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Purpose. This research aims to identify and analyse the bearing capacity and subsidence of a monitored embank-
ment clay foundation through the data exploitation of the in situ monitoring results (settlement plates). The results are
then compared to the theoretical calculations used the pressure-meter test toward evaluating its reliability. Thus, the
present research highlights the importance of understanding the method of bearing capacity evaluation as well asthe re-
cent orientation towards numerical simulation by finite element method using software PLAXIS 8.2 to evaluate the sta-
bility and to perform a more realistic analysis of the soft soil foundation behaviour beneath embankments.

M ethodology. The analysisis based on the in situ monitored by the settlement plates with different depths to under-
stand the real behaviour of the foundation under loading, and the exploitation of the geotechnical investigation by pres-
sure-meter test. The loading programme and numerical modelling via finite element method was also used.

Findings. Major experimental results and findings were related to the role of the in situ monitored used in this anal-
ysis and the conformity of the results between the different techniques for the bearing capacity evaluation. In addition,
the loading program of the embankment and the curve of loading with settlement have shown to affect the best under-
standing of the bearing capacity analyses.

Originality. This variety of techniques helps us to understand the foundation behaviours under loading. The ability
of the pressure-meter tests and the numerical modelling via finite element method to identify the bearing capacity in
these conditions was evaluated, and can be generalized to the remaining zones that are closer and that share the same
geotechnical characteristics. To better understand the feasibility and the reliability of each technique of the bearing ca-
pacity evaluation, the results were confronted to the real behaviour (instrumentation) through the exploitation of the
loading programme data.

Practical value. The instrumentation results can be useful as a database for the behaviours models validation, as
well as theoretical technique for the bearing capacity evaluation. The results of monitoring obtained can also be general-
ized to the other zones that share the same geotechnical characteristics. The importance of the loading programs effects

the staged construction technique presented in the results of the analysis can also be exploited.
Keywords:. bearing capacity, clay foundation, monitoring, numerical modelling, pressure-meter test

Introduction. The conception and the realiza-
tion of buildings in difficult geological and geotech-
nical conditions, with the low bearing capacity of the
foundation beneath the construction poses the prob-
lem of the soil’s ability to safely carry the pressure
placed on it. In effect, this is due to the Engineered
Structure which usually causes shear failure with ac-
companying large settlements. Thus, the most fa-
mous bearing capacity failures in history are: the
Transcona Grain Elevator (1913), Tower of Pisa
(1838), Venetian Bell Towers (1851), Tschebotarioff
(1951), and many others. The behaviour of the
ground, or more precisely its deformations under the
constraints and its resistance to the transmitted
loads, depends appreciably on physical and mechan-
ics proprieties of soil, which in turn explains the
study importance of these proprieties within the
framework of a construction project.
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The evaluation of the representative geotechnical char-
acteristics is an important phase in this task which requires
aparticular precaution that is linked to the different sources
of uncertainty. The latter include: the selection, the inevita-
ble measurement errors, mathematical models imperfec-
tion, and also the variability of time and place of the ge-
otechnical Parameters, Magnan et al. 1999 cited bay Ziba-
ni. (2012) [1], Al Hussein, M. (2001) [2], Atkinson. (2007)
[3].

The in situ tests are an operation that can reduce the
source of uncertainty and can also manifest the site hetero-
geneity. In addition, the economic factor and the time
frame of the redization is short; Gambin, (1995) [4],
Moreover, the pressure-meter tests gauge is used as prefer-
ential tool Combarieu, (1997) [5].

The article exposes a factual case of some difficult condi-
tions that appeared in the clay plain, which represents an im-
portant part of the Algerian East-west Highway. The latter
was affected by a rupture caused by the embankment loading.
The rupture passes through different field zones characterised
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by wet and flood conditionsin addition to the clay founda-
tion, these adverse conditions pose a particularly difficult
challenge to the Nationa Highway Agency.

Connection of work for the sake of the previous
studies. The rupture problem of the embankment built in
soft ground foundation attracts the attention of the re-
search centres of many countries, so as to predict the be-
haviour of these buildings and especialy the optimal
dimensions without rupture namely by (Rankine., 1857;
Terzaghi., 1943; Taylor., 1948, Favre, 1995); cited in [1]
and then follows research undertaken by Combarieu
(1997) [5] Atkinson. (2007) [3] and many authors.

The difficulty of the behaviour's forecast men-
tioned previously paved the way towards of the em-
bankment instrumentation during the construction so
that we understand the real behaviour of embankment
and its foundation such as Adel Aissi et al (2013) [6]
Gavan Hunter and a,(2003) [7].

In this study the section of embankment foundation
was monitored by settlement plates with different depths
Hence, this research aims to identify and analyse the
Bearing capacity and settlement of the different zones
through the data exploitation of the in situ measurement
results (settlement plates), then the results are compared
to the theoretical calculations by the exploitation of the
pressure-meter test toward evauating its reliability. Fi-
nally, the present research highlights the importance of
understanding the bearing capacity and the rupture
mechanisms of the foundations with the recent orienta-
tion towards the numerical simulation by finite element
method using PLAXIS software 8.2 to evaluate the sta-
bility to perform a more redlistic analysis of the behav-
iour of soft soil foundation beneath embankments as
shown by: Chai & Bergado (1993) [8].

All these techniques used to evaluate the bearing
capacity promise reliable results and show the different
factors which lead to the concord of different tech-
niques. Furthermore, this variety of techniques helpsin
understanding the foundation behaviours under loading
condition and leads us to generalize the findings to oth-
er zones that are closer and that share the same ge-
otechnical characteristics.

Situation: Geotechnical and Geological Context
of Boutheldja Plain. Site Description. Botheldja city
located 45 Kilometres from the Wilaya of Annaba in
Eastern Algeria. The basin of Boutheldja stretches
over an area of about 2 acres. This zone didn't witness
urban development before due to its complexity, its
low bearing capacity, its high compressibility, as well
asits flooding danger. In all these conditions, the em-
bankment of the East-west Algerian Highway crossed.
This embankment is affected by the failure which
caused so much damage and cost. The site was sub-
jected to intensive investigation represented by in situ
tests: (penetration tests (SPT) performed in accord-
ance with the NF P94-116 standard, a Menard-type
pressure-meter and in accordance with NF P94-110
standard), as well as laboratory tests. physical and
mechanical. The position of in situ investigations is
presented on (Fig. 1).
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Fig. 1. Plan View of Ste Investigation positions of
pressure meter test

Both in situ tests and laboratory tests were carried out by
the Geotechnical laboratory Fonda soil, 2007, Public Works
Laboratory — direction of Constantine, and COJAAL soil La
boratory, and completed by further investigation in 2009 after
thefailure of the embankment infrastructure [9].

This investigation shows the different parts of the foun-
dation. As a result, the subsurface geological data on the
site reveal the existence of four main soil layers with vari-
able thickness. An accumulation of clay (CL) layers is
found from the surface up to a depth of 23 m. which isfol-
lowed directly by a four-meter thick layer of Organic clay
(OC), The last five meters of this clay layers include a
small layer of deteriorated quality of sand (GS), which is
followed directly by a four-meter thick layer of sand. The
substratum is composed of sand and gravel, which extend
to adepth of 35-50 meters.

The results of the geotechnical investigation by in situ
tests using pressure-meter test of deferent survey are
shown in (Tab.1).

Table1
Thein Stu Pressure-Meter Test Results

Pressure metric
module(bar)

d(e%h s1| 2| s3| 4 |s1t|s2 |s3 |
3 | 55|29 | 35| 28 [51 |1455|09 |19
6 | 52 |252| 17 | 13 |5 [1799 |1 6
9 | 5654|674 32| 18 |59 [3795[09 |34
12 | 52307 44 | 24 |63 [ 264527 |21
5 | 77 |39 | 51 8l | 953 |14
18 | 73] 161 58 | 88 |77 | 564 |26 |46
2 | 71669 6 7 |81 [5104 21 |47
o4 | 77| 551 ] 33 | 7.3 [ 8 | 2782 09
27 | 27 | 672 18 | 09 |38 [ 353307 | 481
30 | 33 | 839|455 | 818 | 505 | 9658 | 19.7 | 482
33 838 | 813 | 819 | 51 | 6074 | 47.8 | 48

Pressure Limit(bar)

Instrumentation Plan. The embankment foundation is
monitored during the construction phase (Fig. 2) in order to
understand the settlement of the embankment in detail, and
to supervise the stability of embankment site.
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Fig. 2. Monitoring Instruments Position (long profile)

In this case, the monitored foundation becomes one
of the geotechnical investigation tools. And to avoid
the different sources of uncertainty for the evaluation
of the stability [1], [3]. In order to simplify the behav-
iour analysis, the embankment body in construction is
divided into four zones (A, B, C, D) according to their
different heights, (i.e. four different conditions of load-
ing). The maximal height of the embankment is 15 m
with alength of 500 m and 18° slope angle.

Results and discussion. The Embankment foun-
dation Behaviour. The material used in the embank-
ment body is C1A3 conformed to guide earthwork
road, and the direct shear test gives Cu=5KN/m2
¢=30°, the unit weight is y=21KN/m3. Thus, the im-
portance of the construction technique on the founda-
tions behaviour, cited by [2], [3], [6], [8] is aso con-
sidered. The embankment implementation was made
by staged construction technique with 40 cm thickness
and the compaction control was carried out in site by
means of Troxler and plate bearing.

The evolution of settlement with time measured by
the settlement plates for the zone C and D are presented
inFig. 3.
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Fig. 3. Results of the vertical displacements by the
settlement plate of the zone (C) and (D)

Through the analysis of the curves displacement
with time, we notice the following.

At theinitial construction stage, the settlements be-
neath the embankment are small and so is the latera
displacement. This is due to the over-consolidated state
of the soil, and with the next loading, we move to the
second stage of the embankment on the compressible
soil life as mentioned by; [6], [7] the subsoil becomes
normally consolidated with an undrained behaviour,
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and causes an important vertical (57 cm) as well as lateral
displacements. The curves of loading clearly exposed the
critical height or occur the rupture of deferent lay down
zone C and D (Fig. 4).

heght of embankment (m)
-10 tDG
5 10 15 20
tD2

A ‘ . ‘
HL\“L D1
10 i
\.\" tD3
20 = D4
b

30 - S ——tAG

40 S —=—tA3

settelement(m)

tA2
50

——1tA4
60

—+—tAl

70

Fig. 4. Loading and deformation curve of subbase un-
der embankment of different depths

Using the curve of loading with subsidence, we noticed
that the form of failure is complex. That is, there is no in-
stantaneous rupture presented in the curve of loading.

The critical height of loading which can be supported
by the foundation called safe state where the load is about
3m (i.e. 65kpa). The movements are relatively large but the
structure is still in a stable state. Whereas, increase in the
embankment loading up to 5 m height, results in yielding
of the foundation which is limited just underneath, with no
sign of yield at surface body of the embankment.

The over-consolidation state of the surface layer foun-
dation partially isolated the spread of the yielding process
in the embankment body Moreover; the time loading pro-
gram which has set ten days off has favourably results to
significant increase in the foundation resistance.

Evaluation of bearing capacity by the pressure-meter
test. The pressure-meter test is used to evaluate the bearing
capacity of the different zones. This technique was high-
lighted by [3], [4]. The formula of Combarieu [5] is ex-
ploited and then compared to the in situ measurement re-
sults.

The ultimate limit state qy is the intensity of bearing
pressure at which the supporting ground is expected to fail
in shear, i.e. abuilding will collapse

0u= 0,9P. D

The Safe bearing capacity where the movements are
relatively large but the structure has not collapsed

g =t ®)

where F = factor of safety (normally 3.0).
The results show that for the zones,
D, gs= 78.75 kpg;
C, gs=112.5kpa;
B, gs= 90 kpa;
A, gs= 76.5 kpa.
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The following graph (Fig. 5) shows the bearing ca-
pacity of the zones through the exploitation of the Pres-
sure-meter test.
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Fig. 5. Ultimate limit state of the zones through the
exploitation of the pressure-meter test

The evaluation of the bearing capacity of different
zones by the pressure-meter test exploitation and the
real condition on ground give similar results. The sim-
ple difference between both kinds of results can be: the
site of the surveys of this zone. In fact, these results are
different from the results taken from the site of the set-
tlement plates position. In addition, the different
sources of uncertainty quoted previously. The rupture
occurs a the time of going beyond the height of 5m
taken by the measurement on ground. On the other
hand, it reaches 6m for cal culation with pressure-metre.

Numerical Moddlling of Stability. Numerica finite
element techniques are widely used for the solving ge-
otechnical problems. Such techniques are favoured espe-
cidly for the dtratified grounds (SN) and complex condi-
tion where the traditional methods of equilibrium ultimate
and of limiting analysis prove to be inefficient. Thus, the
numerical program along with the progress of modelling
and their exactitude based on the modds advanced, the
digital technique applied and the quality of data necessary
are best exploited. Therefore, the engineer must choose
the best model adapted to the problem that he wishes to
treat according to the conditions met in situ.

The choice of the behaviour model depends in fact
on the problem arising: supporting, Embankment set-
tlement, foundation on inclined ground, tunnd i. e.
which model of behaviour to use for which geotech-
nical problem [2]. Mohr- Coulomb (MC) model used
for the sand and Colluvium materials (CO) also The
Soft Soli Model (SSM), (Brinkgreve, 1994): it is about
an elastoplastic model with hardening, the soft soil
model proves to be able to predict the behaviour of the
short-term foundation thanks to its simplicity and its
wide use. [6], YIN Zhen-yu, (2009) [10], Jinchun Chai,
2012 [11] (Tab. 2). below provides the different pa-
rameters of the model used in the smulation of em-
bankment (Em) and its foundation.

Geotechnical Characteristic of Site for Model-
ling. Grid and Boundary Condition. The 60-meter
foundation under the embankment was modelled by 6
layers (Fig. 6).

The foundation was with agrid of 150 m length and
60 m height (geometrical fig. model of project.) be-
cause one finds with this depth of materials to the suf-
ficiently strong deformation modulus of to regard asin
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deformation. The studied problem illustrated where one
distinguishes the different zones composing the foundation.

Table 2
Parameters for Soil Used in Numerical Analysis

Pepth ¢0° | Kv Cu
SN model e0 Cc KO
(m) (m/s) (kpa)

CL | 185 | SSM | 1.64 | 16 [1.910° | 0..246 | 41 [0.72
oC | 25 SSM | 1.97 | 13 [2.3-10° | 0.471 17 |0.77

GS| 1 MC | 07 | 13 [1.810° | 0.359 | 17.8 [0.77
OC| 2 [ssm|197]13[2310°| 055 | 17 [0.77
GS| 4 McC | 07 | 13| 10° 0.344 | 17.8 |0.77
cCO| 10 [ MCc | 05 [ 3] 10° 00% | 25 |05
co| 30 [ Mmc| 07 |3 ] 10° 0.09 | 40 |05
Em| 15 | MC | 081 | 25 | 107 - 5 -
Sm
I colluvion i
¥ 4 el !

Fig. 6. Problem Geometry

The mesh and boundary conditions used for finite ele-
ment analysis are shown below. (Fig. 7).

Fig. 7. Grid and Boundary Conditions of the Problem

Calculations. The progressive construction stage was
modelled by 8 layers of soil spreading corresponding to 43
days of the practical work calendar. The boundary condi-
tions taken into account in these calculations are the fol-
lowing:

Drainageis set from the upper part of the first layer; the
initial state is characterized by a hydrostatic distribution of
the pore water pressure, with an original table on the level -
10m of ground.

The primary consolidation responsibility for the which
occurs during the development of present project (implan-
tation phases) makes it possible for us to make a modelling
with the soft soil model (SSM) for the clays layer then, the
exploitation of the staged construction option found in the
code Plaxis.

In the process of loading, the activation of a element
layer is the optimal solution to take into account the staged
construction (Chai and Bergado, 1993), because the model-
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ling results and their exactitude depends on the behav-
iour law and also the digital technique used, thus after
the congtraints initialization by KO. Calculation is car-
ried out in two stages corresponding respectively to the
layered construction and to the ground consolidation
under loadings.

The embankment construction was modelled by the
activation of the embankment sleep after layer in away
to follow the calendar of embankment construction
then for each phase of loading. It is necessary to take
into account the consolidation time if there exists ac-
cording to the real calendar of execution.

Phi/C reduction for the factor of safety calculation,
Phi-C reduction is an option available in PLAXIS to
compute safety factors, In the Phi-C reduction ap-
proach the strength parameters tan ¢ and C of the soil
are successively reduced until failure of the structure
occurs.

Thetotal multiplier

Cinput
, ©)

Creduced

tang.
Z MSF = (plnput _
tan q’reduoed

where the strength parameters with the subscript 'input’
refer to the properties entered in the material sets and
parameters with the subscript ‘reduced’ refer to the re-
duced values used in the analysis. MSf is set to 1.0 at
the start of a calculation to set al materia strengths to
their unreduced values.

Modelling results. The Results obtained from have
show to be a powerful tool for predicting the behaviour
of embankment under progressive construction, the
numerical analysis gives results which are in good cor-
relation with that observed in-situ. The factor of safety
calculation with the method phi/c reduction gives satis-
fying results, where the factor of safety is weak (Fs<1)
in the early stage of loading (Fig. 8). And become 0.8
in the stage 7 i-e in the 6 m of embankment high, the
calculations stopped in phase 07 and marked collapse
roughly of real behaviour on cite concluded by in situ
instrumentation.
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Fig. 8. Factor of Safety in Different Phases of Con-
struction
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Conclusion. The different sources of uncertainty for
the prediction of the foundations behaviour under load-
ings and the bearing capacity evaluation pose a challenge
for the geotechnical engineer. Consequently, it invites a
private precaution. The variation between measurements
of the foundation behaviours taken by monitored in situ,
and the results calculated by the pressure-metre method,
and also numerical modelling show the important role of
the instrumentation as a crucial means for the geotech-
nical investigation. Therefore, we should benefits from
these monitoring results and generalize them to the zones
having the same geotechnical characteristics. Thus, we
optimise the geotechnical investigation programs.

Indeed, the analysis of the curve of loading without the
assistance of the loading programme to identify the ulti-
mate state will be so difficult. The over-consolidation state
of the superior layer and the stop of loading during 10 days
(between 15 and 20) avoid the cracks appearance in the
embankment fig and deferred the rupture to 40 days.

The modelling technique gives results near to reality
and the rupture occurs with the height of 6 m similar to the
results of in situ instrumentation. It is for this reason that
the modelling technique of articulation in the evaluation
and foundation prediction of behaviour witness a wide use
in the geotechnical field where the results are very sensible
to the method and to the digital technique used.
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Mera. [nentudikaiiis Ta aHai3 HeCy4oi 34aTHOCTI 1
OCIIaHHS TIIMHUCTOTO (PYHIAMEHTY IULIXOM JIOCIIiIKEH-
Hsl pe3yJIbTaTIB HATYPHUX BUMIPIOBaHb OCIJJaHHS TUTHT.

Metoauka. AHalli3 3aCHOBaHMII Ha HAaTYpHHUX BHU-
Mipax OCiJaHHS IUIMT Ha PI3HUX MIMOMHAX JJIsl PO3y-
MIHHS peaJIbHOI MOBEIIHKK (GYHIAMEHTY i €0 Ha-
BaHTA)XEHHS B PI3HMX I'€OTEXHIYHMX YMOBaX 3 BHUIIPO-
OyBaHHsAM THCKOM. Bynla Takox BHKOpHCTaHa Iporpa-
Ma HaBaHTAXXEHHS Il YnceIbHE MOJEIIOBAHHS 3a JJOMO-
MOTOI0 METOTy CKIHUEHHUX EJIEMEHTIB.

PesyabTaTn. OCHOBHI €KCIIEPHUMEHTANIBHI pe3yiib-
TaTH Ta BICHOBKH OB’ 13aHI 3 POJUII0 HATYPHHUX CIIO-
CTepe)XeHb, 0 BUKOPUCTOBYIOTHCS MPU aHAII31 y3ro-
JOKEHOCTI pe3yJbTarTiB, OTPUMAHUX PIZHUMHU METOJIaMU
JUTSL OI[IHKU Hecydol 3aatHocTi. Kpim Toro, mokasaHo,
10 TporpamMa HaBaHTAKEHHS HACUIy W KpHBa HaBaH-
Ta)XEHHS 3 pO3paxyHKaMH BIUIMBA€E Ha Kpalle po3yMiH-
HS Hecydoi 37]aTHOCTI OCHOBH. JlaHe jociiuKeHHs 1o-
Ka3zye BaXIIMBICTh METOJY OLIHKM Hecydoi 3aTHOCTI,
3aCHOBAHOTO Ha YHCEJIFHOMY MOJETIOBAaHHI 3a JOMO-
MOTOI0 METOAy CKiHYeHHHX eneMeHTiB (kox Plaxis
8.2), 115t peallicCTHYHOTO aHaITi3y TIOBEIiHKH TIIHHHACTO-
ro GyHAaMEeHTy IiJ HaCUIIOM.

HayxoBa HoBU3HA. BukoprcTane pi3HOMaHITTS Me-
TOJIIB IOTIOMArae 3p03yMiTy MOBEAIHKY (GpyHIAMEHTY i
HaBaHTa)XeHHsIM. byJM olliHeHI MOXXJIMBOCTI BUMIpIOBa-
JIBHOTO TECTY THCKOM 1 YMCENIbHOTO MOJICIIOBAHHS Me-
TOJIOM CKIHYEHHMX EJIEMEHTIB JUIsl BU3HAYEHHS HECY4oi
371aATHOCT] B IMX YMOBax, II0 MO)Ke OyTH IOIIMpPEHE Ha
HIII 30HU 3 MOJIOHMMH T€OTEXHIYHUMH XapaKTepHCTH-
kamu. [1{o6 kpartire 3p0o3yMiTH MOXKITBOCTI i HaTiHHICT
KOYKHOTO METO/ly OLIHKHM HeCy4oi 3[aTHOCTI, pe3yibTa-
TH 3ICTABIBUINCS 3 PEATbHUM PEKHMOM IIUISIXOM JIOCIi-
JUKCHHSI JaHUX TIPOrPaMy HaBAHTAKEHHS.

[pakTnyna 3HaYMMicTh. Pe3ynpraté iHCTpyMeH-
TaJIBHUX BUMIPiB MOXKYTh OyTH KOPHCHI B SIKOCTI 0a3n
JaHuX s Bepudikailii MoJeli, a TAKOXK TeOPETHIHOT
METOJIMKH OIIHKM Hecydol 3maTHocTi. OTpuMani pe-
3yJIbTATH MOHITOPUHIY TaKOXX MOYKHA TOIIMPUTH Ha
IHIIl 30HM, 110 MOMIOHI BUMBYEHHMM 3a I'€OTEXHIYHUMU
XapakTepucTukamu. J{is nmoeranHoro OyniBHUITBA Ta-
KOX € Ba)XXJIMBUMH i MOXYTh OyTH BHKOPUCTaHi Ipes-
CTaBJICHI PE3yJIbTATH aHANI3y NPOTPaMH BAHTAXKCHHS
10 KpYBil HAaBaHTaKCHHS.

KawuoBi caoBa: wecyua 30ammuicmv, M axuil
IPYHM, MOHIMOPUHZ, YUCENbHE MOOENI0BANHS, BUMIDIO-
BANLHULL MECH MUCKOM
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Heas. Unentudukanus u aHATU3 HeCyIed CriocoOHO-
CTH ¥ OCEJaHWs TIIMHUCTOTO (PYHIAMEHTa IyTeM HCCIIe0-
BaHUS pe3yIbTATOB HATYPHBIX U3MEPEHUH OCEIaHMUs TUTUT.

MeTtoanka. AHanm3 OCHOBAaH Ha HATYPHBIX U3MEpPEHU-
SX OCEeNaHWs IUIMT Ha Pa3HBIX TIMyOMHAX Ul MOHMMAaHHUS
peampHOTO TIOBeANeHHMA (yHIAMEeHTa TOf JeiCTBHEM
Harpy3KH B Pa3IMYHBIX T'€OTEXHUYECKHX YCIOBHUSIX C HC-
MBITAHUEM JIaBJICHHEM. bbUla TakKe HCIOJIb30BaHA IMPO-
rpamMMa Harpy»KeHusl U YHCIIEHHOE MOJICJIMPOBAaHUE C I10-
MOII[BI0 METOIa KOHCYHBIX 3JICMCHTOB.

Pe3ynbTaThl. OCHOBHBIC 3KCIIEPUMEHTAIBHEBIC PE3YJIb-
TaThI ¥ BBIBOJIBI CBSI3aHBI C POJIBIO HATYPHBIX HAOJFOICHUH,
HCTIONB3YEMBIX TIPH aHAJIN3€ COTJIACOBAHHOCTH PE3yJIbTa-
TOB, TIOJIYYCHHBIX Pa3TMIHBIMUA METOIAMU JUIS OIICHKH He-
cyme#t crmocobHoctu. Kpome Toro, moka3zaHo, 4TO IIpO-
rpaMMa Harpy>KeHUsI HaChIIM ¥ KPUBOH HArpy3KH C pacde-
TaMH BJIMSET Ha JIydllee MOHWMAHHE HECYIIed crocoOHO-
CTH OCHOBaHHMSA. /[aHHOE HCClleIOBaHME TOKA3hIBACT BaXK-
HOCTh METO/Ia OLIEHKH HEeCYyIeH CIIOCOOHOCTH, OCHOBaHHO-
ro Ha YKMCJICHHOM MOJIEIMPOBAaHUM C TIOMOIIBIO METOAA
KOHEYHBIX 3jeMeHTOB (kox Plaxis 8.2) mans peamucruue-
CKOTO aHajm3a MOBEACHUS TIMHUCTOrO (hyHIAMEHTa MO
HACBITIBIO.

Hayunasi HoBu3Ha. lcmomp30BaHHOE pa3zHOOOpa3me
METOZIOB TIOMOTAeT IOHATH IOBEICHHE (YHIaMEHTa MO
Harpy3Kod. BBITH OIEHEHBI BO3MOXKHOCTH M3MEPUTEIBHO-
To TecTa JaBIICHHEM M YHCICHHOT'O MOJAEIHPOBAHUS METO-
JIOM KOHEYHBIX JJIEMEHTOB MJIS ONpEHeTeHHUsS Hecymien
CrIOCOOHOCTH B 3THUX YCIOBHSAX, YTO MOXET OBITH pacmpo-
CTPaHEHO Ha OCTAJNbHBIC 30HHBI C MOJOOHBIMU T€OTEXHUYE-
CKHMH XapaKTepUCTHKaMH. YTOOBI JIydllle MHOHATh BO3-
MOKHOCTH M HaJISKHOCTh KaXJOTO METOJa OIICHKHU HECY-
el CIoCOOHOCTH, Pe3yJIbTaThl COMMOCTABIISLTUCH C Pealb-
HBIM PEXKHMOM ITyTEM HCCICIOBAHUS JaHHBIX MPOTPaMMEI
HATPYKCHUS.

[pakTHyeckasi 3HAYHMOCTh. Pe3ynpTaTel HHCTPY-
MEHTAJIBHBIX H3MEPEHHH MOTYT OBITH TOJE3HBI B Kade-
cTBe 0a3bl JAHHBIX I BEPUPHUKAIIUU MOJICIH, a TaKKe
TEOPETUICCKOW METOIUKH OIICHKM HECYIIeH CII0COOHO-
ctu. IlomydeHHBle pe3ydbTaThl MOHHUTOPHHTA TaKXKe
MOXXHO pPAaclpOCTpPaHHUTh Ha APYTHE 30HBI, KOTOPHIE II0-
}106HI)I HN3YUCHHBIM II0 TCOTCXHUYCCKUM XapaKTCPUCTU-
KaM. J[Js1 1MO3TamHOTO CTPOUTENBCTBA TAKXKE MPEICTaB-
JIAIOT BaXHOCTb U MOT'YT 6I)ITI) HCIIOJIb30BaHbI MpC/CTaB-
JICHHBIC PE3yJIbTAThl aHAIN3a MTPOTPAMMEI HATPYKCHHS 110
KpUBOI HATPY3KH.

KnaioueBble cnoBa: wecywyas cnocobnHocmo, MseKuil
2PYHM, MOHUMOPUHZ, YUCTIEHHOe MOOeIUpO8aHue, usmepu-
MebHbIl Mmecm 0agieHuem
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