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ABSTRACT

Obtaining objective information on the engineering and geological properties of rock masses requires a broad range of
studies, including geological, geotechnical, hydrogeological, and geophysical ones. The physical basis of engineering
seismic acoustics is the close relationship between elastic wave parameters and the structural features, properties, and
condition of the rock masses being studied.

This article examines the role of engineering geophysics in the construction of critical structures. Specific projects and
their implementation methods are presented as examples.
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Introduction

We conducted a series of works that involved the construction of seismic profiles and clarification of
seismic hazard considering local parameters on the reconstruction site located at llia Chavchavadze Street
#27, in the city of Dusheti.

Experimental Studies: Construction of Soil Seismic Profiles

Seismic profiling was carried out using the refraction wave method [1-13], obtaining data up to a
depth of 30 meters. Additionally, the physical and mechanical parameters of the rocks were assessed based
on the propagation velocities of elastic waves (both longitudinal and shear waves). A seismic profile 38
meters in length was constructed.

Figure 1 shows the study area and the location of the seismic profile. The corresponding start and end
coordinates of the seismic profile, along with the absolute elevations in the WGS-84 coordinate system, are
presented in Table 1.

Table 1. Start and end coordinates of seismic profiles with corresponding absolute heights. 1s indicates the
start of the profile, and 1e indicates the end of the profile.

GPH # X, m Y, m H, m
1s 475165 4659307 887
le 475145 4659275 884
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Fig. 1. Study area and schematic layout of seismic profiles.

Geophysical Investigations (Seismic Profiling)

Seismic profiling using the refraction wave method is one of the key techniques for investigating rock
properties in solving engineering seismological problems. Our main objective was to study the structure of
the given area and to determine the physical-mechanical parameters based on the velocities of longitudinal
(P) and transverse (S) elastic waves.

For this purpose, the field seismic method of refracted waves was selected.
The refraction wave method allows for the determination of the thicknesses of surface and deeper layers, as
well as the velocities of elastic wave propagation within them.

The method is based on determining the arrival times of the first P and S waves from an elastic wave
source to geophones arranged in a straight line. This makes it possible to calculate the velocity of the
longitudinal wave.

Thus, the objective of the investigation was to determine the rock structure down to a depth of 30 meters
and to define the following physical-mechanical parameters within the identified structural elements:

Table 2.

Vp m/sec Longitudinal wave velocity

Vs m/sec Transverse wave velocity
Vs/Vp Velocity ratio

p gr/cm® Density

Ul Poisson's ratio

Ed Mpa Young's dynamic modulus
Gd MPa Shear dynamic modulus
Kd Mpa Dynamic modulus of universal compression
D Mpa Total deformation modulus
T Mpa Tensile strength limit

Note: Parameters 1-3 were obtained through field investigation, parameters 5-8 were calculated based
on known theoretical relationships, while parameters 4, 9, and 10 were derived using available empirical
correlations.

Seismic profiling was conducted using 10 Hz geophones spaced 2 meters apart. Seismic waves were
induced by striking a special plastic plate with a 10 kg hammer. Both geophones and impacts were oriented
along Z-Z and Y-Y axes. A five-shot point system was used, which included two shots at the beginning and
end of the profile, one shot in the middle, and two off-end shots placed at a significant distance from the
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profile. This configuration enabled the acquisition of information down to a depth of 30 meters. Depending
on the type of wave, the orientation of the impact was adjusted.

Wave recordings were made using a 24-channel engineering seismic station, model GEODE,
manufactured by the American company GEOMETRICS. The direction of the impact varied depending on
the wave type. Subsequently, interpretation was carried out using the licensed Seisimager software, also
developed by GEOMETRICS. Seismogram analysis was performed, a geological cross-section was
constructed, and the corresponding physical-mechanical parameters were evaluated.

Seismic profiling using the refraction wave method was carried out in the study area. A 38-meter-long
seismic profile was acquired, providing subsurface information to a depth of 30 meters. Figure 1 shows the
study area and the location of the seismic profile. The starting and ending coordinates of the profile, along
with absolute elevations in the WGS-84 system, are presented in Table 3 below.

Table 3
GPH # X, m Y, m H, m
1s 475165 4659307 887
le 475145 4659275 884

Based on geophysical parameters, different engineering-geological elements (layers) have been
identified, and the distribution of P-wave (VP) and S-wave (VS) velocities within them has been determined.
The corresponding physical-mechanical parameters were also obtained. According to the constructed
geophysical cross-section, three distinct layers are observed based on their physical properties (due to the
lack of detailed engineering-geological information, identification is based on geophysical data and local
visual observations, and is therefore somewhat conditional):

e Layer 1 - Loose material, dry, decompressed,;

e Layer 2 — Clayey, highly decompressed,;

e Layer 3 — Clayey, presumably water-saturated.

Seismic Profile #1

Layer 1 extends from the surface down to a depth of 1.8-2.5 meters with the following seismic
velocities: VP =227 m/s; VS = 142 m/s.

Layer 2 lies beneath Layer 1 and varies in thickness from 0.5 to 7.0 meters. Its seismic velocities are: VP
=691 m/s; VS =318 m/s.

Layer 3, observed down to a depth of 30 meters, is located below Layer 2 and has the following seismic
velocities: VP = 876 m/s; VS = 433 m/s.
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Fig. 2. Seismic section Nel.
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Layer N | Parameter Parameter description Values Capacity, m
1 Vp m/sec Longitudinal wave velocity 227
Vs m/sec Transverse wave velocity 142
Vs/Vp Velocity ratio 0.63
p gr/cm”3 Density 1.25
v Poisson's ratio 0.18
Ed Mpa Young's dynamic modulus 60 2
Gd MPa Shear dynamic modulus 25
Dynamic modulus of universal
Kd Mpa compression 308.01
D Mpa Total deformation modulus 0.37
T Mpa Tensile strength limit -
2 Vp m/sec Longitudinal wave velocity 691
Vs m/sec Transverse wave velocity 322
Vs/Vp Velocity ratio 0.47
p gr/cm”3 Density 1.65
M Poisson's ratio 0.36
Ed Mpa Young's dynamic modulus 470 4
Gd MPa Shear dynamic modulus 171
Dynamic modulus of universal
Kd Mpa compression 5600.50
D Mpa Total deformation modulus 10.09
T Mpa Tensile strength limit 2.45
3 Vp m/sec Longitudinal wave velocity 876
Vs m/sec Transverse wave velocity 438
Vs/Vp Velocity ratio 0.50
p gr/cm”3 Density 1.75
U] Poisson's ratio 0.33
Ed Mpa Young's dynamic modulus 900 24
Gd MPa Shear dynamic modulus 336
Dynamic modulus of universal
Kd Mpa compression 8961.87
D Mpa Total deformation modulus 28.56
T Mpa Tensile strength limit 4.80
V30, misec Average transverse wave velocity up . g

to 30 m depth
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Conclusion

Based on geophysical surveys and the average shear-wave velocity in the upper 30 meters of soil
(VS30, which was determined to be 369 m/s for the construction site), the soil categories were determined
according to both Georgian standards and international standards (IBC 2006, Eurocode 8, ASCE 7). It should
be noted that, according to Georgian standards, the soil corresponds to Category Il, while according to
international standards, it was classified as follows: Eurocode 8 — Type B, IBC 2006 and ASCE 7 — Class C.
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53396dm LoEyzgdo: LEobmObOM JgMTBOBO3Is, LYOLWOHMBDS, JEM3s60 Tologgdo.

CeilicMnyecKkue UCCJIETOBAHUS U YTOYHEHHE CEHCMUYHOCTH € YYETOM
JIOKAJIBbHBIX MapaMeTpoB B cesie KBuOucu, bop:xomckuii pailion

M. I'urubepus, B. Apadbuaze, /1. Kupua, H. I'sionTn
Pe3ome

Juig momydenusi 00beKTUBHOM HH(pOpMaIu 00 WHKEHEPHO-TEO0JIOTHIECKIX CBOMCTBAX CKaJbHBIX MacCHBOB
HEOOXOMMO MPOBEJACHNUE MIUPOKOTO KOMITJIEKCA UCCIIE0BAaHMU, BKIIIOUask T€0JIOTHIECKHe, T€OTEXHUIECKHE,
ruaporeoyorndeckue u reopusnyeckue. OU3NUECKOd OCHOBOW WHXKEHEPHOW CEHCMOAKYyCTHKH SIBIISIETCS
TeCHasl CBA3b IMAapaMeTPOB YNPYTHUX BOJIH C OCOOEHHOCTSMH CTPOEHHS, CBOMCTB W COCTOSHHUS M3y4aeMBIX
CKaJbHBIX MAaCCHBOB.

B naHHOIi cTaTbe paccMaTpUBAeTCS POJIb WHXKEHEPHOH Treo(M3WKW B CTPOUTENBCTBE OTBETCTBEHHBIX
coopy>keHul. B kauecTBe mpumepa MpuBeAeM KOHKPETHBIE MTPOEKTHI U METOJIbI UX PEaIU3alUH.

KiroueBble ciioBa: HWHKCHCPHAaA 1"60(1)1/131/11(3,, CCIZCMH‘*IHOCTB, CKaJIbHbIC MaCCHBEI.
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