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In this study, downhole seismic testing was conducted in two geotechnical
boreholes located along the Isfahan—Bafq railway route to characterize the
dynamic and mechanical properties of near-surface layers and to assign site
classes according to Iran Standard 2800. Measurements were acquired using a
three-component downhole sonde at 1-m depth intervals. First-arrival times of
compressional (P) and shear (S) waves were picked and converted to
depth-dependent Vp and Vs values. Depth-weighted effective velocities were
estimated for each borehole and compared against the 2800 classification
scheme. Borehole No.1 showed effective velocities Vp, eff =~ 1400 m/s and Vs,
eff = 800 m/s, and was classified as Site Group [; Borehole No.2 exhibited Vp,
eff ~ 1170 m/s and Vs, eff ~ 310 m/s and was classified as Site Group III. Using
measured Vp, Vs, and bulk density, Poisson’s ratio and dynamic moduli (G, E,
and K) were computed for identified layers. The results provide a site-specific
dataset useful for seismic design and demonstrate that downhole seismic
testing, combined with dynamic-to-static conversions, Yyields reliable
engineering parameters for railway-related geotechnical design.
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EXTENDED ABSTRACT
1. Introduction

This research investigates the subsurface seismic properties using downhole seismic methods in two
boreholes along the Isfahan-Bafq railway corridor. Accurate determination of the mechanical and
dynamic characteristics of soil and rock layers is vital for ensuring the safety and stability of civil
infrastructure, especially in seismic-prone regions. Previous studies have demonstrated the efficacy
of downhole seismic testing in elucidating subsurface properties, enabling better site classification
and foundation design.

The introduction outlines the paper's scope and objectives while addressing the problem. Accurate
knowledge of subsurface dynamic properties is essential in the seismic design of transportation
infrastructure. In situ seismic methods offer direct estimates of compressional (Vp) and shear (Vs)
wave velocities, which are fundamental for computing dynamic moduli, classifying sites for seismic
design, and reducing uncertainty compared to purely empirical geotechnical correlations. Downhole
seismic testing is particularly well-suited for borehole-scale characterization because it records P-
and S-wave arrivals with minimal near-surface scattering, enabling depth-resolved velocity profiles.
This study employs downhole seismic tests at specified intervals within the boreholes to capture P-
and S-wave velocities, which are used to derive key geotechnical parameters. The primary objectives
are: (1) to determine depth-dependent Vp and Vs at 1-meter intervals, (2) to estimate depth-averaged
(effective) velocities for site classification according to Iran's Standard 2800, and (3) to compute
dynamic elastic parameters for engineering use. The main results include the classification of
boreholes according to Iran's Standard 2800 and detailed calculations of dynamic and static moduli,
providing comprehensive.

2. Methodology

The methodology involved performing downhole seismic tests at 1-meter intervals in two boreholes,
with depths of 17 and 13 meters, respectively. A three-component seismograph was utilized to record
seismic waves generated at the surface through controlled impacts. Hammer impacts on a metal plate
produced predominantly P-energy (vertical strike) and S-energy (horizontal strike along the timber
edge). The source offset was minimized to enhance near-vertical ray paths to the borehole receivers.
At each 1-meter depth step, the sensor was fixed against the borehole wall, and multiple shots were
recorded. The arrival times of P- and S-waves were extracted from the recorded data to produce time-
depth curves, from which seismic velocities were calculated. Effective velocities (Vp, eff and Vs, eff)
were estimated as depth-weighted averages over the recoverable borehole interval. These velocities
were then compared with the standards outlined in Iran's Standard 2800 to classify the boreholes.
Further, dynamic parameters, including Poisson’s ratio, Young’s modulus, shear modulus, and bulk
modulus, were computed from the velocities and densities using established theoretical relationships.
The calculated dynamic moduli and Poisson’s ratios provided additional confirmation of material
differences and their influence on seismic response. Quality control measures included inspection of
pick consistency, assessment of sensor coupling, and removal of measurements affected by borehole
collapse or poor coupling.

The interpretation of results considered variations in material types, stratification, and seismic
behaviour, thereby providing detailed insights essential for seismic risk mitigation and geotechnical
design.

3. Findings and argument

The analysis revealed three distinct layers in each borehole, with velocities indicating diverse material
properties. In borehole 1, velocities ranged from 360 m/s to 1430 m/s (Vp) and 190 m/s to 900 m/s
(Vs), corresponding to soft soils and more rigid layers. In borehole 2, velocities varied from 390 m/s
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to 1700 m/s (Vp) and 270 m/s to 380 m/s (Vs). Based on these velocities, borehole 1 was classified
in Group I, typical of soft soils, whereas borehole 2 was in Group I, indicative of more competent
materials. The computed dynamic moduli and Poisson’s ratios provided additional confirmation of
material differences and their influence on seismic response. The results align with standard
classifications and provide detailed insights into subsurface behavior, which are essential for seismic
risk mitigation and geotechnical design.

The analysis of downhole seismic data revealed three distinct layers in each borehole, characterized
by varying material properties. In Borehole 1, seismic velocities ranged from 360 m/s to 1430 m/s
for compressional waves (Vp) and from 190 m/s to 900 m/s for shear waves (Vs), indicating the
presence of soft soils and more rigid layers. In contrast, Borehole 2 exhibited velocities varying from
390 m/s to 1700 m/s for Vp and from 270 m/s to 380 m/s for Vs. Based on these velocity profiles,
Borehole 1 was classified in Group I, typical of soft soils, whereas Borehole 2 fell into Group IlI,
indicative of more competent materials.Field data allowed segmentation of both boreholes into three
principal layers: a near-surface soft layer, an intermediate stiffer layer, and a deeper competent layer,
where accessible. The effective velocities and site classifications according to Iran's Standard 2800
are summarized in Table 1.

Table 1. Effective velocities and site classification (Iran Standard 2800)
Borehole | Vs, eff (m/s) | Vp, eff (m/s) | Recoverable Depth (m) | Iran 2800 Site Group
Borehole 1 800 1400 0-17 Group |
Borehole 2 310 1170 0-13 Group 111

The computed dynamic moduli and Poisson’s ratios further corroborated material differences and
their influence on seismic response. Representative dynamic parameters for selected layers are
presented in Table 2.

Table 2. Representative dynamic parameters for selected layers (values from borehole interpretations)

Borehole Vp Vs P v G(Mpa) E K Layer Depth (m)
(m/is) | (m/s) | (g/md) (MPa) | (MPa)

Borehole 1 | 1430 900 2.05 | 0.16 1700 3900 1900 2.5-17

Borehole 2 | 1700 380 2.05 | 0.47 300 870 5530 8.5-13

The effective velocities place Borehole 1 in a stiff site category (Group 1), indicating competent near-
surface conditions suitable for conventional foundation approaches. Conversely, Borehole 2’s low
effective Vs (=310 m/s) yields a Group I1I classification, reflecting softer and/or potentially saturated
layers that necessitate specific seismic design considerations, such as increased site amplification and
the potential for strain-dependent stiffness reduction.

The results align with standard classifications and provide detailed insights into subsurface behavior,
which is essential for seismic risk mitigation and effective geotechnical design.

4. Conclusions

The study successfully characterized subsurface layers using downhole seismic testing, revealing
significant variability in geotechnical properties across boreholes. The classification according to
Iran’s Standard 2800 indicates the suitability of each site for different foundation types and seismic
design considerations. Specifically, Borehole 1 exhibited effective velocities of approximately Vp,
eff ~ 1400 m/s and Vs, eff = 800 m/s, categorizing it as Group I (stiff), while Borehole 2 showed
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effective velocities of Vp, eff = 1170 m/s and Vs, eff = 310 m/s, placing it in Group III
(softer/susceptible layers).

The detailed calculation of dynamic elastic moduli and Poisson’s ratios enhances the understanding
of site-specific seismic response, providing critical inputs for foundation design and seismic response
analyses. These parameters were derived and converted to engineering (static) moduli using standard
empirical factors, ensuring their applicability in practical engineering.
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Fig 6 - Time-Depth Diagram for borehole No. 2, shear waves.
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Fig 5 - Time-Depth Diagram for borehole No. 2,
compressional waves.
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Table 2 - Dynamic parameters calculated for each layer in borehole number 2

Thick. | Vp Vs G E
Depth(m r/cm? v K (Mpa
P |y | (i) | () | PETE™) (Mpa) | (Mpa) | < MP¥)
0-1 1 390 270 1.85 0.04 | 1.3E+02 | 2.8E+02 | 1.02E+02
1-8.5 75 950 280 1.95 0.45 | 1.5E+02 | 4.4E+02 | 1.56E+03
8.5-13 4.5 1700 380 2.05 0.47 | 3.0E+02 | 8.7E+02 | 5.53E+03
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Table 3- Comparison of obtained values based on soil and rock type
Gs(MPa) | Es(MPa) | wi..w G(MPa) | E(MPa) | Layers | Borehole &j/’;u
13.6 36 0.2 68 180 1 pp S
40 90 0.2 200 450 2 1 buge S
340 780 0.2 1700 3900 3 Cw Sow
26 56 0.2 130 280 1 pp Sk
30 88 0.2 150 440 2 2 Lo S
60 174 0.2 300 870 3 Cw S

09,..4‘59 Ua.> él?u‘ ucl: ol> o)ljﬁo L A:}M UW r:&&

Srte s b abl o5 g 0aadl oo il céljee alols
RO RURYS

53U i juw 3u80 o)ﬂﬁ 30 Sl e Y ol

@ S B Wl by glsel adg e o0 IS jsba
Sgh Caley o3V glas lastisl g 0,41 Jos

&S Aodi =

00 glwliss diled g0 12 ;0 50 Y aw sllas ol jo
glyl oo Wbl p (Golite Sl sla s &5
slacas wes o lis 09> 31 (VS) by g (VP) (s,lud
3ga> ol S ol ailed o LY gl sadiaiwle (ygulys
L alis dbg;jiﬁ oaolis aS el + N g N0 oY)
Slcas g ale ol cwl glaw g pp slbS
S as ool acwloe <L FY 5 2 F0 - F i pa ey
5o eadelil Sl 5 Jol 4 o Jlaw slgs de>g 5l
Sew¥I L8, e Sho a4 s cpl el po 5 pgo sloaY
S oo SeS (e ) S Zundg g ol

4 Sy Al Gos U mlaw 518 5 P glgal S50 o
el 00 049 Al p e Aee g VEee
3 bl T oyleis 05,5 10 o055 ailed Joee diace s ol (ol
(030005 w50 oleisle (b alipnl) olul YA
gl 518 5P glgel 9o sy (izman 025 o0 )18 0 lods
il e YV g VYo ol cad i a4 pg0 aileS )0 Geae U
2 o8 aleS oo (ol bt elul 5l o 5,51 5
b sl olpl YA slatial 1 oojless o8
HT o,leis 05,5 10 pg0 ailaS g (05 ey ol yo bzl
IR UL SR P ICR VLW Iy

WY

S g b -F

S5 oylads wiled o jo ol plxil Clllae bl
eV Li Jsl aY cubis . ous glolis aY aw
@ (VS) Loy g (VP) (5,Liad zlsel s pus g 00 003 (yuoss
(Vp) LSL““"‘)‘*' omoulﬂ; djjojlm‘ @Lu 9 0392 yho V.0
3591y 4l s Aee g VFYe g Y onl o (VS)
D9 s
odd plold Y aw 55V o)led aled o jumen
2 VY g YA c g a aY il )0 (VS) (oo 5 (VD)
9 Ml)‘sn J.AA Y,(b P9 @y ColBus w00y 0)51)4 d..ul.:
S9d> Cwls b pgw 4Y (pizmen Lailoalds 00y 4l
lacue pw g 0 ks aalsl 2o VY B AL dga> 51,5 51 e ¥,0
35505 4l 2 e YA+ 5 WVer i 4 ] 0 VS 5 Vp

ol 0

Solsdin s 5], g beudguxo -0

SlleS 9,0 (5,05, g, 5l eolatwl caxlllas cpl jo
axlge SIS slacusgase b (Solus culyps o jglaiea
alox 5l asl 8 50 saslcavsd gl wlgs o 45 ol
13,5 0,3l 53 05lee 4 el oo busgaste oyl

Blad (1S Dby cde 4y ol S 850 5l slo b 4o
ol J&1o oo dig aile” (y0lo Cews Sl (938l 9 WS



Bl - pledol (ol s (SiSig) sl AleS o (5K ) Slalllas

seismic surveys for geotechnical engineering
in Kkarst: some practical examples,
Geosciences, 10(10), pp. 406.

[6] Peng, C., Cheng, C. H., and Tokstz, M. N.;
1993; Borehole Effects On Downhole Seismic
Measurements, Geophysical Prospecting,
41(7), pp. 883-912.

[7] Yilmaz, O., Eser, M., and Berilgen, M.; 2009;
Applications of engineering seismology for
site characterization, Journal of Earth Science,
20(3), pp. 546-554.

[8] Omnes, G.; 1990; Experimental study of the
coupled cord downhole seismic source, In
SEG Technical Program Expanded Abstracts
1990, pp. 148-152. Society of Exploration
Geophysicists.

[9] Regina, G., Ausilio, E., Dente, G., Zimmaro, P.;
2021; A critical overview of geophysical
investigation and laboratory test results used
in the seismic re-evaluation of the Farneto del
Principe dam in Italy, 6th International
Conference on Geotechnical and Geophysical
Site  Characterization, ISC’6, Budapest
(Hungary), September 7-11, pp.

[10] Mares, S. (1984). Introduction to applied
geophysics. Springer Science & Business
Media.

2 bplasle b adbinn] 6,550 ool anwes VY]
LYA- - o st a3y
[12] PASARE, M. (2017). Practical Method for
Determining the Dynamic Coefficient.
Fiability = &  Durability/Fiabilitate  si
Durabilitate, (1)

[13] Das, B. M., & Sobhan, K. (1990). Principles
of geotechnical engineering.

WY

dﬁ.;“ 3 20

&bw ()l =Y
‘sﬂn))dé -A

o35l 5 335 sla)ls sl pyiome olygls
Lt SaS Wlie (] S o5 5 Sgags s 45 (slonil

FYVESNUTIUNI| JUNE SV SPUEL WOR WA It POV VAL S
dsb &5 Gaie sbaleal) 5 bogles bl

ol b cisls plosl ool al 3

&lo -1

[1] Ramazi, H.; 2023; Engineering Seismic, Amir
Kabir University Press, Tehran, 3rd ed., Paper
Page.

[2] Maleki, Sh., Ramazi, H.R., Gholami, R., and
Sadeghzadeh, F.; 2015; Application of
seismic attributes in structural study and
fracture analysis of DQ oil field, Iran,
Egyptian Journal of Petroleum, 24, pp. 119-
130.

[3] Win-Gee, H., Huang, B. S., Wang, J. H., Kou-
Cheng, C., Kuo-Liang, W., Tsao, S., and
Chen, C. H.; 2010; Seismic Observations in
The Taipei Metropolitan Area Using The
Downhole Network, TAO: Terrestrial,
Atmospheric and Oceanic Sciences, 21(3), pp.
6.

[4] Malehmir, A., Durrheim, R., Bellefleur, G.,
Urosevic, M., Juhlin, C., White, D. J., and
Campbell, G.; 2012; Seismic methods in
mineral exploration and mine planning: A
general overview of past and present case
histories and a look into the future,
Geophysics, 77(5), pp. WC173-WC190.

[5] Baci¢, M., Libri¢, L., Kac¢uni¢, D. J., and
Kovacevi¢é, M. S.; 2020; The usefulness of



