16@ 1

Journal of Advanced Research in Natural and Applied Sciences
dergipark.org.tr/en/pub/jarnas JARNAS

Open Access

ISSN: 2757-5195 11 (3) (2025) 260-275 doi.org/10.28979/jarnas. 1704353

An Investigation into the Liquefaction Phenomena in the Iskenderun Bay
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Abstract — This study investigates the liquefaction phenomena in the Iskenderun Bay by revisiting
the site that was liquefied during the first major strike of the Kahramanmaras earthquake events on
February 6th, 2023 (with a moment magnitude of 7.7). Firstly, the recorded input motions around the
Article Info site are described. Accordingly, the soil profiles at the site are illustrated, along with the measured
Received: 22 May 2025 Standard Penetration Test (SPT) values. Later, the liquefaction analyses are conducted using a
simplified method. Additionally, the two soil profiles are modelled and simulated under one of the
recorded input motions at the site. Both analytical and numerical results clearly illustrate a high level
Published: 30 Sep 2025 of liquefaction possibility, with safety factors well below the threshold value of 1, particularly at the
Research Article granular soil layers. Moreover, the generation of excess pore water pressure appears to increase as it
moves through the ground surface within the sandy and silty soil layers. This implicitly indicates the
liquefaction susceptibility of granular soil layers at the top 20 m of the site. It also highlights the

effectiveness of the simplified and numerical approaches in predicting liquefaction.
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1. Introduction

Soil liquefaction remains a critical concern in seismic regions, particularly for loose, saturated sandy, and silty
soils. It is a seismic phenomenon that occurs when saturated soil loses its strength due to an increase in pore
water pressure, causing it to behave like a viscous fluid. This loss of soil strength occurs when cyclic loading,
such as that caused by earthquakes, builds up excessive pore water pressure, reducing the effective stress to
near zero [1]. Liquefaction susceptibility is particularly high in seismically active regions, where earthquake-
induced motions often trigger it. Assessing liquefaction risk is critical for infrastructure protection, seismic
hazard evaluation, and urban planning [2, 3].

Liquefaction can have devastating consequences, including foundation failure, lateral spreading, road
subsidence, and the upheaval of buried pipeline systems, often due to phenomena such as sand boiling and soil
settlement [4]. Historical examples of liquefaction-induced damage include major earthquakes, such as the
1964 Good Friday earthquake in Alaska and the Niigata earthquake in Japan [5-8]. More recent examples
include the 1992 Erzincan earthquake [9], the 1998 Adana-Ceyhan earthquake [10], the 1999 Izmit (Kocaeli)
earthquake [11], the 2010 Christchurch earthquake [12, 13], and the 2018 Indonesia earthquake [14].

The recent Kahramanmaras earthquakes serve as a reminder of the devastating impact liquefaction on
infrastructure and communities. In particular, on February 6th, 2023, the Kahramanmaras region in southern
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Tirkiye was struck by a devastating magnitude 7.7 earthquake, followed by a 6.7 magnitude aftershock
approximately ten minutes later, and a third, 7.6 magnitude event occurred nine hours later [15, 16]. These
seismic events led to widespread destruction, affecting an estimated 14 million people. The earthquake
sequence resulted in extensive damage, primarily due to the strong inertial forces that destroyed entire villages
and towns [17-19]. Liquefaction was a contributing factor in some of these areas, leading to the lateral
spreading near rivers and shorelines, extreme settlement, and tilting of structures, often without significant
structural damage [20, 21]. Liquefaction-induced damage differs from other forms of destruction, as it results
from the rapid buildup of pore pressure in loose, saturated soils, causing the loss of the foundation capacity of
buildings or, in extreme cases, causing the soil beneath structures to liquefy completely, leading to partial
subsidence [22, 23]. Additionally, liquefaction can cause buried structures to rise to the surface [18]. The city
of Iskenderun, and especially Golbasi, experienced significant liquefaction during the February 6th earthquake
sequence. This led to extensive damage to its structures and infrastructure, as reported by Yildiz et al. [24] and
Cetin et al. [25].

Evaluating the potential for liquefaction initiation is crucial when soil deposits are prone to liquefaction.
Among the most commonly used methods in geotechnical engineering practice is the simplified procedure by
Seed and Idriss [26], which employs cyclic shear stress (CSR) to assess ground motion during earthquakes.
This method compares CSR to the cyclic shear strength ratio (CRR). It determines CRR values using data from
standard penetration tests (SPT) and Cone Penetration Tests (CPT) [27]. One-dimensional (1D) site response
analysis is another commonly used method to study how local soil conditions affect seismic wave propagation
[28, 29]. It has become a standard technique in geotechnical engineering, employing various methods,
including linear, equivalent linear, and nonlinear analyses. Linear analysis can be performed in both the
frequency and time domains, with equivalent linear analysis in the frequency domain and nonlinear analysis
in the time domain [30, 31]. The primary distinction between these methods is their treatment of shear strain.
Linear and equivalent linear methods assume that damping and shear modulus are independent of shear strain,
while nonlinear analysis considers strain dependency [32, 33].

This study aims to predict the liquefaction case observed during the first main Kahramanmaras earthquake
event in a site close to the city of Iskenderun (close to the Iskenderun Bay as liquefaction cases are presented
in Figures 1 and 2 [21]). 11 boreholes drilled around the Iskenderun Bay near the liquefaction case are taken
into consideration. Simplified and nonlinear numerical methods are utilized to assess the liquefaction potential
at the site. The recorded input motion from the earthquake event recorded at the stiff soil site is used. The paper
continues by describing the seismicity of the area and the recorded input motions within the city of Iskenderun.
Later, it gives information about the site by featuring the soil layers at the considered boreholes. Subsequently,
the simplified liquefaction assessment method is described along with the presentation of factors of safety
against liquefaction. Lastly, the numerical method is outlined, and its results, in terms of the excess pore water

ratio, are presented.

p——

Figure 1. Surface ejecta observed around the close to iskenderun Bay during the first main Kahramanmaras
earthquake event
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Figure 2. Liquefaction-linked damages observed around the Iskenderun Bay during the first main
Kahramanmaras earthquake event

2. Recorded Input Motions from the First Main Kahramanmaras Earthquake Event

Tiirkiye has been equipped with several accelerometers throughout the country, particularly in the high-seismic
potential regions. The city of Iskenderun is one of the regions affected due to its proximity to the East Anatolian
Fault Zone (EAFZ), which passes through Hatay city. Figures 3a and 3b represent the peak ground acceleration
(PGA) distributions over Tiirkiye, as suggested by the Disaster and Emergency Management Presidency
(AFAD), and specifically within and around Iskenderun city, respectively. It is evident that the sites near the
EAFZ and North Anatolian Fault Zone (NAFZ) exhibit the highest PGA levels, reaching a value of 0.76g [34].
The far the sites get from the fault zones, the less the PGA intensity becomes (as seen in Figure 3a). For the
particularly interested Iskenderun area, the PGA ranges from 0.31g to 0.40g, as shown in Figure 3b.

Table 1. Details of the first main Kahramanmaras earthquake event

Event ID Event Date Agency Lon. Lat. Type Magnitude Depth Location
543428  06/02/2023 04:17 AFAD 37.043 37.288 Mw 7.7 8.6 Pazarcik (Kahramanmaras)

(a)

PGA(g)

O 0071-01 B3 021-03 @ 041-05
O011-02 @@ 031-04 W 051-076

(b) . e
Figure 3. (a) PGA distributions over the country of Tiirkiye and (b) around the area of interest (i.e., the city
of Iskenderun) provided by AFAD to be considered in seismic design of structures
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Within Iskenderun city, 10 earthquake stations were installed. However, at only two stations, the full
recordings of the seismic waves from the first main Kahramanmaras earthquake event were recorded. The
properties of the earthquake event and those of these two stations are presented in Tables 1 and 2, respectively,
and illustrated in Figure 4. While station #3116 is positioned on a site with soil class A, station #3115 is located
on a relatively soft site with a soil class of B, according to the Eurocode 8 (ECS8) soil classification scheme.
The shear wave velocities at the top 30 m (V5,30) are 870 m/s and 424 m/s, respectively, on average for the
sites.

Table 2. Properties of stations #3116 and #3115 and PGA values of the recorded input motions in EW and
NS directions

PGA in EW PGA in NS
. . . v /
Station code longitude Latitude 5,30 (m/s) (in unit g) (in unit g)
3116 36.20661 36.61618 870 0.168 0.149
3115 36.1646 36.54634 424 0.226 0.290
37°30'N-4+

(b)

e

_ station
BH_loc ~~ #3116

lskender’n,

rderun Arport

37°0'N+
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#3115

36°30'N+

* Epicenter of the first earthquake event (Mw, 7.7) 4 Station_loc @ BH_loc

Figure 4. Epicenter of the first main Kahramanmaras earthquake event and the locations of stations #3116
and #3115 and the geotechnical boreholes in wider (a) and narrower (b) perspectives

The recorded input motions in the East-West (EW) and North-South (NS) directions are illustrated in Figure
5. The epicentral distance is 105.38 km for station #3116, while it is 113.57 km for station #3115. The PGA
values of the input motions recorded at station #3116, located at the stiff site, are lower than those recorded at
station #3115. More precisely, the PGA values at station #3116 are 0.168g and 0.149¢g in the EW and NS
directions, respectively. Accordingly, these values are equal to 0.226g and 0.29g at the station #3115. It is
obvious that the PGA values at the relatively soft site are greater than those recorded at the stiff site. This can
directly be attributed to the site effect. Since seismic energy is transferred to longer periods, the input motion
tends to amplify as well [35-37]. In this study, the recorded input motion in the EW direction at the stiff site
(i.e., outcrop input motion) is utilized for simplified and numerical liquefaction analyses.
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Figure 5. Acceleration-time histories of the recorded input motions from the first main Kahramanmarag
earthquake event at stations 3116 and #3115 in the EW and NS directions of the site

3. Geotechnical Characteristics of the Site and Simplified Liquefaction Analysis

3.1. Geotechnical Data

The area of interest is close to the Iskenderun Bay. The characterization of the site is based on 11 drilled
boreholes. The boreholes are located in the soil deposits around the Iskenderun Bay, as reported in the study
by Ozener et al. [21]. The classified soil layers, along with the corrected SPT-N (N, ¢0) profiles, are provided
in Figures 6-8. The boreholes are generally drilled at depths above 40 m, ranging from as low as 39 m to as
high as 46 m. The site primarily consists of silt and sand soil layers, particularly at the top 20 m, and is
interlayered with clay and silt soil layers (and in several boreholes, sand soil layers) between approximately
20 m and 40 m in depth. In addition, the clay soil layer is encountered at the depths of 40 to 50 m, which is
underlain by sandstone. The N; ¢¢ values are generally greater than 12 at the top 10 m but hover mainly around
8 to 12 in most of the boreholes.
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Figure 6. Soil layers at the BH-1, BH-2, BH-3, and BH-4 and corresponding corrected SPT-N values (N1,60)
and factors of safety (Fs) against liquefaction
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Figure 6. (Continued) Soil layers at the BH-1, BH-2, BH-3, and BH-4 and corresponding corrected SPT-N
values (Ny 69) and factors of safety (Fs) against liquefaction

3.2. Results of Simplified Liquefaction Analysis

The widely recognized simplified SPT-based method proposed by Seed and Idriss [26] and later refined by
Seed et al. [38] is used. The correction of the N3, values is performed using the equation provided by Youd
and Idriss [39] below.

(N1)60 = Np CyCpCpCrCs (3.1)

In this context, N,,, represents the measured standard penetration counts, Cy is the normalization of N,,, relative
to the reference overburden pressure in non-cohesive soils, C is the hammer's energy efficiency level, Cg is
the correction factor dependent on the radius of a rod, Cr The correction factor is dependent on rod length, and
CS represents the correction for the borehole sampler. The correction factor Cy is calculated using the equation
proposed by Liao and Whitman [40].

ey = (-2 )0'5 (32)

I
0-17 o

Here, P, refers to the atmospheric pressure, approximately 100 kPa, and oy, represents the effective
overburden pressure, which cannot exceed 1.70. Additionally, since the fine content in clean sand is known to
affect the soil's liquefaction resistance, corrections based on fine content (FC) are recommended.

(N1)eoes = @ + B(N1)6o (3.3)

In this case, a and f§ coefficients are determined on the level of fine content inclusions, as follows:

FC <5%,a=0,andf =1

5% < FC < 35% ,a = [176 190] dg = 099+FCL5 (3.4)
0 < o,a =exp|l. FCz,an B =10. 1000 .

FC =2 35%,a =5,and f = 1.2
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To assess the liquefaction potential of soil, it is essential to calculate the cyclic resistance ratio (CRR) and
cyclic stress ratio (CSR). The CRR represents the soil's resistance to liquefaction, while the CSR indicates the
level of shear stress within the soil during a potential earthquake. The formulas for calculating both CRR and
CSR were initially provided by Seed et al. [38] using the following equations:

CRR, : = ! + Mdeo >0 ! 35
737 34— (Npy)go 135 ' [10(Ny)go +45]2 200 (3-5)
a 0.
CSR = 0.65 22X 12, (3.6)
g 0-170

In this context, @4, represents the maximum ground acceleration (PGA), g is the acceleration due to gravity,
0y, and gy, are the total and effective overburden stresses and 7y is the stress reduction coefficient. The value
of 1y is calculated using the depth-dependent shear stress reduction equations proposed by Seed and Idriss [26]
as follows:

rg =1—-0.00765z,forz < 9.15m
(3.7)
rg = 1174 —-0.0267z,for9.15m <z <23 m

Finally, the factor of safety (Fs) against liquefaction is calculated as follows, according to Youd and Idriss
[39]:

CRR, 5
F. = '
ST CSR

MSF (3.8)

The magnitude scaling factor (MSF), introduced by Youd and Idriss [39], is estimated using:

102.24

MSF =~ 7ss (3.9)

56
w
According to the equations provided above, liquefaction is likely to occur when the factor of safety (Fs) at soil
layers up to a depth of 20 m from the ground surface is less than 1.0 [26]. Furthermore, it is suggested that
liquefaction may still take place even if the Fs is between 1.0 and 1.2 [41, 42].
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Figure 7. Soil layers at the BH-5, BH-6, BH-7, and BH-8 and corresponding corrected SPT-N values
(Ny,60) and factor of safety (Fg) against liquefaction
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Figure 7. (Continued) Soil layers at the BH-5, BH-6, BH-7, and BH-8 and corresponding corrected SPT-N
values (N; o) and factor of safety (Fs) against liquefaction

Based on the equations given above, the Fg values at the top 20 m under the PGA of 0.168g (which corresponds
to the PGA of the recorded input motion at the #3116 station, as stated in the previous section) are calculated.
It is evident that at all the boreholes investigated, Fs values fall below 1, as illustrated in Figures 6-8. Even
though the applied PGA (i.e., 0.168g) is well lower than the one suggested by AFAD (i.e., on average 0.35g),
liquefaction appears to occur at most of the 20 m. This can be attributed to the fact that the top 20 m consists
mostly of sandy soil and N; ¢o values are quite low, which initiates liquefaction.
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Figure 8. Soil layers at the BH-9, BH-10, and BH-11 and corresponding corrected SPT-N values (N1,60) and
factors of safety (Fs) against liquefaction
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4. Numerical Modelling and Liquefaction Analysis

4.1. Details of the Numerical Modelling

In this study, the liquefaction at the site is also assessed through a numerical approach. For this purpose, the
recorded input motion during the Kahramanmaras earthquake event at the #3116 station is utilized. The
acceleration-time history of the input motion in the EW direction is adapted, as already presented in Section
2. The reason for selecting the recording at the #3116 station is that it is located on top of a rock, as such the
bottom of the numerical model is considered. Since the aim here is to illustrate the performance of the
numerical approach in predicting liquefaction (i.e., accumulation of excess pore water pressure), only the two
soil profiles (BH-1 and BH-9) are modeled and simulated.

The numerical analysis is conducted using the open-source finite element software OpenSees [43]. The
behavior of sandy soil layers is modeled using a pressure-dependent multi-yield surface constitutive model
(PDMY) [44], while the clay soil layers are modeled with a pressure-independent multi-yield surface
constitutive model (PIDMY), developed by Gu et al. [45]. The PDMY model simulates elastic-plastic
behavior, capturing dilatancy and non-flow liquefaction (cyclic mobility) in sandy and silty soils under the
dynamic loading. Its plasticity follows a non-associative flow rule with Drucker-Prager-type multi-yield
surfaces. The PIDMY model, on the other hand, is an elastic-plastic model where plasticity is observed only
in the deviatoric stress-strain response, while the volumetric stress-strain response is linear-elastic and
independent of deviatoric behavior. Its plasticity follows an associative flow rule with Von Mises-type multi-
yield surfaces, making it suitable for simulating the monotonic or cyclic material responses where the shear
behavior is unaffected by the changes in confinement, such as in organic soils or clay under rapid undrained
loading.

No experimental cyclic test data is available for the soil in the study area, preventing direct calibration of the
soil model parameters. However, parameters like saturated soil mass density, reference shear and bulk moduli,
friction angle, cohesion, and Poisson's ratio are known (see Table 3). Other parameters, including phase
transformation angle and liquefaction parameters, are adjusted based on Rahmani et al. [46].

Table 3. PDMY and PIDMY model parameters for different soil layers at BH-1

BH-1
PDMY model parameters PIDMY model
parameters
0-15 m gravel and 15-19.5 m silt 33-42 m gravel and 19.5-33 m and 42-50 m
sand layers layer sand layer clay layers
Saturated soil mass density (t/m3) 1.98 1.95 1.98 1.8
Reference shear modulus (MPa) 70.85 62.93 53.46 53.34
References bulk modulus (MPa) 118 104.88 71.288 71.288
Reference mean effective confinin
pressure (kPa) ¢ 80 80 80 80
Friction angle (degree) 37 25 38 0
Cobhesion (kPa) Not applicable Not applicable Not applicable 40
Phase transformation angle (degree) 26 26 26 Not applicable
Peak shear strain (at p, = 80 kPa) 0.1 0.1 0.1 0.1
Pressure-dependent coefficient 0.13 0.13 0.13 Not applicable
Contraction rate constant 0.13 0.13 0.13 Not applicable
Dilation rate constant 1 0.06 0.06 0.06 Not applicable
Dilation rate constant 2 3 3 3 Not applicable
Liquefaction parameter 1 (kPa) 10 10 10 Not applicable
Liquefaction parameter 2 (kPa) 0.02 0.02 0.02 Not applicable
Liquefaction parameter 3 (kPa) 1 1 1 Not applicable
Permeability (cm/s) 2.5e-4 2.5e-4 2.5e-4 le-4

Poisson's ratio 0.27 0.27 0.27 Not applicable
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Table 4. PDMY and PIDMY model parameters for different soil layers at BH-9

BH-9
PDMY model parameters PIDMY model parameters
0-19.5 m gravel and 28-33 m silt 36-40 m gravel and 19.5-28 m, 33-36 m and 42-
sand layers layer sand layer 50 m clay layers
Saturated (s;)/ilmrr;z;lss density 198 195 198 18
Reference shear modulus (MPa) 74.30 55.64 56.63 58.1
References bulk modulus (MPa) 123.58 92.73 94.387 96.8
i “ “ “ .
Friction angle (degree) 38 25 38 8.8
Cohesion (kPa) Not applicable Not applicable Not applicable 28
Phase trar(l(slgjgrrr?gion angle 26 26 26 Not applicable
Peak shear strain (at p, = 80 kPa) 0.1 0.1 0.1 0.1
Pressure-dependent coefficient 0.13 0.13 0.13 Not applicable
Contraction rate constant 0.13 0.13 0.13 Not applicable
Dilation rate constant 1 0.06 0.06 0.06 Not applicable
Dilation rate constant 2 3 3 3 Not applicable
Liquefaction parameter 1 (kPa) 10 10 10 Not applicable
Liquefaction parameter 2 (kPa) 0.02 0.02 0.02 Not applicable
Liquefaction parameter 3 (kPa) 1 1 1 Not applicable
Permeability (cm/s) 2.5¢e-4 2.5¢e-4 2.5¢e-4 le-4
Poisson's ratio 0.27 0.27 0.27 Not applicable

The soil models are formed by nine-node quadrilateral elements, where corner nodes have three degrees of
freedom (two translational and one pore pressure), while interior nodes have two translational degrees of
freedom. Material properties from Table 5 are assigned to these elements, and only vertical body forces
(gravitational acceleration) are considered. The saturated soil model is a two-phase material based on Biot's
theory [47] for porous media, considering interactions between the solid and fluid phases simultaneously [48].

The 50 m deep soil models are meshed with elements 2 m wide and 0.5 m high, resulting in 100 elements and
603 nodes. This mesh configuration ensures the minimum node distance, which should be within one-tenth to
one-eighth of the seismic wavelength [49]. Periodic boundary conditions are applied to the model sides,
guaranteeing equal displacements for nodes with identical vertical coordinates. The bottom nodes are fixed for
vertical movement. The underlying elastic medium is modeled with a Lysmer and Kuhlemeyer [50] dashpot
connected to the soil model at the bottom node where the dynamic motion is applied. Both the dashpot and the
soil model nodes share the same degrees of freedom. To dissipate earthquake energy at the low strain levels,
2% Rayleigh damping (system damping) is used [51].

4.2. Results of Numerical Liquefaction Analysis

The numerical analyses are conducted at only two boreholes (i.e., BH-1 and BH-9) under the recorded input
motion at Station #3116. The station is positioned on rock, and the input motion of the first main
Kahramanmaras earthquake event in the EW direction, presented in Section 2, is utilized during the analyses.
The excess pore water pressure ratios (1;,), which is the ratio of residual pore water pressure to the effective
stress during the dynamic movement of the soil body, are plotted at different depths. Primarily, the 7, values
are presented at depths of 7.5 m, 10 m, 15 m, 30 m, 37.5 m, and 45 m.
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Figure 9. The excess pore water pressure ratios at different depths of BH-1 under the input motion from the
first main Kahramanmaras earthquake event

The r;, values are well below the critical threshold value of 1.0 at depths below 20 m of both boreholes (Figures
9 and 10). In particular, at the BH-1, the built-up excess pore water pressure ratio reaches its maximum values
of 0.115, 0.143, and 0.167 at depths of 45 m, 37.5 m, and 30 m, respectively. The maximum 7, values at the
same depths of BH-9 are 0.118, 0.141, and 0.185, respectively. However, the r;,, values increase above the 20
m depths as the pore water pressure accumulates further progressively. This can be clearly observed in Figures
9a, 9b, and 9c, as well as in Figures 10a, 10b, and 10c. The maximum 7, value rises to 0.614 at the depth of
15 meters in BH-1. Moreover, at the depth of 10 m in the same borehole, liquefaction is likely to occur as the
1, reaches 1.0 (Figure 9b). In contrast, the r;, value reduces to 0.855 at the depth of 7.5 m, as illustrated in
Figure 9a. Similarly, the r;, prediction from the numerical analysis indicates liquefaction potential at around
the 10 m depth in BH-9, with its value almost reaching 1.0 (i.e., 0.98) (Figure 10b). At depths of 7.5 m and
15.5 m in the BH-9, the maximum 7;, values are predicted to be 0.97 and 0.35, respectively.
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Figure 10. The excess pore water pressure ratios at different depths of BH-9 under the input motion from the
first main Kahramanmaras earthquake event

5. Conclusions

This study focuses on predicting liquefaction cases at a site near the Iskenderun Bay, as observed during the
first major earthquake event in Kahramanmaras on February 6th, 2023. For this, the soil features at 11
boreholes that are drilled for site investigation around the Iskenderun Bay are considered. From the boreholes,
mainly, the SPT-N values, soil classification, fine content, and water table are extracted. For predicting the
actual liquefaction case, both simplified and numerical methods are considered. The recorded input motion of
the earthquake event around the site (at the #3116 station positioned on rock) is considered. The PGA of the
recorded input motion is 0.168g. The outcomes of the research presented can be listed as follows:

i. As the top 20 m of the investigated site is characterized by sandy soil with low stiffness (with SPT-N
values between 8 to 15, on average), both simplified and numerical methods predict the liquefaction under
the PGA of 0.168g,

ii. The numerical analyses demonstrate the increase of excess pore water pressure ratio (7)) towards the
ground surface, especially between 5 to 15 m depths,
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iti. The advantage of numerical analyses explicitly indicating the built-up of excess pore water pressure is

expressed,

iv. Both the simplified and numerical methods appear to predict liquefaction accurately.

Overall, the liquefaction case at the site close to the Iskenderun Bay is well estimated by both the simplified
and numerical methods. Therefore, the assessment of liquefaction potential by these methods is feasible.
Nevertheless, the use of a nonlinear numerical method may be appreciated more as it captures the accumulation
of excess pore water pressure and, therefore, the stiffness loss. For future work, the soil models will be analyzed

along with the building models, allowing for the observation of building responses under the liquefied soil
layers. Additionally, triaxial cyclic tests will be conducted to verify the liquefaction cases experimentally.
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