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EXPERIMENTAL INVESTIGATIONS OF THE COARSE-GRAINED SOIL
IN THE DAM OF THE PSKEM HEP

Abstract. This paper presents the results of laboratory and field compaction of coarse-grained soil. A
vibratingplant with a diameter of 300 mm was used for laboratory compaction and the field compaction
was carried out with a 27 tons smooth roller of the SANY type. Laboratory experiments were carried out
with pattern mixtures using a standard soil compaction device SOYUZDORNII. A dependence chart of the
dry soil density on moisture content is plotted and the maximum of the obtained dependence is identified,
the corresponding values of the maximum density and optimal moisture content are found to determine the
maximum density and optimal moisture content in the laboratory.

In field conditions and with soil compaction by a 27-ton roller in four six to passes, the density is p=2.19
t/m3with 50 cm layer thickness, the density is p=2.10 t/m3 at a thickness of 70 cm and the density is p=2.04
t/m3with a layer thickness of 80 cm.In addition, the paper demonstrates effectiveness of the applied method
of drilling and blasting in a quarry to obtain stone material of the required grain composition. Scientific work
was carried out as a result of experimental studies.

Key words: density, humidity, vibrating plant, placement, dam, stone material.

Introduction. The maingoal of construction of soil hydraulic structures from local materials is to ensure
high-quality soil placement.

In general, the quality of materials for earth-and-rock dams is specified by their density, strength,
deformability and filtration characteristics.

It is necessary to determine the control parameters ofplacement at each project individually to meet these
requirements as justification of the control parameters for soils placement in the dam body requires extensive
experimental works for each project. This takes into account a large number of parameters: grain composition,
humidity, layer thickness, density, etc.

Materials and methods. Studies of the behavior of coarse-grained materials under heavy loads are of
particular importance for rock-and-earth dams, and the selection of soil characteristics used in the construction
of a soil dam is one of the main stages of constructions ince the reliability and efficiency of the construction
will depend on this.

The standard compaction method was used for determination of soil density in laboratory conditions.

In the field conditions on the experimental site, the density was determined by the pit-hole method. In this
case the volume of the pit was measured by pouring water onto a pre-lined polyethylene film 0.2 mm thick
(see Fig. 1).
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Fig.1. Soil Modeling Method (designed by “Hydroproject” JSC).

The investigation goal is to develop and select a method for the development, placement and compaction
of soil materials for the dam body in natural conditions, providing the highest density and the lowest filtration
coefficient of materials.

Theallotted tasks were solved by erecting experimental embankments and performing the necessary
minimum of laboratory works.

Preliminary laboratory tests were carried out before the experimental placement on the experimental sites
which made it possible to determine the dependence of moisture content and soils density during various
work expended.The results of laboratory determinations of the maximum density were used to define the
degree of compaction of a given soil in a particular construction [1].

Unlikefield conditions the laboratory compactionwas carried out not by rolling, but by compacting the soil
using a standard compaction device.

For costs reasons the experimental embankment is dumped directly at the construction site on the left
bank of the Pskem River. To that end the vegetative layer was cut off on a horizontal section, the surface was
leveled and compacted with a 27-ton smooth roller of the SANY type. The layout of the base was carried out
subject to possible deviations from the horizon of the base up to 5 cm.

The selected 100x100 m site was thoroughly compacted with a vibratory roller in 6-8 passages along one
track. The prepared site was leveled in the measuring sections every 10 m at each point. The experimental
embankment site was marked for a retaining prism, filters of the first and second layers and for the core.
The site was cut along the outline. 40 pieces of 1.5 m F16AIII reinforcement steelwere used as recesses to
designate platforms and alignments. Then the densities of the base were defined by the cutting ring method.
The structure of the dam includes: a retaining prism made of stone, filters of the first and second layers of
pebbles and a core of loamy soil [2-3].

At present, rock-and-earth dams are the most widespread among other types of high earth dams.
Investigations of the behavior of coarse-grained materials under heavy loads are of particular importance for
high rock-and-earth dams. The selection of soil characteristics used in the construction of a soil dam is one of
the main stages of design since the reliability and efficiency of the construction will depend on this.

The soil density of the retaining prism on the experimental site was defined out as follows.

The retaining prisms of the dam of the Pskem HEP are planned to be built of the rock mass. The deposit
No. 7a is planned to be usedas a quarry for retaining prisms it is located in the upper pool on the left bank,
2.0-3.0 km from the dam site.
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of the Pskem Dam (Dam.1910-10-102. “Hydroproject” JSC 2020).

The soil is transported on a largedump truck of BELAZ type with payload capacity up to 40 tons [4-7].

The soil of the experimental construction site was leveled by a bulldozer with uncompacted layers 50,
70, 80 cm thick. After leveling the soil was watered from a water carrier at a rate of 200 liters per 1 m3. The
layers were compacted with a smooth roller weighing 27 tons of the “SANY” type, vibration on and off, at
low speed. Thedensity was determined by the “pit-hole” method, two pits on each layer, after every second
penetration.
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Fig.3. Mont Cenis Dam.1-shield; 2-first filter layer; 3-second filter layer; 4-stone masonry.

The investigation contained the method for sampling stone materials and processing the measurement
results described below. Samples from the layer aretaken from the surface of its occurrence as follows:

- a carefully leveled horizontal platform 1.5x1.5 m is prepared, a metal frame 1.1x1.1 m is installed in it
and a “pit-hole” goes to the depth of the tested layer or density determination horizon;

- the material taken from the pit was weighed and dispersed into fractions. The volume of the pit was
measured by pouring water onto a pre-lined polyethylene film 0.2 mm thick, the surface of the “pit-hole”
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Fig.4. Soils Modelling Method (designed by “Hydroproject” JSC).

The volume-weight of the soil is determined as the quotient of the weight of the sample divided by the
volume of the pit

pd = §

Wher e p-weight, kg; V-volume, liter; p}j - volume-weight of the humid soil.

Considering that the humidity in the stone material has slight impact on the density, therefore, it can be
ignored. If the content of fine earth (fr<5 mm) is more than 5% it is necessary to determine its moisture part
and make a correction for all samples, i.e. the amount of water in the material must be subtracted from the
total weight of the sample.

The humidity of the selected material is determined by sampling and drying 2 kg of weighed material with
fractions less than 20 mm in an oven.

The sample representativity is defined by the volume of the holein relation to the maximum size of the
inclusions and is regulated by GOST 28514-90.

The overall assessment of the quality of the placed natural soil is made according to the total grain size
accumulation curvedetermined by sizing on the experimental site [8-9].

Pt grmdin i "
]

‘diameir & parikcls in mm

Fig.5. Grain size composition and density of the stone material placed in the experimental embankment.

Coarse-grained soils are one of the most high-potentialconstruction materials. As known, coarse-grained
soils compose the retaining prisms of rock-and-earth dams and occupy an average of 60-70% of the total
volume of the dam.

The use of coarse-grained soils requires reliable knowledge of their physical and mechanical features
and construction characteristics. The use of these soils is complicated by a number of specific factors; labor
intensity, large particle sizes, sample volumes, the need to use large-scale instruments.
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A preliminary assessment of the compactibility of coarse-grained soil is carried out by the standard

compaction method on a standard device in accordance with the regulatory requirements (GOST-34-72-646-
83).

1z

Fig.6. 1 - pallet; 2 - split form; 3 - clamping ring; 4 - cap; 5 - anvil; 6 - 2,5 kg weight; 7 - guidebar;
8 - stopper ring; 9 - clamping screws; 10 - soil sample.

In the meantime the size of separate fractions reaches up to 700-1000 m. This forces experimenters to
switch to modeling the grain compositions of natural soil and perform experimental determinations on model
mixtures when studying coarse-clastic soils in laboratory conditions [10].

The objective of modeling the grain composition of natural soil is accomplished in such a way that makes
possible to use model mixtures in laboratory devices of acceptable sizes. At the same time the characteristics
of model mixtures should best match the characteristics of natural soil.

Generalization of the investigation experience of coarse-grained soils brings us to conclusion that the ratio
of the diameter of the device to the size of the maximum fraction should not be less than five d;,, = 5d

np = max -
The maximum size of fractions should be 60 mm for a standard device d=300 mm (Figure 6) [11].

[ = SAND pr—
i | | =
e N NN I 1 0 O 0 M MM [ L | T Hatersl Sail
Madslling
BD 11Tttt T —TTT111 I B R e LD | S . +3D‘i1
&
=
E
E
o
T
g‘“l-
94 e o : W o — =0
0,001 Ll Y o5 gy 92 08 4 2 qp ™ 100 = 1000

1
diametr of particle in mm

Fig.7. Grain size compositions of naturalpebbled soil of Quarry No.2 and model soil.
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Itis recommended to keep the percentage of fractions in model mixtures less than 5 mm or 10 mm for
assigning a grain composition in these mixtures. Therefore two points are fixed on the chart of the grain
composition of the model mixture - the content of fine earth and the maximum fraction, see Fig.5. This
method of modeling coarse-grained soils was developed by “Hydroproject” JSC.

Implementation of the method of modeling coarse soils requires the percentage of fractions less than 5
mm being equal both in the model and natural soils. The maximum fraction is determined by the minimum
container size used. Therefore two points are fixed on the chart of the grain composition of the model mixture
- the content of fine earth and the maximum fraction. In this case, a modeling method is used and it excludes
randomness of the selection of fractions from 5 to 60 mm in size. Intermediate points on the chart are obtained

by a proportional decrease of fractions in natural soil calculated by the formula:

pi—p
py = ﬁ(mo — p<s) + pes

i <5

where pY - percentage of fractions in the model mixture;

p<5-percentage of fractions <5 mwm;

pi'-percentage of fractions in natural soil.

Model mixtures are made for each material type that is tested on a standard compaction unit. Themixtures
are moistened before compaction so that the moisture content of the fine earth in the mixture is at least 5-6%.
Then the mixture is loaded into the container of the vibrating plant (Figure 6), it is leveled and the distance
between the surface soil and the top of the device is measured with a measuring ruler at five points. The bar
of the measuring ruler is rotated by 90° and five more points of the soil surface are measured.
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Fig.8. Vibratory soil compaction unit: 1-guide cylinder; 2-load; 3-container; 4-metal plate; 5-spring;
6-frame; 7-vibrator.

The average of the 10 points defines the position of the sample surface of the top of the device and the
difference between the position of the bottom and the ground determines the height of the sample.

Thevibrator fixed to the bottom of the platform is turned on after the installation is assembled and the
container is vibrated for 8§ minutes. Then the ballasting package and rubber gasket are removed, the surface
is measured at ten points from the upper edge of the container used for calculation of the volume of the
compacted sample - the maximum density [12-13].

Determination of the limiting densities of addition will allow to plot a chartfor the function of two
parameters: the fine earth content in the mixture of the model grain composition “m” and the density “pd”.

The chart pg = f(m) is plotted basing on the specific differences uniformly covering the entire set
of quarry soil (the content of fine earth is along the abscissa axis, the density is along the ordinate axis).
The graph has an extreme value of density at a certain content of fine earth in the composition of the tested
mixtures. Testing mixtures with different content of fine earth makes it possible to define the optimal content
of fine earth (Figure 7).
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Fig.9. Chart of the dependence of the extreme bulk densities in the soil composition fraction d <5 mm.

The compaction results of model mixtures and their extreme bulk densities as well as the maximum

densities of natural and required packing densities are equal to 0.95 p;

Table 1

max

Model mixtures density, t/m3 . ...
Mixture Natural soil Required densities
Compositionfr.<5 | Compositionfr.<20 ;
No . . mix max max_t/m3 mp
: mm, in % MM, in % Pa Pq pg > VM Pg", t/m3

3 10 33 1.63 1.88 2.00 1.84

2 18 64 1.68 1.98 2.13 2.02

1 25 35 1.74  [2.06 2.25 2.18

The results of Table 1makes possible to obtain relative densities of stone from quarry No. 7a for grain
compositions with fine earth from 10 to 25%

Table 2 - Results according to the experimental data

According to experimental data

Fine earth content, % Relative density, t/m3
1,=0.70 | 7,=0.75 |1, =0.80 |1;=0.85
25 1.95 1.97 1.99 2.00
18 1.88 1.90 1.91 1.93
10 1.80 1.81 1.82 1.84

Table 3 — Summary table of relative densities of stone from quarry No. 7 for grain compositions
containing fine earth from 5 to 25%

Mixture No. |Fine earth content, % | Density index, t/m3
On formula of
1,=0.70 1,-0.75 1,=0.80 | 1,=0.85
25 1.89 1.92 1.95 1.99
L. Rasskazov 18 1.87 1.90 1.94 1.97
10 1.85 1.88 1.91 1.94
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1 25 2.06 2.08 2.11 2.13
M. Pavchich 2 18 2.01 2.03 2.06 2.09
3 10 1.97 1.99 2.02 2.05
1 25 1.95 1.97 1.99 2.00
Experiment 2 18 1.88 1.90 1.91 1.93
3 10 1.80 1.81 1.82 1.84

The analysis of the table shows that the relative density calculated according to the formulas of M.
Pavchich is closest to the actual density of natural material.

Experimental data are given for model compositions with a maximum fraction diameter of up to 60 mm.
An increase in the size of fractions in the rock mass to 600-800 mm will increase the density of the mixture
by 0.1-0.015 and the experimental data will approximate the natural composition of the mixture or similar
densities obtained by the formulas of M. Pavchich [14-16].

Results and discussion. The results of defining the soil density of the retaining prism on the experimental
site in relation to the number of roller passages and the layer thickness are shown in the following graphs
(Fig. 10,11,12).
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Fig.10. Chart of the dependence of the density of dry soil with a layer thickness of 50 cm on the number of
passages of a smooth roller (26000 kg.) with the vibrator turned on, water irrigation 160 1/ m3 WB, stone
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Fig.11. Chart of the dependence of the density of dry soil with a layer thickness of 80 cm on the number of
passages of a smooth roller (26000 kg.) with the vibrator turned on, water irrigation 160 1/ m3 WB, stone.
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Fig.12. Chart of the dependence of the density of dry soil with a layer thickness of 70 cm on the number of
passages of a smooth roller (26000 kg.) with the vibrator turned on, water irrigation 160 1/ m3 WB, stone.

Thus, retaining prisms (stone) made of the rock mass were placed in layers of 50, 70, 80 cm with moisture
from a water carrier and compaction with a 27-ton roller in four to six passes, the average density with a layer
thickness of 50 cmis p dcp=2.19 t/m?, the average density is p M 2.10 t/m? at a thickness of 70 cm, and the
average density is p dcp=2.04 t/m?3at a thickness of 80 cm. The data were obtained on the experimental site with
a grain composition containing fractions of a maximum diameter up to 200 mm. (Fig. 13).

Particios contoad n %
3

hamete of pastiole ln mi

Fig.13. Grain size composition and density of the stone material placed in the experimental embankment.

The grain size composition of the resulting stone material by applying experimental optimal curves
becomes assessable when developing stone quarries by blasting.

At the same time, we may assess the effectiveness of the applied method of conducting drilling and
blasting operations in a quarryensuring the production of stone material of the required grain composition. The
total information on the grain composition of the stone material may be obtained by means of experimental
blasting works and the method of explosions is defined, as well, to obtain the required fractions.

The obtained data shows that the most rational method providing a relatively high density is the method
of placing the stone material in layers of maximum 1.0 meters thickness with routine wetting at a flow rate of
150-300 1/ m3 and compaction with a vibrating mechanism of a long range of operation.

It is a good practice for segregation prevention that the stone material is placed by means of large capacity
dump trucks with a more or less uniform distribution on the layer surface followed by leveling with bulldozers
[17].
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Itis seen from the granulometric compositions and densities of the stone material placed in the experimental
embankment that the relative outflanking of the layer of stone material in the embankment reduceses with
an increase in fine-grained fractions (less than 5 mm) in the soil composition. Italsoreduces from 8.6 mm to
6.2 mm with an increase in fine earth from 5% to 18%at loads of 4.0 Mpa. When the fine earth is insufficient
in the soil composition the porosity of the rock mass is quite high and the deformation of the material is
significant. The most optimal portion of fine earth in the soil composition is 18-25% that provides outflanking
of maximum 6 mm [18].

Conclusions. 1. Retaining prisms made of the rock mass were placed in in layers of 50, 70, 80 cm with
moisture and compaction with a 27 ton roller in four to six passes, the average density with a layer thickness
of 50 cm is pdep=2.19 t/m’, the average density isp o 2-10 t/m’® at a thickness of 70 cm, and the average
density isp o204 t/m? at a thickness of 80 cm. The data were obtained on the experimental site with a grain
composition containing fractions of a maximum diameter up to 200 mm.

Thrust prisms from the rock mass were laid in layers of 50, 70, 80 cm with moistening and compaction by
a 27-ton roller in four to six passes at a layer thickness of 50 cm, density p_dsr =2.19 t/m3 at a thickness of
70 cm, average density p_dsr =2.10 t/m3, at a thickness of 80 cm, average density p_dsr = 2.04 t/m3.

2. We may assess the effectiveness of the applied method of conducting drilling and blasting operations for
quarry exploitation ensuring the production of stone material of the required grain composition.

3. The most rational method providing a relatively high densityis the method of placing the stone material
in layers of maximum 1.0 meters thickness with routine wetting at a flow rate of 150-300 1/m3 and compaction
with a vibrating mechanism of a long range of operation.

4. It is a good practice for segregation prevention that the stone material is placed by means of large
capacity dump trucks with a more or less uniform distribution on the layer surface followed by leveling with
bulldozers.
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ICKEM I'SC BOTETIHJIETT IPI TYUAIPJII TONBIPAKTHI DKCIIEPUMEHTTIK 3EPTTEY

AnHoTanmmusa. byn skympicTa ipi TYHIPIIIKTI TOMBIPAKTHl 3EPTXAHANBIK JXOHE JJallalibIK THIFBI3IAY
HOTIIKENEpl YChIHBUTFaH. 3epTXaHaIbIK THIFbI3/1ay YiIiH quameTpi 300 MM Iipin KOHABIPFBICH! KOJJIAHBIIIbI,
aJ Jmanana TeIFbI3NAy caiaMmarbl 27 ToHHa SANY THIITI Teric pONUKIIEH *KY3ere achIpbUIIbL. 3epTXaHAIBIK
toxipubenep CONO3OPHUS TonblparbiH THIFBI3AAY YIIIH CTaHAAPTTHI KYPBUIFBIHBI KOJJaHA OTBHIPHII,
YIIrin KocmanapMeH JKyprizingi. Kyprak TOmbIpak THIFBI3IBIFBIHBIH BUIFAABUIBIKKA TOYEIUTIT rpaduri
KYpPBUIBIT, allbIHFAH TOYENIUTIKTIH MaKCHUMyMBI aHBIKTAJBIN, 3€PTXaHaJa MaKCHUMAaIIbl THIFBI3IBIK TICH
OHTaWJIbl BUFANJIBUIBIK MOIIIEpPIiH aHBIKTAy YIIiH MaKCHMAJJIbl THIFBI3IBIK IEH OHTAMIBI BUIFAJIBLIBIK
MeJIIepiHe colKec MOH/IEP I KapacThIPhUIIbI.

Jaina >xarmaiibiHa KaOaTThIH KaNBIHABIFE 50 ¢cM OONFaH Ke3/ie TOMBIPAKTHIH 27 TOHHAIBIK POJIUKIICH
TBIFBI3/IATYhI alIThI OTY THIFBI3IABIFE p=2.19 T/M3 KanbHIBIFE! 70 cM OONFaH Ke3/1e THIFbIBABIFE p=2.10 T/M3
YKOHE KaOaTThIH KaJIBIHIBIFEI 80 CM 0ONFaH Ke3Zle THIFbIBALIFE p=2.04 T / M3 OONIbI.

CoHbIMEH KaTap, KaXKETTi acThIK KYPaMBIHBIH TaCc MaTepUANbIH ally YIIH Kapbeple OYpFbLIay-Kapy
JKYMBICTAPBIHBIH KOJIAHBUIATBIH OJICIHIH THIMAUIITT KepceTunmi. FBUIbBIMH JKYMBIC DKCTIEPUMEHTTIK
3epTTeyiep HOTHKECIHIE KY3ere achIPhUIIIBL.

Tyi#iinai ce3aep: THIFBI3ABIK, BUFAIIBLUIBIK, TiPiJl KOHIBIPFHICH], OPHAJIACTHIPY, OOTET, TaC MaTepHall.
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OIIBITHO-3KCHEPUMEHTAJIBHBIE NUCCJIIEAOBAHUS KPYITHOOBJIOMOYHBIX
T'PYHTOB IUIOTUHBI ICKEMCKOM I'2C

AnHotanus. B maHHOW paboTe mpuBeNEHBI PE3yNbTaThl JIAOOPATOPHOTO M TOJEBOTO YIUIOTHEHUS
KpPYIHOOOJIIOMOYHOTO TpyHTa. )i 1a00paTopHOro yIUIOTHEHHWS] TPUMEHSUICS BUOpaIlMOHHAsl YCTaHOBKA,
nuamerpoM 300MM, B TOJIEBBIX YCIOBUSX YIUIOTHEHHE MPOU3BENU TIAIKUM KaTKOM BecoM 27 TOHH THUIIA
SANY. JIabopaTopHbI€ OMBITHI IPOBOIMIN C MOICTBLHBIMH CMecsMu Tipu riomotn mpudopa COKO3JOPHUN
CTaHIAPTHOTO YIUIOTHEHHS TpyHTOB. [lms ompeneneHnss MaKCHMalbHON TUIOTHOCTH W ONTHMAalbHOU
BJIQKHOCTH B JIA0OPATOPUU CTPOUTCS TpapuK 3aBUCUMOCTH TUIOTHOCTH CYXOTO TPYHTa OT BIIXXHOCTH H
HaXOJSIT MAKCHMYM TIOJIY4€HHOM 3aBUCIMOCTH COOTBETCTBYHOIIINE €M YBEITMYEHBI MAKCUMAJIBHOM TNIOTHOCTH
Y ONITUMAJIBHOM BIIQYKHOCTH.

B mosneBbIX YCIOBHSIX MIPU TOMIIMHE €10s1 50 CM YIUIOTHEHHE TPYHTA 27-TOHHBIM KaTKOM 3a4€Thl Pe IECTH
pOX00B MIOTHOCTH p=2.19 T/M* mpu Tommuue 70cm mwiotHocTh p=2.10 T/M*u npu TonmmumHe ciost 80 cm
mIOTHOCTE p=2.04 T/M3.

Kpome Toro, mokazana 3¢eKTHBHOCTh MPUMEHSIEMOTO CIT0c00a OypOB3PHIBHBIX PabOT B Kapbepe It
MOJTyYeHUs] KAMEHHOTO Marepualiia TpeOdyeMoro 3epHOBOTO cocTaBa. HaydHas paboTa OCymIecTBISIach B
pe3yibTaTe SKCICPUMEHTAIILHBIX UCCIICIOBAHUN.

Ki1oueBble cji0oBa: IIIOTHOCTD, BIaKHOCTh, BUOPAIIMOHHAS YCTAHOBKA, YKIAJKa, IIOTHHA, KAMEHHOTO
MaTepuaia.
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