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Abstract. To protect the slopes of the ground dam from the devastating effects of wind waves,
ice, water flow, precipitation and other factors, a number of engineering measures are provided.
Based on this, an engineering decision is taken on the choice of materials for fastening structures, as
well as methods for calculating their stability. When calculating the stability of the upper slope, two
cases of a combination of loads and impacts are mainly considered. One of them is the reduction of
the water level in the reservoir with maximum speed, and the other is the case when the water level
in the reservoir is at the lowest operational level. The article investigates the processes of sliding of
natural slopes of the upstream dam. Taking into account the combined action of the forces of
filtering, weighing and vapor pressure, as well as the force of hydrostatic pressure to the level of
dead volume. The equation for the stability coefficient of a circular-cylindrical slip of a uniform
natural slope of the upstream dam has been obtained.

Annomayus. J17ig 3alIUThl OTKOCOB TPYHTOBOM IUIOTHUHBI OT Pa3pyLIMTENBHOIO BO3AECHCTBUS
BETPOBBIX BOJIH, JIbJIa, BOJOTOKA, aTMOC(HEPHBIX OCAIKOB U IPYTUX (DaKTOPOB MPEILYCMOTPEH P
MH)XEHEPHBIX MepornpusaTuil. Ha ocHOBaHMM 3TOr0 MPUHUMAETCs HHXXEHEPHOE pellleHre 0 BEIOOpY
MaTepuaJIoB JJI1 KPEIUIEHHWs KOHCTPYKIMM, a TakKe METOJOB pacueTa MX ycroumBocTH. [Ipm
pacdere yCTOMYMBOCTH BEPXHErO CKJIOHA B OCHOBHOM DPACCMATPUBAIOTCS JBa CIIy4ash COYETaHUs
Harpy3ok u yaapoB. OfMH M3 HUX — CHUXXEHHE YPOBHS BOJABI B pe3epByape ¢ MaKCHUMaJbHOU
CKOPOCTBIO, @ JPYTroil — Cily4aid, KOIla ypOBEHb BOJBI B PE3€pByape HAXOAUTCS HA CAaMOM HU3KOM
paGouem ypoBHe. B crarbe uccienyroTcs Hpouecchl OMoj3aHUsl €CTECTBEHHBIX OTKOCOB BepXHEH
IUIOTUHBI C yYETOM COBMECTHOIO JEWCTBUSA CHJI (HIBTPALMM, B3BEIIMBAHUS, a TAaKXKe CHJIIBI
THIPOCTAaTUYECKOTO JaBJICHHUS Ha YpPOBEHb MepTBOro oObema. IlomydyeHo ypaBHeHHE s
K03((UIIMEeHTa YCTOMYMBOCTH KPYIIIO-IIMIUHIPHUUECKON MOBEPXHOCTU CKOJBKEHHS  BEPXOBOTO
OTKOCa IJIOTUHBI.

Keywords: protective coating, maximum wave velocity, slope, hydrostatic pressure, wave
pressure force.
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Kniouesvie cnosa:  3allUTHBIA ~ CJIOM,  MakCUMallbHasi ~ CKOPOCTb  BOJIHBI,  OTKOC,
THAPOCTATUYECKOE JIaBJICHNUE, CHJIa HAropa BOJIHEIL.

Currently, the Republic of Azerbaijan faces a very urgent task of developing agriculture,
developing new areas for agricultural land and providing irrigated areas with the required water
rate. The recent events on the liberation of the occupied territories of the Karabakh region made it
possible to improve water consumption in several regions. Reservoir complex Sugovushan built on
the bed of the Tartar River in 1975 was put into operation. For about 30 years, this hydrojunction
was in the occupied zone and was operated without fulfilling the conditions of the regulatory
requirements for the operation of reservoirs. It should be noted that the influence of waves on the
slopes of the dam leads to the destruction of the protective layer of the dam. This fact leads to the
destruction of the structure, which entails the problem of irrigating the lands of 6 districts of
Karabakh region. Therefore, the issue considered in this article is relevant. Ground dams are one of
the main facilities for creating a floodwater reservoir out of river course. The strengths of their
upper slope is calculated on identification of levels of the upper and lower boundaries [1].
Therefore, protection slopes of the upper slopes of ground slopes are calculated out of two levels:
normal overloaded (or flood disaster) levels and dead storage levels.

Research and calculations

The lower boundary of the upper slope is determined according to the dead storage level
(Figure 1).

fron-concrete

A Protection sheet

Figure 1. Scheme for Determination of the dead volume level of the lower boundary of the upper slope
of the land bund

In most cases, the dead storage is considered a few meters above the lowest berm of upper
land slop. According to observed cases it is desirable to have the depth of protective cover H., =
2h,q, of the lower boundary of the upper slope [2].

However, according to common practice in the design and engineering the dead storage level
is often at the same level as the berm. For example, the DSL is at the level of 760,0 meter water
reservoir built on the Araz River, on the upper slope of the Araz, at the border of Nakhchivan
Autonomous Republic and Iran. Considering that the height of the wave as a result of the wind 10
meters above the surface of the water does not exceed h;q,, then the lower boundary of the upper
slope of the watercourse is DSL and slightly higher altitude can be considered. Therefore, it is
reccommended that the depth of the depression between the dead storage level and the strength
surface of lower border of the upper slope to be as Hqg; = 1.2ho, (Figure 1).
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When the level of the water in reservoir falls to [IDSL as a result of the wind with impact of
1% and velocity (hq¢,) above 10 meters of surface, it is one of the most important issues to check
the washing-out process at upper slope of the earth dam. To do so, it is necessary to know the
maximum value of the motion velocity above the upper slope of that wave. At the level of the dead
storage, heel point of the surface of the wave (profile) velocity is the smallest, when the pick of the
wave reaches the highest level, the velocity of the water mass (c) in the heel section becomes
maximum.

As noted, the strengthening point of the surface of upper slope is considered a few meters
lower where the velocity of the wave reaches maximum (c). However, there is a practice in
designing to strengthening of upper slope by covering with stone coatings where the wave velocity
reaches maximum (c). Thus, it is important to know the maximum velocity of the wave to
determine whether the bottom layer is washed or the wave impact towards the each piece of cover-
up. By determination of the speed it is possible also to test the wash-out of the concrete surface on
the slope.

During the fluctuations in the dead storage level of the reservoir, according to the rule of
continuity of flow, same amount of water flows from the depth (h) of wave hole to the H, depth
wave peak. Therefore, to find the maximum (c) velocity of the wave, it is necessary to use the
continuity of the flow (absolute) and Bernoulli equations (Figure 2). These equations are expressed
as follows [3]:

cbh cosa =vbH, cosa , (1)
2 2 2 2
h+ccosa=&tga+Ho+vcosa’ (2)
2g 2 2g

where: b — width of the flow of water flowing as a result of the upstream fluxing process; v
— velocity of movement of the water flow mass at the wavelength; o — angle between the upper
slope and the horizontal line, below the dead storage level: a = ctg m; m — coefficient of the earth
dam below the dead storage level.

Figure 2. Hydraulic calculation scheme of fluctuation process when level of water falls into dead
storage level in reservoir

In the equation (2), the pressure of the resistance caused by erosion during the flow of the
wave in upper slope has not been taken into consideration. From the equation (1) we find the
velocity of the flow at the wave peak as follows:

hc (3)

U:H—O
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If we replace formula (3) in equation (2), then it looks like below:

c?cos?a c?cos?a h? 4)
29 29 H?’

The maximum (c) velocity of the wave (4) can be found as follows:

h + =%tga+H0+

c%cos?a ( h?

_y_ 2 —h: )
20 1 Hg)—ztga+HO h;

-t | _29 (At +H h)
€~ Cosa HEZ — h? 2 94T o

As formula (5) describes, it is theoretically possible to calculate the maximum height of water
mass flowing over the upper slope surface (c), wave length (1), depth of the pick and the heel of the
wave (Hy —h). Thus, since A, Hy and h parameters are possible to set experimentally, we can
calculate the velocity (c) by using the formula (5).

It is important to look at the attribution of hydrostatic and wave pressure loads of the water
separately to enable the check for strength the bottom part of the water reservoirs below the dead
storage level of the surface of monolithic vascular concrete pans. The hydrostatic pressure of the
water can be determined in two cases. In the first case when the water in upper byef is in dead
storage level, the hydrostatic pressure epirus becomes in the form of a rectangular triangular and
maximum value of the epilent becomes at the lower edge of reinforced concrete pan of the slope
calculated with equation (6):

Plls = YwHpsn = 1-2th1% (0)

Since the width (b) of the water flow mass is constant, the pressure load forces are found in
the plane surface problem. In this case, the force generated by the pressure load is as follows

(Figure 3):

Figure 3. Scheme of determination of hydrostatic pressure load affecting the lower part of the upper

slope cover
1, . [TTme (7)

In the latter case, the hydrostatic pressure epithelium is in the form of a rectangular trapeze
when the water is in the normal drowning level. The top and bottom seats of this episode are
defined as follows:

{ Pos = VW(VNBS —VDSL) = VwHworking (8)
Pis = ¥w(VNBS — VDSL + Hpg,) = yw(Hworking + 1.2hyy)
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Hyorking— 18 a working pressure on the water reservoir's working prisma
(between the levels of VNBS and VDSL)

Taking into account the equation (8), hydrostatic pressure is calculated as follows:

1 , — 9
PS = E (POS + PlS)L = 1'2)/Wh’1%(Hi§‘§i + 0.6h1%) 1 + mz ( )

In comparison of formulas (8) and (9), it is desirable to use the formula (9) for verifying the
strength of the reinforced concrete ceiling below the VDSL. Given the impact of these hystrostatic
pressure loads along the length of the sloping part, the monolithic reinforced concrete coating on the
ground environment can be calculated as bending deformations as a console structure.

It is possible to calculate the force by determining the cost of the pressure epartment divided
into 4 parts, from the heel to the peak on the surface of the wave to find the maximum impact
strength of the wave pressure to the upper slope of the ground beneath the dead storage level of the
reservoir. At the L1 longitudinal section of the slope, the wave crosses at the point where the surface
of the wave is at the forefront of berm, so you can take 75% of the area completed to rectangle to
find the area of this episode (Figure 4):

Figure 4. Determination scheme for maximum pressure load in the fluctuation process when the water
level drops to DSL

3 (10)
P = ZVWPOdLl

The strength of the pressure and value from the heel of the wave to the pick can be calculated
by Simpson's rule [4].

1 11
Pl:§Z(P0d+4P1d+2P2d+4P3d+Phd) ( )

Here, the distance between the orbits of the wave pressure load: /=L/4;
The L-wave's pressure load epide has a length and is found in Figure 2 and 4 using
geometrics:

L =%w/1+tg2a+(H0—h)sina; (12)

P,4, P14, P24, P34, Prq-- are wave pressure coordinates and been calculated as follows:

P,q; = ywHycosa; Pz = y,hicosa; Pry = v, hycosa; (13)
P34 = ywhscosa; Pyg =y, hcosa;
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If we replace the expression (12) and (13) in (11), the formula becomes as following:

1701 14

P, = 12 [E)l\/tgza + (Hy — h)sina|y,cosa(Hy + 4h, + 2h, + 4h; + h) (14)
The ultimate pressure load on the upper slope of the wave is as follows:

Pd = P1 + Pz (15)

If we apply (10) and (14) statements in (15), we obtain the following formula for calculating
the force generated by the wave's final pressure load:
(16)

1 1
Py = 7w {§ (Ho + 4hy + 2h, + 4h3 + h) [/1\/1 +tg?a + (Hy — h)sina] + +3H0L1}cosa

Thus, using the formula (5), (9) and (16), it is possible to find the maximum speed, the
hydrostatic pressure force and the force generated by the pressure of the known wave.
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