prEN 13286-2: Proctor compaction;

 EN 13286-3: Vibrocompression with controlled parameters;

 EN 13286-4: Vibrating hammer;

 EN 13286-5: Vibrating table.

Each method applies different levels of compactive effort, and is suitable for different aggregate sizes.

In the Proctor compaction, vibrocompression and vibrating hammer methods the relationship between the dry
density and water content of a mixture is determined.

NOTE 1 The Proctor compaction method allows a choice between three mould sizes depending upon aggregate size. Three
different hammer masses may be used.

In the vibrating table method the water content of the mixture at this maximum dry density is determined,

NOTE 2 The vibrating table method is suitable for mixtures which drain easily.

The range of applicability of each method is given in Table 1.

Table 1 — Choice of test method

Test method Particle size range

100 mm mould maximum size 16 mm
2,5 kg hammer

150 mm mould 75 to 100 percentage passing 31,5 mm

100 mm mould maximum size 16 mm
4,5 kg hammer

150 mm mould 75 to 100 percentage passing 31,5 mm

Proctor compaction

15 kg hammer 250 mm mould 75 to 100 percentage passing 63 mm

Vibrocompression with controlled parameters maximum size 31,5 mm

Vibrating hammer
90 to 100 percentage passing
70 to 100 percentage passing

20 mm
40 mm

Vibrating table
maximum size
less than 12 percentage passing

80 mm
  0,063 mm

4.3 Determination of water content

Where required the water content is determined by oven drying to constant mass using the procedures set out in
EN 1097-5.

The minimum size of the test portion used to determine water content is 0,2 × D kg, where D is the aggregate size
of the mixture.

If all of a mixture passes the 1 mm sieve, at least 0,2 kg is used.NOTE It may be convenient to use all the contents of a mould.

The water content of a compacted specimen is determined as soon as possible after completion of compaction.
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