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ABSTRACT

Introduction. The use of nanomaterials and nanotechnology represents one of the most important areas in global scientific
and technological development. Nanotechnology involves the controlled regulation of the properties of objects at the molecu-
lar and supramolecular level, which determine most of the fundamental parameters and properties of physical objects, based
on the targeted manipulation of their atoms and molecules. In hydraulic engineering, this involves the use of nanomaterials
and technologies that improve the properties of building materials and structures, increasing their durability and resistance to
external influences. Methods and materials. The Novosibirsk Reservoir is a unique multi-purpose water facility. For more than
60 years, it has been intensively used for national economic purposes - it is a source of water supply, the main recreation area
for residents of Novosibirsk, the Novosibirsk Region, and the Altai Territory, and is used for navigation and fisheries. There are
41 settlements located within a two-kilometer zone of the reservoir's coastal strip, including the cities of Kamen-na-Obi, Berdsk,
Iskitim, and Ordynskoe. The forested coastal area is home to health resorts, cottage and dacha settlements, and gardening com-
munities, as well as a place for short-term recreation for the population. In this regard, the recreational load on the coastal zone
of the reservoir is very high, partly due to the steepness of the banks. Various methods are used to calculate the design of shore
protection hydraulic structures on water bodies, which take into account, first of all, the natural conditions and characteristics
of the water body's shoreline. The results of the calculations are verified and refined on the basis of field studies and, if neces-
sary, laboratory tests and experiments. Results. The paper presents calculations for determining the design parameters of the
structure, such as: wind surge height, wave run-up height, top elevation of the structure, scour in front of the stone bank, design
composition of the stone bank, and parameters of the stone bank. Discussion. Currently, there are many varieties of nanoscale
additives and nanomodified materials. The possibilities for implementing modification mechanisms are determined by the type,
characteristics, and dosage of nanoscale particles. As a suggestion, the authors propose to pay attention to the use of geogrids
with different cell sizes and nanomodified concretes. However, it should be noted that at present, even with a low required con-
tent of nanomodifying additives (2-3% of the total mass of concrete), the addition of such additives will significantly increase
the cost of the material. A comparison of technical and economic indicators in this case will clearly indicate this disadvantage
and, as a result, the impossibility of using this option for economic reasons. Conclusion. One of the most important criteria for
assessing the prospects for the introduction of nanotechnological innovations in the construction industry is their final cost.
Nanomodifiers for concrete and building mortars at a price of $100 per gram, even though their strength properties increase by
30%, are unlikely to be in demand. Most of the experts agree that nanostructuring should be applied to widely used materials,
including concrete, metals, and fiber-based composites. These breakthrough technologies can be applied in many areas, includ-
ing hydraulic engineering, strengthening concrete foundations of gas transmission systems, creating flexible plastic geogrids,
selecting and creating new high-quality fillers for them, etc. Also, thanks to new nanomaterials, it is possible to produce metal
that will last an order of magnitude longer than modern samples. There are sufficient scientific developments in this area. Now
it is necessary to find practical applications for them. However, this vector of development entails the need for production re-
equipment, staff training, and so on.
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AHHOTALMA

BBepeHume. Vcnonb3oBaHvie HAHOMATEPUANIOB U NMPYIMEHEHNE HAHOTEXHOMOIMIA ABNSAETCA OAHUM U3 BaXKHEWLWX HanpaBfieHni
3¢bdeKTVBHOrO MUPOBOrO HaYYHOrO 1 TEXHONOMMUYECKOro pa3BuTyA. HaHOTEXHONOrMM NpefnonarailoT KOHTPONMpyemoe perynm-
poOBaHKe CBONCTB OOBbEKTOB Ha MOJIEKYNIAPHOM Y HAZMOJIEKYIAPHOM YPOBHE, onpeensowyx 60bWHCTBO GyHAAMEHTaNIbHbIX
napameTpoB 1 CBONCTBa GU3NYECKMX 0ObEKTOB, Ha OCHOBE LiefleHarnpaBieHHOro MaHUMYNMPOBAHWSA X aTOMaMy U MONEKYaMu.
B ruapoTexHnYeckom CTponTeNbCTBE 3TO NCMOJb30BaHVE HAHOMATEPMANIOB U TEXHOJIOTUIA, KOTOPbIE YiyULlIaloT CBOMCTBA CTPOU-
TeSIbHbIX MAaTEPUANOB N KOHCTPYKLIMIA, MOBBILIAIOT UX JONFOBEYHOCTb U YCTOMUYMBOCTD K BHELIHMM BO3gelcTBMAM. MeToAbl n ma-
Tepuanbl. HoBocrbupckoe BogoxpaHunuile ABRAETCA YHKalbHbIM BOAHbIM OOBEKTOM KOMMIEKCHOrO Ha3HaueHus. Yke 6onee
60 NIeT OHO VHTEHCMBHO MCMOSb3YeTCs B HAPOAHOXO3ANCTBEHHbIX LIENAX — ABNAETCA MCTOYHUKOM BOLOCHABXEHWNsA, OCHOBHOW 30HOM
pekpeaumu xuTenen r. Hoocnbrpcka, HoBocrnbrpckoi o6nactu n ANTanckoro Kpas, IKCriyaTupyeTcs Ans CyAoXOACTBa Y PbiGHOro
X03ACTBa. B ABYXKNNOMETPOBOI 30HEe NPUOPEXKHON NMONOChl BOAOXPAHMNLLA PACMONoXKeH 41 HaceNeHHbIV NMYHKT, B TOM Yncie
ropoaa KameHb-Ha-06u, bepack, Uckutum, OpgbiHckoe. MpubpexHan obneceHHas TEPPUTOPUA CIY>KUT MECTOM PaCronoXeHuns
03[0POBUTENbHbIX YUPEXAEHUIN, KOTTEXKHbIX, JaYHbIX MOCENKOB U Caf0BOAYECKMX 06LLECTB, MECTOM KPAaTKOBPEMEHHOTO OTAbIXa
HaceneHwus. B cBA3M C 3TUM peKpeaLMoHHas Harpy3ka Ha 6eperoByto 30Hy BOLOXPAHMIIMLLA HAXOAMTCA HAa OYEHb BbICOKOM YPOB-
He, B TOM UMCie MO NpUYMHe 06pbIBUCTOCTY BeperoB. [1na pacueTHOro 060cHOBaHWsA 6eperoykpenutenbHbIX IMAPOTEXHNYECKIX
COOpPYXeHWin Ha BOAOeMaXx MCMOMb3yTCA pa3fvyHble MeTOAbl, KOTOPblE YUUTLIBAIOT, B MEPBYI0 ouepeb, NPUPOAHbIE YC/I0BUA
1 0CO6EHHOCTY YYacTKa 6eperoBoi IMHMN BOAHOIO 06beKTa. Pe3ynbTaTbl pacueToB MPOBOAATCA 1 YTOUHSAIOTCA Ha OCHOBE HaTYPHbIX
nccnefoBaHui, a TakxKe Npu He0BXOANMOCTU abopPaTOPHBIX UCMIbITAHWIA 1 SKCNepuMeHTOB. Pe3ynbratbl. B paboTte npescTaBneHbl
pacueTbl ANA onpefenieHns pacyeTHbIX NapaMeTPOB COOPYKEHNA, TaKUX KaK: BbICOTa BETPOBOrO HaroHa, BbiCOTa HakKaTa BOJIHbI,
OTMeTKa Bepxa COOPY>KeHA, Pa3MblB Nnepes KaMeHHbIM 6aHKETOM, pacyeTHbI COCTaB KAMEHHOIo 6aHKeTa, MapameTpbl KAMEHHOTO
6aHkeTa. O6cyaeHue. B HacTosALLee BpemA CyLLeCTBYeT MHOMXECTBO Pa3HOBUAHOCTE HAaHOPa3MepPHbIX 406aBOK 1 HAHOMOAN Y-
LMPOBaHHbIX MaTepranos. BO3MOXHOCTY peanr3aumm MexaHu3moB MoaMPULMPOBAHUA ONPeAeNATCA BUAOM, XapaKTepucTrkamm
1 JO3VPOBKOW HAHOPa3MepPHbIX YacTuL. B KauecTBe NpefnoxXeHns aBTopbl NpeanaraloT 06paTTb BHUMAHME Ha NPYMEHEHUE reo-
peLLeToK C pasfMYHbIMU pa3Mmepamu AYeeKk 1 HaHOMoANGULMPOBaHbIX 6eTOHOB. OfHAKO CTOUT OTMETUTD, YTO B HACTOsLLEe BpeMs
Jaxe Mpu HU3KOM HeEOBXOAUMOM COAEPKaHUU HaHOMOAGULMpPYOLWKX Ao6aBoK (2-3% OT 0bLel Mmacchl 6eToHa) fobaBneHne
TaKunx O6aBOK CyLLIECTBEHHO YBENNUNT ce6ecToMMOCTb MaTeprana. CpaBHeHME e TEXHUKO-IKOHOMUYECKHX NOoKa3aTersei B TakoM
CJlyyae OiHO3HAYHO YKaXKeT Ha 3TOT HelOCTaTOK U, KaK C/IeACTBME, HEBO3MOXKHOCTb MPUMEHEHMS TaKoro BapuaHTa No 3KOHOMU-
Yecknm npuynHam. Beisogpl. OfHMM 13 BaXKHENLLUX KPUTEPUEB OLEHKN NEPCNEeKTUBHOCTY BHEAPEHUSA HAHOTEXHOMOMMYECKNX
WHHOBALMI B CTPOUTENIbHYIO OTPAC/Ib CITYXKUT UX KOHeuHas cebectonmocTb. HaHomogudmkaTopbl ana 6eToHa U CTPOUTESNIbHBIX
pactBopoB no LeHe 100 gonnapos 3a rpamMmmM — MpY TOM, YTO UX MPOYHOCTHbIE KauecTBa BbipacTatoT Ha 30%, BpAg v 6yayT BocTpe-
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60BaHbl. BONBLUMHCTBO SKCNEPTOB CXOAATCA BO MHEHWM, UTO HAHOCTPYKTYPUPOBATb CllieyeT MaTepuasibl MaCCOBOIO MPUMeHeHMs:
6eTOH, MeTasnsl, KOMMNO3UTHble MaTepranbl HA OCHOBE BOMOKOH. MprMeHATb JaHHble MPOPbIBHblE TEXHONOMMM MOXHO BO MHOMMX
obnacTax, B TOM YMC/e U B TMOPOTEXHNYECKOM CTPOUTENbCTBE, YKpensaa 6eToHHble ocHoBaHuA 'TC, co3gaBas rmbkre nnactuyHble
reopeLueTky, noabmpas 1 co3aaBas HOBble KaueCTBEHHble 3aMoNIHUTENN ANs HUX 1 Np. Takxe, 6narofapsa HOBbIM HAHOMaTepranam,
MOXHO BblMyCKaTb MeTasl, KOTOpbI ByaeT Cny>K1Tb Ha MOPAAOK AOblUe COBPEMEHHbIX 06pa3LioB. HayuHbix pa3paboTok B AaHHOW
06nacTy goctaToyHo. Tenepb HEOOXOAMMO HAWTU UM NPaKTUYECKOe NPUMeHeHMe. Ho AaHHbI BEKTOP pa3BUTKA BeYeT 3a cobon
noTpebHOCTb B NepeobopynoBaHMY MPOU3BOACTBA, 00YyUYeHNM NepcoHana 1 npoyee.

BJIATOAAPHOCTMW: [laHHaa HayuyHaa paboTa BbinonHeHa npu noafepxke OefepanbHOro rocyfapcTBeHHOro 61ogxeTHoro o6-
pa3oBaTeNibHOro yupexaeHus Bbiclwero obpasoBaHna «HauMoHanbHbIN nccnefoBaTenbCcknii MOCKOBCKUI roCyfapCTBEHHbI
CTPOUTENbHBIN YHUBEPCUTET» U MMEET PermcTpaLMoHHbIN Homep KapTbl B ETMCY HUOKTP: 125070808055-3.
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INTRODUCTION

Currently, there is a massive transition to the wide-
spread use of industrial nanotechnologies, including
in hydraulic engineering. It is worth noting that the use
of nanomaterials and nanotechnologies is one of the
most important areas of effective global scientific and
technological development. In the Russian Federation,
scientific research and the implementation of the re-
sults of these developments are also being carried out
in accordance with the priority areas of scientific and
technological development of the Russian Federation
[1]. The existence of nanostructures and nanoparticles
with fundamentally special properties necessitates the
development of appropriate industrial technologies in
various spheres of human activity [2]. The term “nano-
technology” itself implies the creation and use of various
materials, devices, and systems whose structure is regu-
lated on a nanometer scale, i.e., in the range of sizes of
atoms, molecules, and supramolecular formations [3—5].
Accordingly, nanotechnology involves the controlled
regulation of the properties of objects at the molecular
and supramolecular level, which determine most of the
fundamental parameters and properties of physical ob-
jects, based on the targeted manipulation of their atoms
and molecules [6]. Nanotechnology in hydraulic engi-
neering involves the use of nanomaterials and technolo-
gies that improve the properties of building materials and
structures, increasing their durability and resistance to
external influences. The prefix “nano” refers to objects,
structures, or processes operating at the nanoscale (on a
scale of 1 to 100 nanometers). New building materials,
known as nanomaterials, have found quite wide appli-
cation in hydraulic engineering. Active development
is underway for new modern building materials with

structural components replaced by new nanomaterials.
It is important to note that the following nanomaterials
are currently used in hydraulic engineering:

1. Nanostructured polymer and ceramic composites.
These materials provide high water and vapor imperme-
ability.

2. Nanoparticles in waterproof coatings block the pen-
etration of moisture and water vapor.

3. Nanocomposite membranes create a dense protec-
tive layer with less thickness.

4. Nanoscale additives in concrete mixtures improve
the density and microstructure of cement stone, fill mi-
cropores, and increase compactness.

5. Nanomaterials for hydrophobization provide a
water-repellent effect, blocking pores and capillaries in
concrete.

All these latest modern developments have proven
their effectiveness in scientific research based on extensive
studies, including laboratory and industrial ones, and fully
justify the name of advanced nanotechnologies. However,
it is worth noting a contradiction: the use of these nano-
materials is often impossible in the construction, recon-
struction, or repair of hydraulic structures, including the
fact that this work is quite difficult and often practically
impossible to implement when carrying out measures
aimed at shore reinforcement of reservoirs.

METHODS AND MATERIALS

The Novosibirsk Reservoir is a unique multi-purpose
water facility. For more than 60 years, it has been inten-
sively used for national economic purposes — it is a source
of water supply, the main recreation area for residents of
Novosibirsk, the Novosibirsk region, and the Altai region,
and is used for shipping and fishing.
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The reservoir basin is located in the Novosibirsk Re-
gion and Altai Krai. The water surface area is 1,070 km?,
and the total volume is 8.8 km?3. The maximum width of
the reservoir is 22 km, the length is 185 km, the maximum
depth is 29 meters, the average depth is 9 meters, and 50%
of the reservoir’s area has a depth of less than 5 meters.

There are 41 settlements located within a two-kilome-
ter zone of the reservoir’s coastal strip, including the cities
of Kamen-na-Obi, Berdsk, Iskitim, and Ordynskoe. The
forested coastal area is home to health resorts, cottage and
dacha settlements, gardening communities, and places for
short-term recreation.

Taking into account the seasonal migrant and per-
manent populations of the settlements adjacent to the
reservoir and Berdsk Bay, the recreational load on the
coastal zone of the reservoir in the summer months, and
especially on weekends, is up to 40,000 people, or an
average of one vacationer per 5 meters of coastline. Since
almost the entire right bank of the reservoir and part of
the left bank are steep and do not have convenient access
to the water, the load in some places is significantly higher
than average (Berdsk, Ordynsky District) (Fig. 1).

It should also be noted that the Novosibirsk Reservoir,
created by damming the Ob River for the construction
of the Novosibirsk Hydroelectric Power Plant, was sup-
posed, according to the initial project, to be part of a sys-
tem of reservoirs starting with the Katun River (Republic
of Altai), which, merging with the Biya River in the Biysk
area of the Altai Territory, forms one of the largest flat
rivers in the world — the Ob River. Biy in the Biysk area
of the Altai Territory, forms one of the largest plains riv-
ers in the world — the Ob River [7]. However, for various
compelling reasons, this project was never implemented,
although in recent years the question of its relevance has
been raised again. Currently, in order to avoid emergen-

I\ Hoeocmbrnpck

#0068 HoB0CcHBHpCK

®Eepack
HoBocnbnpcrkoe Baxp.

®OpabiHeKoe

Fig. 1. Location of the Novosibirsk Reservoir. Satellite
image

cies and slow down the silting up of the reservoir, it is
necessary to ensure the safety and stability of the coastal
strip in the context of climate change and anthropogenic
impact by constructing a complex of hydraulic structures,
in particular using nanotechnologies.

Various methods are used to calculate the feasibility of
coastal protection hydraulic structures on water bodies,
which take into account, first of all, the natural condi-
tions and characteristics of the water body’s coastline.
The results of the calculations are verified and refined on
the basis of field studies and, if necessary, laboratory tests
and experiments.

The Novosibirsk valley-type reservoir provides sea-
sonal flow regulation. Based on morphological character-
istics, the reservoir’s water area is divided into three sec-
tions: upper (130 km from the dam), middle (60—130 km
from the dam), and lower (up to 60 km from the dam).
Nineteen small rivers flow into the reservoir, the largest
of which is the Berd River [8].

When designing shore protection hydraulic structures
with the introduction of nanotechnologies on the reser-
voir, the following factors must be taken into account:

1. Natural conditions of the coastal zone. Monitoring
has been carried out since 2016 to track the dynamics of
the collapse of the banks of the Novosibirsk Reservoir.
A total of 56 benchmarks have been installed, 31 of them
on the right bank and 25 on the left bank.

2. In addition to monitoring the natural conditions of
the coastal zone of the Novosibirsk Reservoir, in order to
make constructive and design decisions on shore protec-
tion hydraulic structures, especially with the introduction
of nanotechnologies, it is necessary to study the survey
data in detail and thoroughly, including hydrological,
hydrometeorological, engineering-geological, hydro-
geological, ecological, and topographical data. Based on
a detailed analysis of the location of a particular water
body, it is possible to consider the choice of materials
and design methods, including nanotechnologies and
nanomaterials.

3. Hydrological regime — the influence of the hy-
drological characteristics of the water body in question,
namely data based on daily water levels over a long period,
the amplitude of fluctuations and recurrence of water
levels, data on sediment movements and formations af-
fecting the dead and useful volume of the reservoir, its
level regime, wind and ice impact.

In the first years of normal operation of the Novosi-
birsk reservoir, abrasion processes were most intense on
the right-bank lake-like part. On the left bank, only in-
dividual sections of the shore exposed to waves from pre-
vailing winds were eroded. Abrasion processes intensified
somewhat after the NPU was raised by 0.2 m, with erosion
mainly increasing on the left bank. However, over time,
abrasion processes subsided and the rate of increase in the
length of abrasion shores decreased. In the lower part of
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the reservoir, 60 km from the dam, the processes of shore
reworking continue to this day. The extent of shore ero-
sion varies along the length of the shores in the lower part.
Thus, the left bank of the lower part of the reservoir can be
divided into two subzones, upper and lower, based on the
development of shore reworking processes. In the upper
subzone (50—60 km from the dam), within the water area
of the reservoir, there are a large number of islands, which
significantly impede the development of wind waves. The
average coastline retreat is 0.3 m/year, and in the lower
subzone it is 0.7 m/year. Despite the formation of coastal
shoals, coastal erosion processes continue and are caused
by both wave energy and other factors, in particular the
impact of slope runoff and the development of gully ac-
tivity. The greatest intensity of coastal erosion processes
is associated with elevated water levels in the reservoir,
which is exacerbated by storm events.

During the period of operation, the area of the reser-
voir at NPU = 113.5 m increased from 1070 to 1082 km?,
while the usable volume remained virtually unchanged.
According to observations, approximately 40,000 m? of
shoreline erosion products settle in the reservoir bed an-
nually?® of coastal erosion products settle annually in the
reservoir bed, leading to the shallowing of the reservoir
and the deterioration of the overall ecological situation.
The fact of constant exposure of coastal areas to water
requires the organization of systematic and continuous
monitoring of the condition of the shores, forecasting of
related hazardous natural phenomena, and the develop-
ment and implementation of effective methods to prevent
or mitigate their consequences, of course, based on the in-
troduction of advanced nanomaterials and nanotechnolo-
gies. Based on the monitoring results, if it is necessary
to strengthen the coastline and make a decision on the
construction of a coastal protection hydraulic structure,
designers, in accordance with the technical specifications,
calculate several options for coastal protection and select
hydraulic structures based on a technical and economic
justification.

MATHEMATICAL FORMULATION OF THE PROBLEM

The study consists of selecting a method and design
for coastal protection hydraulic structures with the pos-
sibility of using nanomaterials and nanotechnologies in
their design at the Novosibirsk Reservoir site.

As a result of monitoring and analyzing the condition
of the Novosibirsk Reservoir shoreline, this work reflects a
study of the section where the issue of protection through
the construction of coastal protection structures is most
acute. The length of the shore protection is 5530 m. The
class of shore protection structures is third. A complete
survey of the bottom relief of the Novosibirsk Reservoir
was carried out in 2008—2009 in accordance with [14].
The survey of the area in question was carried out inde-

pendently by a team of specialists belonging to the group
of authors of this work, using specialized calibrated in-
struments, including an echo sounder, a flow meter, and
a hydrometric propeller. Next, we processed the results in
IndorCad Rivier and IndorCad Draw. The hydrological
studies were done in June 2025. A fragment of the studies
is shown in Fig. 2.

For the object under consideration, the impact of the
ice field, the dynamics of the water body, and the wind
impact of waves play an important role in the selection of
the design of the shore protection hydraulic structure. The
validity of this statement is proven by the results of numer-
ous studies on reservoirs (objects with a highly dynamic
and controllable level) and seas [15]. The choice is justi-
fied by calculations based on regulatory documentation.

Wind over the surface of a water body generates ir-
regular wind waves, the parameters of which depend on
the run-up (the distance from the leeward shore to the
calculation point), wind speed and duration, as well as
the depth of the water body. The energy of the crashing
waves is partially dissipated and partially expended on the
movement of the bottom material in the transverse and
longitudinal directions, which in turn leads to changes
in the relief of the coastal zone: erosion in some places
and accumulation in others. The ultimate goal of these
movements is to achieve a dynamic equilibrium state in
which, on average, no further changes occur in either
profile or plan.

The profile of relative dynamic equilibrium is de-
scribed by Dean’s function:

h(y) = Ay*".

where y is the transverse coordinate, varying from 0 to
h, .. — the depth of the maximum wave collapse; 4, m'* —
the scale coefficient of the profile, depending mainly on
the size of its constituent material (sediments), as well as
on the ratio of the density of the material to the density
of water (Fig. 3).

When constructing graphs, it was assumed that
o, = 2650 kg/m’ — density of sand.

1 —s5=2.269, o = 1168 kg/m?> — brine;

2 —s=12.345, p = 1130 kg/m? — brine;

3 —s=2.588, o = 1024 kg/m* — seawater;

4 —5=12.650, p = 1000 kg/m* — fresh water.

As the size of the sediments increases, so does the
steepness of the profile. An increase in wave height leads
to a restructuring of the profile. If there is insufficient
material for this on the underwater slope and on the beach
above the water, the root of the bank is eroded. At the
same time, its slope is cut away, forming a coastal cliff,
the height of which gradually increases as the destruction
process continues. The shore’s tendency to maintain an
equilibrium profile determines its response to rising water
levels. When the water level rises, the profile tends to rise
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Fig. 2. Example of a hydrographic map
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Fig. 3. Dependence of the scale coefficient of the equilibrium profile on the size of the material and the ratio of the

density of the material to the density of water (S

=0/0)

Mathematically, the magnitude of this retreat () is
expressed by the Brun-Zenkovich rule as modified by

Edelman [16] (Figure 4):

by the same amount, and the material necessary for this

is obtained during the erosion of the shore, which leads

to the retreat of the profile inland.
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hbmax + B
b m’
h +B-Z7

bmax

Ay = Px1In|

where P is the length of the profile, m;

Zis the amount of sea level rise, m;

B is the height of the coastline before the rise, m;

h, .. is the wave collapse depth, m.

With cyclic fluctuations in the level in front of the
root bank, an above-water beach berm forms over time —
a gently sloping terrace containing the material neces-
sary to rebuild the profile in accordance with the Brun-
Zenkovich rule.

After the equilibrium profile and berm (above-water
beach) are constructed, the main shore is completely iso-
lated from wave loads. Its further development occurs
under the influence of wind erosion, surface wash, and
other non-hydrodynamic factors, the action of which
is generally aimed at transforming the coastal cliff into
a gentle slope, i.c., also at achieving a certain state of
equilibrium (Fig. 5). However, in the case of reservoirs,
such an equilibrium state is difficult to achieve due to
significant fluctuations in water level during operation.

Unbound material moved by breaking waves along
the shore creates a longshore sediment transport. A sec-
tion of the shoreline is in equilibrium if the resulting
sediment transport, i.e., the sum of the flows from all
active waves, remains constant. In the event of an imbal-
ance in the longshore flow, either the coast is eroded—
the amount of material necessary to maintain a constant
flow is removed from it—or sediment accumulates and
the coast advances—the flow gets rid of excess material
(Fig. 6).

Figure 6 clearly shows the general trend of the planned
evolution of the coastline, aimed at smoothing it out,
which leads to the cutting off of capes and the filling of
bays. On generally balanced coasts, as the length of the
run-up increases, the coastline gradually turns in a direc-
tion perpendicular to the prevailing waves. The increase
in the angle of approach compensates for the increase
in wave energy, and the amount of alongshore transport
remains constant. The duration of the processes of achiev-
ing coastal equilibrium in profile and plan varies. Plan
equilibrium usually requires an order of magnitude more
time (10 years or more) than the development of an un-
derwater equilibrium profile (several years) [17].

AY

Fig. 4. lllustration of the Brun-Zenkovich rule

KopeHHoH Geper
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Fig. 5. Diagram of the profile of a stable (equilibrium) coastal zone
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Fig. 6. Evolution of the coastline in plan view

Research results show that the greatest danger in terms
of coastal land loss is posed by the reservoir level exceed-
ing the normal level or, conversely, falling below the dead
volume level. Since the retreat of the shores in this case
is explained by the need to obtain additional material for
rebuilding the profile, the most effective way of protection
is to anticipate this need, i.e., to create a corresponding
reserve of loose material (sand) in front of the main shore,
concentrated in the beach berm (above-water beach).

Artificial reduction of the steepness of the original
shore can serve as a source of material for the formation
of the berm. However, since the size of the material of
the coastal cliff is small, this method of replenishment
should be supplemented by filling with larger material
from external sources (land quarries).

Filling the material in the near-shore zone from the
water is impossible due to shallow depths and the lack of
appropriate equipment. Therefore, it will be necessary
to free up working space in the coastal strip, for which it
will be necessary to evacuate buildings and remove land
plots directly adjacent to the edge of the natural shore

from circulation. Evacuation will also be required when

carrying out work to counteract slope processes (Fig. 7).
The technical solutions adopted in the project, aimed

at ensuring the strength, stability, and spatial immutability

of structures with the use of industrial nanotechnologies,

are determined by the following factors:

the degree of responsibility of the structures;

operating conditions;

the climatic region of construction;

engineering and geological conditions of the construc-

tion site;

experience in the construction of similar facilities and

their technical solutions in the region;

the need to reduce construction time;

manufacturability, ease of installation;

ensuring the design service life;

compliance with the recommendations and require-

ments of current regulatory documents.

In accordance with the classification of the Resolution

of the Government of the Russian Federation No. 1607

of October 5, 2020 [18], the structures are classified as

l2

‘VionaXHBaHHe IMyTeM CPe3KH B paHoHe 3 yJacTka

36,5

2 an

HekyceTaeHstil necaantii ok

PY- 8222 (50 % cp)

00
0

OTMeTKH, M

81,30

| 89,87
|— 80,87
|— 89,87
— 83,20

22

Fig. 7. Slope stabilization by cutting on the site

http://nanobuild.ru

75

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

Nanotechnologies in construction 2026; 18 (1):
HaHoTexHONnorum B cTpouTtenbCcTBe 68-81

ISSN 2075-8545 (online)

Nanobm

APPLICATION OF NANOMATERIALS AND NANOTECHNOLOGIES IN CONSTRUCTION

Class III structures. According to SP 58.13330.2019
Updated edition of SNiP 33-01-2003 “Hydraulic struc-
tures. Basic Provisions” [19], the estimated service life
of major hydraulic structures should be taken as 50 years
(clause 8.21).

Wind wave elements in open areas are determined
using formulas, graphs, and nomograms from Appendix
A of SP 38.13330.2018 “Loads and Impacts on Hydraulic
Structures” [20]. The calculation is first performed using
formulas for deep water areas, then the regime is deter-
mined based on the following ratios:

d > 0.5\, — deep water zone;

0.5A,>d >d_ — shallow water zone;

d, >d>d —surfzone

d < d, — nearshore zone.

The crest elevation of the bank is determined as:

AH=4 hsat + 'II':I':A:Izl:!-"n

h, and Ah_ are calculated according to [20].

All calculations for Class I1I structures were performed
in accordance with [20].
RESULTS
Determination of wind run-up height

First stage section:

Ah_, =k, -

31,6%- 6100

=3,14-107°%-
981-5

~cas70° = 0,134mM,

where k,=3-(1+4+0,3-V,)-107" = 3,14-107°
is the coefficient;

V' — wind speed;

L — wind acceleration distance;

g — acceleration due to gravity;

d — average depth along the acceleration line;

Ah , — wind surge height;

cosa —cosine of the angle between the longitudinal
axis of the water body and the wind direction.

For a south wind:

k,=3-(1+03-1,)-1077=3,09-107°

4l vi-L
1 = —_——— " OS5 =
Fet w (d _I_ﬂh'ggf)
e 31,0%- 9500
=3,09-10"%  ———  ¢0s25° = 0,521 m.
981-5

Second stage section:
With a south wind:

k,=3-(1+03-V,) 1077 =3,09-107°

W

Al VL
lyy = K, "——————cosa =
(d _1_5.’15.9,)
e 31,0°- 7100
=309-107°" ———— c0s25° = 0,390 m .
981-5
With a SE wind direction:

k,=3-(1+03-V,)-1077 =2,67-107°

vi-L
Ah,.. =k +—m—————cosa =

[d _I_ﬂhm)

26,3%- 7200

=2,67-107°-
9,315

~c0520°=0,254 M.

Third stage section:
When the wind is blowing from the south:

k,=3-(1+03-V,) 1077 =3,09-107°

W

il vi-L
by = ——— oS =
st W (d +ﬂh.sﬂr)
e 31,0%- 7200
=309-100°" ———— - cos25° = 0,395 m .
981-5
With a SE wind:

k,=3-(1+03-V,) 1077 =2,67-107°

u Vi-L
1 = —_— " 05 =
et W (d _l_ﬂhsﬂr)
e 26,3%- 10050
=2,67-107%  ——————— - 0520° = 0,355 M.
981-5

Determining wave run-up height

The wave run-up height on the slope is determined by:

IFI’:":4:':1% run kz’ ’ kn’ ’ hsu:"l% ’

=k, k, kK

where k_is the roughness coefficient;
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kp — slope permeability coefficient; Estimated composition of stone banket

ksp — coefficient;
k, — wave run-up safety factor;

When designing slope profile structures and slope

k — coefficient; reinforcements made of stone, concrete or reinforced
k,, — coefficient depending on water depth and slope  concrete blocks, or tetrapods, the mass of the individual

steepness; element m, t, corresponding to its state of equilibrium
h,,, — calculated wave height. from the action of meter waves, must be determined by
First stage section: the formula:

h,,, = 1.3 m (with a southwesterly wind)

h =0.7-05-15-1.5-1-0.76-1.3=0.77m

runl%

h,,, = 1.3 m (with a south wind)

h =0.7-05-1.5-1.5-1-096-1.3=0.98 m

runl%

Second stage section:
h,,, = 1.26 m (with south wind)
h =0.7-0.5-1.5-1.5-1-0.94-1.26=0.93 m

runl%

h,,, = 1.26 m (with SE wind)

Moy =0.7-0.5-1.5-1.5-1-0.96-1.26=0.95m
Third stage section:

h,,, = 1.23 m (with a south wind)

h =0.7-0.5-1.5-15-1-0.94-1.23=0.40 m

runl%

2.16k h? A

m = -

{—— 1)1\,-' 1+ctg®@ v h

p

where: k, — coefficient taken according to [20];
p,, — density of the fastener material, t/m’ ;
p — density of water, t/m? ;
ctgp = 3 — slope angle;
A — wavelength;

h — height of the design wave.
The use of sorted stone will be considered as a means

h,,, = 1.20 m (with a SE wind) of slope reinforcement.

h =0.7-05-15-15-1-092-1.20=0.87 m.

runl%

Determination of the top of the structure

First stage site:

_316-0,025-26-1,33% (10,16 _

m = 56 13 =0,15T1,
The calculations are summarized in Table 1. ( j’_ — l} J1+25% 4 —
Calculation of erosion in front of the stone bank Second stage section:
2 2f3 s [102a
. 0.1 (h -lm) 316-0025-26-126° 1024 _
= — n1 = = 'I
p max 3 0. . B .
‘v% dcp: (2{5 B l) a.;'"TZ,E@ Nl 1,26
First stage section: Third stage section:
2/3
0.1 1,3%.8,12
Hymax = 3512 ((0,152.10-;]@5) =18m. 316:0025-26-12° 1016 _
m = = T
2,6 rap— ! ’
Second stage section: ( T~ 1) 142,583 Nl 1.20
0.1 1262812 \2/3 . .
H pmar = I=— =123 m. The mass of the broken stone forming the slope is as-
V200 \(0.44.107%)25 .
sumed to be 0.18 tons. The reduced diameter of the stone
is calculated using the formula:
Third stage section:
2/3 6-
01 1,20%-8,47 3 m
Hymax = 5= (. ) = D= =08 m
pmax 3520 \(0,44-1072)05 115m. P, :
Table 1. Summary table of design elevations
Tongue-and-groove wall Banquet
Section
AH A Project mark AH Arp Mark project
First stage 2 85.70 85.70 1.5 85.20 85.20
Second stage 1.82 85.52 85.60 1.32 85.02 85.10
Third stage 1.72 85.42 85.50 1.23 84.93 85.00
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We accept the calculated stone diameter D = 0.50 m.
The rock mass for filling the shoulder should have the
following composition by size:
— calculated stone size Dk > 0.5 m;
— calculated composition of rock mass:
« stones of calculated size Dk > 0.5 m not less than
40%;
* stone with a size of 0.125> Dk >0.5 m not less than
15%;
* quarry fines no more than 25%.
For filling the spurs, it is permissible to use stone with
a size of Dk > 0.4—0.5 m, about 60%, with the remaining
stones being smaller for filling voids.

Calculation of stone banket parameters

The calculated cross-section of the stone reinforcement
is shown in Figure 8. The cross-sectional area of the filled
prism is equal to the calculated cross-section of the stone
beach at the final stage of the reinforcement prism reshaping.
The calculated volume of stone will provide a non-erodible
base in front of the stone bank at the final stage of reshaping.

Anchor height:

hy=2.5m.

Initial laying of the front part of the stone prism:

m=1.5.

Final laying above water level:

m =2.35.
Final placement below water level:
m,=4.

Laying of the rear part of the stone prism:
my=1,m, =1
Elevation of the fastening ridge above water level:

h,=15m.

Final water depth at the base of the front part of the

stone prism:

h,=2.5m.
Thickness of the fastening at the water’s edge after

reshaping the stone prism:

t=nD,=21%#05=105m

| 1
i mixl=tsx=t |——=
! w|1+m.1
1
=ta, =039M |a; = |——=1037
'\l|l+m1 ’

y=mx=0975m; z= m';}_'_l.f =0975 M,
bj=x+z=039+0975=1,365m;
b, = (my+ my)y = 1,95 m;

§=8 +8,=05by+

+[b, +0.5(m; + m)(h,—y)|(h,—y) =
0.5-1.95-0.95+

+11.95+ 0.5(1 + 2.5)(2.5-0.975)](2.5—0.975) =
+7.99 m?;

S =8, +S,+S.,=05by+aht+2/3aht=
=0.5-1.365-0.975+2.69 - 1.5+ 1.05 +
+2/3-4.12-2.5-1.05=12.11 m%

— l—
(a,l = N||1+mfi =269; a, = N'l-I—m% = 4,12).

b1

CmpoumenbHbId Npodub

Pacy&mHbil npoduns

hd
%

Fig. 8. Calculation diagram
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Cross-sectional area of the fastening:

Se =S5, +5,=799+12,11 = 20,1 m"
Width of the fastening ridge:
b==—-05(my+m)h; =487 m

We assume a fastening berm width of 5.5 m.

We use stone with a compressive strength limit in
a water-saturated state of at least 6x107Pa, which cor-
responds to stone grade M600.

DISCUSSION

Currently, studying scientific developments in the
field of nanomaterials, we can state that there are many
varieties of nanoscale additives and, accordingly, nano-
modified cements and concretes. These modifiers dif-
fer in their mechanisms of action, which is related to
their spatial-geometric parameters, thermodynamic and
kinetic, crystallochemical, and technological aspects.
The possibilities for implementing modification mecha-
nisms are determined by the type, characteristics, and
dosage of nanoscale particles [21]. At the same time,
both in regulatory documentation and in the studied
design solutions in the field of coastal protection hy-
draulic structures, there is no mention of the use of any
nanotechnologies in construction. As a suggestion, it is
only possible to apply currently known nanomaterials in
the design of structural elements of coastal protection
structures and/or to apply nanotechnologies using tested
and certified materials. Among these, the following are
already known:

1. Nanostructured polymer and ceramic composites.

2. Nanoparticles in waterproof coatings.

3. Nanoscale additives in concrete mixes.

4. Nanomaterials for hydrophobization.

In addition, we can offer the use of what we consider
to be an effective, modern variation of nanotechnology:
the use of geogrids with different cell sizes. The grid can
be stretched and then fixed with anchors on the section
of the coastline to be stabilized. The cells are then filled
with a specially developed and recommended sand-gravel
mixture containing nanoparticles. It is also worth not-
ing the possibility of using a rather promising direction—
nanomodified concrete. However, in the case under con-
sideration, this option was not considered for the shore
reinforcement of the Novosibirsk reservoir. Unfortunately
for the authors, it should be noted that at present, even
with the low required content of nanomodifying addi-
tives (2—3% of the total mass of concrete), the addition
of such additives will significantly increase the cost of the
material. A comparison of technical and economic indi-
cators in this case will clearly indicate this disadvantage

and, as a result, the impossibility of using this option for
€conomic reasons.

CONCLUSION

One of the most important criteria for assessing the
prospects for introducing nanotechnological innova-
tions into the construction industry is their final cost.
Nanomodifiers for concrete and building mortars costing
$100 per gram, even though they increase strength by
30%, are unlikely to be in demand.

Most experts agree that nanostructuring should be
applied to materials that are used on a large scale, such
as concrete, metal, and fiber-based composite materials.
From the point of view of mass construction, chemi-
cal processes and technologies using mechanical prin-
ciples and micro-explosion methods are preferable, while
vacuum, laser, and cryogenic technologies, despite their
promising prospects, are more expensive [21]. Another
resource for reducing costs is associated with the effect
of giant resonances of field amplification on the surface
of nanoparticles, which results in extremely high levels
of dispersion forces and, accordingly, an extremely small
amount of required “raw material.” Scientists have also
developed a new method of combating corrosion. These
breakthrough technologies can be applied in many areas,
including hydraulic engineering, strengthening concrete
foundations of gas transmission systems, creating flex-
ible plastic geogrids, selecting and creating new high-
quality fillers for them, etc. In addition, thanks to new
nanomaterials, it is possible to produce metal that will
last an order of magnitude longer than modern samples.
There are sufficient scientific developments in this area.
Now it is necessary to find practical applications for them.
However, this vector of development entails the need to
re-equip production, train personnel, and so on.

An important factor in the application and develop-
ment of nanotechnologies is their impact on the environ-
ment. For example, as a result of construction, recon-
struction, repair, and demolition (liquidation) of struc-
tures, nanoparticles will inevitably enter the atmosphere,
which will have an impact on human health: both the
employees involved in these construction processes and
the residents of nearby regions. It is also worth noting that
there are currently no specific regulations on the han-
dling of waste materials that are nanomaterials or contain
nanomaterials ().

It should be borne in mind that initially “safe” and
effective “structural” nanomaterials may undergo physi-
cal, chemical, or biological transformations (sorption,
aggregation, oxidation, reduction, biotransformation)
during their life cycle, and their properties will change.
It is important to take into account the influence of en-
vironmental factors (such as pH, microorganisms, water
salinity) on activity and toxicity; to study the stability
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of nanomaterials in specific conditions, for example,
the use of nanotechnologies in hydraulic engineering
should provide for the possibility of these particles be-
ing washed out by water and entering the general water
exchange.

In conclusion, it should be noted that the authors
of the work emphasize the relevance of the problem of
shore protection of the Novosibirsk reservoir, primarily
for the local population and the ecosystem as a whole,
demonstrating the need to develop and implement ef-

fective and efficient measures, taking into account the
peculiarities of financing and the difficulties arising from
natural changes, possibly taking into account the use of
modern nanotechnologies at the design stage in both con-
struction and the use of nanomaterials in the building
materials used. The construction of the coastal protection
hydraulic structures considered in this work is a measure
to prevent further destruction of the coast by dangerous
natural processes: abrasion of the coastal slope by waves
during storm periods.
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