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Abstract. Due to the observed improvement of machines and mechanisms and the process equipment thereof
used during the construction of clay-cement concrete slurry walls by means of bored-secant piles, the author
proposes to extend the range of considered designs of impervious elements of embankment dams by adding
modifications with an arch diaphragm and an inclined diaphragm. Performed surveys and comparisons with
the traditional design (vertical wall) allowed to identify the main trends of the influence of using the effect of
clay-cement concrete diaphragms inclination and the arch effect on the change in the strain-stress state of the
embankment dam — diaphragm system. Consideration of the clay-cement concrete diaphragm designs
proposed by the author in designing embankment dams will allow extending the range of possible application
of this technical solution. It was established that there is a possibility to optimize the existing technical solutions
for the clay-cement concrete diaphragm embankment dams if they are designed with due consideration of not
only the assignment of clay-cement concrete strength and strain-stress properties, but also taking into account
the change in configuration of the diaphragm itself.

1. Introduction

The distinguishing features of hydraulic power facilities defined by high investment costs of construction
have justified the need for research aimed at finding the new and improving the existing technical and process
solutions for the construction of hydraulic power facilities, ensuring application of modern machines and
mechanisms and use of new materials.

One of the ways to reduce the time for a dam construction is to replace the classic impervious element,
for example, an asphalt-concrete one, with a clay-cement-concrete cut-off wall constructed by means of using
bored-secant piles.

Paragraph [1-5] contains data on hydraulic engineering structures with thin impervious elements of
various designs built around the globe, including those built using clay-cement concrete; the same paragraph
also specifies the peculiarities of operation of such structures.

Surveys and works related to the above-mentioned field have also been carried out in Russia.
Paragraph [6—10] contains a description and analysis of the Russian experience of building an impervious
element for embankment dams represented by clay-cement-concrete diaphragms in the course of design,
reparation and construction of hydraulic structures.

In Russia, this technical solution was first applied in 2017 during the construction of
the Nizhne-Bureyskaya HPP located in Amurskaya Oblast. The structures of the Nizhne-Bureyskaya HPP
waterfront include: the spillway, the HPP building, the left-bank embankment dam with the length of 400.0 m
and maximum height of 38.0 m. The embankment dam features an impervious element, which is a thin clay-
cement-concrete diaphragm created after the erection of the embankment dam body to the design elevations
during one construction season.
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This solution was applied at hydraulic power facilities with such height parameters and productive head
pressures for the first time in the world (Figure 1).

Transient zone, sand | Transient zone, gravel and cobble

CCC Diaphragm

Figure 1. Cross section of Nizhne-Bureyskaya HPP embankment dam.

The experience of construction and operation of the Nizhne-Bureyskaya HPP embankment dam has
demonstrated high efficiency of the proposed technical solution. With a comparable cost of construction of an
embankment dam with an option involving core erection using local cohesive soils, the implemented technical
solution allowed to reduce the dam construction time from 22 to 14 months. The scientific and technical
justification of reliability and safety of such impervious elements and the development of design and process
solutions was performed by the JSC “Vedeneev VNIIG” and JSC “Lenhydroproject”.

Previously at the Gotsatlinskaya HPP located in the Republic of Dagestan (Russian Federation), during
the preliminary design stage a solution involving the installation of an impervious clay-cement concrete
diaphragm using the bored-secant piles method was considered as one of the possible technical solutions for
the installation of an impervious element in the embankment dam body (Figure 2).

Figure 2. Design cross section of Gotsatlinskaya HPP embankment dam: 1 — downstream
and upstream shells; 2 — stages (layers) of diaphragm construction; 3 — joint of connection
between diaphragm layers and foundation (foreshaft); 4 — impervious element;

5 — upstream cofferdam; 6 — impervious screen; 7 — alluvial base; 8 — bedrock base.

The set of calculations performed in ABAQUS 2016 specialized software aimed at justification of the
possibility of constructing a clay-cement-concrete diaphragm embankment dam by means of bored-secant
piles method using the Gotsatlinskaya HPP as an example has shown that the calculated diaphragm
compressive stresses are close to the maximum allowed values for clay-cement concrete and amount
approximately to 1.65-1.80 MPa. In addition to that, calculations revealed extensive areas of diaphragm
tensile stresses confined to the side abutments with maximum tensile stresses in the crest part of the dam
equal to 0.33 MPa (0.21 MPa [11] along the board).

Tensile stresses significantly reduce the reliability of WTE operation, especially for the clay-cement
concrete diaphragm constructed by means of bored-secant piles which is characterized by vertical split seams
presence; movement along such seams can lead to their opening and blowout piping, both along the seams
and in contact with the side abutments. Due to the lack of scientific and technical justification of the possibility
of reliable clay-cement-concrete diaphragms operation at the start of the dam body backfill (2012-2013) and
taking into account the high seismic activity of the hydraulic power station area, a decision was taken to
abandon the clay-cement-concrete diaphragms design in favor of the classical option involving an impervious
element made of asphalt concrete.

At present, considering the accumulated practical experience gained during Nizhne-Bureyskaya HPP
construction as well as the performed set of research works aimed at finding solutions to ensure reliable
operation of this type of impervious element, it can be stated that its widespread use is justified (if the relevant
justification is available) in the design of an embankment dam with the height of up to 100 m. It should be
noted that the equipment that has appeared in the arsenal of construction companies (inclined drilling
machines) as well as the accumulated practical experience could significantly extend the range of designs
available with this type of an impervious element, including construction of diaphragms in the form of arches
or erection of flat diaphragms at predetermined slope angles [12].
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No solutions similar to the one proposed by the author exist anywhere else in the world. The survey
results contained in this article may allow for using them both for structures elaboration at the design stage
and for construction of embankment dams not only in Russia but also when implementing hydraulic
engineering projects worldwide.

Based on the necessity of ensuring the required embankment dams reliability and safety level with the
proposed impervious element type and the reduction of tensile stresses risk in the diaphragm body, the author
has carried out a set of calculations in order to assess the change in the strain-stress state of the diaphragm
when its configuration is changed.

This survey was aimed at analyzing the influence of changes in the configuration of the clay-cement-
concrete diaphragm of an embankment dam on its strain-stress state.

The following tasks were set and then solved in order to achieve this goal:

1. To elaborate a numerical model of an embankment dam (taking as an example the Gotsatlinskaya
HPP embankment dam site) based on the ABAQUS 2016 finite-element software package;

2. To elaborate a plan for calculation experiments and perform the relative calculations regarding the
two possible technical solutions aiming at establishing the conditions for a more favorable strain-stress state
of clay-cement-concrete diaphragms: the option with an arch outline diaphragm and the other option with an
inclined diaphragm.

3. To compare the results of the strain-stress state calculations performed with the results of previous
calculations of the strain-stress state of an embankment dam having a traditional vertical clay-cement-concrete
diaphragm regarding the values of horizontal displacement, maximum settlement, tensile stress and
compressive stress.

2. Methods

The author has elaborated a numerical model of an embankment dam (taking as an example the
Gotsatlinskaya HPP embankment dam site) based on the ABAQUS 2016 finite-element software package; all
the embankment dam material properties and clay-cement concrete properties were assumed to be identical
in order to allow for a correct comparison of calculation results. The diameter of the bored-secant piles of the
clay-cement-concrete diaphragm was assumed as 1.2 m for all options.

A model of a dam with an inclined flat clay-cement-concrete diaphragm with a vertical deviation of
15° towards the tail race is shown in Figure 3a. A simulation model of an embankment dam with a vertical
arch clay-cement-concrete diaphragm is shown in Figure 3b. The dam body is represented by a part of an
arch-shaped shell with the radial section coinciding with the dam cross section. In this case, the clay-
cement-concrete diaphragm is an arch integrated into the side abutments with a horizontal curve radius of
90 m.

The following materials were used in the numerical simulation: [12—-18].

a) b)
Figure 3. Overall view of «Gotsatlinskaya HPP — foundation system» three-dimensional model:
a) a flat vertical or inclined diaphragm dam; b) an arch diaphragm dam.
A three-dimensional model of the studied impervious elements is shown in Figure 4.

Calculation experiments planning was performed with consideration of such factors as compliance with
the absolutely identical boundary conditions in order to ensure the possibility of comparing the obtained results
and with two options considered according to the conditions for filling the reservoir and the possibilities of
establishing the conditions for a more favorable strain-stress state of clay-cement-concrete diaphragms for
the proposed options with an arch outline diaphragm and the other option with an inclined diaphragm.

Two reservoir filling cases were considered for the options of a soil embankment with various clay-
cement-concrete diaphragms:

Orishchuk, R.N.
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a) Vertical b) Inclined c) Arch

Figure 4. Three-dimensional model of dam non-soil impervious elements:
1 — CCC cushions; 2 — diaphragm layers; 3 — foreshaft; 4 — cut-off wall; 5 — rock abutment.

First option includes filling the reservoir in two steps:

A) After the construction of the upstream cofferdam and the cut-off wall, the water level in the reservoir
rises from the elevation of 602.0 to 628.0;

B) After the construction is complete, the water in the reservoir rises from the elevation of 628.0 to the
elevation of 665.0, which corresponds to the normal flood control storage level.

Second option includes filling the reservoir in three steps:

A) After the construction of the upstream cofferdam and the cut-off wall, the water level in the reservoir
rises from the elevation of 602.0 to 628.0;

B) After the installation of the first diaphragm layer, the reservoir is filled from the elevation of 628.0 to
the intermediate elevation of 643.0;

C) After the construction is complete, the level rises from the elevation of 643.0 to the flood control
storage level of 665.0.

The consolidated plan developed for calculating strain-stress state of the options is presented in Table 1.

Table 1. Plan of Options for Calculating Strain-Stress State of Gotsatlinskaya HPP Embankment
Dam Site with a Flat Vertical, Flat Inclined and Arch Clay-Cement-Concrete Diaphragm.

Clay-cement-concrete diaphragm design

Number of layers Number of filling stages - — -
y 9 9 Flat vertical Flat inclined Arch vertical
One layer of bored-secant 3 + _ B
clay-cement-concrete piles
Two layers of bored-secant 2 + + +
clay-cement-concrete piles 3 + + +

3. Results and Discussion

The results have been compared with the results of calculations for the vertical clay-cement-concrete
diaphragm previously performed by the author and presented in [11].The following parameters describing the
clay-cement-concrete diaphragm working conditions for all the options considered have been compared:
values of horizontal displacement, maximum settlement, tensile stress and compressive stress.

The results of diaphragm displacement calculation for the considered configurations for the two-layer
diaphragm options with 2 and 3 stages of reservair filling are given in Table 2.

Table 2. Displacement Calculation Results for an Embankment Dam with a Flat Vertical, Flat
Inclined and Arch Vertical clay-cement-concrete diaphragm.

. Clay-cement- Maximum Percentage of area of clay-cement- I
Reservoir . . ; Deviation of crest
Number o concrete diaphragm concrete diaphragm displacement
filling : h . part towards the
of layers diaphragm displacement towards tail race, (by more than
mode . . headrace, cm
design towards tail race, cm 20 cm) from total area, %
Flat vertical 33 22 8
Two layers 2 stages  Flat inclined 25 15 5
Arch vertical 25 20 9
Flat vertical 32 18 4
Two layers 3 stages Flatinclined 22 5 1
Arch vertical 22 15 4
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When analyzing the obtained results, it can be noted that the maximum horizontal displacements for
the proposed alternative configurations almost coincide and fall within the range of 22-25 cm, the highest
values of the maximum displacement correspond to the vertical diaphragm option while these displacements
are essentially independent from the phasing of reservoir filling and equal 32—-33 cm.

It is also apparent when comparing the area of the diaphragm sections with displacements exceeding
20 cm that movements are mostly specific to the option with a flat inclined diaphragm which are 0.7 times less
than those of the classical vertical diaphragm option in the case of 2-stage filling and 3.6 times less in the case
of 3-stage filling. The change in the reservoir filling mode produces the maximum positive effect on the option
with a flat inclined diaphragm as the area of the maximum displacement zone reduces by exactly 3.0 times.
This pattern is also observed in horizontal displacements of tilting towards the headrace of the clay-cement-
concrete diaphragm crest part.

All the considered configuration options in the setting of almost equal maximum horizontal displacements
are generally in more favorable conditions characterized by a smaller overall displacement of the whole diaphragm
body and a lesser tilt towards the headrace in case of a three-stage filling as compared to the two-stage filling mode.
The change in the filing mode has the most significant effect on the inclined diaphragm option that, for the case
being considered, has the smallest areas of maximum horizontal displacements.

The results of maximum settlement calculations for all the clay-cement-concrete diaphragm
configurations considered are given in Table 3.

Table 3. Maximum Settlement Calculation Results for an Embankment Dam with a Flat Vertical,
Flat Inclined and Arch Vertical Clay-Cement-Concrete Diaphragm.

Clay-cement-concrete Maximum diaphragm settlement

Number of layers Reservoir filling mode

diaphragm design values, cm
Flat vertical 45
Two layers 2 stages Flat inclined 36
Arch vertical 42
Flat vertical 40
Two layers 3 stages Flat inclined 30
Arch vertical 32

Table 3 shows that for all the clay-cement-concrete diaphragm configuration options and reservoir filling
modes in 2 and 3 stages the spread in maximum settlement values is relatively small and ranges from 30 to
45 cm. At the same time, for all considered stages of reservoir filling, the inclined diaphragm option shows
minimum settlement with values 0.75-0.80 times less than the classical option with a vertical diaphragm.

In general, it can be noted that the more favorable case having the lowest values of the maximum
vertical settlement is the one with a three-stage reservoir filling characterized by a decrease in their values by
(11-24) % in relation to the two-stage filling; same is noted for the maximum horizontal displacements. In
general, the settlement has a value of approximately (0.5-0.7) % of the dam height and are permissible.

The analysis of the results of strain-stress state calculation for different options of the clay-cement-
concrete diaphragm configurations with tensile stresses considered is given in Table 4. The resulting values
are also compared in terms of various design cases of reservoir filling — filling in 2 and 3 stages. The table
contains maximum tensile stress values for the side abutments of the embankment dam first and second
layers and in the upper crest belt.

Table 4. Results of Calculations of Tensile Areas of an Embankment Dam Design with a Flat
Vertical, Flat Inclined and Arch Vertical Clay-Cement-Concrete Diaphragm.

Maximum Tensile stresses in side abutments Tensile stresses

Number  Reservoir Design tensile (b is strip width) of the upper
of layers filling mode clay-((:jt_ament-concrete stresses, I I crest belt
laphragms MPa 1% layer 2% layer (b is strip width)
. Upto 0.2 MPa Upto0.2-0.3 MPa Upto 0.15 MPa
Flat vertical 0.33 atb<2-3m atb<3-5m atb<3-4m
Two o Upto 0.2 MPa Upto0.2-0.3 MPa Up to 0.06 MPa
layers 2 stages Flat inclined 0.33 atb<2m atb<1-3m ath <4-6m
Arch vertical 0.33 Very low Upt00.15MPa  Up to 0.03 MPa
atb<1-3m atb<2-3m
. Upto0.15MPa Upto0.24 MPa  Upto 0.06 MPa
Flat vertical 0.30 atb=<3m atb<2m atb<2m
I;—)\/,é?s 3 stages Flat inclined 0.20 Very low Upattobo.slf mPa Very low
. Upto 0.12 MPa  Upto 0.03 MPa
Arch vertical 0.27 Very low atb<05m atb<1-15m
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The resulting stress values for the considered clay-cement-concrete diaphragm configurations shall be
compared according to the ones previously determined for clay-cement-concrete [11]. The adopted Mohr-
Coulomb vyield criteria, 1 ¢ =0.78 and € =0.32 MPa, correspond to the ultimate tensile strength
Rt =0.31 MPa and the ultimate compressive strength Rc = 1.35 MPa. These values conform to the average
values of the clay-cement-concrete strength characteristics for the formulae previously applied and studied.

It should be noted that the maximum tensile stresses for these design cases are within the range of
0.33-0.20 MPa, and their upper value exceeds the maximum allowable values for clay-cement-concrete.
At the same time, these maximum stresses occur in the local crest zone of the dam confined to the side
abutments above the flood control storage level elevations and, accordingly, in general do not have any
significant effect on the reliability of its operation.

The calculation option with reservoir filling in 2 stages is characterized by the maximum tensile stresses.
When the pattern of reservoir filing is changed, a significant decrease is observed in tensile stresses for the
arch and inclined diaphragm configurations by 0.8 and 0.6 times, respectively, while for the flat vertical
diaphragm this decrease is not so significant.

It should be noted that the values of side abutments tensile stresses for the flat vertical diaphragm option
(in the second layer) are close to the maximum allowable ones for all considered stages of reservoir filling. For
the rest of the considered options, the tensile stress values in case of the 3-stage reservoir filling do not exceed
0.15 MPa, which ensures reliable diaphragm operation.

Tensile stresses in the upper crest belt for all the cases considered are small and do not exceed the
allowable values.

Minimum tensile stresses in side abutments have been obtained for the arch configuration diaphragm
with the option of 3-stage reservoir filling.

Table 5 contains the strain-stress state calculation results for a clay-cement-concrete diaphragm determining
the compressive stresses. The table shows the values of maximum compressive stresses in clay-cement-concrete
diaphragm sides and body for the first and second layers and in various reservoir filling modes.

Table 5. Compressive Stress Calculation Results for an Embankment Dam with a Flat Vertical,
Flat Inclined and Arch Vertical Clay-Cement-Concrete Diaphragm.

Maximum compressive stresses, MPa

Nﬂg]yl;:; of Reserr;llgidr;‘illing clay-g?i%?fgﬁ]r;crete Layer 1 Layer 2
Side Body Side Body
Flat vertical 1.65 11 0.6 0.3
Two layers 2 stages Flat inclined 1.67 1.0 0.4 0.4
Arch vertical 1.85 11 0.8 0.4
Flat vertical 1.65 1.0 0.5 0.3
Two layers 3 stages Flat inclined 1.26 0.9 0.3 0.4
Arch vertical 1.71 0.9 0.6 0.5

The maximum compressive stresses are confined to the first layer side abutments and fall within the range
between 1.26 MPa and 1.85 MPa. The bigger values are as follows: 1.65 MPa for the flat vertical design,
1.67 MPa for the flat inclined design and 1.85 MPa for the arch vertical design corresponding to the option of
2-stage reservoir filling. The resulting calculated valuesof compressive stresses in the side abutments for all
considered cases exceed or are close to the maximum allowable values for the adopted ultimate compression
strength of clay-cement-concrete R¢ = 1.35 MPa. At the same time, these stresses are confined to narrow areas
with a width not exceeding 0.5-1.0 m and, probably, they will require only some adjustment of the applied clay-
cement-concrete composition in order to ensure that the maximum allowable values of clay-cement-concrete
compressive strength are not exceeded. This statement is particularly true in relation to the inclined flat
diaphragm option where a more favorable pattern of compressive stresses distribution is observed.

Maximum compressive stresses of the first layer of the clay-cement-concrete diaphragm body for all
configurations, regardless of the phasing of reservoir filling, have little difference and are about 1.0 MPa. For
the second layer of all the considered clay-cement-concrete diaphragm structures, the compressive stress
values are 2.0-2.5 times smaller.

In general, it can be noted that the calculated maximum compressive stresses in all considered clay-
cement-concrete diaphragm designs (flat vertical, flat inclined, arch vertical) mostly do not exceed the
maximum allowable values of clay-cement-concrete compressive strength. The exception is the narrow areas
of increased compressive stresses resulting from the calculations of these diaphragms, which are located in

Opumryk P.H.
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the first layer along the line of side abutment on the tail race end. However, these areas do not pose any
danger to the structure since they do not extend into the depth of the diaphragm, but are localized in the outer
layer with the thickness of not more than 1.0 m.

The complex numerical simulation performed allowed to identify the main trends of the influence of
using the effect of the clay-cement-concrete diaphragm inclination and the influence of the arch effect on the
strain-stress state of an embankment dam with a clay-cement-concrete diaphragm.

Based on the results of the analysis of the three-dimensional model performed using the example of the
Gotsatlinskaya HPP embankment dam with a clay-cement-concrete diaphragm, an extremely complex strain-
stress state pattern was obtained describing the connections of the strain-stress state both with the design
features of the diaphragm itself and the embankment dam installation procedure, and with reservoir filling
mode, that is, creating the pressure head of the structure.

It has been determined that settlement and displacements causing dangerous tensile stresses that may
lead to clay-cement-concrete diaphragm cracking occur in the following sections:

—in the upper clay-cement-concrete diaphragm belt, however, they do not spread deep inside the
impervious element and are localized within the first 2-3 m from the clay-cement-concrete diaphragm crest.
They may potentially lead to the opening of a rhythmic sub-vertical joint system;

—in the side abutments, observed along the entire abutment length, potentially forming sub-vertical
displacement cracks, with the nature of the deformations and the presence of clay-cement-concrete cushions
in the abutments to the rock sides and concrete abutments considered, without crack opening;

—in contact with the foundation, observed along the entire length of the abutment to the foundation,
potentially forming sub-horizontal displacement cracks, with the nature of deformations and the presence of
foreshaft in the foundation abutment considered, without crack opening;

—in the lower third of the central clay-cement-concrete diaphragm part due to the nature of displacement
towards the tail race under water pressure, an area of maximum deformations is formed in the clay-cement-concrete
diaphragm, with the potential possibility of opening of a radial sub-horizontal and sub-vertical cracks.

To ensure reliable functioning of a clay-cement-concrete diaphragm during the entire period of the
embankment dam operation, special attention should be paid to these areas when designing protective or
remedial measures during supervision at construction and operation stages; at the same time, in the design
special attention should be paid to the issues of reservoir filling mode assignment, and actual compliance
therewith should be ensured. It is necessary to ensure the required quality of construction and installation
works, availability of construction and technical supervision over construction works. The research results also
confirm the potential possibility of cracks opening in the clay-cement-concrete diaphragm body for all
considered configurations, which confirms the relevance of development of a clay-cement-concrete diaphragm
design with an obligatory mending layer in the transition zone from the headrace side [19-21].

The performed numerical simulation and detailed analysis of the strain-stress state calculation results for
different configurations of a two-layer clay-cement-concrete diaphragm (with the specified foundation properties),
dam body and clay-cement-concrete have revealed that for the inclined flat diaphragm option the minimum
horizontal displacements and vertical settlement were obtained; the strain-stress state pattern is more favorable as
well. This option can be recommended for further elaboration and preparation of justification materials for the
application thereof as an impervious element in an embankment dam with a height exceeding 70 meters, for which
using the classical option with a vertical clay-cement-concrete diaphragm is already significantly difficult.

When designing an embankment dam with a clay-cement-concrete diaphragm in the future, it is
generally reasonable to account for technical and process possibilities of erecting diaphragms both with the
effect of inclination and the arch effect, and to consider these options taking into account the identified trends
in the influence of these effects on the strain-stress state of an embankment dam with a clay-cement-concrete
diaphragm.

An important condition ensuring the following reliable and safe operation of an embankment dam with
this type of impervious element is the development of the process flow-charts for dam construction providing
exhaustive information on the process flow of work performance and controlled parameters within the
construction arrangement design.

4. Conclusions

1. For purposes of analyzing the influence of changes in the clay-cement-concrete diaphragm
configuration of an embankment dam on its strain-stress state a numerical model of an embankment dam
(taking as an example the Gotsatlinskaya HPP embankment dam site) based on the ABAQUS 2016 finite-
element software package has been elaborated;

2. A plan for calculation experiments has been elaborated and mathematic simulation has been
performed in relation to the technical solutions aiming at establishing the conditions for a more favorable strain-
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stress state of clay-cement-concrete diaphragms proposed by the author: the option with an arch outline
diaphragm and the other option with an inclined diaphragm.

3. The results of the strain-stress state calculations performed have been analyzed and compared with the

results of previous calculations of the strain-stress state that showed the main trends of the influence of clay-
cement-concrete diaphragm configurations as compared to a traditional vertical clay-cement-concrete diaphragm
regarding the values of horizontal displacement, maximum settlement, tensile stress and compressive stress.
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KnioueBble cnoBa: rpyHToBas MnoTuHa, rMMHOLIEHTOBEeToOHHaa auadparma, 6ypocekyliuecsa ceaw,
HanpsPKeHHO-AedPOPMMPOBaHHOE COCTOSIHUE.

AHHOTaumMA. B CBA3M C COBEPLUEHCTBOBAHWEM MaLUMH U MEXaHW3MOB, TEXHWYECKOrO OCHALLEHUs W
TEXHOMOrMYECKNX  NPUEMOB,  MPUMEHSIOLLMXCA  NpU  Npom3BoAcTBe  paboT nNo  YCTPOWUCTBY
TMHOLEMEHTODETOHHBIX «CTEH B FpyHTe» MeTodom Oypocekylmxcs cBal, aBTop npegnaraeT pacluunpuvTb
AnanasoH paccMaTpuvBaeMblX KOHCTPYKUMI NPOTMBOMUIBTPALMOHHOIO 3fieMeHTa [PYHTOBbIX MIOTUH,
nobaBvMB K HMM MogudUKaumMm C apO4YHOM W HaKMoHHOW pguadparmont. [MpoBedeHHble uccnegoBaHuWs
MO3BOMWMM  BbISIBUTb ~ OCHOBHbIE  TEHOEHUMM  BIUSHMS  UCMONb30BaHWs  3addekta  HakmoHa
rMUHOLIEMEHTOBETOHHbIX AnadparM 1 apovHoro addekTa Ha U3MEeHEHNe HanpsHPKeHHO-AeopMMPOBAHHOIO
COCTOSIHUS CUCTEMbI FPYHTOBasd MNNOTMHa — AnadparMa B CpaBHEHUU C TPaaULMOHHOW KOHCTPYKUMEWR
(BepTukanbHas cTeHa). YUYET npeanoXeHHbIX aBTOPOM KOHCTPYKLUMUIA FMNHOLEMEHTODETOHHbIX Anadparm npum
NPOEKTUPOBAHUN TPYHTOBbLIX MIOTUH MO3BOMUT PacLUMPUTL Auanas3oH BO3MOXHOIMO NPUMEHEHUs OaHHOro
TEXHUYECKOrO peLleHnd. YCTaHOBMEHO, 4YTO WMEeeTCsl BO3MOXHOCTb ONMTMMM3aLMKM  CYLLECTBYIOLLMNX
TEXHUYECKNX PEeLLUEHUI FPYHTOBBLIX NIIOTUH C MMUHOLLEMEHTOBETOHHON AMadparmMmon Npu nx NPoOEeKTUPOBaHNN
C YY4ETOM He TONbKO Ha3HaYeHUsA NPOYHOCTHBLIX U 4ehOPMATUBHbBIX XapaKTEPUCTUK FMNHOLLEMEHTODETOHA, HO
N C Y4ETOM U3MEHEHNS KOHUIypaumm camon anadparmoi.

NurtepaTtypa

1. Papuenko B.I., JlonatnHa M.I., Hukonanuyk E.B., Pagyenko C.B. OnbiT Bo3BeAeHVS NPOTMBOMUIbTPALMOHHBIX YCTPONCTB 13
rpyHTOLEMEHTHbIX cmecen // TuapoTexHudeckoe ctpouTenbcTBo. 2012. Ne 6. C. 46-54.

2. ®epocees B.W., lUnwos U.H., MextuH B.A., KpnoHoroea H.®., Karan A.A. MpoTvBO®UNbTPaUMOHHbIE 3aBECHI TMOPOTEXHUYECKNX
COOPY)XEHUI Ha MHOroneTHen mepanoTe // OnblT NPOEKTUPOBaHUS U npou3BoacTBa pabot. B 2 1. T. 2. CN6.: BHUATI um. B.E.
BepeHeesa, 2009. C. 303-316.

3. Apran 3.C., Kopones B.M. O HekoTOpbIX CBONCTBAX MMMHOLEMEHTOBETOHA 1 0COBEHHOCTSIX PaboThl CTEHbI B FPYHTE B TE€NE MIOTUHbI
/I TnppoTexHuyeckoe cTpoutenbcTBo. 2019. Ne 5. C. 10-19.

4. |ICOLD. Soil-cement for embankment dams // Bulletin Ne 54. 1986.

5. Lorenz W., List F. Application of the trench diaphragm method in constructing the impervious core of dams consisting in part of low-
grade fill material // 12-th ICOLD Congress. 1976. Q. 44, R. 6, Mexico. Pp. 93-104.

6. Opwuwyk P.H. Npobnembl npoekTMpoBaHWs, CTPOMTENbCTBA U 9KCNIyaTauumy MnHoLEMeHTOBETOHHBIX Anadparm rpyHTOBbIX MIOTUH,
BO3BOAMMbIX MeTofoM Bypocekylumxcs cean // Ussectna BHUUT um. B.E. Begereesa. 2018. T. 287. C. 3-13.

7. PapavHckuii A.B., Pacckaszos J1.H., CanHoB M.I1. MNnoTnHa cTOMETPOBOW BbICOThI C IMNHOLIEMEHTOBETOHHOW Anadparmon no tuny
«CTeHa B rpyHTe» // BecTHuk MI'CY. 2014. Ne 9. C. 106-115. DOI 10.22227/1997-0935.2014.9.106-115

8. MunbuuH B.JI.,, Opuwyk P.H., Conbckun C.B. PekomeHgaumm no MNpOEKTUPOBaHWUIO, pacyeTamM U  BO3BEOEHUIO
NpoTMBOMUINLTPALIMOHHOIO 3NeMEHTa U3 TMMHOLEMEHTOBETOHHbIX Oypocekywimxcs cean // CtaHgapT npegnpuatus. — CTI
310.02.HT-2017. CIN6. nsg. AO «<BHUUT um. B.E. BegeHeeBa», 2017. 117 c.

9. CavHoB M.M., Copoka B.B. CsepxBbicokasi KaMeHHO-HabpocHasi MMOTMHA C KOMOGWHaUMel >Xerne3obeTOHHOro 3kpaHa u
rnyHoueMeHTobeToHHOWM Anadpparmel // IikeHepHo-cTponTenbHbIv x)XypHan. 2018. Ne 5(81). C. 135-148. DOI 10.18720/MCE.81.14

10. BopayHos B.B., Oenucos I".B., KagywkuHa E.A., Hukonaesa E.A., ®egopos A.B. OnbIT NPOEKTUPOBaHNS 1 CTPOUTENBCTBA IPYHTOBOW
nnoTtuHbl HwxkHe-Bypelickon T3C ¢ npumeHeHnem B KavecTBe MpPOTMBOMUNLTPALMOHHOIO YCTPOWCTBa AvadparMbl U3
Bypocekywimxcs cean // FTmpgpoTtexHudeckoe ctpouTenscTo. 2019. Ne 6. C. 2-11.

11. Mpokonosuy B.C., Bennuko A.C., Opuyk P.H. HanpspkeHHo-aedopmaLmoHHoe COCTOsiHUE 3eMISIHOW NMOTUHBI C IMHOLEHTOGETOHHOM
Aviacbparmon (Ha npumepe 3emnsHon NnotuHbl MouatnuHckon MNAC) // Ussectns BHUAT nm. B.E. Begeneesa. 2016. T. 282. C. 87-98.

12. Opuwyk P.H. HoBble KOHCTPYKUMW TPYHTOBBIX MAOTUH C FMMHOLEMeHTo6eToHHbIMM Anadparmamu // Nssectna BHUUT wnm.
B.E. BegeHeesa. 2019. T. 292. C. 21-30.

13. Kang F.E.I., Han-Long L. Secondary development of ABAQUS and its application to static and dynamic analyses of earth-rockfill dam
/I Rock and Soil Mechanics. 2010. No. 3.

14. PacckasoB J1.H., PagsuHckmn A.B., CaumHoB M.M. TNOTUHbI C rMMHOLEMEHTOOETOHHON auadparmon. HanpsikeHHo-
nedopmMrpoBaHHOE COCTOSIHUE M NPOYHOCTL // TnapoTexHuyeckoe ctpontensctso. 2014, Ne 9. C. 37-44.

Orishchuk, R.N.
24


http://engstroy.spbstu.ru/

15.

16.

17.

18.

19.

20.

21.

WmxeHepHo-cTpouTenbHbIi xypHai, Ne 5(89), 2019

PekomeHgaumm no pacyety HanpsKeHHO-Ae(OPMUPOBAHHOIO COCTOSIHUS U YCTOMYMBOCTU BLICOKMX MNOTWH W3 TPYHTOBbLIX
MaTepuarnos npu cTaTudeckux n cemcmuydecknx sosgencrausix. I 824-85. M.: M'magponpoexT, 1985. 112 c.

CanHoB M.I1. OcoBeHHOCTM YMCNEHHOr0 MOAENMPOBAaHWUSA HanPsKeHHO-Ae(POPMMPOBAHHOIO COCTOSIHUSI TPYHTOBbLIX MNMAOTUH C
TOHKAMMU MPOTUBOMUMNLTPALMOHHBIMU 3nemeHTamu // BectHuk MICY. 2012. Ne 10. C. 102-108. DOl 10.22227/1997-
0935.2012.10.102-108

CawnHoB M.T. MpubnunxEHHbIN NPOrHO3 NPOYHOCTY NPOTUBOMUILTPALMOHHOW CTEHBI B OCHOBaHWUU MNoTUHbLI // Hay4Hoe o6o3peHue.
2017. Ne 4. C. 34-38.

Luo Z.J., Zhang Y.Y., Wu Y.X. Finite element numerical simulation of three-dimensional seepage control for deep foundation pit
dewatering // Journal of Hydrodynamics. 2008. Vol. 20. No. 5. Pp. 596-602. DOI 10.1016/S1001-6058(08)60100-6

Conbckun C.B., Opuwyk P.H., JlonatuHa M.I"., Opnosa H.J1. NccnegoBaHue camosaneuvnBaHns TPELUMH B MUHOLEMEHTHOOETOHHbIX
Ovadbparmax (Ha npumMepe 3emnsiHoi nnoTuHbl MouatnuHckon FAC) // UssecTust BHUNT nm. B.E. BegeHeesa. 2017. T. 283. C. 19-29.

Solskyi S.V., Orischuk R.N., Orlova N.L. Model of crack self-healing in clay-cement concrete diaphragm of embankment dam //
Budowle pietrzace eksploatacja i monitoring. Warszawa: Instytut Meteorologi | Gospodarki Wodnej. Panstwowy Institut Badawczy.
2017. Pp. 341-349

Conbckunn C.B., NonatuHa M.I., Bonblakosa O.A., BogoHenpoHuuaemoe conpsikeHue 6GeToHHOM 06nMuoBkM GopToBOro
NPUMbIKAHWSA C FMUHOLEMEHTHbIMK B6nokamu. MNateHT PO Ne 127088, 2013.

KoHmakmHbie 0aHHbIe:

Poman Hukonaesuy Opuwyk, +7(812)4939338; an. nouma: OrischukRN@vniig.ru

© Opwuwyk P.H., 2019

Opumryk P.H.

25



	Clay-cement-concrete diaphragm — justifying calculation  for new-built constructions
	1. Introduction
	2. Methods
	3. Results and Discussion
	4. Conclusions

	Глиноцементобетонная диафрагма,  расчётное обоснование новых конструкций



