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MACHINE STRUCTURE AND MACHINE
MANAGEMENT

A MOTION STUDY OF THE MECHANISM OF THE PLANETARY TYPE
Vatanin A.O.}, Khakimov R.R.? (Russian Federation)
Email: Vatanin51@scientifictext.ru
Yvatanin Andrey Olegovich — Master;
2Khakimov Ruslan Rishatovich — Master,
SPECIALTY: ENGINEERING, AUTOMATION OF TECHNOLOGICAL PROCESSES AND PRODUCTION,

BAUMAN MOSCOW STATE TECHNICAL UNIVERSITY,
MOSCOW

Abstract: the article deals with an epicyclic gear train. It is investigated equilibrium positions and
large oscillations of the chosen epicyclic gear train. It is investigated stable equilibrium positions
by means of potential energy at various parameters of the system. Depending on the specified
conditions, you can get the required number of stable positions in the appropriate state of the
system. It is investigated large oscillations of the epicyclic gear train by means of potential energy.
It is possible to obtain different large oscillations around one or more equilibrium positions.
Conclusions are drawn about the possibility of the chosen epicyclic gear train of wide application
for various types of problems.

Keywords: the mechanism of the planetary type, the equilibrium position, oscillation.

HUCCIUIIEJOBAHMUE IBUXKEHUA MEXAHU3MA IIVIAHETAPHOI'O
THUIIA
Baranun A.O.l, Xaxumos P.P.’ (Poccuiickas @enepaums)

*Bamanun Anopeii Onezosuy — mazucmp;
2Xakumos Pycnan Puwamosuy - macucmp,
CReyuanbHOCHyb. KOMNbIOMeEPHble CUCHEeMbL ABMOMAMU3AYUU NPOU3EOOCMEA,
Mockosckuil eocyoapcmeenublil mexnudeckuu ynusepcumem um. H.D. baymana,
2. Mocksa

AHHOmMauusa: 6 OaHHOU cmamve paccMampueédaemcs Mexanusm nianemaprnozo muna. Ha
6bIOPAHHOM ~ NIAAHEMAPHOM MeXAHU3Me UCCAeOVIOMCsL NOJIONCEHUs. paeHosecusi U  Ooabulue
xonebanusi. Tlonodcenust ycmouuueo20 pasHoGecust UCCIeOYIOMCs ¢ NOMOWbIO NOMEHYUATbHOU
OHepaUuU NPU PAsIUYHbIX NAPAMempax cucmemvl. B 3asucumocmu om 3a0asaemvix yCio8ull MONCHO
noayyums mpebyemoe KOJIUYECmE0 YCMOUYUBHIX NOJONCEHUN 8 COOMBEMCMEYIoueM COCMOSIHUU
cucmemvi. Bonvuiue KoneOAHUS MEXAHUIMA MAKNCE UCCIeOVIOMCS ¢ NOMOWDBIO NOMEHYUALLHOU
anepeuu. Bozmodicno noryuume pasmvie Oonbuiue KOAeOAHUs BOKpPYe OOHO20 UIU HECKOAbKUX
nonodicenuti pagnogecusi. Taxoce 0enaiomcs 6bl800bl O BOIMONCHOCIMU UWUPOKO20 NPUMEHEHUS
uccredyemo2o Mexanusma 0Jis pasiuiHo2o euod 3a0ad.

Knroueswvte cnosa: mexanusm niaHemapHo20 mund, noJI0NCEHUs PABHOBECUsl, KONeOAHUSL.

VIIK 62-233.3/.9

BBenenne

[TraHeTapHBI MEXaHU3M — MEXAaHH3M, COCTOSIIMN W3 3y0UaThIX KOJIEC WM (HPHKIIMOHHBIX
KOJIeC, B KOTOPOM Te€OMEeTpHuecKas OCh XOTS Obl OJHOTO W3 Kojec moaBMkHA. [lmanerapHas
nepenada — MeXaHWYeCKasi CUCTeMa, COCTOSIIAas U3 HECKOJIBKUX IMIaHETAPHBIX 3yOUaThIX KOJEC,
BpAIAOIINXCA BOKPYT HEHTpanbHON mecTepHu. OOBIYHO IUTaHETapHBIE MECTePHH (HUKCHPYIOTCS
BMeCTe ¢ TIOMOIIbI0 Boawmia. [lmanerapHas mepemada MOXKET Tak)Ke BKIIOYATH JTOTOJHUTEIHLHYIO



BHCIIIHIOIO  KOJBLEBYI (KOPOHHYIO) IIECTEPHIO, HMCIOIIYI0 BHYTPEHHEE 3allCIUICHUE C
IUIaHEeTapHBIMH IecTepHsmu [1].

[[lupokoe mpUMEHEHUE TPUHIIMIT HANIET B IUIAHETAPHBIX PEIyKTOPaxX, aBTOMOOHIICCTPOCHHUH,
aBHACTPOCHUH, TAHKOCTPOCHUH, POOOTOCTPOCHUH, CTAHKOCTPOCHUH | T.JI.

IlocTanoBka 3agauu

Ha mpumMepe KOHKpETHOTO BHa MEXaHW3Ma INIAHETAPHOTO THIIA MICCIECIOBATH €TO MOJIOXKCHUS
paBHOBecHs U OoJbIIHe KOJIeOaHuUS.

CxeMa MexaHHU3Ma

5 4

N W N

Puc. 1. Cxema mexanusma nianemapHo2o muna

Ha puc. 1 Boguno 4 coeauHsIeT KECTKO 3aKPEIJIEHHYIO OCh 6 HENOJBMXHOW LMIMHAPUYECKOMN
MOBEPXHOCTU 5 ¢ ocbto catesmuTa 1. K ocu carennuTa ®ecTKO 3aKpeIuieH CTepKEHb 3 ¢ Ipy3oM 2
Ha ero konme. CaTeUIMT coBepIIAeT BpallaTeNbHBIC JIBIDKCHHS 10 TIOBEPXHOCTH 0e3
MpocKaib3bIBaHus. HauanbHOE NOJ0KEHUE CaTeIUINTa HUKHEE.

ITo ycnoButo naHo: M; - Mmacca Bogwiia, M, — macca carequura, M3 — Mmacca rpysa, R — paanyc
LHIINHAPUYECKON TOBEPXHOCTH, I' — PaAMyC CaTeIUTa, | — JIMHA CTEPXKHS, O — YTOJ MEXIy
BEPTUKAIBHOM OChIO UMIMHAPUYECKOW TOBEPXHOCTHM M TPOJOJIBHOW OCH cTepkHs. [pyrue
napaMeTpsl He YIUTHIBAIOTCS.

HcciienoBanue nojiokeHNi yCTOHYNBOro paBHOBECHSI € MOMOIIBIO MOTEHIUAILHOM YHEPrUn

1. Brlpaxenue s MOTCHIMATBHONW HHEPTUU CUCTEMBI COCTOUT W3 CYMMBI MOTEHIIUATBHBIX
JHEpPruil ee yacTe U UMEET BUIL:

l-[ = HBOL{I/I}IO + Hca'rennwr + Hl"pyS

R—r
II=M;g[R-

coscp] + M,g[R — (R — r)cose]

R—r
+ Msg [R — (R—r)cosp + lcos((pT — a)]

2. TTonoxeHust pABHOBECHST CUCTEMBI MIMEIOT BUI
o1 R-r

— =M
(3]0} 1875

R—r R—r
sing + M,g(R — r)sing + M;g(R — r)sing — M;gl . sin (cp - a) =0

R—r
r(M; + 2M, + 2M3)sing — 2M;l sin ((p s 0() =0

IIyctp M3=0,1 xr, M,=0,1 xr, M3=0,1 kr, 0=0. PaccmoTpuM Tpu ciydas mpu pasHBIX
napameTpax, HalpuMmep:

1) I=0,3 m (puc. 2), R=1 M, r=0,2 m;

2) 1I=0,7 m (puc. 3), R=1 m, r=0,2 m;



3) I=0,7 m (puc. 4), R=1,1 m, r=0,2 m.

JlokanpHble MMHMUMYMBI (DYHKIMH TOTEHIMAIBHONW DHEPIHMHM COOTBETCTBYIOT YCTOHUYMBBIM
MOJIOKEHMSIM cucTeMbl. Ha puc. 2 MCXOAHOE IMOJIOKEHUE CHUCTEMBI SIBJISCTCS HEYCTONYMBBIM, HO
pszoM HaOIfofaeTcsl 1Ba YCTOMYMBEIX IOJIOKEHUS U Apyrux He HaOmogaercs. R u r monoOpaHsl
TaKUM 00pa3oM, YTO IPH IOJIHOM 000pOTE CaTeIIUTa 10 UIHHAPHYECKOH MOBEPXHOCTH CUCTEMA
OyZeT HaXOAUTBCS B IOJIOKCHHH, COOTBETCTBYIOIIEM HadanbHOMY. Ilpu n3menenun muasl 1=0,7
M CTEep HS IOSIBIITIOTCS HOBBIE MOJIOKEHUs paBHOBecus (puc. 3). Ha puc. 4 uzobOpaxen rpaduk
NOTEHUMAJIBHON SHEPIHH MeXaHu3Ma, rae R u r momoOpaHbl TakuM 00pa3oM, YTO HPH IOJHOM
000poTe caTeINIUTa MO MIIMHIPUYECKOH NOBEPXHOCTH CHCTEMa OylIeT HaXOAUTHCS B YCTOHYHBOM
MOJIOXKCHNUHN, TAKXKe I0 OTHOIICHWIO K rpaduky Ha puc. 3 3a OguMH OOOpOT caTeTuTa IO
UJIMHIPUYECKOW MOBEPXHOCTH HMEET TaKOEe K& KOJIWYECTBO YCTOMYHMBBHIX IOJIOKEHHH, HO YKe
npyrux. Takum oOpa3oM, U3MEHsSI TapaMeTPbl CUCTEMBI, MOXKHO JIOOMTBCS JKEIaeMOro pe3yiabTaTa
JUIsl KOHKPETHO MOCTAaBJICHHOH 3a/1auyl, TJIe 9TOT MEXaHNU3M MOJKET HCIIOJIb30BaThCSI.
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Puc. 2. Tpagux nomenyuanvroti snepauu mexanuzma npu 1=0,3 m, R=1m, r=0,2 m






74

M), Ox

[}

<
<]
<
<

f-9

(]

A0 - 0 1|O
®, pan

Puc. 4. I'padpux nomenyuanvhot snepeuu mexanuzma npu 1=0,7 m, R=1,1 m, r=0,2 m

HccnenoBanue kojaeOaHUH MEXaHU3Ma C TIOMOLIBIO MOTCHIHAIBLHOW SHEPTHH
HccrnenoBanne Majblx KoJeOaHUA CHCTEMBI C OJHOW CTEHEHBIO CBOOOIBI  SBIAETCS
TPUBHAIBHBIM M NPUBEICHO B CTAaHIAPTHOM Kypce M3y4YEeHHs TEOPETHYSCKOH MEXaHHKE, I03TOMY
OHO PacCMaTpUBATHLCS HE OyaeT.
PaccMotpum Oonbline Kojge0aHusl CUCTEMBI OKOJIO HECKOJIbKHX IOJIOKEHUH paBHOBecHs. s
3TOro OyAeM UCIONb30BaTh METOA (a30BOH MIOCKOCTH.
VpaBHEHHE IBHKCHHUSI CHCTEMBI MOXKET OBITh PUBEACHO K BUIY:
o+ f(e)=0
Ine f(¢) — MOXKHO paccMaTpHUBaTh KaK BOCCTAHABIMBAIOLIYIO CIUTY. [IpOMHTErpUpyeM JaHHOE
ypaBHEHHE:
-2 (p
¢
-5t f(e)dp =h
® 0 ®
Cne fo f(¢) do — unrerpan coxpanenust suepruu. [loxoxum I1(@) = fo f(p) deo:
22
)
-5t @) =h
I'ne h — wavanpHbBIi 3amac monHOW sHepruw. Torma mepuoja KoseGaHHI MOXHO HAWTH 110

dhopmye:

T_Zfd_w
) 2 =Ti(e)]

I'me o v p — ToukH nepecedeHust 3aMKHYTBIX KPUBBIX ¢ 0ChI0 O¢ Ha (a30BOM MIOCKOCTH.
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Puc. 5. Dazosas nnockocmos

Ha puc. 5 npencrasiieHa ¢a3oBast IIIOCKOCTh, HA KOTOPOH N300pakeHBI BO3MOYKHBIEC KOJICOaHMs
OKOJIO OJHOTO WM HECKOJNBKHX MOJOKCHUH paBHOBECHs. 3aMKHYTHIE (Da30BBIC TPACKTOPHH —
cenmapatpucel. OHH pa3mersaoT obimactu (Pa3oBo TIOCKOCTH C  (a30BBIMH  TPaEKTOPHUSIMH
paszmuyroro tuma. Camu 1o cebe OHM HE SBJISIOTCS KPUBBIMHU, H300paKaIOMIMMHU peabHbIC
newkenus. [locnennue Bcera OTKIOHSIOTCS OT HUX [2].

3akiouenue

Ha mpuMmepe KOHKPETHOrO BHa MEXaHHM3Ma IUIAHETAPHOTO THIA OBUIM HCCIIEAOBAaHBI €ro
TIOJIO)KCHUSA paBHOBeCI/IH nu 6OJ'H)IHI/I6 KOHe6aHI/Iﬂ. B 3aBUCUMOCTHU OT 3aJaBaCMbIX yCHOBI/Iﬁ MO>XKHO
MONYYUTh TpeOyeMoe KOJIMYECTBO YCTOWYHMBHIX MOJOXKEHHH B COOTBETCTBYIOIIEM COCTOSHHH
cucteMbl. [lToMuMO ManeIx KoJieOaHMIT MeXaHU3Ma, TaK’Ke BO3MOXKHO TOJYYHUTh pa3HbIC OOJNBIIHE
KOJICOaHUST BOKPYT OJJHOTO HIIM HECKOJBKUX MOJIOKCHHUH paBHOBECHSI.

JlaHHBII MEXaHHM3M MOXET OBITh HCIIOJIF30BaH B 3ajaaye, TOe TpeOyeTcss MMETh HECKOJIBKO
YCIIOBHBIX YCTOHYMBBIX MOJOXCHUH, KOTOphIE HE HMCIOT JKECTKOTO 3aKpEIUICHUS U TPeOYIOT
OTIpENICICHHBINA MO(QT, HAPUMEP, B CEIBCKOXO3IUCTBCHHOM TexHHKE. CIOCOOHOCTh K OOIBIINM
KoJieOaHUSIM BOKPYT HECKOJBKUX TOJOXKEHUH pPaBHOBECHS MOXKET O0OECIeYWTh CrenuaibHBIN
IUKITUIECKUH pekrM paboThl TpeOyeMoro yCTponcTBa.

Cnucox numepamyput | References
1. Kyopssyes B.H., Kuposuues FO.H. IInanerapusie nepenaun. CipaBo4HUK. « MaIIHHOCTPOCHUE)»
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2. babakxos U.M. Teopus xonebanuii: yaeOHOe mocodue. 4-¢ us ., ucnp. M.: [Ipoda, 2004. 591 c.



COMPUTER SCIENCE, COMPUTER ENGINEERING
AND MANAGEMENT

AUTOMATION OF ACCOUNTING, INCIDENT MANAGEMENT
AND RISK ASSESSMENT IN THE FIELD OF ECOLOGY
Borisov 1.Yu. (Russian Federation) Email: Borisov51@scientifictext.ru

Borisov Ivan Yurievich — Student of Magistracy,
INFORMATION TECHNOLOGY DEPARTMENT,
SAINT-PETERSBURG STATE UNIVERSITY OF ECONOMICS, SAINT-PETERSBURG

Abstract: in the article the main problems of environmental accounting, control and monitoring in
production are analyzed, an analysis is made of how automated systems can help in this. The
urgency and necessity of automation of the ecological account at manufactures is proved. The
history of the development of environmental monitoring information systems and the main changes
in the approach to the automation of the work of environmental protection departments in recent
years are given. Describes the requirements for information systems that can help in this and what
opportunities they provide to business.

Keywords: ecology, environmental accounting, production, automated systems.

ABTOMATU3ALUSA YUETA, YIIPABJIEHUSA UHUUJIEHTAMUAU
N OHEHKH PUCKOB B OBJIACTHU DKOJIOI'MH
Bopucos U.10. (Poccuiickas dexepanms)

bopucoe Uean IOpvesuy — cmyodenm mazucmpamypel,
Kagpeopa unpopmamuxu,
Canxm-Ilemepbypeckuii 2ocyoapcmeeniviil IkoHoMudeckull ynueepcumem, 2. Cankm-Ilemep6ype

Annomayua: ¢ cmamve aHAMUUPYIOMCA OCHOBHBIE NPOOAEMbL IKOTOSULECKO20 YUema, KOHMPOiA
U MOHUMOPUH2A HA NPOU3EOOCMEAX, NPOBEOeH AHANU3, KAKUM 00paA30M aA8moMamu3upo8aHHble
cucmemvl  MO2ym NoMoub 8 3mom. J{okazvleaemcs aKmyamibHOCmb U Heo6X00uMocmb
asmomamuzayuy KOL02UUECK020 yuema Ha npouzsoocmeax. llpueooumcs ucmopusi pazeumust
UHPOPMAYUOHHBIX CUCEM IKOLOSUHECKO20 MOHUMOPUHSA U OCHOBHbIE USMEHEHUs NooXood K
agmomamuszayuy pabomel 0mMOeN08 OXPAHbl OKpyJcarweln cpedbl 8 NOCAeOHUe 200bl.
Onucvigaromes mpedo8anus K UHOOPMAYUOHHLIM CUCEMAM, KOMOPbIE MOV NOMOYL 6 DMOM, U
KaKue 603MOICHOCU OHU NPEOOCTNABNAIOM OU3HEC).

Kniouesvie cnosa: sxonozus, dKON02UMECKUU Yuem, HPOU3BOOCMIBO, ABMOMAMUSUPOSAHHbIE
cucmemui.

Beenenne. IIpoOmeMbl KOMIUIEKCHOTO MOAXO/JA K OXpaHE OKPYXKAIOIIEH Cpespl, OepeXHOro
HCIIOJIb30BaHMS BO30OHOBIIIEMBIX M HE BO30OHOBIISIEMBIX IPHPOJHBIX pecypcoB B XXI| Beke SBISIOTCS
OJJHUMH U3 CaMBIX aKTyaJIbHBIX MpoOieM B ymo0Ooi crpane. PenepanbHbiii 3akoH PO «OO6 oxpane
OKpY>KaloIlel Cpelbl» M Jpyrde HOPMAaTHBHO-TIPABOBBIE aKThl YCTAaHABIIMBAIOT, YTO JIF00ast
MIPOM3BOJICTBEHHAsT JIEATEIBHOCTh, KOTOpash KakMM-THOO 00pa3oM BO3/ICHCTBYET HA OKpPYIKAIOILYIO
cpeny, 00s13aHa CONPOBOXKAATHCS TIOCTOSIHHBIM SKOJIOTMYECKUM KOHTPOJIEM W MOHUTOPHHTOM. B cBsi3n
C 3TUM TIPEINPUSTUE JOJDKHO CIEIUTh 332 MCTOUYHMKAMM 3arps3HEHUH M NPOBOJUTH MEPONPHUATHS IO
CHIDKEHHUIO BBIOPOCOB M COPOCOB B OKPYIKAIONIYIO CPETy C IPOU3BOJICTBA.

Mouutopusar OC — 3TO MEpONIPHUATHS, KOTOPHIE MO3BOJISIOT KOHTPOJIUPOBATH CTETIEHb BIUSIHUSA
Ha OC BOKpYr MpPOHM3BOJACTBEHHOTO MPEINPHUATHS, & TaK K€ ONPENeisITh, KaK MOTYT IOBIHUATH
pasnMYHBIE HAPYIIEHWS U TPEBBINICHUS JOMYyCTUMBIX JHUMHTOB. Cdepsl IesITeNnbHOCTH
MPEANIPUATHH, KOTOPBIM TPeOyeTCsl BECTH SKOJIOTMYECKUI KOHTPOIb JOCTATOYHO HIMPOKH, K HAM
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OTHOCHTCSl ~ JHEpPreTH4eckass  IMPOMBIIUICHHOCTb,  XHMHYECKas,  LEJUIIOJI03HO-OyMaxKHas,
HedrerazoBasi, MalIMHOCTPOCHHE, METALIyprus W jap. VMEHHO Ha 3THX IPOM3BOJICTBEHHBIX
IUTOINAAKAX JOJKCH OBITh BEICOKOKITACCHBIN SKOJIOTUYCCKHI MOHUTOPHHT [ 1].

MOHHUTOPHHT OKpY)KaloIllel cpenbl IMoJpa3yMeBaeT KOHTPOJIb OTKJIOHEHWI OT 3aJaHHBIX
rapaMeTpOB, OCTOSIHHBIN KOHTPOIBb TeKylero coctossHus OC u nporHo3upoBanue Oyaymux. s
MOCTPOCHHUA TAaKWX TIPOTHO30B TpeOyeTcs paccMaTpuBaTh OOJIBIIOE KOJIMYECTBO (PAKTOPOB,
KOTOpBIE MOTYT BIIMATH Ha 3KOJIOTHYECKYIO CHTYAIIHIO, HO ONpeJeNeHHe (pakTOpOB HE JOCTATOUYHO
— Hy’KHO ITOCTPOUTh MHOTO(AKTOPHYIO IPOTHO3HYIO MOAENb, YTO JOCTATOYHO CIIOKHO CHENaTh 0e3
HCTIONIH30BaHMA aBTOMAaTH3HPOBaHHBIX HH()OPMAMOHHBIX CHCTEM.

AKTYaJIbHOCTb AaBTOMATH3ALMH IKO0JIOTHYeCKOro y4yera

Cucrema aBTOMAaTH3MPOBAaHHOTO MOHUTOPHHTA U KOHTPOJUIMHTA JOJDKHA UMETh OOIIMPHBIHA
¢yHKIIMOHAN: cOOp JaHHBIX, XpaHEeHHEe, 00paboTKa, Imepeaaya U MpeAcTaBICHUE JaHHBIX IS
[0JIb30BaTesl B Pas3MYHBIX MpEeACTaBICHUSAX M pa3pe3ax. Cucreme TpeOyeTcss XpaHHUThH
0oJbIIME JaHHBIE C NPOM3BOJCTBEHHBIX IJIOMIANOK M OBICTPO MX 0OpabaThiBaTh B ciydae
HEO0OXOJUMOCTH, ONMOBEIATh MOJB30BaTeNsT M opraHbl Haazopa 3a OC o HpEeBHIICHUSX HIH
JIPYTUX HE OOBIYHBIX COCTOSIHUSX, A npenoTrspamenus YC. Bo3M0XHOCTB 7S MOJIb30BaTENSA
oToOpaxkaTh ¥ 00pabaThiBaTh HWHGOPMALUIO MO MPOU3BOJICTBEHHBIM JIMHUSM, YTOOBI
pa3pabaTeIBaTh MEPONPUATHS MO YMEHbIIEHHIO Bo3jaeicTBHH Ha OC ¢ moMouipio M3MEHEHUs
nporeccos uepe3 PLC (ACY TII).

INporecc aBTOMAaTH3NPOBAHHOTO YKOJIOTHYECKOTO MOHATOPHHTA M KOHTPOJUTHHTA BKJIIOYAET B CeOs:

— [lepBuunas 06paboTKa 1 HaOIIOICHUE;

—IIpenynpexaeHne 00 OTKIOHEHUAX OT HOPMBI;

— CucTeMHBIN aHAJIU3 U MHOTO(aKTOPHOE IPOrHO3UPOBAHUE PE3YNILTATOB HAOIIOACHUIA;

—Iloxneprxka NPUHSTHS PEILICHHUSI.

Cucrema NOJDKHA MOMOYbL COKPAaTUTh BpeMsi Ha cOop U 00paboTky MH(pOpPMAIMH, a TaKKe
YIOPSIIOYUTH MTOTOKH OOJIBIINX JaHHBIX, KOTOPbIE MPSIMO WJIM KOCBEHHO CBsizaHbl ¢ oxpaHoil OC.
Jist OONbLIONH KOMIAHUM, COAEpIKalleld NPOW3BOJCTBEHHbIE MNPEANPUSITHS B pasHbIX YacTAX
Poccun nnm Mupa, BaKHO HOTy4aTh KOHCOMUIHPYEMYIO OTYETHOCTH 10 BCEM IMPOM3BOJCTBEHHBIM
IUTOIIAJKaM KOMIIAaHWH, TEeM CaMbIM COKPAaTHB M ONTHMHU3MPOBAB 3aTpPaThl HA HKOJOTHYECKHUH
MEHEKMEHT. HecMoTps Ha TO, YTO Takas aBTOMATH3MPOBAaHHAs CHCTEMa peIIaeT O4YeHb
Cephe3HbIE MPOM3BOACTBEHHBIC BOIIPOCHI, OHA JOJDKHA OBITh MPOCTa M MOHSATHA, KaK IS PAIOBOTO
MOJb30BATeNs, TaK BBICIIETO MEHEPKMEHTa, KOTOPhIE BO3MOXXHO IUIOXO 3HAKOMBI C
nH(pOpPMAMOHHBIMH CHCTEMaMH.

Pe3tomupy1o BblllIeCKa3aHHOE, KQKI0€ MPOU3BOJICTBO CTAIKUBAETCS C MPOOIeMaMu:

—OtcyTcTBHe eanHOW 0a3bl JaHHBIX, a dalle TONbKO €€ TNPHUCYTCTBHE Ha OyMaXKHBIX
HOCHUTEJISX, 9TO MIPUBOAUT K CIIOKHOCTH MM HEBO3MOXXHOCTH MPOBEIEHHS KAYeCTBEHHOT'O aHAJIHM3a
U ayuTa y4erTa;

— XpaHeHue JaHHBIX Ha OYMa)KHBIX HOCUTEIISIX I B HECTPYKTYPHUPOBAHHOM BHJIE PUBOJUT K
TOMY, YTO (POPMHPOBAHHNE MEPHUOTUIHON OTYETHOCTH 3aHMMAET MHOTO pabo4ero BpeMeHH U JaeT
HE TOYHBIE pe3yNbTaThl. JlaHHBIE pe3ysbTaThl MOTYT MOBJIEYb TOCYJapCTBEHHBIE MITpadbl 3a
HEKOPPEKTHBIE JaHHBIE B OTYETAX;

—HeB0o3MOXXHOCTH MOHHTOPHHTa M KOHTPOJUIMHTAa B PEAIFHOM BpEMEHHM, CJIEJOBATEIbHO,
HEBO3MOXHOCTH YIPABJICHUS PUCKAMH.

— COop ¥ XpaHEHHE JIAaHHBIX B Pa3HBIX MECTax HE NO3BOJIIET aJlallTUPOBATLCS U pearupoBarh Ha
NpPEBBIIICHUST  Pa3pelIeHHBIX JIMMHUTOB, B  CIEICTBHE, TOCYAapCTBeHHble wmTpadpl 3a
CBEPXHOPMAaTHBHBIC 3HAYCHUSI;

— [Mony4enHnyo MHGOPMAIUIO HENb3sI CYUTATh HENOCTHOW W JIOCTOBEPHOMU, TaK KaK JBOWHOM
WA TPOWHOM BBOJ MPUBOIUT K OOJBIIOMY YHCITY OIIHOOK;

— HeBo3MOXXHOCTh aHaJM3a HCTOPUYECKUX JaHHBIX (OOJbIINE [aHHBIE), KOTOPHIE CMOTYT
MOKa3aTh TPEHJ M3MEHEHMH IEpHOAOB M TMOKa3aTelel, K KOTOPBIM HY)KHO TIIaTesbHEES
NIPUTIISBIBATECS U aHAIN3UPOBATD;
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—ClOo)XKHOCTH B COCTaBJICHME OTYETOB, B CBSI3W, C UYeM TpeOyercsl IpHBJICYCHUE
JIOTIOJTHUTEIbHOW paboyel CHiIbI ISl COCTAaBICHUS TOJOBOW OTYETHOCTH WM Hepelada 4acTH
paboTHI Ha ayTCOPCHHT.

KpynHble KOMIIAHUM CTAJIKUBAIOTCS C JOIOJIHUTEIEHBIMEI IPOOIEeMaMu:

— dopMHpoBaHHE KOHCOJMIUPOBAHHOM OTYETHOCTHM IPAKTUUYECKH HE BO3MOXKHO WM
TPYZIO3aTpaThl HECOM3MEPUMBI C TOJYYEHHBIM pPE3yJIbTaTOM, YTO NMPHUBOJUT K HEBO3MOXHOCTH
KOHTPOJISI TPYTIIBI IPOU3BOJICTB;

— bromxeTnpoBaHne W NMPOTHO3MPOBAHHE HETATHBHOTO BO3JCHCTBHSA XOJAWHIA Ha Oymymiue
MIEPHOABI TPYA03aTPAaTHO U HE TOYHO;

—CnoXHOCTH € OTpaKCHHWE CBOAHBIX TaOMUI W PE3yIbTATHBHOCTH IPOHM3BOJCTBEHHOU
JIESITEIEHOCTH XOJIIUHTA.

Pewnts Bce npoOIieMbl ITpeicTaBlIeHHBIE BBIIIE JOJDKHA TOMOYb aBTOMaTH3UPOBaHHAsl CUCTEMa
9KOJIOTUYECKOTO y4eTa, B CBA3M C OTUM K BBIOOPY CHCTEMBl HYKHO MOJOHTH CO Bcel
OTBETCTBEHHOCTBIO U OIIEHUTh BCE PUCKU BHEAPEHUS TOTO WM MHOTO MPOTPAMMHOTO MPOIYKTa.
Astomatmzaiusi OOC u OTAeNbHBIX OM3HEC-TpoIeccCoB Hauanock emie B 90-x rr. CHavana ObLIN
MOIYJIIPHBI CUCTEMBI TI0 aBTOMAaTH3allMU OTACIBHBIX MPOLECCOB, HAIIPUMEpP pacueT IUIaTexel 3a
HeratuBHOoe Bo3zeiictBue Ha OC, mepBHYHBIH ydeT cOpPOCOB, BBIOPOCOB M OTXOMOB, Y4YeT
HUCTOYHHUKOB Bo3aelicTBus Ha OC.

OpmHUME U3 TIePBBHIX KOMITaHUH Ha peIHKE B AaHHOU obmactu Opiti: OOO «ABHAMHCTPYMEHT»
(«Okomornueckas O6e3omacHocTh»), HIIIT «Jlorye» (IIK «Kemp»), OO0 «KomDxo» (IIK cepun
«Oxochepa»). Pa3paboTkn JaHHBIX KOMIAHMHA OBUIM 3aKphITBI OT MAacCOBOTO pBIHKA |
pa3pabaThIBaIKCh 10T KOHKPETHOTO 3aKa34nKa M «3aTOYEHBD 01 KOHKPETHOE MIPOU3BOJICTBO.

3a mociemgHue 10-15 ;mer KoJAMYECTBO  NPOrpaMMHBIX  NPOAYKTOB  HA  pBIHKE
aBTOMATU3MPOBAaHHBIX MH(POPMAMOHHBIX cucteM oxpaHbl OC yBENMYMIIOCH BO MHOTO pa3 Hu ¢
KaXIbIM I'OZIOM NpoJoiDKaeT pacTu. CaMoe INIaBHOE, YTO U3MEHHJICS caM IOAX0]] K aBTOMATH3aIIH
OOC 0T (YHKIIMOHAIBHOTO K ITPOIIECCHOMY.

Ha maHHBIN MOMEHT Ha PBIHKE MPOTPAMMHBIX MIPOAYKTOB JUISI aBTOMATU3AIINH 3KOJIOTHIECKOTO
ydueTa MOKHO YBHJIETh SIBHOE pasfiefieHue Ha TpH kateropun UT-pemennii: orpaciessle, 3aKa3HbIe,
ERP-pemenus.

OtpacieBble pemIeHWs] pPAacCUMTaHbl HA aBTOMATH3alMi0 OW3HEC-TIPOLECCOB, KOTOPHIC
CBOHCTBEHHBI TOJIBKO KOHKPETHOW OTPACIM MM Y3KOCIICIHATIM3NPOBAHHOMN JiesiTenbHOCTH. Takoe
UT-pemenne He AOMycKaeT TUPAXUPOBAHUE Ha INPEINPUATHS Apyrod chepsl AesrenbHocTH. B
TaKAX pEHICHUSAX OyAeT MpPHCYTCTBOBATH MOAYINB, CBs3aHHBIH ¢ oxpaHoii OOC, HO Oymer
BBICTPOEHA B3aHMOCBSI3b B IIpeJiesiaX OJHON Cephl AEATEIbHOCTH.

3aka3Hble PEIICHNS TI0 CBOMM IIEJISIM M 33/1a4aM CXOXH C OTPACIeBBIMH PEIICHNUSIMHU, HO KIIFOUEBOE
OTIMYME 3aKIouaeTcs B TOM, uTo JaHHoe MT-pemenHue paspabaTeiBaeTcs TOJ KOHKPETHOE
MPOM3BOJICTBO M KOHKPETHOIN KOMITAHWH-3aKa34MKa, TAaKOe PEIICHHE He MPOXOJUT IMpeIBapHTEIHHOE
TECTHPOBAHUE HA JAPYTHX MNPEANPUSTHSIX, TO3TOMY BCE PHUCKH OepeT Ha CeMs KOMIIaHUS-KIHMEHT.
Jannoe U T-pemrenne He OyaeT JOCTYITHO Ha Macc-MapKeTe JUIs IPYTHUX TPOM3BOJICTB.

ERP-pemenne — sto kpynusie UC, KoTOpbIe BKIIOYAIOT B ce0sl OOJIBIION IIepeueHb MOTyJIeH,
KOTOPBIMH MOKHO aBTOMaTHU3MUPOBATH MOYTH BCE OM3HEC-NPOLIECCH KOMITAHMH IO/ CBOU HY>KIBI.
JlanHOe pemreHre oOJeryaeT MHTETPAlMI0 C JPYTUMH MOXYIAMH (OyXxranTepus W HajorH,
YIpaBieHUs] NEPCOHAJIOM, YIpaBleHHE MaTepuallaMHi W 3aracaMH, JIOTUCTHKA, IUIaHUPOBaHHE
PEMOHTOB M HMX MarepualbHOe obecnedeHue u ap.). B Poccum akryanbHa WHTETpamus c
(DMHAHCOBBIM MOJTYJIEM JUIS IIPOBEECHUS OyXraJlTepCKHX MPOBOJOK. JlaHHAs MHTErpanus IMO3BOJIUT
aBTOMaTH4YecKoe (OPMHUpPOBAHME INIATEeXKeW 3a HeraTHBHOE BozaeiicTBue Ha OC, monb30BaHUE
BOJIHBIMH O0BEKTAMHU U JIp.

BbiBoa. Pemenne nmpoGiieM 3KOIOTHYECKOTO MOHHTOPHHTA M KOHTPOJUIMHTAa HEBO3MOXKHO 0e3
HCTIONB30BaHUSI COBPEMEHHBIX WH(MOPMAIMOHHBIX TEXHOJIOTHH. [ MOIy4eHMs LEeIOCTHOH M
noctoBepHON cuTyarmu cocTtossHEs OC, ee MPOTHO3WPOBAaHWE W KOHTPOJh Ha MPOM3BOJCTBE
TpebyeTcs UCIOIb30BaTh BCE METObI, KAK CTATHCTHIECKOTO YUETa, TAK U HKOJOTHIECKOT0, YTOOBI
OblIa BOBMOYKHOCTh OLIGHKM M aHaJIN3a Pe3yNbTaTOB B Pa3iIMYHbIX paspe3ax. Kaxnmas kommaHus
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Abstract: in the process of cementation oil wells, the mixture (oil well cement slurry) is pumped
into deep depths that may be exceed 6000 m and exposure to high temperatures. This depth and
this temperatures effects role of the mixture during the process of cementation, especially on the
flow characteristics of the mixture which included variable Yield stress ,viscosity, thixotropic and
gel strength of oil well cement, therefore the chemical additives help to develop the properties of
the mixture to resist these conditions to develop the properties of the mixture, In these experiments,
4 different chemical substances were used, one of which was a natural material (fly Ash) and
laboratory working conditions were at different temperatures, Four different mixing ratios were
used for each chemical to obtain accurate results. It was found that the properties of mixture
depend on the water cement ratio (w/c) and the temperatures so this study aims to be more effective
in improving the properties of oil well cement slurries at all test temperatures.

Keywords: cementation, yield point, apparent viscosity, admixtures, shear rate.

BJIUAHUE IIPUMECH HA CYCIIEH3UIO B IEMEHTHOM
HE®TSAHOU CKBAYKUHE
Ann-Mona Y.I[.l, KostocoBa H.B.2 (Poccuiickas ®enepanus)

YUnv-Fooa Yeama Jocabbap Xaou — mazucmpanm,
Kageopa cmpoumenbcmea YHUKAIbHbIX 30AHUL U COOPYIICEHUT, UHICEHEPHO-CIMPOUMETbHbLIL paKynbmem,
2Konocoea Hamanws Bopucosna — ooyenm,
nouémmblll pabOMHUK 8blCULe20 NPOpeCcCUOHATbHO20 00pazosanus P®, cmapuwiuil npenodasameins,
Kagedpa cmpoumenbcmea YHUKATbHbIX 30aHUL U COOPYHCEHUI,
Canxm-ITemepbypeckuii 20cydapcmeentblii norumexnudeckuil ynusepcumem um. Ilempa Benukoeo,
2. Canxm-Ilemepbype

Annomayun’ 6 npoyecce YeMeHMUPOBAHUSL HEPMAHBIX CKEANCUH CMeCb (YeMEeHMHAS CYCheH3Usl
HepmMAHOU CKEANCUHDL) 3AKAUUBAENCA HA 21yOuHbl, Komopvle mocym npesviuams 6000 m, u
n006ep2ambCst B030€UCMBUIO 8bICOKUX memnepamyp. Oma 2iyouna u smu memnepamypuvl Giusiom
Ha poib cMecu 6 npoyecce yemenmayuu, 0COOEHHO HA XAPAKMEPUCMUKU MeKYYecmu cMecu,
KOMOpas GKA0YAen NepemMeHHoe HANPAJNCeHUe MeKyyeCmu, 6513K0CMb, MUKCOMPONKYIO U 2ele8yio
NPOUHOCHIb HEPMAHO2O YEeMEHMA, NOIMOMY XUuMudecKkue 000aA6KU NOMO2AIOM paA38UMb C8OLCMEA
cmecu, umobbl NPOMUBOCHOSANb IMUM YCIOSUAM. B amux skcnepumenmax ucnonv3oeanuce 4
PA3HBIX XUMUHECKUX 8eUiecm8d, 0OHO U3 KOMOPLIX OblI0 NPUPOOHBIM MAMEPUATIOM (30]bHAS 3014),
a Jnabopamopuvie Ycrosus pabomvl ObLIU NPU  PAHBIX MEMNEPAMYPAX, UYemvlpe pPA3HbIX
COOMHOWEHUL CMEUUBAHUSL ObLIU UCHOIbL308AHbL OISl KANCO020 XUMUHECKO20 6eeujecmea Ois
NONYHeHUsl MOYHbIX pe3ylbmamos. bwiio obnapysceno, umo ceoticmea cmecu 3agucsam om
COOMHOWEHUS YEMEHMHO20 PACBOpa 800bl (W/c) u memnepamyp, nOSMOMY MO UCCLe008aHUE
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HanpaeieHo Ha Oonee 3Ppekmuenyo pabomy no YIyYeHUIo C8OUCME YEeMEHMHBIX PACMEOPO8
HeQMAHbIX CKEANCUH NPU 6CEX MEMNEPAmypax UCHbLMAaHUlL.

Knruesvie cnosa: yemenmayus, npeden mexkyuecmu, KaxCyuasacs 63K0Cmby, NPUMecu, cKOpochns
cosuaa.

Introduction

The process of cementation oil wells is one of the most important and critical drilling operations
in the oil well, which depends directly on the cement material after the eruption that occurred in the
Gulf of Mexico 2010 and its 2009 found that the main reason for the weakness of the process of
naming and the role of cement for this to play chemicals has an important role in improving the
properties Mixture and cement properties, according to the American Petroleum Institute.
However, oil well cement slurry rheology is more complicated than that of cement paste [2-3-5].

In order to contend with bottom hole conditions (wide range of pressure and temperature), a
special class of cements called oil well cements oil well cement slurry ), specified by the American
Petroleum Institute (API) (APl Specification 10A, API, 2002) [4-6] and various additives are
usually used in the slurry composition. Among the eight different types of available oil well
cement, class G and H cements are usually specified for deeper, hotter and higher-pressure well
conditions (Lafarge, 2010) [15]. A thorough review of the types of admixtures used in the
petroleum industry and the rheology of OWC slurries has been provided in the literature (e.g.
Guillot, 2006; Nelson et al., 2006),[6-7] but comparing the effects of different admixtures on the
rheological properties of oil well slurries at different temperatures remains largely unexplored A
series of Flow tests using an advanced rheometer was carried out to determine the optimum dosage
of admixtures at various temperatures.

Pressure has been found to have a less significant influence on the rheological properties of
OWC slurries in comparison with that of temperature (Guillot, 2006; Kellingrayet al., 1990; Ravi
and Sutton, 1990) [6-7-8].

This study also describes the reactions that occur between the used cement type according to
specifications of the American Petroleum Institute (API) and the chemicals used [4-5]. This study
has improved the understanding of the effect of chemical additives on the oil well cement slurry,
chemistry of clay at high temperature to be obtained.

The Bingham plastic model and thepower law are widely used to describe the rheological
properties of cement slurries (Guillot, 2006) [6-7]. The Bingham plasticmodel includes both yield
stress, ty and a limiting viscosity, finite shear rates, which the power law model fails to consider.
Therefore, the Bingham plastic model was used to calculate the yield stress and plastic viscosity
from the shear rate—shear stress down-curve.

The down-curve was chosen since it better fits the Bingham plastic model than the up-
curve. The down-curve is normally lower in shear stress values than the up-curve because of
the breakdown in the slurry structure due to shear flow. The degree of thixotropic behavior
measured by the hysteresis loop, which is the area enclosed by the up and down curves (Saak,
2000) [9-10], indicates a breakdown of structure. Conversely, are verse hysteresis loop
indicates that the structure of the material stiffens when sheared due to a mechanism
ofthixotropy build-up (Eirich, 1960) [11]. The reverse hysterias is behavior is called anti-
thixotropic or rheopexy (Ferguson and Kemblowski, 1991).

In this study, three chemicals and a natural material were used separately at the same
temperature and an initial model was adopted without any additions for the purpose of
approaching the final results. Tests were conducted according to the American Petroleum
Institute(API1). Specifications and materials according to the American Materials Institute
(ASTM). Preparation of the mixture directly affects the results. Preparing the mixture
according to the American Petroleum Institute (API)

Materials

1- Cement

Cement used in this study using class G (API Class G) [4] oil well cement with a specific
gravity of 3.14. The chemical and physical properties of this cement are summarized in Table
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2.1 accordind API. Indicated that cement used was tallying API requirements. In table 1 Test
were done to check storage efficiency, small cans closed were used in the laboratory in order
to avoid moisture.

Table 1. Test result Physical properties for cement G

Physical properties for cement G Test result
Free water content with 0.4 w/c 1.2
Compressive strengt_h at 8 hours @ 38 Cand 1600 psi
atmospheric pressure(psi)
Thickening Time (min) 105 min

2 - The admixtures used are listed here

- Retarding admixture: according on specification of (ASTM) C494 type B only retarding , use
different % By weight of cement (potion ) was (0.5,1,2,2.5,3).the company product BASF. (RTD)

- Water reducing admixture: according on specification of (ASTM) C494 type A, use
different % By weight of cement (potion) was (0.5,1,2,2.5,3).the company product BASF (WRTD).

- Rheoplastic admixture according on specification of (ASTM) C494, use different % By
weight of cement (potion) was (0.5,1,2,2.5,3).the company product BASF (RHP).

- Fly Ash: Fly ash(CFA) is the residue from coal fired power stations. Millions of tones of the
stuff is produced each year which used to all end up in landfill. Fly ash is a ‘pozzolan’ which is
material containing silicon dioxide that, when mixed with water and lime forms a cement like
material. according on specification of (ASTM) C494[4-5-7].

3-Water: use clear water not have organic materials the percentage of water on water cement
ration [17-18]

Mixing and procedure

In the first, the mixture is prepared. The mixing method and the mixing time greatly affect the
results of the laboratory. There are two kinds of dry and liquid additives. In the beginning, the
cement is added to the water according to the quantity of the experiment. The continuous stirring
by plastic shovel and removing all the feeders around the walls [4-5-6]. Determined proportions
Manual mixing continues for 5 mint the temperature of the room is up to 20C and the examination
is done at different temperatures (20-40-60) The speed of the drum machine 200 cycles per minute
The time in all experiments is constant to avoid external variables After mixing and
preconditioning, the cement slurry sample was placed in the coaxial cylinder of the rheometer. The
temperature of the rheometer was adjusted to the required level. Viscosity measurements were
taken at 20different shear rates starting from 5.11 to 511S™ s21 after continuous rotation of 10 s at
each speed. Subsequently, the data were measured at a descending shear rate from 511 to5? 11 s21
to obtain the down-flow curve. The hysteresis loop thus produced was used to characterize the
thixotropic of the cement slurry (Saak, 2000) [14]. Initial model is initialized at the beginning of
laboratory work of cement and water only without additives to compare the results with the new
results after the addition of optimizers

Results and discussion

1- The effect of tempter and water cement ratio on yield stress and plasticity of slurry ,

In order to examine the effects of the w/c and temperature on oil well cement slurry rheology
,neat cement slurries were prepared without any chemical admixtures. Cement slurries with
different w/c at various temperatures showed significantly different rheological properties.
However, regardless of the w/candy temperature, used 2 (w/c).35,45.
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Table2. Generated (a) yield stress and (b) plastic viscosity fromBingham model

Temp.(c) wic Yield stress (pa) Plastic viscosity(pa.s)
20 0.35 28 0.07
0.45 28.5 0.075
40 0.35 31 0.068
0.45 32 0.063
0.35 46 0.038
0
6 0.45 48 0.037
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50
a0 AW2
3
o 30 3
o
= 20
10
0 2 2
a 0,5 1 2 2,5
“BEWC WRTD
Fig. 1. Effect temp and %BWC. On yield stress (pa)
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Fig. 2. Effect temp and %BWC. On Viscosity (pas)
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Conclusions

There are many factors that affect the characteristics of the mixture, including temperature, type
of cement used, chemical composition of cement, chemical additives, compatibility of chemical
additives, cement, mixing methods, mixing time, human errors and other factors affecting the flow
characteristics in this study show the effect of chemical additives, The characteristics of the flow
are significantly increased, and these properties are increased non-linearly with heat, the chemical
residues significantly affect the performance of the mixture at all temperatures, super acting as a
catalyst for the mixture and thus increasing the performance condition Pumping process does not
continue for a long time, fly ASH was found that use gives good results and batter than chemicals
and is considered a cheap material so we recommend to use it,

There are many experiments that must be done in order to have a complete picture on the
subject, including the importance of the time of cohesion. The resistance to compression is
presented in a later article.
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Abstract: recycling of concrete debris can make a contribution to reduce the total environmental
impact of the building sector. The use of demolished concrete debris as aggregates in concrete
results in significant economical and environmental benefits. Reuse of Construction waste gives
two aims, the first is to remove large quantities of pollution resulted from these waste, the second
provides cheap resources for concrete aggregates. In present work, an attempt has been made to
study the effect of recycled aggregate on behavior the properties of concrete. The experimental
program includes using the Pozzolana and replacement of natural aggregates by recycled
aggregates. Five aggregate replacement of 0%, 25%, 50%, 75% , 100% were accounted in
experimental program. Experimental results show up to 23% reduction in compressive strength,
24% reduction in split tensile strength, 20% reduction in modulus of elasticity and when use
Pozzolana due to increasing the properties of concrete.

Keywords: Recycled aggregate, construction material, concrete, recycled aggregate concrete
(RAC). Pozzolana, compressive strength, modulus of elasticity.

HNCIIOJIB30OBAHUE TIEPEPABOTAHHOI'O ATPETATHOI'O BETOHA
I'pantn A.A X! Koaocosa HB.? (Poccuiickas dexepanus)

Yrpaumu Anu A66ac Xycceiin — macucmpanm;
2Konocosa Hamanws Bopucosna — ooyenm,
nouémuulli pabomHUK 8biCUIE20 NPOPeccUoHanIbHo20 06pazosanus P®, cmapwuii npenodasamens,
Kagheopa cmpoumenbcmea YHUKANbHBIX 30AHUL U COOPYIHCEHU, UHICEHEPHO-CIMPOUMenbHbll hakyibmem,
Canxm-Ilemepbypeckuil 2ocydapcmeennvlil norumexuudeckuil ynugepcumem um. Ilempa Benukozo,
2. Canxm-Ilemepbype

Annomayus: ymunuzayusi 6€mOHHO20 MYCOpd MOJCEN GHECMU GKIAO 6 CHUJICeHUue o00ue2o
6030€licBUst CIMPOUMEeNIbHO20 CEeKmopa Ha OKpyscarowyio cpedy. Hcnonvzosanue cHecenmbix
OemonHbIX 00JIOMKO8 8 Kayecmeae azpe2amos 8 KOHKPEMHbIX Pe3ybmMamax umeem 3HaqyumenbHle
IKOHOMUHeCKUe U IKoNo2udeckue npeumywecmsa. Iloemopnoe ucnonv3osanue CmpoumenrbHbix
omx0008 umeem 08e yeuu: nepedst 3aKIo4aemcsi 8 YOaieHul 6OIbUO20 KOIUUeCmea 3a2psa3Henull,
BBI3GAHHBIX IMUMU OMX00AMU, 6mMopasi obecneuugaem oewiegble pecypevl Osi KOHKDEMHbIX
azpecamos. B nacmosweii pabome 6viia  NPeOnpUHAMA  NONBIMKA — U3YYUMb  GIUSHUE
nepepabomanHo20 azpe2ama Ha nogedeHue ceoucme bemoHd. DKCHePUMEHMANIbHAS. NPOSPAMMA
gkniouaem 6  cebsi  UCNONb306AHUE NO330]AHA U 3AMEHY  HAMYPAIbHBIX — ASPe2amos
nepepabomanHbiMu  azpezamamu. B oxcnepumenmanvnoli npocpamme ObLIO  YUmMeHO NAMb
acpecamuwix 3amen 6 0%, 25%, 50%, 75%, 100%. Oxcnepumenmanvhvle pe3yibmamsi
HOKA3bI8AIOM CHUICEHUE NPOUHOCTU cocamust Ha 23%, yMeHblleHUe pa3pbléd HaA paACmsdCeHUe Ha
24%, ymenvuienue moodyas ynpyeocmu Ha 20% u uchonvzosanue no330iaHa 3a cuem yeeauyeHus
ceoticme bemona.
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Knrwuesvle cnoea. nepepabomanmvlii acpecam, KOHCMPYKYUOHHbIL —mamepuan, OemoH,
nepepabomannviii acpecamuviti 6emon (RAC). Ilozzonana, npounocms Ha cocamue, MOOYIb

ynpyeocmu.

Introduction:
Recycling as part of environmental considerations has become a common feature in the

construction industry. Use of recycled aggregate with natural aggregate in concrete may be useful
for environmental protection. Recycled aggregates are the materials for the future. By collecting the
used concrete and breaking it up. In this study focuses on coarse RCA which is the coarse
aggregate from the original concrete. The use of recycled aggregate has been started in a large
number of construction projects of many European, American and Asian countries, these countries
have gained many experiences on application of RAC in their construction industry [1, 2, 8]. Most
of properties of recycled coarse aggregates are similar to the properties of natural coarse
aggregates.

Advantages of recycling of construction materials:

e Cost saving: - There are no detrimental effects on concrete & it is expected that the increase
in the cost of cement could be offset by the lower cost of Recycled Concrete Aggregate (RCA).

e Save environment: - There is no excavation of natural resources & less transportation. Also,
less land is required.

e Save time: - There is no waiting for material availability.

Disadvantages of recycling of construction material

e Less quality (e.g. compressive strength reduces by 10-30%).

e Very high-water absorption (up to 6%).

e Land, special equipment machineries are required (more cost) [3].

Objectives of the study: -

e To find out the % use feasible for construction.

e To carry out different tests on recycled aggregates & natural aggregates & compare their
results.

Experimental Program:
The main object of this study is to compare the properties of concrete with different amount of

recycled aggregate. Two concrete groups were tested within the research program. Every group had
five types of concrete as given in Table-1.

Table 1. Percentage of aggregate used in each mix

Type of Mix
Group t _ _ _ _ _
aggregate Mix1 | Mix2 Mix3 Mix4 Mix5
0, 0, 0, 0, 0,
Group 1 without Pozzolana NA 100% 5% 50% 25% 0%
RCA 0 25% 50% 75% 100%
Group 2 with 15% NA 100% 75% 50% 25% 0%
Pozzolana RCA 0 25% 50% 75% 100%

1. Materials Used
1.1- Cement: In this research ordinary Portland cement (OPC) (Type 1) manufactured by Kufa

Factory. The chemical composition and physical properties are given in Tables (2) and (3),
respectively. Test results indicate that the adopted cement conforms to Iragi specifications (1QS

No.5/ 1984) [4].
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Table 2. Physical properties of cement

. . Limit required by Iragi standard
Physical properties Test results o 5-1984
Fineness, m?/kg : (Blaine) 260 Min. 230
Time of setting, min : (Vicat)
Initial set 80 Min.45
Final set 170 Max.600
Compressive strength, MPa
3 days 184 Min.15
7 days 26.9 Min.23

Table 3. Chemical properties of cement

. . - Limit required by Iraqi
Chemical properties Present by weight standaﬁ’d n0.5-)1/984q
Silicon dioxide (Si0,) 21.267 -

Calcium oxide (CaO) 65.894 -

Aluminum oxide (Al,03) 3.684 -

Ferric oxide (Fe,03) 4.771 -

Magnesium oxide (MgO) 1.638 Max. 5.0
Sulfur trioxide (S03) 2.237 Max. 2.8

Loss on ignition 3.88 Max. 4.0
Insoluble residue 0.9 Max.1.5

1.2- Fine aggregate: Use river sand, and the natural fine aggregate from Al- Al-Akhdar region
was used throughout this work. The chemical composition and physical properties are given in
Table (4), respectively. Test results indicate that the adopted cement conforms to Iraqi
specifications (1QS No. 5/ 1984) and (ASTM C 127) [5].

Table 4. The properties of fine course aggregates

Propertie | g6 size Percent Limit of Iraqi specification No.45/1984
s ;
(mm) passing Minimum limit Maximum limit
10 100 100 100
4,75 97 90 100
) 2.36 78 75 100
grading 1.18 63 55 90
0.6 52 35 59
0.3 23 8 30
0.15 7 0 10
- . Bulk (oven dry basis) 2.7
Specific gravity »
Bulk SSD basis 2.73 accordance with ASTM
Apparent 2.79 C127
Water absorption % 1.28

1.3- water: Use the normal tap water in the concrete work.

1.4- Coarse aggregate:

Natural aggregate:

River crushed gravel was used as aggregate in natural concrete mixes. The particle shape of the
crushed gravel is angular and the surface texture is generally rough. The chemical composition and
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physical properties are given in Table (5), respectively. Test results indicate that the adopted

aggregate conforms to Iraqi specifications (1QS No.45/ 1984) and (ASTM C 127).

Table 5. The properties of natural course aggregates

. Sieve size . Limit of lraqi specification N0.45/1984
Properties Percent passing — — . i
(mm) Minimum limit Maximum limit
375 100 100 100
grading 20.0 98 95 100
10.0 40 30 60
5.0 4 0 10
Specific gravity Bulk (oven dry bfiSls) 2.61
Bulk SSD basis 2.67 )
Apparent 277 accordance with ASTM
Water absorption % 2.2 127
Unit weight (kg/m3) 1335

Recycled aggregate:

Recycled aggregate was prepared by crushing the cubes and cylinders made from natural
concrete manually. Crushing products were screened. In order to produce the recycled coarse
aggregate, the various size fraction was recombined to give a grading similar to that of the natural
crushed grave the chemical composition and physical properties are given in Table (6),
respectively. Test results indicate that the adopted aggregate conforms to Iraqi specifications (1QS
No.5/ 1984) and (ASTM C 127).

Table 6. The properties of natural course aggregates

Properties Sieve size Percent passing Limit of Iraqi specification N0.45/1984
(mm) Minimum limit Maximum limit
375 100 100 100
grading 20.0 96 95 100
10.0 45 30 60
5.0 6 0 10
Bulk (oven dry basis) 2.39
Specific gravity Bu[i;piig? o1 33613 accordance with ASTM
Water absorption % 4.5 127
Unit weight (kg/m3) 1280

2. Concrete Mix:

Two sets of mixtures were prepared:

o The first group used ordinary Portland cement and four different ratios of RCA (0%, 25%,
50%, 75%, 100%).

o The second group was used for normal Portland cement with the use of natural limestone as
addition to the mixture by 15% of the weight of the cement used by four different ratios of RCA.

3. Laboratory Tests:

Test on hardened concrete:

1. Compressive strength:

Compressive strength is defined as the maximum resistance of a concrete cube to axial
loading. For each group six concrete cube with dimensions (15*15*15CM) were prepared,
then manually pound on layers and then processed by placing them in water until the test date
according to ASTM C39 [6]. Three cubes (7 days) were examined, and three cubes (28 days)
were examined and each was average.
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2. Split Tensile strength test:

Split tensile test was conducted on specimens of size 150mm diameter and 300mm height. Six
concrete specimens were prepared, then manually pound on layers and then processed by placing
them in water until the test date according to ASTM C496. Specimen (28 days) were examined and
each was average

3. Modulus of Elasticity:

Modulus of elasticity test was conducted on specimens of size 100mm diameter and 300mm
height. Six concrete specimens were prepared, then manually pound on layers and then processed
by placing them in water until the test date according to ASTM C463. [7] Specimen (28 days) were
examined and each was average.

Table 7. The properties of natural course aggregates

Compressive strength Split tensile Modulus of
Group Mix (Mpa) (Mpa) elasticity (GPa)
7 days 28 days 28 days 28 days
Mix 1 (0% RCA) 27 36 2.8 30.9
Mix 2 (25% RCA) 26.2 35 2.6 28
Group 1l [ Mix 3 (50% RCA) 25.3 34 2.4 26.1
Mix 4 (75% RCA) 23.6 32.8 2.3 24.3
Mix 5 (100% RCA) 225 31 2.1 23.1
Mix 1 (0% RCA) 31 43 3.1 33
Mix 2 (25% RCA) 30 41 2.9 30
Group 2 Mix 3 (50% RCA) 27 36 2.6 28
Mix 4 (75% RCA) 25 35 2.4 26
Mix 5 (100% RCA) 23 32 2.33 25

Results and discussion:

Compressive strength:

Compressive strength is the major parameter which influences other properties of concrete.
Compressive strength of different concrete specimen with different recycled coarse aggregates (0%,
25%, 50%, 75%, 100%) was found to be respectively for first group 27 Mpa, 26.2 Mpa, 25.3 Mpa,
23.6 Mpa and 22. and for second group 31 Mpa, 30 Mpa, 27 Mpa, 25 Mpa and 23 Mpa. From the test
results, it is mean that when natural coarse aggregate is replaced with RCA, the compressive strength
is found to be reducing. The same was observed by many the earlier researchers. This may be due to
the fact that the reducing of normal strength concrete is caused by mortar failure. The bond between
mortar and recycled concrete aggregate is weaker than that of natural concrete aggregate. But many
researchers said on (High strength concrete), the concrete failure is due to aggregate crushing. In
group two when used Pozzolana (15% of the weight of cement) the compressive strength is found to
be increasing than in group one (fig. 1).
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Fig. 1. Variation of Compressive strength with % of RCA

Split Tensile strength:

Split Tensile strength of different concrete specimen with different recycled coarse aggregates
(0%, 25%, 50%, 75%,100%) was found to be respectively 2.8 Mpa, 2.6 Mpa, 2.4 Mpa, 2.3 Mpa
and 2.1 Mpa for first group and 3.1 Mpa, 2.9 Mpa, 2.6 Mpa, 2.4 Mpa and 2.33 Mpa second group.
Also, from the results, when natural coarse aggregate is replaced with recycled concrete aggregate,
the Split tensile strength is found to be decreasing. form the results of the second group was found
the use Pozzolana led to improve the value of split tensile strength (fig. 2).
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percentage of RCA %

Fig. 2. Variation of split tensile strength with % of RCA

Modulus of Elasticity:

Modulus of elasticity of concrete specimens with different recycled coarse aggregates (0%,
25%, 50%,75%,100%) was found to be respectively 30.9 GPa, 28 GPa, 26.1 GPa,24.3 GPa and
23.1 GPa for first group and 33 GPa, 30 GPa, 28 GPa, 26 GPa and 25 GPa for second group. from
the test results as same as a reduction of modulus of elasticity. when natural coarse aggregate is
replaced with RCA that time modulus of elasticity is found to be reducing. But when use Pozzolana
with RCA that time modulus of elasticity is found increasing (fig. 3).
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CONCLUSIONS:

From this we can conclude the following:

1 - Use of recycled aggregate up to 30% does not affect the functional requirements of the
structure as per the findings of the test results.

2 - Recycled aggregate without additions is not suitable for structural uses because of low
mechanical properties and is therefore more suitable for non-structural uses such as road works,
block construction, non-carrying walls, and mass dams.
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Abstract: embankment seated on soft clay may undergo large displacements both vertically and
horizontally. Several ground improvement techniques have been adopted to mitigate the
displacements. Stone columns provide an influential [1] improvement process for soft soils under
light structures such as road embankments or rail. In order to avoid dispersion of the stones into
the clay and to improve the stone columns as reinforcing elements, geogrids are used in this study
as an encasement of the stone columns. In this study analysis of an embankment resting on encased
stone columns ESC is investigated using finite element program "Plaxis 3D 2013". Examples of
model prediction and accuracy of finite element formulation were given. Then the transient
analysis of three-dimensional embankment problem supported on geogrid reinforced stone columns
has been carried out taking in to consideration the influence of some parameters on the long-term
behavior of the system, such as stone columns diameter (d).

Keywords: clay soil, stone column, embankment, geogrid, soil improvement.

MOBEJEHUE I''TMHUCTOM IMOYBBI, YCUWJIEHHO KAMEHHOU
KOJIOHKOM, TOKPBITON T'EOPEIIETKOM,
O/l CTATUYECKOM HATPY3KOU
KBa C.®.", Kostocos E.C.2 (Poccuiickas ®enepanus)

'Kea Cannu @axmu — cmyoenm,
cmpoumenvHulil paxyromen;
2Konocos Eszenuii Cepeeeguy - 0oyenm, cmapuiuii npenooagamens,
omaoen cmpoumenbcmea YHUKAIbHbIX 30aHUI,
Canxm-Ilemepbypeckuii 2ocyoapcmeenvill notumexHuyeckuil ynusepcumem um. Ilempa Benuxoeo,
2. Cankm-Ilemepbype

Annomayusn: HabepedicHble HA MASKOU 2UHE MO2YM NO08EPeambCsl DONbUWUM CMEUeHUM KAK NO
6EPMUKAIU, MAK U NO 20pU3OHMa. s ymeHvuleHuss cCMeuenuil Obli0 NPUHIMO HECKOIbKO
Memo0os [1]. Kamennvle KOLOHHbL UMEIOM 3HAYUMEIbHOE NPEUMYULECEO 8 YIIVUUICHUU MASKUX
nOY8 MO0 JNIecKUMU KOHCMPYKYUSIMY, MAKUMU KAK OOPOJICHblE HACHLINU UIU pelibCbl. Umobul
usbesicamv  pacceusanusi Kamuen 6 2IuHy U YCUIUMb KAMEHHble KOJNOHHbL, 8 Kayecmee
VCUMUBAIOWUX IEMEHMO8 8 IMOM UCCIEO08AHUU UCNONL3YIOMCS 2e0peuemKy KaK 00nuyosKa
KAMEHHbIX KOIOHH. B OanHoil pabome HACbinb HA KAMEHHLIX KOJIOHHAX U3YYAemCsi C
ucnoavzoganuem npoepammul «Plaxis 3D 2013». Ilpusedenvl npumepvl npedckazanus nogedeHus
MoOenu u onpedesieHa MOYHOCHb Memood KOHeUHuIX 3Jnemenmos. [lanee 6Ovll npogedeH
NepexoOHblll AHANU3 3A0a4lU MPEXMEPHOU HACHINU HA KOJOHHAX C YCUNCHHOU KAMEHHOU KOJOHHOU
U3 2eopewemK ¢ Y4emom GIUSIHUSL HEeKOMOPbIX NAPaAMEempos8 HA 00J208PEMEHHOe NO8eOeHUe
cucmemsl, MaKkux Kax ouamemp KoaouH (d).

Knrouesoe cnoeo: enuna, KameHHAsi KOIOHHA, HACLING, 2e0PEULemKU, VIYYIUEeHUE NOYEbI.
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Introduction

Because of the extreme increasing developments in occupied areas in the past 40 years, a
number of ports, dams, industries, and other infrastructure facilities are being built. The
construction on natural soft soil is considered a high risk and makes major problems to
geotechnical engineers when constructing large embankment on it, because of its low shear
strength and high compressibility.

In Iraq, there are more than 1400 km of new railway networks which are expected to be
constructed in the near future, in addition to the full rehabilitation of the existing network [5]. About
60% of the new network is located in the middle and southern parts of Iraq where most of the ground
is basically sedimentary, soft to very soft cohesive soils especially in areas close to the marshes [3]
and nowadays the new railway networks is in constructing progress at the southern part of Iraq.

A lot of soil improvement [2] methods have been used to deal with soft soil problems. The
improvement methods of the soft soil include soil replacement, sand drains, vacuum pressure,
preloading, dynamic compaction, lime stabilization, geosynthetic reinforcement and stone or
gravel columns [6].

The stone columns have stiffness and higher drainage ability than sand The stone columns have
stiffness and higher drainage ability than sand drains; therefore, ground [7] reinforcement by stone
columns solves the soft soil’s problems by providing advantage of reducing settlement and 2

Accelerated consolidation process [4] another feature of this method is the simplicity of its
construction. The use of [6] stone columns as a method of soft soil improvement has been
successfully implemented around the world. The stone column technique was developed in
Germany about 60 years ago.

1 Finite Element Model Verification

The verification of PLAXIS 3D for piled embankment problem was performed by comparing
with the experimental work of Hassan (2013). The problem was re-analyzed using PLAXIS 3D
2013. The same parameters employed by Hassan (2013) were re-used in the comparative analysis
and in the parametric study of this thesis as shown in Table (1).

2. Model test procedure

The model tests were carried out on natural soil and soil improved with ordinary stone columns
(OSC) and encased stone columns (ESC). A footing (250 mm>x600 mm) in dimensions was placed
in position on the surface of the embankment model so that the center of the footing coincides with
the center of the load cell and hydraulic jack (Figure 3.3). One dial gauge was fixed in the center of
footing to measure the settlements of plate. Loads were then applied through a hydraulic jack in the
form of load increments and measured by the load cell and recorded by load readout. During each
load increment, the readings of the dial gauges were recorded. The dial gauge readings were
recorded at the end of the period of each load increment. Each load increment was left for (5
minutes) or till the rate of settlement became constant.The model dimensions are 1500 mm in
length, 800 mm in width and 1000 mm in depth (Figure 3.3). Three embankment heights of; 200
mm, 250mm and 300 mm were tested for untreated embankment and reinforced by ordinary stone
columns (OSC) and encased stone columns (ESC), 600 mm the base length of embankment and
300 mm the top of it, the stone column was 70 mm in diameter d and 350 mm in length L, spacing
between stone columns S was taken equal to 2.5d with L=5d. The embankment was resting on soil
with undrained shear strength ~ 10 kPa.

3. Numerical modeling

Shows the three-dimensional finite element modeling of piled embankment system of Hassan
(2013) by PLAXIS 3D 2013. The numerical modeling consisted of four steps, the first step was
initial geostatic equilibrium, the second step was installation of stone columns as ‘‘wished-in-place
pile”’, the third step was modeling the embankment layers, the layers were 5, each layer was 1m in
height, the last step was modeling surface loading on the footing at the top of embankment, the
loading was (5, 10, 15, 20, 25, 30 and 35) kPa. In case of modeling (ESC), modeling geogrid
encasement for the stone columns and interface element phase was added. Plastic calculation type
was used in all phases. Figure 4 shows the finite element mesh which consists of 15-node
isoparametric elements.
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The results of the bearing pressure versus surface settlement of untreated and treated
embankments with different heights resting on soft soil are presented in Figures below It can be
noticed from these figures that there is a good agreement with Hassan (2013) experimental work
and PLAXIS 3D 2013 results.

4. Boundary conditions

In the finite element code, the same model is created as that constructed for the group column
plate load test in the field. The depth and width of the model and embankment are selected as
sufficient so that it acquires real behaviour of the model. Standard boundary option is selected in
the program. This boundary option models the top surface to be free of movement into all
directions, the 'embankment top surface' is free in all directions also. When considering the model
boundary in yz-plane, displacements in the x directions are limited to zero where displacements in
the y and z directions are free. All boundaries are modelled in the same manner. The bottom
boundary is fixed in all directions. It is of important that a suitable mesh size is selected that it is
fine enough to capture the real behaviour of the model where therewithal the analysis time does not
become unreasonable. Due to that reason the global mesh coarseness is selected in the medium
range, in addition, the software automatically refines the critical areas in the model. The created
geometry of the model and the generated mesh used in analyses are presented in Figures below (a)
and (b), respectively.

@ (b)
Fig. 1 (a) Input geometry of the analyzed model in PLAXIS 3D (b) Generated mesh

Loading
frame and
system

Load cell

Steel
container

Fig. 2. Experimental test container and loading system (after Hassan, 2013)
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Table 1. Material parameters for the numerical analyses (After Hassan 2013)

Propeties Soft clay Embankment fill Stone column
Unsaturated unit weight
yunsat (kN/m3) 13.24 21.83 144
Saturated unit weight, ysat
(kN/m3) 18.85 24.22 15.7
Material model Harsd(?ir:mg Hardening soil Mohr-coulomb
Drainage type Und(g)med Drained Draind
E(kpa) - - 150000
E50 ref (kPa) 600 10000 -
Eoed ref (kPa) 1425 10000 -
Eur ref (kPa) 1800 30000 -
Power (m) 1 1 -
Cohesion ,Cu (kPa) 10 1 1
Friction angle, Qu (deg) - 40 41.5
Geosynthetic stiffness, J ) ) 68
(kN/m)

Fig. 3. Pattern of stone columns at s=2.5d

Surface load

Embankment

Stone column 560 mm

Soft clay

Fig. 4. Three-Dimensional finite element modeling of piled embankment system(L/d=8)
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Fig. 5. Results of bearing pressure versus surface settlement relationship of embankment model 200 mm high
resting on soft soil treated with ordinary stone column at (s=2.5d)(L/d=8)
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Fig. 6. Results of bearing pressure versus surface settlement relationship of embankment model 200 mm high
resting on soft soil treated with ordinary stone column at (s=2.5d)(L/d=5)
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Fig. 7. Results of bearing pressure versus surface settlement relationship of embankment model 200 mm high
resting on soft soil treated with encased stone column at (s=2.5d)(L/d=8)
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Fig. 8. Results of bearing pressure versus surface settlement relationship of embankment model 200 mm high
resting on soft soil treated with encased stone column at (s=2.5d)(L/d=5)

Analyses results

For each stresses applied, the resulting maximum deformation at the foundation is evaluated ,
the figures above shown the maximum deformation under applied stress ,A summary of settlement
results are given in Table of Hassan2013 Settlements evaluated from the finite element analyses
are compared to those measured during the group load test at the field and those obtained from
empirical correlations. Figures above shows the pressure - displacement curves resulting from
elastic settlement calculations, load test on group of columns with/without using geogrid material
and finite element model analyses, tabel below shows the final compare result between finite
element model and experimant result



Table 2. Final result of compare the result between finite element model and experiment result

Pressure Kpa
Settlement mm
5 10 15 20 25 30 35
Hassan2013 2 2.5 4 8 15 225 35
L/D=8
Without PLAXIS 3D 15 3 6 |11 | 16 | 25 | 37
Geogrid
d Hassan2013 1 | 25|75 |15 3| - -
L/D=5 PLAXIS 3D 15 | 2 | 8 | 18] 3| - -
Lid=8 Hassan2013 1 3 7 15 25 35 40
Encaed - PLAXIS 3D 2 3 11 20 27 39 49
with
geodrid L/d=5 Hassan2013 1 3 4 5 11 20 27
PLAXIS 3D 1 4 3 7 16 29 33
Conclusion

A set of three-dimensional parametric numerical analyses were performed on untreated soft soil
and soil treated with ordinary and encased stone columns. The long term behavior of embankment
resting on encased stone columns in terms of vertical settlement, lateral displacement, and excess
pore water pressure were studied. Parameters like stone columns diameter, distance between
columns, stone columns length, encasement, encasement length, encasement stiffness, undrained
shear strength, and soft soil permeability were examined.

From the present study, the following conclusions can be drawn:

1. The study shows that the time-dependent behavior of embankment resting on encased stone
columns can be analyzed using the finite element program PLAXIS 3D, and that the hardening soil
mode (HS) may provide a realistic stress distribution with the soft soil mass beneath the embankment.

2. The improvement in settlement of ESC increases as the spacing ratio of stone columns (S/d)
decreases. The highest percentage of decrease in settlement relative to untreated embankment of (L/d=5)
are found to be (49.83%) for S/d (2.5). On the other hand, the decreasing percentage of L/d=8) is (68.86
%) for S/d (2.5). The lowest value of settlement improvement ratio at failure was observed at S=2.5d for
a given embankment height, which represents higher degree of improvement.
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