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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). 

 

 

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. 

 

 

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  (1) 

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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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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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: 

𝛿𝑚𝑎𝑥 = 0.001𝐻𝑑𝑎𝑚
3 2⁄

  м,    (3) 

 

where: δmax is the maximum settlement of the dam crest during the operating period (T=∞), 

Hdam 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 Hdam is equal to the full height 

of the dam, and te - is a variable value. 

 

 

 

 

(4) 

 

y = -1E-07x3 + 0.0003x2 - 0.318x - 18.955
R² = 0.9955
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Table 1 

 

Calculated maximum settlements of the dam crest at different height sections 

 

 

As can be seen from the calculations, when T→∞ 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→∞) 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 

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 0.41 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

Метры
Hпл
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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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ОЦЕНКА ОСАДОК ПЛОТИНЫ ВЕДИ ПРИ СТРОИТЕЛЬСТВЕ И 

ПРОГНОЗ ОСАДОК В ПЕРИОД ЭКСПЛУАТАЦИИ 

 

Г.С. Габаян 

Институт водных проблем и гидротехники им. академика И.В.Егиазарова
 

 

Целью настоящих исследований является оценка возможных осадок гребня 

плотины Веди, на основании результатов натурных исследований за осадками в 

строительный период.  

Результаты исследований показали, что осадки плотины во времени носят 

асимптотически затухающий характер, после 1000-1200 дней с момента укладки слоя 

составляют примерно 5% от полных осадок в строительный период, т.е. практически 

затухают.  

На основании ранее сделанных заключений следует, что ожидаемые предельные 

осадки за период строительства, даже при линейном прогнозе (оценка сверху) составят 

128,5 см, т.е. до завершения строительства составят примерно еще 6 см и ими можно 

пренебречь.  

Анализ результатов натурных исследований по данным инклинометра показывает 

классическую сходимость с теоретическими исследованиями в данной области. Это 

позволяет заключить, что качество исполнения насыпи тела плотины высокое и не 

следует ожидать каких-либо аномалий по осадкам плотины в эксплуатационный период. 

Возведение насыпи плотины Веди производилось медленно (примерно 6 лет). Это 

привело к значительному самоуплотнению насыпи плотины. Это позволяет утверждать, 

что реальные осадки плотины в период эксплуатации не превысят значения осадок, 

полученных по формуле Лаутона Лестера, и будут составлять не более 81 см. 
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