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Introduction

The main theme is focused on assesshay fgossibility of enlarging the geotechnical
information fund in perimeters with landslides through applications of MASWltichannel
Analysis of Surface Wave) seigimmethod. Tis technology enablet® determine thephase
velocites of Rayleighsurface vave (R-wave) and recursively,the Vs-shear waverelocities
relateddepthare evaluatel. Finally, in situ dynamic elastiqroperties in ashallow section
wereobtained.

The investigation was carried datthe Brebu landsliddocatedon the souther flank of
the Slanic SynclindWallachian Subcarpathiangnd included a summary drilling program
and geotechnical laboratory observatiodMiocene formations andQuaternary deposits
including deluvial and coluvial deposHandslides (Holoceractual) were mapped in the
acreageThe feld records were performed on tvgeismic refraction lies with approximate
SWANE orientation The first profile (L1) was placed on the mierelief above the main
plane of detachment of shallow formations (Fig. 1). Doveasty, at about 65 m distance, the
profile L2 is partially located (along 0-@8 m panel) on sliden deposits and, continuously
(up to 46 m), on stable formations.

Fig. 1. Seismic refraction alignmenti1(andL2) designed ovethe Brebu landslide photo
(www.asecih Google map)gl, g24 theendon receiver places of each spread

In the practice of seismmetricinvestigation of the shallow section, determination of the
sharewave velocities (S-wave), based on specim analysis of Rwave is relatively recent
From early laborious studies of seismmilses on tandem channelsand varying the
frequences bymens avibrator standing on the surfa¢@bbiss, 198), the teehnologywas
developed graduallyiinally adopting the multchannelsspreadecords(Cercato et al, 2010).

Distinctive feature of thepaper thene is reported to MASW data processing. The
developments consist in the geophone spf@ddeceiverskplitting in groups with geophone
smaller number (five channels were used) and few geophone superposed (two overlapped
interval were selectedRD Fourier analyses for eacthis subgroup assure éhinformation
continuity and, all the more, accuracy to pick out th@ldnde maximums of the spectra

Seismic measurements were performed with@ede Geometricequipmentusing 0.5
ms sampling rateand thepulse summtionsin reaktime, for five blows Seismic source was
represented by the impact of ak§ weighthammer on a metal platds receiversyertical
componenigeophone (Geometrics Spac&ech), characterized by 14 Hz resonant frequency
wereused In below explanations, impact poiptrase is noted bgbrevationP.


http://www.asecib/

Results of the seismic measurements

The information are somarized following main sequencesthe data processing.
conventional methal (time section half-intercept times and reciproctimes) were apllied
on the traveltime curves of the firatrival waves (direct and refracteddhgitudinal waves).

In principal, seismic sections revealed the main o#ifva boundary, situated at 3&m
depth and interpreted to be surfacehefmarl formation(upper Miocen), overlayed ksilty
clays(Holocenactua). This refractor, being characterized by relative great velocity values of
1500 m/sline L1 and western habf line L2 (Fig.2) and 2000 m/®astern part of line L2
(Fig. 2), is considered local bedrock and consequently can acts as sliding surface.

Concerningsilty clays,results of the velocity analyses imposed more detarsdh
profiles. On thdine L1, data reveal Vjvalues which increas with depth from abo&02n/s,
in land surface vicinity, to values of 370 m/s (for traveltime curve recorded by Hepacie
placed inthe mark O m) respectively 60 m/s (derived from traveltime curve for soer
placedin the mark of 23 m), close by the bedrock. Also, on the line L2, some seismic
velocity pecularities are signalized (Fi@). Thuson the first panel (0 n3 m),silty clay
formationsare characterized by relatively constant-¥elocity of 400 mg, on the 0 m=14 m
interval, andthen, up to 23 m distance, velocity increases upstb /s Along the adjacent
panel (23 m+46 m) aintermediaryrefractor is highlightedThis boundarydivided extremely
weathered deposit, soiVe up to 200 m/s) fromsilty clay deposit$in bas@ characterized by
larger b values, 800 m/s on the first hapreadand 700 m/s, continuous up to line ef@h
the crosssection were superposeds §faphs, resulted by MASW applicatiorisr impact
source placed in marks 0 m a28 m (the first spread) and 46 m (the following spread).
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Fig. 2. Seismic section g@irofile L 2.

consistingof carried out the Frequency (Myave Number (K)spectrum on the receiver
group divided from whole geophone spre@peration ensemble is performed with special
software which runs on PC consglessults are exposed by means Susieit abilities

Lower imageexposed two K spectruncadlections first for line LI(Fig. 3. I), other for
line L2, 0 m23 m panel (Fig. 3.1). The botiide seriesshownthe gradual diminutions of
the frequency maximum valuesrelated to distancef the receiveigroups from sourcélP O
m), inside range of 34 H27 Hz (Fig. 3.1), respectively 28 H45 Hz (Fig. 3.11).

measurements) andsWelocity information (evaluated from MASW method applications).
Data, synthesized in graphs with physic parameter evolution refer to depth, are exemplifyed
for representative cases, bothteamporary, relativestable areagFig. 4.1) and in sldden
depod perimeter (Fig.4.1l)
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Fig. 3. Seismic linel. L1; Il. L2: 2D spectrum analyses forRave.
Maximum values are highlighted lmythogonal intersectiaof dashed lines.
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Fig. 4. Results based on applicationsttid both seismic methods: refraction and MASW
Lines: I. L1; Il. L2. Rwave was selecteddom forwardprofile files (IP 0 m).

Geotechnical remarks. Conclusions

Seismic surveys were supplemented by geological and laboratory measurements on both
mass density and static longitudinal elastic modulus on some ddmes. somecorrelations
were possible between sgiig results and geotechnical factors. The assessments address two
distinct subjects: significances of values gifare wave velocities €/ and veracity of
geodynamic parameters in sjtespeciallydynamic longitudinal elastic modulusq«(k).

Below graphs of \¢ vs depthare founded on ample and detailed data for the formations
above the bedrock, silty clay depositsKkRanalyses on groups of seismic channelede by
few above persuasive illustrations, the accurate maximum amplitucdiiops and,
subsequently, the precise o§ Values. The substantial particularity of these Vs graphs lies in
the different regimes ofd/evolution reported to the degree of slope stability

On the profile L1, located upstream of the landslidele temporary aregs Vs
discrete values(Fig. 5.1.b and Fig5.l.e) as well ad/s linear vertical gradient function (Fig.
5.1.Lb and Fig. 9l.e) are larger than ithe unstable argawith slidden depositgrofile L2,
panel 0 m+23 m (Fig. 5.l.a and Figl.8, respectivel Fig. 5.l1l.a and Fig. 3.d).

The above statements are completed by the largest vialu&wave velocities irthe
stable consideredrea-profile L2, 23+46nmpanel(Fig. 5.1.c and Fig. 5.1.c)lt is pointed out



that the Pwave velociies of these deposits are largest (700 m/s and 800 nvVs), even near the
observation surface (Fig). It is an additional argument for classifying this area as stable.
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Fig. 5. Overlayed Vs vs depth grapi&ity Clay Formation
I. discretvalues; Il. linear function graphs
Seismometer arra@. 0 m =23 m/L 2IP 0 m;b. 0 m=23 n/LL IP O m;
C. 23 m+46 n/L 2IP 46 m d. 0+23 m/L2 IP 23 m;e. 0 m=23 nVL1 IP 23 m

The other important subjeof the researches consistedevaluations othe geodynamic
parameters reliabilityby comparingYoundg modulus valus resulted for both measurements
in field, dynamicparameterand in laboratory, statiparameter

Laboratory measurements on samplessittiy clays, taken from 2 m relative depth of
two boreholes located orink L1, indicated the same value of 53MN/n?. The seismic
results, taken from diagrams ofiykvs depth, and averaged for depth raofel.75m=2.25
m (to be representative of a larger volume of rotdgd to 52MN/n¥ value, so the report
Eayn/Estatic 1S 3.85. Appealing to the thematic references (Enescu et al., 197@xpifession
of polynomial trendshown values of the dg/Estae ratio of 3.15for dymanic moduli lower
than 100 NN/n?. It is stressed that in the cited study, measurements were performed on
samples of microconglomerat sandstone, rock far more compact than silty clay deposits
mapped in Brebu landslide area. It is @@ble to assume that as the rock compactness
decreases, deviations between dynamic versus static moduli can be larger.

Corespondance between dynamic and static elastic longitudinal modulus increase
confidence of seismometric information for deepevels, as well afor other parameters
(Poisson ratio and sheatasticmodulus).

Finally, the essentialconclusion of the MASW method applicatgorconsistin the
differentiation of variation with depth of thenalyzed physical parametermmelythe shear
wave velocities, in relation to the degree of stability of the studied slope sEbtolowest
valuesare located on the surface of thedded deposs (western segment of the profile L2),
unlike the eastern part of the same profile, stable aseeharacterized by the greatest Vs
values. Intermediate value®suled for the deposits locatednmediately upstream to the
main slope detachment area, considered temporary stable (seismic line L1).
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