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Calculation methods for strengthening and covering slopes with paving stones or tiles
have been developed, and precise formulas for calculating the diameters of paving stones
have been adopted. The three most characteristic locations of the triangular base of the
measuring pyramid on the slope are: a) When the stones forming the nest on the slope are
positioned in such a way that the measuring stone placed on the tip of the pyramid is most
easily overturned in the direction of the tidal current; b) When the measuring stone can be
tilted in the direction of the shoreline, towards large widths; ¢) When the possible direction of
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overturning makes a large angle of 30° with the shoreline, that is when one of the sides of the
equilateral triangle of the base of the pyramid is parallel to the shoreline.

Keywords: channel, alongshore wave, coastal slope, shoreline.

Introduction

Of all the coastal protection measures, the protection of coastal slopes by stone sketch
has the longest history. Currently, based on theoretical development or experimental and field
observations, methods for determining diameter or weights of stones, stable waves [3, 5, 6]
are created and created, but these formulas relate only to the frontal impact Waves on the
shore and, therefore, their use for assessing the stability of the stone sketch of the coastal
slopes of channels requires the corresponding correction. Here, first of all, we are referring to
the Shaitan calculation scheme, which deals only with the frontal impact of the waves on the
stone fill and in which the calculated stones are erroneously cylindrical rather than spherical
(Fig. 3, @) and b)).

Conflict Setting
Below, we restrict ourselves to the consideration of the three, the most characteristic
locations of the triangular base of the pyramid of stones on the slope (Fig. 3.c))

Research Results

Let us consider the stability of soil particles forming the coastal slope of the channel
when alongshore periodic waves are superimposed on the surface of the water flow. Suppose
that the water depth on the slope above the calculated soil particle is equal H , and the soil

particle size is negligible in comparison with the length (1) and with the amplitude (a) of

the alongshore wave. Let us also assume that a crystalline soil particle has a shape close to a
cube with a side d .

s

Fig. 1 Design scheme of alongshore waves in the channel

Since three-dimensional waves act on a soil particle on a slope, the particle can move
in the following three directions: along the axis y', which is aligned with the coastline; along

12



Bulletin Of High Technology N 4 (28) 2023.-pp. 11-19. WATER SYSTEMS
Sh.N. Gagoshidze, V.H. Tokmajyan, M.A. Kodua, G.S. Gabayan

TO THE CALCULATION OF BANK PROTECTION MEASURES
FOR CHANNELS SLOPES EXPOSED TO ALONGSHORE WAVES

the axis , located in the plane of the slope and directed downward, towards the great depths of

the water, and in the direction of the axis z', i.e., orthogonal to the plane of the coastal slope

(Fig. 1.). In this case, we assume that, due to the smallness of the particle, the forces acting on

it are attached at the center of gravity of the particle.

When lining the slopes of the channel with paving stones or tiles, first of all, it is
necessary to determine the thickness of the lining element. Usually, each paving stone or slab
is hewn in its own nest formed by neighboring stones, and therefore their movement along the
slope is practically impossible. An element (stone or slab) can only be thrown out of its nest
in the direction of the axisOz' by the force of filtration backpressure (Fig.1), which
manifested itself only when the wave bottom passes over the element (Fig.2) .

¥

4

Fig.2 Scheme for calculating the thickness of the channel facing plate

In this case, we must apply the equilibrium equation,

yecosgd+c—yA=0. (1)
based on which the thickness of the coating element is determined by the formula [1]
d, = f/A—_C (2)
7. C0S6,

Here, the coefficient of adhesion c reflects the tensile or shear stresses resulting from

the anchoring of the plates or the grouting of the gaps between the plates. In their absence
c=0.

In the case of short waves propagating along the channel, when calculating the

parameter A, thr depth H should be substituted the difference H —d cosé, (Fig. 2.),

which, in the case of Stokes waves propagating over the slab gives

d:,Laexp _kH—.olcosH0 - c . 3)
¥ C0S6, sin 6, Vs C0S6,
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The inverse task can be made, which is to determine the depth of water in the channel,
deeper which, the concrete slab by thick d will be resistant on the coastal slope of the canal.
The water depth is calculated by the formula [1, 2]

H=dcosg, + Mboyg[ 2.2 | 0
k ys dcosé,

We can also use the relation (4) to estimate the stability of the coastal slope. In
particular, if we compare the depth calculated by (4) with the wave amplitude of a given on

the shoreline, and it turns out that H < a, then we can consider that slabs with thickness d,

or blocks with the same height d,are stable when streamlined by alongshore waves.

Otherwise, we should either increase the thickness of the cladding element or decrease the
angle of the coastal slope to the horizon.

Fig. 3 Calculation schemes for assessing the stability of the protective stones sketch from
the effects of waves a) and b) - with frontal Impact of waves [6]; ¢),d) and e) - when the

Impact of an alongshore wave ([1])

On our proposed schemes (Fig. 3 ¢),d) and e)), the surface stone having a size small

compared to the wave parameters is placed in the nest formed from three identical surfaces in
the form and size of stones. Such pyramidal schemes of the location of the stones are suitable
for estimating the stability of the stone sketch, both when exposed to front and three-

dimensional alongshore waves.
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Below, we restrict ourselves to the consideration of the three, the most characteristic
locations of the triangular base of the pyramid of stones on the slope (Fig. 3.c))

These cases:
1. When the base stones on the slope are located, so that the stone on the top of the pyramid is
most easily turned over in the direction of the waves, that is, in the direction of the coastline
(Fig. 3 c), position 1);
2. When the settlement stone can roll down the slope, perpendicular to the coastline (Fig. 3 ¢),
position 2);
3. When the stone at the top of the pyramid is turned over by waves at an angle of 30°
relatives to the shoreline, that is when a single edge of the base of the pyramid of stones is
parallel to the shoreline, and the top of this base triangle is directed toward greater depths
(Fig. 3. ¢), position 3).

In the first case, the equation of moments of forces applied in the center of gravity of
the stone with diameter , relative to the instantaneous axis of rotation (it is shown in Fig. 3.d)

with a bold line) will be written in the following form:

G'cosd, -n-05Cpw |V [Fb=0, )
where G’ denotes the weight of a spherical stone under water
G’ =0,523y.d°; (6)
@ - the midship area of the of the stone perpendicular to the axis Ox
=0,648d7; (7)

n and b - shoulders of forces of weight and the component along the axis Ox of the force of
the frontal flow around the stone, respectively

n=0145d , b=0,41d . (8)

If we assume that the center of gravity of the reference stone is submerged in water to a

depth of H , we can calculate the velocity modulus |V |. Then the solution of equation (5)

with respect to diameter d gives us that limiting value of stone diameter that ensures the
stability of homogeneous stone sketch in the direction of wave propagation. This diameter is
calculated by formula

d, =175—°2 (U, + AG)>. 9)
gys COS00

In the relation (9) it is taken into account that maximum wave impact in the axis Ox direction
is observed when the wave crest passes over the calculated stone, i.e. when sin(ot—kx) =1,

In the second limiting case, when the calculated stone may fall out of the socket and roll
down the slope of the canal, the equation of limiting equilibrium (moments) takes the form:

G'cos6,-n—G'singb—0,5Cpw |V |[Vo,b=0. (10)
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If we put the values of forces and arms into equation (5) and take into account that the
velocity component along the axis Oy’ is

Vo, = AG cos(ot — kx) (11)
from equation (11) we obtain the diameter of the stone at the limit equilibrium in the direction
of the axis Oy':

Sy ACcosplUZ+2U,AGsin g+ AG2]”
gy. 0,076cosg, —0,214sin 6,
When calculating by formula (12), instead of £ =(ot-kx) , the extreme value of the phase

p=p" should be substituted forf =(ot—kx). In the case U, =0, i.e. on the surface of

d, =0133 (12)

standing water S’ =0, which corresponds to passing over the stone of the nodal line of the
wave back, and when U, #0 the extreme value of the wave phase is calculated by the

dependence
12

2 22 2 22?2
B’ = arcsin _Yo +AG + Yo +A'G +1 : (13)
U, AG 6U,AG

In the third case, when the possible tipping direction of the stone is at an angle of 30° with
the shoreline, the equation of moments takes the form

G'cos @, -n—G'sin 6,c0s60°-05C pw |V |V, . -b=0, (14)

Where the projection of velocity vector in the direction of rock shift is defined by formula
-3 _
V,, = 7[u0 + AGsin 8]+0,5AG cosf3 . (15)
If we determine the limit value of rock diameter from equation (14), we get

Sy U, + AG(sin g +0,585¢0s )]

x[UZ+2U,AGsin g+ AZG2[” (16
g7,  0,076cosd, —0,107sin 4, [ 0 0 B ]]/ (16)

d, =0115

Based on (16), the analytical determination of the extreme value of the wave phase
involves long calculations. In this case, without much loss of accuracy, we may limit
ourselves to determining the limiting value of the wave phase /, which corresponds to zero

velocity of the main water flow in the channel (U, =0), and is equal to % . Then
dependence (16) will take a simpler form:

~ 2 2 ~2 /2
d3 :0’115 C7/ . (Uo +1’16AGXUO +1,73lJOAG+A G )]/ ,

: (17)
97, 0,076cosé, —0,107sin 6,
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In the case of a device of a homogeneous stone sketch, the above formulas give
excessive stone diameters, as they correspond to the most marginal state of the stones on the
coastal slope. Most often the outcrops consist of stones of various shapes and merits, which
can be arranged on the coastal slope arbitrarily. One of such probable forms, suitable for real
quantitative estimation of stability of a rock outline is a case when the surface stones (having
a spherical form) only half of their diameter protrudes from the sockets formed by the
underlying three stones of the same diameter (Fig. 3.e). In this case the shoulders of tilting of
the stone n and b the cross-sectional area @ of the midsection take the following values:

n=0,217d; b=0,25d; »=0,785d2. (18)

Only the values of coefficients C of frontal streamline forces on the stone can be
considered unchanged.

Taking into account the values of these parameters, the minimum diameter d” of the
design stone of heterogeneous embankment in the direction of waves and water flow in the
channel, i.e. in the direction of the axisOx , is calculated by the formula
€ 7, + AG)’

d, =0,86 19
' g ylcosé, (19)
In the axis Oy" direction, i.e. down the slope, perpendicular to the shoreline
i — 00577 M =282 AGcosf-|U¢+2U,AGsin g+ A'G* ] 0
27 gyl m,-115 0,076c0s6, —0,214sin 6, ’
and, down the slope, at an angle of 30° to the shoreline

~ 2 2~2 /2

0 —005.5Y . M —L41 (U +1,16AG)U; +173,AG + AG J* 21)
gy! m,—0,58 0,076cosd, —0,107sin 6,

In dependencies (19) + (21) m, means the slope coefficient of the bank slope of the
canal, m, =cotd,; In the absence of stationary flow of water in the channel, in these
dependencies must be substituted U, =0; The coefficient C of the frontal streamline flow in

accordance with Mescheli's recommendations [4], according to which € #1,05; Wave phases
p'are determined by dependence (13) or approximately it is possible to assume that
p'=nl3.

After determining the limiting diameters of the stones using dependencies (19) + (21),
the maximum of them should be chosen as the calculation one.
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Conclusion
As the water depth on the slope increases, the values of diameters calculated by the

above dependencies decrease. Therefore, initially the calculations should correspond to the
shoreline, where the water depth is H =0.

In addition, note that the opposite direction of alongshore waves in the channel
relative to the uniform flow does not affect the size of the stones, because, in this case, in the

above formulas simultaneously change both signs of the front U, and signs of extreme
values of the wave phase ', and therefore the formulas for calculating the diameter of the

stone remain unchanged.
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ueuutra ULhL£L6rr LRYESNRE3ULLE LU rudna ruusLevern
UPunUTSNMUL UhNsunnhuverh <UTJ4Uruh J6PUPGNM3UL

Qugnzhak T.L., Bnpdwgyut 4.£2, Unpniw U.WL!, Gupwjwt G.U2
Ypwupwbh ipbputipliulput hwdwuwpwi
2UGuin&dplynu b.d. Enpuquipndh waidwit Lpughtl hhdtwhwingliph U hhnpnipbutihiugh hbuphpnun

Uowyydt tu wihwdbpd wihpubph wgnbgnyejwiu Gupwplynn Bnwulnwuwsl b
ubinwuwdal opwugpubinh jwugbtipnh wdpwgdwu hwowplwjhtu dbpnnubn:
Lwugbpp  pbunnub  vwibpnd wdpwgubint nbwpnwd  wpdnid Gu - hwopdwpluhu

gnpdwyhgubp' Ywfudwd npw  funpnyeniuthg’ npw hwunngeniup npngbine hwidwin:
“Yhuwwpydby £ opwugph whwdbpd jwuohtu pnipgh Gnwuynituwdle hhdph nbnwywdwu

tipbip wnwybi| punpng nbiwpbpp:
Pwlwygh punbp. opwugp, whwdbpd wihp, wihwdbpd jwug, wnwihtujw ghd

K PACUETY BEPETO3AIIIUTHBIX MEPOIIPUATHI KAHAJIOB,
MOJBEPKEHHBIX BO3JEMCTBUIO BAOJBBEPETOBBIX BOJIH

Tarommaze IILH.Y, Tokmamksan B.O.2, Konya M.A.%, I'a6asiu I'.C.2

17 pysunckuu mexnuyeckuii ynusepcumem
2Uncmumym 600uvix npobnem u 2udpomexnuxu umenu axademuxa U.B. Ezuazapoea

Pa3paboranbl MeTOAbl pacueTa YKpPEMJeHHS OTKOCOB KaHalOB  TPEYroJjbHOTO U
Tpaneunen1anbHOro ceYeHnii OETOHHBIMU TUIMTAMU U KaMEHHOM HaOpOCHOM MOJaBEp>KEHHBIX
BO3JICHCTBUIO BJIOJILOCPETOBBIX BOJH.

B cnyuae  ykpemsieHHE OTKOCOB OCTOHHBIMHM IUIMTaMHU  NPUBEICHBI pPacUeTHBIC
COOTHOIIEHUS IJIs1 OIpeeieHHs] TOJIIMHBI IUIMTHI B 3aBUCUMOCTHU OT €€ 3ari1yoieHusl.

[Ipn ykperieHUu OTKOCOB KaMEHHON HaOpOCKOM, paccMaTpUBAIOTCS TpU Hauboliee
XapaKkTEepHBIX CIy4YaeB pACIOJOKEHHUS TPEyroJbHOTO OCHOBAHMSI IMUPAMUJIBI CO3AAHHOMN
HaOpOCKOI Ha OeperoBoM CKJIOHE KaHala, B YaCTHOCTHU:

a) Kornma kamuau, 06pa3syroliye THe3/10 Ha CKIIOHE, PacoI0KEHbl TAKUM 00pa3oM, 4To
pacuéTHBI KaMeHb, [IOMEIIECHHBI Ha BEpIIMHY NHPaMUJbl, OMNPOKUIBIBACTCA IO
HaMpaBJICHUIO TEYEHHsI BOJHOBOro mnoroka; 0) Korma pacu€rHplii kKaMeHb MOMKET OBbITh
OTPOKUHYT MEPIEHIANKYIIPHO OEperoBoil JIMHUHU, B CTOPOHY Ooibimux riayouH; B) Korma
BO3MOXHOE HaIlpaBJICHUE ONMPOKUABIBAHUS KaMHs cocTaBiseT yroi 30° ¢ 6eperoBoii uHueH,
TO €CTh KOIJla OJHa W3 CTOPOH PaBHOCTOPOHHETO TPEYroJbHHKA OCHOBAHUS MHPAMHUJIbI
napajuiesibHa 6eperoBoil JIMHUY.

Knroueevie cnoesa: KaHall, B,[[OJ'IL6epeFOBa$I BOJIHA, 6eper0B0171 OTKOC, 6eper0Ba;1
JIMHUA, pa3MEpPhbI 2JICMCHTOB ITOKPBITHA.
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