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1 Introduction 
The classic compression test, called the oedometer test, constitutes the scientific 
engine for the physical-mechanical characterisation of the soil in the laboratory on 
samples sampled, with undisturbed structure, from the natural ground. This 
laboratory test aims to determine the value of the indices that quantify the 
compressibility of soils, which are used in the calculation of the estimation of the 
foundation settlement. The accuracy with which the values of these indices are 
determined is dependent on the correct drawing of the characteristic curves 
compression-settlement (p-ε curve) compression-void ratio (p-e curve). Therefore, 
the correct evaluation of these indices as characteristic parameters becomes vital 
for the rigorous design of the foundations and, implicitly, for the maximum safety 
of the future construction.          

The course of the soil samples from the soil massif to the oedometer consists of in 
situ sampling – situ-laboratory transportation – conditions and time storage – the 
making of apparatus sample/the testing in laboratory apparatus that cannot 
simulate with accuracy the real long-term behaviour conditions of the in-situ soil 
volume. This pathway can modify/disturb the internal structure of the samples and 
implicitly the value of the indices that define the compressibility of soils. Based 
on these considerations, it is imperative to evaluate the value of the correction 
coefficient of the oedometer deformation modulus (M0) from the equation                 
E = M0 ∙ Eoed which currently has an over-unity value, which contradicts the 
physical sense and the theoretical reasoning, Stanciu & Lungu (2006).  

Within this paper are presented the results of a comparative analysis between the 
classical oedometer test and the specific tests of a new original design apparatus 
in order to evaluate the value of the coefficient (M0) used for the correction of the 
oedometer deformation module (Eoed) for a type of clayey soil in the sense of a 
better correspondence with the in-situ test results. At the same time, the principles 
underlying the working methodology of the oedometer are presented in a succinct 
way compared to those of original conception apparatus called Consolidometer.     
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2 Highlight of methodological principles 
of Oedometer and of Consolidometer 

2.1 Oedometer test 

According to normative regulations, the oedometer test assume the making of 
cylindric samples whose ratio Ø/h should not be less than 2.50 according to ISO 
17892-5 (2015). The sample thus made is disposed in a metallic ring, which allows 
only the displacement on the vertical direction σ1=N/A respectively ε1≠0, 
ε2=ε3=0 (unidimensional consolidation). Therefore, the reduction of pore volume 
(ΔV) and the gradual dissipation of water pressure in pores (u) takes place below 
each loading stage, as the water is drained from the sample in time.  

In the oedometer test, the soil sample is associated with a compressible soil layer 
with a finite height on which, at the top, a pressure (Δσ`) uniformly distributed is 
applied through a circular footing, and the base is bordered by an incompressible 
rock layer. More exactly, the oedometer sample is associated with a soil column, 
from the compressible layer, along the vertical direction of the foundation centre, 
which due to the symmetry of the position and loading, it is accepted that the lateral 
deformations are impeded, which means ε2=ε3=0.  

As for the vertical strain, it is considered to be constant along the vertical direction 
as a result of the high ratio between the loading surface and the compressible layer 
thickness. Therefore, the oedometer test aims to quantify the effects / settlement 
of the ground beneath the foundation, driven by the loads transmitted by it, and not 
the overall effect within the soil massif in which the soil has the lateral 
displacement partially impeded by the surrounding soil. 

Conventionally, the deformation of soil massif consists of four components: 
immediate settlement (si), consolidation or primary settlement (sc), secondary 
settlement (creep) (ss) and the settlement caused by the lateral displacement 
Stanciu & Lungu (2006), which cannot be quantified by means of the oedometer 
test because the lateral displacement is completely restrained by the circular metal 
ring. Therefore, the total settlement (st) of a soil massif is equal to:    

lscit
sssss   (1) 

2.2 Tests of the new apparatus named Consolidometer 

The apparatus utilised is designed at the Faculty of Civil Engineering and Building 
Services of Iași by professor emeritus Anghel Stanciu PhD, to reduce/eliminate the 
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specific errors for laboratory soil samples, to evaluate the compressibility of soil 
samples at stresses and deformations imposed by the operator, and to reproduce 
the behaviour of the soil massif by integrating the isobars up to 0.09p inside the 
sample, therewith this has the advantage of lateral displacement partially blocked 
by the presence of the surrounding soil subjected to the direct action of the load 
applied by the stamp. The proposed apparatus was designed and built by 
combining the well-known testing procedures such as the ones for the oedometer 
test, triaxial test and plate load test. The structure and the utilisation procedure of 
the Consolidometer represents the subject of author’s doctoral thesis, Ilaș (2017).  

The Consolidometer offers the possibility to perform the specific tests in two main 
stages (Figure 1). In the first stage, the soil sample is placed in the cylinder that 
has a height of 230 mm, respectively an inner diameter of 165 mm and the applied 
load equal to the pre-consolidation pressure (σ`p), (Figure 1.a). The purpose of this 
step is to replicate/simulate the geological process of natural consolidation of soil 
sample under the weight of soil masses that have sedimented above the sampling 
level of the samples. 

In the second stage, the action of the applied pressure on the sample is stopped and 
then it follows the starting process of one of the three possible tests by means of a 
40 mm diameter stamp (Figure 1.b and 1.c). Consequently, the sample placed in 
the cylinder can be divided into two volumes: the first corresponding to the soil in 
which the action of the load is fully felt/transmitted and the second corresponding 
to the soil which is partially subjected to the lateral displacement/deformation of 
the first volume.  

The three types of tests of the proposed apparatus, that can be performed after the 
soil sample has been brought to the strain and stress conditions corresponding to 
the pre-consolidation pressure (σ`p), have been named suggestively: plate load test 
in boreholes with oedometer sampling (Type I), plate load test without 
disturbances (Type II) and triaxial type test without soil disturbances (Type III). 
The procedure also includes the performance of an oedometer test on a soil sample 
with reduced dimensions of 10 mm height and 40 mm diameter (Type IV).  

From the presented above, the appellation type means that the tests are based on 
the principle of determination of those tests and that is intended to obtain similar 
parameters simulating in laboratory the real conditions of the in-situ soil behaviour 
(Figure 2). 
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Fig. 1: Frontal section through the Consolidometer cylinder, with component 
numbering, in consolidation step (a), for the case of Type I and II (b), 
and for the case of Type III (c) tests 
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Fig. 2: The stress state from the soil massif compared to the specific one of 

the load plate test, triaxial test, oedometer test and of the three types of 
tests of the Consolidometer, and the comparative presentation of the 
sample disturbance degree of the oedometer-Consolidometer 
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2.2.1 The Type I and Type IV tests 

The methodology of conducting the plate load type test with oedometer sampling 
or the Type I test, constitutes the basis of the Type IV test (oedometer test of small 
size samples), requires the following steps:    

 to place the sample in the Consolidometer cylinder and to apply successive 
consolidation loading steps by means of the main loading system (P1 … P8) 
until the pre-consolidation pressure (σ`p) is reached (the sample consolidation 
procedure is similar to the oedometer test model);  

 to act the subassembly of the piece (P7) that have the role of stopping and 
maintaining the pre-consolidation pressure (σ`p), the unscrewing of the top 
plate plug (P8), it follows the carotage procedure of the sample in the upper-
central area and the extraction of the specimen with a diameter of 40 mm, from 
which are subsequently made the Type IV test (h = 10 mm and d = 40 mm);  

 to polish/straighten the base of the carotage area of Consolidometer sample, 
followed by the installation of the loading assembly with a diameter of 40 mm;  

 to start the actual Type I test of the Consolidometer sample by actuating the 
secondary load system (P9 … P11), (Figure 1.b and 2.h). Simultaneously the 
Type I and Type IV test samples (made from the extracted specimen) are 
loaded. Simultaneously are applied concomitant loading steps of 25 kPa with a 
24 hour hold time until appears the uncontrolled settlement that indicate the 
failure of the Type I soil sample according to in situ plate loading test 
specifications.        

2.2.2 The Type II test  

The methodology of conducting the plate load type test without disturbance or the 
Type II test, requires the following steps:    

 to place the sample in the Consolidometer cylinder together with the 40 mm 
diameter loading device in it, and to apply successive consolidation steps 
through the main loading system (P1, P2, P4, P5, P7, P8) until is reached the 
pre-consolidation pressure (σ`p), (the sample having in the centre the secondary 
loading device already installed it is also consolidated similar to the oedometer 
test model);  

 to act the subassembly of the piece (P7) that have the role of stopping and 
maintaining the pre-consolidation pressure (σ`p) and to start the actual Type II 
test of the Consolidometer sample by actuating the secondary loading system 
(P9, P10, P11), (Figure 1.b and 2.i). The loading procedure is similar to the 
Type I test.  
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2.2.3 The Type III test  

The methodology of conducting the triaxial type test without disturbance or the 
Type III test, requires the following steps:    

 to place the sample in the Consolidometer cylinder together with the loading 
device in it at the superior part and at the inferior part the support system (both 
with a diameter of 40 mm), to apply successive consolidation steps through the 
main loading system (P1, P2, P4, P5, P7, P8) until is reached the pre-
consolidation pressure (σ`p), similar to the oedometer test model;  

 to act the subassembly of the piece (P7) that have the role of stopping and 
maintaining the pre-consolidation pressure (σ`p) and to start the actual Type III 
test of the Consolidometer sample by actuating the secondary loading system 
(P9, P10, P11), (Figure 1.c and 2.j). The loading procedure is similar to the 
Type I and Type II tests.  

3 Determination of the M0 through the 
Oedometer-Consolidometer tests  

3.1 Principles of determining the value of M0  

Preserving the same diameter for the loading stamp, respectively 40 mm, of the 
four specific type tests of the Oedometer and Consolidometer, gives the possibility 
of determining the supra-unitary and sub-unitary value of the M0 coefficient based 
on the ratio between the modulus of linear deformation (E – deformation modulus) 
determined from the Type I, II, III and the oedometer deformation modulus        
(Eoed – oedometric modulus) from the Type IV tests.           

The Type I test ensure the partial elimination of the disturbance effects specific to 
the laboratory samples, and the Type II and III tests ensure the total elimination of 
disturbance effects. The Type IV test ensure to highlight the oedometer test 
limitations and to quantify the specific disturbing factors.  

This research has its starting point from the duality resulting between the 
theoretical reasoning that provides a sub-unitary value (M0<1) and the practical 
one in which a supra-unitary value (M0>1) is given, but also on the following 
hypotheses:   

 either M0 > 1 → E > Eoed, the oedometer sample has a high compressibility and 
smaller strength as that from the in-situ soil, due to possible disturbances that 
are produced during the efforts path. This hypothesis would sustain the idea 
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that the path of sample affects the sample strength and produces structural 
degradation, which would justify the supra-unitary value as in practice. 

 either M0 < 1 → E < Eoed, the oedometer sample has a small compressibility 
and higher strength as that from the in-situ soil, due to the lateral displacement 
fully blocked. This hypothesis would sustain the idea that the oedometer ring 
leads to an increase of the compressive strength of the samples, which would 
be consistent with the sub-unitary values of the factor (M0) from the theory, 
which is based on Hooke’s generalized law. 
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In which the value of the Poisson coefficient (υ) for soils according to STAS 
3300/2 (1985) has values between 0.42-0.27, which would indicate a sub-unitary 
value for the M0 coefficient. 

To achieve the targeted objectives were used soil samples with artificial structure 
formed/reconstituted from kaolinite clay after a predetermined technique. This 
type of soil was used because the rigidity of the crystalline mesh formed by 
overlapping silicon tetrahedra and aluminium octahedron packages, form a 
structure which in relation to water has a low-swelling potential.  

3.2 Presentation of the comparative analysis for the 
determination of M0 coefficient 

The most relevant results for the evaluation of M0 coefficient were obtained 
between the Type I, Type II and Type IV tests according to the following plan: 

 Type I tests called TI.1 Sample and TI.2 Sample for which the load-settlement 
curves specific to the plate load test were drawn and the value of modulus of 
linear deformation (E) was determined according to the requirements of three 
norms Romanian STAS 8942/3 - 1990, European Standard SR EN 1997-
2:2007 (Eurocode 7) and American Standard ASTM D 1194 - 1994;  

 Type II tests called TII.1 and TII.2 Sample for which the load-settlement curves 
specific to the plate load test were drawn, in the same manner as for Type I test; 

 Type IV tests called Sample IV.1 and Sample IV.2 for which the p-ε and p-e 
curves were drawn. In order to make a simple and clear comparative analysis, 
from the sample sampled at the Type I test respectively Sample I.1 was made 
and tested three Type IV samples, the average value of the tests constituted the 
Sample IV.1. The same procedure was followed for Sample I.2 specimen from 
which the data of Sample IV.2 resulted.   
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Previous to the laboratory tests it was determined the value of the correction 
coefficient of the oedometer deformation modulus (M0), based on the equation 
given by the theoretical reasoning, after the following plan: 

 the calculation of lateral pressure coefficient (K0) for kaolin clay was made 
with equations provided by Brooker and Ireland, Alpan and Eurocode 7. The 
average value of these equations is 0.6587 confirmed by Bishop and Simons.  

 the calculation of Poisson’s Ratio (υ) based on the following equation: 

397.0
1

6587.00 
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 the calculation of correction coefficient of the oedometer deformation modulus 
(M0) for the used kaolinite clay, according to the following equation:   
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Tab. 1: E values for Type I, Type II tests and Eoed for Type IV tests in kPa  

Tests 
Type I Type II Type IV 

Type I.1  Type I.2 Type II.1 Type II.2 Type IV.1 Type IV.2 

E (STAS) 1663.72 1602.62 3920.41 3869.12 - - 

EPLT (SR EN) 1654.03  1593.29 3897.57 3846.58 - - 

E (ASTM) 1579.48  1521.48 3721.90 3673.22 - - 

Eoed 100-300 - - - - 2995.36 2878.66 

Eoed 200-300 - - - - 3977.72 3842.21 

Eoed med - - - - 3486.54 3360.44 

Tab. 2: Determination of the M0 values based on the rapports between E 
resulted from Type I and Type II tests and Eoed resulted from the Type 
IV tests 

TI.1 / TIV.1 

(E(STAS)/Eoed med) 

TI.2 / TIV.2 

(E(STAS)/Eoed med) 

TII.1 / TIV.1 

(E(STAS)/Eoed med) 

TII.2 / TIV.2 

(E(STAS)/Eoed med) 

0.477 0.477 1.124 1.151 
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The Romanian norms (NP112 2014, STAS 3300/2 1985) indicate for clay and fat 
clay with Ic = 0.50÷0.75 and e = 0.81-1.00 a value of 1.10 for M0.  

3.3 Conclusions 

The results obtained from the comparative analysis highlighted the following 
findings: 

 the ratio between the linear deformation modulus (E) determined through the 
Type I test (plate load test type performed on a sample disturbed by the 
sampling process) and the average value of the oedometer deformation 
modulus (Eoed med) determined for the Type IV test (oedometer test of small size 
samples) provided a value that confirms theoretical reasoning, respectively    
M0 = 0.477 → M0 < 1; 

 the ratio between the linear deformation modulus (E) determined through the 
Type II test (plate load test type performed on a totally undisturbed sample) 
and the average value of the oedometer deformation modulus (Eoed med) 
determined for the Type IV test (oedometer test of reduced dimensions) 
provided a value that confirms the recommendations offered by the norms for 
the used soil type, respectively M0 = 1.124 ÷ 1.151 → M0 > 1.  

The design of a device that combines the methodologies of laboratory-in situ tests 
becomes necessary as a result of the evolution of computational programs that 
requires laboratory determined parameters because the determinations at real scale 
for buildings with shallow foundations are difficult to make and imply high costs.    
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