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Introduction The problem is formulated based on the small
In order to provide a reliable operation of the amplitude wave theory assuming that the reservoir
hydraulic structure located in the water reservoir some water is ideal, incompressible and its movement is
engineering prediction calculations related to the potential one. In this case the problem statement lies
impact of landslide masses or mud flows on the in the solution of Laplace equation Ap = 0, in case of
hydraulic structure have to be made. This process corresponding initial and boundary conditions, where

implies determination of not only dynamic effect

directly on the structure, but also taking into account ) )
. . . a ¢ . .

of those hydrodynamic forces action, which are it oz is a laplacian operator.

originated in the form of waves and hydrodynamic Y

pressures resulting from landslide inflow to the

reservoir and its propagation.

2
o(x,y,z,t) is a velocity potential and A=aa7+
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V,(x,2,t) x=1
X A/ x

Uy (x,z,t)

z=—h

Fig. 1. General computational model of three-dimensional (3D) unsteady wave process generated resulting
from landslide inflow to the water reservoir

Based on schematization, the water reservoir (or
its section) is represented in the form of right-angle
parallelogram with sizes: [ — length, [; — width and h
— depth, as is seen at the Figure 1.

A general case is considered, when takes place
inflow (or outflow) of landslide masses, mud flow or
water stream from all sides of a reservoir at a definite
velocity and in a finite time interval. These velocities
downstream are ¥, (z, y, t) andV,(z, y, t), while at the
near shore slopes - U,(z x,t) and U,(z, x,t). So, a
formulated problem has the following shape:

Equation of continuity

2%p 0%p 0%

— — — l

0x?  dy? 0z? 0 @)
Boundary condition at the bottom

A I 2

aZ R - ( )

Boundary condition at the water reservoir boards
de

= % —_—— = % 3
ax Y20 Vl(Zryr t)r 0 el VZ(Z; y; t) ( )
Boundary condition at the water reservoir sides
do ~ do ~
a_| = Ul(zv X, t)v _a_ = UZ(Z! X, t) (4)
y y=0 y y=l
Free-surface condition
102 d
__(p _(,0 =0 (5)
g ot 0zl,=
Amplitude
10¢
=———=C 6
1 gotl _, ©)

It is meant that the mentioned velocities are
originated within a certain time period. For instance,

velocity ¥, is determined within a time
interval[S;, S,]:
0 E< S
V1(Z'y' t) = Vl(z'y' t) 't € [51!52] (7)
0 > 5,

The analytical solutions of the three-dimensional
boundary problem of the above-mentioned unsteady
hydro dynamical (wave) motion in a general way was
obtained by Professor T. Gvelesiani using the integral
transform technique, so we no more touch upon a
question of its solving.

Inflow of landslide/mud flow mainly takes place
from one side only, that is why we discuss a special
case of application of the mentioned formula, when
the landslide mass inflow to the reservoir occurs at one
section (x; < x < x,) of the near shore slope (y = 0)
only. Respectively, the landslide width along a side is
2b. At that, x; =l—x,—b and x, =1 —xy + b,
where x, is a distance from landslide section midpoint
to the dam cross-section x = [. Inflow layer thickness
(depth) h, varies within a following range —H,; <
hy < —H,, where H, and H, are the coordinates of
upper and lower limits of the inflow bed.

Landslide mass inflow velocity may be
represented as follows:

(8)

Ui(z,x,t) = Uy Fi(2)F,(x) f,(t)

Let us consider a time interval 0< t < t,, i.e. a
case, when according to the above-mentioned
notation, the values of S; and S, equal S; =0 and
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S, = t,, respectively. Let us assume in this particular ( £ = 1 0
case that the functions entering the expression (8) can Py 4t) = 4 Po
be approximated in such a way: 1w
0 ,—H,<z<0 +§Z<Pocosamy
Fi(z) = {1 ,—H, <z<—-H, 9) m=1
—-h<z<-H 1
0 ~h=zs-H +—Z(pgcosa x (12)
0 ,x<x 2 n=1
Fz(x)={1 X1 S xS X, (10) x X
0 ,x>x, +ZZ(p}{lcosamy
0 ’t < 0 n=1m=1
fi(®) = {1 ,0<t<t, (11) cosay
0 ,t>t, Where
Resulting from solution of the mentioned
particular boundary problem the velocity potential is
expressed as
Gn'f1(t)
o = Uy ([S,Z”(Z) i(0) = B (O] g~ (13)
n
@8 = pi([z- fl(t) —g-i§(®OU§ - G§ -fl(t))
Y= — T L (sina,x, — sina,x,)
1° n4 (14)
0 Uy
Yo = ———(xz — x1)
A
2 t t
it (t) = ——sinyy* 2. sinym (t — —0)
) =t-t t
. Lo\t) = 075
Jit = = g [shalt (h = Hy) = shaf (h = Hy)] 16)
]0 - Hl HZ
z z
G = [ shapG-9ag, 6§ =[@-oa 17
0 0
g-chalz shan‘z
m _.,m,qcm - m = 1
B = WS @ b, SR@ = (18)
ap =@+, = Jamar
nm mm 19
a, = T f Am T ( )
n=12,.., 1,2, ..

If we consider the hydrodynamic process after
land sliding to the reservoir, i.e. whent > ty; f,(t) =
0 the expressions will be simplified and

§00 =—Plg -ig(t) ]9

In this case an amplitude n of wave generated
in the reservoir, will be calculated according to the
following formula

==yt B (2) - it () - I (20)
m=20,1,2,..
1 1A
n(x,y,t) = (coo 29 Z( 0ecosany
w ot (21)
2 Z((pm)tcosanx Z Z (pm)icosa,,y - cosa,x
n=1m=1
Where Or else in the alternate form:
0
(o, = 228 22)
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1
n(xy, ) = =71
- EZ ndcosa,x — > necosa,y + Z Z NMcosanx * coSay,y
n=1 m=1 n=1m=1
Where
0 _ .,0701;0 ’ m _— wrrlnjrrln im ’ 24
no = Yololio®I:,  mn = W[ln 1 (24)
aim(t t t
ir (O] = —= @ _ 2sinym =+ cosy" (t - —0)
at 2 2 (25)
. ajg (t)
Lig(®)]: = % =t
m=_4U1{ X, —x, =2b inm=m=0 (26)
n l,a, (sinay,x, —sinayx; ;n>0m=0

When the landslide (mud flow) mass or water
inflows in the initial x = 0 cross-section, and the main
flow is oriented along the x axis, then the wave

4V, {
m_ __ "1
n la,

Where 2b; and V; (or outflow—V;) are the width
(along the y axis) and velocity of landslide mass
inflow section.

As is seen from solutions, the value of wave
amplitude generated in the reservoir due to landslide
varies according to x, y coordinates and t time. At the
same time, it is a function of a wide variety of
parameters, namely

ﬂ(x,y' t) = f(l' lll h, U1, to, 2b, Xo, Hy, HZ) (28)

As far as n value is in direct functional
dependence from U; velocity, presuming that H; =
0,H, =h we can represent the dependence as
follows:

n(x,y,t) (29)
Uy

Let us enter the notion of parameter D = U, t,,
which expresses an average thickness of a landslide
mass slided down to the reservoir. Based on the
obtained computation pattern it can be assessed in a
following way:

oyt 1 bt 2b,x0) (30)
D to

While expressing the calculation parameters
entering the expression in terms of relative
magnitudes, we obtain

TV L e 2bx) @D
D* t;

= f(ll lll h: tOI Zb’ xO)

References:

Y2 — Y1 =2b
sina,y, — sina,y;

processes generated in the reservoir will be described
as follows:

in=m=0 (27)
m=0m>0
Where
l*—l I 2b*—2b
“h Y TR T h
X g X
xO =, t0*=t0 -~ x*=_
h D h (3
*=X t*=t g D*=B
Y =h n’ h
)
=y

It is much more convenient to characterize the
wave process generated via landslide impact through

calculation of parameters written in the form of n/D

dependence of amplitude from the average landslide
thickness

Conclusion

The discussed methodology makes it possible to
set up a computer program for mud flow forming
wave calculation in the schematized water reservoir
according to the different directions of mud flow
movement that is very important at the stage of
planning, construction and operation of reservoirs and
dams.
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