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Abstract. The article deals with design validation of a new structural design of an embankment dam,
i.e. rockfill dam with seepage-control element of composite design. It consists of a reinforced concrete face
(in the dam upper part) and a wide grout curtain (in the dam lower part). Analyses of the dam stress-strain
state (SSS) were conducted on the example of a 235 m high dam. Numerical modeling of the dam was
performed with consideration of its construction and loading sequence, as well as non-linear deformation
of rockfill. Impact of rockfill deformation and grout curtain material on the dam SSS was studied. It was
revealed that conditions of the reinforced concrete face operation in the considered dam structural design
differ from conditions of its operation in the dam of t classical design; it is subject to not tensile but
compressive longitudinal force. This effect decreases the risk of cracking in the face. However, it should
be taken into account that under certain conditions the compressive longitudinal stresses in the face may
exceed the concrete compressive strength, therefore, the face thickness (in the lower part) is
recommended to be taken equal more than 2 m. The least safe assembly of the considered dam structural
design is interface of two seepage-control elements. It is arranged with the aid of a concrete gallery located
under the grout curtain. SSS of the reinforced concrete face lower part greatly depends on the grout curtain
deformations. To provide the face safety the deformation modulus of the grout curtain material should be
not less than that of rockfill. The grout curtain strength and SSS are mainly determined by the material
deformation. At high rigidity of the curtain material there is a danger of appearance in it of tensile stresses
and separation of the curtain from the rock foundation. It is recommended to arrange the grout curtain of
clay-cement grouts so that deformation modulus of the curtain material does not exceed 500 MPa.

AHHoTaumsa. CTtaTbs MnocBsiLeHa pacyETHOMY OOOCHOBaHMIO HOBOW KOHCTPYKLMW TFPYHTOBOW
NNOTUHbI — KaMEHHO-HAabPOCHOW MMOTMHLI C NPOTUBOIUNBTPALMOHHBIM  SMEMEHTOM COCTaBHOM
KOHCTpyKumn. OH CcoCTOUT K3 Kene3obeToOHHOro 3aKkpaHa (B BEpXHEeW 4acTu MNAOTMHbI) M LUMPOKOMN
WHBEKUVNOHHOW 3aBeCbl (B HWXHEW 4YacTu nNnoTuHbl). PacuyéTbl HanpspkEHHO-AeOopMUPOBAHHOIO
coctosHua (HOC) nnoTWMHBI MNpOBOAUNUCHL Ha MpuMepe NMOTUHbI BbicoTon 235 M. YucneHHoe
MOZenMpoBaHMe NNOTUHbI NPOBOAMMAOCE C YYETOM NOCreAoBaTENLHOCTU €€ BO3BEAEHUS N Harpy>KeHUs,
a Takke C y4ETOM HeNMMHEeNHOCTU AedhopMMpyeEMOCTN KaMeHHO Habpocku. bbino nccnegoBaHo BNUsiHUE
Ha HOC nnoTuHbl 4edopMMpPyEMOCTN KaAMEHHOW HabpoCKn 1 MaTepmnana MHbEKLNOHHOW 3aBeckl. Bbino
Mony4YeHo, YTo ycroBus paboTbl KenesobeTOHHOro 3KpaHa B PAaCCMOTPEHHOW KOHCTPYKUMW MAOTUHBI
OTNINYAKTCHA OT YCMNOBMIN €ro paboTbl B MIAOTUHE KMACCUYECKOW KOHCTPYKUMU — 3KpaH UCTbITbIBAET He
pacTsarMBatoLLlee, a CKMMmaroLlee NpogonbHom yeunme. 1ot 3hdekT CHMXKaeT puck 06pa3oBaHNS TPeLLMH
B 9kpaHe. OgHako criegyeT MMeTb BBUAY, YTO NPY ONPeAEn&HHbIX YCOBUSX CXKMMaloLme NpoaorbHbIE
HaNpPsPKEHUS B 3KpaHe MOryT MpeBbilaTb NPOYHOCTL GETOHa Ha cXkaTue, MO3TOMY TOSMWMHY 3KpaHa
(MoHM3y) pekomeHngyeTcst npuHumaTb Gonbwe 2 M. HavmeHee Hagé€XHbIM y3NOM PacCMOTPEHHOM
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KOHCTPYKUMM TMNMIOTUHbI  SIBASIETCA COMPSPKEHWE [BYX NPOTUBOMUNBTPALMOHHBIX 3nemeHToB. OHo
BbIMOJTHEHO C MOMOLLbI0 GETOHHOW ranepeun, KoTopasi pacnosioXXeHa Hag, MHbekunoHHon 3aBecon. HOC
HWKHEN YacTu XXene3o0eTOHHOro 3KpaHa CUIbHO 3aBUCUT OT AedhopmMauni MHBEKLMOHHOW 3aBechl. [ns
obecneyeHnss NPOYHOCTM 3KpaHa HeobxoouMMO, YTO MoAynb Aedopmauun MaTepvana MHBbEKLUOHHOW
3aBecCbl Oblnl He MeHblle, YeM Yy kameHHon Habpocku. lMpovHocTb u HOC MHBbEKUMOHHOW 3aBechl B
OCHOBHOM onpegensetca aedopMmpyeMocTbio eé maTepmana. [pu BbICOKOW XECTKOCTM MaTepuana
3aBeCbl BO3HMKAET OMaCHOCTb MOSABMEHMS B HEW PacCTArMBatoLLUMX HampsDKEeHUMW M OTpbiBa 3aBeECbl OT
CKanbHOro OCHOBaHus. PekoMeHOyeTCHa BbINOMHATE MHBLEKUMOHHYIO 3aBeCy M3 TMUHUCTO-LEMEHTHbIX
pacTBOPOB C TeM, YTOObI MOAYIb AecdopmMauun e€ matepumana He npessbiwan 500 MMa. Mo pesynbTatam
nccrnefoBaHusa MOXHO caenaTth BbIBO, YTO PAaCcCMOTPEHHAsH KOHCTPYKLUNS KaMEHHO-HabpPOCHOW MMOTUHbI
C COCTaBHbIM HETPYHTOBBLIM NMPOTUBOMUIbTPALMOHHBIM 31IEMEHTOM SABIISIETCS XOPOLUEW anbTepHaTMBOMN
ONS KNacCMYECKON KOHCTPYKLMKN FPYHTOBOW MAOTUHBI C KeNe300€TOHHbLIM 3KpaHOM.

1. Introduction

At present at construction of ultrahigh dams (more than 200 m high) 2 types of embankment dams
are used: a rockfill dam with a central core and a rockfill dam with a reinforced concrete face (CFRD). The
highest rockfill dam is Nurek dam (Tajikistan) 300 m high [1], and the height of the highest Shuibuya CFRD
in China is 233 m [2].

As construction and operation of a rockfill dam in severe climatic conditions is complicated at
elaboration of designs for construction of ultrahigh embankment dams, only one structural design
alternative was considered — CFRD [3-6]. However, it is known that CFRDs are insufficiently safe: cracks
appeared in reinforced concrete faces of several ultrahigh dams [7-9]. In order to provide safety of CFRDs
and to extend the area of their application the studies are conducted of their stress-strain state (SSS) [4,
10-12]. Based on studies there are improved structural designs of ultrahigh dams and measures are
worked out on enhancing their safety. Namely, it is proposed to arrange transversal joints in the reinforced
concrete faces, optimize the dam construction sequence [10, 12] and even make the under-face zone of
soil-cement-concrete [11].

However, according to our studies [11, 12], these improvements of classical structural designs of
CFRD does not allow guaranteeing their safety. This is connected with peculiar feature of such dam
performance: at dam deformations in the lower part of the reinforced concrete face there appears a
longitudinal tensile force, which results in formation of joints in the face. Therefore, it is necessary to search
for other ways of improving structural designs of ultrahigh CFRD. Namely, one of such ways is use of a
seepage-control element of composite (combined) design.

One of the alternatives of rockfill dam with a combined seepage-control element is design where a
reinforced concrete face (in the dam upper part) is combined with the grout curtain (in the dam lower part)
(Figure 1).
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Figure 1. Dam design with combination of seepage-control elements: a reinforced concrete face
and a grout curtain. 1a, 1b —rockfill, 2 — reinforced concrete face, 3 — under-face zone,
4 — concrete gallery, 5 — grout curtain, I, 11, Ill, IV — dam construction stages

This structural design was proposed by VNIIG as an alternative for construction of ultrahigh (235 m)
dam of Kankun HPP in South Yakutia [13]. The advantage of this structural design is possible increase of
dam construction rates due to refusal from pit excavation for construction of a seepage-control element. It
is envisaged that the 15 stage dam is filled as a rock-earthfill dam with a wide central core of sand-gravel
soil. Then this core is injected with cement mortar (or cement-clay) and is turned into a grout curtain. The
15t stage dam 48 m high can take up the head required for passing water through a bypass along the closed
river channel. The dam main part is arranged with a seepage-control element (SCE) in the form of a
reinforced concrete face. The reinforced concrete face is interfaced with the grout curtain by arrangement
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of a concrete gallery in the 1%t stage dam upper part. The movement joint is arranged between the
reinforced concrete face and the gallery.

The thickness of the reinforced concrete face in the lower part was taken equal 2 m, and in the upper
part 1m. The thickness of the grout curtain was taken equal 30 m.

The purpose of our study is assessment of workability, safety of this structural design alternative of
an ultrahigh embankment dam.

2. Methods

The study was conducted with the aid of numerical modeling of the dam stress-strain state (SSS)
with use of the computer program developed by Ph.Dr.(Tech.Sc) M.P. Sainov [14]. Analyses were
conducted with consideration of the schedule of dam construction sequence and external forces applied to
it. Besides, it was taken into account that the grout curtain in the 15t stage dam appears only after completion
of its construction.

The structure finite element model included 1074 finite elements with cubic approximation of
displacements inside the element. Contact finite elements were used for modeling non-linear effects of rigid
structures contacts behavior among each other, as well as with soils. The total number of degrees of
freedom in finite element model comprised 9979.

At analyses consideration was taken of non-linear character of rockfill deformation. For this purpose
the used soil model was proposed by Dr. L.N. Rasskazov [15]. At determining parameters of the non-linear
model the use was made of the data of experimental studies conducted by Marsal, Marachi and Gupta
[16—-18]. As the data analysis of field observations over construction settlements of real dams entails large
studies of rockfill deformation properties [19-20], our investigations were carried out for a wide range of
rockfill deformability. Three alternatives of rockfill deformation properties were considered in the dam upper
part: A, B, C. In alternative B the rockfill deformation was adopted to be 2 times as less as in alternative A,
and in alternative C — 4 times as less. The averaged rockfill deformation modulus in each alternative was
approximately 45, 90 and 180 MPa. At the completion construction stage averaged values of rockfill
deformation modulus of the upstream shell reached the following values: for alternative A — 90 MPa, for
alternative B — 200 MPa and 300 MPa for alternative C. From the downstream part of the dam body the
rockfill deformation in all calculations was taken as in alternative A.

For the grout curtain the elastic material was taken, because deformation and strength properties of
soils strengthened by injecting cement-containing grouts, actually have not been studied. Evidently, they
may vary in wide ranges, because injection may be accomplished with grouts of different composition and
properties. Pure cement or cement-clay grouts may be used [21]. For tentative assessment of the grouted
soil properties we used the data on properties of clay-cement-concretes, which greatly vary depending on
the content of cement and bentonite.

Our analyses were conducted for three alternatives of grouted soil properties. In alternative 1 the
grouted soil deformation modulus was taken equal 5000 MPa, in alternative 2 — 1000 MPa, in alternative
3-200 MPa.

Accordingly, 9 alternatives were analyzed. They are desighated by a combination of figures and
letters, for example, 3B. The figure indicates the alternative of the grouted soil properties and a letter
indicated the alternative of rockfill properties.

3. Results and Discussion

The results of analyses are given in Figures 2—8 and in Table 1, 2 for the most critical moment of
time — the moment of the reservoir impoundment to FSL 230 m. Let us see how the selected factors affect
the workability of each component of the dam seepage control element.

SSS of the grout curtain is characterized by bend deformations occurring due to the dam body
displacement towards the downstream side. Maximum displacement of the curtain towards the downstream
side for alternatives A is equal from 47 to 64 cm, for alternatives B — from 33 to 39 cm, for alternatives C —
20 cm (Table 1). The curtain bend is accompanied by decrease of compression on its upstream face and
increase of compression on the downstream face.
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Table 1. Typical parameters of the grout curtain SSS for different alternatives

SSS parameter alternatives
1A 1B 1C 2A 2B 2C 3A 3B 3C
max Ux, Cm 47 33 20 55 37 20 64 39 20
max Uy, cm 14 11 10 29 21 16 56 37 28
max oy, MPa 1.7 1.3 1.0 1.2 0.8 0.6 1.0 0.6 0.2
min oy, MPa -31.1 -23.1 -16.8 -15.3 -11.0 -7.4 -4.9 -3.4 -2.6
L,m 18.9 15.7 4.8 11.5 5.7 0.6 1.2 1.2 0.6
P, mm 63.6 58.2 18.9 93.6 57.7 14.0 95.0 80.0 32.3

Designations:

L, P — the length of opening and maximum opening of the contact between the curtain and the
foundation respectively,

Ux, Uy — horizontal displacement and settlement of the grout curtain downstream face respectively.

At grout curtain bending there is a danger of crack formation on its upstream face, especially in the
near-contact zone. This evidences about the existing zone of tensile vertical normal stresses oy (Figure 2,
Table 1), as well as about opening of the grout contact with rock foundation (Table 1). These manifestations
are typical for all the considered alternatives in different degrees.

If the grout material is comparable by its deformability with rockfill (alternatives of series 3,
Figures 2a, b, c), the zone of tension is small by dimensions, and the values of tensile stresses oy are not
large. The length of the curtain opening contact with rock does not exceed 2 m (Figure 4).

If the grout material is rigid (alternatives of series 1, Figures 2g, h, i), tensile stresses oy cover large
volume and will inevitably result in formation of cracks in the grout curtain. At that, on the curtain
downstream face (Figures 2 g, h, i) high compressive stresses oy are concentrated (from 17 to 30 MPa),
therefore, compressive strength failure may be expected. Besides, the length of the curtain opening contact
with rock will amount from 15 to 60 % of its width (Figure 4).

Judging by Figures 3a, b, the grout curtain may have the acceptable level of compressive and tensile
stresses oy only in case when the deformation modulus of the curtain material does not exceed 500 MPa,
and averaged value of deformation modulus of rockfill (at perception of hydrostatic forces) is not less than
200 MPa. We came to the similar conclusion earlier for the case of the dam with massive grout curtain [22].
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Figure 2. Distribution of stresses oy in grout curtain for different alternatives
a—-3A,b-3B,c-3C,d-2A,e-2B,f-2C,g-1A,h-1B,i-1C
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Figure 4. Variation of length of the contact “curtain-rock” depending on
deformation modulus of the grout curtain material

Now let us consider SSS of the reinforced concrete face shown in Figures 5-7 and Table 2.
Maximum displacement of the reinforced concrete face in direction across the slope is observed on the 2"
stage dam crest. Accordingly the reinforced concrete face is subject to bend deformations towards the
downstream side (Figure 5).

But in spite of bend deformations the most part of the reinforced concrete face is subject to
compression along the slope (Figures 6, 7). By this the SSS of the reinforced concrete face in the
considered dam principally differs from that of rockfill dam classical design for which according to our
studies [12] the characteristic feature is longitudinal tensile force existing in the reinforced concrete face.
The same effect is characteristic for the dam alternative where the reinforced concrete face is combined
with clay-cement-concrete diaphragm [23].

a) b)

Figure 5. Deflections of the reinforced concrete face (cm) in various alternatives.
a — alternatives of series 3, b — alternatives of series 1. Red color indicates the curve
corresponding to alternatives of group A, violet color—group B, green — group C.
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a) b)

Figure 6. Longitudinal stresses in the reinforced concrete face (MPa) in alternatives of group 1.
a —on the upstream face, b — on the downstream face. Red color indicates the curve
corresponding to alternative 1A, violet color— 1B, green — 1C.

a) b)

Figure 7. Longitudinal stresses in the reinforced concrete face (MPa) in alternatives of group 3.
a—on the upstream face, b — on the downstream face. Red color indicates the curve
corresponding to alternative 3A, violet color— 3B, green — 3C.

SSS of the reinforced concrete face upper part is different for all the alternatives and is determined
by rockfill deformability. At high rockfill deformability (alternatives of series A) concrete strength of the
reinforced concrete face upper part is not provided. Compressive longitudinal stresses ok in the reinforced
concrete face exceed concrete design compressive strength of class B25 which according to Building code?
amounts to 14.5 MPa.

SSS of the reinforced concrete face lower part is to a greater extent determined by the grout curtain
deformation. If the grout curtain is made of rigid material (alternatives of series 1), the reinforced concrete
face lower part is subject to great bend deformations towards the downstream side (Figure 5b). At that on
the reinforced concrete face upstream part the compressive stresses are concentrated (Figure 6a), and the
downstream part — tensile stresses (Figure 6a). In all the alternatives of series 1 the reinforced concrete
compressive strength is not provided (Figure 8).

The reinforced concrete face lower part has more favorable SSS in the alternatives of series 2 and 3.

In alternatives of series 3, when the grout curtain material has low deformation modulus (200 MPa),
the reinforced concrete face lower part is subject to bend towards the downstream side (Figure 5a). This
results in increase of compression on the face downstream part (Figure 7a) and its decrease on the
upstream part (Figure 7b). In alternative 3C SSS of the reinforced concrete face is unfavorable. On the
upstream face the longitudinal stress oe is tensile. It reaches 4.7 MPa and cannot be perceived by
reinforcement. Maximum value of compressive strength e on the downstream face reaches 19.2 MPa and
exceeds concrete compressive strength. Thus, deformability of the grout curtain material should not be
lower than rockfill deformability.

Thus, effect of deformability of rockfill and the grout curtain material on SSS is of complicated
character and they are interconnected. The most favorable SSS of the reinforced concrete face is in
alternatives 2C and 3B. These are alternatives where the grout curtain material is close by deformability to
that of rockfill, but is slightly more rigid as compared to it. However, even in these alternatives the maximum

! Building Code SP 41.13330.2012. Concrete and reinforced concrete constructions of hydraulic structures.
Updated version of SNiP 2.06.08-87.
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value of compressive stresses ot in the reinforced concrete face slightly exceeds concrete design strength
of class B25 (Table 2). It is necessary either to use concrete with higher strength or increase the reinforced
concrete face thickness.

Table 2. Typical parameters of the reinforced concrete face SSS for various alternatives

alternatives
parameter
1A 1B 1C 2A 2B 2C 3A 3B 3C
Umax, CM 155 87 49 156 87 42 156 87 41
Ui, cm 43 27 19 53 36 24 77 49 32
min ce, MPa -49.2 -31.0 -25.0 -42.6 -21.8 -16.4 -25.8 -15.6 -19.2
max ce, MPa 23.6 8.5 0.4 14.4 - - - - 4.7

Symbols: Umax — maximum deflection of the reinforced concrete face,
U1 — deflection of the reinforced concrete face at the contact with the concrete gallery,
min o — most significant by value longitudinal compressive stresses,

max ce — most significant by value longitudinal tensile stresses.

0 2000 4000 6000
0 J
E, MPa
-10
e
-20 .
7
-30 1w
-40 1-// - sen‘asA B
-50 4 / == series B
GE! MPa -~ series C
-60 - I

Figure 8. Variation of maximum values of reinforced concrete face depending on deformation
modulus of the grout curtain material

4. Conclusions

1. The structural alternative of a rockfill dam where the seepage-control element is composed of a
reinforced concrete face and a grout curtain is a good alternative to a classical structural design of a rockfill
dam with a reinforced concrete face. The considered dam structural design is potentially efficient: at
meeting certain conditions it may operate safely.

2. In the considered dam structural design the reinforced concrete face operates in more favorable
conditions then in classical structural design of a rockfill dam with reinforced concrete face (CFRD). The
face is subject to not tensile but compressive longitudinal force. To provide compressive strength of the
reinforced concrete face it is necessary either to decrease rockfill deformability (rockfill deformation
modulus should be tentatively at least 150 MPa), or increase its thickness. It is recommended to adopt the
reinforced concrete face thickness in the lower part to be no less than 2 m.

3. To prevent crack formation in the grout curtain body and at the contact “curtain-rock” it is
necessary that deformation modulus of the injected soil should not exceed 500 MPa. For grouting it is
recommended to use bentonite-cement but not cement mortars.

4. SSS of the reinforced concrete face lower part greatly depends on deformations of the grout
curtain located under the face, because the curtain high rigidity constricts the face movements and leads
to its bending. To avoid considerable bend deformations of the reinforced concrete face lower part the
deformation modulus of the grout curtain material should be not lower than that of rockfill.

5. Complexity in predicting workability of the considered dam structural design is attributed to
insufficient knowledge of deformability of rockfill and soils strengthened by injecting grouts containing
cement. Due to non-linearity of these material deformations the character of the reinforced concrete face
deformations may change in the nature during dam construction and operation causing alternately
compressive and tensile stresses.

6. To provide safe operation of combined seepage-control element it is necessary to think through
the design of the contact between the reinforced concrete face and the concrete gallery located under the
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grout curtain. Structural design of this interface should provide possibility of compensation of the reinforced
concrete face displacements in direction along the slope, but considerable displacements in the perimeter
joint are not allowed.

10.

11.

12.

13.

14.

15.

References

Sokolov I.B., Marchuk A.N., Tsarev A.l., Alipov V.V., Kuzmin
K.K., Kuznecov V.C.. Aleksandrovskaya E.K., Paviov V.L.
Stress state of dams during staged start-up of the Sayano-
Shushenskoe and  Nurek hydroelectric  stations.
Hydrotechnical Construction. 1986. No. 20(1). Pp. 14-19.

Luo D., Luo L. Study and engineering practice on cracks
control measures for concrete face slab of high CFRD.
Advanced Materials Research. 2012. Vol. 455-456.
Pp. 1606-1611.

Li N.-H. Performance of high concrete face rockfill dams in
China and its inspiration. Yantu Gongcheng Xuebao /
Chinese Journal of Geotechnical Engineering. 2011.
No. 33(2). Pp. 165-173.

Sun D., Zhang G., Wang K., Yao H. 3D finite element
analysis on a 270m rockfill dam based on Duncan-Chang E-
B model. Advanced Materials Research. 2011.
Pp. 287-290, 1213-1216.

Zhang Z. Development of super-high concrete face rockfill
dams in China. 14th Asian Regional Conference on Soil
Mechanics and Geotechnical Engineering. 2011.

Zhang Z.-L. Design and technical innovation of rockfill dam
projects. Yantu Gongcheng Xuebao / Chinese Journal of
Geotechnical Engineering. 2007. No. 29(8). Pp.1184-1193.

Markes Filo P., Pinto N. de S. Kharakteristiki kamenno-
nabrosnykh plotin s betonnym ekranom, poluchennyye
opytnym putem [Characteristics of rock casting dams with a
concrete screen, obtained experimentally].
Mezhdunarodnyy daydzhest po gidroenergetike i plotinam.
2007. Pp. 69-74. (rus)

Freitas M.S.Jr. Concepts on CFRDs leakage control — cases
and current experiences. ISSMGE Bulletin. 2009. Vol. 3.
No. 4. Pp. 11-18.

Xavier L.V., Albertoni S.C., Pereira R.F., Antunes J. Campos
Novos dam during second impounding. The International
Journal on Hydropower & Dams. 2008. No. 15. Pp. 53-58.

Li N.-H., Sun D.-W., Li D.-H., Deng Y.-G., Yang J.
Deformation behavior of 300 m high-concrete face rockfill
dams. Yantu Gongcheng Xuebao / Chinese Journal of
Geotechnical Engineering. 2009. No. 31(2). Pp. 155-160.

Rasskazov L.N., Sainov M.P. Numerical investigation of
reliability of a high earthen dam with a reinforced-concrete
shield and sub-shield zone formed from soil-cement
concrete. Power Technology and Engineering. 2012.
Vol. 46. No. 2. Pp. 116-120.

Sainov M.P. Impact of dam site configuration on 3D stress-
strain state of concrete faced rockfill dam. Magazine of Civil
Engineering. 2016. No. 3. Pp. 16-39.

Zairova V.A., Filippova Ye.A., Orishchuk R.N.,
Sozinov A.D., Radchenko S.V. Vybor protivofiltratsionnogo
ustroystva v variantakh plotin Kankunskogo gidrouzla [The
choice of the anti-filtration device in the variants of the dams
of the Cancun hydropower center]. Gidrotekhnicheskoye
stroitelstvo. 2010. No. 2. Pp. 8-13. (rus)

Sainov M.P. Vychislitelnaya programma po raschetu
napryazhenno-deformirovannogo sostoyaniya gruntovykh
plotin: opyt sozdaniya, metodiki i algoritmy [Computing
program for calculating the stress-strain state of ground
dams: creation experience, methods and algorithms].
International Journal for Computational Civil and Structural
Engineering. 2013. Vol. 9. No. 4. Pp. 208-225. (rus)

Rasskazov L.N., Dzhkha Dzh. Deformiruyemost i prochnost
grunta pri raschete vysokikh gruntovykh plotin [Deformability
and strength of soil in the calculation of high ground dams].

10.

11.

12.

13.

14.

15.

16.

JlntepaTtypa

Sokolov I.B., Marchuk A.N., Tsarev A.l., Alipov V.V., Kuzmin
K.K., Kuznecov V.C.. Aleksandrovskaya E.K., Paviov V.L.
Stress state of dams during staged start-up of the Sayano-
Shushenskoe and Nurek hydroelectric stations //
Hydrotechnical Construction. 1986. Ne 20(1). Pp. 14-19.

Luo D., Luo L. Study and engineering practice on cracks
control measures for concrete face slab of high CFRD //
Advanced Materials Research. 2012. Vol. 455-456.
Pp. 1606-1611.

Li N.-H. Performance of high concrete face rockfill dams in
China and its inspiration // Yantu Gongcheng Xuebao /
Chinese Journal of Geotechnical Engineering. 2011.
Ne 33(2). Pp. 165-173.

Sun D., Zhang G., Wang K., Yao H. 3D finite element
analysis on a 270m rockfill dam based on Duncan-Chang E-

B model // Advanced Materials Research. 2011. Pp. 287—
290, 1213-1216.

Zhang Z. Development of super-high concrete face rockfill
dams in China // 14th Asian Regional Conference on Soil
Mechanics and Geotechnical Engineering. 2011.

Zhang Z.-L. Design and technical innovation of rockfill dam
projects // Yantu Gongcheng Xuebao / Chinese Journal of
Geotechnical Engineering. 2007. Ne 29(8). Pp. 1184-1193.

Mapkec ®wunbo T., MuHto H. pe C. XapakTepucTuku

KaMEHHO-HaBbpOCHbIX MMAOTUH C GETOHHbIM  3KPaHOM,
nonyyYeHHble  OMbITHBIM — nyTem //  MexayHapoaHbIv
Jangxect N0 rmaposHepreTuke u  nnotuHam. 2007.

C. 69-74.

Freitas M.S.Jr. Concepts on CFRDs Leakage Control —
Cases and Current Experiences // ISSMGE Bulletin. 2009.
Vol. 3. Ne 4. Pp.11-18.

Xavier L.V., Albertoni S.C., Pereira R.F., Antunes J. Campos
Novos dam during second impounding // The International
Journal on Hydropower & Dams. 2008. Ne 15. Pp. 53-58.

Li N.-H., Sun D.-W., Li D.-H., Deng Y.-G., Yang J.
Deformation behavior of 300 m high-concrete face rockfill
dams // Yantu Gongcheng Xuebao / Chinese Journal of
Geotechnical Engineering. 2009. Ne 31(2). Pp. 155-160.

Rasskazov L.N., Sainov M.P. Numerical investigation of
reliability of a high earthen dam with a reinforced-concrete
shield and sub-shield zone formed from soil-cement
concrete // Power Technology and Engineering. 2012.
Vol. 46. No. 2. Pp. 116-120.

CavHoB M.I. BnusiHne chopmbl cTBOpa Ha HanpsiKeHHoe
COCTOSIHME Xene30beTOHHOro 3KpaHa KaMeHHO-HaCbIMHOM
NNoTuHbl //  VIHXeHepHO-CTpouTenbHbId XypHan. 2016.
Ne 3(63). C. 16-39.

3ampoBa B.A., ®wununnosa E.A., Opwuwyk
CosuHos A.L., PapyeHko C.B. BbiGop
NpoTMBOMUNLTPALMOHHOTO  YCTPOCTBa B  BapuaHTax
nnoTuH KaHkyHckoro rugpoysna // wapoTexHudeckoe
ctpoutenscTso. 2010. Ne 2. C. 8-13.

CauroB M.MM. BblumcnutenbHasi nporpaMma Mo pacuyety
HanpskEHHO-AePOPMUPOBAHHOTO COCTOSIHUSI  TPYHTOBBIX
NMOTWH: OMbIT CO3[4AHUS, METOAMKU W anropuTtmbl [/
International Journal for Computational Civil and Structural
Engineering. 2013. Vol. 9. Ne 4. C. 208-225.

Pacckasos J1.H., [xxa [x. [Oecdopmupyemoctb w
NPOYHOCTb IPYHTA NPY pacyeTe BbICOKMUX FPYHTOBBIX MIOTWH
/I TnopoTexHmnyeckoe cTpontenbcTeo. 1987. Ne 7. C. 31-36.

Gupta A.K. Triaxial behaviour of rockfill materials //
Electronic Journal of Geotechnical Engineering - Ejge.com.
Bund J. 2009. Vol. 14.

P.H,

Sainov M.P., Kotov F.V., Nazarov N.V. Serviceability of ultrahigh rockfill dam with seepage-control element
presented by combination of a reinforced concrete face and a grout curtain. Magazine of Civil Engineering. 2018.
No. 3. Pp. 77-85. doi: 10.18720/MCE.79.8.

84



HNnxeHepHo-cTpouTebHBIN KypHaJ, Ne 3, 2018

16.

17.

18.

19.

20.

21.

22.

23.

Gidrotekhnicheskoye stroitelstvo. 1987. No. 7. Pp. 31-36.
(rus)

Gupta A.K. Triaxial behaviour of rockfill materials. Electronic
Journal of Geotechnical Engineering - Ejge.com. Bund J.
2009. Vol. 14.

Marachi N.D., Chan C.K., Seed H.B. Evaluation of
properties of rockfill materials. Journal of Soil Mechanics
and Foundation Engineering. ASCE. 1972. No. 98(1).
Pp. 95-114.

Marsal R.J. Large scale testing of rockfill materials. Journal
of Soil Mechaics and Foundations Division. ASCE. 1967.
No. 93(2). Pp. 27—-43.

Park H.G., Kim Y.-S., Seo M.-W., Lim H.-D. Settlement
behavior characteristics of CFRD in construction period.
Case of Daegok Dam. Journal of the KGS. September 2005.
Vol. 21. No. 7. Pp. 91-105.

Sainov M.P. Poluempiricheskaya formula dlya otsenki
osadok odnorodnykh gruntovykh plotin [A semi-empirical
formula for estimating the sediment of homogeneous ground
dams]. Privolzhskiy nauchnyy zhurnal. 2014. No. 3(31).
Pp. 108-115. (rus)

Zhurkina N.N. Inyektsionnaya zavesa v osnovanii gruntovoy
plotiny Maynskoy GES [Injection curtain at the base of the
underground dam of Maina hydroelectric power station].
Gidrotekhnicheskoye stroitelstvo. 1987. No. 11. Pp. 39-42.
(rus)

Sainov M.P., Kotov F.V. Stress-strain state and performance
of a high rockfill dam with a grout curtain. Magazine of Civil
Engineering. 2017. No.1. Pp. 44-55.

Sainov M.P. Analysis of normal operation of a rockfill dam
with combination of seepage-control elements: reinforced
concrete face and a clay-cement-concrete wall. Magazine of
Civil Engineering. 2016. No. 4. Pp. 3-9.

Mikhail Sainov,
+7(926)607-89-31; mp_sainov@mail.ru

Filipp Kotov,
+7(926)652-58-81; filipp_net@mail.ru

Nikita Nazarov,
+7(968)779-07-69; g-i905@rambler.ru

17.

18.

19.

20.

21.

22.

23.

Marachi N.D., Chan C.K.,, Seed H.B. Evaluation of
properties of rockfill materials // Journal of Soil Mechanics
and Foundation Engineering. ASCE. 1972. Ne 98(1).
Pp. 95-114.

Marsal R.J. Large Scale Testing of Rockfill Materials //
Journal of Soil Mechaics and Foundations Division. ASCE.
1967. Ne 93(2). Pp. 27-43.

Park H.G., Kim Y.-S., Seo M.-W., Lim H.-D. Settlement
behavior characteristics of CFRD in construction period.
Case of Daegok Dam // Journal of the KGS. September
2005. Vol. 21. Ne 7. Pp. 91-105.

CavHoB M.IN. MNonyamnupuyeckass popmyna Ans OLEHKU
0CafoK OAHOPOAHBIX FPYHTOBBIX MNOTUH // [puBOMXCKUIA
Hay4HbIn xypHan. 2014. Ne 3(31). C. 108-115.

KypkmHa H.H. WMHbekumoHHas 3aBeca B OCHOBaHUU
rpyHToBon nnoTuHbl ManHckon MAC // TmapoTexHuyeckoe
cTpoutenbcTBo. 1987. Ne 11. C. 39-42.

CavHoB M.I1., KoTtos ®.B. HanpsixéHHo-aedopMmpoBaHHoe
cocTosiHue u paboTocnocobHOCTbL BbLICOKOW TPYHTOBOW
NNOTUHbI C  WHBEKUMOHHOM 3aBecon /I WIHxeHepHo-
cTpouTenbHbIv XypHan. 2017. Ne 1(69). C. 44-55.

CaurvoB M.IN. AHanu3 paboTocrnocoBHOCTN KaMeEHHOW

NNOTMHBI C  KOMBWHaumelr NpoTUBOMUMLTPALMOHHBIX
3M1EMEHTOB - ene3obeToOHHOro 3KpaHa "
rMWHOLEMEHTOBETOHHOM CTEHbI I MHxeHepHo-

cTpouTtenbHbIn XypHan. 2016. Ne 4(64). C. 3-9.

Muxaun lNempoesuy CauHos,
+7(926)607-89-31; an. noyma:
mp_sainov@mail.ru

@ununn Bukmoposuy4 Komos,
+7(926)652-58-81; an. nouma: filipp_net@mail.ru

Hukuma Brnadumuposuy Ha3apos,
+7(968)779-07-69; an. nouma: g-i905@rambler.ru

© Sainov M.P.,Kotov F.V.,Nazarov N.V.,2018

Canno M.IIL., KotoB @.B., Hazapos H.B. PaboTocniocoOHOCTh CBEPXBBICOKOW KaMEHHO-HAOPOCHOW ILIOTHUHBI C
OPOTHBO(GMIBTPALUOHHBIM 3JIEMEHTOM B BHIE KOMOHHALMH JKeIe300€TOHHOTO 3KpaHa M MHBCKIMOHHOU 3aBechl //
NmxenepHo-cTpouTebHbIH KypHal. 2018. Ne 3(79). C. 77-85.

85



	Serviceability of rockfill dam with reinforced concrete face and  grout curtain
	Работоспособность каменно-набросной плотины с железобетонным экраном и инъекционной завесой
	1. Introduction
	2. Methods
	3. Results and Discussion
	4. Conclusions




