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       Introduction  

       The main theme is focused on assessing the possibility of enlarging the geotechnical 

information fund in perimeters with landslides through applications of MASW (Multichannel 

Analysis of Surface Wave) seismic method. This technology enables to determine the phase 

velocities of Rayleigh surface wave (R-wave) and, recursively, the VS-shear wave velocities 

related depth are evaluated. Finally, in situ dynamic elastic properties in a shallow section 

were obtained. 

       The investigation was carried out in the Brebu landslide, located on the southern flank of 

the Slanic Syncline (Wallachian Subcarpathians) and included a summary drilling program 

and geotechnical laboratory observations. Miocene formations and Quaternary deposits, 

including deluvial and coluvial deposits–landslides (Holocene–actual) were mapped in the 

acreage. The field records were performed on two seismic refraction lines with approximate 

SW-NE orientation. The first profile (L1) was placed on the micro-relief above the main 

plane of detachment of shallow formations (Fig. 1). Downstream, at about 65 m distance, the 

profile L2 is partially located (along 0 m-23 m panel) on slidden deposits and, continuously 

(up to 46 m), on stable formations. 

 

                                                                                                  

 

      

 

 

 

 

 

 

 

Fig. 1. Seismic refraction alignments (L1 and L2) designed over the Brebu landslide photo 

(www.asecib, Google map): g1, g24: the end-on receiver places of each spread. 

  

       In the practice of seismometric investigation of the shallow section, determination of the 

share wave velocities (S-wave), based on spectrum analysis of R-wave, is relatively recent. 

From early laborious studies of seismic pulses on tandem channels and varying the 

frequencies by mens a vibrator standing on the surface (Abbiss, 1981), the technology was 

developed gradually, finally adopting the multi-channels spread records (Cercato et al, 2010). 

      Distinctive feature of the paper theme is reported to MASW data processing. The 

developments consist in the geophone spread (24 receivers) splitting in groups with geophone 

smaller number (five channels were used) and few geophone superposed (two overlapped 

interval were selected). 2D Fourier analyses for each this sub-group assure the information 

continuity and, all the more, accuracy to pick out the amplitude maximums of the spectra. 

       Seismic measurements were performed with the Geode Geometrics equipment using 0.5 

ms sampling rate and the pulse summations in real-time, for five blows. Seismic source was 

represented by the impact of a 8 kg weight hammer on a metal plate. As receivers, vertical 

component geophones (Geometrics Space Tech), characterized by 14 Hz resonant frequency, 

were used. In below explanations, impact point phrase is noted by abrevation IP.  

http://www.asecib/
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        Results of the seismic measurements 

        The information are summarized following main sequences of the data processing. 

        The first step consists in cross-sections construction. Velocity analyses and specific 

conventional methods (time section, half-intercept times and reciprocal times) were apllied 

on the traveltime curves of the first-arrival waves (direct and refracted P-longitudinal waves).  

        In principal, seismic sections revealed the main refraction boundary, situated at 3m-5m 

depth and interpreted to be surface of the marl formation (upper Miocen), overlayed by silty 

clays (Holocen-actual). This refractor, being characterized by relative great velocity values of 

1500 m/s-line L1 and western half of line L2 (Fig. 2) and 2000 m/s-eastern part of line L2 

(Fig. 2), is considered local bedrock and consequently can acts as sliding surface.  

        Concerning silty clays, results of the velocity analyses imposed more details for both 

profiles. On the line L1, data reveal Vp-values which increas with depth from about 250 m/s, 

in land surface vicinity, to values of 370 m/s (for traveltime curve recorded by impact-source 

placed in the mark 0 m), respectively 500 m/s (derived from traveltime curve for source 

placed in the mark of 23 m), close by the bedrock. Also, on the line L2, some seismic 

velocity pecularities are signalized (Fig. 2). Thus on the first panel (0 m÷23 m), silty clay 

formations are characterized by relatively constant VP-velocity of 400 m/s, on the 0 m÷14 m 

interval, and then, up to 23 m distance, velocity increases up to 550 m/s. Along the adjacent 

panel (23 m÷46 m) an intermediary refractor is highlighted. This boundary divided extremely 

weathered deposit, soil (VP up to 200 m/s) from silty clay deposits (in base) characterized by 

larger VP values, 800 m/s on the first half-spread and 700 m/s, continuous up to line end. On 

the cross-section were superposed VS graphs, resulted by MASW applications, for impact-

source placed in marks 0 m and 23 m (the first spread) and 46 m (the following spread).  

 

 

 

 

 

 

 

 

 

 

Fig. 2. Seismic section of profile L 2. 

 

      The following stage is focused on MASW method developments, the original element 

consisting of carried out the Frequency (F)-Wave Number (K) spectrum on the receiver 

group divided from whole geophone spread. Operation ensemble is performed with special 

software which runs on PC consoles; results are exposed by means Surfer-soft abilities. 

       Lower image exposed two F-K spectrum collections, first for line L1(Fig. 3. I), other for 

line L2, 0 m-23 m panel (Fig. 3.II). The both slide series shown the gradual diminutions of 

the frequency maximum values, related to distance of the receiver-groups from source (IP 0 

m), inside range of  34 Hz-27 Hz (Fig. 3.I), respectively 28 Hz-15 Hz (Fig. 3.II).  

       Finally, in situ key geodynamic parameters (ɛdyn-Poisson ratio, Gdyn-shear modulus, E dyn-

Young̓modulus) are calculated by combining VP-values (resulted from seismic refraction 

measurements) and VS-velocity information (evaluated from MASW method applications). 

Data, synthesized in graphs with physic parameter evolution refer to depth, are exemplifyed 

for representative cases, both in temporary, relative stable areas (Fig. 4.I) and in slidden 

deposit perimeter (Fig.4.II). 
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  Fig. 3. Seismic line: I. L1; II. L2: 2D spectrum analyses for R-wave. 

Maximum values are highlighted by orthogonal intersections of dashed lines. 

 

 

 I.                                                                                    II. 

 

 

 

 

 

 

 

 

 

Fig. 4. Results based on applications of the both seismic methods: refraction and MASW: 

 Lines: I. L1; II. L2. R-wave was selected from forward profile 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 cores. Thus, some correlations 

were possible between seismic results and geotechnical factors. The assessments address two 

distinct subjects: significances of values of share wave velocities (VS) and veracity of 

geodynamic parameters in situ, especially dynamic longitudinal elastic modulus (Edyn ). 

                    Below graphs of VS vs depth are founded on ample and detailed data for the formations 

above the bedrock, silty clay deposits. F-K analyses on groups of seismic channels reveal, by 

few above persuasive illustrations, the accurate maximum amplitude positions and, 

subsequently, the precise of VS values. The substantial particularity of these Vs graphs lies in 

the different regimes of VS evolution reported to the degree of slope stability. 

        On the profile L1, located upstream of the landslide (stable temporary areas), VS 

discrete values  (Fig. 5.I.b and Fig. 5.I.e) as well as VS linear vertical gradient function (Fig. 

5.II.b and Fig. 5.II.e) are larger than in the unstable area, with slidden deposits-profile L2, 

panel 0 m÷23 m (Fig. 5.I.a and Fig. 5.I.d, respectively Fig. 5.II.a and Fig. 5.II.d). 

                   The above statements are completed by the largest values for S-wave velocities in the 

stable considered area -profile L2, 23÷46m panel (Fig. 5.I.c and Fig. 5.II.c). It is pointed out 
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  I.                              II.

that the P-wave velocities of these deposits are largest (700 m/s and 800 m/s), even near the 

observation surface (Fig. 2). It is an additional argument for classifying this area as stable.    

 

 

 

 

 

 

 

 

 

 

Fig. 5.  Overlayed Vs vs depth graphs–Silty Clay Formation: 

I. discret values; II. linear function graphs. 

Seismometer array: a. 0 m ÷23 m/L 2- IP 0 m; b. 0 m÷23 m/L1- IP 0 m;  

c. 23 m÷46 m/L 2- IP 46 m; d. 0÷23 m/L2- IP 23 m; e. 0 m÷23 m/L1- IP 23 m 

                                                                                                                                                                                       

       The other important subject of the researches consisted in evaluations of the geodynamic 

parameters reliability by comparing Young̓modulus values resulted for both measurements 

in field, dynamic parameter, and in laboratory, static parameter. 

       Laboratory measurements on samples of silty clays, taken from 2 m relative depth of  

two boreholes located on line L1, indicated the same value of 13.5 MN/m2. The seismic 

results, taken from diagrams of Edyn vs depth, and averaged for depth range of -1.75m÷-2.25 

m (to be representative of a larger volume of rock), lead to 52 MN/m2 value, so the report 

Edyn/Estatic  is 3.85. Appealing to the thematic references (Enescu et al., 1970), the expression 

of polynomial trend shown values of the Edyn/Estate ratio of  3.15 for dymanic moduli lower 

than 100 MN/m2. 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 reasonable 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 deeper levels, as well as for other parameters 

(Poisson ratio and shear elastic modulus). 

       Finally, the essential conclusion of the MASW method applications consist in the 

differentiation  of variation with depth of the analyzed physical parameters, namely the shear 

wave velocities, in relation to the degree of stability of the studied slope sector. The lowest 

values are located on the surface of the slidded deposits (western segment of the profile L2), 

unlike the eastern part of the same profile, stable area, is characterized by the greatest Vs 

values. Intermediate values resulted for the deposits located immediately upstream to the 

main slope detachment area, considered temporary stable (seismic line L1). 
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