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Determination of shear wave velocity profiles by a passive surface wave method

which considers horizontal components of waves
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Abstract

A commonly used method for subsurface investigation in
foundation design is the Standard Penetration Test (SPT), which,
despite its high accuracy, is associated with considerable cost
and time requirements. Consequently, passive surface wave
analysis has gained increasing attention as a preliminary
geotechnical investigation method due to its efficiency and

relatively low cost. This method involves recording ambient

surface waves in the field and analyzing the data to
construct shear wave dispersion curves. Typically, such analysis
considers only the vertical component of the wavefield, which
leads to an underdetermined inversion problem and may result
in non-unique solutions, thereby reducing the accuracy of the
shear wave velocity profile prediction. To address this limitation,
this study proposes a joint inversion approach that incorporates
both vertical and horizontal components of the surface
wavefield. By increasing the constraints in the inversion process,
this method enhances the stability and reliability of the results,
as the two components respond differently to the mechanical
properties of subsurface materials. The proposed method was
applied to field-recorded surface wave data to generate shear
wave velocity profiles, which were then compared with profiles
obtained from Downhole and Crosshole tests. The comparison
demonstrates that the proposed approach provides accurate
predictions of shear wave velocity profiles, indicating its
potential for improving the reliability of surface wave-based

geotechnical investigations.
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subvertical diaclases

Grey or blue shaded
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decimetrical or metrical

banks

Limestone and marly Limestone
Limestone and marly Limestone

Depth [m]

Grey or blue shaded
Limestone with decimetrical or
metrical banks

25 Fractured limestone and brown

clay

30
Fractured level 32,2 34,1m
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Coarse sand with gravels

Clay of low plasticity
Fine sand

Depth [m]

Soft clay

Very clayey sand

Silt and fine sand
Clay

fine and medium
sand

coarse sand

Clay

coarse sand

fine and medium sand
Clay

Depth [m]

coarse sand

Silt and sand with
some alpine gravel

Pliocene bedrock
Sand and marine pelite
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Thickness (m) P-Wave Velocity (m/s) S-Wave Velocity (m/s)
2 1413 505
2 3298 1179
3 3769 1347
3 4711 1684
6 6124 2189
16 6595 2358
Half-space 7537 2695
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Thickness (m) P-Wave Velocity (m/s) S-Wave Velocity (m/s)
2 856 306
10 1047 374
6 1142 408
6 1332 476
12 761 272
Half-space 951 340
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Thickness (m) P-Wave Velocity (m/s) S-Wave Velocity (m/s)
7 448 160
17 597 213
31 858 307
9 1044 373
11 839 300
16 1119 400
22 1305 a67
Half-space 2014 720
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P 300 A
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= 100 A
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