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Abstract

The aim of this study is to assess the potential settlements of the crest of the Vedi Dam
based on field observations during the construction period. The results indicate that dam
settlements follow an asymptotically decreasing trend over time. After 1000-1200 days from
the placement of a layer, the settlements amount to approximately 5% of the total construction-
period settlements, effectively tapering off.

Based on prior findings, it is concluded that the expected maximum settlements during
the construction period, even under a linear (upper-bound) forecast, will total 128.5 cm.
Therefore, by the end of construction, the remaining settlements are estimated to be about 6 cm,
a value that can be considered insignificant.

Field monitoring results from inclinometers show classical compliance with theoretical
studies in the field. This suggests high construction quality of the dam embankment and
indicates no expected anomalies in settlement during the operational period. The dam
embankment was constructed slowly-for about six years -which contributed to significant self-
compaction of the dam body.

It can be concluded that actual operational settlements will not exceed those calculated
using the Lawton-Lester formula and will remain within a limit of 81 cm.
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Introduction

The nature of the settlement of the rock-earth dam body during the operation period
differs significantly from the nature of the settlement during the construction period. The reason
for this is the occurrence of additional loads from the upper pool of the dam, as well as the
alternating saturation and drainage of the dam body with seepage water.
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It follows that predictive estimates of dam settlement during the operation period cannot
be obtained based on processing the results of measurements from the monitoring system during
the construction period.

There are a number of empirical and semi-empirical relationships for assessing the
settlement of a rock-and-earth dam during construction. The most common of these is the
Lawton-Lester formula, based on a generalization of the results of in-situ observations of a
number of dams during operation.

Studies have shown that in real conditions, dam settlements occur much more intensively in the
first years of operation, and practically reach maximum values by 12-15 years of operation [1].

Due to changes in dam loads during the operational period, it is not recommended to
forecast the settlement of the dam crest based on the results of in-kind studies of settlements
during the construction period.

Conflict setting

The aim of this study is to assess the potential settlements of the crest of the Vedi Dam
based on field observations during the construction period. The results indicate that dam
settlements follow an asymptotically decreasing trend over time. After 1000—-1200 days from
the placement of a layer, the settlements amount to approximately 5% of the total construction-
period settlements, effectively tapering off.

Research Results
The assessment was carried out based on the results of precipitation observations using
a 4-1 inclinometer installed in the central part of the dam (Fig. 1).
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Fig.1 Cross-section 4-4 of the Vedi dam, with inclinometer 4-1

To conduct the analysis, the observation results for the period from March 3, 2020 to
December 9, 2023 were assessed.

To ensure the reliability of the analysis, the first stage was a critical analysis of the
observation results and the measurement results with clearly erroneous data were discarded. In
some cases, the measurement results were adjusted by linear interpolation between adjacent
measurements.
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As a result of data processing, the curve presented in Fig. 2 was obtained.

Dam settlements by height as of 09.12.2023
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Fig. 2 Dam settlements along the axis of inclinometer 4-1 as of 12.09.2023

As can be seen from the figure, the greatest settlement during the construction period is
confined to a point with a height of 38.8 m, i.e. approximately a sardine of the dam height. This
corresponds to theoretical calculations of the dam settlement [3].

To assess the impact of the time factor on the dam settlements, points with the longest
observation period were selected. The graphs of the settlements of the specified points over
time, according to the processed observation data, are shown in Fig. 3.

As can be seen from the figure, all curves have an asymptotically damped character.
Their approximation by a 3rd degree polynomial gives a fairly high correlation between the
data (R2=0.95-0.98). As expected, the greatest precipitation from the points under consideration
is observed at the point with the greatest height from the dam base.

The polynomial equation at a given moment in time has the form:

d=8%exp (-8) *T3-0.003T2+0.3259*T+23.79 )

where: d (cm) is the settlement of a given dam layer at time T (days) from the start of
observations.

Based on the nature of the approximation curves, it can be stated that the settlements
after 1000-1200 days from the moment of laying the layer constitute approximately 5% of the
total settlements during the construction period, i.e., they practically fade away.

Fig. 4 shows the curve of the settlement of a point located in the plane of the average
height of the dam over time. By the time of the last measurements, this point had been observed
for 894 days.
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Dam body settlements over time
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Fig.3 Dependence of sediment on time

The polynomial equation at a given moment in time has the form:
d=-1*exp (-7) *T3-0.003T2-0.318*T+18.96 (2)

It is expected that precipitation will stabilize before reaching the value T=1200 days. In
this case, the expected maximum precipitation for this period, even with a linear forecast, will
be:

d1200:128,50 sm.

Until the comparative stabilization of the embankment, the settlement is expected to be
another 12.1 cm compared to the settlement on 12/09/2023. Considering that the settlement of
the dam crest compared to the average height of the dam cross-section will be about 50%, the
maximum settlement of the dam crest from 12/09/2023 will be about 6 cm when estimated from
above.

In the case of a nonlinear forecast, the expected precipitation is significantly less. Their
value can be obtained by substituting the value of T into equation (2). In this case, we obtain
that the settlement of a point located on the plane of the average height of the dam before
relative stabilization will be:

d1200=117-2 sm.
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Precipitation of point 4-1-14 in time
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Fig. 4 Dependence of precipitation at point 4-1-14 on time

According to the Lawton-Lester formula, the maximum settlement of the dam crest
during operation will be:

Smax = 0.001H/2 w, 3)

dam

Where: dmax 1s the maximum settlement of the dam crest during the operating period (T=©),
Haam IS the height of the dam in the design section.

Calculation using formula (3) shows that the maximum settlement of the Vedi dam
during its operation will be 81 cm in the central part of the dam. This value should be taken as
a basis for designing the dam crest with the crest mark exceeding the expected settlement.

Tab. 1 shows the calculated maximum settlements of the dam crest at various elevations.

The calculations were carried out using dependence (4), which describes the settlement
of any point of the dam only during the operational period, while Hgam is equal to the full height
of the dam, and te - is a variable value.

A, v8

Spty =07 Y1 (156 |+ i (A A—BlnB—Aln A+ BinB),

rae A=0--A(f—1,); B=0+M.

(4)
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Table 1

Calculated maximum settlements of the dam crest at different height sections

Mertpsl

Huut 0 1 2 3 4 5 6 7 8 9

80 0.72 0.73 0.74 0.76 0.77 0.78 0.80 0.81 0.83 0.84

70 0.59 0.60 0.61 0.62 0.64 0.65 0.66 0.68 0.69 0.70

60 0.46 0.48 0.49 0.50 0.51 0.52 0.54 0.55 0.56 0.57

50 0.35 0.36 0.37 0.39 0.40 041 0.42 0.43 0.44 0.45

40 0.25 0.26 0.27 0.28 0.29 0.30 0.31 0.32 0.33 0.34

30 0.16 0.17 0.18 0.19 0.20 0.21 0.22 0.23 0.23 0.24

20 0.09 0.10 0.10 0.11 0.12 0.13 0.13 0.14 0.15 0.16

10 0.03 0.04 0.04 0.05 0.05 0.06 0.06 0.07 0.08 0.08

0 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.02 0.02 0.03

As can be seen from the calculations, when T—o0 of the dam settlement, the rate of
increase of vertical stresses tends to 0. In this case, the vertical settlement of the dam crest will
reach a value of 75 cm. The obtained result is in comparable values.

Conclusions
From the above analysis, the following conclusions can be drawn:

1. According to the results of observations of the dam settlement in the central section, no
anomalies are detected in the process of self-compacting of the dam embankment during
the construction period. This indicates that the construction work, in particular the rolling
of the backfilled dam body, was properly performed.

2. The maximum amount of precipitation is observed in layers located approximately in the
middle of the dam in height and on the 1376th day after the start of observations it is about
120 cm. This corresponds to theoretical studies.

3. The estimate of further construction settlements of the dam crest when calculated from
above (linear regression) will be no more than 6 cm.

4. The actual dam crest settlements (polynomial regression) are insignificant and can be
neglected.

5. To estimate the final settlement of the dam, it is recommended to use the Lawton Lester
formula, based on the analysis of the results of field observations of a number of similar
dams.

6. According to calculations, the final settlement of the dam (T—o0) will be 81 cm. Settlement
calculations show that the final settlement of the Vedi dam crest will be 75 cm.

7. The analysis of the results of field studies based on inclinometry data shows a classic
convergence with theoretical studies in this area. This allows us to conclude that the dam's
earthworks are of high quality and that no anomalies in dam settlements should be expected
during operation.

8. The construction of the embankment of the Vedi dam was carried out slowly (approximately
6 years). This led to significant self-compaction of the embankment of the dam. This allows
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us to state that the actual settlements of the dam during the period of operation will not
exceed the values of settlements obtained by the Lawton Lester formula.
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1200 op wug npwup Ywqund Gu ohtwpwpnipjwt pupwgpnd punhwunyp bunywdpubiph
dnnwynpwuybu 5%-p, wjuhupt’ gnpduwlwund hwugsnud Bu:

Lwpuyphund wpdwd bgpwlwgnipniuubphg  hbGunbund £, np shuwpwpnipjwu
pupwgpnd uywuynn wnwybjugnyu bunywdpubpp, unyuhuy gdwjhu Yuwufuwwmbudwdp
(Jephtu quwhwwnwlywuny) YYwqdbu 128.5 ud, wjuhupt' 2htuwpwpnipjwt wwnunhg wnwy
npwup Yhubu dninwynpwwbiu 6 ud-nd wybh U Yupnn Gu wunbuyb:
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Pwbuh pwnbp. onip, ywwndwn, spwdpwn, nwownwiht nunwdbwuhpnig)niuubp,
Uunywdpubip:

OLIEHKA OCAJIOK MJIOTUHBI BEJIM ITPU CTPOUTEJLCTBE U
MMPOTHO3 OCAJIOK B NEPUO/ DKCILTYATALIUU

I'.C.T'a0asn

Hucmumym 600nbix npobnem u euopomexnuxu um. akademurka U.B.Eeuazaposa

[lenbl0 HACTOSIIMX WCCIICOBAHUIA SIBISAETCS OIEHKA BO3MOXKHBIX OCaJOK T'peOHs
IUIOTHHBI Benn, Ha OCHOBAaHWHU pE3YJbTATOB HATYPHBIX HCCIIEOBAaHWH 3a OcCagKkaMu B
CTPOUTEIIBHBIN IEPUO,.

Pe3ynpTaTthl uMcclieoBaHWM TMOKa3ald, YTO OCAAKH IUIOTUHBI BO BpPEMEHH HOCST
ACHMITTOTHYECKHU 3aTyxarommmii xapaktep, mociae 1000-1200 nueit ¢ MOMEHTa YKIQJAKH CIIOS
COCTABJIAIOT MPUMEPHO 5% OT MOJHBIX OCAIOK B CTPOUTEIBHBIA MEPUO, T.€. MPAKTUICCKH
3aTyXaroT.

Ha ocHOBaHMU paHee clieTaHHBIX 3aKIIOUYCHHUH CIIEAYeT, YTO 0KUJAEMBbIC MPEeIbHbIC
OCAaJIKH 3a MePHOJ] CTPOUTENBCTBRA, JaXe MPU JTUHEHHOM MPOTHO3€ (OIIEHKAa CBEPXY) COCTABAT
128,5 cM, T.e. 10 3aBEpIICHHS CTPOUTEILCTBA COCTABIT MPUMEPHO €Ile 6 CM M UMU MOXKHO
npeHeOpeys.

AHanu3 pe3yJIbTaTOB HATYPHBIX UCCIICIOBAHUM 110 JAHHBIM HHKIIMHOMETPA TTOKA3bIBACT
KJIACCUYECKYI0 CXOJUMOCTh C TEOPETUUYECKHMHU HCCIICAOBAHUSAMH B JaHHOW 00iacTu. DTO
MO3BOJIIET 3aKIIOYUTh, YTO KAYECTBO HCIOJHEHHUS HACBHIMM Tella TUIOTHHBI BHICOKOE M HE
CJIETyeT O’KUAATh KAKUX-JINO0 aHOMAJTH 110 0CaIKaM TUTOTHHBI B OKCIUTYaTallMOHHBINA TIEPHO.
Bo3BeieHne Hachiu IDIOTHHBI Beaw MpoOWM3BOIMIOCHE MEUICHHO (IMpUMepHO 6 ser). DT1o
NPUBEJIO K 3HAYUTEIILHOMY CAMOYIUIOTHEHHUIO HACHIH TUIOTHHBL. JTO MO3BOJISET YTBEPKIATh,
YTO pealibHble OCAJK{ TUIOTUHBI B MEPHUOJI IKCILTyaTalldd HE TPEBBICSAT 3HAYCHHsS OCAIOK,
noiyueHHbIX 0 ¢popmyie Jlayrona Jlectepa, u OynyT coctaBiars He 6osee 81 cm.

Knwueswie cnosa. BOJa, Iu10THHA, BOJOXPAHUIUILEC, HATYPHBIC UCCIICAOBAHMA, OCAIKN
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