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Abstract

This paper deals with hydro-mechanical investigation of saline
gypsum soil properties from Sebkha of Oran in respect with
their impact on the feasibility of the project of the second run-
way of the Es-Sénia airport in Oran (Algeria). The geological
and in-situ geotechnical studies prior to the construction phase
of the airport runway revealed underground cavities supposed
to be created from salts and gypsum dissolution in the Sebkha
soil. Standard laboratory experiments are used to determine
permeability coefficient, isotherm curve, shear resistance and
elastic parameters of two soils. These ones are affected by the
variation of water table level that varies according to the dry
period (summer) or the rainy period (winter), creating cyclic
hydric conditions. The paper presents a comparison of param-
eters of these two soils in saturated and partially saturated
conditions. The results of tests performed in laboratory are
compared with those performed in situ in order to check their
representativeness before a detailed comparison of the effect of
water conditions. The two soils have similar behavior highly
sensible to water with some particularities.
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1 Introduction

The presence of soluble salts or exchangeable sodium or
both in soils is one of the most severe environmental problems
that could seriously impacts the stability of geotechnical con-
structions. This problem is faced in many countries in the world
under different climatic conditions and more significantly in
the arid and semi-arid regions. Generally, the soil salinity-
sodicity in these regions is caused by several factors: geologi-
cal effects, climatic conditions and groundwater movement
with considerable potential evaporation and limited rainfall.
Saline and sodic soils are constituted by excessive levels of
soluble salts and sodium adsorbed at the cation exchange sites
[1], [2]. This saline and sodic character affect negatively plant
growth and causes the degradation of the soil structure and con-
sequently procures them unfavorable physical properties. Then,
it is important to evaluate the properties of these soils and the
nature of the resulting problems for civil engineering structures
projects where the stability, durability and safety concerns are
omnipresent. It is also essential to understand the soil behavior,
identify the interaction of different conditions in order to diag-
nose these complex mechanisms and anticipate engineering
techniques in design step to avoid structure problems.

Several recent works are published on the mechanisms
responsible for the salinity of soils including various experi-
mental programs for identification of kinetics exchange of sub-
stances and the gypsum solubility in aqueous systems (Morse
and Arvidson 2002, Loos et al. 2004, Gledhill and Morse
2006a, 2006b and Finneran and Morse 2009), or evaluation of
soil salinity [7] for Chaco-Canyon soil and [8] for a soil salinity
problem in Brazil.

Lu and co-authors [9] investigates the hysteresis phenom-
enon in the hydrologic and mechanical properties of partially
saturated soils. They show that the soil-water retention curve,
hydraulic conductivity function, and suction stress characteris-
tic curves are intrinsically related. The permeability coefficient
is the most variable soil property and represent an important
parameter to examine the sodic effect on the water infiltration
of the soil. (Nagy et al. 2013) proposed different testing method
of permeability coefficient and show its variability also in the
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case of homogeneous layers. Other authors are interested to
the study of the suction like an important parameter to making
the difference between the behaviour of saturated and unsatu-
rated soils [10].

The present investigation aims to the characterization of the
geotechnical properties of the two soils layers from ground of
Oran airport runway in order to establish on the one hand a
set of parameters for a thermohydromechanical model used to
numerical prediction of the bahaviour of the ground with the
presence of the cavity and on the other hand examine the effect
of saline-sodic character on the soil properties. For this pur-
pose, a number of laboratory tests are carried out on reconsti-
tuted (at optimum modified Proctor water content and density)
soil samples to measure key hydromechanical parameters.

The triaxial compression test at various confining pressure is
used to identify the shear behavior of the Sebkha soils.

In saturated conditions, the water permeability is identified
using tests at constant hydraulic head. In addition, the isotherm
sorption curve is identified in unsaturated conditions by using the
gravimetric and salt solutions method in both wetting path (dur-
ing the saturation of samples) and drying path (during the sam-
ple drying). Measuring the sample mass evolution during water
uptaking or drying the relative permeability is also identified by
a procedure based on the inverse method proposed in [11].

2 Materials and testing methods
2.1 Soil and Site Description

This work is devoted to an experimental study of the ground
soils of the second runway of the Es-Senia airport in Oran
(Algeria), built on a very complex hydro geotechnical site with
soils characterized by high content of soluble salts, gypsum
and sodium [12] [13]. The level of the salt water table var-
ies seasonally from 1m under the surface (in the case of heavy
rainfall) to 4 meters in depth during the dried season impacting
by this variability the properties of the ground soils and conse-
quently the stability of the runway [12] and [13].

In this hydrogeological context of the site, several param-
eters may be at the origin of the appearance of underground
cavities in different sizes and depths (Fig. 1). Among possible
origin the dissolution of anhydrite or gypsum layers, washing
of salts, or the dissolution of carbonates and limestone by the
table water are evoked. This dissolution can procreate numer-
ous human and material damages, especially toward the risk for
the collapse of the constructions built on the surface such as the
landing strips for planes.

Fig. 1 Various cavities detected in Es-Senia airport site.

It is found from geological studies that basically, two layers
are affected by the variation of the water table being susceptible
to lead to creation of cavities. Therefore, the characterization of
the soil properties in saturated and unsaturated conditions must
be taken into consideration in the analysis of the stability of
the runway and to understand the impact of the cyclic hydric
conditions caused by the variability of the water table on the
creation of the cavities.

Soils used in this study were obtained from the sampling car-
ried out on the two layers gypsum soils with a fine grained from
Es-Senia airport area located near the great Sebkha of Oran,
western of Algeria (Fig. 2). The subsoil of the site is charac-
terized by a quaternary age alluvium consisting essentially by
gypsum whitish beige clay, brownish beige to greenish brown
plastic concreted and alternately of gypsiferous — sandstone
crusts in some locations and by strongly gypsum sandy silts in
other locations. The description of the lithology of the site is
given in the Table 1. Because of the importance of the water
table on the behavior of soils, in this study we distinguish two
soils as being situated on two sides of the water table (0 to 4m
and 4 to 8m). Samples obtained from the first layer (soil-1) are
designated respectively: layer 1-sample-1 from (0.6 to 2m) and
layerl-sample -2 from (2 to 4m) and the second layer-2 (soil 2)
from (4 to 8m).

This geological formation results from the deposition of fine
products generally resulting from disintegration and fragmen-
tation of the nearby mountains. The Sebkha of Oran is one of
the vast depressions endoreic of the north of Africa, constitut-
ing the main reservoir supplying the highly saline groundwater
in the region. The development of these saline and humid area
is due to winter precipitation, river water and basin flows, and
a higher evaporation in summer [13].
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Fig. 2 Situation map of the studied site of the Es-Senia airport near the great Sebkha of Oran [14].

Table 1 The soil description under the landing strip of the airport of the

Sebkha of Oran.
Depth (m) Soil description
0.0-0.6 Topsoil
0.6-40 Beige clay strongly gypseous, alternating from gypsif-
’ ’ erous — sandstone crusts

4.0-8.0 Silty soil, sandy and strongly gypsum,

Greenish marl gypseous, slightly concreted, becoming
8.0-24.0 more or less gypseous, alternating from gypsiferous —

sandstone crusts in depth and in some places.

The ion chromatography analysis of water table at 4m depth,
reveal that the most dominant substances are: Cl-, NO2, NO 3,
SO, %, PO, Na', Mg, K" et le Ca™. Tables 2 and 3 showing
respectively anions and cations analysis of the site water.

Table 2 The anions analysis [mg/1]

Cr NO? NO-? SO, PO?

664,150 5,500 101,100 1929,550 33,200
Table 3 The cations analysis [mg/1]

Na+ NH+4 Mg+2 K+ C a+2

436,150 0,277 164,300 13,912 634,700

The existence of saline water table of varying depth, depend-
ing on seasonal periods. In periods of drought, this water table
is located from 3 to 4 meters in depth; it can reach 1m depths
in the case of heavy rainfall in winter period. The chemical
composition of the water of the Sebkha depends essentially
on mineral dissolution, precipitation of other minerals and

concentration by important evaporation which means that the
water salinity is closely linked to rain water.

An analysis of X-ray diffractometry were carried out on the
soil in order to identify the soil mineralogy and complete the
understanding of the dissolution phenomenon. Observations
are performed on fractions <20mm recovered after drying over
samples of 100g.

20000

* CaS0,. 20,0
~ Cas0y. 0,5H:0
+Cacos

Layer 1-Smp 1
Layer 1 - Smp 2
Layer2

15000 |-

10000

Intensity 2 (a.u)
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Fig. 3 Diffractometry x-ray analysis of the samples from the both gypsum
soils.

From the X-ray diffractogram on Fig. 3, we can notice that
both soils contain mainly gypsum in the hydrated form (cal-
cium sulfate-hydrate CaSO,.2H,0) and dried (calcium sulfate-
hemihydrate CaSO,.0.5H,0) and limestone (calcium carbonate
CaCO,). This presence or predominance of carbonate and cal-
cite minerals is a factor that strongly influences the nature of
the chemical reactions and the alteration processes.
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Indeed, these minerals are among the softer and more soluble
components of the soils because of weak ionic bonds between
the cations and the anionic complexes. They have a high solu-
bility in H,O that allows them to alter easily and re-precipitate
to other places and possibly on other forms. In addition, traces
of other minerals were found as: Al, Mg, Ti, Fe,, SrSO,, Fe,O,
and the Quartz on the layer 1 and only Fe,O, on the layer 2 but
in small quantities. This can be explained by the presence of
the clay on the first layer and the transport of charged ions by
groundwater and their deposit during the dry period. Cerqueira
et al. 2015, explains this action by the migration of the coexist-
ence of amorphous Fe oxides as well as others anions and theirs
fixation in gypsum soils by the sorption and desorption action.

The classification tests were carried out using the European
standards procedures. For summarize, the distribution results
of grain sizes show that the predominant fine fraction of parti-
cle size smaller than 80 pum is about 53 to 82%. Generally, the
liquid limit is after 22.58 to 47.75% and the plasticity index
from 3.64 to 28.36% in some different zones. After the CASA-
GRANDE diagram, the material tested has relatively a high
plasticity at very high levels in some places in particular in pro-
foundly [16,17].

It should be also noted that for other samples taken from
other survey points, the determination of the ATTERBERG lim-
its was not possible in others places due to the silty clay gypsum
formation containing large proportions of gypsum [16,17].

According to the USCS/LPC classification, this soil is desig-
nated as clay and limestone-gypseous and fine soils very sensi-
tive to water.

2.2 Sample preparation

All specimens are prepared according the optimum water
content and their dry density obtained by the Optimum modified
Proctor (OPM) test using the French norm [18]. The variation of
the dry density depending on the optimum water content for the

two studied soils (v, =/ W (%0)]) is represented on Fig. 4.
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Fig. 4 Compaction curve of natural soil at the optimum modified Proctor

energy for the two soils.

The maximum dry masses found for different levels optimal
water content are summarized in table 4 below.

Table 4 The optimal water content values WOPM (%) and corresponding
maximum dry densities yd-Max (kN/m3).

Layers Depth Yd-Mnx (kN/mS) WOPM (%) ICBR Immediate
Sample-1  (0.6-02m) 17.1 13.52 39.8
Layer-1
Sample-2  (02-04m) 17.2 12.00 40.9
Layer-2 (04-08m) 16.3 14.50 46.1

All cylindrical samples used for the hydro-mechanical tests
have been compacted according standards [19] using the com-
paction velocity of 0.95 mm/min to obtain finally a size of (50
mm x 100 mm).

3 Experimental program and methods
3.1 Mechanical characterization

In order to compare the mechanical properties of the two
soils on sides the water table, the mechanical tests are car-
ried out by standard triaxial test at various confining pressure.
These confined compression tests are coupled with the water
permeability in saturated case.

3.1.1 Triaxial test

Consolidated undrained triaxial test is carried out accord-
ing the standards. Prior the shear test, samples are saturated at
540KPa, and consolidated after 24 hours. The rate of 0.05mm/
min is used in the shear stage of the compression triaxial test.
This test is performed for three confining pressures (600 KPa,
800 KPa and 1000 KPa) in order to determine the failure Morh
envelope. Figure 5 shows the responses of the two soils dur-
ing shearing phase. The strain-stress curves during the sharing
phase manifest no particular behaviors: a peak is observed for
weak confining pressures while there is perfect plastic behav-
ior for higher confinements. Samples form Soil-1 seems to be
more sensitive to the confining pressure manifesting a higher
friction resistance. As an illustration, while at 800 KPa of con-
finement the soils have almost the same response, for a confin-
ing pressure of 1000 KPa.the sample-2 of the soil 1 (2 to 4 m)
shows a higher resistance.
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confining pressure.

3.1.2 Water permeability

The low water permeability can slow the infiltration of rain
water an impact the dissolution process of the carbonate rocks
In order to confirm the nature of the two soils on both sides of
the groundwater table, the water permeability is determined.
The constant head test is carried out according to AFNOR
standards [20]. Permeability test is performed using the triaxial
cell after the saturation stage of CU triaxial tests. The records
of the water volume (in and out) are performed in continue as
shown in Fig. 6.

N
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Fig. 6 Schematic principle of water permeability test and typical in/out flow
curve example obtained during the test.

3.2 Isotherm curve and vapor permeability

The water absorption and its kinetics are of a first order
importance for understanding and explain the role of water
table evolution on the stability of soils concerned by the transit
dry-wet zone. In our experimental program, these the identifi-
cation of water retention curve and relative permeability were
performed using similar techniques.

3.2.1 Water retention test

The identification of water retention curve (known also as
sorption-desorption isotherm) for studied soils is performed
using gravimetric salt solution method. The test consists to
put samples of soils in a cell whose relative humidity is kept
constant by a salt solution, and measure the mass variation up
to its stabilization. It is possible to follow the kinetic of the
water gain or water loss versus time for each relative humid-
ity at a fixed temperature. The different salts used in our tests
allow to obtain atmosphere with constant relative humidity at
various level covering a range of relative humidity from 12 to
100 %. The mass variation is followed using a balance with a
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resolution of 10-g. The saturation is calculated from the mass
change after equilibrium and mass stabilization of the samples.
It is an already known result that most of materials exhibit hys-
teresis of water retention curve, so this curve is identified for
each soil in both dried (during drying) and wet (during satura-
tion) branches.

3.2.2 Relative permeability test

If the kinetics of water up taking or lost is recorded (by
recording the mass evolution of samples when it is put in a new
relative humidity for example) it is possible to identify a rela-
tive permeability using the method developed in Homand et al.
(2004). In order to assure an unidirectional transfer that make
easer the inverse procedure of relative permeability identifica-
tion, the cylindrical samples were waterproofed on the lateral
faces (Fig. 7). These cylindrical samples of dimensions 2.0 cm
in height and 5.0 cm in diameter are cut from the reconstituted
compacted samples prepared for triaxial test and dried at 60°C
for 48 hours. The samples are covered laterally with a plastic
film, hardened in the paraffin and weighted.

From the Soil-1 (layer 1 in the depth 0 to 4m) concerned by
the unsaturated characterization, two samples are tested, one
for drying path and the other for wetting path. After prepara-
tion, both samples are attached to a balance at 10-*g of a preci-
sion via a wire and placed in beakers containing salt solutions.
The sets of samples and beakers are placed in a thermal cham-
ber at (20 + 1°C) and far from the light. Both balances are con-
nected to a computer recording mass samples in continue up to
the mass stabilization (Fig. 8).

Balance of....
10" precision

Cover

Fig. 7 Cylindrical samples used for relative permeability test with paraffin
protection.

Finally the relative permeability identification is deduced
using the process proposed in [11].

4 Results and discussion
4.1 Identification of hydromechanic parameters

The laboratory tests presented in this paper are parts of a
research work including THM-C characterization and mod-
eling in order to understand and predict the behavior of the
saline soil of the Sebkha of Oran. Limited to experimental
characterization this paper aims to identify the hydromechani-
cal properties of two layers situated on two sides of the water
table. The undrained elastic parameters (Young modulus and
Poisson’s ratio) are identified on the bases of strain stress
curves of triaxial CU tests. The shear parameters (Cohesion C
and friction angle) are also identified from these results using
effective stress values at peak (table 5)

The stress path followed by tested samples during CU tests
(Fig. 9) clearly show the similitude of their behaviors in such
conditions. As compared to normally consolidated soil path on
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Fig. 8 Patterns of experimental device of conduct of trial of relative permeability.
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such tests (a straight line in the plane p’-q) the path stress of
all samples exhibit a curvature falling in the over consolidated
domain. Since all samples are reconstituted one, this curvature
should be interpreted as an indication that stress applied on
samples during the compaction/reconstitution is superior to the
maximal consolidation stress used on our tests (1000kPa). In
turn, this calls for a verification of results obtained during our
tests and in situ tests to be sure that reconstituted samples are
representative to the undisturbed state of soils in situ.
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Fig. 9 Stresses path in p’-q plan of tested samples from two studied soils dur-

ing triaxial CU tests at various confining pressure.
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Fig. 10 Pore pressure variation - axial strain response for the two soils at two
confinement 800 and 1000K Pa.

This over consolidated behavior is confirmed by the varia-
tion of pore pressure and volumetric strain during the CU tri-
axial tests (Fig. 10): an overall shrining phase with increase of
pore pressure is followed by a dilatation and a relative decrease
of pore pressure. This kind of behavior is typical for heavy over
consolidated soils [21] et [22].
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To illustrate the soil behavior under deviatoric stress, the
stress — strain curves at confining pressure of (800 and 1000KPa)
relative to the two soils are presented on Fig. 11.
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Fig. 12 Young Modulus E (KPa) on the left and the deviatoric max stress
qmax (KPa) variation on the right for the three confinement 600, 800 and
1000K Pa.

Figure 12 shows the Young’s modulus and the deviatoric
stress at peak for the various soils at different confining pressure.
While a more or less regular increase of the Young’s modulus
with confining pressure is observed for both soils, the results
show a dispersion of values despite of the fact that samples were
reconstituted using exactly the same procedure of compaction.

The values of water permeability (K) obtained from con-
stant head test are converted to a reference temperature of 10°C
using a corrective factor:

K, =axK, (1)

with K_: being the measured permeability at the room tem-
perature (m/s), T: the current water temperature during triaxial
conducted test (°C ) and o the second order corrective factor

" 1.359
1+0.0337xT +0.00022xT"

2

A very good reproducibility of water permeability is
observed (table 5) knowing that in such kind of measurements
the differences up to one order are often reported in the lit-
erature. Combined with differences/variabilities of mechanical
parameters this might signifies that most probably this differ-
ences reflects more the natural spatial variability of soils, than
the differences in their preparation.
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Table 5 Some physical and index properties of the reconstituted soil in

laboratory.
Layers Layer-1
Layer-2
Property Smp-1 Smp-2
Depth (m) 0—2(1.65m) 2-4 4-8
¥, (t/m?) 1,56 1,62 1.60
Porosity n (%) 32.73 34.62 32.14
E (Pa) 97459.78 114751.43  117930.28
v 0,36 0,42 0.45
Triaxial test C (KPa) 24.96 0 0
(CUtu) o) 33.63 4374 44.11
Permeability coef K (m/s) 1,258-07 1,465-07 1.235-07

The sorption-desorption isotherm curves are illustrated on
Fig. 13. Each point in these curves coincide with the satura-
tion of a sample at a constant relative humidity once the equi-
librium of sample with atmosphere is achieved, manifested by
the stabilization of sample mass. This stability takes several
days to be established and more than 18 days for the relative
humidities of 55%, 66%, 76% and 86%. As expected an impor-
tant hysteresis is observed between wet and dry path for all
soils for all humidity (soil 1 sample 1 and 2, and soil 2). While
an hysteresis of water retention curve is a common feature of
almost all soils, the amplitude of this hysteresis in our samples
is something not so frequent. In many cases, this amplitude of
hysteresis is in connection with the presence on the samples
of some salts with characteristic relative humidity in a close

range of RH.
100
——Sol-1-Wet
90 | _a-Sol-1-Dry
20 -—30l-2-Wet
70 ——S50l-2-Dry
3: 60 Desorption
= 50 T
£
£ 40
&
30
20 T
Sorption
10 —
0 10 20 30 40 350 60 70 80 920 100 110
Relative Humidity (%)

Fig. 13 Sorption-desorption isotherms curve of the three reconstituted soils.

The figure 13 shown that desorption is about 50% for the
soil — 1, it’s more than the soil — 2 at 40% of desorption. How-
ever, the sorption is very small and insignificant for the two
soils. That may be explains by the compaction of the sample,
wherever all the porous are minors and the samples finding it
hard to absorbed saline solution. But for the desorption phase,
the samples are saturated, so the water opens the pores to stay
there, then it is easy to lose the weight as absorbed moisture.

In order to achieve the adjustment parameters of representa-
tive retention curve for both soils, the empirical expression of

[23] is used: o
e
S, =1+ (—]
P

with; S, beign water saturation (%), Pc capillary pressure

©)

(Pa), Hr the relative humidity (%), P volumetric mass of lig-
uid (kg/m?), m, volumetric mass content of liquid (kg/m?), R
universal gas constant R = 8,314 m*-Pa-mol'-K™! and T abso-
lute temperature (°K)

Recall that this expression supposes a one-to-one relation-
ship between the capillary pressure and liquid saturation. One
has to choose a single water retention curve, representing both
wet and dried branches and “mean curve” was used in our
cases (Fig. 13). Then the capillary pressure for a given relative
humidity is calculated from the Kelvin relationship assuming
valid the hypothesis of perfect gazes:

p =Lt )

)
m,

(4)

Finally the Van Genuchten parameters for the “mean” iso-
therm curve are obtained by minimizing the error between pre-
dicted and measured curve. The parameters Pr (air inlet pres-
sure) and power coefficient n of the van Genuchten law are
given in Table 6.

Table 6 The fitting parameters of van Genuchten determined from the
isotherms of different soils.

Pr (MPa) n
Soil 1 2,47E-01 1,76
Soil 2 2,43E-06 1,25

The piecewise-constant relative permeability for a given step
of relative humidity change could be identified using in one
hand the masse variation (water up-taking or water lossing)
and on the other hand the inverse identification procedure
described by [11] is used. For the sake of simplicity, the pro-
cedure is not described here in details (interested reader could
check the theoretical bases on the above-cited reference) and
only results are described. For a 1D water transfer in the axial
direction of a cylindrical sample, the masse taking or loss of a
sample as a function of time when the sample is placed from an
initially capillary pressure P, to a constant relative humidity
atmosphere r, is obtained on form of an infinite sum:

AM,, (1) = p, (Pl - pf,,)-no-{l Y (1)} (5)

n=0

where;

s[4
o
4

__° 6
(2n+1)2.7r2 ©)

()=
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with;
B (2n + 1) T
0, = ()
with; Q being the volume of samples, i/q the liquid conduc-
tivity in unsaturated conditions (m*/Pa/s), 2, ’he liquid conduc-
tivity of fully water saturated sample (m?/Pa/s), r, Capillary
pressure (Pa), p, volumetric mass of liquid (kg/m?), M, water
masse variation on the sample (equal to measured mass varia-
tion (kg) and #, hydromechanical parameter (Pa') similar to a
specific heat for a thermal problem or a specific storage coeffi-
cient in hydrogeology.

For a given curve of wetting (drying) between two relative
humidity, one looks the liquid conductivity ’11(, and the hydro-
mechanical parameters 7, are identified through an optimiza-
tion procedure in order to fit the best the masse variation as a
function of time (Fig. 14).

Hr =66% to Hr=76%

1000000

2000000

-0,02
-0.04

0,06
-0,08

0.1
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AM/M

Time (5)

44%p to 56%0

0,12
0.1
0,08

AM/M

0,06 4 —— Mesaured

0,02 |

>

0 400000 800000 1200000

Time (s)

Fig. 14 Relative mass variation for imposed relative humidity 66% for the
dry stage and 44% for the wet stage.

Once the /llq is identified, supposed to be constant for a step
of relative humidity change, the relative permeability is calcu-

lated by:
K

- l}g (8)

Note that relative permeability identified by this procedure
is more an effective parameter that count also for Fick’s vapor
diffusion. In fact, the mass up-taking (lossing) of a sample
when the relative humidity is changed, is a combined effect of
advection (described by the relative permeability) and vapor
diffusion process (described by a Fick diffusion) that play
simultaneously. Since the curve of masse variation, during our
procedure is adjusted considering the advection phenomenon
only, this means that identified “relative permeability” count
for all transfer properties, including the Fick diffusion.

100E+00
9,00E-01 —=—Wet soil-1
8.00E-01
7.00E-01
' 6,00E-01
5.00E-01
4,00E-01
3,00E-01

2,00E-01

Relative permeability (m/s)

1.00E-01

0,00E+00
0,00 020 040 0,60 0,80 1,00 120

Relative Humidity Hr (%)

Fig. 15 Relative permeability as a function of relative humidity.

4.2 On the representativeness of laboratory tests

The results of laboratory tests on reconstituted samples from
two soils, despite of common features, manifest some differ-
ences that could put in question their representativeness in
respect with real behavior of these soils.

The variability of mechanical parameters has been firstly
analyzed in order to verify whether the two soils (three layers)
considered in this study could/should be considered as mechan-
ically different. A one-factor ANOVA statistical test was per-
formed, with results shown in table 7 using analysis toolbox
from Excel software.

Table 7 Results of variance analyses of Young’s modulus

Detailed report

Groupes # samples Sum Mean Variance
Soil 1 Lay 1 3 264,00 88,00 100,00
Soli I Lay 2 3 250,00 83,33 1344,33
Soil 2 3 316,00 105,33 186,33

Variance analysis SRE #D.O.F SRE_N F
Inter Groups 806,22 2,00 403,11 0,74
Inner Groups 3261,33 6,00 543,56

The analyse of the variance of Young modulus show that the
differences of mechanical parameters are statistically signifi-
cant which means that for the future studies these layers must
be considered as mechanically distinct.
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Likewise, the two parameters ANOVA analyse (taking as
parameters the confining pressure and soil layers) of peak
deviatoric stress (not presented here in details) confirm these
differences.

The mechanical parameters from laboratory tests, on recon-
stituted samples, are compared with in situ measured parame-
ters reported in geotechnical report [16,17]. The results of three
ANOVA (for three layers) are indicated on the table 8 (only
final results).

Table 8 Comparison of in situ and laboratory results of mechanical param-

eters

Mean Young modulus (MPa)

In situ Laboratory F Probability
Soil 1 81 84 0,028 0,87
Soil 2 58,4 51,7 0,13 0,73

As demonstrated by these results, there is a statistically sig-
nificant difference between mechanical parameters on laboratory
tests on reconstituted samples and those measured in situ. The
origin of these differences should be explained principally by the
conditions of reconstituting soils, but also by the differences on
the metrology of measurements. For in situ parameters, various
empiric relations have been used in order to obtain the Young’s
modulus from STP results which inevitably lead to unquantifi-
able differences with laboratory measured data even in case of
no-disturbed samples. In respect with these conditions and the
probabilities of HO hypothesis (equality of mean values of in situ
and laboratory samples), even if stricto sensus form statistically
point of view this is not fully true, the tested in laboratory sam-
ples could be considered as representative of in situ soils.

5 Conclusions

The laboratory tests on reconstituted samples from two
soils of the second runway of Es-Senia Aiport of Oran (Alge-
ria) are presented. The objective of these tests is to identify
hydro-mechanical parameters of these to soils in saturated and
partially saturated conditions. The results show that the three
layers from two soils considered in this study represents three
distinct mechanical entities and should be considered as such.
In respect with the representativeness of the laboratory test,
the statistical tests of the equality of mean values, show that
despite the differences the reconstituted tests could be consid-
ered as representative to soils in situ. Nevertheless more tests
are to be performed to confirm this representability in respect
with shear strength parameters.
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