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The results of experimental laboratory studies of flexible concrete revetment of slopes
aimed at protecting transport structures from the effects of sea waves have been presented
in this article. The object of the study is the structures of protective wave-damping slopes —
flexible concrete slabs (flexible concrete revetments) consisting of concrete blocks con-
nected by flexible ties, manufactured in accordance with GOST R 58411-2019, constructed
to protect bridge supports, roadbed and railways, etc., designed and operated under condi-
tions of wave action on the seashores.

The purpose of the work is to obtain experimental data for the development of
regulations for determining the height of run-up under wave action on flexible concrete
revetments to protect the slopes of transport structures on the seashores.

The research was carried out using the method of physical modeling in a wave flume.

On a scale of 1:10, models of slope structures with a sand core reinforced with
flexible concrete paving in accordance with GOST R 58411-2019 were built in the wave
flume. In the process of research the interaction of the design wave of sea storms with
protective slopes reinforced with flexible concrete slabs was assessed. Using a physical
model the effect of storm waves on elements of flexible revetment on bank protection
slopes with different slope angles (1:2, 1:3 n 1:5) was studied. It was made the assess-
ment of the height of the wave run-up on coastal protection slopes under the influence of
breaking waves, as well as in the shallow sea zone.

The research results are aimed at the development of the regulatory framework in
the field of protection of the designed on the sea shores transport structures from washing
out under the influence of a sea storm wave.
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NABOPATOPHbIE UCCINEQOBAHUA HAKATA BOJIH B MENIKOBOOHOW 30HE
MOPA HA OTKOCbHI, YKPEMJIEHHbIE TMBKUMU BETOHHbLIMU MIUTAMU

I.B. ThaBnuHa

LleHTpanbHbIN Hay4YHO-UCCNEea0BaTENbCKMN NHCTUTYT TpaHcnopTHoro ctpoutenscTtea (LHUUTC),
MockBa, Poccuiickasa ®egepaund
HWL «Mopckune 6epera», Coun, Poccuiickaa ®epepauus

O CTATBE AHHOTAUWMA

MonyyeHa: 05 gekabpsa 2023 lMpeacraBneHbl pe3ynbTaTbl 9KCMEPUMEHTanbHbIX NnabopaTtopHbIX UcCreaoBaHMn
Onobpena: 17 anpens 2024 rMBKUX GETOHHBIX MOKPBLITUIA OTKOCOB AfS 3aL4MThbl TPAHCMOPTHBIX COOPYXEHUA OT BO3-
MpuHaTa k ny6nukauyuu: OEeNcTBMS MOPCKMX BONH. OOGBEKTOM MCCNeAoBaHUst ABNSATCA KOHCTPYKLUUN 3aLLUTHBIX

03 niona 2024 BOJIHOracsLLMX OTKOCOB — MOKMe OGeTOHHble NNuTbl (rMOKMe GETOHHbIE MOKPbLITUSI), CO-

cTosiLme 13 6eTOHHbIX BOKOB, COEAMHEHHbIX TMOKUMU CBSI3SIMU, U3roTaBMMBaeMble Mo

Kniouessie cnosa: FOCT P 58411-2019, coopyxaemble Ans 3aluUTbl ONOP MOCTOB, 3EMIISIHOTO MOSIOTHA
6eperosawmTa, GeperoprenneHme, aBTOMOOMIBHBIX W XXENe3HbIX AOPOr U T.M., MPOEKTUPYEMbIX U 3KCNIyaTUpyeMbIX B yCMO-
BOJIHOBOW FTOTOK, BOMHOracsiLLni BMSX BONTHOBOroO BO34eNCTBUS Ha Beperax Mopen.

OTKOC, rMbkne 6eTOHHbIE MOKPLITUS, Lenb paGoTbl — Nony4YeHne akcnepvMeHTanbHbIX AaHHbIX ANs pa3paboTky HopMaTuB-
rmbKne NnnThI, HaKaT, pas3mbiBs, HbIX MOMOXEHUIA MO ONpPeAeneHuo BbICOTbI HakaTa Npu BOMHOBOM BO3AEWCTBUM Ha rubkue
u3nIeckoe MogenMpoBaHme. GETOHHbIE MOKPbITVS Af151 3aLUMTLI OTKOCOB TPAHCMOPTHBLIX COOPYKEHWI Ha Geperax Mopeii.

WccnenoBaHust BbINOMHEHb! METOAOM (DM3NYECKOTO MOAENPOBaHUS B BONTHOBOM F1OT-
ke. B macwrabe 1:10 B BONIHOBOM FTOTKe Gbin MOCTPOEHbI MOAENN OTKOCHBIX COOPY>KEHUIA C
necyaHblM SAPOM, YKpenreHHbIM rmbkummn 6eToHHbIMK nokpbiTusimy no FOCT P 58411-2019.
B npouecce nccnenosaHuii NpoBoAMNach OLEHKa B3aMMOAEVICTBUSI PACHETHOTO BOJTHEHWSI
MOPCKMX LLUTOPMOB C 3aLLMTHLIMW OTKOCaMM, YKPEMNEHHbIMU TMOKMMM BETOHHBIMKU NnuTamu.
Ha dpmanyeckonn mogenm nccneaosanocs BO3AeNCTBME LUTOPMOBOTO BOMTHEHWSI HA 3IeMEHTbI
TMOKMX MOKPbITUIA Ha BeperosallnTHbIX OTKOCaxX € pa3nuyHbIMU yknoHamu (1:2, 1:3 u 1:5).
BbinonHsnack oueHka BbICOTbI HaKaTa BOMH Ha GeperosaluyTHbIE OTKOChI MPY BO3AEVCTBUAN
0BpyLLAIOLLMXCS BOSH, a Taloke B MENIKOBOAHOM 30HE MOps.

PesynbTaThl uccnegoBaHuii npeaHa3HaveHbl AN pa3BuTUS HopmMaTMBHOW 6a3bl B
obnactu 3awuTbl TPAHCMOPTHBIX COOPYXXEHUN, MPOEKTMpYyeMbiX Ha Geperax mopew, oT
pa3mMbiBa NPy BO3AEWACTBUN MOPCKOTO LUTOPMOBOTO BOSTHEHMS.

Introduction

The object of the study is flexible concrete revetment — flexible concrete slabs consisting of
concrete blocks connected by flexible connectors manufactured in accordance with GOST R
58411-2019 «Flexible concrete slabs. Specifications» (Fig. 1).

The current regulatory documents of the Russian Federation (SP 116.13330.2012 «Engineer-
ing protection of territories, buildings and structures from dangerous geological processes. Basic
principles», SP 86.13330.2022 «Trunk pipelines «, SP 80.13330.2016 «River hydraulie engineer-
ing facilities») prescribe the use of flexible concrete revetment for the protection of transport
structures, river banks, lakes and reservoirs.

Methodological and industry documents on calculation, design and construction of flexible
concrete revetment for the protection of slopes of transport structures have also been developed
[1-4]. Calculation methods and technologies for the construction of flexible concrete revetment
are constantly being improved and this is confirmed by the ongoing research [5-9].

However, the calculation methods given in the current regulatory and methodological docu-
ments [3, 4] are applicable to the banks of rivers or reservoirs, but the problems of interaction of
sea waves with flexible concrete slabs are not considered in them.
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i )

Fig. 1. Flexible concrete slab according to GOST R 58411-2019 [1]:
1 — concrete block; 2 — connecting rope; 3 — mounting loop
Puc. 1. I'nOkas 6etonnas miuta mo 'OCT P 58411-2019 [1]:
1 — 6eToHHBIH OJI0K; 2 — COEIMHUTENBHBIN KAHAT; 3 — MOHTAXKHAS METIIs

One of the main calculated characteristics in the design of slopes which protect transport
structures from washout by sea waves is the height of the wave run up (exceeding the mark of the
highest point of the calculated wave on the slope above the level of calm water).

In general, the height of wave run up on slopes is determined in accordance with Appendix
D SP 38.13330.2018 «Loads and impacts on hydraulic structures»:

hrun = krkpkspkrunkikahl %o (1)

where £, and k&, — coefficients of roughness and permeability of the slope, taken depending on the
design of the slope protection; k&, — coefficient considering the angle of inclination to the horizon
and speed of the wind; &, — coefficient depending on the depth of the water and the gentleness of
the wave; k;— run up probability factor; k, — coefficient taken depending on the angle of approach
of the wave to the slope; 4, 5,— wave height with 1 % probability in the system.

In this calculation formula, various options for slope fixation are taken into account by empirical
coefficients k, and k, through relative roughness of the material grains #/ A, ¢, (or blocks) of the slope
fastening for the following structures: smooth concrete (reinforced concrete) slabs, gravel-pebble or
stone revetment, concrete (reinforced concrete) blocks. Since flexible concrete slabs cannot be attrib-
uted to any of the types of slope reinforcement listed in Appendix D of SR 38.13330.2018 by the na-
ture of interaction with waves, additional studies are required to assess the applicability (or the possi-
bility of clarifying) the regulatory methodology for calculating the wave run up on the slope.

In this paper the results of laboratory studies of the interaction of sea waves with slopes fixed
with flexible concrete revetment have been presented. The purpose of the research is to obtain
experimental data to assess the applicability of regulatory formulas for calculating the waves run
up on the slope for flexible concrete surfacing aimed at the protection of slopes of transport struc-
tures (bridge supports, roadbed of roads and railways, etc.).

Methods of Research
The research was carried out by the method of physical modeling in the ‘Sea Shores’ re-
search centre, Sochi (nowadays JSC TsNIITS ‘SRC “Sea Shores”). The method of physical mod-

eling is widely used in solving various kinds of problems in geotechnics, hydraulic engineering
[10-13], etc. Also the author refers this method to the basic one when substantiating the require-
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ments of normative documents in the field of transport structures protection from hydrodynamic
impact of natural water environment [14—16].

Experimental studies were carried out in a wave flume with a length of 20 m, a width of
0.6 m, and a wall height of 1.0 m. Waves in the wave flume were generated by a shield wave-
producer installed in a pit at one of the end walls. The wave generator performs reciprocating
movements with the help of a DC electric motor, which can be used for regulating the frequency
and amplitude of the shield oscillations. The scheme of the wave flume is shown in Fig. 2

Fig. 2. Scheme of the wave tray: I — wave absorber; 2 — wave producer;
3 — wave; 4 — flume wall; 5 — model
Puc. 2. Cxema BOJIHOBOTO JIOTKa: / — BOJHOTACHUTENb; 2 — BOJHOIIPOJIYKTOD;
3 — BoaHA; 4 — CTEHKA JIOTKA;, 5 — MOJICIIb

Models of slope structures with a sand core reinforced with flexible concrete surfacing were
built in the wave flume at a scale of 1:10 according to GOST R 58411-2019. Linear dimensions
(geometric dimensions of structures and their elements, depths, heights and wavelengths) on the
model were taken in linear scale.

Measurements of wave parameters were performed by a measuring system (Fig. 3), consist-
ing of capacitive wave recorder DUE-1 and a portable PC connected to an analogue-to-digital
converter (ADC) via USB channel, whose inputs received measurement data signals from wave

recorders, fixtures to measuring instruments and auxiliary equipment after the necessary trans-
formations.
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Fig. 3. System of transforming the measured wave parameters: PC connected to the ADC (a)
and an example of wavegraph recording (b)
Puc. 3. Cuctema npeobpa3oBanus u3MepeHHbIX napametpoB BojiH: [1K, coenunennsiit ¢ AL (a)
W IIpUMeEp 3aIluCH MoKa3aHui BonHorpagos (b)
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Systematic errors of measurements of periods, wavelengths and heights were practically ex-
cluded by independent control with a stopwatch and by digital photography and video recording.

The sensors were calibrated before and after measurements. The measurement errors did not
exceed 5 %.

The absolute error of the results of measurements of the average wave height did not
exceed £ 2 mm, and of the periods + 0.1 s.

For the purity of the experiments the initial wave mode in the flume was selected without
structures. In order to avoid wave reflection a wave-absorbing berm was poured in the end part of
the flume. Each experiment was repeated at least three times.

In the modelling, the wave parameters corresponding to the waves of the design storm, pos-
sible once in 25 years of 5 % probability were taken.

Physical modeling was carried out according to the methodology described in [16—-18]. In
this case, the Froude number should be used as the main similarity criterion, i.e. it is necessary to
ensure the equality of the Froude numbers of the object and the model [19, 20]:

2
Fr = v idem, (2)
gL

where Fr — Froude number; V' — characteristic velocity (e.g. wave propagation velocity); g — free-
fall acceleration; L — characteristic linear dimension.
It was also ensured on the model the fulfillment of the condition

Re > 1000 €)
where Re — Reynolds number, determined by the formula

Re=t 4)

v

where V' — characteristic velocity (e.g. wave propagation velocity); L — characteristic linear di-
mension; v — fluid kinematic viscosity.

In this paper, taking into account the dimensions of the wave flume and the modeled struc-
ture, the geometric scale of the model is assumed to be equal to:

a, = 1:10. (%)

In order to ensure the equality of Froude numbers (2) on the model and in the field condi-
tions the scale of the wave period was as follows:

a, =Ja, =1:3,16, (6)
and mass scale of protective slope protection fastening elements:
o, =a,” =1:1000. (7)

Models of flexible concrete revetment were made in 1:10 scale taking into account the unified
dimensions of FCS-240 (GOST R 58411-2019). The size of one concrete block of flexible revet-
ment was equal to 30 x 30 x 24 mm (30 x 30 x 24 cm)'. The mass of one concrete block of flexible

! Hereinafter in the text and in the figures in brackets are the values corresponding to the in-situ values.
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revetment was about 34 g (34 kg), which satisfactorily corresponds to GOST R 58411-2019 and the
expression (7).

The bottom of the physical model was made rigid [17, 18] by surface concreting of the back-
fill material along characteristic profiles.

The core of the slope was made as an impermeable sand structure with an impermeable geo-
textile cover.

A physical model was used to investigate the impact of storm waves in a shallow sea zone on
elements of flexible revetment of coastal protection slopes with different grades (1:2, 1:3 and 1:5).

Different wave regimes with mean period from 1.54 to 1.66 s (4.87 to 5.25 s) were consid-
ered. The waves in the flume were selected in such a way that they did not collapse on the inves-
tigated shore protection slope, but gently rolled on the slope during the experiments. The view of
the model during the experiments is shown in Fig. 4.

F

Fig. 4. View of the model during experiments in a wave flume
Puc. 4. Bux Mozenu Bo BpeMsi SKCIIEPUMEHTOB B BOJTHOBOM JIOTKE

Further, the results obtained experimentally for flexible concrete revetment were compared
with the results of calculations for concrete slabs and concrete blocks in accordance with the ap-
pendix D SR 38.13330.2018.

Results

Series Nol. Slope with the 1:2 slope angle. The parameters of the model and waves in the
experiments of the first series are presented in Table 1.

The results of experiments of the first series aimed at determining the wave run up on the
slope with 1:2 slope angle and reinforced with flexible plates according to GOST R 58411-2019
are presented in Table 2 and Figure 5. Also, the results of calculations of wave slope in accor-
dance with Appendix D of SR 38.13330.2018 for concrete slabs and concrete blocks are pre-
sented in Table 2 and Fig. 5.
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Table 1

Parameters of the model and waves in the experiments of the No 1 Series

[TapameTprl MOiE€M U BOJIHEHMS B onbITax cepuu Ne |

Tab6muna 1

Number of the ) Parameters of waves
. Slope angle i Scale ; -
experiment average wave period 7, s waves height 7, mm
1 1.66 (5.25) 63 (630)
2 1.62 (5.12) 65 (650)
3 1:2 1:10 1.58 (5.00) 66 (660)
4 1.56 (4.93) 72 (720)
5 1.54 (4.87) 80 (800)
Table 2
Height of the waves run up on the slope with the angle equal to 1:2
Ta0muua 2
BricoTa Hakara BOJIH Ha OTKOC € YKJIOHOM 1:2
Parameters of waves Height of the waves run up on the slope, m
Number | Slope -
average flexible concrete slabs concrete blocks
of the angle | Scale waves . .
experiment ; wave height /, m concrete slabs (calculation (calculation
period 7, s ’ (Model) |according to [15]) | according to [15])
1 1.66 0.63 0.111 0.159 0.056
2 1.62 0.65 0.106 0.159 0.056
3 1:2 | 1:10 1.58 0.66 0.108 0.158 0.055
4 1.56 0.72 0.114 0.164 0.057
5 1.54 0.80 0.126 0.172 0.060
0,19
0,17 &
A
A &
g 0.15 1 M Experimental data
g: 0,13 - - (flexible concrete slabs)
E 0.11 a o A Calculation (concrete slabs)
0,09 @ Calculation (concrete blocks)
0,07 +
* ©
0.05 | * o o
25 30 35 40

Wave shallowness A/A

Fig. 5. Height of the waves run up on the slope with the angle equal to 1:2

Puc. 5. BeicoTa HakaTa BOJIH Ha OTKOC C YKJIOHOM 1:2

Series No 2. Slope with 1:3 slope angle. The parameters of the model and waves in the ex-
periment of the second series are given in Table 3.
The results of experiments of the second series aimed at determining the wave run up on the
slope with 1:2 slope angle and reinforced with flexible plates according to GOST R 58411-2019
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are presented in Table 4 and Fig. 6. Also, the results of calculations of wave slope in accordance
with Appendix D of SR 38.13330.2018 for concrete slabs and concrete blocks are presented in
Table 4 and Fig. 6.

Table 3
Parameters of the model and waves in the experiments of the No 2 Series
Tao0numa 3
[TapameTpsl MOJEIHM ¥ BOJTHEHUS B ONBITaxX cepuu Ne 2
Number of the Slope angle Parameters of waves
: . Scale . -
experiment i average wave period 7, ¢ waves height 7, mm
6 1.66 (5.25) 70 (700)
7 1.62 (5.12) 75 (750)
8 1:3 1:10 1.58 (5.00) 83 (830)
9 1.56 (4.93) 87 (870)
10 1.54 (4.87) 90 (900)
Table 4

Height of the Waves Run up on the Slope with the Angle equal to 1:3

BricoTa Hakarta BOJIH Ha OTKOC C YKJIOHOM 1:3

Taonuua 4

Parameters of waves Height of the waves run up on the slope, m
Number | Slope flexible concrete slabs|  concrete
of the angle | Scale | average wave | waves height (calculation |blocks (calcu-
. ; . concrete slabs . .
experiment i period 7, ¢ h, m (Model) according to |lation accord-
[15]) ing to [15])
6 1.66 0.70 0.125 0.169 0.059
7 1.62 0.75 0.119 0.173 0.060
8 1:3 1:10 1.58 0.83 0.114 0.178 0.062
9 1.56 0.87 0.125 0.182 0.064
10 1.54 0.90 0.132 0.184 0.064
0,19 A
A
0,17 - A &
0,15
g M Experimental data
g: 0,13 ™ o - o (flexible concrete slabs)
5 0,11 _ A Calculation (concrete slabs)
0,09
@ Calculation (concrete blocks)
0,07
* o0 <& * .
0,05 : T |
25 30 35 40

Wave shallowness /A

Fig. 6. Height of the waves run up on the slope with the angle equal to 1:3
Puc. 6. BricoTa HakaTa BOJIH Ha OTKOC € YKJIOHOM 1:3
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Series No 3. Slope with 1:5 slope angle. The parameters of the model and waves in the ex-
periment of the third series are given in Table 5.

Table 5

Parameters of the model and waves in the experiments of the No 3 Series

Tabmuma 5

[TapameTpsl MOJIETM U BOJTHEHUS B OnbITax cepuu Ne 3

Number of the Slope angle i Scale Parameters of waves
experiment average wave period 7, ¢ waves height 7, mm
11 1.66 (5.25) 77 (770)
12 1.62 (5.12) 96 (960)
13 1:5 1:10 1.58 (5.00) 112 (1120)
14 1.56 (4.93) 109 (1090)
15 1.54 (4.87) 105 (1050)

The results of experiments of the second series aimed at determining the wave run up on the slope
with 1:5 slope angle and reinforced with flexible plates according to GOST R 58411-2019 are presented
in Table 6 and Fig.7. Also, the results of calculations of wave slope in accordance with Appendix D of
SR 38.13330.2018 for concrete slabs and concrete blocks are presented in Table 6 and Fig. 7.

Table 6

Height of the waves run up on the slope with the angle equal to 1:5

Ta0mnuua 6

BricoTa HakaTa BOJIH Ha OTKOC C YKIIOHOM 1:5

Parameters of waves Height of the waves run up on the slope, m
Number | Slope -
average flexible concrete slabs | concrete blocks
of the angle | Scale . waves : )
experiment ; wave period height A, m concrete slabs|  (calculation (calculation
T,c ’ (Model) |according to [15]) | according to [15])
11 1.66 0.77 0.076 0.106 0.037
12 1.62 0.96 0.082 0.116 0.041
13 1:5 1:10 1.58 1.12 0.083 0.124 0.043
14 1.56 1.09 0.085 0.121 0.042
15 1.54 1.05 0.081 0.118 0.041
0,13
0,12 - "
0,11
A
g 0l M Experimental data
gﬁ 0,09 (flexible concrete slabs)
g 0,08 1 = o A Calculation (concrete slabs)
~ 0,07
0,06 # Calculation (concrete blocks)
0,05
0,04 {— % > .
0,03 T T 1
20 25 30 35
Wave shallowness A/A
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Fig. 7. Height of the waves run up on the slope with the angle equal 1:5
Puc. 7. BricoTa HaKaTa BOJIH Ha OTKOC C YKJIOHOM 1:5
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Conclusion

Based on the results of laboratory studies of the waves run up in the shallow zone of the sea
on slopes reinforced with flexible concrete slabs, the following conclusions can be drawn:

1. In the current regulatory documents there are no methods for calculating the run upl of
sea wind waves on the slope reinforced with flexible concrete slabs. The calculation according to
the method set out in Appendix D of SR 38.13330.2018, specific to concrete slabs and concrete
blocks, is not fully suitable for flexible concrete slabs (the discrepancy is approximately + 35 %).

2. To calculate the height of the run-up of sea wind waves on a slope reinforced with
flexiblwe concrete slabs it is necessary to introduce additions to the methodology set out in the
Appendix D SR 38.13330.2018, taking into account the design features of such paving.

3. Considering the widespread use of flexible concrete slabs to protect the slopes of
transport structures, including on the seashores it is also recommended to reflect the above
mentioned additions in SR 277.1325800.2016 «Costal protection constructions. Design rulesy.

Dunancupoeanue. Vccieoosanue ne umeno CHOHCOPCKOU NOOOEPIHCKU.
Kongpnuxm unmepecos. Aemop 3asnensem o6 omcymcmeuu KOHQIUKMA UHmMepecos.
Bxnao 100 %.

References

1. Metodicheskie rekomendacii po proektirovaniyu i stroitel stvu gibkix zhelezobetonny x
pokry'tij otkosov transportny'x sooruzhenij [Methodical recommendations on design and
construction of flexible reinforced concrete slope covers for transportation structures.]. Moscow,
TSNIIS, 1984, 54 p.

2. Ashpiz E.S., Zajcev A.A. Instrukciya po primeneniyu gibkogo betonnogo pokrytiya dlya
ukrepleniya konusov mostov i otkosa zemlyanogo polotna zhelezny'x dorog [Instructions for
application of flexible concrete coating for reinforcement of bridge cones and slope of railroad
subgrade]. Moscow, Russian University of Transport, 2019, 78 p.

3. Metodicheskie rekomendacii po proektirovaniyu i stroitel'stvu zashhity' ot razmy'va
gruntovy'x otkosov inzhenerny'x sooruzhenij iz pokry tiya universal nogo gibkogo zashhitnogo
betonnogo [Methodical recommendations on design and construction of protection from erosion
of soil slopes of engineering constructions from the cover of universal flexible protective
concrete cover|. Moscow, TSNIIS, 2012, 66 p.

4. STO NOSTROJ 2.29.105-2013 Ukreplenie konusov i otkosov nasy'pej na podxodax k
mostovy 'm sooruzheniyam [Bridges. The process of strengthening cones and slopes of embank-
ments on the approaches to the bridges], Moscow, BST, 2014, 47 p.

5. Babkin V.F., Drozdov E.V., Zavalina E.A. Sravnitel'noe issledovanie e ffektivnosti
primeneniya simmetrichny'x 1 asimmetrichny'x gibkix betonny'x matov dlya zashhity" pod-
vodny'x perexodov truboprovodov cherez vodny'e pregrady’ [Comparative research of the
efficiency of the application of symmetric and asymmetric flexible concrete mattresses for the
protection of underwater transitions of pipelines through water barriers]. Nauchnyj vestnik
Voronezhskogo gosudarstvennogo arxitekturno-stroitel nogo universiteta. Vy'sokie texnologii.
E’kologiya, 2016, no. 1, pp. 141-146.

6. Yumasheva M.A., Bryanskaia Yu.V. E'ksperimental'ny'e issledovaniya skorostny'x
xarakteristik potoka pri ego vzaimodejstvii s gibkimi zashhitny ' mi pokry tiyami [Experimental

69



Tlyavlina G.V./
Construction and Geotechnics, vol. 15, no. 2 (2024), 60-72

studies of flow velocity characteristics at its interaction with flexible protective coatings].
Gidrotexnicheskoe stroitel stvo, 2018, no. 10, p.p. 6-10.

7. Nemitovskaia D.V., Podverbnyi V.A. Primenenie gibkix betonny'x pokry'tij otkosov i
osnovanij nasy pej, ispy ty vayushhix volnovoe vozdejstvie [Application of flexible concrete
coverings of slopes and the foundations of embankments experiencing wave effect]. Mirovy'e
tendencii razvitiya nauki i texniki: puti sovershenstvovaniya: Materialy’ X Mezhdunarodnoj
nauchno-prakticheskoj konferencii, Moscow, 2022, vol. 1, pp. 20-24.

8. Anoshenko D.V., Bartolomej I.L. Ustojchivost™ otkosa, ukreplennogo gibkim betonny'm
pokry'tiem [Stability of the slope reinforced with a flexible concrete coating]. Ximiya.
E’kologiya. Urbanistika, 2021, vol. 3, pp. 243-247.

9. Bryanskaya Yu.V., Yumasheva M.A., Ignatenko E.V., Sherstnev D.Yu. Gidravlicheskie
xarakteristiki vodnogo potoka pri prodol’'nom obtekanii beregovogo otkosa, ukreplennogo
zashhitny 'mi pokry'tiyami [Hydraulic characteristics water flow at longitudinal flow coastal
slope fortified by protective coatings]. Gidrotexnicheskoe stroitel stvo, 2021, no. 11, pp. 19-23.

10. Boyarincev A.V., Samoxina A.D. Experimental investigation of surface roughness
changes of an underground structure's material during its driving into the ground. Construction
and Geotechnics, 2023, vol. 14, iss. 2, pp. 75-91. DOI 10.15593/2224-9826/2023.2.06.

11. Kleveko V.I., Teterin E.I. Selection of equipment for experimental studies of the stress-
strain state of reinforced soil bases and pavement structures. Construction and Geotechnics,
2023, vol. 14, iss. 3, pp. 16-23. DOI 10.15593/2224-9826/2023.3.02.

12. Lishishin I.V., Tlyavlin R.M., Tlyavlina G.V. Physical model experiment of defence sta-
bility of bridge crossing slopes on Russkiy Island across The Bosphorus (the East). Proceedings
on the Third International Conference on the Application of Physical Modelling to Port and
Coastal Protection (Coastlab 10), 2010, Barcelona, Spain, pp. 175-176.

13. Rogachko S.I., Shun'ko N.V. Nauchnoe soprovozhdenie proektov morskix gidrotexni-
cheskix sooruzhenij [Scientific support of projects of offshore hydraulic structures]. Gidro-
texnicheskoe stroitel 'stvo, 2021, no. 11, pp. 5-10.

14. Tlyavlina G.V. Fizicheskoe modelirovanie v razvitie normativnoj bazy' v transportnom
stroitel stve [Physical modelling in development of the regulatory framework for transport construction].
Mir transporta, 2023, vol. 21, no. 2 (105), pp. 68-75. DOI 10.30932/1992-3252-2023-21-2-8.

15. Tlyavlina G.V. Metody' nauchnogo obosnovaniya normativny'x trebovanij v oblasti
inzhenernoj zashhity" transportny'x sooruzhenij ot volnovogo vozdejstviya [Methods of scientific
substantiation of regulatory requirements in the field of engineering protection of transport
structures from wave impact]. lzvestiya Kazanskogo gosudarstvennogo arxitekturno-stroitel nogo
universiteta, 2023, no. 2 (64), pp. 80-91. DOI: 10.52409/20731523 2023 2 8§0.

16. Tlyavlina G.V. Fizicheskoe modelirovanie kak metod nauchnogo obosnovaniya
normativnoj bazy' v oblasti zashhity' transportny x sooruzhenij ot volnovogo vozdejstviya
[Physical modeling as a method of scientific substantiation of the regulatory framework in the
field of protection of transport structures from wave impact] Transport. Transportny'e
sooruzheniya. E kologiya, 2023, no. 3, pp. 18-32. DOI: 10.15593/24111678/2023.03.02.

17. Frostick L.E., McLelland S.J., Mercer T.G. Users guide to physical modelling and
experimentation. London, Taylor & Francis Group, 2011, 272 p. DOI: 10.1201/b11335. ISBN
9780415609128.

18. Sharp D.D. Gidravlicheskoe modelirovanie [Hydraulic modelling]. Moscow, Mir,
1984, 280 p.

70



Tnaenuna I'B. /
Construction and Geotechnics, m. 15, Ne 2 (2024), 60-72

19. Levi L.I. Modelirovanie gidravlicheskih yavlenij [Modeling of hydraulic phenomena].
Leningrad, Energiia, 1967, 236 p.
20. Dejli Dzh., Xarleman D. Mexanika zhidkosti. Per.s angl. Moscow, Energiia, 1971, 480 p.

Bubnuorpaduyeckmn cnucok

1. Meroaudeckne peKOMEHIAINH 110 TIPOSKTUPOBAHUIO M CTPOUTENILCTBY THOKHX Kee300e-
TOHHBIX TOKPBITUH OTKOCOB TPAHCHOPTHBIX coopyskeHuil. — M.: [IHUUC, 1984. — 54 c.

2. Ammmus, E.C. UHCTpyKIuS 10 IPUMEHEHHUIO0 THOKOTO OETOHHOTO MOKPBITUS AJISl yKpeTLie-
HUSI KOHYCOB MOCTOB M OTKOCA 3€MJISIHOTO MOJIOTHA *kene3Hbx popor / E.C. Ammus, A.A. 3aii-
ueB. — M.: Pocculickuii yHuBepcuteT Tpancnopta, 2019. — 78 c.

3. Meroaunueckue peKOMEHJAIMK M0 MPOEKTUPOBAHUIO U CTPOUTENIbCTBY 3alUTHI OT pas-
MBIBa TPYHTOBBIX OTKOCOB WHXEHEPHBIX COOPYKEHHH W3 MOKPBITUS YHHUBEPCAIBHOTO THOKOTO
3anuTHOro oeronnoro. — M.: OAO ITHUUC, 2012. — 66 c.

4. CTO HOCTPOMH 2.29.105-2013. VkperieHne KOHYCOB ¥ OTKOCOB HACKITIEH HA OIX0AaX
K MOCTOBBIM coopyskenusiM. — M.: BCT, 2014. — 47 c.

5. babkun, B.®. CpaBHutenbHoe uccienoBanue 3(pPeKTUBHOCTH MPUMEHEHHUS CUMMETPHY-
HBIX ¥ aCHMMETPUYHBIX THOKUX OSTOHHBIX MAaTOB JJIsI 3AIIMTHI MOABOAHBIX MEPEXOI0B TPYOOIpO-
BOJIOB uepe3 BoaHbIe nperpaasl / B.®. badokun, E.B. [Ipo3nos, E.A. 3aBanmna // Hay4dHsiii BeCTHHK
BoOpoHEXKCKOro rocy1apCTBEHHOIO apXUTEKTYPHO-CTpOUTENIbHOTO yHHBepcuTeTa. Cepus: Bpico-
KHe TexHOoNoruu. Jxomnorust. —2016. — Ne 1. — C. 141-146.

6. IOmameBa, M.A. DkcniepuMeHTalIbHbIE UCCIIENOBAHUS CKOPOCTHBIX XapaKTEPUCTHUK IOTOKA
IPH €TI0 B3aUMOJICHCTBHIM C THOKMMH 3alMTHBIME TTOKphITHsME / M.A. FOmammesa, FO.B. bpsiackast //
I'maporexuudeckoe ctpoutenbeTBo. — 2018, — Ne 10. — C. 6-10.

7. Hemurosckas, J[.B. [Ipumenenue ruOkux OETOHHBIX MOKPBITUII OTKOCOB M OCHOBaHUH Ha-
CBITICH, UCTIBITHIBAIOIINX BOIHOBOE Bo3zaeiictBue / J[.B. Hemurosckas, B.A. TloasepOnblit / Mu-
POBBIE TEHJICHIIMHM Pa3BUTHS HAYKW U TEXHUKU: ITyTH COBEPIICHCTBOBAHUS: MaTepuaiisl X Mexmy-
Hap. Hay4.-ipakT. KoH}.: B 3 4. MockBa, 29 nexabps 2022 roga / ABTOHOMHasi HEKOMMeEpYecKas
opranu3zanus «HaunoHanbHBIN UCCIEN0BATETBCKUIT MHCTUTYT JOMOTHUTEIHHOTO MPOheCcCHOHAIb-
Horo obpazoBanus» (AHO «HUU AT1IO0»). — M.: IIpecc-uentp, 2022. — T. 1. — C. 20-24.

8. AHomenko, JI.B. YcTOWYMBOCTH OTKOCA, YKPEIUICHHOTO THOKMM OETOHHBIM TOKPHITHEM /
J.B. Anomenko, N.JI. bapromnometi / Xumust. Dkonorust. Ypoanuctuka. —2021. —T. 3. — C. 243-247.

9. I'mapapnryeckre XapakTepUCTUKU BOJAHOTO TIOTOKA MPH MPOIOILHOM 00TEKaHUU OeperoBoro
OTKOCA, YKPEIJICHHOTo 3aumTHeIMUA TokpbiTusivu / FO.B. Bpsuckas, M.A. FOmamesa, E.B. Urna-
tenko, J[.1O. Illepcrres // I'nnporexandeckoe ctpoutenbeTBo. —2021. — Ne 11. — C. 19-23.

10. bosipunies, A.B. DkcriepuMeHTaIbHOE U3YYEHUE M3MEHEHMS IIEPOXOBATOCTH MOBEPX-
HOCTH MaTepuaja MOJ3eMHON KOHCTPYKIMH MPHU ee MOrpykeHuu B TpyHT / A.B. Bospunies,
A.Jl. Camoxuna // Construction and Geotechnics. — 2023. — T. 14, Ne 2. — C. 75-91. DOI:
10.15593/2224-9826/2023.2.06

11. Kneseko, B.I. Beibop ob6opynoBanus A MpOBEICHUS dKCIEPUMEHTAIBHBIX HCCIIEI0-
BaHUI HaNPSHKEHHO-e(OPMUPOBAHHOTO COCTOSIHHSI apMOTPYHTOBBIX OCHOBAHUHN U KOHCTPYKIUI
nopoxkubix onexna / B.M. Kneseko, E.W. Terepun // Construction and Geotechnics. — 2023. —
T. 14, Ne 3. — C. 16-23. DOI: 10.15593/2224-9826/2023.3.02

12. Lishishin, I.V. Physical model experiment of defence stability of bridge crossing slopes
on Russkiy Island across The Bosphorus (the East) / I.V. Lishishin, R.M. Tlyavlin, G.V. Tlyav-

71



Tlyavlina G.V./
Construction and Geotechnics, vol. 15, no. 2 (2024), 60-72

lina // Proceedings on the Third International Conference on the Application of Physical Model-
ling to Port and Coastal Protection (Coastlab 10), 28th—30th, September & October, 1st, 2010.
Barcelona, Spain. — P. 175-176.

13. Porauko, C.J1. Hayunoe conpoBox/ieHHE MPOEKTOB MOPCKUX THAPOTEXHUUECKUX COPYKEHUI
/ C.M. Porauko, H.B. lllyneko // T'unporexandeckoe ctpouteabcTBo. — 2021, — Ne 11. — C. 5-10.

14. Tnasnuna, [.B. ®usznueckoe MoeTUpOBaHNE B PA3BUTUH HOPMATHUBHOW 0a3bl B TpaHC-
noptHoM ctpoutensctse / I.B. Tnssnuna / Mup tpancnopra. — 2023. — T. 21, Ne 2 (105). —
C. 68-75. DOI: 10.30932/1992-3252-2023-21-2-8

15. Tnsasmuna, I'.B. Metoasl HaydHOTO 00OCHOBAaHUS HOPMATHUBHBIX TPEOOBAaHM B 00JacTH
WH)KEHEPHOM 3alIUThl TPAHCIIOPTHBIX COOPY>KEHUH 0T BoiHOBOro Bo3neicTsus / ['.B. Tnssnuna //
N3Bectus KazaHckoro rocyjapcTBEHHOTO apXMTEKTYpPHO-CTPOUTENBHOIO YHUBepcuTeTa. — 2023. —
Ne 2 (64). — C. 80-91. DOI: 10.52409/20731523 2023 2 80

16. Tnsasmuna, I'.B. ®usnyeckoe MoIeIMpoOBaHUE KaK METO/I HAyYHOTr0 0OOCHOBaHHUSI HOpMa-
TUBHOW 0a3pl B 00JACTH 3alIUTHl TPAHCIOPTHBIX COOPYKEHHUH OT BOJHOBOTO BO3ACHCTBHS /
I'.B. Tnasnuna // Tpancnopt. TpancnoptHsie coopyxenus. Dxoiorust. — 2023. — Ne 3. — C. 18-32.
DOI: 10.15593/24111678/2023.03.02

17. Frostick, L.E. Users guide to physical modelling and experimentation / L.E. Frostick,
S.J. McLelland, T.G. Mercer. — London: Taylor & Francis Group, 2011. — 272 p. DOL:
10.1201/b11335. ISBN 9780415609128

18. Wapm, .. I'mapaBnudeckoe monenuposanue / [1.J1. Hlapm. — M.: Mup, 1984. — 280 c.

19. Jleu, .. MonenupoBanue ruapaBimuueckux spieauii / U.W. Jleu. — JI.: Dueprus,
1967. — 236 c.

20. Heiimu, [x. Mexanuka sxxunkocta / JIx. eitnu, [I. Xapneman. — M.: Dreprus, 1971, —
480 c.

72



