JleconHKeHepHoe [1eJ10

methodology and computational framework. International journal of pavement engineering, 2015,
Vol. 16, Issue 3, pp. 268-286.

7. Liyanage, Champika; Villalba-Romero, Felix Measuring Success of PPP Transport Projects: A Cross-Case
Analysis of Toll Roads. Transport reviews, 2015, Vol. 35, Issue 2, Special Issue: SI, pp. 140-161.

8. Setinc, Marko; Gradisar, Mirko; Tomat, Luka Optimization of a highway project planning using a modified
genetic algorithm. Optimization, 2015, Vol. 64, Issue 3, pp. 687-707.

9. Burdett R.; Kozan E.; Kenley R. Block models for improved earthwork allocation planning in linear
infrastructure construction. Engineering optimization, 2015, Vol. 47, Issue 3, pp. 347-369.

10. Janssen, Thomas Design and conctruction in existing contexts: Replacement of the first High Bridge
Levensau. Janssen Thomasstahlbau, 2015, Vol. 84, Issue 3, pp. 182-194.

Caeenusi 00 aBTOpe
Kpyuunun Heopv Hukonaesuu — nolieHT kKadenpbl TPaHCIIOPTa M JIOPOXKHOro crpoutenbctBa, PI'BOY BO
«YparbCKUil TOCYIaPCTBCHHBIN JICCOTEXHUUECKUN YHHBEPCHUTET», KaHIUAAT TEXHUYCCKUX Hayk, T. ExatepuHOypr,

Poccuiickas ®enepanus, e-mail: kinaa.k@ya.ru.

Information about the author
Kruchinin Igor Nikolaevich — Associate Professor of transport and road construction, Federal State Budget Edu-
cation Institution of Higher Education «Ural State Forestry Engineering University», Phd in Engineering, Ekaterinburg,
Russian Federation; e-mail: kinaa.k@ya.ru

DOI: 10.12737/19959
VK 625.863.4
OBOCHOBAHME ITPUMEHEHU A KAMEHHBIX MATEPUAJIOB ITPU CTPOUTEJIbBCTBE
OCHOBAHMM U MOKPBITU JIECOBO3HBIX ABTOMOBWJIBHBIX JOPOT
KaHIUIAT TeXHU4eckuXx Hayk, noueHT U. H. Kpyunnun
OI'BOY BO «Ypanbckuil rocy1apCTBEHHbIN JE€COTEXHUYECKUH YHUBEPCUTETY,
r. Exarepun0Oypr, Poccuiickas ®enepanus

OCHOBHBIM MaTEpUAJIOM ISl CTPOUTEIIBCTBA JICCOBO3HBIX aBTOMOOMIIBHBIX JIOPOT OCTAFOTCS MECTHBIC KAMEHHBIC MaTe-
puansl. Co3manue U3 3THX JFCKPETHBIX MATEPHUATIOB MPOYHBIX KOHCTPYKTUBHBIX CIIOCB COIPSDKEHO C PSAIOM OCOOCHHOCTEH.
[Ipu OTCYTCTBHMHM BSDKYIIIETO MaTepuaia OCHOBHBIM (DH3HMKO-MEXaHHUYCCKHM IIapaMeTpoM OyneT SIBISIThCS MX CTPYKTYpPHAs
NpoYHOCTh. Hamut ObLIH MPOBEAEHBI NCCIIEIOBAHMS M0 U3YUEHHIO H3MEHEHHS 36PHOBOI'O COCTaBa NPH YIUIOTHEHHHU 1ieOHel 13
Pa3MYHBIX TOPHBIX MOPOJT B JTA00PATOPHBIX YCIOBUSX Ha pouepHOM KommakTope. [IpoBeeHa olleHKa CTereHH BIHMSHUS pa3-
MEPOB M3MEJIBUCHHBIX YaCTHI] Ha CTPYKTYPHYIO MPOYHOCTh. [IpH M3y4eHNM CTETICHH BIMSIHHS CACPYKUABAIOIICH CHITBI MOKITY
YacTUIIAMU OBUTH BBIICJICHBI 3¢pHA KPYITHOCTHIO MeHee 0,25 MM. BBLIO MoKa3aHo, 4To 3TH YaCTHIIBI KpoMe (DU3MUYECKUX CBSI3CH
CIIOCOOHBI 00Pa30BBIBATH M XMMHYECKHE, IIEMEHTHAPYIOIIHEC CBSI3H 32 CUET PeaKIMu ¢ BOmoi. [[eMeHTHpYyroIas CioCOOHOCTh
Pa3IMYHBIX KAMEHHBIX MaTEPUAIOB OIICHUBAJIACK ITO0 BPEMEHH MPOXO0a M3TOTOBJICHHBIX M3 MBUTH 00Pa3IoB Yepe3 KBaipaTHbIC
OTBEPCTHS B CHTAX, a MOCIIE CEMH CYTOK TBEPJEHUSI eIlie U T10 MpeIeTy IPOYHOCTH TPU OTHOOCHOM CkaThh. Ha ocHoBe 3THX
JTAHHBIX M3Y4CHO BIIMSTHHAC KAMCHHOM IIBUTH HAa BETMYMHY KOHTAKTHBIX YCHIIMN MEXKIY YaCTUIIAMH MaTeprajia U CKOPOCTh €ro
n3MenbueHus. [1oTydeHsl 3aBUCUMOCTH M3MEHEHHS TIPOYHOCTH YaCTHUI] KAMEHHBIX MaTEPHUAJIOB OTHOCHTEILHO KOOPIMHAITMOH-
HOT'O YHCJIa ¥ U3MCHECHHS KOHTAKTHBIX YCHJIMIA MEXTy YaCTUIIAMH TIPH BO3JCHCTBUM Ha HIX MHOIOKPATHBIX ITMKIMYSCKUX Ha-
TPY30K. Y CTaHOBJICHO, UTO M3BECTHIKOBBIH IIeOcHb MpodHocTH 400 ropasio CHIbHEe TOIBEPKEH M3MEIBUCHHUIO TIPH BO3ICH-
CTBHSIX MHOTOKPATHBIX ITMKIMYCCKHX HAIPY30K, YeM IPOYHBIC OJIOMHTOBBIM M TPAaHUTHBIN IIeOHU. [Ipy 3TOM yBeIHMUCHHE
CHIEPKUBAIOIIMX CHJI MEK/Ty YaCTHI[AMH 32 CUET LIEMEHTAIMH Y ClIa0bIX KAMEHHBIX MaTepUalioB COCTABHIIO OT 5 110 30 mporieH-
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TOB. PexoMeH10BaHO IpU IMIPUMCHEHUN MECTHBIX KAMCHHBIX MaTCpHaJIOB C HU3KOH TMPOYHOCTBIO I CTPOUTEIILCTBA HOKpLITI/Iﬁ
JICCOBO3HBIX 10pOr JIOGaBJ'IHTB B HUX COCTaB 4aCTHIIbI Ooree METKHIX (bpakunﬁ.
KiioueBble cjioBa: JIECOBO3HBIE aBTOMOOUIbHBIE A0poru, KaMEHHBIH mMarepuali, I_I_[e6eHB, KOHTAKTHBIC YCUIIUA

MCKAY YaCTUllaMU, SepHOBOﬁ COoCTaB, ICMCHTAIUA

JUSTIFICATION OF STONE IN CONSTRUCTION MATERIALS BASES AND COVERS LOGGING
ROADS
Ph.D. in Engineering, Associate Professor I. N. Kruchinin
Federal State Budget Education Institution of Higher Education «Ural State Forestry Engineering University»,
Ekaterinburg, Russian Federation

Abstract

The basic material for the construction of logging roads are local stone materials. Establishment of the digital materials
strong structural layers associated with a number of features. In the absence of a binder main physical and mechanical proper-
ties will be their structural strength. We carried out a study on the changes in grain composition during compaction ballasts
from different rocks in the laboratory on a roller compactor. crushed particles on the structural strength of the Assessment of
the degree of influence of the size. In the study of the degree of influence of the contracting force between particles were iso-
lated grain size of less than 0.25 mm. It has been shown that these particles in addition to the physical connections and are
able to form chemical linkages by cementitious reaction with water. Cementing the ability of different stone materials eva-
luated by the passage of time made of dust samples through the square holes in the sieve, and after seven days of hardening
more and tensile strength in uniaxial compression. Based on these data, stone dust studied influence on the value of the con-
tact forces between the particles of the material and its speed milling. These changes depending on the strength of stone ma-
terial particles relative to the coordination number and change the contact forces between the particles when subjected to re-
peated cyclic loads. It was established that the limestone rubble strength of 400 is much more prone to crushing when the ef-
fects of multiple cyclic loads than solid dolomite and granite rubble. The increase in the restraining force between the particles
due to the weak cementing stone materials ranged from 5 to 30 percent. It is recommended when using local stone materials
with low strength for the construction of logging roads coatings add their constituent particles smaller factions.

Keywords: logging roads, stone material, rubble, the contact forces between the particles, grain structure, ce-

mentation

B coBpeMeHHOI NpaKTHKE CTPOMTENBCTBA, IJKC-
IUTyaTallid U PEKOHCTPYKIMM OCHOBAaHMM U TOKPBITUM
JIECOBO3HBIX aBTOMOOIIBHBIX JIOPOI IIHPOKO HCIOJIB3Y-
IOTCSI MECTHBIE KAMEHHBIE MaTepHaIIbl, KOTOPBIE 00MIaIal0T
HETIOCTOSIHHBIM 3€pPHOBBIM COCTABOM W HM3KOI NPOYHO-
cTio [2, 4]. V3MeHeHne (M3UKO-MEXaHUYECKHUX CBOMCTB
TaKuX KaMEHHBIX MaTepHaJIOB INPH IPOM3BOICTBE padboT
SIBJISIETCS IPAKTHYECKH HEN30SKHBIM.

B cTpykType Takux OCHOBaHMI M OKPBITUI KpyII-
HbIe (DpaKIMK BHIIOIHSIOT POJIb CKENETa, TO €CTh CBOE00-
Pa3HOro MPOCTPAHCTBEHHOTO KapKaca, BBIIEPKUBAIOIIETO
OCHOBHBIE HArpy3KM OT JBIKYILETOCS JIECOBO3HOIO
TpaHcnopTa. MeJkie J4acTHIBL, B CBOIO OYepe/lb, BBINIOI-
HSIOT HE TOJIBKO POJIb 3aIIOTHUTENS IyCTOT B KapKace, HO U
TIPU ONPEJIETIEeHHOM MUHEPaJIOTMYECKOM COCTaBe U CTere-
HH YBJIQXKHEHUS] MOTYT BBIIIOIHATH POJIb IIEMEHTUPYIOLIe-

TO BEIIECTBA, CBA3BIBAIOLIETO MEXTy cO00I OoJie KpyITHbIe
yactuipl [1, 5, 8].

OCHOBHOM TIEJIBIO JTAHHOW PaOOThI SBJISCTCS H3Y-
YEHHE MPOLIECCOB M3MEJBUCHHSI MECTHBIX KaMEHHBIX Ma-
TepuajoB U (POPMUPOBAHMSI KOHTAKTHBIX CHJI MEXKIY Yac-
THI[AMH C Y4ETOM HEMEHTHPYIOIIEH CIOCOOHOCTH KaMeH-
HO¥ TIBUTH, 00pa3yFoIIeics B IPOIECCEe UX YIUTOTHEHMA.

B nabopaTopHbIX YCIOBHSIX Ha POJIIEPHOM KOM-
MakTope ObUIN TPOBEJEHBI WCIBITAHKS TI0 YIUIOTHEHHIO
MECTHBIX KaMEHHBIX MaTepHaJIOB: JOJIOMHTOBBIN HIeOeHb
(mapka nipouroctu 1000), M3BECTHAKOBBIH 1EOeHb (Mapka
nipounoctr 400) ¥ TpaHUTHBIH 111e0eHb (MapKa MPOYHOCTH
800). V3MeHeHHUs 3epPHOBOTO COCTaBa KaKIOW OTICTHEHON
(pakmy KaMEeHHOro Marepuaia B 3aBHCUMOCTH OT VK-
JIOB Harpy»kKeHUs MOAPOOHO PacCMOTPEHBI B HAIIMX pado-
Tax [1, 2].
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[NokazareneM M3MeNTbYEHHS YACTHI] KAMEHHOTO Ma-
Tepuaja SIBJISETCS KOJNMYECTBO OOpa3yroUMXcsi HpH Y-
JIOTHEHHW MEJIKMX YacTHIl (y1s mebHs ppaxupm 20-40 MM
9TO YacCTHIILI pazMepoM <10 MM, s meOHs ppakipu 40-
70 MM — gacTuIIbl pazMepoM <20 MMm).

(fO—S +f5_10)
100

me R, — CpemHUI pajyC YacTHIl Ha - IIUKJI BHEIITHETO

R =R,

)

Harpy>XeHHsl, CM;

R, — CpeHpii paIyC YacTHLL 10 YIUTOTHEHHS, CM;
£ —npouent dpaxipu 0-5 mm;
f>'° —TpoLeHT (bpaxmun 5-10 M.

Kak mokazaHo B paboTax, IMEHHO pa3Mep 3THX
YacTUI[ OKa3bIBaCT HEIOCPEACTBEHHO BIIMSIHUE Ha
CICPKUBAIOIICH CHIIBI MEKAY YAaCTHUI[AMH 3CPHHCTBIX
MaTepHajoB u BIIHSICT Ha TPaHCIIOPTHO-
9KCILTyaTallMOHHBIC ITOKA3aTeIH aBTMOOMIBHBIX JTOPOT
[6,9, 11].

B cumy MuHepanoruueckoro coctaBa B HEKOTOPBIX
KaMEHHBIX MaTeprajiaX 4acTh 0Opa30BaHHBIX MEJIKUX Yac-
THII 00J13/1a€T CIIOCOOHOCTBIO K CAMOOMOHOJITYNBAHHUIO, TO
€CTh TIPU PEaKIMH C BOIOW YaCTHIIBI OHH O0Opa3yroT IMpo-
JIyKThI THIPATAllMK U MOCTEIEHHO 3aTBEpeBaloT. B cBsi3u
C 3TUM B TOJIIIE YIUIOTHAEMOTO CJIOSI TIOSIBJISTFOTCSL KOHTJIO-
MepaThl, KOTOPbIC CIOCOOHBI MPUHHUMATh Ha ceOs 4acTh
YCHIMH U TeM CaMbIM YBEITMYHMBATH YCTOHUMBOCTH IIcOC-
HOYHBIX CJIOCB K CIBUTY. AKTUBHOCTB 3THX YACTHI] MOXKET
CYIIECTBEHHO OTJIMYAThCS B 3aBUCUMOCTH OT TPOUCXOXK-
JIEHUs] KAMEHHOTO MaTepuasia U CTENEHU €ro YBIIAKHEHHS
TP YIIOTHCHUHL.

Jls ydera akTHBHOW KaMEHHOW TBUIM B pacuere
KOHTAKTHBIX YCHJIMH MEXITy YaCTHUIIAMH, KOTOPBIN COMpS-
JKEH C TPOLIECCOM U3MENbUYEHHS YaCTHIl, UCIIONB3YeM IO~
HSITHE SKBUBAJICHTHON YaCTHIIBI KAMEHHOM MbUTH. DKBHBA-
JieHTHast Yactuiia kKameHHor mbutk (QYUKII) — ato kameH-
Hasl MMbUTh, BCTYIHBINAS B PEAKITHIO C BOIOW U 00pa3yrolas
CIIEMEHTHPOBAHHOE CKOIUIEHHE YacTHI[ C TOBBIIIEHHON
MPOYHOCTBIO U YCTOHYMBOCTBEO K CIIBUTOBBIM Harpy3Kam
OTHOCHTEJIBHO OTHEIBHBIX MEJIKHX YACTHII, KOTOPBIC €ro
obpazytor [7, 8]. 17151 OLIEHKH CTETeH! aKTHBHOCTH KaMeH-
HOM MBUIM TPUMEM o0Opa3el] M3 YacTHI] KPYITHOCTHIO
<0,25 MM, BBICOTa U JMAMETP KOTOPOro mocie (hopMoBa-
HHSL COCTABIIIOT 2,5 cM. [Ipu 3TOM peanbHast cMech Oyner
BKIIIOYaTh B ceOsl Ooiee KpyIHBIE YaCTHIBL, MMEIOIINE

HPOM3BOJIBHYIO (OPMY, U €€ IIPOYHOCTH OYyIEeT HECKONBKO

OTJIMYATHCS OT TIPOYHOCTH HCTIBITAHHBIX 00pa3lioB. B cBs-
31 C 3TUM TIPU pacyeTe YAEpKUBAOIIEH CHIIbI MEXKITy Jac-
THLAMH TIPUHSTHI CIEYIONHE AONYIICHHS: SKBUBAICHT-
HbIE YaCTUIILI KAMEHHOH TBUIM PaBHOMEPHO pacripezierne-
HBI MO0 BCeMy OObeMY OOpa30BaHHOH IIPU YIUIOTHEHHH
CMeECH; CpeTHII PaNyC YaCTHII IIPUHST C YY4ETOM pacxoza
KaMEHHO# TMbUTH 1 YacTuIl pazMepoM <0,25 MM Ha 00paso-
Banue DUKII [5,9].

JIyist pacuera KOHTaKTHBIX YCHJIMI, BOSHHKAFOIIUX
MEX[y YaCTHI[aMH MaJIOTIPOYHBIX KAMEHHBIX MAaTEPHAJIOB,
CpenHMI pacyeTHBI paauyc YacTuibl R. OyneM omperne-
JISITH TI0 (hopMyIIe

R =R -C ——

: 2
700 @)

rae Ri— CpemHUid pajyc YacTHIl Ha i-d MK BHEIIHETO
HArpPY)KCHHS, CM;
_ p0-10
C, - crenens mvemsuerns C, = f, (B ye-
noBuu oopazosanus DUKIT), cm;

Q; — mapamMeTp ydeTa LeMeHTAL|N

f075'b
a, ="———,%;
T

0-5  £0-10
e fl , fl — coneprkaHue IIeOHs Qpakimu <5 MM

1 pakimu 5-10 MM COOTBETCTBEHHO, %0;

b — napamerp mmenbuenus, %.

B xome mabopaTOpHBIX KCIBITAHKUN OTOMPATHCH
yactuipl pazMepoM <0,25 mwm. TlomydeHHas kameHHas
IBUTH 3aMernuBaiachk ¢ 15-20 % Bombl Wit GOpMOBKH 00-
Pas3I0B AMaMETPOM U BBICOTOM 2,5 cM [7, 8].

H3rotoBneHHbIe 00pa3iibl MOMEIIATHCh Ha MeTal-
JIMYECKOE CHTO, MOJBEIICHHOE B COCY/IE C BOIOH, C KBAJ-
PaTHBIMHU OTBEpCTHsIMH pa3MepoM 2 MM. T1o BpeMeHH mpo-
X071a 00pa3IoB Uepe3 CUTO ObLTa YCTAHOBIICHA UX IIEMEH-
TUPYIOIIIask CIIOCOOHOCTH (Tabi. 1), a Tociie CeMH CYyTOK —
TpesiesT IPOYHOCTH TIPH CKATHH (Taou. 2).

IMonydyeHHble qaHHBIE ObLTM HCIIOMB30BAHBI B Ma-
TEMAaTHYECKOW MOJIEIN YIUIOTHEHMSI KaMEHHBIX MaTepua-
JIOB B II€OEHOYHBIX MOKPHITHAX M OCHOBAHHMSX JIECOBO3-
HBIX aBTOMOOMJIBHBIX JTopor [3].

B pesysbTare rccnenoBaHuii yCTAHOBICHO, UTO Ha-
0O0p TUIOTHOCTH KOHCTPYKIIHMH M3 3EPHHUCTOrO KaMEHHOIO
MaTeprana CONPOBOKIACTCS YIAKOBKOH U MIepeMeIeHHeM
YaCTHUIl KAMEHHOT'O MaTepraa.

CpaBHUTEIBHBIA pacueT KOHTAKTHBIX YCHIIUH,
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Tab6muna 1

[leMeHTHpYIOIIAs CITOCOOHOCTh KAMEHHOM TBUTA

KameHnnsIit MaTepuan

XapaKTepUCTHKa .
I'panuTHSBIH 1MEOEHD

H3BecTHAKOBBIM IIe0eHb | JI0JTOMUTOBBIM IIEOCHD

IeMeHTHpYIOLIAsT CIIOCOOHOCTD,
70/cnabast
cek. */o1eHKa

210/cunbHas 225/cunpHas

[pumMeuanue: * — BpeMsi YaCTHYHOTO MPOX0/Ia 00pasiia B BOAHO#M cpe/ie Yepe3 METaITHIECKOe CUTO 2 MM

TabGnuna 2

XapakTepucTrKa KAMEHHBIX MaTepUaIOB ¥ LIEMEHTHPYFOIIAS CIIOCOOHOCTh KAMEHHOM ITHUTH TTOCIIE CEMH CYTOK TBEPICHHS

[IpounocTs uc- [Ipounocts 00-
CopeprkaHue IbUIH [IpounocTh
XOJHOTO Ka- a3Ia OTHOCH-
Marepuain A <0,25 MM B ppakuuu o0pasra, e
MEHHOI'0 MaTe- TEIIbHO UCXOJHO-
0-5 mm (b), % MIla
puana, MIla ro Matepuaia, %
I'panutHsIi medeHs 800 2.64 24.1 0.16 6.1
W3BecTHsIKOBEIH IcOeHb 400 3.09 23.8 0.86 279
JlomomurtoBerit medbens 1000 6.2 22.3 1.5 24.2

BO3HUKAIONIMX MEXKIY YacTUIAMU KaMEHHOIro MaTte-
puaia ¢ y4eToM oOpa30BaHUS XUMHUCCKH AKTHBHOU
KaMEHHOM TBUIM W KOHIJIOMEPATHBIX OOpa30oBaHUI
MOKa3aJ, YTO HCCICIYEMbIH M3BECTHIKOBBHIN IcOCHB
ropas3io CHJIbHee MOJBEPKEH U3MENbYCHUIO IPU BO3-
JIEUCTBUSX MHOTOKPATHBIX IUKIMYECKUX Harpy3oK,
YeM JIOJIOMHUTOBBIH IICOCHb.

YBenuueHue CAEPKUBAIOUIUX CHJI MEXIY vac-
TULIAMU 32 CYET IIEMEHTAllMd Y MECTHBIX KaMEHHBIX

MaTepUaJIOB MOXKET COCTaBJIATh OT 5 1o 30 % (puc. 1).

IIpu 3TOM €ro CKOpPOCTh H3MEIBYCHUS YMEHBIIUTCS
TOJILKO TIOCNIe 72 MpOoXoaa BHOpOKaTKa, O YeM CBHJIC-
TENBCTBYET TOYKA IEPECCUCHHS KPUBOW IMPOYHOCTH
MaTepuayia ¢ KPUBOW CIEP)KUBAIOIIAX YCHIIMH MEXIY
yacturiamMu. JI0JOMHUTOBEIH MeOeHb, MMEes TIPOYHOCTb,
MPAaKTHYECKH B 2,5 pa3a NPEBBIMIAIOIIYI0 MPOYHOCTH
M3BECTHsKA, HAOMPAET TOCTATOYHOE YHCIIO KOHTAKTOB
MEXIy yIaKOBaHHBIMH YacTUI[AMH yke Ha 30 mpoxoj

BHOpOKaTKa (puc. 2).

2400

2100

1RO0

s H2RACTHAROREIR MebeHr 400 C yMeToM [eMeHTaIHI
TpofHOCTL B KOETAKT2 Marni, klla

O H3PCCTHAROBEM medens 400

300 [MPOMHOCTS TACTILIBE
KODP,II—[H“L[IIDHHOC HHCIO

CIEFARHBATOMAS CHIA MEKITY TACTHITAMM, x1Ta
=}
2

| 3 9

MOJIETHPYEMBIH TTPOXO KATKA BECOM 14 1,

CHIDHCHHC CROPOCTH
H3MEIBTICHILA

|

~170 mpoxon

72 npoxoa

27 81

Puc. 1. PaC‘IeTHO-BKCHepI/IMeHTaJ'H)HI)Ie 3aBUCUMOCTH cz[epch/IBa}omeﬁ CHUJIbI MCXKAY YaCTUIIAMU OT KOJIMYCCTBA

Ipoxoa0B BI/I6pOKaTKa, C YUC€TOM HEMCHTAIUU JJI1 U3BCCTHAKOBOT'O H_IC6H$[ MapKu 400
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2400

2100

1800

= JJonomuropsi medens 1000 ¢ yuerom neMeHTALHH
—IIpouHocTh B KOHTaKTe gaTHil, KI1a

0 HNonommropsiii meGens 1000

1500 \

1200
900

600

TIPOMHOCTH YACTHIIEL
300 KOOP/IMHAIHOHHOE STHCI0

CHAEPKHBAFOIIAA CHIIA MEAKY YACTHITAMM, k1T

0

YBEMIMEHHE CHIBI KOHTAKTa

30 nmpoxon

1 4 7 10 13 16 19 22 25 28
MO/IEJIHPYEMBII IIPOXOJ] KATKA BECOM 14 1.

N

\ 53 mpoxog

ul d

37 40 43 46 49 52 55 58 61 64 67 70

Puc. 2. PaC‘IeTHO-BKCHepI/IMeHTaJ'H)HI)Ie 3aBUCUMOCTH cz[epch/IBa}omeﬁ CHUJIbI MK Y YaCTUIIAMU OT KOJIMYCCTBA

MIPOXOI0B BUOPOKATKa, C y4€TOM LIEMEHTAIUH IS IOJIOMUTOBOTO 11eOHs Mapku 1000

OOpa3oBaHre KaMEHHOM MBUTH TI03BOJISIET MaTe-
pHaiy, C OIHOW CTOPOHBI, YMEHBIIHUTH CKOPOCTh MU3MeENb-
YEHHS €ro YacTHll, O YeM CBUIETENLCTBYIOT TOUKH Iiepece-
YeHUs KPMBBIX MPOYHOCTH INEOHS M KOHTAKTHBIX YCHIIUN
MEXIy HUMH, a ¢ APYrod, mocie 3aBeplleHus padoT 1o
YIUIOTHEHHUIO TIOBBICUTBH C/IEPYKHMBAIOIIYIO CHITY MEKIY
KPYIMHBIMH YaCTUIIAMH 32 CUET IIeMEHTAIIIH.

J1J1s1 IOBBIIIIEHHS KAUeCTBa KOHCTPYKTHUBHBIX CIIOEB

N3 HCYKPCIUICHHBIX KaMCHHBIX MaTE€pHUaioB HU3KOU Tpo4-

Ooree MeNKuX (DpakIWil SISl YMEHBINCHHS CTCIICHH W3-
MEJTBYCHHUS, a TAKOKE IMBUICBUIHBIC MaTePHAIIbI, KOTOPHIC
00J1a1AI0T IIEMEHTHPYIOIINMY CBOMCTBAMH.

B ciyyae mpuMeHEHHS TOJIOMUTOBOTO IICOSHS JIsT
YMCHBIICHUS N3MEJTBUCHHUS €0 COOCTBEHHBIX YaCTHI] XKe-
JaTeNbHO Jo0aBieHre B ero coctaB 10-20 % memkoro 3a-
TIOJTHUTEIISA, B TO BPEeMsI KaK M3BECTHSIKOBBIN IIEOCHh MO-
JKET caM Io cede UrpaTh POJTb 3aTOTHUTEIISA B CMECH ¢ 00-

JICC MPOYHBIMU KaMCHHBIMU MaT€prajiaMu, IIpHu YCIOBUU

HOCTH 1IeJIecO00pa3HO JI00aBISITh B MX COCTaB YaCTHIIBI JIOCTATOYHOTO M3MEJBUECHHSL
Bub6anorpaguyecknii cnucox

1. Pamextae, B.A. MogenupoBanue mpoliecca YIUIOTHEHHS OCHOBAHMH JOPOXKHBIX ONEKI JIECOBO3HBIX
aBTOMOOWIIBHBIX JIOpor U3 clabbix mMaTepuanoB [Tekcr] / B.A. Pamekraes, .H. Kpyuntun // Msectuss Komu HaydHOrO
LeHTpa YpaJIbeKoro otaenenus Poccuiickoii akaieMny HayK: HayqHbIH xKypHail. — CoiktiBKap, 2014. — Bem. 2 (18). — C.80-82.

2. PamexraeB, B.A. HccnemoBaHue CBOWCTB IIeOCHOYHO-TIECUAHBIX CMECEH METaLTyprUuecKuX IUIAKOB IS
YCTPOMCTBA MOHOJMTHBIX OCHOBAHHM JOPOXKHBIX ofiexn [OnexrpoHHbiid pecypc] / B.A. Pamekrae, C.A. UymuHOB //
CoBpeMeHHbIE NPOOJIEMBI HAyKH W 00pa3oBaHMs: HaydHbIH kypHal — 2014. — Ne 4. — Pexxum nmoctyma: www.science-
education.ru/118-14056.

3. CBuzeTensCTBO 0 TOCYIAPCTBEHHOM peructpaiuu mporpammbl 4st O9BM Ne2014615551. Poccuiickas Deaepariys.
[porpamma it pacdera M3MEHeHHs (PU3HKO-MEXaHUYECKHMX XapaKTEPHCTHK JIETKOYIUIOTHSIEMBIX KaMEHHBIX MAaTepHaJIOB
«Cmpaction of crushed rocks» [Tekcr] / B.A. Pamiekraes, M1.H. Kpyurnnun; 3assurens u npasooonamatens GI'b0OY BIIO
Vpansckuii TocyAapcTBEHHBIM JiecoTexHuueckuil yHuBepcuter. — No2014613274; 3asmn. 11.04.2014; 3apeructpupoBaHO
28.05.2014.

4. CymkoB, C.H. Pa3paborka KpUTepHeB YCTOMYMBOCTH aBTOMOE3a NPH HA3HAUYCHUM DJIEMCHTOB IUIaHa
aBToMoOMIThHBIX Jopor [Tekcr] / C.U. Cymikos, O.H. Bypmucrtposa // Jlecotexumdeckuit sxyprait. — 2015. — T. 5. — Ne 3 (19). —
C. 161-168.

5. UymunoB, C.A., TeopeTWdeckue WCCICIOBAHKSA TMPOIECCOB CTPYKTYPOOOPA30BAHKS TIJIMHKCTBIX TPYHTOB,
VKPEIUICHHBIX TIOpPTIAHANICMEHTOM ¢ nobaBkoii momumaniektponura [Tekcr] / C.A. Uymaunos, C.M. Bynnakoe // M3Bectus
BBICIINX y4eOHBIX 3aBenieHni. JlecHoit sxypHai. —2010. — Ne 5.

88 Jlecorexnnmueckuii :xypHaJ 2/2016



JleconHKeHepHoe [1eJ10

6. Santos, J. A life cycle assessment model for pavement management: methodology and computational framework
[Text] / J. Santos, A. Ferreira, G. Flintsch // International journal of pavement engineering. — 2015. — Vol. 16. —Issue 3. —
pp. 268-286.

7. Hagerty, M.M. Onedimensional high-pressure compression of granular media [Text] / M.M. Hagerty, D.R. Hite,
C.R. Ullrich // Journal of Geotechnical Engineering. — 1993. - Vol. 1. —no. 119. — pp. 1-18.

8. John Patrick De Bono, Discrete element modelling of cemented sand and particle crushing at high pressures [Text] /
John Patrick De Bono // PhD Thesis, The University of Nottingham, 2013.

9. Midgley Ingredients of an unbound granular pavement for a successful sprayed seal, Technical Report No. TR207,
VicRoads, Kew, Victoria, Australia. — 2009

10. Molenaar, A.A., Road Materials I: Cohesive and Non-cohesive Soils and Unbound Granular Materials for Bases
and Sub-bases in Roads, in Lecture Note [Text] / A.A. Molenaar. Faculty of Civil Engineering and Geosciences, Delft University
of Technology: Delft. —2005

11. Nakata, Y. Microscopic particle crushing of sand subjected to high pressure one-dimensional compression
[Text] / Y. Nakata, M. Hyodo, Hyde // Soils and Foundations. —2001. — Vol. 1. — Ne 41. — pp. 69-82.

References

1. Raschektaev V.A., Kruchinin ILN. Modelirovanie processa uplotnenija osnovanij dorozhnyh odezhd
lesovoznyh avtomobil'nyh dorog iz slabyh materialov [Modeling process seal bases of road clothes of logging roads
from weak materials]. Izvestija Komi nauchnogo centra Ural'skogo otdelenija Rossijskoj akademii nauk: nauchnyj
zhurnal [Proceedings of the Komi Science Center, Ural Branch of the Russian Academy of Sciences: scientific journal].
Syktyvkar, 2014, Vol. 2 (18), pp. 80-82. (In Russian).

2. Raschektaev V.A., Chudinov S.A. Issledovanie svojstv shhebenochno-peschanyh smesej metallurgiche-skih
shlakov dlja ustrojstva monolitnyh osnovanij dorozhnyh odezhd [Studying the properties of rubble-sand mixtures
metallurgical slag for the device monolithic bases of road clothes]. Sovremennye problemy nauki i obrazovanija:
nauchnyj zhurnal [Modern-recurrent problems of science and education: a scientific journal]. 2014, no. 4. Available at:
www.science-education.ru/118-14056. (In Russian).

3. Svidetel'stvo o gosudarstvennoj registracii programmy dlja JeVM Ne2014615551. Rossijskaja Federacija.
Programma dlja rascheta izmenenija fiziko-mehanicheskih harakteristik legkouplotnjaemyh kamennyh materialov
«Cmpaction of crushed rocks» [Certificate of state registration of the computer Ne2014615551. Russian Federation. The
program for the calculation of changes in physical and mechanical nature-stick legkouplotnyaemyh stone materials
«Cmpaction of crushed rocks»]. no. 2014613274; appl. 04/11/2014 (In Russian).

4. Sushkov S.I., Burmistrova O.N. Razrabotka kriteriev ustojchivosti avtopoezda pri naznachenii jele-mentov
plana avtomobil'nyh dorog [Development of criteria for sustainability trains when assigning element-ments of road
plan]. Lesotekhnicheskii zhurnal, 2015, Vol. 5, no. 3 (19), pp. 161-168. (In Russian).

5. Chudinov S.A., Buldakov S.I. Teoreticheskie issledovanija processov strukturoobrazovanija gli-nistyh
gruntov, ukreplennyh portlandcementom s dobavkoj polijelektrolita [Theoretical research processes strukturoob-
formation of clay soil, fortified with the addition of portland cement polyelectrolyte]. lzvestija vysshih uchebnyh
zavedenij. Lesnoj zhurnal [Proceedings of the higher educational institutions. Forest magazine]. 2010, no. 5. (In Russian).

6. Santos, Joao; Ferreira, Adelino; Flintsch, Gerardo A life cycle assessment model for pavement management:
methodology and computational framework. International journal of pavement engineering, 2015,
Vol. 16, Issue 3, pp. 268-286.

7. Hagerty, M.M., Hite, D.R., Ullrich, C.R. Onedimensional high-pressure compression of granular media.
Journal of Geotechnical Engineering, 1993, Vol. 1, no. 119, pp. 1-18.

8. John Patrick De Bono, Discrete element modelling of cemented sand and particle crushing at high pressures.
PhD Thesis, The University of Nottingham, 2013.

Jlecorexumueckuii s;kypnaJa 2/2016 89



JleconHKeHepHoe [1eJ10

9. Midgley Ingredients of an unbound granular pavement for a successful sprayed seal, Technical Report No.
TR207, VicRoads, Kew, Victoria, Australia, 2009.

10. Molenaar, A.A., Road Materials I: Cohesive and Non-cohesive Soils and Unbound Granular Materials for
Bases and Sub-bases in Roads, in Lecture Note., Faculty of Civil Engi-neering and Geosciences, Delft University of
Technology: Delft, 2005.

11. Nakata Y., Hyodo, M., Hyde, Microscopic particle crushing of sand subjected to high pressure one-
dimensional compression. Soils and Foundations, 2001, Vol. 1, no. 41, pp. 69-82.

Caepenusi 00 aBTOpe
Kpyuwunun Heopv Hukonaesuu — nolieHT kadenpbl TPaHCIIOPTa M JOPOXKHOro crpoutenbetBa, PI'BOY BO
«YparbCKUil TOCYAapPCTBCHHBIA JICCOTEXHUUECKUN YHHBEPCHTET», KaHIUAAT TEXHUYECKUX HayK, T. ExarepuHOypr,

Poccuiickas ®enepanus, e-mail: kinaa.k@ya.ru.

Information about the author
Kruchinin Igor Nikolaevich — Associate Professor of transport and road construction, Federal State Budget Edu-
cation Institution of Higher Education «Ural State Forestry Engineering University», Phd in Engineering, Ekaterinburg,
Russian Federation; e-mail: kinaa.k@ya.ru.

DOI: 10.12737/19960
VIK 630%308, 630*311, 630*182.21, 630.181.5, 625.7
OCOBEHHOCTMU JIECOCEYHBIX PABOT B JIECOCBIPLEBbBIX BA3AX C BBI/IEJIEHHBIMU
MAJIOHAPYIIEHHBIMU TEPPUTOPUSIMHU
JIOKTOP CETbCKOXO035HCTBEHHBIX Hayk, npodeccop E. M. Pynosa'
KAH/HIAT CETbCKOXO3SHCTBEHHBIX HAYK, T0eHT A. JI. I'peGeniok’
H. A. T'apyc'
1 — ®I'bOY BO «bpatckuii rocyaapcTBeHHbIM YHUBEPCUTETY, T. Bpatck, Poccuiickas deneparys

B pabote paccMaTpHBarOTCsA BOMPOCHI TEXHOJOTHU JICCOCCUHBIX PA0OT C BBIICICHHBIMH MajOHAPYIIICHHBIMU
teppuropusmu (MJIT), B KOTOPBIX BeICHHUE JICCOIKCIUTYATAIIUH JINOO 3ampelieHo, MO0 CHIIbHO orpanndeHo. Ho B oc-
HOBHOM TIPEANPUATHS C BbIIeneHHBIMU MJIT HaXoosITCs B 30HE CEBEPHBIX TACKHBIX JIECOB, KOTOPBIE OTHOCATCS K JKC-
IUTyaTanuoHHbIM JecaM. MJIT BeImeneHbI 10 MaTepraiaM KOCMHUSCKHX CHUMKOB M HE BCEIJia OTBEYAIOT TPEOOBAHUSIM
MIJIT, TO ecTh 3TH Jieca MOABEPIKEHBI MOXKapaM, B HUX YK€ IIPOBEICHBI PYOKH Jieca U B HACTOSIIEE BPEMS IUIAHUPYETCS
OCBOCHHE TEPPUTOPHI B CBS3M C Pa3pabOTKON HOBBIX MECTOpOXKICHMH rasa u HedTu. IIpemmoxkeHsl pecypcocoepe-
TaroIlie TEXHOJOTUH JICCOCCUHBIX padoT, KOTOPhIC B MHHHUMAJILHOW CTEIICHH BO3JCHCTBYIOT HA JICCHBIC 3KOCHCTEMBI.
Tema uccnenoBaHuil SBISETCS aKTyalbHOM, Tak Kak B Poccuiickoit denepaliyiu Bo3pacTaeT KOJIUYECTBO MPEANPHUATHH,
nmonyuyuBmux ceptudukatel FSC. IIpu 3TOM Ha TEPPUTOPUH JIECOCBIPHEBBIX 0a3 TACKHBIX JICCOB CKOHIICHTPHPOBAHBI
MaJIOHAPYIIICHHBIC JICCHBIE TEPPUTOPUH, HAa KOTOPBIX MPAKTHUCCKU 3arpelleHa JIeCO3aroTOBUTEIbHAS U TaXe JIECOXO-
3SIMCTBEHHAS NIESITEIBHOCTD, YTO MPUYMHICT MHOTUM CEPTHQHUIINPOBAHHBIM IPEATIPUATHSAM HEYJI00CTBA IIPH OCBOCHUHU
JIECOB M 3arOTOBKE JPEBECHHBI. MeTOMuKa 3KCIIEpUMEHTa 3aKIIo4ajiach B BRIPAOOTKE PErMOHAIBHOTO IMOIXOAa MpHU
Beenienuu MJIT u pa3paboTke HanOoee MepPCIeKTUBHBIX TEXHOJIOIMI 3arOTOBKH JIPEBECHHBI, 00CCIICUYMBAIOIINX CO-
xpanenre MJIT. Hamo HaiiTi moaxom, Wik CKOpee sl perHOHAIBHBIX TOAXO00B, KOTOPhIC MAKCUMU3UPYIOT COXpaHe-
nue MJIT, Ho nipu 3TOM He noapbiBatoT cucreMy FSC u He ienaloT ee MeHee KU3HECIIOCOOHOH B pernoHax ¢ 00JbIIoH
nmoneit MJIT, rie cucrema Gonblie Bcero HaM HykHa. [Ipodnema coxpanenus MJIT ropasmo Gonee CoKHa U MHOTO-
IpaHHa, 9YeM MPOCTO BOMPOC O BHIIEIICHUH U coxpaHeHuu saep MJIT.

KiroueBble cjioBa: MaJOHAPYIICHHBIE JICCHBIC TEPPUTOPHH, JICCOIKCIUTYATAIHs, TEXHOJIOTHH JIECO3ar0TOBOK,
JI0OpoBOJIbHAS cepTUduKanus jgecos, FSC.
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