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Foreword

This document (EN 13286-4:2003) 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by endorsement, at the latest by September 2003, and conflicting national standards shall be withdrawn at the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 method 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.

Annexes A and B are 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 method for the determination of the relationship between the dry density and
water content of a mixture when compacted using a vibrating hammer.

This European Standard applies to mixtures used in road construction which contain not more than 30 % by mass
retained on the 20 mm test sieve. It is not applicable to mixtures with more than 10 % by mass of the mixture
retained on the 40 mm test sieve.

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

EN 933-1, Tests for geometrical properties of aggregates – Part 1: Determination of particle size distribution –
Sieving method.

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

EN 13286-1:2003, Unbound and hydraulically bound mixtures – Part 1: Test methods for laboratory reference
density and water content – Introduction, general requirements and sampling.

3 Terms and definitions

For the purposes of this European Standard, the terms and definitions given in EN 13286-1:2003 apply.

4 Principle

The mixture is compacted into a CBR-type cylindrical metal mould using an electrically powered vibrating hammer
over a range of water contents. The range includes the optimum water content at which the maximum dry density
for the specified degree of compaction is obtained. The relationship between dry density and water content is
described in EN 13286-1.

5 Apparatus

5.1 Cylindrical, corrosion resistant, metal mould , with an internal diameter of (152,0 ± 0,5) mm, an internal
depth (127,0 ± 1,0) mm and a minimum wall thickness of 5,0 mm. The internal faces shall be smooth, clean and dry
before use.

NOTE Cylindrical mould and collar extension is shown in Figure 1.

5.2 Detachable baseplate and removable extension piece , to fit mould.

5.3 Electrically powered vibrating hammer , conforming to the performance check in annex A.

NOTE A vibrating hammer with a power consumption of at least 600 W, an operating frequency between 25 Hz and 60 Hz,
and fitted with a suitable safety circuit breaker may be suitable.
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5.4 Steel tamper attachment , for the vibrating hammer with a flat bottom face of diameter (145,0 ± 2,0) mm, a
base thickness of at least 10,0 mm and a total mass of not more than 3,0 kg.

5.5 Supporting guide frame for the hammer  (optional).

5.6 Depth gauge or steel rule , readable to 0,5 mm.

Dimensions in millimetres

Key
1 Wall, min. 5 mm

2 Good finish on bore

3 Detachable baseplate

Figure 1 — Cylindrical mould and collar extension

5.7 Balance , of suitable capacity to weigh the mould, test specimen and baseplate, and readable to 5 g.

5.8 Steel straightedge , at least 200 mm long.

5.9 Test sieves , aperture sizes 40 mm and 20 mm, and a suitable receiver, for use in preparation of the test
portion.

5.10 Metal or plastic trays .

5.11 Suitable scoop.

5.12 Stopclock or similar timer , readable to 1 s.
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5.13 Apparatus for extracting the sample from the mould.

6 Preparation of test portions

6.1 Evaluation of the submitted sample

Weigh and record the mass of the submitted sample. The sample submitted to the laboratory shall have a mass of
at least 40 kg.

Determine the particle size distribution of the laboratory sample, using the procedures described in EN 933-1,
including the 40 mm and 20 mm sieves.

NOTE This test method is suitable for use if the particle size distribution conforms to the grading envelope in Table 1.

Table 1 — Particle size distribution

Test sieve Percentage passing

40 mm 90 to 100

20 mm 70 to 100

Determine the water content of a test portion taken from the laboratory sample using the procedures described in
EN 932-2 and EN 1097-5.

6.2 Preparation of the test portion

Remove all of the particles retained on the 40 mm test sieve from the remainder of the laboratory sample. Use the
sieving procedures described in EN 933-1, without first washing and drying the sample. If necessary, sieve in parts
to ensure that the test sieve is not overloaded.

Weigh and record the mass of the particles retained on the 40 mm sieve.

If the laboratory sample contains 5 % or less, by mass, of particles retained on the 40 mm test sieve, the resulting
modified sample shall be considered as the test portion.

If the laboratory sample contains more than 5 % but less than 10 %, by mass, of particles retained on the 40 mm
test sieve, further modify the sample by adding an equal mass of similar material which passes the 40 mm test
sieve but is retained on the 20 mm test sieve. The resulting modified sample shall be considered as the test
portion.

6.3 Preparation of the test specimens

Subdivide the test portion into five or more test specimens, each of about 6 kg, using the procedures described in
EN 932-2. Weigh and record the mass of each test specimen.

Using the water content of laboratory sample, calculate the required amount of water which needs to be added to,
or lost from, each test specimen to give a suitable range of nominal water contents.

The range of nominal water contents selected shall be such that at least two values lie either side of the value at
which the laboratory dry density is expected to occur.

NOTE Increments of 1 % to 2 % are suitable.

If a test specimen initially contains more water than is required for compaction at a selected nominal water content,
allow the test specimen to dry to the desired nominal water content, and mix thoroughly.
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7 Procedure

7.1 Compaction

Weigh the mould with the baseplate and extension attached. Record the mass m1 to the nearest 5 g. Measure and
record the height H of the extended mould, to nearest 0,5 mm.

Place the assembly on a heavy solid base with a mass of not less than 50 kg.

NOTE 1 A concrete floor or concrete plinth are suitable.

Place some of the first test specimen into the mould such that, when compacted, it occupies about one third of the
height of the mould body. Place the foot of the tamper attachment on the specimen and compact with the vibrating
hammer for (60 ± 2) s.

During compaction, apply a steady downward force on the hammer so that the tamper attachment does not bounce
on the compacted specimen and the total downward force on the test specimen, including the mass of the hammer,
is between 300 N and 400 N.

NOTE 2 The application of the necessary pressure to achieve the required downward force should be checked by the
operator before the test starts. Push the hammer – without vibration – against the load pan of a suitable platform balance until a
mass of 30 kg to 40 kg is indicated.

Place a second similar volume of the first test specimen into the mould and repeat the compaction stage. Add a
third volume of the test specimen so as to give an expected compacted volume which will conform to the
requirements for height set out in 7.2, and compact again.

7.2 Measurement

Remove any loose material lying on the surface of the test specimen around the side of the mould. Lay the
straightedge across the top of the extended mould. Measure down from the straightedge to the compacted surface
of the test specimen, to the nearest 0,5 mm.

Take readings at four points spaced evenly over the surface of the test specimen, at least 15 mm from the side of
the mould. Using the previously measured internal height of the extended mould H calculate the mean height h of
the test specimen, to the nearest millimetre.

If the mean height of the test specimen h is less than 127 mm or more than 133 mm, reject the compacted test
specimen and repeat 7.1 and 7.2 using the remainder of the test specimen. Make suitable adjustments to the
amount used, until a compacted specimen of the required height is obtained.

Weigh the mould, compacted test specimen, extension collar and base plate. Record the mass m2 to the nearest
5 g.

Remove the compacted test specimen from the mould and determine its water content using the procedures
described in EN 1097-5. Discard any of the test portion which remains.

7.3 Further test specimens

Repeat the procedures described in 7.1 and 7.2 for the remainder of the test specimens.
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8 Calculation and expression of results

8.1 Calculate the bulk density

Calculate the bulk density, ρ, of each compacted specimen from the equation

ρ = 1 000 × (m2 − m1)/(a × h) (1)

where

ρ is the bulk density, in megagrams per cubic metre (Mg/m3);

m1 is the mass of mould and baseplate and extension, in grams (g);

m2 is the mass of mould, baseplate and compacted mixture, in grams (g);

h is the height of the compacted sample, in millimetres (mm);

a is the cross-sectional area of the mould, in square millimetres (mm2).

8.2 Calculation of dry density

Calculate the dry density ρd of each compacted specimen from the equation:

ρd = (100 × ρ)/(100 + w) (2)

where

ρ is the bulk density, in megagrams per cubic metre (Mg/m3);

ρd is the dry density, in megagrams per cubic metre (Mg/m3);

w is the water content of the mixture, in percentage (%).

8.3 Plotting of densities

Plot the dry densities obtained from a series of determinations as ordinates against the corresponding water
contents as abscissae. Draw a curve of best fit to the plotted points and identify the position of the maximum on this
curve. Read off the values of dry density and water content corresponding to that point (see EN 13286-1).

NOTE The maximum can lie between two observed points but, when drawing the curve, care should be taken not to
exaggerate its peak.

8.4 Plotting of voids ratios

On the same graph, plot the curves corresponding to 0 %, 5 % and 10 % air voids, calculated from the equation

ρd = (1 −Va/100)/(1/ρs + w/100 ρw) (3)

where

ρd is the dry density, in megagrams per cubic metre (Mg/m3);

ρs is the particle density, in megagrams per cubic metre (Mg/m3), determined in accordance with EN 1097-6;

ρw is the density of water, in megagrams per cubic metre (Mg/m3), assumed equal to 1;
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