EUROCODE 7 – PART 2:  Section 5 Laboratory tests (examples of tests)
                                Original version 



       New streamlined version

     with deletions, new text and comments     
     
         new text and comments

EUROCODE 7 – PART 2:  SECTION 5 LABORATORY TESTS
EXAMPLES OF SECTIONS OF SPECIFIC TESTS

We agreed on the following structure for each individual test:

Contents of each test section

a.-“General”

· Objective

· Name and number of the corresponding test norm

· Class of soil specimen

· Reference to possible equivalent methods

· Specifications from the designer planning the tests to the laboratory
· Number of tests (as specified in Annex M to W)
b.-“Derived values”

· List of the derived values
In this file, the following examples can be found:

· Identification tests: Particle size analysis

· Strength tests: Consolidated triaxial compression test

· Deformability tests: Oedometer compressibility testing

	5.5.6 Particle size analysis

5.5.6.1 Objective and requirements 

(1) The objective of the test is to determine the mass percentage of individual particle size ranges found in the soil.

NOTE
 Further information on a procedure, presentation and evaluation of particle size analysis can be found in CEN ISO/TS 17892-4, (see X.4.1.5). in prEN ISO/TS 17892-4
(3)P The tests shall be carried out and reported in accordance with the requirements given in prEN ISO 17892-4.

(4) Soil specimens for determining the size particle distribution should be at least of Quality Class 4, according to Table 3.1.

(2)P Two methods shall be used for particle size analysis, according to the size of the particles:

· the sieve method for particles > 63 m (or closest sieve available);

· the sedimentation method using a hydrometer, or pipette, for particles  63 m (or closest sieve available). (said in prEN-ISO 17892-4)
(3) Equivalent methods may be used, provided that they are calibrated against the two methods mentioned in (2)P. prEN ISO 17892-4.

(4)P Prior to sedimentation, the specimens of fine soil shall not be dried.

(In prEN-ISO 17892-4 specimens seem to be dried¡¡¡ - see Figure 3)
(5) Procedures for the removal of organics, salts and carbonates prior to sieving and sedimentation or for corrections to account for the presence of carbonates, salts and organic material should be used, if appropriate. 
NOTE
Carbonates and organic matter can have a cementing or coagulating effect and influence the particle size distribution.

(6) It should be taken into account that for some soils, for example chalky soil, treatment for carbonate removal is unsuitable.

(mentioned in prEN ISO 17892-4)
(6) In addition to the items mentioned in 3.?.? (planning section) the designer planning the tests shall specify:

· The soil grain size characteristics to perform sedimentation test.

· If, prior to sedimentation, the specimens of fine soil shall be dried.

NOTE 2
Annex M provides a guideline for the minimum number of samples and tests for one stratum, as well as additional information on the test and its evaluation.

5.5.6.2 Evaluation and use of test results

(1)P The report shall mention the following:

· the drying method used;

· whether organics, salts and carbonates have been removed and by which method;

· the carbonate and/or organic content, if relevant;

· whether the mass fractions are reported with respect to the total mass (including carbonate and organic matter).

This is said in pr EN-ISO 17892-4
(2) The particle size such that n % of the particles by weight are smaller than that size can be denoted Dn. The particle sizes D10, D30 and D60, can be used to determine the coefficient of uniformity and coefficient of curvature.

(3) The particle sizes D15 and D85 can be used in filter criteria for soil.

This is textbook 
5.5.6.2. Derived values

(1) The test results may be used to derive the following parameters:
· the different Dn (the particle size such that n % of the particles by weight are smaller than that size).

· the coefficient of uniformity and coefficient of curvature.

· Permeability coefficient for coarse grained soils.

· Filter criteria for soils.


	5.5.6 Particle size analysis 

5.5.6.1 General 

(1) The objective of the tests is to determine the mass percentage of individual particle size ranges found in the soil.

(2) This test can be used to classify the soil and to help to interpret other tests.
(3)P The tests shall be carried out and reported in accordance with the requirements given in prEN ISO 17892-4.

(4) Soil specimens for determining the size particle distribution should be at least of Quality Class 4, according to Table 3.1.

(5) Equivalent methods may be used, provided that they are calibrated against the methods mentioned in prEN ISO 17892-4.

(6) In addition to the items mentioned in 3.?.? (Planning section) the designer planning the tests shall specify:

· The soil grain size characteristics to perform sedimentation test.

· If, prior to sedimentation, the specimens of fine soil shall be dried.

NOTE 2
Annex M provides a guideline for the minimum number of samples and tests for one stratum, as well as additional information on the test and its evaluation.
5.5.6.2. Derived values

(1) The test results may be used to derive the following parameters:
· the different Dn (the particle size such that n % of the particles by weight are smaller than that size).

· the coefficient of uniformity and coefficient of curvature.

· Permeability coefficient for coarse grained soils.

· Filter criteria for soils.



	5.8.6 Consolidated triaxial compression test

5.8.6.1 Requirements

(1) The objective of the consolidated triaxial compression test is to determine the drained or undrained shear strength of soil.

(2)P The tests shall be carried out and reported in accordance with the requirements given in prEN ISO 17892-9.

(1)P The tests shall be performed on undisturbed specimens of quality class 1.

NOTE
Further information on a procedure, presentation and evaluation of the consolidated triaxial compression test can be found in CEN ISO/TS 17892-9, (see X.4.4.3). 

(2)P For a consolidated triaxial compression test, the following shall be evaluated or specified further to 5.8.2:

· the saturation method and saturation criterion;

· the back-pressure required;

· any procedure used in addition to those referenced in an accepted standard (e.g. lubricated ends, local measurements of strains or pore pressure).

In prEN ISO 17892-9
(3)P For consolidated, undrained triaxial tests, the requirements on measuring pore pressures, and the total stress path for shearing, shall be specified.

(Gone to 5.8.6.1.(4)
(4)P For consolidated drained tests, the volume change measurement device and the stress path for shearing shall be specified.

(Gone to 5.8.6.1.(4)
(5)P Water content before and after the test and bulk density before the test shall be determined for each specimen.

In prEN ISO 17892-9
(6) One consistency limit determination and particle size analysis should be made per set of triaxial tests in one stratum.

(Gone to 5.8.6.1.(5)
(7)P The results shall clearly state the type of test that was carried out, which strength parameters are given, the shearing rate and the failure criterion used to select the shear strength (e.g. peak deviator stress, maximum stress ratio).

In prEN ISO 17892-9
(8)P The report shall indicate any known deviation from the standard testing procedure, for example in the degree of saturation of the test specimens, testing procedures, composition of the specimen or in any other aspect. 

In prEN ISO 17892-9
(9) In conformity to 2.4.2.3 (4), more advanced laboratory strength tests, such as triaxial extension tests, simple shear tests, plane strain compression and extension tests, true triaxial tests, directional shear tests, all with the possibility of anisotropic instead of isotropic consolidation, should be considered.

It should go to 5.8 “Strength testing of soil”
(4) In addition to the items mentioned in 3.?.? (planning section) the designer planning the tests shall specify:

· If the tests may be performed with remoulded or reconstituted soil 

· For undrained triaxial tests, the requirements on measuring pore pressures, and the total stress path for shearing.

· For drained tests, the volume change measurement device and the stress path for shearing.

NOTE 2
Annex P provides a guideline for the minimum number of samples and tests for one stratum, as well as additional information on the test and its evaluation.

5.8.6.2 Evaluation and use of test results
(1) The test result may be used to derive some parameters, relative to strength of the soil e.g.:
· for drained tests: effective angle of shearing resistance (φ') and effective cohesion (c'),
· for undrained tests: undrained shear strength (cu)
(1) The evaluation of the test results should take into account that undrained shear strength, pore pressure parameters and stress-strain relationships are affected by sample disturbance to a greater extent than the drained strength parameters.

NOTE
Reliable stress-strain modulus values, especially in the case of stiff soil, can only be obtained from advanced tests with special procedures to measure strains and axial force accurately (see 5.9).

This is textbook
(2) Depending on the type of test, drained or undrained strength of the soil may be derived. Accordingly, the values are effective angle of shearing resistance (φ') and effective cohesion (c'), or undrained shear strength (cu).

(3) The values can be used in both drained and undrained stability analyses 

NOTE
See EN 1997-1:2004, Annex D.

This is textbook

	5.8.6 Consolidated triaxial compression test

5.8.6.1 General
(1) The objective of the consolidated triaxial compression test is to determine the drained or undrained shear strength of soil.

(2)P The tests shall be carried out and reported in accordance with the requirements given in prEN ISO 17892-9.

(3) Soil specimens for performing these tests should be of Quality Class 1, according to Table 3.1.

(4) In addition to the items mentioned in 3.?.? (planning section) the designer planning the tests shall specify:

· If the tests may be performed with remoulded or reconstituted soil 

· For undrained triaxial tests, the requirements on measuring pore pressures, and the total stress path for shearing.

· For drained tests, the volume change measurement device and the stress path for shearing.

NOTE 2
Annex P provides a guideline for the minimum number of samples and tests for one stratum, as well as additional information on the test and its evaluation.

5.8.6.2 Derived values

(1) The test result may be used to derive some parameters, relative to strength of the soil:
· for drained tests: effective angle of shearing resistance (φ') and effective cohesion (c'), as well as the drained compression modulus.
· for undrained tests: undrained shear strength (cu) as well as the undrained compression modulus



	5.9.2 Oedometer compressibility testing

5.9.2.1 Objective

(1) This section includes oedometer incremental compression tests, swelling tests and collapse potential tests.

(1) In the oedometer, the cylindrical specimen is confined laterally, and is subjected to discrete increments of vertical axial loading or unloading and allowed to drain axially. Oedometer compression and swelling tests and evaluation of the collapse potential of a soil are covered.

(2) Alternatively, a test with continuous loading (constant rate of strain) may be carried out.

(3) The objective of the oedometer incremental compression and swelling tests is to determine the compression, consolidation and swelling characteristics of soil.

(4) The objective of the collapse potential test is to establish compressibility parameters for the soil in its unsaturated state, and to evaluate the additional compression upon inundation due to structural collapse of the soil.

(3)P The tests shall be carried out and reported in accordance with the requirements given in prEN ISO 17892-5.

Note: For swelling and collapsible soils, special considerations should be given to the loading/unloading magnitude and sequence.

5.9.2.2 Requirements

(1)P For the determination of the compressibility of a stratum of clay, silt or organic soil, undisturbed samples (Quality Class 1) shall be used. Samples recompacted to in-situ conditions may also be used.

NOTE
Small strain moduli of soil (e.g. moduli at less than 1 % strain for soft to medium clays) are very sensitive to all perturbations during sampling. According to 3.4.3 (3)P, specific sampling equipment and methods may be used, for example block sampling or stationary piston sampling or any other method known to give the best results for the soil to be tested.
(2)P For re-compacted specimens, the composition, density and water content of the prepared specimens relevant to the in-situ conditions and the specimen preparation method shall be specified.

Gone to 5.9.2.1 (4)
(3)P When determining the compressibility characteristics of a soil stratum, the following items shall be taken into account:

· existing results of field investigations;

· existing settlement measurements from neighbouring sites;

· the number and quality of samples;

· the number and type of field tests;

· special consideration needed for sensitive and cemented samples;

· the specimen preparation;

· the orientation of the specimen;

· the need for additional classification tests. 

(4) Carrying out alternative tests to the incremental oedometer test, for example constant rate of strain oedometer tests, may be considered.

Gone to 5.9.2.1 (6)
(6) Alternative tests to oedometer incremental compression tests may be carried out, for example, constant rate of strain oedometer tests 

(5)P The initial vertical stress shall not exceed the in-situ vertical effective stress.

NOTE
For example for strain-softening clays, an initial stress of one fourth of the in-situ vertical effective stress can be considered an appropriate value.

(6) In a compression test, the highest vertical stress applied should be well in excess of the maximum effective vertical stress likely to occur in-situ. In a swelling test, the range of decrements of vertical stress to be applied during the test should include the range of stresses likely to be applied in-situ.
(7)P When testing the collapse potential, the test specimens shall be selected with adequate consideration of existing knowledge on the behaviour of the soil when subjected to inundation. The stress on the specimen at which inundation is applied shall be related to the range of vertical stresses likely to occur in-situ.

NOTE 1
Further information on a procedure, presentation and evaluation of Oedometer compressibility testing can be found in CEN ISO/TS 17892-5, (see X.4.5). 

(7) In addition to the items mentioned in 3.?.? (planning section) the designer planning the tests shall specify:

· the sequence and magnitude of vertical stresses to be applied ,for the loading, unloading and reloading steps.

· the duration of each load step

· In a collapse potential test, the stress on the specimen at which inundation is applied.

NOTE 2
Annex Q provides a guideline for the minimum number of samples and tests for one stratum, as well as additional information on the test and its evaluation.

5.9.2.3 Evaluation and use of test results

(1) The oedometer test results may be used to estimate the yield stress (pre-consolidation pressure) for clays, organic soil and silty soil.

(2) It should be taken into account that the pre-consolidation pressure determined by the oedometer test can be greatly affected by sampling disturbance.

(3) The most common values to characterise compressibility are the oedometer modulus (Eoed), the coefficient of compressibility (mv), the compression index (Cc) and the pre-consolidation pressure (σ'p). Unloading and recompression can be represented by the swelling index (Cs). All these quantities are derived directly from the appropriate parts of the compression curves.

(4) Settlements due to creep can be computed using the coefficient of secondary compression (Cα).

It is not said how to obtain Cα
(5) The coefficient of consolidation cv can be derived using the one-dimensional consolidation theory.

5.9.2.3 Derived values

 (1) The test result may be used to derive some parameters, relative to deformation and stress condition of the ground, e.g.:
· the yield stress (pre-consolidation pressure, (σ'p)
· oedometer modulus (Eoed), the coefficient of compressibility (mv) and the compression index (Cc)

· swelling index (Cs), for the unloading and recompression loads

· coefficient of secondary compression (Cα)

· coefficient of consolidation (cv)

(6) Any parameter in 5.9.2.3 (3) can be used for simple analyses of the settlement of spread foundations.

(7) If sample methods are applied, the oedometer modulus may be used.

NOTE
Examples of such sample methods are given in EN 1997-1:2004, F.1 and F.2 
	5.9.2 Oedometer compressibility testing

5.9.2.1 General
(1) This section includes oedometer incremental compression tests, swelling tests and collapse potential tests.

(2)The objective of the oedometer incremental compression and swelling tests is to determine the compression, consolidation and swelling characteristics of soil.

(3) The objective of the collapse potential test is to establish compressibility parameters for the soil in its unsaturated state, and to evaluate the additional compression upon inundation due to structural collapse of the soil.

(4)P The tests shall be carried out and reported in accordance with the requirements given in prEN ISO 17892-5.

Note: For swelling and collapsible soils, special considerations should be given to the loading/unloading magnitude and sequence.

(5)P For the determination of the compressibility of a stratum of clay, silt or organic soil, preferably undisturbed samples (Quality Class 1) shall be used. Samples recompacted to in-situ conditions may also be used.

(6) Alternative tests to oedometer incremental compression tests may be carried out, for example, constant rate of strain oedometer tests 

(7) In addition to the items mentioned in 3.?.? (planning section) the designer planning the tests shall specify:

· the sequence and magnitude of vertical stresses to be applied ,for the loading, unloading and reloading steps.

· the duration of each load step

· In a collapse potential test, the stress on the specimen at which inundation is applied.

NOTE 
Annex Q provides a guideline for the minimum number of samples and tests for one stratum, as well as additional information on the test and its evaluation.

5.9.2.3 Derived values

(1) The test result may be used to derive some parameters, relative to deformation and stress condition of the ground, e.g.:
· the yield stress (pre-consolidation pressure, (σ'p)
· oedometer modulus (Eoed), the coefficient of compressibility (mv) and the compression index (Cc)

· swelling index (Cs), for the unloading and recompression loads

· coefficient of secondary compression (Cα)

· coefficient of consolidation (cv)
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