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The regulation of debris flow, the issue of their energy dissipation, the selection of calculation models and the design of regulatory 
measures are related to the selection of the elements that determine the interaction with the flow of anti-flood buildings. In this 
scientific paper, innovative methods are used to determine and evaluate the criteria of debris flow behaviour at the point of origin, 
evaluating energetical specifications, and determining its density/bulk.  In conjunction with rheology, we can determine energetic 
characteristics (of a debris flow) and for regulatory purposes, new regulatory constructions are being processed. Great attention 
should be paid to the latest debris flow regulatory elastic barrage which we received copyright and patent for. The project parameters 
have been calculated, for example, determining the required number of computational dependencies of the flow striking force acting 
on them in the plan.
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Introduction 

Natural anomalies and their impact on the envi-
ronment is very important, and the risks they pose, 
to eff ectively use natural resources and advance the 
economy.

Based on the analysis of the existing debris fl ow 
control measures, the environmental condition still 
fails to meet the high risks of natural infrastructure. 
Priority is given to the creation of new forms of in-
novative countermeasures, as well as the improve-
ment of the calculation methodology. This is due to 
the genesis and dynamics of Debris fl ows, as well 
as the complexity of designing buildings.

Main Part

The study, which deals with the problems of 
landslide regulation, is focused on refi ning the meth-

odology for calculating regulatory measures and 
perfecting the full redistribution of the impact force 
of the fl ow on the pressure surface of the building. 
The study also discusses the possibilities of chang-
ing the fl ow modes and density caused by the com-
plexity of the bed shape on the transit sections of the 
fl oodplains. Especially the issue of fl ood regulation 
and the critical impact on buildings should be taken 
into account in sections of the pipeline where they 
have a pronounced complexity of the shape of the 
transverse section, so the duct experiences a change 
in the size of the fl ow it either expands or contracts 
according to the fl ow direction; also the density of 
the fl ow is changed. Assessing the impact of fl ow 
on the obstacles encountered under such conditions 
and selecting regulatory measures are associated 
with completely diff erent approaches and the selec-
tion of calculation methodologies [1-3]. 



14

Annals of Agrarian Science 19 (2021) 13-22E. Kukhalashvili et al.

An analysis of the causes, of the loss, of the ex-
isting debris fl ow regulatory structures, confi rms 
that the cases of failure of each of them are con-
siderably diff erent from each other. When selecting 
a model for the impact of fl ow on buildings, it is 
necessary to specify the main factors determining 
the durability of the building along with the issue 
of energy dissipation, and the layout, quantity and 
dimensions of the building plan should be based on 
these factors [4-8].

Approaches to assessment of debrisfl ow be-
haviour, sustainability, change in energy perfor-
mance and methods and methodology for the 
assessment of criterion indicators are given in sci-
entifi c papers [9-13]. 

Based on the methods and methodology for as-
sessing Debris fl ow behavior, resilience, changes 
in energy characteristics, and criterion parameters, 
when Debris fl ow acceleration is recorded over a 
short period of time, its magnitude is not related to 
body deformation and is estimated by impact force 
and accuracy of deformation [14].

When evaluating stability, analogues of Debris 
fl ow deformation within the proportionality limits 
can be used when the magnitude of the tensile-com-
pression velocity model is less than or equal to the 
similar magnitude of the sound propagation. n the 

case of a complete evaluation of the process, the 
possibility of disruption of the fl ow structure and 
the expected cessation of mass are taken into ac-
count during the impact.

The possibility of creating a pronounced zone of 
disturbance during a blow is due to the rate of de-
formation and at the same time depends on the con-
centration of tension, the shape and size of the strik-
ing fl ow. When studying the impact of Debris fl ows 
on oncoming obstacles, the paper discusses a case 
where both the potential and kinetic energies of the 
Debris fl ow in action are known. The possibilities of 
equal energy between tension and deformation are 
preserved. The connection between them is linear. 
The values of the deformation under dynamic and 
static impact are equal to each other, for example 
in the case of a transition to the kinetic energy to 
potential energy; the values of the deformation are 
equal to each other.

Disruption of fl ood resistance, the formation of 
free surface shape, continuous or gradual change of 
hydraulic elements, is caused by the infl uence of 
many interrelated factors.

The model of a rolling mound in a long cylin-
drical fl ow bed having the shape of a rectangular 
cross-section in the form of a calculation scheme is 
given in the fi rst scheme.

Fig. 1.  Longitudinal cross-section of  debris fl ow wave

Under the infl uence of rheological characteris-
tics, an analytical relation is established between the 
debris fl ow wave characteristic and the force pulse 
based on the given scheme. From section 1-1 the 
mass m1 = ρQ does not change in the direction of 
the wave, and therefore, when the velocity is equal 
to V1, the amount of motion is represented by the 
magnitude αV1ρQ, and the sum of the amount of 
fl ow motion has a force dimension. Similarly to the 
cross-section of 1-1, in cross-section 0-0 if the wave 

propagates at a velocity of V0, the amount of fl ow 
motion will be αV1ρQ Costs represented by such as-
sumptions have a dimension of force, and the mag-
nitude of their projections, when the S-axis has an 
anti-displacement direction, can be negatively rep-
resented. 

When the depth h1 of the Debris fl ow mass de-
creases to a depth h, the magnitude of the fl ow in 
the control sections is equal to Q, and the change in 
force from P to P1 occurs as an impulse, the equation 
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of the balance of the number of seconds motion will 
be as follows: 

PPQVQV 10 (1)
              (1)

In the selected sections, when the volumetric 
weight of the trough, the width of the transverse 
section B, and the change in momentum of the force 
are equal to ∆P, Equation (1) can be represented as 
follows:

hh
hh

P
B

g
Q

1

1 (2)
 

               

In the case of debrisfl ow in the form of a wave 
corresponds to the non-stationary nature of the fl ow 
motion.In the case of wave motion in the form of a 
wave corresponds to the non-instability of the fl ow 
motion.

When determining the energy characteristics of 
a fl ood in the transit section of a duct, when the free 
surface has the face given in the diagram (Fig. 1), 
the magnitude of the pressure loss can be represent-
ed by a diff erential equation.
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Where i   is the slope of the duct;
Q  - fl ood consumption;
 - cross-section area;
 - coeffi  cient of rheology;
c - speed resistance coeffi  cient;

   - viscosity coeffi  cient;
 g  - gravity force acceleration;
 h - depth of fl ow.

When a torrent moves at a variable fl ow rate (Q) 
and its specifi c magnitude from the 1 longitudinal 
meter of the channel is equal to 


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To simplify the calculation of the f-s and 
the values of the members of diff erential equa-
tions (3) and (4) fi g. 3 and fi g. 4 – Dependency 
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hf 0 g  a graphs are given.

In the case of motion in the form of a longitu-
dinal wave of a debrisfl ow, when the change of its 
hydraulic elements is slow, the velocity of the wave 
propagation is 3 times higher than the average ve-
locity [15, 16].

The binding mass is characterized by the abil-
ity to resist external stresses whose shape change 
is completely diff erent from that of Newtonian liq-
uids. The change in the shape of the torrent body is 
related to the possibility of impact resistance and 
the tense state of the fl ow.

Fig. 2. Graphical Dependency    hhff /0
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Gradual, leapfrog, and gentle changes in the dynamic 
characteristics of the fl ow are expected when overcom-
ing the obstacles encountered in the duct by a torrent.
The classical approaches in the form of Lagrange 
dependen cies are widely used in estimating the dy-
namic velocity wave (V0) in the duct. Based on the 
analysis of the diff erential equations (1) and (2), 
when the magnitude  

3

32

1
Bg

Q of the right-hand 

side is equal to 0, the cross-sectional energy is min-
imal in magnitude and the wave propagation veloc-
ity C is equal to the average velocity . Based on 
continuous wave studies, in the case of a constant 
fl ow forward fl ow rate, the characteristics can be 
used to estimate the contact wave velocity, duct 
mode regimes, and pressure changes in the duct. In 
particular, in the case of a change in pressure - the 
fl ow velocity, and in the case of a disturbance char-
acteristic - the elasticity parameters of the change in 
mass and volume [15-17]. 

The risks of fl oods and the impact on oncoming 
obstacles are related to the perfection of the meth-
ods of correct assessment of the criteria defi ning the 
movement and stopping capacity of their formation.

Particular attention is paid to cases of impacts 
on fl ood resistance, which are associated with the 
prediction of changes in its structure, concerns with 
the fl ow resistance in the body, changes in the ge-
ometry of the fl ow body, and the shape of the free 
surface obtained during stopping. Each specifi c 
task, depending on the above, depends on the types 
of fl oods and each case of energy extinction is due 

to the cases of eff ective deployment of regulatory 
measures.

In the case of the well-known morphometry of 
the duct, the possibility of breaking the structure of 
the moving fl ow is possible with points located on 
its free surface. The fl ow maintains a continuous ap-
pearance of the free surface without hydraulic jump 
when the bottom is turned. In the event that the duct 
slopes are less than critical and when this condition 
is violated, its stability is lost. There is a free surface 
crossing of the critical and the generation of a wave 
[9,15,17].

Stability forecasting and estimation of regime 
change is possible only when the shape of the free 
surface of the fl ow motion is known. Representing 
the fl ow in this way and constructing its free surface 
circle is possible by selecting the length of the small 
section of the pipeline, using hydraulic dependen-
cies, compiling the diff erential equation of motion, 
simplifying it for convenience of integrations, cal-
culating free surface coordinates based on the equa-
tion and building the surface profi le.

When assessing debrisfl ow resilience it is nec-
essary to consider the role of the infl uence of on-
coming resistances in the regularity of the change in 
fl ow stability, along with the possibilities of chang-
ing the fl ow dynamics and the stress state.

By changing, narrowing or expanding the de-
formation of the Debris fl ow mass, it changes the 
shape of its body, as well as the electromagnetic and 
thermal state. At the same time, there is a transition 
of spent energy into potential and the formation of a 

Fig. 3. Graphical Dependency  fa    and  hhfa /0
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free surface fl ow in the form of a wave. 
The lateral expansion of a semi-unloaded debris 

fl ow is estimated by  lateral expansion coeffi  cient. 
When the Debris fl ow mass is bounded by a hori-
zontal surface and the stress element is character-
ized by height h, volumetric mass  , angle φ of 
internal friction, equivalent depth of bond h0, the 
lateral expansion change picture can be estimated 
based on the relative magnitude of the main stresses 
or the lateral   expansion coeffi  cient.
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The magnitude of the relative deformation coef-
fi cient of the Debris fl ow mass, when the amplitude 
of the Debris fl ow mass is B, the height is h, and the 

corresponding values of the deformations are equal 
to ∆B and ∆h,
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According to the 6th dependence analysis, the 
magni tude of the relative deformation is a function 
of the rheological characteristics and a clear picture 
of its change is presented in Figure #4.  Reducing 
the fl ow width corresponds to increasing its depth 
and breaking the parallelism of the fl ow cycles. 
When the width of the fl ood is equal to B and the 
lateral narrowing is equal to ∆B, the value of the 
width bounded by the narrowing of the width Bmar. 
is equal to .marBBB    (7)

The magnitude of the lateral deformation of the 
fl ow width 

B
B

B
B mar.1

   (8)

Fig. 4. Graph of the relation of the relative deformation to the 
rheological characteristics of the fl ood
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Ability to increase the height of the fl ooding 
mass caused by lateral constriction  hhh 1   
(9)

The magnitude of the cross-sectional con-
traction of the fl ow from the (6) dependence 
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The relationship of the magnitude of the trans-
verse contraction of the fl ow to the rheological 
characteristics is given fi g. 5. 

Fig. 5. B
mar..

/B=f(a) Dependency Graph

If we consider the case of dam rupture or core 
collapse as a model of a stopped wave of displace-
ment of the Debris fl ow mass, based on the magni-
tude of the fl ow q resulting from the deformation 
in such a case and the value in decreasing the fall 
velocity in case of changes in Debris fl ow height 
from h1 to h.     .22 1 ghghV (11)

     
Debrisfl ow energy expenditure

ghghhq 22 1 (12)
According to the analysis, the minimum mag-

nitude of the Debris fl ow cross-sectional energy 
corresponds to the condition when the ratio of the 
average kinetic energy to the potential is equal to 
1, respectively, based on Equations (1) and (2). 

d
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Q

When = 1, fl ow Q = ωV-1, mean fl ow velocity is 
equal to wave velocity, 
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hVC 00 11 (13)

  

Accordingly debrisfl ow energy expenditure

ghhq . (14)

Based on the result obtained above,

ghhghghh 122 . (15)

Accordingly the magnitude of the deformation

(16) Considering this in (9)
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The magnitude of the relative deformation with re-
spect to (10)
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When the rheological characteristics do not af-
fect the deformation e.g. 00 h  and 1 , respec-
tively, 375,0


B
B  and the obtained result fully con-

fi rms the results of the research [14].
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The magnitude of the relative elongation of the 
stretch by contraction and lateral constriction of the 
debris fl ow mass

111

h
h

h
hh

h
h (19)

Accordingly  (16) - in (19)

4
44 3
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When a = 1, 25,21

h
h .  The values of the ratio 

of longitudinal and transverse deformations of the 
fl ow in the control sections if we express the exten-
sion or contraction with the initial value.   f

h
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Accordingly the magnitude can be determined 

hh
hh

1

1   by dependence (21) An illustration of the rela-
tive magnitude  

h
h1  is given in connection with rhe-

ology   fi g. 6.

Flood risks and impact on various facilities are 
related to its capacity and energy performance. 
Among the regulation tasks, it is important to bal-
ance the free surface equilibrium of the fl ow creat-
ed by the opposing resistances working in dynamic 
strikes in the fl ow and the fl ow-free balance creat-
ed by the resistance forces. The layout in the engi-
neering action plan is related to the appearance of 
a fl ow-free surface and the existence of many such 
anomalies in nature. The impulse of the dynamic 
impact of the fl ood on oncoming resistances.

2VCVP (22)
When  C>>V-moving debris is equal to sin

.
24

2416sin 23

232

g
VQP (23)

Fig. 6. Graph of h1 / h dependence in relation to debris fl ow rheological characteristics

In Equation (23) because hence the value of the 
striking coeffi  cient:      23 24  f , 

.16
f
fm (24)

The magnitude of the impact force of the Debris 
fl ow/debrisfl ow

sin
2

g
VmP (25)                                    

As the dependence analysis (22) confi rms, the 
magnitude of the functionally striking force coef-
fi cient is related to the rheology of the Debris fl ow 
and the nature of its change depends on the face of 
each particular Debris fl ow. When a value of a> 
0.60 in such a case corresponds to the condition of 
the immobility of the Debris fl ow and the probabil-
ity of impact resistance is equal to 0.  Function 1 is 
equal to the case when f

h
h







  01
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The value of the impact force coeffi  cient is a 
function of the rheological characteristics and its 

magnitude is given graphically in Fig.7.
Flood-regulating measures in the environment 

accor ding to the purpose, according to the con-

structive solutions of the constituent elements, are 
divided into fl ood-transit, fl ood-management and 
debris fl ow buildings. The function of each of them 
is diametrically diff erent from each other and the 
possibilities of failure are caused by the specifi ci-
ty of the impact of the fl oods. Based on the above, 
the paper presents an innovation compared to the 
existing fl ood control by changing the direction of 
the strategy of application of regulatory measures 
and the longitudinal change of structural solutions 
of transverse structures. In this regard, the types 
of buildings on which copyright certifi cates have 
been obtained have been processed. The patent 
for the recently created elastic barrier stands out 
(P20207068B) – invention [18-26].

The eff ect of impact on fl oodplains is related to 
their permeability when regulated by copyrighted 
buildings.  According to the permeability coeffi  -
cient and the types of buildings, the strong impact 
of fl oods according to the types of buildings is given 
in the form of calculation dependence:  

1. Semi-conical permeable structure;              

f
f

h
h

g
VP 161785,0215,0sin

2
0

2

; (26)

 2. Pyramidal permeable structure;        
 

Fig. 7. Graph Dependency   ffm   
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2
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(27)

3. Semi-cylindrical building; 

f
f

H
d

g
VP 165,05,0sin

2

; (28)

4. Flood regulating elastic barrier
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f

H
dg

VP 16

1

1sin 2

2

(29)

   
In the case of a prismatic intersecting channel, 

when the volumetric volume of the fl ood and the 
velocity correction coeffi  cient are represented by a, 
the velocity of the fl ow motion is V, the velocity of 
the wave propagation on the fl ow surface is C, and 
the magnitude of the impact of the momentum P is 
on the opposing resistances. S equals, breaking the 
condition of sustainability and its loss can be ex-
pressed by inequality:

CVV 0  (30)
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In Equation (30), taking into account the values 

of V and C, with respect to the corresponding trans-
formations and simplifi cations, the fl ood resistance 
in the case of its slope is equal to:

 
 

2

3

00067,0 h
d

i . (31)

When the magnitude of the slope of the Debris 
fl ow is known, the distance between the Debris fl ow 
elastic
dams in the case of the L -balancing I  slope

.
00067,02

2

II
HL (32)

Table. The report of the member (a) included in the formula

f

h
h0

0 0,4 0,6 0,8 1,0

0 0,04 0,16 0,36 0,64 1,0
0,2 0,0256 0,102 0,234 0,409 0,64
0,4 0,0144 0,0576 0,1296 0,264 0,36
0,6 0,0064 0,0258 0,00576 0,1024 0,16
0,8 0,0016 0,0064 0,0144 0,0254 0,04
1.0 0 0 0 0 0

Conclusion

Based on the analysis of the impact of debris 
flows on the existing debris flow regulation facili-
ties and based on the selection of regulatory meas-
ures, innovative construction solutions are present-
ed to the debris flow regulation building and a new 
methodology for their calculation is proposed;

Based on the dynamics of floods, the potential 
for their reliability/strength is assessed, and inno-
vative reporting models are adapted to the event 
to clarify the criteria for determining reliability/
strength.   Based on the use of the corresponding 
inequality in the definition of reliability/strength, 
the possible conditions of  reliability/strength are 
specified;

According to the theoretical characteristics, the 
strain mass and deformation possibilities are eval-
uated;

An innovative model for the impact on flood de-
fences is proposed, based on which the calculation 
ratios of the impact force are derived taking into ac-
count in the types of buildings;

Different design strategies are used in terms of 
flood risk neutralization, building design solutions, 
rigidity and regulatory potential. Innovative meth-
ods and methodology are used to derive the cal-
culation dependencies of the striking force of the 
flow, the loss of stability, the determination of the 
distance between buildings.

The paper is written under the financial support 
of Shota Rustaveli National Science Foundation 
(Grant #AR-18-1244; Project title: “Elastic debris 
flow-regulating barrage”)
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