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LABORATORY DETERMINATION OF THE MAXIMUM DENSITY
AND OPTIMAL HUMIDITY OF LARGE-BLOCK SOILS

3EPTXAHA/IbLL XXAPLANOA 1PL CbIHbIKTbI FPYHTTAPAbIK MAKCUMAJIAbI
TbIPbI3AbIPbl MEH OKTAW/Ibl bUJIPANABIIBIPbIH AHBIKTAY

NABOPATOPHOE OMPEAENEHNA MAKCUMA/IbHOM NAIOTHOCTWY U ONTUMAIBHON
BIAXHOCTW KPYNMHOOB/TOMOYHbLIX TPYHTOB

Annotation. The purpose of our field research was to develop and select a method of work on laying
and compacting the material of large-block soils, ensuring the receipt and determination of maximum
density and optimal soil moisture. On the basis of these studies, technical conditions for the construction of
thrust prisms are further drawn up.

This article presents the results of the work performed with a brief methodology of field and laboratory
research. The article provides data characterizing the material intended for installation in the body of the
dam.

The currently existing methods for determining the control parameters of laying large-block soils are
contradictory and require experimental work. A number of parameters are taken into account: grain
composition, humidity, density. Therefore, the article considers a laboratory method for determining the
maximum density and optimal humidity of stone material when laying in the body of the dam.

The results of the research carried out on the development of our quarry area, the thickness of the
uncompacted layer was determined, the choice of a sealing mechanism, the number of passes along one
track, the determination of the density of dry soil in experimental field sites intended for use in filling the
body of the dam, graphs of the required densities for full-scale grain composition are presented.

The strength properties of the stone material were determined experimentally for the average grain
composition and for the upper curve of the accepted “fish”.

Keywords: coarse-grained soil, maximum density, optimal humidity, natural soil, model mixture.

AupaTna. b3gw, gananbik 3epTTeynep/mM/'3a/y, MakcaThbl TOMNbIPAKTbIL MakcuManibl Tbi3bi34bl3bl
MeH ouTaiifbl biN3angblNbi3blH anyfibl X3He aHblKTayAbl KaMTamMacbl3 ememiH ipi CbIHbIKT bl TONbIpak
MaTepuanbiH TBCEY X3He Thi3bi3gay 60ibIHLLA XyMbICTapabl XYpPrizy 34/b'H NbicbiIKTay XaHe Taugay
6ongbl. Ocbl 3epTTeynepal HerblHge 6onawakTa T/pey/ll npusManapibl TYp3bi3yabll, TexXHUKabIK
lapTTapbl Xacanagbl.

Ochbl Makanaga jananblk X3He 3epTXaHasblk 3epTTeynepa/u Koickalla 3l TemMec/'MeH opblHAaN3aH
XyMbICTapabll, H3TUXenepi kenT/'pTred. Makanaga 6BreTTL JeHecHe cany3a (TBceyre) apHansaH
MaTepuangbl cunaT TalThiH M3liMeT Tep KenT/pTreH.

Kas/'pr/" yakslTTa Ipl CbiHBIKTbI TonblpakThl TBceyaly 6Gakbinay napaMeTpfiepH aHblKTayabil,
KongaHbicTasbl 34CTepi 3p TYpAi XaHe Tax/'puben/'’k XymbicTapabl KaxeT eTegi. byn 6/pkaTap
napaMmeTpnepai eckepefi: rpaHynoMeTpUANbIK Kypambl, biN3anfbliiblK X3He Tbi3bi3fblK,. COHAbIKTaH
6yn Makanaga 6BreTT/L AeHecCHe TonblpakThbl TBcereH ke3ge Ipl cbiHbIKTbI TacTbl MaTepuangbil
MaKkCMMan TbI3bl3fbl3bl MEH OouTaiibl  biN3anfblfbi3blH  aHblKTayAbll, 3epTXxaHanblk 34cC
KapacTbIpbla3aH.
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B/3g/H Kapbep anaublH 33'pney  GohbliHWAa  XYpridinreH 3epTTeynepal'l, H3TukKecHae
Thi3bl3ganMasaH KabaT Thil, Kanbiuabi3bl, Thi3bl3gay MexaHnamlH Taugay, 6/p i3 60ibiHIWIA BTY CaHbl,
6BreT AeHecH TBry KesHge naihganaHy YWiH wamanay Tax/'pubenk-gananbik yyackenepgaeri Kyp3ak
rPYHTThIY Thi3bi34bI3bl aHblKTanagbl, HaTypan rpaHyOMeTpPUanbIK Kypambl YLWiH KaXeTTi
TbI3bI3bIKTapAblL rpaduKTepi yCbIHbINABI.

Tac MaTepuanbiHbly, 6epKTK KacMeTTepi opTawa rpaHyloMeTpuanbiK KypaMm YLiH JX3He
KabblngaH3aH )03ap3bl FpaHy/IOMe T PUAAbIK KACbIK YLUIH 3KCnepuMeHTanabl TYpAe aHblKTanibl.

TYiiH cB3aep: Ipl cbiHbIKTHI TONbIpak, Makcumanibl Tbi3bi3AblK, OLTaiibl biN3angbliblK, Tabusu
rpyHT, apanac kocna.

AHHOTauus. Lenblo Hawmx NONeBbIX UCCMefoBaHWii SIBNSNOCH O0TpaboTka U Bbi6op crnocoba
npomsBoAacTBa paboT No Yykiagke W YNIOTHEHW MaTepuana KpynHOOBG/IOMOUYHbLIX TpPYyHTOB,
o6ecneunBaroLLNX NONyYeHNe U onpejeneHne MakCMMasibHON NAOTHOCTY M ONTUMa/bHOW BAaXHOCTU
rpyHTa. Ha ocHOBe 3TWX WUCCNeLOBaHWA B fJanbHeilleM COCTAaBMATCSA TEexXHUYeckue ycnoBus Mo
BO3BE/EHUNIO YNOPHbIX MPU3M.

B HacTosWeM cTaTbe NPUBOASTCA pe3y/lbTaThbl BbIMOMHEHHbIX Pab0T C KpaTKOW MeTOAUKOl
noneBbiX U nabopaToOpHbIX WccnefoBaHuil. B cTaTbe nNpuBOASTCA [faHHble, XapakTepusywuime
MaTepuan, npegHasHavyeHHblli 4N yknagky B Ten0 NA0TWHbI.

CyuiecTByLMe B HACTOsILLEe BpPeMS METO/bl OnpefeneHns KOHTPObHbIX NapameTpPOoB YKNaLKu
KPYMHOOG/I0MOYHbIX FPYHTOB pa3HOpeunBbl 1 TPebyloT NpoBefeHMa 3KCnepuMeH T asbHbIX paboT. Mpu
3TOM yunTbiBaeTCA psf MapameTpOB: 3epPHOBOI cocTaB, BMAAXHOCTb, MIOTHOCTbL. [o3ToMy B
cTaTbe paccMOTpeH nabopaTopHbIi MeTOoh onpefeneHns MakcumasbHOW MNAOTHOCTU U
ONTUMabHOW BNaXHOCT MW KAMEHHOIO MaTepuana npu yknagki B Teso N0 TWHbI.

B pesynbTaTe NPOBEAEHHbIX WCCnefoBaHuii NO pas3paboTke Hawen nnowaan kKapbepbl 6biaun
onepeaeneHbl TO/UMUHbI HEYNJIOTHEHHOTO C/osi, BbIGOP YNJOTHSALWEro MexaHu3ma, Ko/M4ecTBO
NpoxofoB MO OAHOMY cfnejy, MAOTHOCTb CyXOro TrpyHTa Ha OnbITHO-NOMEBLIX YyyacTkKax,
npegnonaraembix s UCNOMb30BaHUS MPWM OTChbiNke Tena MNNOTUHbLI, NpeacTaBieHbl FpaguKku
TpebyeMblX NIOTHOCTEN AN51 HATYPHO 3epPHOBON0 coCcTaBa.

MpoYHOCTHbIE CBOWCTBA KAMEHHOrO MaTepuana onpefensnvcb 3KCNepyuMeHTaNbHO A5 CPESHErO
3epHOBOr0 COCTaBa W AN151 BEPXHEWN KPUBOM MPUHATON "pblOKK".

KnwoueBble crioBa: KPYynHOOG/OMOUHBIA FPYHT, MakCcMManbHas MA0THOCTb, ONTUMabHOW
B/TXHOCTb, HATYPHbIA FPYHT, MOAEeNbHAs CMECh.

Introduction. A wide variety of types of coarse-grained soils are widely used in the
construction of high ground dams. In general, the quality of materials in any zones of rock-earth
dams is determined by their strength, deformability and filtration characteristics. To meet these
requirements, it is necessary to specify the grain compositions of the rock mass and the density
oftheir laying at the construction stage.

Density is one ofthe main physical and mechanical properties of the soil. It should be noted
that it largely depends on the granulometric composition. Therefore, the accuracy of
determining the granulometric composition of coarse-grained soils is of great importance.

For the first time, granulometric analysis, as a quantitative method, was applied in the XVII
century. in geology to study clastic sedimentary rocks. At the same time, a set of sieves (1704)
began to be used to classify the material along with grinding (1692). At the beginning of the
XI1X century. The method of soil sieving through a set of sieves and the method of grinding for
granulometric analysis (1805g.) was worked out and described in a special work. At the end of
the X1X century. For the first time, a centrifugation method was developed to separate grains by
size. The introduction of graphic images of the results of granulometric analysis dates back to
the same time.

Thus, by the beginning ofthe XX century. The methods of granulometric analysis of gra-
nular materials were laid down and sufficiently justified. It should be noted the wide appli-
cation and scientific development of the basic provisions of granulometric analysis in the
mining industry, where, based on numerous studies, the theory of crushing, grinding and
screening of minerals was created, the main provisions of which are used by other
industries.
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Various methods are used to study the granulometric composition of coarse-grained soils, of
which the most commonly used are the standard sieving method on sieves with round holes and
the linear measurement method. The linear method for determining the granumetric composition
is as follows. On the open surface of the structure (slope, pit wall, etc.), several lines are
outlined using slats or stretched ropes. At the intersection of each line, the sums of the particle
lengths of all fractions are calculated. For each particle, only the length that is located on the
intended line is calculated, but it belongs to the fraction to which the entire section belongs [1].

In the practice of construction production, it may be necessary to determine the
granulometric composition of various coarse-grained materials when the size of individual
pieces reaches 500, 1000 mm or more. In this case, in order to determine the mechanical
characteristics of coarse-grained soils in laboratory conditions, they resort to modeling the grain
composition of natural soil.

Based on the study and analysis of numerous experiments and the obtained dependencies, we
have developed a method for composing model mixtures that more objectively characterize the
composition and condition ofthe soils under consideration [2].

Using the modeling method, in coarse-grained soil, the percentage of fractions less than 5
mm should be the same in model and full-scale soil. The size of the maximum fraction is
determined by the minimum size of the container used. Thus, two points are fixed on the graph
of the grain composition of the model mixture: the content of fine earth and the maximum
fraction. In our case, a modeling method is used that eliminates the arbitrariness of assigning
fractions from 5to 60 mm. The intermediate points on the graph are obtained by a proportional
decrease in the fractions in the natural soil, which are calculated using the formula:

By PA-P (100-ps + P, )
PH' P.<5

where P M - the percentage of fractions in the model mixture; P<5 - the percentage of fractions

is less than 5mm; p H - the percentage of the fraction in the natural soil (Figure 1, Table 1).
This method of soil modeling is the simplest and most objective [3].

Figure 1. Percentage of fraction in natural soil
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Table 1. Calculation table ofthe granulometric composition ofthe model soil

Model soil
Natural soil The maximum size of
140 fractions in the model
soil (mm)
% % ofthe  weight . _ _ % % of the weight of
fraction content o_f fragtlon size _fragtlon fraction content fractions in
content of egch fractlons inmm size in mm content of ea}ch grams
fraction in grams fraction
100,0 0,00 0 >500 500 100,00 0,00 0
100,0 36,00 1800 200-500 500 100,00 0,00 0
64,0 13,00 650 140-200 200 100,00 0,00 0
51,0 11,00 550 80-140 140 100,0 24,15 120732
40,0 7,00 350 60-80 80 75,85 15,37 76829
33,0 5,00 250 40-60 60 60,49 10,98 54878
28,0 8,00 400 20-40 40 49,51 17,56 87805
20,0 5,00 250 10-20 20 31,95 10,98 54878
15,0 5,00 250 5-10 10 20,98 10,98 54878
10,0 4,00 200 2-5 5 10,00 4,00 20000
6,0 2,00 100 1-2 2 6,00 2,00 10000
4,0 1,00 50 0,5-1 1 4,00 1,00 5000
3,0 1,00 50 0,25-0,5 0,5 3,00 1,00 5000
2,0 1,00 50 0,1-0,25 0,25 2,00 1,00 5000
1,0 1,00 50 0,05-0,1 0,1 1,00 1,00 5000
0,0 0,00 0 0,01-0,05 0,05 0,00 0,00 0
0,0 0,00 0 0,005-0,01 0,01 0,00 0,00 0
0,0 0,00 0 <0,005 0,005 0,00 0,00 0
100,0 5000 100,0 500000 the total
weight of
B the sample
in grams
5 the size of fractions

less than which the
volume of natural soil
does not change

Therefore, the physical and mechanical properties of the material can be represented as an
unambiguous function of two parameters: the content of fine earth m and density pd, which are
determined experimentally based on studies of characteristic differences covering the entire set
of quarry soil [5].

A preliminary assessment of the compaction of coarse-grained soil is performed by the
standard compaction method in accordance with regulatory requirements on a standard vibration
seal device. For each type of material, the maximum densities of soil composition are
determined (p dm;p dex).

The boundary parameters of the total grain compositions adopted by the technical conditions
for each variety will have different limiting curves. At the same time, the size of individual
fractions reaches up to 700-1000 mm, which forces us to switch to modeling grain compositions
of natural soil and performing experimental studies on model mixtures [6].
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Results and their discussions. The task of modeling the grain composition of natural soil is
performed in such a way that model mixtures can be used in laboratory devices of acceptable
sizes. At the same time, the characteristics of the model mixtures should best match the
characteristics of the natural soil. The size ofthe sample tested in the device determines the size
of the maximum fraction allowed to be included in the soil mixture. Generalization of the
research experience of large-block soils allows us to conclude that the ratio of the sample
diameter to the size of the maximum fraction should not be less than five, i.e.d > 5dmax So,

for a standard device with a diameter of d = 300 mm, the maximum size of fractions should not
exceed 60 mm.

When assigning grain composition in model mixtures, it is recommended to keep the
percentage of fractions in them less than 5 mm or 10 mm. Thus, two points are fixed on the
graph of the grain composition of the model mixture - the content of fine earth and the
maximum fraction. In our case, a modeling method is used that excludes the arbitrariness of
fractions from 10 to 60 mm [7].

Model mixtures are made for each type of material, which are tested on the installation of a
standard seal. Full-scale and model compositions are shown in Figure 2.

Figure 2. Graph of the grain composition of the rock mass and the model mixture

Before compaction, the mixture is moistened so that the moisture content of the fine earth
included in the mixture is at least 5-6%. Then the mixture is loaded into the container of the
vibration installation, the distance between the ground surface and the top of the device is
leveled and measured with a measuring ruler at five points. The bar of the measuring ruler is
rotated by 90 degrees and five more points of the ground surface are measured. The average
value of 10 points determines the position ofthe sample surface from the top ofthe device, and
the difference between the position of the bottom and the ground surface determines the height
ofthe sample.

Knowing the diameter and height of the container, the volume is calculated. The weight of
the model mixture for a container with a diameter of d = 300 mm can be assumed to be 40-45
kg. Based on this weight, the weight of all fractions ofthe model mixture is calculated.
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Dividing the weight of the sample by the volume, we get the bulk density pdm. In this case,

humidity is not taken into account, because the sample was formed in an air-dry state. A 10 mm
thick rubber gasket is placed on the soil sample with a minimum density and a sample load is
installed, consisting of metal discs assembled into a package with a through rod with a total
weight of 100 kg. Rubber rings are put on the bag in the upper and lower parts so that the
package does not hit the walls of the device. At the same time, the loading discs, taking into
account the diameter of the shock absorption rings, should freely pass into the container [8].

After assembly, a vibrator is turned on, fixed to the bottom of the platform, and the container
vibrates for 6 minutes. Then the loading bag and the rubber gasket are removed and the surface is
measured at ten points from the upper face ofthe container, according to which the volume ofthe
compacted sample and the maximum density are calculated [9-10]. Determination of the limiting
densities of soil addition will allow you to plot the function oftwo parameters: the content of fine-
grained soil in a mixture ofa model grain composition m and density pd [11-12].

It should be noted that the best compaction of the rock mass can be achieved only on the
basis of experimental rolling on special filling maps. A preliminary assessment of the
compaction of coarse-grained soil is performed by the standard compaction method in
accordance with GOST-34-72-646-83 on a standard device, where maximum addition densities

are obtained for each type of material (pdd'n;pddax). The results of the standard seal are shown
in Table 2. The maximum densities of addition of model mixtures, as well as the maximum
density of natural soil and the required laying density are equal 0,95pdax [13-15].

Table 2. Results of standard compaction of stone material

Densities of model mixtures Natural soil Required densities
Zones nmnin nex nex
Pd pd pd Pd
WE 152 1.98 2.14 2.03
WN 1.49 1.87 2.12 2.01

Conclusions. The “fish” of the stone curve for a thrust prism reaches up to 1000 mm in
fraction, and according to the results of experiments at the test site 200 mm, i.e. the curve shown
on the graph is the upper curve. To obtain the data of the lower curve, it is necessary to conduct
research during the filling process.

As can be seen from the granulometric compositions and densities of the stone material laid
in the experimental embankment, the relative precipitation of the layer of stone material in the
embankment decreases with an increase in fine-grained fractions in the soil composition (fr.<5
mm). At loads of 4.0 MPa, they also decrease from 8.6 mm to 6.2 mm with an increase in fine
earth from 5% to 18%. With an insufficient amount of fine-grained rock, the porosity of the
rock mass is high enough and the deformations of the material are significant. The most optimal
value of fine-grained soil is 18-25%, at which precipitation will not exceed 6 mm.

The construction of pressure-bearing soil structures shows that at different stages of design, no
matter how the indicators of the properties of soil materials are established, their uncertainty is
inevitable, since they must correspond to the actual density of the laid soil in the structure, the
exact value of which becomes known only during construction. Even experienced rolling opera-
tions, which establish not only the technological parameters of soil laying, but also the geotech-
nical properties after its compaction, do not show sufficiently accurate values of soil properties,
since they are carried out in conditions different from the main construction in terms of the scale
of excavation, they cannot take into account all the spatial variability of soil properties in quarries.
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REVIEW OF RUBBER RECYCLING PRACTICAL STUDIES AND TECHNOLOGICAL
DEVELOPMENTS IN USING ASPHALTCONCRETE PAVEMENTS

ACDA/IbTTbI XXO XYNENEPIHAENL PE3EAKEHL, KANTA ©HOENY1:
KONOAHBA/bI SEPTTEYJIEP MEH TEXHONOIMMAAQAPLI XXET1CT1KTEPIE LLOY

OB30P MPAKTUYECKWX NUCCNEAOBAHUW MO NEPEPABOTKE PE3VHbI
N TEXHONOIMMYECKUX PA3SPABOTOK MNP NCMNOJIb3OBAHUN
ACOANBbTOBETOHHbLIX MOKPbLITUN

Abstract. This review paper examines the global situation of modifying asphalt binder using crumb
rubber, offering a thorough summary of the progress achieved in this area till now. Utilizing a broad range
of international experiences, the study explores the various procedures, strategies, and formulations used
by researchers and practitioners throughout the globe. The examination covers significant advancements
in the manufacture of crumb rubber, the modification procedures of binders, and the subsequent
improvements in the performance ofasphalt.

The article analyzes case studies and research results from different nations, highlighting the intricate
strategies used to enhance the integration of crumb rubber into asphalt binders. Moreover, the study
examines the economic, environmental, and performance-related consequences linked to these
alterations, emphasizing the sustainable and cost-efficient elements that have gained growing recognition
within the global asphalt community.

This paper seeks to provide significant insights into the current practices, problems, and possible future
prospects in the field of modifying asphalt binder using crumb rubber by synthesizing and comparing data
from various locations. This resource is very beneficial for academics, engineers, and politicians who want
to use worldwide experiences to improve sustainable and resilient asphalt infrastructure.
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AupaTna. byn XxeTcTKTepre Lwony Mauanaja peseuke yHTauTapAbl LUonjaHa OTbIpbIM,
acpanbTO6EeTOH TyTublp MoaudmKauusicbiHbIl XahaHabll Xaefalbl LapacTbipbliajbl, OCbl canaja
OYTiHI KyHre feWH UO0N XeTH3TreH nporpecke ernken-Terkenni wony xacanagbl. Xanbiyapanbiy
Tax/'pubeHLy, Kel, ayubiMblH NaiijanaHa oTbipbin, 3epTTey 6YKm anem 6oiibiHWA 3epTTeywnep MeH
Tax/pubelwlTep UONAaHATbLIH 3pTYpAi TexHonorusnapabl, 34CTeEpP X3He TYyXbipbiMaamanapabl


mailto:smartsam0509@gmail.com*
mailto:marcon@metrology.kz
mailto:marcon@metrology.kz
mailto:gainiseitenova@gmail.com
mailto:riza92@bk.ru

