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Abstract. This article presents a multifactor assessment of the technical condition of
the Tasotkel Dam, located in the seismically active zone of southern Kazakhstan. With the
increasing frequency and intensity of earthquakes in the region - including the March 28,
2025, earthquake near the village of Merke in the Zhambyl region - there is a growing need
for a systematic approach to evaluating the seismic safety of hydraulic structures. The
investigation employed a range of modern techniques, including visual inspection,
instrumental monitoring, geodetic surveying, non-destructive testing of concrete
structures, as well as laboratory and in-situ analysis of the physical and mechanical
properties of the dam body and its foundation soils. The assessment revealed localized
defects in the facing, signs of erosion, reduced piezometric levels compared to design
values, and high filtration activity of the foundation. Geodetic data confirmed the absence
of critical deformations but identified areas of potential instability. Based on the collected
engineering data, a numerical model of the dam was developed using the Plaxis 2D
software package. Slope stability calculations were performed for two key cross-sections
(PK 5+00 and PK 12+00) under seismic loading scenarios corresponding to intensities of
7 and 8 on the MSK-64 scale. As a result, safety factors, potential failure surfaces, filtration
flow directions, and pore pressure distributions were identified. The study revealed the
necessity for reconstruction and seismic strengthening of certain dam sections. The
findings underscore the importance of implementing a multifactor approach as a reliable
diagnostic tool in conditions of elevated seismic risk.
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Anpatna. byn maxana Kazaxcmannvly oWmycmicinOoe OpPHANACKAH CElUCMUKANbIK
Kayinmi aumaxmazel Tacomken ¢y mopadwiiblly MEeXHUKANbIK HCALOAUBIHA KONDAKMOPIbL
3epmmey oicypeizyee apHanzan. Aumaxma ocep  CLIKiHICmepiHiy  oicuiniei  MeH
KAPKbIHOBLILIZIHbIY apmyblHa, COHblY [winde 2025 oucvinevt 28 Haypwvizoa Kambwin
00abicblHOasbl MepKi ayvliblHa JHCakKblH dcepoe O0N2aH Jicep CLIKIHICIHe OalllaHbICmbl,
2UOPOMEXHUKANBIK KYPLLILIMOAPOLIY CEUCMUKANbIK MYPAKMbLIbIEbIH 0a2aniay2a sHcyueni
Macindiy Kaxcemminiei apmoin omueip. 3epmmey 0APbICHIHOA 3AMAHAYU d0ICMED KeueHT
KOJLOQHBLIObL, KO30€H WOy, dAcCnanmelk Oakwliay, 2eo0e3usiiblK onueyiep, OemoH
KYPOLILIMOAPbIH  OY30alimblH  CbIHAY, COHOAU-AK CV MOpadbiibly OOUbIHOASLL MeH
Hezi3iH0e2i monbipaKkmapovly Qu3UKa-MexaHuKaivlK, Kacuemmepine 3epmxandaivli HcoHe
oana xca20auvlHoagvl manoay. 3epmmey Hamudicenepi OouvlHuwia Oemki Kabammoly
Jrcepeinikmi - akaynapul, 3posusi Oencinepi, HoOANLIK MIHOEPMEH CATbLICMbIPEAHOA
Nbe30MEempUsIbIK ~ OeHeelllepoiy MOMeHOeYl JHCoHe IPeemacmslly HCOapbl CY32LliK
bencendiniei anvikmanovl. I eode3usnvlk depekmep aumapaviKmail 0eghopmayusniapovly
JHCOK eKeHiH pacmaovl, Oipax aneyemmi OpPHBIKCHI30bIK —aumakmapsl OenciieHoi.
Unorcenepnix oepexmep necizinoe Plaxis 2D 6agoapramanviy keuieHinOe cy mopaoviibiy
canovik mooeni acacanovl. Ecenmeynep neeizei exi xumaoa (IIK 5+00 scone IIK 12+00) 7
Jtcane 8 6aNNObIK CeUCMUKANBIK acep cyenaputiiepi yuin scypeizindi (MSK-64 wxanacol
oouvinwa). Homuowcecinoe mypakmoinvlx Kodp@uyuenmmepi, bIKMUMAL ONBIPBLILY
bemmepi, cy3einiKk ablHOapObly 0OaAblMbl MeH KblCbIM MAapanybl aHbIKManovl. byn
3epmmey ¢y mopabwinbly KellOip yuackenepin Kauma Kypy H#aHe ceticCMUKAnblK Hbleatimy
Kascemminiein xepcemmi. XKoz2apvl ceucMukanvlx KAyinminik i#cag2oauvlHoa CceHimoi
OUACHOCMUKANBLIK  20iC peminde KOengakxmopavl macindi eHei3yoiy MAaHbl30blIblebl
0a/1e710eHO1.

Tyiiin ce3mep: cudpomexHukanivlx Kypouliblcmap, CeucMUuKanivlk MmypaKmolivlk,
boecem, konghaxmopvl 3epmmey, CAHObLK MOOEIbOEY.
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AnHoramusi.  Cmamvsi  nocesiwena  MHO20()AKMOPHOMY — 0DCIe008AHUIO
mexnHuuecko2o cocmosnus Tacomkenbckoli NIOMUHbBL, PACNONONCEHHOU 8 CEeUCMUYECKU
axmugHotl 30He 102a Kasaxcmana. B ycnosusx ysenuuenus yacmomol U UHMEHCUBHOCU
3emiempsaceHull 8 pecuore, exkuodasn zemaiempscerue 28 mapma 2025 eooa eonuzu cena
Mepke Kambviickoti oonacmu, eo3pacmaem NompedOHOCMb 8 CUCMEMHOM N00X00e K
oyeHKe CeticCMOCMOUKOCIMU 2UOPOMexXHuyueckux coopyxceruti. Obciredosanue blNOIHEHO ¢
npuMeHeHueM — KOMNJIEKCA  COBPEMEHHbIX — Memo0o8.  GU3VAIbHO20 — OCMOmpA,
UHCIMPYMEHMANbHO20 — KOHMPOJIA,  2e00e3UdecKux  HaoOmoO0eHull, Hepaspyuaoue2o
KOHMPONs 6eMOHHbIX KOHCMPYKYUL, a makdice 1adopamopHo20 U HAMypPHO2SO AHANU3A
QuU3UKO-MeXaHUYecKUx CcOUCmE 2cpyHmoe mena HNIOmuHbl U eé ocHoganus. Ilo
pe3yibmamam 00c1e008anusi YCMaHOB8IeHbl TOKAIbHble 0eheKmbl 0ONUYOBKU, NPUSHAKU
9pO3UlU, CHUICEHUE NbE3OMEemPUYECKUX YPOGHell N0 CPABHEHUI0 C NPOEeKMHbIMU
SHAYEHUAMU U BbICOKAS (DUIBMPAYUOHHAS AKMUBHOCMb OCHO8aHus. I eode3uueckue
OaHHble NOOMBEPOUNU OMCYMCIMBUE KPUMULECKUX 0ehopmMayuil, 0OHAKO 3AUKCUPOBAHbL
30HbL NOMeHYUanbHoU Hecmabunbnocmu. Ha ocnoge nonyuennvix uHicenepHuiX OaHHbIX
Ovlia nocmpoena mMooenb NIOMUHbL 8 Npocpammuom Komniexce Plaxis 2D, 6 pamxax
KOMOpPOU Npo6edeHbl YUCTeHHble pacyémul YCMOUUUBOCMU HU308020 OMKOCA HA O8YX
kouesvix nonepeunuxax (IIK 5+00 u IIK 12+00). Mooenuposarue 6blnoaneHo 0is
PasIuUdHbIX cyeHapues ceticmuyeckou Haepysku (7 u 8 b6annoé no wkare MSK-64). B
pe3yiomame  onpeoeieHvl  Kodphuyuenmvl  YCMOUUUBOCMY,  NOMEHYUATbHbIE
NOBEPXHOCMU 0OpYUIeHUs], HANPAGLeHUsl UIbMPAYUOHHBIX NOMOKO8 U pacnpedeieHue
Qurvmpayuonnozo oasnenus. Ilposedénnoe ucciedoganue 6viA6UNLO0 HEOOXOOUMOCHb
peanuzayuu Meponpusmutl N0 peKOHCMPYKYUU U CeUCMOYCUNLEHUIO OMOETbHbIX Y4ACMKO8
NJIOMUHDL.

KiawueBble  cioBa:  cudpomexuuyeckue — COOPYICEHUs,  CelCMUYecKas
YCMOUYUBOCMb, NIOMUHA, MHO2O(aKmMopHoe 00C1ed08aHue, YUCTIEHHOE MOOeTUPOSaHuUe.
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1 INTRODUCTION

Dams are among the most critical and complex hydraulic structures built across rivers to create
reservoirs that serve essential functions such as flow regulation, flood control, water supply for
domestic and industrial needs, irrigation of agricultural lands, and hydroelectric power generation.
The safety and reliability of dams depend directly on their resistance to external loads, including
hydrostatic pressure, wind forces, and seismic activity-especially in regions with high seismic risk.

In recent years, the frequency and intensity of earthquakes have increased globally, including
in Kazakhstan. A particularly alarming event occurred on March 28, 2025, when an earthquake struck
near the village of Merke in the Zhambyl Region, near the Tasotkel Reservoir. This incident has
underscored the urgent need to reassess seismic safety strategies and initiate comprehensive
investigations of hydraulic structures located in seismically active zones.

The analysis of the technical inspection report on the Tasotkel Reservoir revealed serious
deficiencies in the existing practice of inspecting hydraulic structures in Kazakhstan. Many
inspections are carried out superficially and formally, without the use of modern methods,
computational models, or scientifically grounded approaches. This has raised valid concerns within
the scientific community and highlights the need to revise the current regulatory framework and
technical guidelines governing the assessment and maintenance of dams and reservoirs. The
development of new methodological standards that ensure comprehensive and reliable evaluations is
now more crucial than ever.

Against this backdrop, multifactor assessments gain particular importance. These assessments
consider the full spectrum of influencing parameters: engineering-geological conditions, current
technical state, deformation dynamics, filtration and sedimentation levels, as well as the seismic
vulnerability of structures. Unlike one-time visual inspections, a multifactor approach involves the
application of geophysical techniques, instrumented monitoring, engineering modeling, and digital
technologies, allowing for a comprehensive and objective evaluation of a structure’s condition.

Commissioned in 1974, the Tasotkel Reservoir is a strategically significant facility in the water
management system of southern Kazakhstan. It provides irrigation for more than 35,000 hectares of
agricultural land in the Shu and Moiynkum districts, supplies water to the Tasotkel Hydropower Plant
and maintains ecological flow in the downstream section of the Shu River. The reliable operation of
the dam is directly linked to regional food security, sustainable development of the agro-industrial
sector, and overall social stability.

Figure 1 shows a satellite image fragment depicting the Tasotkel Reservoir area, including its
boundaries, adjacent irrigation zones, and key hydraulic structures. The image was obtained using
remote sensing technologies and provides a clear visualization of the reservoir’s scale, hydrographic
position, and spatial relationships with the surrounding infrastructure.

The region’s harsh continental and arid climate, complex hydrogeology, and increasing seismic
activity necessitate a reassessment of existing engineering solutions. According to the General
Seismic Zoning Map (GSZ—475) and the national construction standard SP RK 2.03-30-2017%*, the
seismic hazard level at the site has been revised from 6 to 7-8 on the MSK scale, with a calculated
horizontal ground acceleration of ag = 0.279¢g for soil conditions classified as Type II. Combined with
the age of the structure and identified defects-such as the undermining of facing slabs on the upstream
slope due to wind-driven waves in April 2023-this situation necessitates reconstruction and seismic
strengthening measures.
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Thus, conducting a scientifically grounded, multifactor comprehensive assessment of the
Tasotkel Dam is not merely a technical necessity but a matter of national security, sustainable
agricultural production, and disaster prevention. The findings of this study will provide the foundation
for updating Kazakhstan’s normative and technical documents and for developing new standards for
the diagnosis and evaluation of hydraulic structures under increasing seismic threats.

Figure 2 presents a 3D situational plan of the Tasotkel Reservoir, illustrating its spatial position
within the river valley, the shoreline configuration, the location of main hydraulic structures,
irrigation canals, and infrastructure elements. The model provides a visual representation of the
terrain and allows for the assessment of the engineering and geographical features of the study area.

phrtiey

Figure 1 — Satellite image of the Tasotkel ReserV01r (https //earth google com/)
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Figure 2 — Situational Plan of the Tasotkel Reservoir
2 LITERATURE REVIEW

The issue of ensuring the reliability of hydraulic structures, especially under seismic conditions,
has been addressed in several recent studies. The rapid advancement of digital technologies has
significantly improved the accuracy of diagnostics and the ability to predict dam behavior under
dynamic loads.

For instance, Antonovskaya et al. (2015); Antonovskaya et al. (2019) emphasizes the
importance of visual inspection using unmanned aerial vehicles (UAVs), computer vision systems,
and artificial intelligence to assess the technical condition of dams. These technologies enable the
early detection of hidden defects, cracks, and signs of deformation.

Bathymetric surveys are also becoming an essential element of dam assessments. Simao Séco
e Pinto (2015) evaluated sedimentation rates and accumulation patterns at the Obruk Dam in Turkey,
allowing them to identify high-risk zones of siltation with precision.

Bonazzi et al. (2025); Gupta (2018) investigated the behavior of coarse-grained materials
under seismic loading and developed a numerical method for analyzing residual deformations in
rockfill dams-an approach that is critical for predicting long-term structural stability.

Historical events have demonstrated the high vulnerability of hydraulic structures to seismic
impacts. Earthquakes in Bhuj (India, 2001), Sichuan (China, 2008), Iwate—Miyagi (Japan, 2008), and
the devastating 2011 tsunami that damaged coastal embankments at the Fukushima Nuclear Power
Plant illustrate the consequences of insufficient structural diagnostics.

Particular attention must be paid to the series of destructive earthquakes between 2023 and 2025
in Turkey, China, Peru, and Chile, which revealed serious structural damage to dams and reservoirs,
including cracks in dam bodies, displacement of slabs, crest loss, and the emergence of groundwater.
These incidents highlight the pressing need for international collaboration in the field of dam
diagnostics, monitoring, and seismic strengthening.
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Hinks (2023); Yiadom et al. (2009) proposed an innovative method of seismic isolation for
earth dams using recycled steel-cord tires filled with a rubber-bitumen mix ("gumbrin"), which
significantly reduces seismic wave amplitudes.

Green et al. (2023) and Latrubesse et al. (2020) applied non-destructive testing and
engineering geophysics methods to assess the condition of earth dams at the Shapsug Reservoir. Their
findings helped identify zones of potential filtration and led to the development of foundation
reinforcement recommendations.

Adamo (2020) presented long-term observation data from the Akdarya Reservoir in
Uzbekistan, combining leveling surveys and mathematical modeling. This allowed for a substantiated
analysis of structural stability and the calculation of required reconstruction volumes.

A broad range of works by authors such as Xiang et al. (2022); Gorai et al. (2021);
Suwatthikul et al. (2021); Xiang et al. (2023) and Moldamuratov et al. (2021) are dedicated to the
topics of dam reconstruction, seismic resistance, and structural adaptation to evolving environmental
conditions.

Using dipole electrical sounding, Jakiyayev et al. (2023) identified a reduction in apparent
resistivity in the reservoir bed area of the Chirkey Dam, attributed to water saturation processes. These
findings have substantial implications for evaluating the filtration status of dam foundations.

Thus, the accumulated scientific and practical experience clearly indicates the need for regular,
multifactor, and comprehensive assessments of hydraulic structures, considering the combined impact
of natural and anthropogenic processes-particularly in seismically active regions.

3 MATERIALS AND METHODS

As part of the multifactor assessment of the Tasotkel Dam, modern methods were applied to
evaluate the technical condition of the hydraulic structure. These included visual inspection,
instrumental measurements, geodetic monitoring, non-destructive testing, as well as the analysis of
the physical and mechanical properties of soils and the condition of reinforced concrete structures.

Visual inspection was carried out along the entire length of the dam crest (1,200 meters) to
identify surface defects, breaches in structural integrity, and signs of deformation processes. Particular
attention was given to the following elements:

- condition of the facing slabs on the upstream slope;

- presence of cracks, delamination, and settlements along the crest of the dam,;

- integrity and functionality of the reinforced concrete parapet and warning barriers;

- signs of erosion and soil washout near the spillway and drainage components.

During the inspection, two local sections of damaged facing were identified, accompanied by
soil washout to a depth of up to 40 cm due to wind wave action. Surface displacement of the turf layer
was also observed on the downstream slope.

Instrumental measurements included:

- monitoring of piezometric levels in 13 observation wells (PK 5+5.0; PK 9+10; PK 13+00);

- determination of the position of the phreatic surface (depression curve) at various reservoir
water levels;

- control of filtration water levels using drainage wells;

- temperature monitoring of concrete structures.

The results indicated that the actual piezometric levels at PK 5+5.0 and PK 9+10 were 5.0 to
7.2 meters below the design levels, indicating a high drainage capacity of the foundation soils.

Geodetic monitoring was conducted to assess potential vertical and horizontal displacements
of'the dam body. High-precision total stations and leveling instruments were used (measurement error
not exceeding +1.5 mm per 1 km of double-run leveling). The following activities were carried out:

- leveling of 12 benchmarks along the dam crest;
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- repeated measurements of control points on the slopes;

- comparison of current coordinates with archival data from the period 2010-2023.

Non-destructive testing methods were used to evaluate the condition of concrete and reinforced
concrete structures, including:

- Ultrasonic testing: measurement of longitudinal wave velocity in the concrete of the parapet
and inlet section of the outlet works. Average velocity was 3600—4000 m/s, corresponding to concrete
of at least grade B15.

- Schmidt hammer testing: rebound values ranged from 25 to 32 units, confirming the required
concrete strength.

- Visual-instrumental defectoscopy: used to detect cracks, voids, and delamination in the
protective concrete layer.

Assessment of the soil condition in the dam body and its foundation was based on engineering
and geological investigations supplemented by targeted in-situ testing. The following parameters
were evaluated:

- internal friction angle: from 24° to 36°;

- cohesion: from 0.01 to 0.4 kg/cm?;

- dry unit weight: 1.51-1.66 g/cm?;

- natural moisture content: over 20%;

- porosity coefficient: 0.699;

- permeability coefficient for loose detrital foundation soils: 35 m/day.

Figure 3 presents fragments documented during the visual and instrumental inspection of the
Tasotkel Dam. The images illustrate characteristic defects in the facing slabs, areas of soil washout,
and structural elements affected by surface erosion and filtration processes. This visual data confirms
the necessity of implementing reconstruction measures and reinforcing specific sections of the dam.

Figure 3 — Inspection Fragmens
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The physical and mechanical properties of the foundation and dam body soils used in the
engineering calculations for strength and filtration stability are presented in Table 1. These parameters
were obtained based on data from engineering and geological surveys, laboratory tests, and field
observations, and represent the average values for the main engineering-geological elements of the
soil profile.

Table 1
Physical and Mechanical Properties of Soils

Sandy—gravel
soil of the Gravel
base

Unit of Soils of the | Priming prism

Name Designation measurement | dam body (gravel soil)

The weight of the
soil of natural Yan g/cm? 2,03 1.91 1,91 2.3
moisture

The weight of the
soil saturated Y

" g/cm? 2,06 2.0 2,00 2,5
with water

The modulus of
deformation of
the soil of natural
humidity
Modulus of
deformation of

soil saturated
with water

E kN/cm? 39000 40000 40000 -

E kN/cm? 20000 30000 30000 40000

Filtration

coefficient Ky m/day 0,41 32 35 75

The Poisson's

. v - 0,35 0,27 0,27 0,27
ratio

Soil adhesion of

. c kPa 31 1 - -
natural moisture

Adhesion of soil
saturated with Cc kPa 24 - 2 1
water

The angle of

internal friction
of the soil of ¢
natural humidity

The angle of
internal friction
of the soil 1) ° 18 - 33 40
saturated with
water

During the inspection of the Tasotkel Dam, measurements were taken of the water level in the
reservoir and the position of the phreatic (depression) curve of the filtration flow.

The measurements were conducted along three cross-sections - at PK 5+5.0, PK 9+10, and PK
13400 - when the reservoir water level was recorded at 514.85 m (with the normal pool level, NPL,
being 519.0 m). The results indicated a significantly low piezometric level, ranging from 5.0 to 7.2
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meters below the design values. Only in the downstream toe did the actual position of the depression
curve correspond closely to or match the design curve.

A detailed analysis showed the following: at PK 5+5.0, within the berm zone, the piezometric
level did not exceed 497.49 m, compared to the design value of 505.80 m; at PK 9+10, the level
remained below 498.8 m.

These findings indicate a high drainage capacity of foundation soils relative to the design
assumptions. At the observed locations, the actual phreatic surface lies significantly lower than the
projected line - by 3.1 to 7.2 meters.

Figure 4 shows the actual position of the phreatic surface at a reservoir level of 514.65 m, the
expected profile at NPL 519.0 m, and the maximum allowable position of the depression curve.

Cross-Section at PK 5+50 (along the dam)

Cross-Section at PK 9+10 (along the dam)

., s
o] 524 S206
.

Cross-Section at PK 13+00 (along the dam)

e, resseer
e T

Figure 4 - Position of the Phreatic Surface

4 RESULTS AND DISCUSSION

As part of the engineering assessment, the overall and seismic stability of the downstream slope
of the Tasotkel Dam was evaluated for two representative cross-sections - PK 5+00 and PK 12+00.
The analysis was carried out using the specialized software Plaxis 2D, a finite element method-based
program designed for geotechnical engineering applications, including deformation analysis, slope
stability assessment, and groundwater flow modeling.

The modeling process accounted for the stratification of foundation soils, material properties,
saturation conditions, and seismic loading. The physical and mechanical properties of soils used in
the calculations were based on field and laboratory data obtained from engineering-geological
investigations. Real-time measurements of the phreatic surface (depression curve), recorded during
the site inspection, were also incorporated.
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Figure 5 shows the calculation model for cross-section PK 5+00, including the slope geometry,
water levels, outlines of reconstructed sections, the phreatic line at the upstream water level of 519.0
m, and the potential failure surface under seismic loading with an intensity of 8 on the MSK scale.

Figure 6 presents the corresponding model for cross-section PK 12+00, used for evaluating
slope stability following the implementation of reinforcement and reconstruction measures. In both
cases, seismic conditions were considered in accordance with SP RK 2.03-30-2017* for soil type II,
with a design peak ground acceleration of ag = 0.279g.

The calculated safety factor (Fs) was determined for both static and seismic loading conditions.
The results demonstrated that:

- Under static conditions, the safety factor exceeded 1.5, meeting regulatory requirements;

- Under seismic conditions with an intensity of 8, the safety factor ranged between 1.1 and 1.2,
which is within acceptable limits and confirms the adequacy of the proposed stabilization measures.

These numerical modeling results validate the effectiveness of the design solutions for
stabilizing the downstream slope and support the implementation of these technical measures as part
of the comprehensive rehabilitation of the dam.

Calculation Model - PK 5+00. Load Case - 2.
Seismic Intensity — 8 points. Safety Factor (k) = 1.035
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Figure 5 - Calculation Model at Cross-Section PK 5+00

Calculation Model — PK 12+00. Load Case — 2.
Seismic Intensity — 8 points. Safety Factor (k) = 1.028
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Figure 6 - Calculation Model at Cross-Section PK 12+00

The Figures 7-18 present the results of numerical modeling performed using the Plaxis 2D
software for cross-sections PK 5+00 and PK 12+00, considering seismic loads with intensities of 7

and 8 on the MSK-64 scale.
The models include:
- the geometric configuration of the slopes after reconstruction;
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- current data on the position of the phreatic surface at the upstream water level o 519.0 m;

- calculated potential slip (failure) surfaces of the downstream slope;

- values of the safety factor (Fs) under static and seismic loading conditions;

- directions and magnitudes of filtration flow within the dam body.

The simulation results illustrate the slope behavior under different seismic scenarios, including
displacements, stress distribution, and critical zones of potential instability. Filtration flows within
the dam body and foundation are visualized using a vector field, which allows for the identification
of'areas with concentrated seepage pressure and the assessment of groundwater movement directions.

Figure 7 presents the calculation schemes for the cross-section at PK 5+00, developed using
the Plaxis 2D software under two seismic scenarios. In Load Case 1, with a seismic intensity of 7
points on the MSK-64 scale, the calculated safety factor was k=1.227, indicating a stable slope. In
Load Case 2, under 8-point seismic loading, the safety factor decreased to k=1.035, approaching the
limit of stability and indicating the need for seismic reinforcement of the downstream slope.

Figure 8 illustrates the phreatic surface position at an upstream water level of 519 m. The
configuration of the seepage line allows for the assessment of hydrogeological behavior and the
effectiveness of the drainage system under operational conditions.

Figures 9, 10, and 11 show three critical load cases representing the potential failure surfaces
of the downstream slope under increasing seismic intensity. Figure 9 depicts the most probable slip
surface formed under moderate saturation and dynamic loading conditions. Figure 10 highlights
stress redistribution within the dam body and potential deformation development in weakened zones.
Figure 11 models a worst-case scenario involving full saturation, maximum seepage, and peak
seismic intensity. In all three cases, the safety factors approach minimally acceptable values, requiring
further analysis and design measures.

Figure 12 visualizes the seepage flow field within the dam body at PK 5+00. Flow vectors
illustrate the direction and magnitude of water movement, allowing the identification of zones with
concentrated seepage pressure and potential internal erosion.

Figure 13 presents the calculation schemes for the cross-section at PK 12+00. In Load Case 1
(7-point seismic intensity), the safety factor was k=1.209. Under Load Case 2 (8-point seismic
intensity), the safety factor decreased to k=1.028, again indicating the need for slope stabilization
under seismic action.

Figure 14 displays the phreatic surface for PK 12+00 at an upstream water level of 519 m. The
results highlight specific features of the seepage regime and help evaluate the performance of
drainage elements in this section. Figures 15, 16, and 17 illustrate additional special seismic load
cases at PK 12+00. Each model varies the saturation and seismic intensity parameters to simulate
structural behavior under critical combinations of loads. The results identify areas of potential local
instability, providing a foundation for future strengthening measures.

Figure 18 presents the distribution of seepage flows within the dam body at PK 12+00. The
vector field helps identify zones of increased water inflow and material migration, which can impact
on the structural integrity and long-term reliability of the dam.

162



QazBSQA Xatapusbicbl. Ne2 (96), 2025. KypbLibic

Necuan o paswivei rpy Wr
O0oM0BIHIR

FLL4 AN & 5 494,00 |
/ TR RN L 7/ 493,00
=, N ecsmro rpammivedd oy e S o
] ) | M
Figure 7 — Calculation Schemes:
a— PK 5+00, Load Case 1, Seismic Intensity — 7 points, Safety Factor (k) =1.227;
b — PK 5+00, Load Case 2, Seismic Intensity — 8 points, Safety Factor (k) =1.035
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Figure 8 — Phreatic Surface at the Upstream Water Level of 519 m
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Figure 18 — Water Flow within the Dam Body at PK 12+00

The presented calculation results represent the initial iteration of numerical modeling. At this
stage, preliminary data from engineering and geological investigations and field inspection
parameters were used.

Further modeling and analysis will be refined and expanded based on the results of laboratory
experimental studies, including tests for strength, permeability, and the deformation characteristics of
soils and concrete. This will enhance the accuracy of computational models, enable calibration of
input parameters, and provide a more reliable assessment of dam stability under various operational
and seismic conditions.

The data obtained in subsequent stages will also serve as a basis for developing
recommendations for seismic strengthening, monitoring, and planning of reconstruction measures.
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5 CONCLUSIONS

1. A comprehensive multifactor assessment of the Tasotkel Dam, located in a seismically active
zone of southern Kazakhstan, was conducted using modern methods for evaluating the technical
condition of hydraulic structures. The assessment included visual inspection, instrumental and
geodetic measurements, non-destructive testing, analysis of the physical and mechanical properties
of soils, and inspection of reinforced concrete structures.

2. The inspection results revealed several defects and deviations from the design parameters,
including localized damage to the upstream slope facing, signs of erosion, turf layer displacement,
and discrepancies in the phreatic surface levels. Piezometric measurements confirmed the high
drainage capacity of the foundation soils but also indicated the need for detailed monitoring of
filtration processes.

3. Geodetic and instrumental observations did not identify critical deformations, though the
analysis of archival data from 2010 to 2023 showed accumulated changes that require engineering
intervention. The mechanical properties of soils mostly met regulatory standards, but certain zones
with reduced strength were identified and required reinforcement.

4. Numerical modeling performed using the Plaxis 2D software allowed for an evaluation of
slope stability under both static and seismic loading conditions (intensity of 7 and 8 on the MSK-64
scale). The calculations demonstrate satisfactory stability of the slopes after the proposed
reconstruction measures. Visualization of filtration flows and potential failure surfaces identified
critical zones and informed recommendations for their strengthening.

5. The study emphasizes the need to revise existing regulatory documents and standards
governing the inspection of hydraulic structures. The analysis of previously conducted inspections
revealed that they were largely superficial and fragmented, failing to meet modern safety and seismic
resilience requirements.

6. The presented results represent an initial modeling iteration. Further laboratory testing is
planned to refine input parameters and calibrate the models. This will improve the reliability of
predictive assessments and support the development of reconstruction and seismic strengthening
measures, as well as long-term monitoring programs.

7. The findings of this study confirm the importance of adopting a multifactorial approach to
the diagnostics of hydraulic structures in seismically active regions. The methodology developed here
can serve as a foundation for updating engineering safety guidelines and advancing national standards
in the field of hydraulic infrastructure assessment.
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