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Hydraulic Engineering in Dam-Type Tidal Power Plant
Designs

By Alexander Yerkhov

Abstract- During the years of Soviet power, several tidal power plants were procured on the
territory of the RSFSR, but only one was built - experimental, despite several promising projects -
interest in TPP fell. Economic and demographic trends suggest an impending shortage of energy
resources in the world, and now in the foreign press they are increasingly discussing the results
of the work of existing TPP, studying the options for the layout of stations, the advantages and
disadvantages of various types of hydraulic turbines; the development of the theory of tidal
power plants is a problem of energy, construction science (and construction sciences), as well
as engineering: hydrology, geology, geodesy, geotechnics, ecology, hydraulics, etc., at each
stage of the life cycle of significant in different ways - before the commissioning of the structure
in the priority of engineering and construction sciences, and the emphasis in this work is on the
main aspect of the life cycle of the design stage, while the scientific novelty is to designate the
engineering hydraulics of TPP as a complex problem of system analysis.

Keywords: tide, pool, dam, hydraulic turbine, impeller, blade, power, energy, pressure, operation.
GJRE-E Classification: JEL Code: Q25
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Hydraulic Engineering in Dam-Type Tidal Power

Plant Designs

NHXEHEPHAS T'MIPABJIMKA B I[IPOEKTAX ITPUJIMBHBIX
OJIEKTPOCTAHLIMU TUNIOTUHHOI'O TUITA

Alexander Yerkhov

Abstract- During the years of Soviet power, several tidal power
plants were procured on the territory of the RSFSR, but only
one was built - experimental, despite several promising
projects - interest in TPP fell. Economic and demographic
trends suggest an impending shortage of energy resources in
the world, and now in the foreign press they are increasingly
discussing the results of the work of existing TPP, studying the
options for the layout of stations, the advantages and
disadvantages of various types of hydraulic turbines; the
development of the theory of tidal power plants is a problem of
energy, construction science (and construction sciences), as
well as engineering: hydrology, geology, geodesy,
geotechnics, ecology, hydraulics, etc., at each stage of the life
cycle of significant in different ways - before the
commissioning of the structure in the priority of engineering
and construction sciences, and the emphasis in this work is on
the main aspect of the life cycle of the design stage, while the
scientific novelly is to designate the engineering hydraulics of
TPP as a complex problem of system analysis.

Keywords: tide, pool, dam, hydraulic turbine, impeller,
blade, power, energy, pressure, operation.

Annomayus- B roabl COBETCKOH BJIACTH Ha TEPPUTOPHU
PCO®CP 0bL10 3anpoeKTHPOBAHO HECKOJbKO MPUJIHMBHBIX
3ﬂeKTp00TaHuﬂﬁ, HO IOCTPOC€HA TOJbKO OJAHA — ONbITHas,
HECMOTPS HA HECKOJBbKO NEPCNEKTUBHBIX MPOCKTOB, — HHTEPEC
k II9C ynan. DKoHOMHUKO-IAeMOrpauyeckue TeHIeHIUH
HABOJAT HA MBICJIb O NpeJcTosileM AedUIIUTE IHEPIropecypcoB
B MHpe, H YyXKe ceiiuac B 3apy0e:KHOIl medaTm Bcé OoJiblie
o0cy:k1al0T  pe3yabTaThl  padorsl  jeiictByomux I19C,
H3Yy4YalT BapUAHTbBI KOMIIOHOBOK CTaHHﬂﬁ, JOCTOMHCTBA H
HeI0OCTATKH Pa3HBIX THIOB THIPOTYPOMH; pa3BUTHE TeOPHH
NPWJIMBHBIX JIeKTPOCTAHIMIT — TpodieMa JSHePreTHKH,
CTPOMTEJIbHOH HAYKH (M CTPOMTENILHBIX HayK), a TaKikKe
MHKEHEPHBIX: THAPOJIOrHH, Ie0JI0rMH, reoe3ut, re0TeXHuKH,
3KOJIOTUH, TUAPABJIUKHA U T.A., HA KaKA0M JTale KUZHCHHOI' 0
IUKJIA 3HAYMMBIX II0-Pa3HOMY, — J0 BBOJAa COOPY:KEHHSI B
IKCIUIyaTaM0 B NMPUOPUTETE MHKCHCPHBIC M CTPOUTECJ/IBHBIC
HAYKH, U AKUEHT B JAaHHOH padore JejaeTcsi HA OCHOBHOM
ACMEKTE )KU3HCHHOI'0 HNUKJIA 3Tana NPOCKTUPOBAHUS, HAYYHAasA
’K¢ HOBHM3HA — O0003HAYUTb MHiKeHepHY ruapasauky I9C
KaK KOMILICKCHYIO IP00JjieMy CUCTEMHOI0 aHAJIN3A.
Knrouesvie cnosea. NpuIus, baccelln, niomuna,
euopomypouna, pabouee Koieco, AONACMb, MOWHOCHD,
OHep2cusl, Hanop, KCN1yamayusl.

Author: Candidate of Technical Sciences, Russian State Geological
Exploration University. e-mail: a-erhov@yandex.ru
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TpaHWYEHHE PECYPCOB MO MCKOIIAEMOMY TOIIMBY U
r700aJbHOE TIOTEIUICHHWE, BBI3BAHHOE O3MHUCCHEH
MIAPHUKOBBIX ~ T'a30B , 3acTaBisIlOT  OenmHbIe

pecypcaMu M COLMAIbHO  OTBETCTBEHHBIC  CTpPaHBI

oOparaTbest K aJIbTepPHATUBHBIM TIPUPOHBIM

SHEPreTUYECKHM HMCTOYHHKAM: COJIHEYHOM paaualvy,

BETPOBBIM IIOTOKAM, MOPCKHM BOJIHaM, OJHAKO CHJIAa HX

JIEWCTBUS HOCHUT BEPOSTHOCTHBIA XapakTep, IOCKOJIBKY

OIIpeIeNsIeTCs MOTOAHBIMHU YCIIOBHSMH, — MOPCKOH TIPHIINB

MIPE/ICKAa3yeM OTHOCHTEIBHO — HACTYINAeT IEePUOJUYECKU

JIBa pa3za B CYTKH B OOJIBIIMHCTBE p @UOHOB U OJWH — B

HEKOTOpPBIX, MpPU O3TOM CyMMapHas O3HEprusi IpUINBOB

cocragmsier 3 TBr? mpu KIIJ[ npeobpazosanus 35 %, uto

CIIOCOOHO ~ YIOBJIETBOPHTh 4YacThb MHPOBOTrO CIpoca Ha

SNIEKTPUYECTBO, OMHAKO, XOTS TIJI00ajJbHBIA HPHIMBHOM

NOTEHIWANl 3HAYMTENCH, JIMIIb B HECKOIBKUX paioHax

3anmeiictBoBad [1]. Mopckast 2HEepTHsl 3aKII0YeHa HE TONBKO

B NpWIMBaX B BHIC NOTCHIHAIGHOH JHEPrUH pPa3HBIX

YPOBHEH BOABI, HO M B IOBEPXHOCTHBIX BOJIHAX BETPOBOTO

BO3/ICHCTBUS, a TAaKXKe BKIIOYAECT TEPMAJbHYIO HSHEPTHIO

TEMIIEpaTypHBIX IIOJIEH pPAa3IMYHBIX TJIyOMHHBIX 30H, —

OTpaciieBO€  3HAUYEHWE HMEIOT MNPWIUBBL.  DHEPrHIO

MIPYIINBaM naét aCHMMETpPHs TPaBUTAIMOHHBIX

BOSMYIICHWH M OKEaHWYECKHe Te4eHWs: 1) coryacHoO

Monenn Heiorona-Jlammaca, JnyHHash TpaBUTAlMs H3-3a

3HAYNUTEIBHOTO JHaMeTpa 3eMIIM HE OJMHAKOBA B OJIVKHHUX

W JadbHNUX TOYKaX M HEpaBHOMEPHO BO3JAEHCTBYeT Ha eé

MOBEPXHOCTh, M  Takoe  TpPUTSDKEHHE  obpasyer

nepemMernatomuecs: 3a aprokymencs Jlynoit (m ComHuem)

ropObl M CHaabl MOBEPXHOCTH BOAHBIX Macc, KOTOpbIE Y

MaTEPHUKOBBIX OEpEeroB CO3AI0T NPIJIUBHI M OTJIUBBL; 2) 110

JTUHAMHYECKOW MOJENH BpallleHWe IUIaHeThl CO3MaéT B

OKeaHaX 00paTHO-BCTPEYHBIC TEUCHUS M3-32 BO3HUKAIOIIETO

B pe3ynbraTe AedcTBus cuiibl Kopronica HWHEPIHOHHOTO

JBIDKEHUS] BOAHBIX Macc, 00pas3ysl BOJOBOPOTHBIE 3OHEI

! VBemiuenne BHPaGOTKH 3IEKTPOSHEPIHH B MHpE Gojiee 4eM B 1Ba pasa
3a mociexuue 30 mer ¢ mpeobnajaHUEM ONH TOPIOYMX HCKOMAaeMBIX
CBS3aHO MCKIIIOUHTENBHO CO CTpaHaMHu A3HUH, TAe Hauboyee OMYTHM U
0XKH1aeMO IIPOTHO3UPYEM POCT YUCIEHHOCT HACENICHHS; 32 TOT XK€ IIePHOL
KOHIIGHTpAIUsl JHOKCHAA yriepoga B arMocepe BO3LyXaBo3pocia Ha
25%.

2EBpona: 12 TBT — or Hopsexckoro n Ceseproro n10 Cpenu3eMHOro u
Oreiickoro mopeii, Kuraii: 13,9 — ot XKénroro no Bocrouno- n IOxHo-
Kuraiickoro mopeit, Mnaus: 8 — ot Apasuiickoro mops 10 benraibsckoro
3amiBa, P®: 90 — bapenueso u 20 — benoe mops u T.1.
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HYDRAULIC ENGINEERING IN DAM-TYPE TIDAL POWER PLANT DESIGNS

pasMepoM, OIpeaensieMbiM oporpadueii — OeperoBEIM U
JIOHHBIM pesibe)oM, M TTOCKOJIBKY Mopckue Oepera Poccum
BOCIIPUHUAMAIOT TPWIUBHYIO BOJIHY B JBYX TOYKax —
reorpaueCKUX pErnoHax: Ha IoOepexbe bapeHneBa u
Benoro Mopeil, kyna BOJlHA JOXOAHUT OT BUXpS CEBEPHOMU
YacTH ATJIAHTUKH, ¥ HA NPOTSHKEHHON OeperoBoil JTMHUM OT
BepunroBa mo OXOTCKOro MOpeil — OT JBYX COBMECTHO
JIEUCTBYIOIIUX BHUXpeld THXOro okeaHa, €CTb TOJBKO JBa
SKOHOMHMYecknx  paiiona P® —  CeBepsblii U
JlanbHEBOCTOYHBIH, rae IIPOECKTUPOBAHUE sC
nenecooOpa3Ho (MpH  yCIOBHUH, YTO 37eCh COXPaHUTCA
JepUIUT 3JIEKTPOIHEPTUH TIPH BBl COKOM 3KOHOMUYECKOM
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Puc. 1: Oneprerndeckue auarpamMmsl [19C

U oHH Oyayr paboTraTh B COCTaBe CIUMHON
sHeprocucreMbl (puc. 1)). Ilpm NPHIMBHO-OTIMBHOM
JIBIDKEHUM BOZIBI 00pa3yercs COJIMTOH C aMIUIUTYIOH
npwirBa 10 6 M Ha Cesepe u 13 Ha [lamsHem Boctoxke, uTo
COOTBETCTBYET HU3KOHANOpHBIM ['DC, 0fHAKO, IOCKOJIBKY
ceiiluac B TNPUOPUTETEC ATOMHBIC IMPOEKTHI, Ha)Xe HU3Kas
ce0ecTOMMOCTD MPOU3BOICTBA SHEPTUH U OE30MACHOCTH JIS
OKpyXarollel cpensl, B CpaBHEHHH C YIJIEPOIAHOU
9HEPTeTHKOM, He CTAJM apryMEHTOM sl pa3pabOTKH HOBBIX
MIPOEKTOB CTPOUTENIHCTBA MIPWIINBHBIX cTaHIMi. U, ka3anoch
Obl, B TAKOM KOHTEKCTE, aKTyaJlbHOCTb TEMbl JOJDKHA

YpOBHE,

OIIPEJIEIIATHCSl  BBISIBJICHHEM IIPEUMYINECTB CPAaBHEHUS C
ADC (nnaBydero WM WHOTO THUIA), HO Ba)KHO 3arJIsIHYTh U B
Oyny1uiee, HOCKOJIBKY HCKOIIAEMOE TOILUTMBO HEOE3rpaHIYHO,
W KPU3UC TIPUPOJIHBIX PECYPCOB CTaHET OTIIPABHOM TOUKOU
Bo3BpaTa uHTepeca K I1OC; mupoBoil He(dTsIHOH Kpu3HUC
1970-x rr. OTKpBUI OIOXY IPWINBHOH SHEPreTUKH, HO
TOJBKO CeHYac THIPOTYpOMHBI C TOPH3OHTAJIBHOH OCHIO
JuamMeTpoM 5-8 M cTalM HAcTOJBbKO COBEPIIEHHBI, YTO
Hapsily C  BETPOIHEPreTHUECKUMH  MOSBHINCH B
MHOTOYHCIICHHBIX 3apyOexHbIX mpoekrax [I9C — Hu 4TO
TaKk HE CIOCOOCTBYET HAyYHOMY OOOCHOBAaHMIO, Kak
komMmepruanusaus BUD.

I'maBubiMu nocronacTBaMu [19C ABISIOTCS HU3KAS
CTOMMOCTb oOCIyXWBaHUS  — <0,5%, BBICOKAsI
SKCIUTyaTaIllMOHHass TOTOBHOCTE — >95%; ocHOBHBIC
HEJIOCTaTKW: OYEHb BBICOKAs CTOMMOCTH YCTAHOBJIEHHOW
MOIIHOCTH — B JIECATH-CTO Pa3 BBIIIE JAPYrUX HMCTOYHUKOB,
ONTHUH  CPOK  CTpOWTENbCTBA — 5-15 gmer, HU3KUHA
koo durment Harpysku — 22-35% [2], — mnpoGuems
WHKEHEPHO-TEXHUYECKOT0 U IPOEKTHO-TEXHOJIOTMIECKOTO
XapakTepa pacCMaTPUBAIOTCS HIDKE.

[1. Marepuansr 1 Meromsn

[MpunmBHasS 3HEPrUs HCHONB3YETCSI IO BCEMY
MHUpY, HO HEpaBHOMEpHO: B ABCTpainy, BennkoOpuTanum,
Kanane, Kwurae, CIIA, ®panmuu. B PO mpoektsr
skcriepumenTanbHbIx [19C paccmarpuBamn ¢ 1930-x rr.,
npuaém KucnoryOckast orbITHass Manas MOLIHOCTBIO 1,7
MBrt Obuta moctpoena (B 1968 r. mnepBoHaudaNbHOMN
momHocThI0 0,4 MBT); apyrue mnpoexTsl He ObUTH
peammzoBanbl  [3]: CesepHas B bapeHumeBom Mope,
JIymOoBckass u Mesenckass B bemom, [lemxuHckas wu
Tyrypckast B Oxorckom (tabmmma 1), — va ncxone CCCP B
1990 r. aBTOp MaHHOH CTaThM B COCTaBE COJTHEYHOI'OPCKOH
W3BICKATEIbCKOW OKCIEAUIIUM | MIpOIIPOEeKTa IPOBOAMII
celicMOpa3BeZlouHbIe paboThl MO UCCIEAOBAHMIO CKAJILHOTO
OCHOBaHMS 110 IOTHHY npoekTupyemoii [I9C CeBepnas u
reouznueckue uccienoBanusi Ha lllaHTapckmx octpoBax
1o poeKT Tyrypckoi CTaHIMY, HO CIYYMBIIHECS 32 ATUM
B CTpaHE COLMAILHO-9KOHOMHUYECKHE HEYPSIHUIBI IPEPBAIIH
X0[ paboT®; [UIsi Peanu3alui IPOSKTOB, MOMUMO TIABHBIX
SKOHOMHWYECKHX, JOJDKHBI ~ OBITH  pEIIeHbl  YacTHbIC
WHKCHEPHBIE 3a/1a4uu.

Taonuya 1: Tpoextst ITDC PCOCP

42 5,6

4,2 70

4,7 1800

10 2640
11u13,4 20530

12
320 0,7 24
8000 27,6 24
11400 39 34
108500 250 25

*B mom xce 3aause npoekmuposanuce Kynolickaa u benomopckas cmaHyuu.

**CymmapHo 0ea bacceliHa.

3 o o
n COXpaHWJIUCE JIKM OTYETBI O pe3yjabTaTaX H3BICKAHWWU [JOIIOJJIMHHO HE HU3BECTHO: I'OCYHApCTBEHHBIC ITPOEKTHBIE HHCTUTYTHI pacrnajgaivcCb WA

HCperO(bI/IJ'II/IpoBaJII/ICL, X UMYIIECTBO 110 Gobinei yacTu JIMKBUUPOBAJIOCH.
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Ilpobaema 1 —ycmotiuusocms niomumsl

Be3oTka3HOCTh  KOHCTPYKIMH  IUIOTHHBI  HPH
MOCTOSIHHBIX 1 BPEMEHHBIX Harpyskax OIpeaenseTcs
CHJIaMH CONPOTHBJICHNS MAaTepHajioB M KOHCTPYKLHUH, He
JIOIYCKAIOIMMHU TIPEAENbHBIX COCTOSHUIA: 1) paspymeHns,
MOTepI0  yCTOWYMBOCTH  (OpPMBI,  2)  TNpEAenbHBIX
nedopmanumii, konmeOaHWM, TPEIIMH W HMX PACKPBITHI B
KOHCTpyKUMsX. Pacuér HanpskéHHO-1edOpMUpPOBaHHOTO
cocrostaust (HC) Tena mioTuHbl npu Bo3AeHcTBHM Ha HeE
BHEIIHMX HArpy30K, a TaKKe TEMIEpaTypHBIX BOJIH H
COJIHEYHOH pajfaliii, XMMHUYECKUX BEIIECTB U COSIUHEHUH
B BHUJE JACHCTBHA peakuuii, OmnpeensieMbX COCTaBOM
BHEIIHEH Cpexbl W  H3MEHEHHEM CBOWCTB  YacCTHII
KOHCTPYKLUH TP CTapeHHH MaTepHajoB, OHMOIOrMYECKUX
MIPOIIECCOB B BHIE OHOAETpadaliil W3-3a JCHCTBUS TPUOOB,
BOJIOPOCIIEH, MHUKpPOOPTaHU3MOB, orpeaeseTcs
COBOKYIHOCTBIO HampspDkeHHH M Jedopmanuii, HeIrKoM
XapaKTEepU3yIOMNX HANPsDKEHHOE COCTOSHUE YacTHI] Teja
IUIOTUHBI, — 3Ty COBOKYNHOCTh 3alMCHIBAIOT B BHIE
TEH30pOB  HaIpsHKeHHH u  faedopmanmii  KOHKpETHOH
KOHCTPYKLUMH W pEIIAlOT C TPUMEHEHHEM CpEICTB
BBIYMCIIUTEIBHON TEXHHKH. VIH)KeHepHas THApaBIIMKa
HalpsIMyl0 HE CBA3aHa C MeTOoJaMM KommblotepHoro 3-D
mogenupoBanuss  HJIC  umcneHHbIMM — MeTO#aMH, HO

accouupyercst ¢ ruapocratudeckumu 3agadamu I'TC, npu
9TOM B COCTaB€ pacyé€ra MOryT HCIONb30BaTh OTHEIbHBIE
pELIeHHs: Ha CHBUI, HANpPSXKEHUHA IO TOPU30HTAIBHOMY
CEUEHUI0 M T.JI.; METOAMKY THAPOCTATUYECKHUX PACUETOB
MOXHO NPHMEHATH U i apyrux siaemenros I'TC I19C:
MOATIOPHBIX CTEHOK, YCToeB... Hambosee akTyanbHBI |
pacdy€rel 10

HUMCIOT MPUHIUITNAJIBHOC 3HA4YCHUC

CaBonuyca(opToronan T'opnosa
pHast)—otl,2M— (renmMKonIHAS) —
orl5kBT sbdextuBHOCTb 35 %

Banku(oproronansHas)—
ot 2 M—1kBT1-15kBT

OIIPEJICTICHUIO  YCTOMYMBOCTM IUIOTHHBI HAa CIBHT |
HaNpsDKeHUs] B OCHOBaHMU. VIcXomHbIe NaHHBIE B pacuére:
BBICOTA IDIOTUHEI H,; [M], ryomna H, MmioTHOCTH OeTOHA
y [xr/M%], mpemen mpounocTH rpyHTa ocHoBamms [Mmal,
kodpduiment Ttpenus OeroHa o TpyHT f, ynmembHOE
creruieHne rpyara ¢ [klla], 3amoxxeHre OTKOCOB IM, Kiacc
coopyxenust [KC]; mckomas XapakTepucThka — IIMPHHA
IUIOTUHBI B [M]. Pacuér cun u ux mied BeIyT OTHOCHUTENBEHO
CepeIUHbl OCHOBAaHHS Ha OCHOBE JEHCTBHUS TPYIIIBI CHIL:
6ePMUKAIbHLIX.  d)  COOCTBEHHBI  BeC  IUIOTHHBL,
OIIpeIeIIEMBI 110 IUIOMIAJSIM IUIOCKUX T'€OMETPHYECKUX
¢uryp, momydyaeMpIM pa3OMBKOI €€ MONepeyHoro MpoQuIIs,
YMHOXEHHBIM Ha IUIOTHOCTH OETOHA, 6) COCTaBIISIONINE CHII
THIPOCTaTUYECKOTO JaBJICHUS BOABI, JCHCTBYIOIIMI Ha
MOABO/IHBIE TpaHW IUIOTHHBI (¢ OOpaTHOH CTOPOHBI Ha
MOAOIIBY IUIOTHHBI JIEHCTBYeT cuia (HIBTPALMOHHOTO
MIPOTUBOAABIICHUS] — IUIOMAAb SHIOPHI, YMHOXKEHHAs Ha
00BEMHYIO MaccCy BOJBI), U 2OPU3OHMANbLHBIX: CyMMapHOe
THIPOCTATHYECKOE JaBJIEHHE CO CTOPOHBI MOps M OacceiiHa
(ocoObIM BOTIPOCOM SIBIISIETCSL pacuET (hrroTOeTa IPOTOYHON
gactu [I9C g 3amuTBl OCHOBaHHUSA OT pPa3MbIBa IO
JICWCTBHEM CKOPOCTHOTO Hamopa W HpeXyNpeKIeHUs
(GUIBTPALMOHHBIX feopManyii, a TaKKe HAINYUd WU
TITyOWHB! NPOTUBOMMIBTPAIIMOHHON M JAPEHa)KHOM 3aBECHI
h..). B pelieHnn cocTaBIeHHOrO ypaBHEHHS HEOOXOIMMO
YUUTHIBATH HOPMATHBHBIE IOKa3aTenu Ko3((HUIIMEHTOB

YCTOIYMBOCTM W MHUHHMAJbHBIC 3HAUYCHHUS IJIABHBIX
HaIpPsHKCHUH y BepXa TUIOTHHBL.
OcobOennoct  KoHCTpykiuu — miotnH  [19C

PACKPBITHI B CJICAYIOILIEM pa3acIic.

Konbosasi(karcympHas, rpymeodpasHas,
TpybuaTast)— or 3 10 10m

Puc. 2 HU3KOHaNIOpHBIE THAPOTYPOUHBI

Ilpobaema 2 — neobxooumocmse 3¢pghexmuero2o ynpasieHus
CKOPOCHHBIM HANOPOM

Paboure ckopocTH NPHIIMBHOTO TeueHHs — 2-3 m/c
(mator  4-13  kBr/M?), 6omsime  (>3,0)  OKa3bIBAKOT
Ype3MEPHYI0 HArpy3Ky Ha 00OpyxoBaHHE — Ha pabodee
KOJIECO, MCHBIIMI HANOp — SKOHOMHYECKH Hed(pdeKTHBEH,
— HAmop OmpeneiseT TUN POTOPHOW TypOWUHBI C
XapaKTepPHBIM PHCYHKOM THIPOAWHAMHYECKOro Mpoduiis

JIONIaTKH; NPUMEHEHNE CPeJHE M BBICOKOHAIIOPHBIX TpeOyeT
KOHCTPYKTOPCKHX JI0paboTOK, SKOHOMHYECKUX
obocHoBanni. Takum 00pa3om, HEpBYIO MPOOIEMY MOKHO
MHTEPIPETHPOBATh KaK co37aHue d3((HEKTUBHBIX, HAIEKHBIX
NPWINBHBIX arperatoB M WX COBEpIICHCTBOBaHHE: 1)
Typouna CaBonumyca (puc. 2) ¢ paboynM KOJIECOM OOBIYHO
2-4 nonacTH omIMYaeTcs OT KOJIOOBOHW POTOPOM JBHTraTels
Ha BHEIIHEM KOHType pabodero Kojeca W CTaTOPOM B
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LIEHTpE, 4YTO MMEET MPEUMYIIECTBA IMpU TEPEMEHHOM
HATIOpE, JICIIEBIIE M MPOIIE B MOHTaXe H 00CTy)KHBAHHH", —
TEOPETHYECKH MMEeT GOIIBIIYI0 HHEPIMIO , U, 3HAYHT, Gonee
yCTOWYMBA, HO MOXKET pPaboTaTh TONBKO B OTJIMB, M HE
MOXET TPUMEHSTBCS [UIsi HAKauKku>; 2 ) B TypOuHe BaHku
BOAA yHapser B JIONACTH, IOCTyIas TIONEPEYHO OCH,
[IOBOPAYMBAET OTHOCUTEIBHO €€ U BBIXOAUT, TO €CTh
JIONACTh BO3JICHCTBUE  JABAXKIbI, —

BOCIIpPUHHUMACT

Kamnana(paauansHo- Tomcona(paauaapHO-
aKCHaJbHas)— OT 3 M— aKCHaJbHas)— OT 6 M—
600xkBt-2MBT 15kBr-4MBT

3¢ QEKTUBHOCT, HEBBICOKA, MOAXOIAT ISl HEOONBIINX
craanmii 1o 300 kBT, 1 uMeroT npobiemsl ¢ BuOpanueit; 3)
KOnOOByl0  TypOWHY,  Ha3BaHHyl0  Hu3-3a  (DOPMBI
rugpoarperara, Ha [I19C npuMeHsIOT yJalne u3-3a BEICOKOTO
KIIJ] mpu nHmskom Hamope (1o 90%), mamoro pasmepa,
HU3KOH CTOMMOCTH M PEBEPCHBHOCTH, MO3BOJISIOMICH
BEIpa0aTHIBATh YHEPTHUIO KaK B IPUIIUB,

®pe(s)Hcuca(pagraibHo-
aKCHaJbHAs )—OT7/M—
250xBr-2,5MBT

Jepuas(uc)a(maroHaabHa
s1)— ot 4 M—10215MBT

Puc. 3. CpeHECKOpOCTHBIE TUITBI pabounx KoJiéc

TaKk ¥ B OTJIUB, OHM OTJIMYAIOTCS HAAEKHOCTBIO M
BBICOKMMH pabOYMMHU XapaKTEpPUCTHKAMH, UMEIOT HU3KHE
SKCIUTyaTallMOHHBIE 3aTpaThl, — TEXHOJIOTHS KOJIOOBBIX
TypOuMH xopomo orpaborana;, 4) TypOMHBI cpeaHei
CKOPOCTH BpameHus ° (puc. 3) MOXHO aJalTHPOBaTh IO
pa3IM4HBIC THAPABINYECKUE XapaKTEPHUCTHKH, OIHAKO OHHU
MaJIONIPOU3BOUTEIBHEl B PEXHME Hacoca, IOTOMY YTO
OTHOCHUTEJIFHO KOPOTKHE JIONIACTH, PACHOJIOKEHHBIE IIOX
OONBIIMM  YIJIOM, CO3JAIOT HECTaOWJIBHOE TEYeHHe |
MIPUBOAAT K YPE3MEPHOMY 3aMEUICHHIO TTOTOKA (YTO BHIHO
o HECOBIMAJICHUIO pabounx TOYEK PEKUMOB
TypOMHAa/Hacoc), OfHAKO KOHCTpYKIuWs TypOuHsl Jlepunasa,
Kak  pasHOBHIHOCT, Kammama ¢ somactssmMu  He
MIepPIEHANKYISIPHO HAIPAaBJICHHBIMH K OCH, @ TOJ YIJIOM,
HalpaBisieT IOTOK JHAaroHaJbHO — IO OOpasylomed K
BEpIIMHE KOHYCa, ¥ HECOOTBETCTBHE MEXKIY NPOKAYKOU U
reHepalueil pemaer , TOCKOIbKY He BOSHUKAIOT ITyJIbCallii
JIaBJICHHS U KaBUTALIAS [4]; Ttypbuna/nacoc Jdepnaza
crocobHa paboTaTh TaKXKe MPHU MEPEMEHHBIX CKOPOCTAX
BpALLEHUS], YTO MO3BOJISIET UMETH B 1,5 paza 6(3JILIJ.IyIO
BXOJHYI0O MOIIHOCTh, 4eM y TypOoun DpeHcuca;
nporeiiepHas  TypOuna Kamrana ¢ BO3MOXHOCTBIO
MOBOPOTA JIONACTH OTHOCHTEIBHO CBOEH OcH paHee (B

4 Mepponauamsuo Kuciory6ekas 119C paborana Ha KOI60BOi TypOHHE
momHocTeio 400 kBT, HO B 2006 T. OBUIa MOJIEPHH3MpPOBaHA J0O
IKCIIEPUMEHTAIbHOH opToroHansHoit CaBonuyca 1,7 MBT (uBa arperara),
npuaéM  d(pGdeKkTHBHOCTS TypOuHBI CaBOHHMyca IPHU3HAETCS  HIKE
KOJIOOBOH.

® Camas Gonprmas nuamerpoM 8,2 M U MomHocThio 17,8 MBT npu KILJ]
89% paboraer Ha kanaznckoi [I9C Aunanomic (3an. ®annn).

® CKOpOCTh BpaleHHs 3aBHCHT OT YHCIHHOH CKOPOCTH THIPOTYPOHMHEL
YacTOTHI M YHCJIA Hap HOJ0COB FE€HEPATOPa, IIPH 3TOM yJIelbHask CKOPOCTh
JIOJDKHA 00ecIIeunBaTh TaKyIo e CKOPOCTh FeHepaTopa.

© 2024 Global Journals

CCCP) Ha3plBAIM TI0 KOHCTPYKIMH  «IIOBOPOTHO-
JIONACTHOI»; 5) BBICOKOHAINIOPHBIE (pHC. 4) OTIMYAIOTCS
BBICOKOM CKOPOCTBIO ITPU HU3KOM DPACXOle: €CIIM YAeNbHas
CKOPOCTH BBIXOJWT 332 KPUTHYECKUN JHMana3oH, BpallleHHne
3aMeuIIeTcsl ¥ MOIIHOCTG rajaert [5].

[en(s)rona (koBmIoBas) — ot Tropro — ot 35 M —30 kBT-2
40 m — 30 kBt-4 MBT; MBT.

Puc. 4: Tursl BEICOKOHATIOPHBIXTHIPOTYPOUH
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Puc. 5: PeakTUBHBIM U UMITyJIbCHBII IOTOKU

Ilpobrema 3 — HEOOXOOUMOCMb BbIGEPEHHOU OpUEHMAYUY
pabouezo Koneca mypoumnsl 8 6000800e

OOmiee HaOMOAEHNE — BEPTHKAJIbHAS OpPUEHTALNS
BaJia THAPOTYPOUHBI OOJBIIOr0 AUAMETPA JIYUIIe IOIXOIUT
Jui peakTnBHBIX — Kamuana, /lepnasa, ropuzoHTagbHOE —
uMIynscHeIXx — [lentona (puc. 5); BHpodeMm, H3MEHEHHE
(OpMBI JTOmAcTH IO JUIMHE — OT LeHTpa K nepedepun —
Croco0HO o0ecIIeunBaTh B OMHOM Koliece 0o0a peknMma, 94To
JUIst TpeOYIOIHX TTOBBIIIEHHBIX TEXHUYECKHX
XapakTepUCTUK  TypOuH, paboTalomMX B COCTaBe
COBPEMEHHOTO TEXHOJIOTHYHOTO 000pyoBaHUS
HeoOxomumo. a) TypOWHBI C TOPHW3OHTAIBHOH OCHIO
OPHEHTHPOBAaHbl BaJOM pOTOpa MNapajuIeNIbHO MOTOKY, |
MIOCKOJIBbKY, KOd(QdUIMEeHT ux MomHocTty jgocturaer 40%,
Ha OombpmmHCTBE [IDC yCTaHOBJIEHBI MMEHHO OHHM, YTO HE
O3Ha4YaeT OTCYTCTBHSI HEOCTATKOB: CTOMMOCTb TYpOWHBI U
KOHCTPYKLIMH BBIIIE, OPTOrOHAIBHBIX, I'€HEpanusl 3HEPTUu
BO3MO)KHA TOJIBKO B OJJHOM HAIpPAaBICHUH, YTO TPeOYyeT ABYX
TypOMHHBIX TPYNIl — Ha NPWIMB U OTIUB. 6) TypOUHEI
OpPTOTOHAIBHBIE C TIONEPEYHO OPUEHTHUPOBAHHOM OCBHIO:
banku-Murtuemna wnum  Ocobeprepa — Tpu  IPOCTOTE
KOHCTPYKILINH, CKa3bIBaIOMIEics Ha CTOMMOCTH, HMEIOT
Bbicokuil KITJI — 80%, Haaé>KHBI U IPOCTHI B SKCILUTyaTallH;
KII[I BaxxHeWmmii okazarenb TypOUHBI, B TOM YHCIE, IO
NIPU3HAKY OpPUEHTAlNH, — TypOHHBI ¢ BEPTUKAIBHON OCHIO U,
HalpuMep, T[acCUBHBIM IIEPEMEHHBIM YIJIOM HAakJIOHa
JIONACTH JUIsl JIydliero yria araku (typouna KobGompma —
pHc. 6 —MOXKEeT UIMETh HOMHHAIbHYIO MOITHOCTE >150 kBT),
YIEpKMBAIOIINM  a3pOJIMHaMUYeCKUii  mpoduiib B
MIOJIOKEHUN HauOoNbIIeli NOABEMHONW CHIIBI, OOecreunBast
MaKCHMAJIbHYI0 KacaTeNbHYl0 CHIy Ul HauOOoJbIIen
MOIIIHOCTH, — IEPEMEHHBIN yroi 100aBisieT 3% MOITHOCTH.

Ilpobnema 4 —  HepasHOoMmepHOCMD
9NEKMPOIHepaUY  U3-3a  HepecyiapHOChmu
BbI36AHHOL ONUMENbHLIMU NAY3AMU NPUTUE/OWIUE.
Ontumuzann myTéM pPaBHOMEPHOTO
pactipesenieHuss  BBIXOAHOW  MomHoctd  (puc. 1) ¢
MOBBIIIIEHNEM KoddduimenTa Harpy3ku TypOuH Beie 60%
HEKOTOPBIM obpazom MOT'YT Croco0CTBOBATH
MHOrosiuencThie OacceifHsl, Oonee THOKO pearupyronme Ha
W3MEHEHHE Hamopa — OTOOp MOIIHOCTH  JIOJDKEH

8bipabomKu
nOmoKa,

OCYIIECTBIISITECS OT OTAEIBHBIX TYpOMH WM WX TPy, H,
TakKUM 00pa3oM, TypOWHBI HIDKHHX W BEpXHHUX OacceiHOB

paboTar0T CHHXPOHHO-IUKIMYHO [0 HAMOPy — Mope-
Oacceii;-0acceliH,-MOpe, KaK OJHA JIICKTPOCTAHIWS, U
TaKxKe CTaHIHA MOXKET JIOOCHAIIATHCS
THPOAKKYM YIISITOPAMH.

Puc. 6: Typobuna Kobompna

Ilpobnema 5 — HedocmamouHas
npeoopaz06aHis IHEPSUL.

Cps3aHa co BTOpoH TpobseMol, M penraercs
YCIO)KHEHHEM KOHCTPYKIWH THAPOTYPOMH — Ba)KHO JUIS
omruMmu3anuu  pabotel ctaHimu. DddektuBHOCTE [19C
OIIpeIeNsIeTCd TEXHUKO-DKOHOMUYECKHMH IT0Ka3aTeNsIMHU,
TO €CThb MHUHHMAIBHBIMHM 3aTpaTaMH Ha IPOU3BOJICTBO
JIeKTpo’Hepruy,  Ttorma  kak  KIIA  Typbun  —
3¢ QEKTUBHOCTHIO B OTHOIICHUH NPeoOpa3oBaHUs SHEPTUH
— 3aBUCHT OT YCJIOBHH pabOTBl TypOWH, M MakCHMallbHA,
ecii TypOuHa paboTaeT ¢ pacyéTHOW Harpyskoi (puc. 7), —
npu HemonmHoM wmim neperpyske  KIIJI nmamaer, u
pexoMeHaytoT TypouHns! Jlepnasa nwim Kamnana.
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MNopgava (pacxop), M3/c
Puc. 7. CpaBHEHHE HEKOTOPBIX THUIIOB TypOUH.
D PexTUBHOCTH

Ilpobnema 6 — madcénvle yCaosus — IKCHIYAmMayuu

eudpomypoun no psody noxkazamesnet, HaANpUMep, HATUYUIO
wyeu,  aKmusHO — UOYWUX — OUONIOSUHECKUX/XUMUYECKUX
npoyeccos.

TpeOyeT u3MEHEHHS CBOWCTB MATEPUATIOB MM
Xapakrepa TMPOIEeCCOB MyTéM OCOOBIX TEXHOIOIHMYECKUX
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MEpONpHUATHA  —  JUISE  TOBBIIICHUS  HAIEKHOCTH
obopynoBanus. bompmmucTBO [I9C WMEIOT HamopHBIE
IUIOTUHBI ISl HAKOIUICHHUS W S(PQEKTUBHOM BBIPaOOTKH
SHeprur TypOMHAMH, pabOTAIOMMH B OAHY WIH 00€
CTOPOHBI, — UX KOHCTPYKLUS JOKHA obecneunBaTh KIIJ{
Typour 80-90% wu OecnepeboitHyr0o pabOTy B TCUCHHE
JIECSITUIIETUH, JUIS Yero IOBEPXHOCTH KOHCTPYKTHBHBIX
JJIEMEHTOB, CONpHKAcaloIUecs C BHEIIHEH Cpenow,
MIOKPBHIBAIOTCSl 3AIMUTHBIMH JIaKaMH OT OHooOpacTaHuii,
MOAKIIIOYAIOTCSA K CHCTEME KaTOJHOM 3alUThl OT KOPPO3UH
uT.1. [6].
Ilpobrema 7 — usmenenue 3K0OI02UHECKO20 PABHOBECUS.
[Tnoruna I19C, nepexpsiBast BXOJ B €CTECTBEHHYIO
OyxTy/3anuB/propn/Ty0y/TuMan/3cTyapuii U daxke JIaryHy,
HO HE TpoJuB, 00pa3yeT OaccelH, OTACNEHHBIA OT MOpS, U
AMEIOIIUI Pa3fIM4HbIl C HUM THAPOJOTHYECKUA pPEXUM
(puc. 1), Hapymas CIOXHBIIYIOCS SKOCHCTEMY U B
OTIPEICIEHHBIX CIIyYasX BBI3BIBAS COIUANBLHBIC MPOOJIEMBI,
MIOCKOJIBKY ~OTpaHMYMBAETCS [JOCTYI K JeXOumam u
apeasiaM OOWTaHWS JAepXamuxcs Yy Oepera MOpPCKHX

JKUBOTHBIX — MJIEKONUTAIOIUX, MOJUIIOCKOB H  Jp.,
H30JIUPYIOTCA ~ MecTa Hepecta M IyTH  MUTpalyd
nxTHodayHbl, a TaKXKe CYKaloTci  BO3MOXXHOCTH
CyIOXOACTBA, — H TEM HE MEHee, IOCIENCTBUL

IIPEOJOIUMBI, YTO JOIDKHO OTpa)kaTbCsi B MPOEKTaX, IMPHU
9TOM YYHTBIBaTh HAJO0 TO, YTO BO3ACUCTBHS HA MIUKYIO
MIPUPOIY MOTYT OBITh NPSIMBIMHA ¥ KOCBEHHBIMHU.

Ilpobnema 8 — enusanue Ha npud percHO-MOPCKOL HAHOCHDBIL
pedicum U nepe@opmuposanue OHA 3a CUEM OMJIONCEHUL
meépooeo cmoKa pex.

CeauMeHTANUSI YMEHBIIACT TMPUIMBHYIO 30HY
(mmomame w  00BEM) OacceifHa; B 3aBHCHMOCTH  OT
HUCTOYHUKA AKKYMYJSIUS JOHHBIX OTJIOXKEHHH U IPO3Us
CIIOCOOHBI OKa3aTh HEraTUBHOE BO3JCHCTBHE KaK Ha paboTy
coopyxenuit [19C, Tak U Ha OKPYKAIOIIYIO CPEY.

DT TpoOJeMBl C pPA3HOW CTENCHBIO BAKHOCTU
ONPENEISIFOTCS TOTOKAMH OTHO CHTEJBHO IUIOTUHBI U B
paboueii 30He THApPOTYpOMH, — B mnpoekrax [1OC
THJpABIMKA COOPYXEHUI  (IUIOTHHBI  (TIOTEHIMATbHAS
SHEprus  NPWINBA/OTIMBA),  TYpOMHHOrO  BOZOBOJA
(KMHeTHYecKass DHEpPrus CKOPOCTHOrO Hamopa), a TaKKe
MEXaHHUIECKUX MaIliH (MexaHUYEeCKast pabota
THAPOTYpPOMH)) C  BONPOCAMH  3JIEKTPOIHEPIETHKU
B3aMMOCBsI3aHa: IUIOTHHA — TiIaBHOE coopyxkeHue [I9C c
peliaroneil goj1eil HHBECTHLMOHHBIX 3aTpaT — HMEET B Telie
Ha TypOUHHOM BOAOBO/IE pabotaromryro Ha
nepenaje JaBJCHHH TOPU3OHTAIBHO WIIM BEPTUKAIBHO
OPUCHTHPOBAHHYIO TYpPOHHY, COCIMHEHHYIO IOCPEACTBOM
BaJja C KOPOTKUM W  OONBIIUM B  JHAMETPE
anekrporeneparopoM (puc. 8 [7]), nanymupytommm DJIC, u
HMEIOIM, BBUIY HU3KOH YacTOTHI BPALICHHUS, HECKOJIBKO
map TOJIIOCOB, COCHAMHEHHBIX Yepe3 TpaHcdopmarop ¢
cethto. U, ciemoBaTenbHO, KOHLECMIMS C aHAIU30M H
TEXHUYECKOe  OOCIYXMBaHHE C  OJKCIUTyaTalued B
JKM3HEHHOM IIMKJIC CTAaHIUK MMEIOT IPHOPUTETHOS HAYdHO-
TEOPETUYECKOE M YTHINTAPHO-TIPUKIATHOC 3HAUCHHE.
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Puc.

8. MHOrosipycHblii OpTOTOHANBHBIM THApOarperat
IUaMeTpoM pabounx Konéc 5 M Ha mpuMepe mpoekra [13C
CeBepHas

Juis  kaxmoro coopyxenus [I9C BaxkHBI, HO
PYTHHHBI KOHKPETHBIE TEXHUYECKHE ITapaMeTphl: pa3Mepsbl,
TUII TPYHTAa, WCHOJB3YEMBIH CTPOWTENBHBIH MaTepHal,
O0COOCHHOCTH KOHCTPYKIHH, — OHHM OOIIEJOCTYIHBI W HE
00CyXKIaroTC.

[11. Pesynpratrer

a) Pewenue npobnemor 1
NIOMUHBL

B 3apyOexnoit nurteparype miotuny I19C wame
Ha3bIBAI0 «3arpaXkKICHWEM», BKJAJbIBasi B OTO IIOHATHE
3HAYEHHE HECYIIECTBEHHOCTH CHJI JIABJICHHWS BOABI CO
CTOpOHBI «OBE(OB» — THIPOCTATUYECKHH HAIOp BOJIBI
HACTONBKO MajJl M OJWHAKOB B TNPOTHBO(a3e ¢ o00eux
CTopoH, 4ro B Makcumyme Ah cocraBiser cuMTaHHbIE

— pacuém KOHCMpPYKyuu

METpPBI, TOATOMY OT PEYHBIX IUIOTHH WX OTJIMYaeT
kyoommuas ¢opma (puc. 9), a MO KOHCTPYKTHBHOMY
WCTIONHEHUIO — OTO SYCUCTHIE IUTOTHHBI C ITUTOCKHMU

MEPEKPBITUSIMU, B THIPOTEXHUKE OOBIYHO HAa3bIBAEMbIC
OeroHHbIE/

«OOJIerYEHHBIMKUY; [0 Marepuailsy  —
KEeJe300CTOHHBIE COOPYKEHHS.

Puc. 9: 3-Dmogens saV Ree obsranoro 3arpaxaenus [19C ¢
B PSIJI PACHIOJIOKEHHBIME TYpOHHAMHU

SluencTble  HU3KOHAIOPHBIC  IUIOTHHBI  CTAJH
paspabatsiBate B CCCP ¢ cepeannsl 30-x romos; pazmepsl
saeek — 1,5%x1,5-6%6 M, tommmua crenok — 0,1..0,6 M,
Crocod MOHTa)ka — MOHOJIUTHBIH MJIM COOPHO-MOHOJINTHBIHA
kene3o0eToH (¢ pacxomoMm apmarypsl — 20...30 xr Ha M
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O6eToHa) C  COGOMHEHHEM  DJJEMEHTOB  CBApKOH W
OeronupoBanueM. [lonoxenne u hopMma sUeeK CKa3bIBaeTCSA
Ha HANpPSKCHHOM COCTOSHUHM KOHCTPYKLUHWH IUIOTHUHBI, YTO
MO3BOJISICT KOPPEKTHPOBATh HANPSDKEHUS B Tele H
OCHOBAaHHMH, METOJOM IPEABAPUTEILHOIO HANPSIKCHUSA
MOBBIIATh CKUMAFOLINE HAMPSHKECHUS Y HATIOPHBIX TpaHeil.
BepxHIOl0 YacTh TakKoOW IUIOTHHBI PACCUMTBHIBAIOT, Kak
IPaBUTALMOHHYIO, HIDKHIOIO — KaK MAacCHBHYIO pamy ¢
KECTKUMH Y3JIaMH U 32JISJIKO B OCHOBAHHUH .

IMomumMO dKOHOMHM OETOHA, SYCHCTas IUIOTHHA
HUMEET psii JOPYrHX JIOCTOMHCTB: YyHOOHBIC IIEMEHTAIHS

mBOB, cOOp W OTBOJ WHQWIBTPALMOHHOW  BOABI,
YIOpaBJIEHUE TEMIEPATYpPHBIM PEKUMOM, BO3MOXKHOCTb
KOMM YHHUKAIIHH.

b) Pewenue
azpeeamog

npobremvl 2 — pacuém  mypOUHHBIX

1. Owuepeemuuecxkuii nomenyuan npuIuUEa 6 UCXOOHBIX
OAHHBIX pacyéma 6000800a UOPOMYPOUH.

PazHuiia ypoBHeW 3aKiajplBacT B IPIIIUBHYIO
BOJIHY ITOTCHIMAIBEHYIO SHEPTHIO, KOTOpask B PWJINB BBIIIC,
YeM B OTJIHB, TO3TOMY B OIICHKE TPHINBHONH SHEPTUA
CIIeIyeT pacCMaTPHUBATh [[BA CIIydas: BPAICHUE TYpOUHBI 32
CcyéT mnajaroumed BOAbl, U MOJHUMAIOLIEHCS. DHEPruro
NprIMBHOTO IuKIIa B pabore [13C onpenenser nHXeHEpHOE
peIIeHrEe O Pa3MEIICHUI0 TUIOTHHBL, MIPUHSAB aMIUTUTYAY —
HAlop Ha IUIOTHHY — Kak pasHuiy ypoBHedl Ah (—Ah), a
TIomazp 6acceitna 0603HaumB Kak A [M°], MOTEH[UAbHYIO
SHEPTHUI0 TIPHUIINBA BEIPAKAOT B BHJIC
E=mgAh2=ApAhgAh2=ApgAh22 [JIx], u MomHOCTH
npwmBHOHM 3Hepruun — N=EAt=12ApgAh2At [B], a ecnu
MIPE/IITONOKUATE TTOHBIN MEepeX0 ] MOTCHIMATHHON SHEPTUH
B KHHETHYCCKYIO, CKOPOCTh TMPHIUBHOTO TEUYCHUS U3
N=12mu2=12pHIu3 paBna u=32NHI], rne H — rybuna
npwinBa, | — npoiieHHOe NMPUIMBHON BOJIHOW PACCTOSIHUE B
mpenenax [I9C,A t — mpoAOIKUTENbHOCTh NaJACHUS WIIU
mopéMa YpOBHS, TO €CTh ITOJIOBHHA TIPIUTUBHOM (a3bl. Bec
MOJHATON W OIYIIEHHOH TIPIJIUBOM BOIBI COCTABJISCT
G=YHA, rne y — ynenbHbI BeC MOpPCKOW BOJIBIL, PaBHBIN
1025 [kr/M%], 1 MakcHManbHAs pacuérnas momHocts [19C
P=280AH2 [xBr], TO eCTb HaKOIUICHHAas DJHEPTHS
MIPOTIOPIIMOHATIFHA KBAJpaTy TIyOWHBI TPHIINBA, BBICOTHI
IUTOTHHBL.

Ipumep pacuéma 6acceiina Iernscunckou [19C:

OTIPEICIIUTh TEOPETUICCKYIO 3aIMacEHHYIO YHEPTHIO
U CPEIHIOI0 MOIHOCTh TPH CPENHEH BBHICOTE TNPIIIUBA IO
CEeBEpHOMY H IOKHOMY Oaccefimam 12,2 M, mwromamu
Gacceiiror 20 530 000 000 M i Bpemenu npuuBa 6 u, — E
= 0,54pgh® = 0,520 530 000 000 [M?]-1025 [kr/m%]-9,8
M/c?-12,2% [mM] = 1,53472-10" [IIx], P = Et =
1,53472-10" [JIx]/6 [1]/3,6-10° [kBr-u/[lx]~ 710 517
[MBT], mpum TOM 4YTO IUIOTHHHBIE THAPOATPETATHI IIO
MIPOEKTY OJKHBI Ipou3BoauTs 108 500 MBT.

" Meromuka pacuéta M3IOXKeHa B PeKOMEHIAUMAX 10 KOHCTPYHPOBAHHIO
COOPHO-MOHONIMTHBIX ~ SYEHCTBIX ~ KOHCTPYKIMH U OpraHU3aIluu
M3rOTOBIIEHUS UX 31eMeHToB. M.: Corosrunposoaxos, 1983. —C. 36.

Typbuna ¢  remepatopoMm  —  HaumOoiee
YYBCTBUTEJIbHAS KPUTUYECKH 3HAYMMAasi COCTABILIONIAS
noC.

2. Kunemuueckas 3Hepeus mypOUHHO20 80008004 8
IHEpaUL OCEBbIX MYPOUH.

B BomoBone, coemuHsromeM Mope H OacceiiH,
YCTaHABIMBAIOT TYpOWHY, MOIIHOCTH IIOTOKa B KOTOPOM
Nn=gQHT [xBrt], rne HTr=Clucoslgn — pabounii Hamop
TypOHMHBI, TI03BOJISET TYpOMHE pa3BUTh MOIIHOCT NT=Mw,
rie M=pQClcos1R1-C2cos2R2 — MoOMEHT Konu4ecTBa
JBIDKEHUSI U ( — yIII0Basi CKOpOCTh pabouero koneca, Cq, C;
— abcoJIOTHBIE CKOPOCTH Ha BXOJe M BBIXonme [m/c], U —
OKpYXHasi CKOPOCTb Ha BHYTPEHHEH OKPY>KHOCTH pabodero
korneca, Ry, Ry — pasmepsr okpyxHOCcTel padodero komeca
(puc. 10),0 1, 0y — YIIBI MEXIY KacaTeIbHBIMH M KPHBOU
JIONACTH K Hapy)KHOW OKPY)KHOCTH Ha BXO/€ M BhIxoze [°],
N=NTNn — rugpasnuueckuii KIIJ[, — 1 npu HU3KOM Hamope
TypOMHBI C TPONEUICPHBIMH JIONACTAMH, KakK, HaIpHMeD,
Karurana, He Moryt obecneduTs BBHICOKYIO MOIIHOCTH, Q —
pacxom depe3 THAPOTEXHHUYECKOE COOpyKeHHe: Q =
CeA2gHT , Tne Cy — koo dunment pacxona, A — mromazp
MIPOXOIHOrO CEYEHUs YePE3 COOPYKEHUE.

B
v, Cy
Puc. 10: CxeMa K pac4€Ty CKOPOCTH JIOMATKU
3. Tudpasnuueckue Xapakxmepucmuxu ocegoil
2uOpomypOuHbl 8  KOHCIMPYKIMUGHLIX — NAPAMEMPAX
MOwHOCMU.
CerogHst «UCIBITAHUSD) KOHIIENTAa HAYWHAIOT C

KOMIIBIOTEPHON MOJENH, BEITIONHSAS CTPYKTYPHBIA aHAIIN3
(cTaBIIMM BEIYIIAM METOIOM KOHEUHBIX 3JIeMeHTOB — FEA,
IIMPOKO TPUMEHSIOIUAMCS B pacyére IUIOTHH) BECOBBIX
XapaKTePUCTUK KOHCTPYKIIMU, OTHCTBHBIX JeTajed u
QJIEMEHTOB,  HANpUMep,  JIOMACTeH, W  TPUMCHSA
BEUUCIUTENpHYIO THApoanHamMuky (CFD) mna  oneHku
HaOeraHuss W B3aUMOICUCTBHS IIOTOKA C TPAaHUYIHBIMU
ITOBEPXHOCTSIMHU. Kunemarnaeckas XapaKTEepUCTHKA
IBIKCHUS TIOTOKa W pabodyero Kojeca OMMCHIBACTCS
MPOM3BOAHBIMU  (DU3WYCCKUMHU  BEIHYMHAMH — TIepeIavn
CKOpPOCTH TTIOTOKA — CKOPOCTH Ha BXO/IE JIOMATKH — CKOPOCTH
Ha BBIXOJIC — CKOPOCTH CaMOW JIOMIATKH, — JIOMATKA, TAKHM
00pa3oM, ompenenseT JuaMeTp Kojeca W pa3Mep TypOUHBI
BHE 3aBHCHMOCTH WMITYIbCHAs/PDEAKTUBHAS, — JIOMACTU
KoJleca HEMOIBIDKHBIC, TO €CTh YTOJ WX HAKIOHA HE MOXET
mMeHAThes (Ha puc. 10 mokazaHa W3OTHYTas JOMAcTh C
BXOJIOM U BEIXOJIOM CTPYHHOTrO IMOTOKAa TOA 3aJaHHBIMH
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yIJIaMd, BEKTOPHO  MPEACTABISIONIET0  TPEYTONbHUKH
ckopocreif). YToOBl paccuuTaTh KPYTALMHA MOMEHT,
JICWCTBYIOIIUH Ha BOASHYIO TypOMHY, HEOOXOANMO OLICHUTH
00MEH MMITYJIbCOM, TO €CTh OOMEH MMITYJIbCOM ITPOUCXOJIUT
3a Cuyér W3MEHEHHs HalpaBJICHHS BEKTOpa CKOPOCTH.
MomHOCTh TypOMHBI OHpeAeNnseTcs CHWIOW Ha BXOIE,
CKOPOCTBIO BpalIEHHs JIONACTEH, BBIXOJHOM MOIIHOCTBIO H
CKOPOCTBIO ITOTOKA Ha BbIXoze. Cmia, Mo BTOPOMY 3aKOHY
Hprorona — 53TO0 W3MEHEHHWE KOJIMYEeCTBA JBIKCHHS
F=dm,vdt [H], To ecTb ompenenus ero MoayYaroT CHIBI Ha
JIONaTKaX, — METOJMKA pacuéra IpeJCTaBIsieT alroputm: 1)
Juis  pacu€ra dPQexkTHBHONH CHIBI, JeHCTBYyIOHmEH Ha
JIONATKH,  HEOOXOAMMO  paccCuuTaTh  BEIMYMHY |
HalpaBJICHWE OTHOCHUTENIBHOM CKOpOCTH  HaOeraromen
CTpyHW; OINpeAcieHHWE KOMIIOHEHT X W Y BeKropa
OTHOCHUTEIIBHOM  CKOpPOCTH  Ha  Bxoge:  vx1=vjcos,
vyl=visin u Ha BBIXOZE: VX2=-V,C0S , Vy2=V,'sinf, rae
Vi U V, — OTHOCHTENBHBIE CKOPOCTHM BXOJIIETO U
BBIXOAIIEIO II0TOKA CTPYH, HPEICTABISIONE CYMMY
BEKTOPOB CKOPOCTEH JIomacTu U (OKpY>KHasi COCTaBIISIONIAs
ckopoctu u = w-d-n, rne d — guamerp [M], N — yacrora
BpaLCHUS [c_l]) u abcomoraoi Ha Bxoae C; u Beixome Co
[m/c], 6, B — yribl MEKIy COOTBETCTBEHHO Vi, Vo 1 U [°]; 2)
CWila, TepefaBaeMas pPEaKTUBHBIM ITIOTOKOM JIOIIATKE B
HANpaBJICHUU X, paBHA MaccoBoMy pacxoxy Q [kr/c],
KOTOPBIi pABEH MIOTHOCTH KHIKOCTH p [KI/M°] Ha Iuiomas
nonepeuHoro cedenust crpyn A. [M?] M Ha CKaspHOE
3HAYeHWe CKopocTH Haberanust Vv: Q=pAcv; cuia,
nepegaBaeMasi  pEakTHBHBIM  IIOTOKOM  JIOHAaTKe B
HampasiieHnn ocu Y.  Fy=pAcvvy2-vyl=pAcvv,sin
+ViCOS; ToNHAas CwWia, NPHIOKEHHas K JIONMAaTKe, paBHA
PE3yIABTHPYIOLIEH: F=Fx2+Fy2, a yroiu
paBHOAelcTBYrOIIEH cuiibl — =FyF; BeIXOAHAas MOIIHOCTS!
JIBIDKYIIAsi cuia TypOuHbI paBHa Fx=pAcvvx2-vx1=pAcv-
vzcos -vicos; 3) KIIJ] BomstHONW TypOMHBI — OTHOLIEHUE
BBIXOZHON MOITHOCTH K KMHETHYECKOW SHEPTUH JABHKECHUS:
n=Acvvx2cos +vxlcos ‘uAcv-v-ai22.

]
]
1
1
1
1
1
1
]
1
pp—
1
1
1
]
]
]
]
]
1
4

Puc. 11: TIpuHIMI nepeaavu KOJIUYECTBA ABMKEHHUS C
pemETKy Ha JioracTy pabovero Koeca

4. Coemeujerue mypouHHO20 6000800d co
CPEeOHeHanopHoll 2uOpomypOUHOLL.

CoBMelneHue IIOCPEACTBOM paboueit

(HampaBistrorield) peméTrkd — cTaropa, (HOPMHUPYIOMIETO

HalpaBJICHHBIN Ha JIOMACTH MOTOK Kak u3 nuddysopa (puc.
11), TpeOyeT oTnenpHOro pacuéra, u nocie onpeneneans Cy
1 U, BBIOOpa YIIIa 01, BEIYUCIAIOT OTHOCUTEIBHYIO CKOPOCTh
W, Ha Bx ane B pabouyro pemérky: W1=C12+u2-2Clucos
1 , u onpenenenust yria f; mo ¢opmyne 1=sin 1 cos 1 -
uCl , —mocie OLEHKH OTHOCUTEIBEHON CKOPOCTH Ha BBIXOJIE
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W, 1 onipenenenus yria S, (A1 aKTUBHBIX CTyNEHEH o = f1
—(2...4°)) abcomoTras ckopocts C2=W22+u22-2W2ucos
2 ,ayroaoy—2 =sin 2 cos 2 -uW2.

P, KBT
2000
/I mfc
1750
1500 //
1250 7/

1000

N

750 / AuvanasoH
500 NpOrHosupyemom
reHepauum
250 1 =T 2me
[ 1m/c

0 2 4 6 8 10 12 14 16 18 20

Puc. 12: BoipaboTKa 3JI€KTpOIHEPTHH B 3aBUCUMOCTH OT
JUaMeTpa poTopa U CKOPOCTH MOTOKA

Pewenue npobremvr 3 — npunyunuanvHoe peuleHue no
opueHmayuy 6 nomoxe pabouez2o Koiecd, mo ecmov 6blO0p
muna mypouHul.

Jns  TIDC wumkeHepHas THUAPABINKA MOXKET
paccMaTpuBaTh TypOMHBI JBYX TUIIOB: @) C TOPU3OHTAIBHOM
OCBHI0, OPUEHTHPOBAHHON BIOJNH MOTOKA, muamerpom 10-20
M u momHocTeio 200-700 kBT Moryr mMmers nomnacta ¢
pETyIIMpyeMBbIM IIaroM, MHOJCTPaMBAaEMBIM I10J] CKOpPOCTb
notoka (puc. 12); 6) C OpTOrOHAJIBHOH OCBIO W
MIEPIEHANKYISIPHO €1 HAaIpaBJIEHHBIM ITOTOKOM CIOCOOHBI
M3BJIEKaTh M3 MoToka 10 35% sHeprum (is mpumepa, c
TOPU3OHTAJIBHOW OCbI0 TypOWMHBI u3BiekaloT or 20%);
Jpyrue MIPEUMYIIECTBA: KOHCTPYKIIHS HU3KOH
MaTEepHATOEMKOCTH; HEJJOCTATKH: CTOMMOCTh M3TOTOBJICHHS
Ha 20% BbIe TypOMH CO CHUPAIBHBIMH JIONACTAMHU (IPU
paBHOU CTOMMOCTH MOHTaXa), KOHCTPYKIHS
MPSMOJIMHEWHON JlonacTd (HanpuUMep, BEpTHKAJIbHOM 3-
mormactHOM  TypOmHel  KoGompma  (puc. 6)) m3-3a
HEYCTOWYMBOCTH TEUYEHUs C IPEApacIIONOKEHHOCTBIO K
paspblBy  IMOTOKa  NPUBOAMT K  BHOpamud,  HO
MHOTOYHCIIEHHBIE JIA0OpaTOPHBIE UCIIBITAHUS MOKa3bIBAIOT,
YTO TEIMKOWIHEIC Jomactu TypOwHbel [opmoBa (puc. 2)
pemator npodjeMy, W KpOME TOro, B CPaBHEHHH C
MIPSIMOJIMHEHHBIMH  JIOMIATKaMH, H3BJIEKaeMasi SHEprus Ha
12% Oonbiie (cormacHo APYTMM JaHHBIM KodddurmeHt
MOIIHOCTH MpPSMOJIMHENHBIX Jiomacted Ha 5%  BbllIe
CIHPAJBHBIX).

Pewenue npobnemvr 4 — nepagHomepHocmb bIPAOOMKU
NeKMPOIHEPUU.

[Monyuenne snexrposneprun TOC (puc. 1) npm
HU3KOM IieHe Ha ra3 sBusercs npeanodrutensHeil [19C kak
1o (UHAHCOBBIM, TaK W TEXHHYECKHM COOOpaKEHHSM, a
TaKKe MO BO3JEUCTBUIO Ha OKpykaromyro cpeny, Ho KITJ]
I[M3C npu mommoctn 20-250 MBT moxer ObITh B 4 pasa
Oonbiie, — BaKHEHIIUM  (AKTOPOM,  CHIDKAIOUINM
sKoHOMHUecKyto 3¢ dexTnBHOCTE [IDC, ABIAIOTCS May3bl B

pabore W3-3a NEPUOAMYHOCTH NPHIMBOB/OTIMBOB. B
TpaguuoHHoM ucnonHennn [19C  —  ooduobacceiinoe
THAPOTEXHUYECKOE COOPY)XEHHE C  OTTOPaKUBAIOLICH
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IUIOTUHOM, W paboTa 3JIEKTPOCTAaHIMH BO3MOXKHA B TPEX
pexxumax: 1) I'enepaumst B mpuiuB; 3amoiHeHne OacceliHa
MOpCKOH BOJOW HAYMHAETCS HE Cpa3y: HEKOTOPOE BpeMs
3aTBOpPbl TYpOWHHBIX BOJOBOJOB 3aKpbITHI, IIOKa HE
BO3HHMKHET JIOCTATOYHBIM THIPOCTATUYECKUH Hamop (B
HOYHOE BpeMs IIpM HHU3KHX crpoce W Tapude Boza
mporryckaercss B OacceiiH  4epe3  JIOTOJIHHTEIIbHBIC
OTBEpCTHS, HAIIONHSAA ero). 2) B ommB npy MUHMMaIEHOM
HaIrope CO CTOPOHBI MOpsI Boja M3 OacceiiHa BBIITYCKaeTCs

yepes TypOMHHBIE BOJIOBO/IBL, BbIpaOaThIBas
JJIEKTPOZHEPrUI0 IOKAa TUAPOCTATHYECKMH HAmop B
OacceiiHe He ymagér [0 MHHHMAIBHOTO  YPOBHS,

MO3BOJISIIOIIETO  TypOuMHaM paborath 3 ¢dexTuBHO. 3)
JIByHarpaBieHHass TeHEpals — METOJ HCIOJIb3YyeT Kak
¢da3pl mpuiIMBa, TaK M OTJIMBA: 3aTBOPHl TYPOMHHBIX
BOJIOBOJIOB OCTAIOTCSl 3aKPBITBIMH JI0 KOHIIA NpUiIHBa (puc.
1), mocie dero BOXy HamNpaBiSIOT B TYpOMHBI — HAcTyHaeT
¢daza  reHepaumy, JUBIO@ACS 0  MHUHAMAJIBHOIO
THAPOCTaTHYECKOro  Hamopa —  ¢a3sl  OTIIMBA,
JIBYCTOPOHHSISI TeHEpaLysl COKPAIIAeT JOMI0 Nay3 U CHIKACT
KOJIMYECTBO arperaToB, TO €CTh CTOMMOCTH OOOPYZOBaHUSI.
Heyxbacceiinvie IT9C — ocHOBHOH OacceitH MOXKeT paboTaTh
KaKk OJWH, BTOPOM TMpeAHa3HAueH IS 3aKaukKu |
aKKyMYJISIIMM BOZIBI B Tp oilecce (pa3bl OTKaYKH U3 Iep BOro
GacceiiHa, IIPU ATOM HCIIOIB3YETCs YacTh JJIEKTPOIHEPTUH,
reHepupyeMoil TypOMHamMH, M Takas CHCTEMa CII0COOHa
perynmpoBaTh MOAady 3JEKTPO’HEPIHH MHOTpeduTeno, —
MPEUMYIIECTBO CHCTEM C JBOMHBIM OacceliHOM —
CIOCOOHOCTh TEHEPUPOBATH JIIEKTPUYECTBO B  IEPHON
TIOBBIIIEHHOT O CIPOCa, HEIOCTATKU: HU3Kas 3()(HhEeKTHBHOCTH
paboThl TypOMH IpH HU3KOM HAIope W yBEIWYEHHUE 3aTpaT
Ha CTPOWTENBCTBO W3-32 YMJIMHEHWS IUIOTHHBL XOTS
HepaBHOMEpHOCTh BbIpaboTku [IDC He TONBKO CyTOYHas,
HO W MecCsiuHas, HO IpobieMa 4 onpeaensercs N3MEHEeHHEM
Haropa B pe3ylbTaTe IPUIMBHO-OTIMBHOTO JIEWCTBHS
BOJIHBI.

Pewenue npobnemer 5 — nedocmamounas 3¢hpexmugnocme
npeobpazoeanus IHepeUL U ONMUMUZAYUSL —

mpoOjeMa  TOXE  WH)KCHEPHOW  TUIPABIIUKU.
OKOHOMHYECKasi M dHeprerwdyeckass  3()(EKTHBHOCTH
TpeOYIOT ONTHMHU3AIMN — KOMITBIOTEPHOT'O MOJIEINPOBAHUS
BBIPAOOTKH AJIEKTPOIHEPTHH OT M3MEHEHUH YpOBHS BOJBI B
OacceiiHe Ha OCHOBE KOHKPETHBIX  aHAINTHYECKUX
MOAXOA0B, 4TO NAET, MpEXK/Ie BCEro, ONTHMAlIbHOE BpeMs
Havaja W OKOHYAHWS TEeHepalnuu Kaxmod (as3sl. MenHO
STHM — HEIMHCWHOW 3aBUCHMOCTHIO YPOBHS Hamopa u
MOIIIHOCTBIO  OmpejensieTcss  npoOiieMa  BO3MOXKHOCTH
BBIXOIda CTaHIMH Ha TPOEKTHYIO MOIIHOCTh. Llennpio
ONTUMU3AIIH 3KCIUTYaTAMOHHBIX MEPOTIPHUITUHN SBISACTCH,
B IIEPBYIO OYepelb, ONpelesieHne KOJIW4YecTBa TYpOUH U
€IMHBIX ONTHUMAJIBHBIX SKCIUTYaTAIMOHHBIX XapPaKTEPHCTHK
JUISL OJJMHAKOBO Pe3yJIbTaTUBHONW PabOTHI BO BpeMst Bcex (a3
BCEX INPHWJIMBHBIX LHUKIIOB. 3aJaHHOE KOJMYECTBO TYpOHMH
3a1aHHOM MOIIIHOCTH JIOJIKHBI obecreunTh
MPE/NoIaraeMyl0 yCTaHOBJICHHYIO MOIIHOCTh CT@HIMH B
3aJJaHHOM JIMana30He; MPH MOJCIUPOBAHUN HCCIIEIYIOT Ba
peKrMa paboThI: IBYXCTOPOHHSISI TeHepanusi 0e3 HACOCHBIX
CTaHLUMI U JBYXCTOPOHHSIA C Hakaukou. [l yaydlIeHus
OIIEPAaTHBHOIO YNPaBJIECHHUS CHJIOBBIMH YCTaHOBKAaMH BO

BPEMEHHM KaXX[JOro TMpPWIMBHOIO ILHMKIa B KayecTBe
HCXO/HOTO TIapaMeTpa MPUMEHSIOT OAHO olliee 3HauYeHHE,
W Jajee  ONTHMHU3AIMsA  MOJCIUPYEMOH  CTaHIMH
MIPOJOJDKAETCS C TOCIEIHUX MapaMeTpoB IPEbLIYIIEro
LKA, — TOCJIEI0BATEIILHOCTD ONEpalii MO yIpaBJICHHUIO
pexumamu  pabotel [IDC: 1 )oTkauka BOOBI B OTIIMB
(omopoxxHeHne OacceiiHa), 2) may3a NpH MHUHUMAJIbLHOM
YpoBHE OmIMBa (3alepKKa B OXWAAAHUM), 3) Ha4YaIo
npwinBa ((asza repen HamoJHEHHEM OacceifHa), 4) Havano
MIPOITyCKa BOJBI Yepe3 3aTBOpHI, 5) HarojgHeHHWe OacceiiHa,
6) Hakayka BOAbI B NpPWIWB, 7) Tay3a Ha MaKCUMyMe
NPWINBHOTO  ypOBHA, &) Hayago ommBa (Tepex
OITOPOKHEHHEM), 9) IIPOITYCK BOJBI B OTIIMB Y€pe3 3aTBOPHI,
10) orkauka BOABl B OTIHMB (OHOpOXXHEHHE OacceiiHa).
D¢ dexTrBHAS SKCILTYaTalMsi HA OCHOBE IIEI€BOH (YHKINH
KaXJIOr0o IHUKJIA MaKCUMH3HUPYET BBIXOJ JHEPTUH, W
J00aBJIeHNE TIPOKAYKH MTOBBIIIAET BBIXOJ JIEKTPUYECTBA HA
~15-20% [8], a B meIOM ONTHUMHU3UPOBAHHOE YIIPABICHUE
LUKJIaMH TPUBOJMUT, 3a CUET Oojiee TMOKOTO yHpaBJIEHHS
TypOMHAaMH W 3aTBOPaMH, K VYBEIMYEHHIO BBIXOJA
anektposHeprun Ha ~30-35% (omTHMM3aNMs TOBBIIIACT
KIIZ wmomenmn werslpexjionacTHOMH TypOuMHBI Ha 5,5 u
TpéxnonacTHOi Ha 4,5%). I1oIHOCTBIO ONTUMU3NPOBAHHBIH
NPOLIECC YIIPABJCHHUS B pELICHWH HHXECHEPHBIX 3a7ad
BKJIIOYaeT OOJIBIIOE YHCIIO IIEPEMEHHBIX (HauyuHAs C
THAPOAMHAMHYECKUX XapPaKTEPUCTUK NPHOPEKHON 30HBI),
TPeOYIOIINX ITOBHIIICHHBIX BEIYUCIUTEIBHBIX PECYPCOB.

Am, tiem?

T, Jer

Puc. 13 VIHTEHCUBHOCTb KOpPPO3UU KOHCTPYKLUI B BOJE
pa3ubix Mopeit: 1 — CeBepHom; 2 — CpeanzeMHOM; 3 — ¢
BBICOKMM cofepskanneM Ca u 3arpsa3HEHHAs CTOYHBIMU
Bozamu; 4 — 6e3 3arpszHeHni; 5 — Yéprom[9)]

Pewenue npobremvr 6 — ocodbvie ycaosus IKCnIyamayuu u
MeXHUYecKo20 00CIYHCUBAHUA OTPAXKAIOTCS HA pacXolax, u
CTOUMOCTb ~ OJKCIUIyaTallAMW M MEpPONpUATHS 1O
TeXHUYECKOMY oOciyxuBanuio oObrgHbIX [I9C  camas
HU3Kasg B CPaBHEHUHM C JAPYTUMHU CTaHLUMSMU TIeHEpaLuu
sHepruu Mopsi. M3 Bcex BO3MOXKHBIX OCIOXKHEHUM B
JKCIUTyaTalli¥, CBSI3aHHBIX C 3aJadyaMd WHXEHEPHOU
THIpaBJINKA, TPU HamOoJee OCTpble — BOJHBI, JICIOBBIC
siBiieHUs, Koppo3us. Tpagunuonnsmvu aast I'TC meronamy,
omucanneivu B CIT (38.13330.2018), pexomeHmanusx,

CIIpaBOYHHUKAX SIBJIAAFOTCA JIIsL CHMIKCHUA CHJIBI
BOBHGﬁCTBHH BOJIH — BOJIHOPE3HbI, 6€pCFOpr€HJI€HI/I€, JIIsL
JICAOBBIX Harpys3ok - JICAOPEC3hI, JIA 3alluThI
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COPOYAEPXKHMBAIOIIMX  PEETOK  OT  oOMmep3aHus  —
AQHTHOOJIEICHUTENT B BHAE, HANpPUMEpP, TUAPOPOOHBIX
TIOKPBITHH, UIS 3alUTHl 32 KJIAaJHBIX YacTed 3aTBOPOB —

3JIEKTpoOOOrpeBa, OOpbOBI C BHYTPUBOAHBIM JIBIAOM H
OIYTOBBIMH ~KOBPaMH — 3allaHd MW IOyrocOpocel, —
enecooopasHo TUPaBIMICCKOC nabopaTtopHoe
MOJICITUPOBAHHE. DJIeKTPOXHUMHUYECKasI KOPpO3usl
METaJUTHYECKUX KOHCTPYKLHIA, HCTIOTHUTEIBHBIX

MECXaHHU3MOB, ,HeTaJ'Ieﬁ Typ6I/IHHBIX arperaTtoB B MOpCKOﬁ

BOJIC BBICOKA M3-3a HAJMYMS B HEW PacTBOPEHHBIX CONEH —
KAaTHOHOB aKTHBHBIX METAJUIOB: XJIODHUIOB M CYNb()ATOB
HATpPUsl, MarHus, KajbLUs, KaJIus, KpOME TOro, B MOPCKON
BOJC BBICOKA M JEMAacCHBHOCTb. KHHETHKa MPOLECCOB
ONpEeNIeIsIeTCST COCTAaBOM M KOHIICHTpAaLUeW 3JICKTPONIUTA
(puc. 13): Gomnbie conEHOCTH — BBIIIE CKOPOCTh KOPPO3UH U
HIDKC HaA&KHOCTh, a TaKKe AaKTUBHOCTBIO MeTayia
KOHCTPYKLUH B BHIE MPOCTOrO BELICCTBA HJIM COCIUHCHHUS
(Tabnuna 2).

Tabauya 2: DNEKTPOXUMUYECKAN PsJl aKTUBHOCTU METAJIOB

Li—-K—Na—
Ca— Ba—

K nmpumepy, BbICOKUI MOTEHIMAT MEAHBIX CILIABOB
B OJICKTPOJIUTUYECKOM KOHTAaKTE€ CO CIUIaBaMH Kelle3a
co3naér mortok amektpoHoB or Fe k Cu, xoppoaupys
MIEPBEIA, a 3TO TpeOyeT CHEeNUANBHBIX METOIOB 3aIlIUTHI:
JIETUPOBAHUS, WHIHOUTOPOB, H3OIUPYIOMNX MOKPBITHIA,
BJIEKTPOXUMUYECKOM 3aINTEL BEIOOp MeEToja,
[PEIOTBPALLAIOIIETO  OKHCIUTEIbHO-BOCCTAHOBUTEIBHYIO
peaKluio, ONpeleNsieT CTOMMOCTh CTPOUTENbCTBA U
SKCIUTyaTallMOHHBIE U3IEPIKKH.

Celfuac HaKOIUICH JOCTATOYHBIN OIBIT PaOOTHI

MIPUINBHBIX 3JIEKTPOCTAHLIUH, BBIPa0aTHIBAIOIINX
JJIEKTPUYECTBO B  CETh HAa  MNPOTSHKEHHMM  MHOIHMX
TECATUICTHUH.

Pewenue npobnemvl 7 — 6030elicmaue HA OKPYAICAIOULYIO
cpeoy.

HpI/IJ'II/IBHaH CTaHlligd — BpCAHAsA TCXHOJIOIUA

anekTporeHeparmu:  [I9C  HapymaeT — CIOXHBIIYIOCS
9KOCUCTEMY reorpauuecKoro pETuoHa,
(opMupOBaBIIyIOCS  THICSUYENETHSAIMH, —  Hamboiee

T10KA3aTeIbHbIE IPHMEPBI C KPYIHBIMU MJICKOMHTAIOLIHIMHE :
B asrycre 2004 r. ma II9C Amnnanomuc B 3a1. Danmgu
(pexopaHbIe TPHIUBHI — 10 18 M) B3pOCIbIi TOpOaTHIi KUT B
cJ1a0bli TIPYIINB TIPOIUIBUT Yepe3 OTKPHITHIE BOPOTA LIUTI03a B
GacceiiH, 1 Ha HECKOJIBKO JHEH 3acTpsil B BEpXHEH 4acTy p.
AHHANoNMC, HO CaMOCTOATENIBHO HAIIEN BBIXOJ, OJHAKO
yxke BecHou 2007 r. Tam ke, y I. bpumkrayHa, HalijeHO
TEJI0 HEIOJIOBO3PEJIOro ropdaToro K1Ta, U NpHYuHa THOEIH
ocTanach HEU3BECTHOH; BIPOYEM, PpOJb 3arpaXxKIACHUHA B
JIAaHHBIX Ciydasx ckopee mnojoxutenbHasd. [IDC Ttaxxke
MOryT CTaTb OHPEEIEHHON Yrpo30d HKOHOMHYECKOIO
pa3BUTHS, €CIM B OrPa)1aeMOd 30HE AaKTHBHO Ppa3BUTO
CYIOXOJACTBO, HO M JaHHas TIpoOjeMa pemiaercs Ipu
IIOMOIIM HMHXXEHEpHOW ruapaBiauku. M BMecte ¢ Tewm,
TPaJAULMOHHBIE TPUINBHO-OTIUBHBIE YIEKTPOCTAHLIUU BPSi]
au  OyayT UMEThb IIMPOKOE pacHpOCTpaHEHHWE H3-3a
KPUTHYECKHX HEIOCTATKOB: JOPOrOBHU3HBI, UIMTEIHLHOIO
CpOKa CTpPOUTENLCTBA, OrPAHMYEHHOIO YHCIA MECT ¢
BBICOKMM TIPHJIMBOM W TOAXOJIICH OeperoBod IMHHEH,
HENpPeoAOIUMONA yrpo3bl OKpyxkarwmei cpege. Ilouck
HOBBIX TEXHOJIOTMYECKH COBEPUIEHHBIX IOAXOJOB B

® YcenenoBamus — KOMMUCCTBEHHBIC IAHHBIE O IEPEIBIKCHHHB 30HE
3arpakeHUs HMypOBHE THOEIUpPHIO, CBSI3aHHOH C IIPOXOAOM dUepe3
IIPSMOTOYHEIE TYPOUHEI OONIBIIOTO JHaMeTPa,0TCY TCTBYIOT.

© 2024 Global Journals

Mg — Al - Mn — Zn — Cr —
Fe - Ni— Sh — Pb —

H Cu— Hg — Ag —
2 Pt — Au
pPa3BUTHH OSHEPreTHKH (OPMHPYET B CPEIHECPOYHOM
MEePCHCKTUBE IMONUTHKY IOJJNCPKKH  BO30OHOBIISIEMBIX

HCTOYHHWKOB DHEPrHHM, TJIABHBIM 00pa3oM COJHEYHBIX |
BETPOBBIX, a B JOITOCPOYHOM — aTOMHBIX PEAaKTOPOB Ha
OBICTPBIX HEHUTpPOHAaxX (SIIEPHOTO TOIUIMBA 3aMKHYTOI'O
LUKJIA) U SIAEPHOrO CHHTE3a (TEepMOSIEpPHOTrO LHKIA), a
TaKXKe MMPOU3BOJCTBA BOJOPOAA.

Pewenue npoonemer 8 — enuanue Ha NPUOPE’CHO-MOPCKONU
HAHOCHDBIIL PEIHCUM.

BrokupoBaHuEe  TNPIIUBHO-OTIIMBHOTO — TEYCHUS
IUIOTUHOM CIIOCOOHO BBI3BAThH YBEIMUYCHHE 3PO3UH OEperos
KaK CO CTOPOHBI MOpSI, TaK M 0acceiiHa, yCHINTh ITOJIBOAHbIC
TEUEHHWsS C IIOAMBIBOM  COOpPYXeHHH. MmkeHepHas
THIPABIUKA  OTKPHIBACT IIHPOKHE BO3MOXHOCTH B
MIPOCKTUPOBAHUY CIEIUATBHBIX COOPYKEHHUH, MEHSFOITIX
HAaHOCHBIH  pPEXUM  BOAHBIX  OOBEKTOB:  METO/IOM
712a00paTOPHOTrO0 MOJETMPOBAHMS YJacTKOB B Ipejeax
aKBaTOPHUH MOXKHO OIPEICNATh MapaMeTphl U CTPOUTH B
HaType Ha JHE NOpOrk, Ha Oeperax — INIOpPBL, TO €CTh
BO3BOAUTH IIPOCTHIE COOPYXCHUsI, N3MEHSIOIINE CIIOXKHBIM
0o0pa3oM XapakTep TeUeHHH, U (OPMHUPYIOUINE OTIOKEHHS
TBEpAOrOo  cToka B Ipeaenax  Oe30MacHbIX U
LeNIecCOO0pa3HbIX,  COIJacHO  IPOEKTY € Y4ETOM
OaTHMEeTpHUYEeCKUX 0COOeHHOCTEH Oacceiina.

IV. 3axmoueHue

1. AnbrepHaTMBHas ~ JHEpreTMkKa, IIOCTPOCHHAs  HA
BO30OHOBIISIEMBIX HCTOYHUKAX, TIpeAToNaraeT
MIpeKpalieHue B Ipouecce NpeoOpa3oBaHusl SHEPTUH
BBEIpaOOTKH MTApPHUKOBBIX rasos, —  TaKxe
HEMaJIOBaXHBIM SIBIISIETCSI TIEPEOPHEHTALNSI TTOCTaBOK
HCKOMAeMOro  ChIpb €  DHEPreTHYECKOro  Ha
niepepaOaThIBAONMK  MPOMBIIUICHHBI ~ CEKTOp |
CHIDKEHHE CTOMMOCTH MOTyYEHHS HIEKTPOIHEPTUN.

2. Teno mmorunsl I[19C OTIMYHO OT yCTpaWBaeMbIX Ha
pekax ¥ 1O TONepeyHoMy mnpodmmo, u 10
KOHCTPYKIIUOHHOMY HCIOJTHEHUIO, MIOCKOJIBKY
NpeHa3HAYeHO [UIsi OJMHAKOBBIX C OOEUX CTOPOH
THIPOCTaTUUECKUX HAmopos, — MiornHa [IOC -
HHU3KOHAIIOpHAs, >KENe300€TOHHAsA, Iienecoodpa3Ha —
KyOOuaHOW (OPMBI, STYCHCTAS.

3. Tpéxmepnble wuHPOpPMAIMOHHBIE MOJAENN  IOTOKA
MIPOTOYHOM YaCTH THAPOTYPOMHBI MO3BOJISIOT CYAUTH O
BUOpamMy W KaBUTAMM C YYETOM H3MEHEHHS
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[apaMeTpOB INIABHBIX XapaKTEPUCTHK, HApUMEP, NpHU
OonbpIleM HANoOpe — MEHbIIE BHOpalmsi W HIKE
BEPOSITHOCTb BO3HUKHOBEHHSI YCTaJIOCTH METalla,
CpaBHEHUsI KOJleOaHUH CHJI 1 MOMEHTOB, pPa3BUBAEMBIX
B Pa3IMYHBIX TYpPOMHHBIX YCTaHOBKAX, MO3BOJISIOT
MIPOEKTUPOBATE  KOHCTPYKUMH C  MHHUMAJIbHBIMU
koneOanusaMu. CTPyKTYpHBI aHaiW3 TBEPAOro Teja
KOHCTPYKUMH THUAPOTYpPOMHBI HampaBieH, IOMHMO
KOHCTPYKTOPCKOH IPOpabOTKH T'€OMETPUH JAeTalied |
OCHOBHBIX JJIEMEHTOB, TAaKMX Kak (hopMma Jioracredd, Ha
N3y4eHHWE MEXaHMYECKHX CBOWCTB MeTaula M BBHIOOD
KOHCTPYKIIMOHHOM CTaJIN.

Ontumuzanust padotsl [13C HampaBieHa HE TOJIBKO Ha
COBEPILIEHCTBOBAHUE TEUYECHHS B TYpOMHHOM KOJEce C
uenbio pocta KI1/I, cHKeHust BUOpanyy 1 nryma, HO |
pellieHHs] APYrUX BOMNPOCOB MHIKEHEPHOU TI'MIPABIIUKU:

pacyér  MHOroOacCeWHBIX  CHCTEM,  OIpEIeieHUe
ONTUMAJBHOTO KOJIMYECTBA TYpOWH, OIpe/eIeHHe
ONTHUMAJBHOTO BpPEMEHM Hayajla W  OKOHYAHMS

reHepanuy KaXaod (a3pl, EOUHBIX ONTHMAaJIbHBIX
SKCILTYaTal[MOHHBIX XapaKTEPUCTUK JUIS OAWHAKOBO
pe3y/bTaTUBHOM paboTel BO BpeMsi Bcex (a3 Bcex
TIPHJIMBHBIX ITUKIIOB.

Ocno)XHEHHS B JKCIUTyaTalllH, CBSI3aHHBIC C 3a/a4aMU
WH)KCHEPHOW THAPABIMKHA — BOJHBI, JICAOBBIC SBICHUS,
kopposusa. TpamummonneMu jiusi ['TC wmeromamuy,
omucanHeiMi B CII, pekoMmeHmanmsx, CIpaBOYHHKAX
SIBIISTFOTCS: JIUISI CHYDKGHUS! CHIJIBI BO3JICHCTBHS BOJH —
BOJIHOpE3bl,  OEperoykpersieHne, Uil JIEIOBBIX
Harpys3ok - JIesI0pe3Hhl, JUIst 3aIUTHI
COPOYAEPXKHMBAIOIINX PEMIETOK OT oOmep3aHus —
aHTHOOJICICHUTENN B BUJIE, HAIpPHUMeEp, TUAPOPOOHBIX
TIOKPBITHH, JJIS 3aIIMTHI 3aKJIaJHBIX YacTel 3aTBOPOB —
JIEKTPOOOOrpeBa, OOphObI ¢ BHYTPUBOIHBIM JIHJIOM H

LIYTOBHIMH KOBpaMH — 3allaHd M IIyrocOpoChl, —
nenecooOpasHO  TuApaBIMYeckoe  JabopaTopHOe
MOJICITUPOBAHHE. Hns NPEeIOTBPAIICHUS
ANEKTPOXUMHIECKOM KOppO3UH METaJUTHYECKUX

KOHCTPYKUHH, UCHIOJHUTEIBHBIX MEXaHU3MOB, JleTajen
TYpOWHHBIX arperaTtoB B MOPCKOH BOJIE HCIIONB3YIOT
METOJBI: JICTUPOBAHUS, HHTHOUTOPOB, H30JIUPYIOIINX
MOKPBITUH, 2JIEKTPOXUMHUYECKOHN 3aLUTHI.

CuCTeMHBIIf ~ aHamU3  TOpoOJIeM, IO  CIIOKHOCTH
COIOCTABUMBIX [ I15C, HEBO3MOXKEH oe3
KOJIOCCAJIbHBIX BBIYUCIUTENBHBIX MOIIHOCTEH DBM,
[I03TOMY CTaJl IIUPOKO AOCTYIEH JIMIIb B MOCJIEIHUE
TOJIBI, U IeJIeco00pa3eH He TONMbKO B 3aaauax KVBP, Ho
u B npoekrax [19C, rae ydTeHbl onTUMHU3aIHs padoThI
3JIEKTPOCTAHLIMH, BONPOCHl OKCIUTyaTallid, OXpPaHbI
BOJHBIX PECYPCOB H [Ip.
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Enhancement of Cement’s Compressive Strength of Concrete
using Mid-Infrared Ray - A Fundamental Research

By Umakanthan T, Madhu Mathi & Umadevi U
Abstract- Concrete is one of the most versatile material in building construction. Overall quality of
cement is indicated by the compressive concrete strength of concrete (CSC). Many techniques
are available to increase the CSC. As one of the technology, we irradiated the cement with mid-
infrared rays and observed 38% CSC increase. This technology is economical, rapid, easy, user-
friendly, can be used by manufacturer to client and in future may gain vast scope and utility in
civil engineering.
Keywords: cement, mid-infrared, irradiation, compressive strength of concrete, increase, safe,
economical.
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Enhancement of Cement’'s Compressive
Strength of Concrete using Mid-Infrared Ray
— A Fundamental Research

Umakanthan T %, Madhu Mathi ® & Umadevi U °

Abstract- Concrete is one of the most versatile material in
building construction. Overall quality of cement is indicated by
the compressive concrete strength of concrete (CSC). Many
techniques are available to increase the CSC. As one of the
technology, we irradiated the cement with mid-infrared rays
and observed 38% CSC increase. This technology is
economical, rapid, easy, user-friendly, can be used by
manufacturer to client and in future may gain vast scope and
utility in civil engineering.

Keywords: cement, mid-infrared, irradiation, compressive
strength of concrete, increase, safe, economical.

[. INTRODUCTION

bout 10 billion tons of concrete used leading to
natural resource decline, and increasing pollution

hence research for alternative needed (Liu et al.,
2020). Cement price and demand are dynamic. Either
saving atleast 1% of cement or increasing the
compressive strength of concrete (CSC) would save
economy and reduce pollution. CSC is influenced by
type and source of cement, supplementary cementitious
material and aggregate type (Jared et al, 2022).
Through various research CSC was increased upto
72.3% as cited by Liu et al., 2020. Most of these
methods are unstable, uneconomical and difficult to
follow in field conditions. We successfully tried mid-
infrared irradiation and found 38% CSC increase. The
effect of mid-infrared in cement’'s physic-chemistry is
also discussed with various instrumentations.

II. MATERIAL AND METHODS

MIRGA (patent no.: 401387) is a 20 ml pocket
sized atomizer (Supplementary file - figure F1)
containing inorganic water based solution in which
approximately two sextillion cations and three sextillion
anions composing Sodium carbonate monohydrate,
Sodium carbonate anhydrous, Potassium nitrate and
Sodium  chloride are present. During spraying,
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depending on pressure (vary with the user) applied to
plunger, every spraying generates 2-6 um mid-IR.
Design of the MIRGA and emission of 2-6 yum mid-IR
has been presented in detail by Umakanthan et al.,
2022a; Umakanthan et al., 2022b. Every time spraying
emits 0.06ml which contains approximately seven
quintillion cations and eleven quintillion anions. (details
about MIRGA available in supplementary text T1)

The inorganic compounds wused in the
generation of MIR are a perspective for biomedical
applications (Tishkevich et al., 2019; Dukenbayev et al.,
2019). It is also a new synthesis method for preparation
of functional material (2-6 um mid-IR) (Kozlovskiy et al.,
2021, El-Shater et al., 2022). It is well known that the
combination of different compounds, which have
excellent electronic properties, leads to new composite
materials, which have eamed great technological
interest in recent years (Kozlovskiy et al., 2021;
Almessiere et al., 2022).

Commercial cement and service of an expert
panel (n:6) from a local cement manufacturing factory
utilized. The spraying was done from 0.25 to 0.5 meter
towards any type of packaged (polythene, paper, glass)
material (e.g cement bags here) (Method of MIRGA
spraying in Supplementary file — video V1). This distance
is essential for the MIRGA sprayed solution to form ion
clouds, oscillation and 2-6 yum mid-IR generation. The
mid-infrared can penetrate the intervening package and
act on the cement inside. Close spraying doesn'’t
generate energy. MIRGA is used like a body spray.

The instruments used to find the changes in,

Chemical compound transformation — gas
chromatography mass spectrometry (GC-MS): Agilent
technologies, 7820 GC system, 5977E MSD, Colomn
DB-5, Over temp 100-270°C, Detector MS, Flow rate 1.2,
Carrier gas Helium.

Chemical bond changes - fourier-transform
infrared spectroscopy (FTIR): JASCO FT-IR 4200 plus
spectrophotometer with ATR (range 4000-400 cm™ at
298 K); and IR AFFINITY | — FTIR Spectrophotometer,
FTIR 7600, Shimadzu.

Structural changes — powder x-ray diffraction
(PXRD): Rigaku RINT 2500 X-ray diffractometer (CuKa
anode; A = 1.541,&). Samples scanned at 40kV and
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30mA from 5° to 35° 20 values and analyzed using
PDXL2 software (Rigaku).

Configuration —  transmission electron
microscopy (TEM): High resolution transmission
electron microscopy (HR-TEM) on JEOL (JEM-2100
Plus) system under an acceleration voltage of 200 kV.

Nuclear resonances — Solid state #Al nuclear
magnetic resonance: The experiments were done on a
600 MHz NMR spectrometer (ECZR Series, JEOL,
JAPAN) using a 3.2mm CPMAS probe at 150MHz
frequency. All the samples were run at 18KHz spinning
speed at room temp and with a delay of 5sec.

a) Method 1

A commercial bag containing M20 grade 50 kg
cement was purchased. From that bag, 1000gms
cement was taken, transferred to a polyethene pouch
(more than 51 micron thickness) and its opening sealed
with cellophane. Similarly, 10 more packets prepared.
Among the 11 packets, one was marked as C (Control)
and the remaining 10 were individually numbered from 1
to 10. The numbered pouches were respectively given 1
to 10 MIRGA sprayings from 0.25-0.50 meter towards
the pouches, at a rate of 1 or 2 on one or either side of
the pouches.

Using cement from each of the 11 pouches, a
standard weight of ingredients aggregate prepared,

cubes of same size were individually casted. Manual
casting and compaction of cubes done (pair-form-
technique). The cubes were separately cured by
submerging in water. Compression tests were
conducted with compression testing machine 1000 KN
capacity at 7, 14 and 28 days. The trials were conducted
in quadruplet and CSC results were compared.

b) Method 2

M20 grade 50 kg cement bag was purchased of
the same brand and batch as in method 1. 4 samples of
1000 gms each were prepared. One sample was
marked as C (Control) and the remaining 3 were
numbered 1, 2 and 3. MIRGA salt was added at 0.5%,
0.75% and 1% (w/w) respectively to packets 1, 2 and 3.
As in method 1, cubes were prepared, subjected to
CSC testing. The trials were conducted in quadruplet
and results were compared.

[1I. RESULTS AND DISCUSSION

a) Method |

6 and 10 times MIRGA sprayed cement cubes,
on 28th day was found to have increased 38-48% CSC
respectively compared to control cubes (Table 1).

Table 1: Compressive Strength of Concrete (an abstract table)

Number of MIRGA Compressive Strzr;g;{;]g;(i())ncrete in N/mm2 Enhanced percentage
spraying 7 day 127 day 28" day of CSC in N/mm2
C (non-sprayed) 13 18 21 -
2 15 19 22 5
6 15 24 29 38
10 16 25 31 48

b) Method 2

On 28th day, the 0.75% MIRGA salt added
cement cubes were found to have 38% increased CSC
than control. MIRGA salt as such is a bit costlier than
MIRGA sprayings.

Considering 28" day results of both methods,
the CSC enhancement of 38% in 6 sprayed cement
sample was taken as an achievement of this research.

The sensory and other parameters of control
and trialed samples given as below. These changes
were observed from 1-3 minutes after MIRGA spraying.

Control: Natural texture, taste bland, soft, a pinch sank
very slowly in water.

2 sprayed: Smooth texture, salty, soft, sank rapidly in
water.

6 sprayed: Rough texture, more salty, course, sank very
rapidly in water.

© 2024 Global Journals

10 sprayed: Very rough texture, very salty, very course,
sank very slowly in water.

Instrumentation analyses (raw data of instrumentations in
Supplementary file — Data D1).

i. GCMS

Control: The GCMS profile of the control sample shows
peaks at these retention times (min): 12.8, 13.4, 15,
16.3, 17.8, 19.7, ~19.8, ~20, and ~21.8. 2 sprayed
sample: There is one additional peak in the 2 sprayed
sample at about 18.4 min compared to the control
sample GCMS. This additional peak is the marker of
different properties of the 2 sprayed sample. 6 sprayed
sample: There is an additional apparent peak at about
20.6 min. This change is an indicator of the rough
texture, etc. of 6 sprayed sample relative to the control
sample. 10 sprayed sample: The peak at ~5.2 min in
the GCMS pattern of the 10 sprayed sample does not
appear in the GCMS pattern of the control sample or
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other samples. This peak is the unique property of the

10 sprayed

Cement sample contains many aldehydes,
ketone, short chain alkane & their derivatives. After 2
increment
dodecane (or its derivatives) while 6 and 10 sprayings

spraying,

sample.
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and 10 sprayed samples have shown the peak of
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depending on the number of sprayings. (Fig 1) (Table 2)
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Fig. 1: GC-MS of cement samples

Bl SN BE SN T A HE BB U8 WE S SN GE S TH SN a8 B R

10 sprayed sample

© 2024 Global Journals

Global Journal of Rescarch in Engineering ( E ) XXIV Issue I Version I E Year 2024



( E ) XXIV Issue I Version I ﬂ Year 2024

gineering
ll’l(,LIll’lé

)

Global Journal of Research in En

ENHANCEMENT OF CEMENT'S COMPRESSIVE STRENGTH OF CONCRETE USING MID-INFRARED RAY - A FUNDAMENTAL

RESEARCH

Table 2: GCMS spectra analysis of cement samples

RT. Name of Compounds in % Area presence in Sample
(Min) Cement ° P P
Control | 2 sprayed | 6 sprayed | 10 sprayed Remarks
12.809 13—Hexy|oxacy§rlwoetrldec—1 0-en-2- 517 069 199 509
16.270 Cyclopentadecanone, 2- 6.60 00 00 00
hydroxy-
16.279 13-Octadecenal, (Z)- 0.0 2.71 0.0 3.15
16.279 2,3-Dihydroxypropyl! elaidate 0.0 0.0 2.93 0.0
17839 Cyclopentadecanone, 2- 3906 00 00 00 Mlost abundant peak
hydroxy- in control sample
17.839 Cyclohexane, pentyl- 0.0 0.0 37.98 55.15 Most abundant peak
in 10 sprayed sample
Most abundant and
19.702 13-Octadecenal, (2)- 52.70 0.0 0.0 0.0 unique peak in
control sample
19.711 9—Oct§decen0|c acid (2)-, 2,3- 00 00 00 50.29 Most abundant peak
dihydroxypropy! ester in 10 sprayed sample
17.849 | Dodecane, 2-cyclohexyl- 0.0 49.07 0.0 0.0 Most abundant peak
in 2 sprayed sample
19.712 | Cyclopentadecanone, 2-hydroxy 0.0 46.37 61.09 0.0 MOSt abundant peak
in 6 sprayed sample
19.995 tert-Buty|(5-isopropyl-2- 0.0 7.95 0.0 0.0
methylphenoxy)dimethylsilane
i. FT-IR cm-1 stretching vibration of water in gypsum seen. A
a. JASCO FT-IR 4200 plus Spectrophotometer with ~ broad band at ~ 1650 cm-1 is due to bending vibration
ATR of irregularly bound H20 in 6 and 10 sprayed samples

Control Sample: The broad signal in the range 1100-
1450 cm-1 is associated with the stretching vibration of
Si-OH in the silanols functional group, although
observed in the fingerprint region. Furthermore, in the
functional group region, the broad signal in the range
3200-3600 cm-1 is associated with the stretching
vibration of O-H.

2 sprayed Sample: In the fingerprint region, the broad
signal of Si-OH in the range 1100-1450 cm-1 increases
significantly. Moreover, in the functional group region,
there is a further broadening of O-H in the range 3200-
3600 cm-1.

6 sprayed Sample: Following the same trend in the 2
sprayed sample, in the fingerprint region, the broad
signal of Si-OH in the range 1100-1450 cm-1 continues
increasing. Moreover, in the functional group region, the
broad signal of O-H in the range 3200-3600 cm-1
increases in value.

10 sprayed Sample: In the fingerprint region, the broad
signal of Si-OH in the range 1100-1450 cm-1 drops in
value. In the functional group region, the broad signal of
O-H in the range 3200-3600 cm-1 also drops in value.

The observed changes in the stretching
vibrations of Si-OH and O-H can be interpreted as to the
2 sprayed and 6 sprayed samples being more favorable
than the control sample, and the 10 sprayed sample
being less favourable. At band 1623 cm-1 and 1684 cm-
1 bending vibration of water in gypsum seen. At 3554

© 2024 Global Journals
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Fig. 2: FT-IR of cement

b. IR AFFINITY | — FTIR Spectrophotometer, FTIR
7600, Shimadzu
Cement is a mixture of different compounds. It
consists of Calcium oxide (Ca0), Silicon dioxide (SiO,),
Aluminum oxide (Al,O), Iron oxide (Fe,O,), Water (H,0),
Sulfate (SO;) and do not have any specific formula.
Ca(OH), stretch (present in control sample) indicate
Portlandite of cement and it was changed in 2 and 10

sprayed samples, but disappeared in 6 sprayed sample.
While10 sprayed sample showed comparatively
increased C-O stretch of [CO4?*, 2 sprayed sample
showed high increment for Si-O stretch. The 6 and 10
sprayed samples uniquely shown asymmetric stretching
of Si-O bond while S-O stretching of SO,> was
selectively present in control and 2 sprayed samples.
(Table 3) (Fig 3)

Table 3: FTIR spectra analysis

Fr((e1q/técrenn)cy Band characteristic % area present in each sample
Control | 2 sprayed | 6 sprayed | 10 sprayed Remarks
3417.86 Portlandite — Ca(OH), 1.39 5.34 0.0 0.75 Increase in 2 sprayed sample
1435.04 | C-O stretch of[CO3]% | 13.33 14.06 1058 2197 Increase in 10 sprayed
sample
110328 | S-O stretch of [SO4)* | 6.19 517 0.0 0.0 Only present in control and 2
sprayed samples
109557 Si-O (asymmetrlc 0.00 0.00 35 6.46 Only present in 6 sprayed and
stretching) 10 sprayed samples
925.83 Al-O stretch 214 222 1.44 1.76 Decrease in 6 sprayed and 10
sprayed sample
455.20 Si-O stretch 2.76 5.34 1.46 214 Increase in 2 sprayed sample
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6 sprayed
2 sprayed
10 sprayed
Control
Fig. 3: FTIR of cement
ii. PXRD increasing with the increase in the spraying number. The

The changes in peak intensities at 11.59° and  rate of hydration of the cement samples is in the order of
29.11° is due to changes in nuclear co-ordinates due to  control < 2 sprayed < 6 sprayed < 10 sprayed sample.
the formation of gypsum and more intense in 6 and 10 (Table 4) (Fig 4)
sprayed samples. The rate of hydration of the cement is

Table 4: PXRD analysis

Control 2 sprayed 6 sprayed 10 sprayed
20 I I/lmax % I I/lmax % I I/lmax % I I/lmax %
32.24 (Alite) 3081 100,0 3523 91,9 1911 100,0 3085 100,0
29.48 (Alite) 2837 92,1 3715 96,9 1576 82,5 2780 90,1

34.42 (Ferrite) 2582 83,8 2643 69,0 1593 83,4 2575 83,5
26.65 (Langbenite) | 2418 78,5 3832 100,0 1215 63,6 2413 78,2
51.79 (Alite) 1903 61,8 1140 29,7 640 33,5 1113 36,1
18.08 (Portlandite) | 1256 40,8 1321 34,5 711 37,2 1131 36,7

© 2024 Global Journals
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Fig. 4: PXRD of cement samples

iv. HR-TEM

Control sample: Mass aggregates show amorphous or
ellipsoidal shape, and sizes ranging 0.4 — 1 um. Most of
these appear homogeneously dark. Bands of regularly
spaced fringes suggesting Moire patterns are visible
that are typical of crystalline structures. Different
particles having typical crystal shapes are visible,
namely: triangular particles and needle-like particles.
Concerning the triangular particles, it shows two equal-
lenght sides (0.7 um) and one shorter side (0.4 um),
recalling an isosceles triangle; it also shows bending
contours at particle edges, that are typical of crystal
torsions. Concerning the needle-like particles, all visible
particles have same length, ranging 0.5 — 0.6 um and
show diffraction contrast evidences (including the likely
Moire patterns observed). Both types are thus
compatible with crystals. Nanoparticles (average size 20
— 100 nm) are observed with prevalent squared shape
and organized in clusters.

2 sprayed sample: Mass aggregates of comparable
sizes and shapes organized in clusters are observed.
Diffraction contrast areas are visible suggesting the
presence of crystals. Different from the control, the 2
sprayed sample does not show individual particles with
peculiarities typical of crystal, e.g. like those described
for the control sample. Given the crystalline nature of
this sample, as documented by HRTEM images, small
crystals are present here, instead of large ones
observed in the control. Moreover, the low frequency by
which features typical of crystal structure are observed
is coherent with the low frequency of areas of lattice
fringe bands observed. Individual nanoparticles similar
to those in the control are not visible in the 2 sprayed
sample; however, in the aggregate some objects are
observed which are comparable to nanoparticles
observed in the control.

6 sprayed sample has different clusters of mass
aggregates showing various shapes and sizes, at
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increasing magnification; a cluster of rectangular
crystals and a diffraction pattern image are also shown.
Differently from control and 2 sprayed samples, 6
sprayed sample features typical of crystalline structures
spread all over the sample mass. This sample is
characterized by a large number of crystal structures.
Measures of the ring radii in reciprocal lattice unit (1/nm)
provide the following interplanar distances (real space,
nm). 012, 0.16 and 0.20, comparable with
measurements performed on bands of lattice fringes. In
the diffraction pattern, bright spots are observed
uniformly distributed along the rings, indicating that this
sample has a polycrystalline texture where crystallites
are random oriented; also this finding is coherent with
information extracted from the HRTEM image of this
sample. Sizes and shapes of mass aggregates are
similar to those of control and 2 sprayed samples.
However, while in aggregates of these samples
diffraction contrast is observed in limited areas of the
aggregate, in the 6 sprayed sample signals of diffraction
contrast and of Moiré patterns are observed with very
high frequency. Moiré patterns are particularly evident.
Rectangular and/or squared crystals are also observed

5

e =

6 sprayed sample

with side lengths 0.3 — 0.4 x 0.05 (um x um), and 110 —
130 nm respectively.

10 sprayed sample: Similarly to 6 sprayed sample, this
sample features typical of crystalline structures in
sample mass. This is characterized by a large number
of crystal structures. Due to strong overlapping, sizes of
individual crystallites are hard to be measured; however
they range 50 — 130 nm approx. It has to be noted that,
differently from previous samples, crystallites show
ellipsoidal shape in the 15-10. Also a small squared
crystal is present with side length 40 — 50 nm. Another
structure is visible suggesting the presence of
overlapped crystals, since dark fringes are observed
suggesting diffraction contrast.

In short, degree of crystallinity increased from
the control to 6 sprayings. The regularity of crystal
structure is enhanced proportionally with increasing
spraying from control to 10 sprayings. Concerning the
regularity of the crystal structure, instead, an effective
improvement is only observed from the 6 and 12
sprayed samples, due to the high degree of crystallinity
observed for these two samples. (Fig 5)

s »
LL

2 sprayed sample

10 sprayed sample

Fig. 5: HR-TEM bright field images of cement samples
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v. Solid state Al NMR

Since there is no significant change in the
chemical shift and the integral value of the trans-1,2
disubstituted alkene-OCH3 at 130.370 ppm in control,
2, 6 and 10 sprayed samples, we used this peak as a
reference to normalize the integral values in all the three

data sets. With respect to the control sample, the sulfur
compounds at 14.771 ppm and 61.708 ppm drop in
the2 sprayed sample. But in the 6 and 10 sprayed
samples theses integrals increase in value again. This
behavior is concluded as the 6 and 10 sprayed samples
are more favorable than control. (Table 5) (Fig 6)

Table 5: Al NMR analysis

Chemical Shift Description

Control Sample

2 sprayed sample

6 sprayed sample 10 sprayed sample

CS Pl NPI CSs Pl NPI Cs PI NPI Cs PI NPI
-100.181 | 059 | 125 | -100543 | 061 | 1.01 | -100543 | 0.62 | 098 | -100.352 | 0.63 | 1.10
Sulfur Sulfides 14771 | 1.47 | 313 | 14771 | 173 | 287 | 14714 | 223 | 355 | 14676 | 202 | 351
Compounds
Sulfonic
Sulfur and Sulfinic 61708 | 861 | 1830 | 61.137 | 864 | 1435 | 61.156 | 9.14 | 1455 | 61.079 | 9.01 | 15.69
Compounds Acids and
Derivatives
trans-1,2-
Disubstituted ~OCH3 | Alkenes | 130.370 | 0.47 | 1.00 | 130256 | 0.60 | 1.00 | 130.332 | 063 | 1.00 | 129913 | 0.57 | 1.00
Alkenes

CS - Chemical Shift (jppm); PI- Peak Integral; NPI- Normalized Peak Integral

CEMPTHM 13C-27AL @ 18bH-1-2 jdf Control

[CRMPFHM 156.77A1 @1EEHE1 2

6 sprayed cement sample

femomn s 1A gine 2

2 sprayed cement sample

ICEMPTRM 1510-27AL 11 dla- 12

10 sprayed cement sampe

Fig. 6: NMR spectra of cement samples
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To conclude, the changes in the chemical
bonds thereby chemical transformation, configurational
changes caused by MIRGA is the cause for inherent
characteristic changes in the sprayed cement samples.

c) Future Benefits of Sprayed Cement

e Instead of 1kg of cement (1000 gm), 620 gm of
MIRGA sprayed cement (as 38% CSC increased) is
enough to achieve regular CSC.

e Economy saved on cements there by aggregate,
water and labour also.

e Production and transport costs reduced.

e Environmental pollution and health
reduced.

d) Action of MIRGA Emitted 2-6 um mid IR on Cement

Invention background, definition, technique of
mid-IR generation from MIRGA, toxicological study on
MIRGA, safety of the MIRGA sprayed usables and
primeval and future scope of MIRGA have been
described by Umakanthan et al., 2022a (detailed
discussion on MIRGA available in supplementary text T2).
While spraying MIRGA, most of the mid-IR energy
scatters through the air and gets absorbed by cement.
Organic compounds absorb mid-IR radiation which
causes a change in molecule’s vibrational state to move
from the lower ground state to excited higher energy
state (Girard, 2074). This leads to changes in cement’s
chemical bonds (Shankar, 2017, Mohan, 2004) and
these bond parameter changes led to consequent
changes in cement’s physical and chemical characters,
configuration, compound transformation depending on
the dose of mid-infrared applied (Yi, 2012; Esmaeili,
2015; Atkins, 2011; Datta et al., 2014).

As displayed in the results, 2-6 um MIR
generated from the MIRGA equipment caused chemical
and molecular level changes in the cement components
(photodegradation). In  this  process, chemical
components of the cement have absorbed the MIR and
the absorbed MIR photons have altered the chemical
bonds of cement molecule; thereby some of the cement
molecules are degraded and transformed into another
molecule/compound, as reported in GCMS analysis.

Mid-IR has unique vibrational transitions of most
molecules (here cement) (Waynant et al., 2011) and has
caused various chemical bond stretching and bendings
(Mohan, 2004; Agarwal et al., 2014), including new
molecule formulation like gypsum formation, crystallinity
and hydration (Xu et al., 2017), thus lead to consequent
change in physical and chemical properties of cement
(Esmaeili, 2015; Datta et al., 2014), hence improved
CSC. Mechanical strength of cement mainly comes from
accelerated hydration and chemical reaction (Liu et al.,
2020) and also refinement of —CH crystal (Wang et al.,
2019). The said effects were produced by the mid-
infrared as observed in the instrumentation results.

hazards
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Depending on number of MIRGA spraying
(energy given), a receptor's chemical bond
configurations and subsequent physical and chemical
characters can be altered to our desire. Such desirable
results in coffee, tea, cocoa and edible salts were
achieved using MIRGA spraying by Umakanthan et al.,
2022a;, Umakanthan et al., 2022b; Umakanthan et al.,
2023c; Umakanthan et al., 2023d.

Since long, alternative to cement research is
ongoing with merits and demerits of the results. CSC
improving technologies are use of nanocements (Brown
etal., 2019), use of higher strength concrete (40 MPa or
50 MPa) (Jemimah et al., 2021), use of metals waste
(Bacelar et al., 2022) and mine drainage sediments,
calcium sulfo-aluminate/alkaline hydroxide substances/
aluminosilicate  minerals/sodium potassium  silicate
minerals (Hong et al., 2016). CSC was also increased by
various researchers by irradiation with ultraviolet (Bo et
al., 2011), microwave (Dmitriev et al., 2017), gamma rays
(Osamu et al, 2013), neutron and radiation on sulphur
polymer concrete (Piotr et al., 2020), but these are
having limitations with  application and cost-
effectiveness. Far-infrared rays a non-ionizing safe
irradiation has also been used in CSC improvement
(Fukazawa et al., 1990).

Recently, cement based geopolymer materials
are evolved which are technically advantageous. On
contrary, cost is high, impracticable in large scale
construction and unstable performance (Liu et al., 2020).
MIRGA technology can be placed in the literature as one
of the CSC improving research.

IV. CONCLUSION

Mid-IR treated cast cement cubes showed 38%
enhanced CSC versus non-treated. Thus, cement
quantity could be reduced to 38% less than the usual
requirement, saving resources and economy. If the
usual quantity of cement is used, 38% more CSC would
result. In the authors’ opinion, this study has scope for
more fruitful research on cement and its allied materials
potentiation, which may result in further economy,
reduced transport cost, resource saving and ecological
impact.

Author Contribution

Umakanthan: Conceptualization, Methodology, Project
administration, Resources, Supervision, Validation.
Madhu Mathi: Data curation, Investigation, Visualization,
Writing - Original draft preparation.

Umakanthan, Madhu Mathi: Writing - Reviewing and
Editing.

Competing Interest

In accordance with the journal’s policy and our
ethical obligation as researchers, we submit that the
authors Dr.Umakanthan and Dr.Madhu Mathi are the
inventors and patentee of Indian patent for MIRGA



ENHANCEMENT OF CEMENT'S COMPRESSIVE STRENGTH OF CONCRETE USING MID-INFRARED RAY - A FUNDAMENTAL

RESEARCH

(under-patent no.: 401387) which is a major material
employed in this study.

Data and Materials Availability
All data is available in the manuscript and
supplementary materials.

Funding
The authors received no specific funding for this
research.

REFERENCES REFERENCES REFERENCIAS

1. Liu, C, Huang, X., Wu, Y., Deng, X., Liu, J., Zheng,
Z., & Hui, D. (2020). Review on the research
progress of cement-based and geopolymer
materials modified by graphene and graphene
oxide, Nanotechnology Reviews, 9(1), 155-169. doi:
https://doi.org/10.1515/ntrev-2020-0014

2. Jared L. Brown, Isaac L. Howard, and Robert
Vamer. Concrete compressive strength variation
due to cement source change. Proceedings of the
Institution of Civil Engineers - Construction Materials
2022 175:5, 213-232.

3. Umakanthan, Mathi M, 2022a. Decaffeination and
improvement of taste, flavor and health safety of
coffee and tea using mid-infrared wavelength rays.
Heliyon, e€11338, Vol 8(11). doi: 10.1016/j.heliy
on.2022.e11338

4. Umakanthan T, Mathi M, 2022b. Quantitative
reduction of heavy metals and caffeine in cocoa
using mid-infrared spectrum irradiation. Journal of
the Indian Chemical Society, Vol 100 (1). doi:
10.1016/j.jics.2022.100861

5. Tishkevich D 1, Korolkov | V, Kozlovskiy A L,
Anisovich M, Vinnik D A, Ermekova A E, Vorobjova A
|, Shumskaya E E, Zubar T |, Trukhanov S V,
Zdorovets MV, Trukhanov A V, 2019. Immobilization
of boron-rich compound on Fe,O, nanoparticles:
Stability and cytotoxicity, J. Alloys Compd. 797, 573-
581. https://doi.org/10.1016/.jallcom.2019.05.075

6. Dukenbayev K, Korolkov | V, Tishkevich D I,
Kozlovskiy A L, Trukhanov S V, Gorin Y G,
Shumskaya E, Kaniukov E Y, Vinnik D A, Zdorovets
MV, Anisovich M, Trukhanov AV, Tosi D, Molardi C,
2019. Fe;O, nanoparticles for complex targeted
delivery and boron neutron capture therapy,
Nanomaterials, 494. https://doi.org/10.3390/nano90
40494,

7. Kozlovskiy AL, Alina A, Zdorovets M V, 2021. Study
of the effect of ion irradiation on increasing the
photocatalytic activity of WO, microparticles, J.
Mater. Sci.: Mater. Electron. 32, 3863-3877. https://
doi.org/10.1007/s10854-020-05130-8

8. El-Shater R E, Shimy H E, Saafan S A, Darwish M A,
Zhou D, Trukhanov A V, Trukhanov S V, Fakhry F,
2022. Synthesis, characterization, and magnetic
properties of Mnnanoferrites, J. Alloys Compd. 928,

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

166954. https://doi.org/10.1016/j.jallcom.2022.1669
54

Kozlovskiy A L, Zdorovets M V, 2021. Effect of
doping of Ce**”* on optical, strength and shielding
properties of (0.5-x)TeO,-0.25M00-0.25Bi,0,-xCe0,
glasses, Mater. Chem. Phys. 263, 124444. https://
doi.org/10.1016/j.matchemphys.2021.124444
Almessiere M A, Algarou N A, Slimani Y, Sadaqgat A,
Baykal A, Manikandan A, Trukhanov SV, Trukhanov
AV, Ercan |, 2022. Investigation of exchange
coupling and microwave properties of hard/soft
(SrNig 0521 01F €11 96016)/(CoFe,Q,), nanocomposites,
Mat. Today Nano, 100186. https://doi.org/10.1016/].
mtnano.2022.100186

Girard J E, 2014. Principles of Environmental
Chemistry, 3rd edition, Jones & Bartlett Learning,
USA, p99

Shankar D R, 2017. Remote Sensing of Soils.
Germany: Springer-Verlag GmbH, p268.

Mohan J. Organic Spectroscopy: Principles and
Applications, 2nd  edition, Alpha science
international Ltd., Harrow, UK, 19, (2004). Available
at: hitps://books.google.co.in/books?id=fA08Uy5DR
0QC&printsec =frontcover&dqg=dJag+Mohan. +0Orga
nic+Spectroscopy: +Principles +and+Applications&
hl=en&sa=X&ved=0ahUKEwjHpcHUI9fgAhXXFIgKH
XvRCpIQBAEIK|AA#v=0nepage&q=Jag%20Mohan.
%200rganic%20Spectroscopy%3A%20Principles%2
Oand%20Applications&f=false

Yi G C, 2012. Semiconductor Nanostructures for
Optoelectronic Devices: Processing,
Characterization and Applications. Berlin,
Heidelberg: Springer-Verlag, p198.

Esmaeili K, 2015. Viremedy, Homeopathic
Remedies, and Energy Healing Remedies as
Information — including Remedies; A Synopsis
[Revision Aug 2015; E-pub.: Aug.2015] (First Pub:
2013). Google books, p43

Atkins P, Paula J, 2011. Physical Chemistry for the
Life Sciences, Oxford university press, Oxford, p365
Datta SN, O'Trindle C, lllas F, 2014. Theoretical and
Computational Aspects of Magnetic Organic
Molecules. Imperial College Press, London, p224
Waynant R W, llev R K, Gannot I, 2001, Mid-infrared
laser applications in medicine and biology. Phil.
Trans. R. Soc. Lond. A, 359, 635-644.

Agarwal C M, Ong J L, Appleford M R, Mani G,
2014, Introduction to Biomaterials: Basic Theory
with Engineering Applications. Cambridge university
press, UK, p81.

Xu R, Xu Y, 2017. Modern Inorganic Synthetic
Chemistry, 2"%edn., Elsevier B.V, Netherlands, UK,
USA, p124.

Wang Q, Li S, Pan S, Cui X, Corr D, Shah S. (2019).
Effect of graphene oxide on the hydration and
microstructure  of fly  ash-cement  system.

© 2024 Global Journals

( E ) XXIV Issue I Version I m Year 2024

mneermg

S

Global Journal of Research in En



( E ) XXIV Issue I Version I m Year 2024

gineering
11’1(,(111’15

)

Global Journal of Research in En

22.

23.

24,

25.

26.

27.

ENHANCEMENT OF CEMENT'S COMPRESSIVE STRENGTH OF CONCRETE USING MID-INFRARED RAY - A FUNDAMENTAL

RESEARCH

Construction and Building Materials. 198. 106-119.
10.1016/j.conbuildmat.2018.11.199.

Umakanthan, T, Mathi, M, 2023c. Increasing
saltiness of salts (NaCl) using mid-infrared radiation
to reduce the health hazards. Food Science &
Nutrition, 00, 1-15. https://doi.org/10.1002/fsn3.33
42

Umakanthan, Madhu Mathi, 2023d. Potentiation of
Siddha medicine using  Muppu  (Universal
Potentiator). International Journal of Pharmaceutical
Research and Applications Volume 8, Issue 4 July-
Aug 2023, pp: 2070-2084.

Brown, J & Howard, Isaac & Varner, Robert. (2019).
Concrete compressive strength variation due to
cement source change. Proceedings of the
Institution of Civil Engineers - Construction
Materials. 175. 1-43. 10.1680/jcoma.18.00067.
Jemimah, C, Milton., Prince, Arulraj, Gnanaraj.
(2021). Compressive Strength of Concrete with
Nano Cement. doi: 10.5772/INTECHOPEN.93881
B.A., Bacelar.,, Thalita, Cardoso, Dias., Péter,
Ludvig. (2022). Reduction of the environmental
impacts of reinforced concrete columns by
increasing the compressive strength: a life cycle
approach. Revista IBRACON de Estruturas e
Materiais, doi: 10.1590/51983-41952022000600010
Hong, J, Hee., Ryu, Yong, Sun., Kang, Dae, Kyu.
(2016). Cement composition for durability increase.

28.

29.

30.

31.

32.

Bo, Z., Yong, Zhang., Jianfeng, Zhou., Li, Chen.,
Deli, Li., Jianguo, Tan. (2011). UV irradiation
improves the bond strength of resin cement to fiber
posts.. Dental Materials Journal, doi: 10.4012/DMJ.
2010-179

M., S., Dmitriev., M., V., Dyakonov., R., A,
Krasnokutskiy., A., D., Kolyaskin., S, A, Dmitriev.
(2017). Influence of microwave irradiation of cement
mixtures on the strength of cement stone and
concrete. doi: 10.1088/1742-6596/941/1/012101
Osamu, K., Shohei, Sawada., lppei, Maruyama.,
Masayuki, Takizawa., Osamu, Sato. (2013).
Evaluation of irradiation effects on concrete
structure -gamma-ray irradiation tests on cement
paste-. doi: 10.1115/POWER2013-98099.

Piotr, S., Joanna, Celinska., Andrzej, Gasiorowski.,
Rafal, Anyszka., Radoslaw, Walendziak., Michal,
Lewandowski. (2020). Radiation induced strength
enhancement of  sulfur  polymer  concrete
composites based on waste and residue fillers.

Journal of Cleaner Production, doi: 10.1016/
J.JCLEPRO.2020.122563
Fukazawa, T., Fukazawa, Tatsuo., Watanabe,

Sumio. (1990). Manufacture of concrete or mortar
member.

SUPPLEMENTARY MATERIAL

Supplementary data D1: Raw data files of cement instrumentations
https://drive.google.com/open?id=1Q1igeEKD5YHEOTZ-aE9Q9MFBCcALMAhMuU9

Supplementary video V1: Method of MIRGA spraying
https://drive.google.com/open?id=1QoRwTESK{SdoJTfD--xIG9YpTDnVonGW
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Supplementary Figure F1: MIRGA spray diagram

Supplementary Text T1: Details of MIRGA

MIRGA (patent no.: 401387) is a 20-mL capacity

polypropylene plastic atomizer containing an inorganic
(molar mass 118.44 g/mole) water-based solution in

which approximately two sextillion cations and three

sextillion anions are contained. The sprayer unit has

dimensions 86 x 55 X 11 mm, an orifice diameter of

0.375 mm, ejection volume 0.062 + 0.005 mL, and

© 2024 Global Journals

ejection time 0.2 s. The average pressure is 3900 Pa,
and the cone liquid back pressure is 2000 N/m?
(Supplementary Fig (ii)). During spraying, approximately
1-ug weight of water is lost as mist and the non-volatile
material in the sprayed liquid has a concentration of 153
mg/mL. Every time spraying emits 0.06ml which
contains approximately seven quintillion cations and
eleven quintillion anions.
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Depending on the pressure applied to the
plunger, every spraying is designed to generate 2-6 um
as estimated by an FTIR (retro-reflector) interferometer
instrument (Detector type D* [cm HZ1/2 - 1] MCT [2-TE
cooled]) at Lightwind, Petaluma, CA, USA.

Supplementary Text T2: Detailed Discussion
1. Detailed discussion [1]

1.1.  Invention background
The four observable states of matter (solid,
liquid, gas, and plasma) are composed of

intermolecular and intramolecular bonds. The inherent
characteristics of neutrons, protons and electrons are
unique, however, differences in their numbers are what
constitute different atoms, and how these atoms bind
together develops into different molecules with unique
characteristics. In the electromagnetic wave (EMW)
spectrum, the mid-IR region is vital and interesting for
many applications since this region coincides with the
internal vibration of most molecules [2]. Almost all
thermal radiation on the surface of the Earth lies in the
mid-IR region, indeed, 66% of the Sun’s energy we
receive is infrared[3] and is absorbed and radiated by all
particles on the Earth. At the molecular level, the
interaction of mid-IR wavelength energy elicits rotational
and vibrational modes (from about 4500-500 cm™,
roughly 2.2 to 20 microns) through a change in the
dipole movement, leading to chemical bond alterations
[4].

During our research we have observed: (A) In all
objects, even though atoms always remain as atoms,
their chemical bond parameters are continuously prone
to alteration by cosmic and physical energies (e.g.:
EMW, heat, pressure, and humidity) causing the bonds
to compress/stretch/bend [5-8], break [9,10], or new
bonds to be formed [11]. These alterations ultimately
lead to changes in the physicochemical characteristics
of the objects. (B) The dynamic, constant, and mutual
influences of EMW among the Earth and the celestial
and living bodies are continuously causing alterations in
the inherent physiochemical characters of earthly
objects, for instance, enhancement due to an optimum
dose of energy or decrease/destruction due to a high
dose of energy (detailed below). Thus, based on these
concepts, MIRGA was developed to alter the bond
parameters, thereby  potentiating the  natural
characteristics of products.

1.2.  MIRGA definition
We define MIRGA as ‘a harmless, economical
atomizer containing an imbalanced ratio of ions
suspended in water, which influence the natural potency
of target substances by generating mid-IR while
spraying’.
1.3.  Technique of mid-IR generation from MIRGA
We designed MIRGA as to accommodate an
imbalanced ratio of ions suspended in water in their

fundamental state, which can move as free particles.
The solution exhibits very little detectable background
frequency, below even that of cosmic events. By
comparison humans emit more radioactivity (around 10
microns) [12,13]. We designed MIRGA to generate
energy based on various processes such as: (A)
spraying leads to ionization (electrons getting separated
from atoms) and many pathways for electron re-
absorption; due to these two oscillatory processes,
energy is generated; (B) while spraying, a water-based
ionic solution gets excited/charged, which in turn leads
to oscillation among the imbalanced ions [14] in their
excited state, resulting in the emission of photons
[15,16]; (C) although a low electromagnetic field exists
between the charged particles of the MIRGA’s ionic
solution, during spraying the induced oscillation
between these charged particles produces energy [17-
21]; and (D) in the natural rainfall process, more energy
is required to break the water bonds for creating smaller
water droplets [22]. Therefore, these droplets should
have more stored energy, which then travels down at
velocity from a specific distance, thus gaining kinetic
energy. When the rain hits the Earth’s surface, it forms a
very thin film of mid-IR (nearly 6 micron), hence there is
a net heat gain [22,23]. We simulated this rainfall’'s
energy-gaining process in  MIRGA (i.e.,, when
imbalanced ions in liquid media are atomized, the
ejected smaller droplets should have higher internal
energy as well as acquired kinetic energy, and the
energy emitted by breaking the surface tension). From
trial and error, we calibrated the ejection pressure to
obtain a desired fine mist, and minimized the
evaporation rate by altering the pH and density of the
solution. Moreover, the accelerated ions in the sprayed
ionic clouds collide among themselves and generate
energy [24], thus, we incorporated these phenomena in
our atomizer and designed it in such a way as to emit
energy in the 2-6 um mid-IR depending on the given
plunger pressure.

Yousif et al. [25] described this process as a
photodissociation of molecules caused by the
absorption of photons from sunlight, including those of
infrared radiation, visible light, and ultraviolet light,
leading to changes in the molecular structure.

1.4. Safety of MIRGA-sprayed products
In our nearly two-decades of research, we have
observed that MIRGA-induced bond-altered target

substances do not show any adverse reaction upon
consumption/use. In nature, (A) Stereochemical
configuration has great influence on taste [26] (e.g.,
varieties of mango, grapes, rice, etc.), (B) Cooking and
digestive enzymes break chemical bonds, thereby
softening foods. This indicates that alterations in
chemical bonds occur naturally and do not represent a
risk to human health. As an example, boiled rice, puffed
rice, flat rice, and rice flour have a unique aroma, taste,
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texture, and shelf-life but conserving the same molecular
formula (C¢H,0Os). (C) In the food industry, sensory
attributes and shelf-life are enhanced by altering the
food’'s chemical bonds using various irradiation
processes like radappertization, radicidation, and
radurization [27]. (D) Upon heating, water changes from
ice to liquid to steam, which are manifestations of
changes in the hydrogen bonds [28] but the chemical
composition (H,O) remains the same [29].

1.5. MIRGA'’s primeval and future scope

The water-based MIRGA could be the first novel
potentiating technology. This type of atomizer
technology also seems to be present with the extra-
terrestrials for their therapeutic use during visitations
[30].

In various products, we have achieved a range
from 30% to 173% potentiation. Even the smaller
improvement resulted in 30% monetary and resource
savings as well as health benefits. However, there is a
knowledge gap between potentiation from 30% to at
least 100% for all products, which can be filled-up by
refining MIRGA’s ionic solution, concentration, atomizer
pressure, and other parameters and even formulating a
better solution.

Various mid-IR emitters are now available (e.g.,
silicon photonic devices [31], cascade lasers quantum
and interband [32], non-cascade-based lasers,
chalcogenide fiber-based photonic devices [33], and
suspended-core tellurium-based chalcogenide fiber
photonic devices [34]). These emitters are not as cost-
effective as MIRGA and are useful only in astronomy,
military, medicine, industry, and research applications.
These emitters are too complex for domestic application
by the average user.

Because of MIRGA’'s wide range of
applications, we believe that this technique will resonate
in  many scientific fields including biophotonics,
therapeutics, health, ecology, and others. We are
currently conducting research on MIRGA and its
applications, namely MIRGA salt, MIRGA vapor and
MIRGA plasma.

REFERENCES REFERENCES REFERENCIAS

1. Umakanthan, Mathi M, 2022. Decaffeination and
improvement of taste, flavor and health safety of
coffee and tea using mid-infrared wavelength rays.
Heliyon, 11338, Vol 8(11). doi: 10.1016/j.heliyon.
2022.e11338

2. CORDIS, European commission. New advances in
mid-infrared laser technology, Compact, high-
energy, and wavelength-diverse coherent mid-
infrared source. Available at: https://cordis.europa.
eu/project/rcn/99977/brief/en  (last accessed on
27.01.2019).

3. A. Salam, A. Ammar, AH. Asaad, L. Yi-Chen, C.
Francesco, 2019. Molecules A Comprehensive

© 2024 Global Journals

10.

11.

12.

13.

14.

15.

16.

17.

Review on Infrared Heating Applications in Food
Processing. Molecules. 24, 2-21. doi: 10.3390/mole
cules24224125

J. E. Girard, Principles of Environmental Chemistry,
third ed., Jones & Bartlett Learning, USA, 2014, pp.
99.

James E. Girard, 2014. Principles of Environmental
Chemistry, 3rd edition, Jones & Bartlett Learning,
USA, p99.

Avelion Alvarez and Miguel Prieto, 2012. Fourier
Transform  Infrared  spectroscopy in  Food
Microbiology, Springer Science & Business Media,
p3.

Brian C. Smith. Infrared Spectral Interpretation: A
Systematic Approach, CRC Press, LLC, 7, (1999).
Dwivedi Ravi Shankar, 2017. Remote Sensing of
Soils. Germany: Springer-Verlag GmbH, p268.

Jag Mohan. Organic Spectroscopy: Principles and
Applications, 2nd  edition, Alpha  science
international Ltd., Harrow, UK, 19, (2004). Available
at: https://books.google.co.in/books?id=fA08Uy5D
ROQC&printsec=frontcover&dg=Jag+Mohan.+Or
ganic+Spectroscopy: + Principles +and+Applicatio
ns&hl=en&sa=X&ved=0ahUKEwjHpcHUI9fgAhXX
FIgKHXVRCpIQBAEIK|AA#v=0nepage&q=Jag%20
Mohan.%200rganic%20Spectroscopy%3A%20Princ
iples%20and%20Applications&f=false

Carolyn  McMakin, 2011. Frequency specific
Microcurrent in pain management E-book, Elsevier,
China, p 30.

David Moss, 2011. Biomedical Applications of
Synchrotron Infrared Microspectroscopy: A Practical
Approach, Royal Society of Chemistry, UK, p 58.
Peter H. Raven, Linda R. Berg, David M.
Hassenzahl, 2012. Environment, John Wiley & Sons,
Inc., USA, p45. Available at: https://books.google.
co.in/books?id=QVpO2R51JBIC&pg=RA1-PA45&d
g=electromagnetic+waves+make+form+new-+bo
nds&hl=en&sa=X&ved=0ahUKEwiTnO2amMbjAh
UJ308KHSTKAJEQBAEIMjAB#v=0nepage&qg=elect
romagnetic%20waves%20make%20form%20new%2
Obonds&f=false

Frances Ashcroft, 2000. Life at the Extremes: The
Science of Survival, University of California Press,
California, p122.

Robert H. Sanders, 2014. Revealing the Heart of the
Galaxy, Cambridge University Press, USA, p70.
Frank Verheest. Waves in Dusty Space Plasmas,
Kluwer Academic Publishers, Netherlands, 89,
(2000).

Sun Keping, Gefei Yu. Recent developments in
Applied Electrostatics (ICAES2004): Proceedings of
the Fifth International Conference on Applied
Electrostatics, Elsevier Ltd., UK, p87.

Pierre L. Fauchais, Joachim V. R. Heberlein, Maher
|. Boulos. Thermal Spray Fundamentals From



18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

ENHANCEMENT OF CEMENT'S COMPRESSIVE STRENGTH OF CONCRETE USING MID-INFRARED RAY - A FUNDAMENTAL

RESEARCH

Powder to Part. Springer Science & Business Media,
New York, 84 (2014).

Manfred Wendish, Jean-Louis Brenguier. Airborne
Measurements  for  environmental — Research:
Methods and Instruments, Wiley-VCH. Available at:
https://books.google.co.uk/books?id=tHdwhn-c5m
gC&pg=PT419&dg=A+regularly+oscillating+char
ge+produces+a-+harmonic+electromagnetic +wa
ves+Manfred&hl=en&sa=X&ved=0ahUKEwjBqgdv
75tvgAhWpSxUIHbQ DOgQBAEIK|AA#v=0onepage
&g=A%20regularly%200scillating%20charge%20pr
oduces%20a%20harmonic%20electromagnetic%20
waves%20Manfred&f=false (last accessed on
27.02.2019).

Kongbam Chandramani Singh, 2009. Basic Physics,
PHL Learning Private Limited, New Delhi, p413.
Mathura Prasad. Soul, God and Buddha in
Language of Science, Notion Press, Chennai
(2017).

Stephen Pople, 1999. Complete Physics, Oxford
University Press, Oxford, p166.

Roger Barry, Richard Chorley, 1998. Atmosphere,
Weather and Climate, 7th edition, Routledge,
London, p51.

Eniday: https://www.eniday.com/en/sparks_en/ham
essing-the-energy-of-rain/  (last accessed on
06.02.2019).

Krishnakumar, T (2019). Application Of Microwave
Heating In Food Industry. 10.13140/RG.2.2.27035.
72488

Yousif, E., & Haddad, R. (2013). Photodegradation
and photostabilization of polymers, especially
polystyrene: review. SpringerPlus, 2, 398. https://
doi.org/10.1186/2193-1801-2-398

Kenneth L., Williamson, Katherine M. Masters, 2011.
Macroscale and Microscale Organic Experiments,
6th edition, Brooks/Cole C engage learning, CA,
p720.

Sivasankar B. Food Processing and preservation,
PHI Learning Private Limited, Delhi, 246, (2014).
Trevor Day, 1999. Ecosystems: Oceans. Routledge
Taylor & Francis Group, London and New York, p44.
Kenneth W. Raymond, 2010. General Organic and
Biological Chemistry, 3rd edition, John Wiley &
Sons, Inc., USA, p176.

Blue planet project: Alien Technical research-25,
Westchester Camp, Office of the Central Research
#3.CODE: ARAMISIII-ADR3-24SM, p80-81.

CMOS Emerging Technologies. CMOSET 2012:
Abstracts, p49. Available at: https://books.google.
co.in/books?id=3XVYC-yBgksC&pg=PA49&dg=mi
d+infra#v=onepage&q&f=false

Jung, D., Bank, S., Lee, M. L., & Wasserman, D.
(2017).  Next-generation mid-infrared sources.
Journal of Optics, 19(12), 123001. doi:10.1088/
2040-8986/2a939b

33.

34.

Sincore, A. & Cook, Justin & Tan, Felix & El
Halawany, Ahmed & Riggins, A. & McDaniel, S. &
Cook, G. & Martyshkin, Dmitry & Fedorov, V. V. &
Mirov, Sergey & Shah, L. & Abouraddy, A. &
Richardson, M. & Schepler, Kenneth. (2018). High
power single-mode delivery of mid-infrared sources
through chalcogenide fiber. Optics Express, 26(6),
7313. doi:10.1364/0e.26.007313

Wu, Bo & Zhao, Zheming & Wang, Xunsi & Tian,
Youmei & Mi, Nan & Chen, Peng & Xue, Zugang &
Liu, Zijun & Zhang, Peiging & Shen, Xiang & Nie,
Qiuhua & Dai, Shaocong & Wang, R.P. (2018). Mid-
infrared  supercontinuum  generation in  a
suspended-core  tellurium-based  chalcogenide
fiber. Optical Materials Express, 8(5), 1341. doi:10.
1364/0me.8.001341

© 2024 Global Journals

( E ) XXIV Issue I Version I m Year 2024

gineering
S

S

Global Journal of Research in En



Global Journal of Research in Engineering ( E ) XXIV Issue I Version I m Year 2024

ENHANCEMENT OF CEMENT'S COMPRESSIVE STRENGTH OF CONCRETE USING MID-INFRARED RAY - A FUNDAMENTAL
RESEARCH

This page is intentionally left blank

© 2024 Global Journals



N2 GLOBAL JOURNAL OF RESEARCHES IN ENGINEERING: E
CRmpmees  CIVIL AND STRUCTURAL ENGINEERING
Volume 24 Issue 1 Version 1.0 Year 2024
Type: Double Blind Peer Reviewed International Research Journal

Publisher: Global Journals
Online ISSN: 2249-4596 & Print ISSN: 0975-5861

Researgy
b %
P 3

Evaluation and Design of Improvement of Al-Jbeiha Signalized
Intersection Traffic Operation

By Batool Alaraj & Hana Naghawi

Abstract- The main objective of this paper is to design Al-jubha intersection and the Roadways
approaches optimized to better level of service. Traffic design for this intersection include
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Evaluation and Design of Improvement of
Al-dbeiha Signalized Intersection Traffic
Operation

Batool Alaraj * & Hana Naghawi °

Abstract-The main objective of this paper is to design Al-jubha
intersection and the Roadways approaches optimized to
better level of service. Traffic design for this intersection
include evaluation the current LOS for the intersection and
design all possible solutions to reduce congestion, delay and
low level of service in this intersection. This design will
absolutely save time and money.

An intersection is a shared space that is used by
more than one approach at a time. A signalized intersection is
one where the shared space is used alternatively by a fixed
number of approaches for a predefined time interval as per
the phasing scheme used for the intersection.

In this paper, we made unconventional ideas to
improve the intersection of the aljabaha signal. the intersection
is analyzed as an isolated intersection in this study, using
Synchro 8 and HCM 2010 standards. The simulation results
the median U-Turn and signal optimization improve the
intersection level of service from E-B. The delay for this
intersection was reduced to 48.8%, 11.8.

[. INTRODUCTION

he traffic performance of a roadway network is
Tgreatly influenced by the traffic flow through

intersections. Many types of traffic control are
being used worldwide at intersections such as yield
signs, stop signs, roundabouts and signals. Similar
to other countries, many traffic signals are installed in
Jordan at intersections with moderate and heavy traffic
volumes.

Traffic signals ensure safe and efficient traffic
flow at intersections, along routes, and in street
networks. They improve intersection capacity, minimize
traffic delays, enhance safety by reducing specific
accidents like right-angle collisions, promote orderly
traffic movements, allow safe passage for minor amidst
heavy traffic, and aid in establishing a signal system.
Transportation professionals primarily measure the
performance of signalized intersections based on
vehicle delay, a crucial parameter (David 2013).

Vehicle delay is the most important parameter
used by transportation professionals in evaluating the
performance of a signalized intersection. This is
perhaps because it directly relates to the time loss that
a vehicle experiences while crossing an intersection
(though we have not considered other problems like

Author a: e-mail: batoolalaraj3@gmail.com

congestion due to queuing, extra fuel loss due to
vehicle ignition etc.) Determining delay at intersections
is challenging due to the unpredictable nature of arrival
and departure processes. However, extensive research
has been conducted to define delay using various
analytical models, including deterministic queuing,
steady state stochastic, and time dependent stochastic
models. These models make assumptions that simplify
the complex flow conditions, providing an approximate
measure of the average delay experienced by vehicles
crossing an intersection. Some studies have also
aimed to predict the variance in overall delay for
individual vehicles, considering the significant variations
and randomness in ftraffic arrivals and interruptions
caused by traffic signal controls (Gupta, 2005).

Vehicles exert a substantial environmental
influence through emissions and the consumption of
fossil fuels. The burning of gasoline and diesel
generates CO2, a greenhouse gas that contributes to
climate change. Additionally, vehicles release pollutants
like NOx and particulate matter, negatively impacting
both  air qualty and human health. The
extraction, refining, and transportation of fossil fuels
also lead to habitat destruction and water pollution. To
address these issues, there is a strong focus on
developing electric vehicles, enhancing fuel efficiency,
and investing in alternative transportation options such
as public transit and cycling infrastructure. These
measures are essential for reducing emissions,
improving air quality, and safeguarding the environment
for future generations.

a) Project Description

Yajouz road is located in Amman, and it is
considered one of the most important dynamic sites
which links Amman and Zarga. In a map is displayed
which demonstrates the location of Yajouz road within
the districts of Amman.

In this study, a part of the Yajouz road is
considered which is Al Jubaiha intersection. The
intersection has four legs and connects Yajoz street
with  Abdullah Al-Lawzi Street. The intersection
is signalized, and it is selected because it is considered
one of the most important dynamic sites. Jubaiha
Intersection has a heavy daily volume of traffic, which
leads to a traffic problem represented by delay,
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especially during peak hours. It is located in the north of
the Jordanian capital.

Fig. 1: Aljbaha intersection

b) Problem Statement

The increase in road network by widening
roads, building new tunnels and other infrastructure is
costly and limited by the available spaces in Amman,
therefore, the other solution is to decrease the travel
demand, especially within the peak hours. The long-
term solution requires developing a reliable and
comprehensive transportation system and encouraging
people to use it instead of private cars. However, the
current situation of congested traffic requires immediate
solutions with minimal costs, time, and effort. In this
project, a micro-scale solution to the delay problem at
the intersection is proposed. More than one alternative
will be considered (including a signal optimization,
median U-Turn and signal optimization with median U-
turn), and then the best alternative will be selected.
Although, a long-term macro scale solution is required
on a network-wide level which considers the interactions
between different elements of the roadway. However,
the scope of this project is limited to a micro-scale
solution.

c) Project Objectives

This project aims to improve the level of service
at Al-Jbeiha intersection. The objectives can be
summarized as follows:

1. Assessing the existing level of service at the
intersection: Evaluate the current traffic conditions
and determine the performance of the intersection.

2. Developing alternative solutions for improved traffic
conditions:  Propose various strategies and
measures that can enhance the traffic flow and
alleviate congestion at the intersection. Use
simulation models to estimate the resulting level of
service for each alternative.

3. Selecting the optimal solution: Analyze and
compare the proposed alternatives based on their
predicted level of service and feasibility. Determine
the best altemnative for implementation at the
intersection.

© 2024 Global Journals

d) Project Constrains

The main constraints involved in this project are
economic and ethical. First, the selected alternative
should be economically justified by considering a
sequential evaluation process starting from the least
disruptive option to the most disruptive option which
would be more costly. Furthermore, the design follows
all local and international ethical code requirements.

e) Project Standard and Codes

e Highway Capacity Manual) HCM)
e American Association of State Highway and
Transportation Officials (AASHTO) 2011

[I. LITERATURE REVIEW

Hussein (2023) conducted a study to evaluate
and enhance four three-leg intersections controlled by
STOP signs in various locations within Amman City. The
evaluation and improvement processes utilized Highway
Capacity Software (HCS-2010) and Synchro-10
software. The validation and simulation were performed
using VISSIM-11 software. The evaluation with HCS-
2010 and Synchro-10 indicated that the left-tum
movements from the minor streets experienced
significant delays and operated in a breakdown traffic
condition (Level of Service LOS-F). The application of
Warrant-3 (Peak Hour Volume) determined that three of
the selected intersections warranted signalization under
existing conditions, while the fourth intersection did not
meet the requirements. For short-term conditions with a
growth rate of 5.5%, both software tools indicated that
all four selected intersections warranted traffic signals.
The optimal cycle length for the traffic signals was
determined for each intersection, considering two
operation modes for the left-turn movements on the
major streets: Protected and Protected-Permitted phase.
The HCS-2010 and Synchro-10 software were used for
this analysis, and the results were validated using
VISSIM-11. The improvements in traffic and geometric
conditions resulted in a reduction in vehicle delays, with
improved Level of Service (LOS-C or LOS-D) at the
minor approaches and the entire selected intersections
(LOS-B or LOS-C).

In their study, Khalifate (2021) aimed to improve
the capacity and level of service at the sixth circle in
Jordan by implementing traffic signals and a
roundabout metering approach. The VISSIM software
and a C++ program were utilized for this purpose. The
sixth circle, situated near Crown Plaza and the Jordan
Gate Towers project, experiences congestion due to
heavy traffic flow. The study focused on assessing the
traffic situation at the sixth circle and proposed potential
solutions to reduce daily traffic flow for circle users. In
the second scenario, four signals were placed at the
roundabout, interconnected with different cycle lengths.
A 90-second cycle length resulted in a level of service
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rating of D. The third scenario involved the use of
adaptive signals on the roundabout, which were
connected to ground detectors placed before the
signals. These adaptive signals operated based on the
queue length of approaching vehicles detected by the
ground detectors. The opening and closing of the
signals were designed using simulation and
implemented through the C++ programming language.
The first two signals were opened for 45 seconds,
prioritizing Swefieh road with reference to King Faisal,
and then closed for 45 seconds to open the signal for
the next street from the fifth circle, specifically Zahran
street.

[II. METHODOLOGY

The methodology is summarized as follows:

1) Collecting data for the intersection; traffic volumes,
geometric components, and traffic signal system.

2) Analysis of the current situation for the intersection,
by finding the level of service and delay for the
intersection using the Synchro software.

3) Provide solutions for the intersection.

4) Evaluate the performance of the intersection after
applying the solutions, in term of level of service and
delay, with the help of the Synchro software.

a) Traffic Volumes

Aljbaha intersection located at the Amman, the
key traffic data were taken from the department of traffic
operations at GAM. Traffic data was collected on April
4th, 2022, with attention to the 15-min peak hour
volumes that happened in the morning peak from 7-8
am.

b) Model Development
SYNCHRO8 which is a microscopic
analysis software was used to analyze and evaluate.

i. Current Situation
The current Volumes of the current Volumes
values Based on the analysis of data above, the total
intersection control delay was found to be 62.1 seconds,
under those circumstance the level of service was E.
Moreover, the maximum volume to capacity ratio (V/C)
was 1.94.

level

Y ajouz st Yajouz st

i lIZMeHV L

Fig. 2: Level of service

Yajouz st

Fig. 3: The total intersection delays
[V. PROJECT DESIGN

The main objective of this paper is to design Al-
jubha intersection and the Roadways approaches
optimized to better level of service.

Traffic design for this intersection include
evaluation the current LOS for the intersection and
design all possible solutions to reduce congestion,
delay and low level of service using Synchro 8.

a) Signal Optimization: (The FIRST Alternative)

Traffic signal optimization is one of the most
cost-effective ways to improve traffic movement and
make our streets safe and efficient. Signal optimization
is performed for the following reasons: To adjust signal
timing to account for changes in traffic patterns due to
new developments and traffic growth.

LOS (D) Steady Traffic at High Density. The
speed and the maneuverability are severely reduced.
Low level of comfort for drivers, as collisions with other
vehicles, must constantly be avoided. A slight increase
in the traffic risks causing some operational problems
and saturating the network.

Under the same phasing and geometric
conditions, Synchro 8 results show that the cycle length
has decrease to 45 seconds. Furthermore, the total
intersection delay has decreased to 48.8 seconds, and
the maximum volume to capacity ratio has decrease to
1.8. However, the service level turned into D.

© 2024 Global Journals

( E ) XXIV Issue I Version I E Year 2024

gineering
S

S

Global Journal of Research in En



( E ) XXIV Issue I Version I E Year 2024

gineering
ln(,(‘,lll’lb

)

Global Journal of Research in En

EVALUATION AND DESIGN OF IMPROVEMENT OF AL-JBEIHA SIGNALIZED INTERSECTION TRAFFIC OPERATION

Yajouz st

Fig. 5: The total intersection delays

b) Median U-Turn (The Second Alternative)

Median U-Turn: The main disadvantage is the added
stopping and delay impact on left turning traffic.
Although despite this fact, this design has been shown
to improve total intersection delay and travel time
conditions under certain volumes. It requires larger

ROMW. along the major roadway — AASHTO
recommends a 60ft to accommodate large trucks, from
a non-motorized user standpoint, this design presents
fewer threats to crossing pedestrians (longer time,
refuge area). Level of service LOS (C) Steady Traffic but
Limited. The presence of other vehicles affects drivers.
The choice of the speed is affected and maneuvering
requires vigilance. The level of comfort decreases
quickly at this level, because drivers have a growing.

Fig. 7: The total intersection delays
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c) Signal Optimization a Median U-turn

Alternative)

LOS (B) Steady Traffic: The presence of other vehicles
begins to affect the behavior of individual drivers. The
choice of the speed is free, but the maneuverability has
somewhat decreased. The comfort is excellent, as
drivers simply need to keep an eye on nearby vehicles.
Intersection delays 11.8s.

(Third

Fig. 9: The total intersection delays
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V. RESULTS

Table 1: Summary of result

Cycle

length

Maximum

vie ratio

Intersection

delay

Level of

service

Current situation

158

1.94

62.1

E

Signal optimization

45

18

43.3

D

Median U-turn

158

0.61

0.5

C

Signal optimization %Median U-

turn

45

0.67

118

B

VI.

CONCLUSION

The main object of this study is to evaluate the
effect of implementing unconventional arterial
intersection design.

These designs are regarded to be unconventional
because they incorporate geometric features or
movement restriction that would be accepted at 4
leg intersection.

Aljbaha intersection was selected to perform this
study. in the final analysis, results showed a
different level of improvement according to the UAID
model chosen, to sum up, the level of service of
Signal optimization, median U-turn and single
optimization + median U-tum enhanced from E to
D, C, B respectively. Moreover, the intersection
delay was reduced by 488, 305 and 11.8
respectively.

Since the median U-turn + single optimization
which improved the LOS from E to B on the main
intersection the use of median U-turn + single
optimization will decrease the delay by 11.8%.
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Absiracl- At present the formation of flocculent suspension
and its gravity separation are lengthy processes varying
between 3 and 4.5 hours. Consequently this results in high
capital costs. Therefore, reconsideration of the kinetics of
formation of the flocculent suspension and its effect on the
gravity separation of formed suspension was needed. This
reconsideration revealed that an unconventional, open-minded
thinking was required to develop a new water purification
technology capable of solving this problem. This technology
will most likely be in direct disagreement with the traditional
way of thinking in water purification engineering. The
reconsideration project also revealed that the current method
for the use of water soluble polymers results in a deterioration
of the purified water quality and detrimentally affects the
operation of filters. Therefore the development of a method for
using these polymers, free of side effects, is also essential. A
new technology, the High Rate Clarification Technology,
combining two processes developed for addressing the above
shortcomings, was developed. These processes are the Inline
High Density Suspension formation process producing dense
micro-aggregates, and the Post-Orthokinetic Agglomeration
process agglomerating these micro-aggregates into large
rapidly settling agglomerates by means of OAA. This
technology reduces the time for the process of aggregation to
a few minutes and increases the sedimentation velocity of the
formed suspension to more than 20 m.h™". This reduces the
retention time in the clarifier to below 30 minutes. Two High
Rate types of clarifiers, namely HR Clarifier and P-Clarifier,
incorporating the principles of High Rate Clarification
Technology, were developed. These clarifiers were operated at
different localities purifying surface water to a potable quality
as well as, recovering water from clarifier sludge and the
desilting of underground mine water; the results achieved are
of a nature never before possible. The High Rate Clarification
Technology and the results achieved with the High Rate
Clarifiers are described in this article. The impact of HRCT on
the water purification field is significant. It not only significantly
reduces the size of flocculation plants and clarifiers or
sedimentation tanks in comparison to traditional designs but
purifies surface water to outstanding potable quality provided
that the hydrolyzing coagulants are used and applied under
optimized reaction conditions.

Keywords. inline high-density suspension formation
process, degree of aggregation, organic agglomeration
agent, post-orthokinetic agglomeration, HR clarifier, P-
clarifier, POA process.

Author o o: PO Box 3136, Kyalami 1684, South Africa.
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[. INTRODUCTION

he traditional method for the way of formation of
flocculent suspension and its gravity separation
are lengthy processes varying between 3 and 4.5
hours. This requires construction of large waterworks on
large lands, resulting in higher capital costs. The need to
reduce the high capital costs of waterworks received
appropriate attention many years ago. This required re-
evaluation of the kinetics of formation of flocculent
suspension and its effect on the gravity separation. The
outcome highlighted the fact that the formation of
flocculent suspensions under a commonly low agitation
intensity and their gravity separation required an
unreasonably long time. This is because the formed
aggregates are large, heterogeneous, light in size and of
a very low sedimentation velocity. Furthermore, it also
showed that the water soluble polymers applied, in
accordance to common practice, as coagulant and, or
flocculant aids, do not facilitate the formation of rapidly
settling aggregates. Instead, they adversely affect both
the quality of purified water and the operation of filters
by increasing the rate at which filter head-loss rises.

The outcome of the above re-evaluation
showed that a non-traditional open-minded thinking was
needed to develop a new water purification technology.
Such technology that will be able to solve these
problems would probably have to be in direct
disagreement with the traditional way of thinking in water
purification engineering. Such new technology, the High
Rate Clarification Technology (HRCT), was developed
[1, 2]. It consists of two developed processes, namely
the Inline High Density Suspension (IHDS) formation
process producing dense micro-aggregates and the
Post-Orthokinetic ~ Agglomeration  (POA)  process
agglomerating the micro-aggregates to large, heavy,
rapidly settling agglomerates. The impact of HRCT on
the acceleration of the sedimentation velocity of formed
agglomerates is evident from Figure 1.
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HIGH RATE WATER CLARIFICATION TECHNOLOGY

Figure 1: Suspension formed by the High Rate Clarification Technology — anionic polymer dosages from left to right:
0.1; 0.2 and 0.3 mg.L-1, picture taken at a stirrer speed of 27 RPM

The HRCT has not been described before and
is presented now by this article. The principles of High
Rate Clarification Technology including the method for
the most effective application of water soluble polymers
are described under Technological Background. The
High Rate clarifiers, incorporating the HRCT, were also
developed. The performance results achieved at
different localities under different applications are
described under the Chapter Design, Operation and
Performance of High Rate Clarifiers.

The quality of purified water, to a large extent, is
influenced by the type of coagulant used; hydrolyzing
coagulants (salts of AR* and Fe®"), if applied under the
optimized reaction conditions pertaining to all monitored
impurities [3], are capable of purifying water to a quality
within the limits defined in the National Standard for
drinking water. During this project it was established that
the organic coagulants, i.e. water soluble cationic
polymers, are not capable of purifying water to the
quality attainable by the hydrolyzing coagulants [4-7].
Therefore, the organic coagulants are not an equivalent
replacement for the hydrolyzing coagulants.

Particles of impurities consist of two size-
fractions, namely the separable and the non-separable
particles [8-10]. The total content of particles of
impurities is the sum of the content of particles of these
two size-fractions. The purpose of water purification is to
change the non-separable particles to separable
aggregates and then to remove the formed flocculent
suspension from the water. The total residual
concentration of each monitored impurity determines
the overall process efficiency attained by the plant; the
residual concentration of non-separable particles
determines the process efficiency attainable by the
technology used.

II. TECHNOLOGICAL BACKGROUND

a) Formation of Aggregates
There are two different opinions about the
importance of agitation intensity on aggregation. The

© 2024 Global Journals

first traditional opinion commonly accepted across the
water purification field is that a low (gentle) agitation
intensity is required to form large aggregates. For
instance, Han and Lawler [11] described the importance
of agitation intensity as follows:

e The importance of the velocity gradient (G) has
been over-emphasized in the traditional view of
aggregation, and G has far less importance than
previously thought,

e The velocity gradient G, although by no means
irrelevant, is relatively unimportant in aggregation.

This means that the agitation intensity actually
required is that which is enough to prevent
sedimentation of the aggregates being formed.

This opinion is questionable for several reasons.
The low agitation intensity is not capable of facilitating
continuation of the coagulant dispersion, i.e. the particle
destabilization, if this is not completed in the flash mixer.
Evidently, the time required to complete coagulation
(aggregation) is of no importance. Therefore, the effect
of completion of coagulation on the quality of purified
water, is also not considered to be of importance:

The aggregates formed by the traditional low
agitation intensity (G << 50 s") are heterogeneous and
of low density. They are easily affected by extraneous
issues like temperature variations, and sun and wind
effect. The sedimentation velocity of these aggregates is
low and varies over a wide range. Due to this, the
sedimentation systems to have an acceptable
separation efficiency must be sized for the smallest
aggregates required to settle. Therefore, the
sedimentation velocity of traditionally designed clarifiers
is usually based around vg < 2 m.h™,

The other opinion that the agitation intensity is
of prime importance in the aggregation is based on
Camp [12, 13]. The benefit of high agitation intensity on
aggregation in its complexity is described in [1, 14-18].
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Figure 2. lllustration of the Inline High Density Suspension (IHDS) formation process (G* =)

Understanding the significance of the intensity
of agitation on the course of the formation of aggregates
and their properties led to the development of the Inline
High Density Suspension (IHDS) formation process. The
formation of aggregates under the IHDS process
produces micro-aggregates fairly uniform in size and
density. These micro-aggregates can be enlarged to a
lower size macro-aggregates using subsequent low
agitation intensity (Figure 2).

Different opinions also exist on the method of
using the cationic, anionic and nonionic water soluble
organic polymers. A common reason for using these
different polymers are their dominant adhesion
properties which are capable of facilitating the formation
of larger and, therefore, a more rapidly settling
suspension.

Technologically these polymers are generally
used either as the coagulant aids and, or the
aggregation aids and applied into a differently
progressed aggregation, or as the aggregation agents
(coagulants)  replacing the traditional  mineral
coagulants, primarily the hydrolyzing coagulants. These
methods have continued in use for more than 50 years
[19-21]. This project proved that the cationic polymers,
sometimes referred to as organic coagulants, are not an
equivalent replacement for the hydrolyzing coagulants
[4,5,7,21].

This project also proved that the commonly
accepted method for the use of anionic and non-ionic
polymers does not effectively facilitate the formation of
larger, and a more rapidly settling suspension. The
commonly accepted method does not determine the
most effective conditions under which these polymers
should be applied to accelerate coagulation-
aggregation-sedimentation processes and to most
effectively improve the purified water quality.

Furthermore, this common method is
considered inappropriate because it also produces
certain serious shortcomings and side effects, such as:

e The quality of purified water is poorer than that
produced without the polymer,

e The increase in the sedimentation velocity of formed
suspension seems to be too low in comparison to
the relatively high polymer dosage commonly
applied,

e The deep-bed filtration is adversely affected if the
filters are not designed for the filtration of a polymer
formed suspension. The filtration shortcomings
result in a rapid build-up of filter head loss causing
the filter bed to operate under undesirable sub-
atmospheric pressure, as well as a poorer filter
backwashing efficiency, all resulting in the reduced
length of the filtration cycle, and the formation of
mud-balls; the use of a relatively high polymer
dosage used may be one of the major contributors
to this problem.

In view of the foregoing the development of a
new method for the most effective application of the
anionic and non-ionic polymers, became a necessity.
This method had to fully utilize the adhesion properties
of these polymers, and be free of any detrimental side
effects. Therefore, the following aspects of the
application of anionic and non-ionic polymers were
investigated:

e Significance of the state of aggregation
(characterized by the degree of aggregation vy)
reached by the aggregation at the point of addition
of polymer on the settling velocity of formed
agglomerates and the purified water quality,

e Significance of the electrolyte pH at which these
polymers are dissolved on their agglomeration
capability,

e Effect of the maturation of the polymer solution on
its agglomeration capability,

e Effect of the concentration of the polymer solution
on its agglomeration capability,

e Effect of hydrodynamic conditions applied to the
dispersal mixing of the polymer solution, i.e. its
homogenisation throughout the aggregated water,

e Effect of inline dilution of the polymer concentrated
stock solution on its agglomeration potential,

© 2024 Global Journals

( E ) XXIV Issue I Version I E Year 2024

gineering
S

S

Global Journal of Research in En



Year 2024

w
B

( E ) XXIV Issue I Version I

<)

earch in Engineering

Global Journal of Res

HIGH RATE WATER CLARIFICATION TECHNOLOGY

e The influence of these polymers on the dosage of
the aggregation agent (coagulant).

b) Significance of Velocity Gradient on the Properties of
Aggregates

During the aggregation process the destabilized
particles combine into primary aggregates. These
primary aggregates combine into larger spatial
structures and form micro- and macro-aggregates. In
these structures, there are lattice spaces filled with
water. It is assumed that the total volume of these
spaces, as well as the size, structural arrangement and
compactness (density) of the aggregates formed are
influenced during their formation by the magnitude of
adhesion forces and kinetic energy of the colliding
particles and the smaller aggregates. This topic is dealt
with in [1, 2, 14-16].

i. Size and Shape
This research showed a significant difference in
the character and size of aggregates formed by different
mean square root velocity gradient G . The aggregates

formed by a low G << 50 s are macro-aggregates
characterized by an anisotropic shape The resultant
aggregates formed by a higher G become micro-
aggregates. The micro-aggregates are more spherical,
granular and compact in their structure and of a greater
uniformity in size and density than the macro-
aggregates. This change in the character of aggregates
clearly follows from the mechanism of particles joining
into aggregates. The maximum attainable size of
aggregates decreases with increasing G , and the
uniformity in size and compactness of aggregates
increases with aggregation time T.

ii. Inner structure

During aggregation, the ratio of adhesive and
tangential forces influences the arrangement of
destabilized particles of impurities in the aggregates and
thereby their compactness. The significance of the ratio
of these forces on the structure of aggregates being
formed can be described as follows: When the adhesive
forces are incomparably greater than the tangential
forces (low G ), the particles connect at the point of first
contact. The resulting aggregates are large, voluminous
and of anisotropic shape; they have a geometrically
free, broadly branched, spatial mesh structure.
Therefore, they are fragile, with a tendency to fragment.
The resulting aggregates contain large volumes of voids
filled with water.

In contrast, when the ratio of adhesive and
tangential forces is low (high G ), the primary
aggregates in the forming micro-aggregates slide close
to one another until they occupy geometrically the most
favourable and energetically the most stable position at
which they best resist the influence of the applied
agitation intensity. Any extension of the agitation time
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beyond that corresponding to the completion of
aggregation does not improve the resultant
compactness of aggregates simply because the primary
aggregates in the micro-aggregates are already so
close to one another that they cannot get any closer.
The resultant micro-aggregates are spherical and very
compact with a highly arranged inner structure and
resistant to fragmentation. These aggregates have the
smallest volumes of voids filled with water.

If the tangential forces are considerably greater
than the adhesive forces, the formation of aggregates
does not occur.

iii. Porosity

Similarity exists between the deposition of
primary aggregates in the micro-aggregates and the
sand grains in a filtration bed. Both are characterized by
porosity. In the case of a filtration bed, the porosity
changes according to deposition of the sand grains. In
the case of flocculent aggregates, the porosity changes
according to the velocity gradient G and time of its
duration. Assuming the filter bed consists of spherical
grains of the same diameter, Deb [22] described the
dependence of the porosity of the filtration bed on the
method of deposition as follows: the tangent planes of
spherical grains at the point of their contact form a
polyhedron. The most free storage of spheres exists
when the polyhedron is a cube and the number of
contacts is 6; in this case porosity is & = 0.476. The
tightest deposition of these spheres exists when the
tangent planes form a twelve-hedron and the number of
contacts is 12; in this case porosity is €, = 0.2599.

Furthermore, the micro-aggregates formed at
high G and the completion of aggregation were
observed to be spherical or close to it. Therefore, the
Deb’s model described above can be applied to the
deposition of the destabilized particles in the primary
aggregates and the primary aggregates in the micro-
aggregates.

Compactness of the arrangement of the primary
aggregates in the micro-aggregates, i.e. their porosity,
changes depending on how close the primary particles
are one to another in the micro-aggregates and this is
influenced by the magnitude of G . Since the porosity of
micro-aggregates gradually decreases with an
increasing G and T it can be concluded that the
attainable porosity can be between ¢, = 0.48 — 0.26
when the most compact micro-aggregates are formed
by the IHDS process (Figure 2). Comparison of the
porosity of these micro-aggregates with that attainable
under the common low intensities of agitation ¢, = 0.80
— 0.93 [23, 24] shows that a great potential exists for
densification of aggregates formed by the IHDS method.

iv. Density
The aggregation produces aggregates of a
lower density than that of the particles of impurities from
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which they are formed. While the density of aggregates
is low in comparison to that of water, the aggregates are
multifold larger than the particles of impurities.
Obviously, the density of aggregates is dependent on
the relative content of suspended solids in their
structure.

Explanation of the significance of agitation
conditions on the inner structure of aggregates and
consequently their density is evident from the
mechanisms of their formation which is dependent on
the ratio of adhesion and tangential forces. As
described in the foregoing the aggregates formed at low
G are anisotropic and contain large volumes of water
in their voids. Therefore, their porosity is great and
hence their density is low. The aggregates formed at
high G are micro-aggregates that are nearly spherical
and very compact. Therefore, they are of low porosity
and of great density [14, 15].

c) Two Size Fractions of Particles of Impurities

For the purpose of this article it is necessary to
emphasize that the particles of impurities consist of two
fractions, separable and non-separable particles. The
total content of all particles remaining in the purified
water determines the overall quality to which water is
purified, while the content of the non-separable particles
indicates the best attainable quality limit to which the
water can be purified by the technology used, with
respect to the particular impurities concerned.
Concentration of the non-separable particles is
measured in a sample of water after all separable
particles are removed by centrifugation taking place
under specific conditions [8, 10].

d) Degree of Aggregation

The formation of aggregates in different
waterworks takes place under different hydrodynamic
conditions and usually ends before the aggregation is
completed. Therefore, to assess the state of
aggregation achieved before the polymer addition a
criterion called the Degree of Aggregation y was

developed [1]. It is expressed with sufficient accuracy by
the ratio of aggregation achieved at the point of polymer
addition, characterized by G T, and G Tg, at which

aggregation is completed. The G T, value is
aggregation agent dependent.

The Degree of Aggregation vy is calculated as
follows:

GT,
Y ==
GT.

M

were

1% - Degree of aggregation (-),

G - Mean square root velocity
throughout aggregation (s™),

Tex - Time at which aggregation is completed (s),

gradient used

T, - Actual aggregation time - time of aggregation
before polymer is applied (s).
The degree of aggregation y permits

quantification of the level of aggregation achieved at the
time of polymer addition in comparison to completion of
aggregation. If y = 1 the aggregating system operates
under optimized conditions and the best attainable
quality of purified water attainable with the coagulant
used, is produced. If y < 1 the system is under-
aggregated; this adversely affects the purified water
quality. If y > 1 the system is over-aggregated; the
purified water quality is not adversely affected but the
plant operates uneconomically at a higher power
consumption.

[11. CLASSIFICATION OF WATER-SOLUBLE
POLYMERS

The water-soluble polymers can be classified
according to their origin, chemical characteristics and
applicability as shown in Table 1 [25]. All the polymers
used in the purification of water for domestic supply are
restricted to a non-toxic quality.

Table 1: Classification of Polymers used in Water Purification

ORIGIN CHEMICAL CHARACTERISTIC APPLICATION
ORGANIC
C'?E'\E/”A%LDLY CATIONIC COAGULANT
(6]9))
NATURAL
CHEMICALLY | TOLYMER | POLYELECTROLYTE ANIONIC ORGANIC
UNTREATED
ORGANIG FILTiIAE;I'ION
AGGLOMERATION OF
VIXED AGENT
(OAA)
SYNTHETIC POLYMERS
NONELECTROLYTE
NON-IONIC
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IV. MATERIALS AND METHODS

a) Raw Water
The raw water from three different surface
sources was used to verify validity of the results

obtained. The raw water quality from these water
sources is shown in Table 2.

Table 2: The Average Quality of Different Raw Waters used in this Study

DETERMINANT UNITS LOCH ATHLONE DAM SAULS.POORT DAM | VAAL DAM

Temperature °C 12-25 12-25 10-26

pH - 7.7 7.4-82 6.9-85
Turbidity NTU 50 - 690 30 - 250 80 - 225

Color mg Pt. L 5-15 10- 40 15-25

Total Hardness mg CaCO,. L' 108 90 - 160 37-105
Total alkalinity mg CaCO,. L' 75 75-140 42 -110

COD,, mg O,. L 3.4 6.5 4.0
THM - potential value ug CHCI,. L - 878 -

The performance results achieved by the HRCT
purifying water from these three sources were very
similar and differed only in their absolute values.

b) Aggregation Agents

The aggregation agents, namely hydrolyzing
coagulants such as Fe®** and AP* salts, and the organic
coagulants (cationic polymers) of trade name Floccotan
and Superfloc SF-577], were used. Floccotan is a
partially condensed product of a commercial wattle
tannin extract and treated to produce active amine
groups along the polymerized molecule [26]. Superfloc
SF-577 is a polyquarternary amine type [27]. Each
hydrolyzing coagulant was applied at a dosing rate
corresponding to its optimised reaction conditions [3] to
remove its cation and water turbidity.

Since the character of the results concerning
formation  of micro-aggregates, obtained  with
aggregation agents of both types is very similar, only the
results obtained with ferric chloride and Floccotan are
presented.

c) Anionic and Non-lonic Polymers

The anionic and non-ionic polymers are
hydrophilic colloids. In water purification, they are used
for their dominant adhesive properties. Therefore, the
conditions of their optimal application resulting in the
formation of large, rapidly settling agglomerates are
investigated in this article. The optimal application of
these polymers is intended to facilitate the greatest
attainable acceleration of the kinetics of sedimentation
of formed agglomerates and thereby to reduce the sizes
of technological plants and the capital cost of
waterworks.

These polymers are of a molecular weight up to
50 million made up of repeating units of a small
molecular weight. Each of these repeating units carries
one or more ionised groups distributed along the fibrous
molecule. A single molecule can be imagined as a
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longitudinally stretched fiber with a ratio of width to
length ranging up to 1:1,000 (the width varies between
0.0003 - 0.0007 pm and the length between 0.4 — 0.8
Hm) [28].

The fibrous molecules of these polymers are
sensitive to mechanical action and can easily be broken
during dissolution, if not handled with care. Therefore,
the intensity of mixing applied during polymer dissolving
together with the efficiency of dispersal mixing of the
dosed polymer solution to achieve its homogenisation
with the aggregated water is of significance, as they can
considerably affect the agglomeration efficiency of the
polymers. These conditions are also dealt with as one of
the topics of this article.

Different polyacrylamides available on market
under the trade names of Superfloc, Magnafloc,
Ultrafloc, BTI, and LTA, were tested. The method of their
application is considered correct when the residual
turbidity of the purified water produced by the separable
and non-separable particles do not exceed the value
obtained by the blind test after 60 min sedimentation.
Since the character of results obtained with these
polymers was practically the same, only the results
obtained with the most efficient Superflocs are
presented.

The Superflocs provided by Cyanamid Co. of
USA (Table 3) were tested, because the branch office
supporting service was on the highest professional level.
The Superflocs were supplied as powders, emulsions,
or solid blocks. Those supplied as emulsions were
found to have a very low agglomeration efficiency;
therefore, the results obtained are not presented. Those
provided in solid blocks are dosed by way of
submergence into the stream of water being purified,
thus allowing the gradual dissolution of polymer without
any meaningful control of its dosage rate. Therefore,
only the results obtained with those supplied as
powders are presented in this article.
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Dissolution of these polymers is a very slow
process. It is facilitated by slowly and carefully pouring
the polymer powder into the gently agitated electrolyte
to prevent the formation of lump clusters, which are
difficult to dissolve. Dissolution begins with swelling of
macro-molecules. This includes penetration of water
molecules into the space between the single layers of

polymer, resulting in the formation of a gel-like mass.
The single layers expand and disengage. This process
is facilitated by mixing at a suitable intensity, preventing
breakage of the polymer chains. Mixing should continue
until the solution is homogenous and free of "fish eyes".
Non-homogenous solutions containing “fish eyes” have
a much lower agglomeration efficiency.

Table 3. General Information about the Superflocs Tested [29]

Molecular weight at
pH of typic_:al 0,5% Contains in % Recommended
Polymer . - stleustlgg dosage
(OAA) ype orm a
moIepuIar oH amide carboxyl
weight group group [mg.L"]
SF 900 N Powder - - - - 0,05-1,0
SF 901 N Powder - - - - 0,05-1,0
SF 902 N Powder - - - - 0,05-1,0
SF-905s N Powder 1,56x 106 50 99 1 0,06-1,0
SF 210 A Powder - - - - 0,06-1,0
SF 212 A Powder - - - - 0,056-1,0
SF A-110 A Powder | 1,0-1,2x10° - 83 17 0,05-1,0
SF A-130 A Powder | 1,0-1,2x10° - 68 32 0,06-1,0
SF A-150 A Powder - - - - 0,05-1,0

d) Jar Tests

Jar tests were carried out under the conditions
of the IHDS process at G > 50 s™' until the completion of
aggregation y = 1 (Figure 2).
Two different flocculators were used:

a) Standard Phipp & Bird 6-station flocculator 225,
maximum speed 100 RPM, complete with a fully
adjustable, variable speed controller common to all
6-stations and a revolution counter,

b) Standard CPI 4-station flocculator, maximum speed
160 RPM, complete with fully adjustable variable
speed controller for each station.

The Phipp & Bird flocculator was used in most
of the jar tests. The CPI flocculator was only used when
the verification of conclusions at a higher stirrer speed
was required.

All jar tests used 2-liter standard Pyrex beakers
with a 1.5 litre volume of raw water. The stirrer is a
double paddle type with a spinning diameter d = 62
mm and a height h = 58 mm.

The effect of the polymers on the quality of
purified water was evaluated by residual turbidity
produced by both separable and non-separable
particles and compared with the blind test. Turbidity
produced by both separable and non-separable

particles was measured by a Hach 2100A turbidity
meter. A Labofuge-1 laboratory centrifuge was used to
remove the separable particles from tested samples to
determine the content of the non-separable particles in
these samples [8-10].

The completion of aggregation of different
aggregation agents and the raw waters tested are
determined in [1, 13-15].

Depending on the type of test, the jar tests were
carried out by one of two modes:

Mode 1: The anionic and non-ionic polymers were
applied as an aggregation aid to establish whether or
not they functioned as an aggregation aid. The jar tests
were carried out as follows: Two sets of six beakers,
reaction and service, sited next to one another, were
used. The reaction beakers received the same
optimised dosage of the same aggregation agent at the
same time whereas the polymer solution was dosed into
five beakers at different y = 0.0, 0.25, 0.50, 0.75 and
1.0; the sixth beaker was a blind test. Each reaction
beaker was placed into the flocculator and the stirrer
was then inserted into each beaker. The set of service
beakers, filled with 1.5 litre of raw water is placed next to
the reaction beakers. Water from the service beakers
was quickly poured into the reaction beakers to disperse
and homogenize the aggregation agent throughout the
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raw water. The flocculator was switched-on, stirrer
speed set up to the maximum RPM and the position of
individual beakers adjusted to produce the smallest
vortex characterized by the smoothest water surface in
each beaker. These operations were completed within a
few seconds. The stirrer speed either remained the
same or was reduced to the RPM generating the
required G As mentioned in the foregoing,
aggregation took place at a high agitation intensity of
G = 50 s' over the entire aggregation. The
aggregation time was measured from the moment the
raw water was poured into the reaction beakers with the
polymer dosage applied into the first beaker, y = 0. As
soon as the aggregation time corresponding to y =
0.25, 0.50 and 0.75, the polymer solution was added to
the second, third and fourth beaker respectively. As
soon as the aggregation reached its completion, y = 1,
the polymer solution was dosed to the fifth beaker; the
flocculator continued to operate at the same speed for
another 20 seconds to facilitate homogenization of the
polymer solution throughout the aggregated water. After
this time the flocculator speed was reduced to an
agitation intensity of G = 10 s (27 RPM). Agitation
continued at this low intensity for 4 minutes to enable
agglomerates to fully develop. The flocculator was then
switched-off, stirrers were removed immediately from all
beakers, and the measurement of sedimentation time
began. The samples of purified water were taken after 1,
3, 5, 10 and 30 minute sedimentation and sample from
the blind test also after 60 minutes sedimentation. The
samples of water were taken with a pipet from a depth

of 30 mm below the water surface; this was usually
completed within 15 seconds.

Mode 2: The anionic and non-ionic polymers were
applied as an agglomeration agent. The jar tests were
performed as described in Mode 1 with the following
difference. When aggregation was completed, y = 1,
the predetermined dosages of polymer solution were
dosed into five reaction beakers (the sixth one was BT).
The flocculator continued to operate for a predetermined
time, usually 20 seconds, to complete the dispersion
and homogenization of the polymer solution with the
aggregated water. The agitation was then reduced to a
low intensity of G = 10 s (27 RPM) to enable the full
development of agglomerates.

The polymer’s interaction with progressing
aggregation and its influence on the purified water
quality and the kinetics of sedimentation of formed
agglomerates was evaluated by comparing the changes
in the total residual turbidity and turbidity produced by
the non-separable particles only, with those measured in
the blind test after 60 min sedimentation.

e) Velocity Gradient

The mean square root velocity gradient G was
calculated from the power input transmitted by the stirrer
into the water. The power input was measured by torque

for different stirrer RPM. The velocity gradient G was
calculated from the averaged values of the torques
measured at specific RPM [14]. The conversion of stirrer

RPM to velocity gradient Gisin Figure 3.

200

150

50

mean velocity gradient G* 57}
3

100 150 200
stirrer RPM

Figure 3. Preparation of Anionic and Non-lonic Polymer Solutions and Homogenization of Dosed Solutions with
Aggregated Water

The polymers were dissolved in electrolytes
prepared from distilled water, and their pH was adjusted
over a wide range using NaOH or HCI. The viscosity of
the polymer solutions and pH were measured by an
Engler type viscosity meter and a pH meter available at
the laboratory used.

Most of the polymer solutions used in the tests
were prepared at a concentration C = 150 mg.L" in a
0.025 N NaOH electrolyte and matured for at least 24
hours, if not stated otherwise.
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A magnetic mixer under a gentle mixing was
used for polymer dissolution. The mixing intensity was
adjusted to prevent breakage of polymer chains. The
mixing continued until the solution was clear and free of
“fish eyes”, if this was attainable.

Since the characteristics of the dispersal mixing
in beakers and clarifiers are very different, only the effect
of its duration at the maximum 100 RPM on the
agglomeration  capability and  efficiency, was
investigated by jar tests.
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V. RESULTS AND DISCUSSION

a) Influence of the Achieved Degree of Aggregation I
on the Quality of Purified Water and the Kinetics of
Sedimentation of Agglomerates Formed

The effect of the anionic polymer applied as
aggregation aid and agglomeration agent on the
kinetics of sedimentation of formed suspensions and
the quality of purified water is shown in Figure 4. Both,
the settleability of suspension, and the residual turbidity,
improve with increasing y—value at which the polymer is
applied. The fastest settling velocity and the lowest
residual turbidity are achieved when the polymer is

applied at the aggregation optimum, y = 1. This means
that these polymers function as agglomeration agents
and not as aggregation aids. The residual turbidity of the
settled water did not improve after 10 min.
sedimentation.

The individual turbidity readings at 1 min
sedimentation shows vast differences in comparison to
the blind test (BT). The greatest difference, more than
25-fold, was measured between the readings
corresponding to BT and the polymer applied at y = 1.
This difference indicates the great potential of polymers
for accelerating the sedimentation process.

10
o BT
8 |-
5 \ y=0.00
Z s \\ \ A y=0.25
2 N .
T, N \ y=0.50
g N
3 R N Y v=0.75
2
~ o
y=1.00
0 - — ]
0 2 4 8 10

6
sedimentationtime [min]

(FeCls, G =78 s™, SF-A110, Doaa= 0.10 mg.L™)

Figure 4: Significance of the y-value reached prior to polymer addition on the kinetics of sedimentation of formed
agglomerates and residual turbidity of the purified settled water

A similar situation exists regarding the settled
water turbidity. The readings after 10 min. sedimentation
showed that the lowest residual turbidity produced was
achieved by BT, which equals to y = 1. It follows from
Figure 4 that the higher the y-value at which the polymer

is dosed the faster the settling agglomerates are
formed, producing the lowest residual turbidity of the
settled water. Differences in the residual turbidity
readings taken at different y-values between 1 and 10
minute sedimentation compare as follows:

Degree of aggregation y

025|050 | 075| 1.0

) 0

Differences in turbidity between 1 and 10 min. sedimentation

275 | 1.75 | 0.9 0.8

(NTU) | 44

The significance of y-values at which the
polymer is introduced into the aggregating water is also
evident by comparing the differences in residual turbidity
of the settled water measured after 10 min

sedimentation with that of BT (Figure 4). These
differences are the result of the polymer’'s adverse
influence on aggregation efficiency. The differences
read as follows:

Degree of aggregation y

025|050 | 075| 1.0

() 0

Differences in total turbidity at 10 min.
sedimentation in comparison to the blind test

(NTU) | 26 | 14 | 06 | 02 | 00

The turbidity produced only by the residual non-
separable particles follows the same pattern of
separable particles (Figure 5). The highest residual
turbidity produced by all particles and the non-
separable particles remaining in the purified water exist
when the polymer is applied as coagulation aid, y = 0.
The lowest residual turbidity is produced when the
aggregation is completed, y = 1, before the polymer
addition. This means, the aggregation efficiency and the

residual turbidity of purified water produced by both
types of particles are not detrimentally affected only
when the polymer is applied as an agglomeration agent.
Hence, the current method for using these polymers as
aggregation aids is unsuitable as it detrimentally affects
the purified water quality.
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(FeCl;, G =100s", SF-A110, D =0.10 mg.L™")

Figure 5. Influence of the y-value on Residual Turbidity of the Purified Water and Produced by the Separable and
non-Separable Particles

The reasons for the poorer quality of the purified
water when an anionic, or non-ionic polymer is applied
as aggregation aid, y < 1, can be explained by:

a. Interference of the polymers with the destabilization
of the particles of impurities that leaves a greater
quantity of the non-destabilized, non-separable
particles in the purified water,

b. Re-stabilization caused by the polymers of some of
the particles of impurities already destabilized but
not yet aggregated.

b) Influence of the degree of aggregation y and
polymer dosage on the quality of purified water

Jar tests were also carried out to establish the

effect of different polymer dosages on the quality of

purified water. The typical pattern of total residual
turbidity of the purified water is illustrated in Figure 6.
Again, it transpires from this Figure that the lower the y-
values at which the polymer is applied and the higher
the polymer dosage is applied, the poorer the purified
water quality becomes. With increasing y-value,
irrespective of the polymer dosing rate, the quality of
purified water becomes better, and the differences
disappear aty = 1.

4

turbidity [NTU]
]

™

0.00 0.25

SF-A110 dosage:

0.50 0.75 1.00

degree of aggregation y [-]

e 0.10mgl"”
= 0.05mal’

(FeCl;, G =505, SF-A110)

Figure 6: Influence of polymer dosages and y-values reached prior to polymer addition on total turbidity of the
purified water after 10 min. sedimentation

c) Post-Orthokinetic Agglomeration

It is evident from Figures 4 to 6, the anionic and
non-ionic polymer, when applied as an aggregation aid,
reduces the aggregation capability of the aggregation
agent. This detrimental effect is the greatest when the
polymer is applied together or shortly after the
aggregation agent and decreases as aggregation
progresses before polymer addition.

© 2024 Global Journals

Figures 4 to 6 also show that the best-purified
water quality is always produced when the anionic and
non-ionic polymers are applied at y = 1. This proves
that these polymers function as an agglomeration agent
(OAA) and not as an aggregation aid as commonly
practiced. Therefore, the best results are achieved when
aggregation is already completed, y = 1, prior to
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polymer addition. This method is called the Post-
Orthokinetic Agglomeration (POA) process [1].

It was observed that the POA also improves the
strength and resistance to fragmentation of the
agglomerates formed.

d) Effect of OAA dosage on the sedimentation kinetics
of agglomerates
The effect of different OAA dosing rates on the
sedimentation kinetics of agglomerates is illustrated in
Figure 7.

Figure 7a shows how the POA process
increases the size of the agglomerates and their
sedimentation velocity with an increasing OAA dosing
rate. The OAA dosing rate Dy, varied between 0.01 and
0.1 mg.L'. At a dosage D, = 0.03 mglL' the
agglomerates were already so large that they began to
settle during the agglomeration agitation; the higher the
OAA dosage the larger and the more rapidly settling
agglomerates were formed. It follows from this Figure
that the dosing rate of OAA determines the

sedimentation velocity of the agglomerates formed.

Figure 7: The effect of OAA dosing rate on settleability of agglomerates from right to left: NIL, 0.01; 0.03; 0.05; 0.07;
0.10 mg.L-1 (TuURW = 140 NTU, y =1, = 78 s-1, aggregation agent: Floccotan, OAA: SF-A130)

(a) Development of agglomerates during the POA process,
(b) Sedimentation kinetic immediately after removal of stirrers,

(c) The character of sediments produced

Figure 7b shows the effect of different OAA
dosages on settleability of agglomerates immediately
after the flocculator was switched-off and the stirrers
removed from the beakers.

Figure 7c shows the effect of different OAA
dosages on the character of sludge produced; the
consistency of sludge increases with increasing OAA
dosage.

e) Significance of Electrolyte Ph on the Agglomeration
Capability of OAA
Different OAA were dissolved in electrolytes of
different pH to investigate the effect of pH on their
agglomeration capability.

Anionic and non-ionic polymers were dissolved
over a wide pH range in alkaline and acidic electrolytes.
The effect of the different electrolyte pH values on the
dissolution of these polymers at a concentration C =
150 mg.L" was investigated by comparing pH values
measured in both the electrolyte and the solution.

pH of electrolyte 2,8

4,8 9,0 11,0 12,4

pH of SF-905s solution 3,0

6,3 7,5 8,2 11,8
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The difference between the two readings
corresponds to the absorption of single ions from the
electrolyte into the polymer macroions. In other words,
these differences show the extent to which the
electrolyte becomes a donor to the charged groups of
the counter ions. This absorption contributes to
development of a rodlike configuration of the polyvalent
macroions, i.e. the enhancement of the agglomeration
potential of OAA.

Similar results were also obtained with the
anionic polymers.

f)  Effect of the Electrolyte pH on the OAA Solution

During the dissolution of different OAA it was
found that their solubility was to a great extent
dependent on the electrolyte pH and the brand of OAA
(anionic or non-ionic).

Solubility of the anionic polymers increased with
an increasing alkaline pH over the full range of pH
tested. It was observed that a homogeneous solution
free of “fish eyes” was only obtained at a pH > 10; the
solution is not homogeneous in the range of pH = 7 to
10. “Fish eye” clusters could not dissolve even after
prolonged mixing. The quantity of “fish eye” clusters
decreased as the pH increased, and only at a pH > 10
they completely disappeared. For example, the
dissolution of SF-A110 at a concentration of C = 150
mg.L" in a 0.025 N NaOH electrolyte (pH = 11) to a
homogeneous solution free of “fish eyes” was
completed in about 4 hours. In an acidic range between

a pH = 7 to 4, solubility is so low that the anionic
I B
-Cc-C-C-C-C-C -
H C H G H &

/N VA / N\
OH O O O CH O
+

Na

The effect of the electrolyte pH on the chemical
structure of the macromolecule of polyacrylic acid is
explained by Oosawa [28] as follows. With polyacrylic
acid the degree of dissociation of the carboxyl group is
small in pure water. By adding an alkali (NaOH) the
number of negative charges producing Na* counter
ions increases. The quantity of the added alkali is
reflected in the pH value of the solution. Likewise, the
chemical structure of the macroions in the solution may
be expressed as a copolymer of monomers having
COOH and COO" groups. At a given pH value and
concentration of macroions, the pH value indicates the
average proportion of these groups because the
solution is a mixture of macroions that have noticeable

© 2024 Global Journals

polymers could not dissolve into a homogeneous
solution not even during 10 hours dissolving.

Generally, the time required for dissolution of
any OAA increases with increasing solution
concentration.

All polymers must be dissolved to a clear and
homogeneous solution to prevent reduction in their
agglomeration capability. For this reason the clarity of
electrolyte is very important. The water used for the
electrolyte must be soft, or softened to prevent the
formation of a precipitate after its alkalization before
polymer dissolution. In the event of a precipitate being
formed, the agglomeration capability of the polymer
solution is considerably reduced.

g) Effect of the Electrolyte pH on the Chemical Structure
of OAA

During dissolution the OAA produces either
non-ionised molecules or clusters of molecules, or
dissociates into polyvalent macroions, polyions, and a
great number of single ions of opposite charge, the
counter ions. The counter ions of the same charge
distributed along the macroion repel each other and this
results in the stretching of the fibrous molecule. The
macro-molecules  in  their  elongated, rodlike
configuration have the greatest agglomeration efficiency
while the coil-like macro-molecules have the lowest
efficiency. The degree of dissociation, and the stretching
of the macro-molecules, is influenced by the electrolyte
pH and the concentration of the OAA solution.

cC-~C - C~-C ~0C~0C =« =~
H C H C H o H
/7 N\ /7 N\ / N\
O O CH O O O
No' Na"

distributions of two thermally fluctuating groups. When
alkali is added on an equimolar basis to the acidic
groups, the sodium polyacrylate macroions in the
resulting solution are almost entirely dissociated.

The strong charge of the macroions produces a
strong electric field, which attracts the counter ions. The
charged macroions can assume various random coil
configurations over a wide range of extensions, which
are dependent on the charge of the environment. In an
environment they may take on a rodlike or cylindrical
configuration. At low charge densities or in the absence
of a charge, the coil configuration can take on a coil-like
or spherical configuration. The spherical random coil
can have a wide range of apparent radii. For example,
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the polyacrylic acid whose degree of polymerization is
1000, takes on a spherical random coil form with a
radius of about 200 A at a low pH. With an increasing
pH the macroion extends first spherically and then

Nk, T

h) Effect of the Electrolyte pH on the Viscosity of OAA
Solutions

The anionic SF-A110 and non-ionic SF-905s

were dissolved at a concentration C = 150 mg.L™" in

becomes rodlike, and its resultant length is 2500 A in its
most elongated form. The average local curvature of the
chain decreases gradually, as shown below:

electrolytes of pH varying between 3 and 12. The
viscosities of these solutions are plotted in Figure 8.

40 =
4“ ‘0
.' -
e 30 ::
= +
¥} pr
= #
2 20 -
- ar
10
= = T:l -
o |
3 4 5 (5] 7 8 9 10 11 12
electrolyte pH
—_— - —_——

Nonionic SF-905s

Anionic SF-A110

Figure 8: The effect of electrolyte pH on the OAA solution viscosity

The anionic SF-A110 could not be dissolved in
the acidic pH range and, therefore, its viscosity is shown
by a dashed line. In the alkaline pH range, the viscosity
remained stable up to a pH around 11 and decreased
slightly at a pH > 11.3. In contrast to that, the viscosity
of the non-ionic SF-905s solution remained very steady
between pH = 4.3 and 10.8. At a pH > 11 it increased
slightly, and at a pH < 4.3 it decreased slightly. The
viscosity measurements were repeated several times.
The measured viscosities varied slightly in the absolute
values, however the pattern remained the same.

i) The Effect of pH of OAA Solutions on their
Agglomeration Potential

The influence of the solution pH value for
enhancing agglomeration capability of both anionic and
non-ionic OAA is evident from the comparison of the
sedimentation kinetics in Figures 9 and 10. Figure 9
illustrates the effect of the solution pH of anionic SA-
A110, and Figure 10 of the non-ionic SF-905s. The
lowest agglomeration capability of the anionic OAA,
characterized by the highest residual turbidity (the
lowest sedimentation velocity), is reached at pH = 3.2

(Figure 9). At this low pH the configuration of polymer
molecules corresponds to their most coil-like spherical
configuration. The agglomeration capability gradually
improves over the full range of pH tested. The highest
agglomeration capability exists at the lowest turbidity
(the highest sedimentation velocity) and the highest pH
= 12. At this high pH the configuration of polymer
molecules corresponds to its most stretched rod-like
configuration.

The lowest agglomeration capability of the non-
ionic OAA, characterized by the highest residual turbidity
(the lowest sedimentation velocity), is reached at around
neutral pH = 7 (Figure 10). At this pH the configuration
of polymer molecules corresponds to their most coil-like
spherical configuration. The agglomeration capability
gradually improves in both directions up to the highest
pH = 115 and the lowest pH = 3.0. The polymer
molecules configuration corresponds of to their most
stretched rod-like configuration at the highest and
lowest pH values.
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Figure 9: The effect of pH of the
anionic OAA solution on the
sedimentation kinetics of agglomerates

j)  Effect of the Concentration of OAA Stock Solution on

the Sedimentation Kinetics

The concentration of the polymer stock solution
is also an important factor influencing the agglomeration
capability of OAA. The effect of the concentration of
OAA stock solution on its agglomeration capability was
investigated with the concentrations of 150 mg. L™ and
1500 mg.L"; the stock solution matured for 24 hours.
The results obtained with SF-A110 are shown in Figure
11 and can be considered typical for any OAA. These
results show that agglomeration capability decreases
with increasing concentration of stock solution.

FeCls;, G™ = 66 s', SF-905s: Dgaas = 0.05 mg.L™"

H
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a
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Figure 10: The effect of pH of the
non-ionic OAA solution on the
sedimentation kinetics of agglomerates

Figure 11 also shows how the inline dilution of
the concentrated stock solution is very ineffective. This
can be explained as follows: Inline dilution of the
concentrated stock solution cannot produce a
homogenous solution within the short time available
during inline dilution. The diluted solution contains
droplets of the concentrated stock solution and the
dilution water. Such diluted solution tends to retain the
agglomeration efficiency close to the concentration of
stock solution. To achieve the same agglomeration
efficiency as that attainable with the stock solution of low
concentration, a greater OAA dosage is required.

turbidity [NTU]
/

—

?

o 2 4

5] 8 10

sedimentation time [min]

c =1500 mg.1"!

STOCK
-

DILUTION: NIL

FeCls, (G = 66 s, SF-905s: Doaa =

1:10 - ¢ = 150 mg.1-!

Coroex =130 mg 17!
A -

NIL

0.03 mg.L™"

Figure 11: The effect of inline dilution of the OAA solution on the kinetics of sedimentation of agglomerates

The use of a high concentration stock solution
is very inefficient and uneconomical and, therefore,
cannot be recommended. As evident from the above,
the stock solution should be prepared at a concentration
at which it will be applied to the purification process,
preferably not exceeding 1.0 g.L™.

k)  Effect of the Maturation Time of OAA Solution

The effect of maturation (aging) time of OAA
solution is yet another factor that was investigated to
discover whether it had any effect on the agglomeration
efficiency. In this regard, similar results were obtained
with both the anionic and non-ionic OAA. The results

© 2024 Global Journals

plotted in Figure 12 were obtained with three SF-A130
solutions of the same concentration but of three different
maturation times; one is freshly prepared, the other is 24
hours old and the last one is 30 days old.
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Figure 12: The effect of maturation time of the OAA solution on the sedimentation kinetics of agglomerates formed

The settling curves in Figure 12 show the fresh
solution applied immediately after its preparation has
the lowest agglomeration efficiency. A significant
improvement is achieved when the solution matures for
24 hours before its usage. At a maturation longer than
24 hours the rate of efficiency increase slows down.
Therefore, it is advisable to mature OAA solution
preferably for 24 hours before its usage. In the event this
is not possible then the solution should mature at least
for 12 hours before its usage.

Furthermore, it was found that the viscosity of
solutions slightly increased with maturation time.

) Significance of Homogenization of the OAA Solution
with the Aggregated Water

Yet another factor affecting the agglomeration
efficiency is the speed of the dispersal mixing required
to achieve homogenization of the dosed OAA solution
with the aggregated water. Such dispersion should be
completed as fast as possible to ensure that all
aggregates are individually exposed to OAA to achieve
the highest agglomeration efficiency.

4 _
— 3 .
E \ - t=35s
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sedimentation time  [min]

G =785, FeCls, SF-A130, Doas = 0,05 mg.L”

Figure 13: The effect of dispersion mixing time of the OAA solution on sedimentation kinetics of agglomerates

The typical effect of different times of dispersal
mixing on the agglomeration efficiency is shown in
Figure 13. It follows from this Figure, the sedimentation
kinetics of the formed agglomerates improves until the
homogenization of OAA solution with the aggregated
water is completed. It also shows that the optimum
dispersal mixing time peaked at about 20 s as the most
rapidly settling agglomerates were formed. Furthermore,
it follows from Figure 13 the dispersal mixing lasting
longer than the optimum time is less harmful to the
efficiency of the POA process than is a shorter time at
which homogenization is not yet completed.

It was also established, although the results are
not shown, that the time required to complete
homogenization depends not only on the intensity of

dispersal mixing but also on the concentration of the
dosed solution. A longer time is needed for the solution
of higher concentration.

m) Comparison of the Agglomeration Efficiency of
Different Kinds of OAA

The agglomeration capability of different anionic
and non-ionic OAA is compared in Figures 14 and 15.

Figure 14 compares the sedimentation kinetics
of different anionic OAA and Figure 15 different non-
ionic OAA. The dosage of all OAA was the same, D =
0.03 mg.L". The most efficient anionic OAA are SF-A110
and SF-A130 and non-ionic OAA is SF-905s, all
provided by Cyanamid Co. of USA. The LT-26 provided
by the Allied Colloids of UK was found to equal the
Superflocs

© 2024 Global Journals

Year 2024

N
©

( E ) XXIV Issue I Version I

gineering
S

S

Global Journal of Research in En



Year 2024

50

( E ) XXIV Issue I Version I

gineering
ln(,(‘,lll’lb

)

Global Journal of Research in En

HIGH RATE WATER CLARIFICATION TECHNOLOGY

(Floceotan:; (G =85s™, D =0,03mg.L™")

20
—e— gE22
— 15 ",
=] o —&— SE210
= N
- —+— SEAISD
> 10
== Ay
= T —r— -3
E SEAID
=] Y
5 A\
- —=— SEALID
o I
0 2 4 6 8 10

sedimentation time [1min]

Figure 14: Comparison of sedimentation kinetics

of different anionic OAA

n) High Rate Clarification Technology
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Figure 15: Comparison of sedimentation
kinetics of different non-ionic OAA

Innovations emanating from this project resulted in the development of the High Rate Clarification

Technology (HRCT) (Figure 16).

aggregation agent

i
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:

l Micro-aggregates

OAA addition
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Large agglomerates

G*<50s |

~ velocity gradient G* [s !

aggregation time [s]

IHDS process —ate— POA process
completion of aggregation y =1

Figure 16: Formation of agglomerates by High Rate Clarification Technology incorporating the IHDS and POA
processes (G* =)

The HRCT combines two processes developed
for this purpose, namely:

(@ The Inline High Density Suspension formation
process producing dense micro-aggregates,

(b) The Post-Orthokinetic Agglomeration  process
agglomerating these micro-aggregates to large
rapidly settling agglomerates by means of OAA.

The feasibility of all these innovations was
verified under long operation of the pilot HR clarifiers
and subsequently under the operation of a large
capacity plant. The results achieved are presented in the
following Chapter.

VI. DESIGN, OPERATION AND PERFORMANCE
Resurts oF HiGH RATE CLARIFIERS

a) High Rate Clarifiers

Two types of clarifiers, the High Rate clarifiers
incorporating the principles of the HRCT, were
developed, namely:

© 2024 Global Journals

(@ HR clarifier (Figure 17) is a vertical flow type fully
fluidized sludge blanket clarifier; this clarifier is
particularly suitable for continuous operation under
both a steady flowrate, and a relatively slow and
gradual fluctuation of the raw water quality,

(b) P-Clarifier (Figure 18) is a radial flow type clarifier
with the removal of settled sludge by hydraulic
means; this clarifier is suitable for intermittent
operation; the formation of micro-aggregates is
carried out to completion in a Flocculator installed
next to the P-Clarifier.

Three types of suspension can be handled by the High

Rate Clarifiers, namely:

(@) the conventionally formed flocculent suspension,

(b) the micro-aggregates formed by aggregation under
the IHDS process,

(c) solid particles up to the finest size contained in the
surface water and underground mine water.
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i. HR Clarifier
The best hydraulically balanced clarifier, the
CSAV type [30], incorporating flocculation, a fully

—

«_‘_j: Flocculator

fluidized sludge blanket, clarified water and sludge
thickening compartments, was converted to the HR
Clarifier (Figure 17).

Dosed
raw water

a)

Clarified

water

Sludge
blanket

=
B
r

Sludge
thickener

Thickened

Sludge

Figure 17: The HR Clarifier

From a process point of view, this conversion includes:

a) Uprating of the aggregation process from taking
place under conventional low intensity agitation to
the IHDS process taking place at high intensity
agitation and completing aggregation (y = 1) within
the Flocculator and completing it in the Flocculator,

b) Changing the sludge blanket function from
continuation of aggregation to the POA process
where the micro-aggregates formed in the
Flocculator are agglomerated to large, rapidly
settling agglomerates by means of OAA (organic
agglomeration agent); the OAA are anionic or non-
ionic water-soluble polymers.

Conversion of the CSAV clarifier arrangement involved
modification of the Flocculator to incorporate:

a) Installation of a double-frame, double-anchor, n-tier
type stirrer driven by a variable speed drive,

b) Installation of OAA dosing points above the
Flocculator bottom and

c) Installation at the Flocculator bottom of a system of
deflector baffles to neutralize the rotary motion of
the water before entering the sludge blanket
compartment.

Raw water containing dispersed coagulant
(aggregation agent) discharged from a flash mixer
enters the Flocculator. In this compartment, the
aggregation takes place under the IHDS process at a
high agitation intensity (G >> 50 s™); the aggregation
is completed (y = 1) within the Flocculator. The OAA
solution is dosed into the Flocculator bottom above the
deflector baffles to facilitate its homogenization
throughout the aggregated water within the Flocculator
before entering the sludge blanket. The deflector baffles
neutralize the effect of the rotary motion of water before

entering the sludge blanket compartment. The attainable
up flow velocity in the sludge blanket, at which the
agglomerates are separated, can be varied over a wide
range by changing the OAA dosing rate. This is because
OAA dosage influences the size of agglomerates
formed and their attainable sedimentation velocity. The
aggregated water with evenly dispersed OAA enters the
conically shaped sludge blanket compartment via an
inlet slot. Here, under a low agitation intensity (G <<
50 s7), produced by the turbulent fluctuations of the
inflowing water, the micro-aggregates are agglomerated
to large and rapidly settling agglomerates. No
agglomerates are allowed to settle and deposit at the
bottom of the sludge blanket compartment as this would
facilitate disturbance of the hydraulic balance
throughout the sludge blanket compartment and
detrimentally affect the clarifier performance. The formed
agglomerates are separated from the purified water at
the sludge blanket level by continuously draining-off the
excess suspension from the sludge blanket level by
means of the induced flow into the sludge compartment.
In this compartment the suspension settles and thickens
by way of compression. The flow of decanted water from
the sludge compartment is combined with the main
outlet of purified water discharged from the clarifier. The
accumulated sludge is periodically drained-off through
the perforated pipe. The sludge compartment is
provided with a few sampling pipes to monitor the
sludge level and its concentration at different levels. The
purified water discharged from the sludge blanket flows
through the purified water compartment, where it is
evenly collected over the compartment level and
discharged from the clarifier at its outlet.

ii. P- Clarifier
The P-Clarifier (Figure 18) is a circular,
horizontal flow, sedimentation type clarifier, suitable for
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intermittent operation. It incorporates aggregation,
sedimentation, purified water and sludge accumulation /
thickening compartments. When used as a high rate
type, the aggregation takes place to completion in a
separate Flocculator installed next to the clarifier. When
used for dewatering of thin sludge, the function of the

Flocculator changes to the POA process. The sludge
compartment is designed to deposit and thicken the
settled sludge by compression and to prevent a back-
lifting of sludge into the sedimentation compartment
during desludging. The sludge is periodically drained-off
by hydraulic means through a perforated pipe.

)

#

FLOCCULAT

o—1—— CLARIFIED

WATER

—— SEDIMENTATION

e—— SLUDGE
THICKENING

AT

v T

SLUDGE

Figure 18: P-clarifier

b) Methods and Procedures

The performance efficiency of the clarifiers was
evaluated by changes in the content of the cation (Me)
of the Fe®* or Al °" salt, when a hydrolyzing type of
aggregation agent was used. Furthermore, changes in
natural organic matter (NOM) were measured as COD,,,
TOC or DOC in both the raw water and the settled water,
irrespective of the kind of aggregation agent used.

The total concentration of the specific impurity
measured in the raw water is designated by C,, and C,F,
at the clarifier outlet by C and CF, and in the filtrate by
Cr and CgF. The quantities C, C; and Cr mean total
concentration of the particular impurity produced by all
particles. Abridger F means the content of such impurity
is produced only by the non-separable particles. The
concentration of non-separable particles C,F, C.F and
CqF was determined in the tested samples from which
the separable particles were removed under specific
conditions of centrifugation [8-10].

Turbidity produced by the total content of all
particles and the content of non-separable particles was
measured by a Hach turbidity meter model 2100A. The
concentration of the cation of the aggregation agent was
measured colorimetrically by a Bausch & Lomb
Spectronic model 70.

The NOM was measured colorimetrically as
Comyg,, (oxidizability) by oxidation of the organic matter
in a boiling mixture of potassium permanganate
(KMnQ,) and sulphuric acid.

The size distribution of formed aggregates was
determined by the Test of Aggregation using a
Labofuge 1 laboratory centrifuge. The Test of
Aggregation ascribes the aggregates formed to one of
the following four basic technological size-fractions,
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namely: non-aggregated (non-separable) particles (NA),
primary aggregates (PR), micro-aggregates (MI) and
macro-aggregates (MA). Coagulation efficiency was
evaluated by the degree of destabilization 6. The
concentration of any type of the monitored impurity is
measured by the total concentration of all particles C
and by concentration of its non-separable fraction CF.
The removal of individual impurities was evaluated by
the attained ¢ and attainable ¢ separation efficiency [1,
8-10].

The degree of destabilization is the basic
criterion of destabilization of the particles of impurities. It
is defined as the ratio of the number of particles
destabilized in the course of aggregation N, to the
number of aggregately-stable (non-separable) particles
in the raw water N5 [8-10].

The aggregation agents, namely ferric chloride
and aluminium sulphate (hydrolyzing coagulants) and
Floccotan and SF-577 (organic coagulants), were used.
These organic coagulants are described under
Aggregation Agents.

The OAA used are polyacrylamides, mainly
Superflocs SF-110 and SF-A130, provided by the
Cyanamid Co. of USA.

i. Raw Water
The HR clarifiers purified water from three
different surface sources. The raw water quality in these
sources is summarized in Table 1.
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Table 1: Average quality of different raw waters purified by the pilot HR clarifiers

DETERMINANT UNITS VAAL DAM LOCH ATHLONE DAM | SAULSPOORT DAM
Temperature °C 10-26 12-25 12-25
pH - 6.9-85 7.7 7.4-82
Turbidity NTU 150 - 200 50 - 690 30 - 250
Color mg Pt. L 5-15 10-40
Total Hardness mg CaCO,. L 37-105 108 90 - 160
Total alkalinity mg CaCO,. L™ 42 -110 75 75-150
COoD,,, mg O,. L 40 3.4 58-6.5

THM - potential value ug CHCI,.L - - 878

ii. Velocity Gradient

The mean square root velocity gradient G is a
parameter ascertaining the average intensity of agitation
applied to aggregation. From an operational point of
view it is important to evenly distribute the intensity of
agitation throughout the Flocculator and to best utilize
the retention time in the Flocculator by preventing short
circuiting. Hence, great attention has been given to

velocity pradicot G* o)

developing a stirrer facilitating these requirements. Such
stirrer, a double-frame, double-anchor, n-tier type
generating flow in a plane perpendicular to the stirrer
shaft, was developed. This stirrer is driven by a variable
speed drive thus ensuring the intensity of agitation
required to complete aggregation within the Flocculator
can be maintained at all times.

Figure 19: 3 m HR Clarifier - Conversion of Stirrer RPM to Mean Square Root Velocity Gradient G* =

The power input, shaft-to-water, was
determined from the energy consumed by the stirrer
revolving at different revolutions in the Flocculator filled
with water, and then again, at the same revolutions
when it is empty. The difference between these two
power readings is the actual power input, shaft-to-water,
dissipated by the stirrer into the water under operating
revolutions. From these power inputs, the mean square

root velocity gradients G were calculated. Conversion
of the stirrer speed to the velocity gradient G is shown
in Figure 19.

ii. Concentration of Drained Sludge
The concentration of sludge discharged from
the clarifiers was determined as an average
concentration established from samples taken either
from sludge discharged at the beginning, middle and at
the end of desludging, or directly from the samples
taken from the sludge compartment at different heights.

Sludge concentrations varied depending on the

retention time in the sludge compartment.

VII. RESULTS AND DISCUSSION

a) Pilot Hr Clarifiers

Two 3.0 m diameter pilot HR clarifiers were
installed at two different localities to demonstrate the
potential of the HRCT and to eliminate any doubts about
the feasibility of this progressive technology.
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The design parameters of the pilot HR clarifiers are as follows [1]:

»  Clarifier diameter

» Overall height of the clarifier

»  Clarifier volume

» Design capacity (flow rate)

» Agitation intensity during IHDS aggregation process
» Area of the sludge blanket at its separation level

» Design upflow velocity at the sludge blanket level

» Area of separation level in the sludge compartment
» Retention time in the clarifier at the design flow

b) Installation, Operation and Performance of the First
Pilot HR Clarifier

The first pilot HR clarifier was installed at the

Rand Water Board Zuikerbosch Waterworks (Figure 20)

and operated for about one year during 1970 to 1971.

Vaal Dam water was purified (Table 1). Either aluminium

sulphate or Floccotan was used as the aggregation

D¢ = 3000 mm,

He = 40m

Ve = 24m’

Q = 21.15m%h’
= 507.60 m*.d"

G = 100-400s"

Feg = 4.7 m?

Vip = 45mh’,

Fsr = 3.0m?

Te = 68 min.

agent. The OAA used was SF-A110. It was dissolved at
a concentration of 1.0 g.L."in 0.025 N NaOH electrolyte
prepared from distilled water.

The clarifier performance results were
remarkable even though its full potential could not be
established due to the low flow rate of the raw water
delivery pump.

The clarifier operation and performance capability is summarized as follows [1]:

Flowrate - limited by the raw water pump capacity
Upflow velocity at the sludge blanket level:

Raw water turbidity:
Residual turbidity at the clarifier outlet:

VVVVY

Total retention time in the clarifier at the maximum flow

Q = 500to 1150 m®.d"
VUP bl 45 tO 102 m.h’w,

T = 30min,
C, = 15010200 NTU
C. = 1to5NTU

Figure 20: Installation of the pilot HR clarifier at the RWB Zuikerbosch waterworks

c) Installation, Operation and Performance Results of
the Second Pilot HR Clarifier

The second pilot HR clarifier (Figure 21) was
installed at the municipal waterworks of the City of
Bethlehem, Orange Free State, purifying water from the
Loch Dam or Saulspoort Dam or a mixture of both
(Table 1). This clarifier was operated for seven years
during the period of 1974 to 1980 by the waterworks
staff. The purified water (on average higher than about
1500 m3.d™") was used to supplement the shortfall in the
waterworks capacity.

Aluminium sulphate alternating with Floccotan
or Superfloc SF-577 were used as Aggregation agents.
SF-A110 was solely used as the OAA; it was dissolved
at a concentration of 1.0 g.L™" in plain tap water because

© 2024 Global Journals

distilled water could not be secured at the daily
quantities required. Another OAA, the Allied Colloids LT-
25, was also successfully tested, even though for a very
short time only. The performance efficiency of both OAA
was very similar.

In conformity with the requirements of SABS 241
and common practice in South Africa, the clarifier’s
performance was monitored by residual turbidity only.
Other determinants, such as the residual concentration
of the cation (Me) of the aggregation agent used, and
NOM (TOC, DOC, COD,, could not be routinely
monitored because the waterworks laboratory was not
equipped for such analysis.
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The raw water to the HR clarifier was delivered
by gravity; it was branched off from the delivery pipeline
to the waterworks. Depending on the volume of the
purified water in the reservoirs, the throughput of the
waterworks regularly changed. This often happened
during the night hours. As a result, the HR clarifier
throughput often changed without warning and
consequently without adjustment of the dosing rates
and, or intensity of agitation in the Flocculator. Higher

residual turbidity in the clarifier outlet is usually a direct
consequence of such a situation. Under the optimized
operational conditions the residual turbidity at the
clarifier outlet did not exceed 5 NTU even at the
clarifier’s highest upflow velocities. The higher residual
turbidity resulted from y < 1 and, or sub-dosages of
aggregation agent (producing a poorer quality of
purified water) or OAA (resulting in a greater remaining
concentration of suspension in the clarifier outlet).

Figure 21: Installation of the second pilot HR clarifier at the municipal waterworks of the City of Bethlehem

This HR clarifier performed as follows [1, 31]:

Flowrate:

Upflow velocity at the sludge blanket level:
Retention time in the clarifier:

Clarifier outlet turbidity:

IHDS process

Volume of drained sludge:

The highest concentration of SS in drained sludge

VVYVYVYYVY

The maximum hydraulic loading Q = 120 m®.h”,
corresponding to an upflow velocity vgs = 25.5 m.h",
which occurred accidentally, as the pressure in the feed
pipe to the HR Clarifier increased, due to reduced flow
to the waterworks. Under this flowrate the HR clarifier
operated as follows: C, = 108 NTU, CoF = 58 NTU, Do
=594 mg.L", Doy, = 0.126 mg SF-A110.L", y = 0.22,
Cc = 21 NTU, Co,F =< 5.2 NTU. The high residual
turbidity is the consequence of the system being
underdosed, both with the aggregation agent and SF-
A110 and being extremely under-aggregated as y =
0.22. After the agitation intensity and dosages of the
aggregation agent and OAA were optimized the
performance efficiency improved and returned to its
usual level of C, < 5 NTU. The total retention time in the

Q = 500-2877 md",

Ve = 45-255m.h",

Tc = 68-12mins,

Cc = 2-9NTU,

G = 100-380s",

Ve = 0.245%Q,

Cs = 7305 gL' (7.305%).

clarifier between the point of addition of the aggregation
agent and the clarifier outlet was only T, = 11.9 min.

d) Comparison of Performance of the HR Clarifier with
Conventional Clarifiers

The pilot HR clarifier was operated in parallel
with three Clariflocculators 2 xD = 10.6mand 1 xD =
14.0 m) and a Pretreator clarifier (D = 18.5 m). The
Clariflocculator is a radial flow type sedimentation
clarifier with the flocculation compartment sized for
about 20 min retention time and a very low intensity
mechanical agitation. The Pretreator is a radial flow type
sludge blanket clarifier with continuously forced internal
sludge recirculation to keep the sludge blanket fluidized.

When comparing performance efficiency, these
clarifier systems were operated under the following
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conditions to produce the same total residual turbidity of
the purified water:

» The Clariflocculator (dia 14.0 m) — operated at the
design and sedimentation velocity v¢ = 1.2 m.h
and retention time of about T, = 4 hours.

» The Pretreator — operated at the design upflow
velocity v, = 1.5 m.h™" and retention time of about
T, = 3.5 hours.

» The HR clarifier — operated at an upflow velocity v,
= 15.5 m.h™" and retention time of about 7, = 20
minutes.

The Clariflocculators and the Pretreator were
supplied with water pre-aggregated in a shared
hydraulically —operated flocculation basin, where
aggregation took place under the regular low intensity
agitation and a retention time of about 20 mins. The
discharge from this basin to the Pretreater was over a
hydraulic jump (height of about 600 mm). In the case of
the HR clarifier the aggregation agent was dosed into an
inline flash mixer installed upstream of the clarifier
Flocculator. The IHDS process in the HR clarifier took
place with G = 330 s™.

The waters purified by the HR clarifier and the
Clariflocculators were combined and filtered together
while the water purified by the Pretreator was filtered in a
dedicated filtration plant.

The aluminium sulphate dosage, purifying water
to the same total residual turbidity in all three clarifiers,
was about 13% lower for the HR clarifier than that

applied to the Clariflocculators and Pretreator (Table 2).
This proves the importance of the rapid dispersion of the
aggregation agent at the flash mixer together with the
subsequent high intensity agitation during aggregation
facilitating completion of destabilization of particles of
impurities and their aggregation.

The performance of these three clarifier
systems, evaluated by the Test of Aggregation, is
compared in Table 2, and the distribution particle size-
fractions is illustrated in Figure 22.

A drop in residual turbidity C.F measured at the
outlets of different sections of the clarifier system (Table
2) indicates the extent of the efficient improvement of the
purification process. The HR clarifier produced the
lowest turbidity CoF = 1.4 NTU, while the Pretreator was
very close to it, C.F = 1.5 NTU. A considerably higher
turbidity was produced by the Clariflocculator, C.f = 2.9
NTU. The relatively high C. and CF values at the outlet
from the HR clarifier are due to a 13% lower dosage of
the aggregation agent than the optimum applied to the
other clarifiers. The low C.F value of the Pretreator in
comparison to the Clariflocculators was partly due to the
hydraulic jump at the end of pre-aggregation enhancing
destabilization of impurities and partly due to the
enhancing effect of the sludge blanket. Undoubtedly,
the highest C.F value produced by the Clariflocculator
proves that a low agitation intensity applied to the
aggregation process does not favourably affect
enhancement of the processes of destabilization of
particles of impurities and their aggregation.

Table 2: Comparison of the performance efficiency of different clarifiers installed at the municipal waterworks of the
City of Bethlehem, OFS [1, 31]

Source of raw water:

Raw water turbidity: Co
CF =

Date of plant operation:

Aggregation agent:

Optimum dosage (Tu removal):

NA - non-separable (non-aggregated) particles

PR - primary-aggregates
Ml - micro-aggregates
MA - macro-aggregates

Mixture of Saulspoort Dam and Loch Athlone Dam waters
= 102 NTU
54 NTU
November 12, 1978
Aluminium sulphate
D, =60 mg.L"

DOSING RATE TURBIDITY
TYPE OF Aluminiun UPFLOW POINT OF C C.F DEGREE OF
CLARIFIER SF-A110 | VELOCITY | MEARUREMEN ¢ ¢ DESTABILISATIO
sulphate TS N
6
[mg.L“] [mg.L"] [m.h™] [NTU] | [NTU] [-]
Raw Water 102 54 -
Pretreator Pre_aggregation 102 4.9 0.909
(Retention time 60 0 15 chamber outlet
about 3.5 hrs) Hydraulic jump 102 4.0 0.926
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Clarifier outlet 7.1 15 0.972
Clariflocculator Pre_aggregation 102 4.9 0.909
(Retention time 60 0 1.2 chamber outlet
about 4 hrs) Clarifier outlet 7.2 29 0.946
HR Clarifier Flocculator outlet | 102 1.7 0.969
(Retention time 52 0.172 15.5 —
about 20 min) Clarifier outlet 7.0 14 0.974
SF-A110 was dissolved in tap water
TURBIDITY TEST OF AGGREGATION SEPARATION
PARTICLE SIZE-FRACTION EFFICIENCY
POINT OF
Yeeof MEARUREMENT | ¢ CcF | MA | M | PR | NA P
CLARIFIER c c 14 @
[NTU] | INTU] | [%] | [%] | [%] | [%] [] [-]
Raw Water 102 54 - - - - - -
Pre-aggregation i
Pretreator chamber outlet 102 4.9 795 147 6.2 3.6 0.9592
(Retention time | 4y qraulic jump 102 40 | 176 | 579 | 223 | 22 - 0.9608
about 3.5 hrs)
Clarifier outlet 71 1.5 15 2.5 1.6 1.4 0.9304 0.9853
Clariflocculator | Pre-aggregation 102 49 | 755 | 147 | 62 | 36 - 0.9592
(Retention t|me Chamber Outlet
about 4 hrs) Clarifier outlet 7.2 2.7 1.2 1.9 1.4 2.9 0.9294 0.9716
HR Clarifier Flocculator outlet 102 1.7 500 | 326 | 161 | 1.3 - 0.9833
(Retention time —
about 20 min.) Clarifier outlet 7.0 1.4 26 | 19 | 14 | 12 | 09314 | 09863

@ — attained separation efficiency,

g_o - attainable separation efficiency

RO PR 7 CJma
PRETREATOR - upflow velocity v=1,5 m/h
Floc.chamber %{’ 7l 1
wacsjump N v 7 ]

CLARIFLOCCULATOR - up/velocity v=1,2 m/h

Fioo, chamber WL

Cladficroit B

upiiow velodity v=15,5 m/h

Floc. chamber

HR CLARIFIER -
| A,

T ]

Clarifier oflet #1

Figure 22: Particle size-fraction distribution in water purified by different clarifier systems, calculated from turbidity

e) Large Capacity HR Clarifiers at the Saulspoort
Waterworks

At the end of the seventies, the City Council of
Bethlehem approved the installation of a 20 ML.d" new
waterworks to purify Saulspoort Dam water. The
intended ultimate design capacity of the waterworks was
60 ML.d", the design of the purification system should
make provision for semi-automatic operation and allow
for a plant overload of 50%.

The waterworks staff had gained a good
knowledge and experience of the HRCT. The pilot HR
clarifier proved to be efficient, simple and user friendly in

operation and, unlike the old waterworks, allowed the
process controllers (plant operators) to remain master of
the plant at all times. Owing to this outstanding
experience with the HRCT, the City Council decided to
accept the concept of the HRCT for their new Saulspoort
waterworks.
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The design parameters of the HR clarifiers installed at the Saulspoort Waterworks (Figure 23) are as follows:

»  Design capacity Q = 10MLd'=417mh",

»  Diameter D. = 8650 mm,

»  Height of the clarifier He. = 8200 mm,

»  Intensity of agitation in the Flocculator G = 100-400s"

»  Total clarifier volume Ve = 315md

»  Area of the sludge blanket at its separation level Feg = 37.9m?

»  Upflow velocity at the sludge blanket level Ve = 11.0m.h7,

»  Separation area at the sludge thickener Fey = 33.0m?

»  Retention time in the clarifier at design flow T = 45min,

»  Average concentration of drained sludge Cs > 40glL™

»  The clarifier de-sludge pipe is fitted with a pneumatically operated butterfly valve. Operation of this valve can be
initiated either manually or by a timer.

»  The water softened for dissolution of OAA in 0.025 N NaOH electrolyte is prepared in in situ.

> OAA s dissolved at a stock solution concentration 1.0 g.L™, and the solution matures for 24 hours before its use.

Figure 23: The Saulspoort waterworks — the HR clarifier, design capacity 10 ML.d-1

) Performance Results

The Saulspoort waterworks was put into
operation in 1980 [32]. It was commissioned using both
types of aggregation agent, namely aluminium sulphate
and Floccotan. It should be pointed out that ferric
chloride, because of greater raw water alkalinity is a
more efficient coagulant than aluminium sulphate;
however, aluminium sulphate was used during plant
commissioning because ferric chloride was not
available.

Commissioning of the waterworks was carried
out under two sets of four runs, each set verifying certain
aspects of the clarifier operation and performance. The
operation with Floccotan was aimed at proving the
importance of completion of aggregation in the
Flocculator (y = 1) before the addition of OAA. During
these trial runs the clarifiers operated at an upflow
velocity v, = 6.5 and 12.0 m.h™" and y = 0.34 to 1.0.
The significance of the degree of aggregation (y-value)
achieved before the addition of OAA on the quality of
purified water is best demonstrated by comparing the
differences in the residual turbidity produced by the non-
aggregated (non-separable) particles and measured at
the outlet from the flash mixer Cg,F and the outlet from
the clarifier C.F. Evidently the lower the y-value the

© 2024 Global Journals

poorer the purified water quality, while the hydraulic
loading of the clarifier has no effect in this regard. The
results obtained are shown in Table 3.
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Source of raw water:
Raw water turbidity:

Table 3: The HR clarifiers commissioning results from the first set of tests [33]

Saulspoort Dam
C, =36-115NTU

CoF =23 - 42 NTU

Aggregation agent.  Floccotan
DOSING RATE TURBIDITY
RUN PERIOD OF UPFLOW FL.? 'ENCO SF-A110 | RAW WATER | FLASH CLARIFIER
MIXER
No. OPERATION VELOCITY y-VALUE C CF CafF Ce CcF
Vup

[m.h™] [-] [mg.L'] | [mg.L" | NTU | NTU NTU NTU | NTU

1 4/9 - 15/10/80 6.5 1.00 12 0.05 45 24 1.4 0.35

2 15/10 - 21/12/80 12.0 0.85 12 0.05 36 23 2.1 0.52

3 21/12 - 10/2/81 12.0 0.34 20 0.10 115 42 1.3 5.8 0.98
4 10/2 — 20/2/81 12.0 0.75 20 0.10 115 42 1.3 238 0.57

During the second set of commissioning runs
with aluminium sulphate the clarifiers were operated at
four different hydraulic loadings under optimized
reaction conditions and at almost completed
aggregation, y = 1.0. These runs were aimed to verify

the clarifier's capability to operate safely and efficiently
up to a 50% hydraulic overload, i.e. up to an upflow
velocity v» = 16.5 m.h™". The results obtained are shown
in Table 4.

Table 4: The HR Clarifiers Commissioning Results from the Second Set of Tests [33]

Source of raw water: Saulspoort Dam
Aggregation agent:  Aluminium sulphate

Raw water turbidity: C, = 65— 70 NTU

CoF =28 -34 NTU

PERIOD UPFLOW DOSING RATE TURBIDITY
Y- SF- RAW
RUN OF VELOCITY VALUE Al,(SO,), A110 WATER CLARIFIER
No. OPERATION Vip G, Ce CclF
[m.h] [mg.L"] | [mg.L"] NTU NTU NTU
1 4/11 - 5/11/81 111 0.98 75 0.10 68 1.8-35 0.20-0.22
2 511 -7/11/81 13.6 0.93 72 0.12 65 32-55 0.20-0.25
3 7/11 -9/11/81 15.0 0.99 73 0.15 70 40-70 0.22-0.28
4 911 -12/11/81 16.5 0.95 78 0.18 68 40-70 0.22-0.30
The residual turbidity produced by non- produced, even at the highest flow, corresponding to an

aggregated particles and measured in the clarifier outlet
was low with small differences irrespective of the upflow
velocity. This is because, the y-value was very close to 1
and the alum dosage to optimum. The performance
results proved that the clarifier can consistently purify
water to a good potable quality, in terms of the National
Standard (SANS 241), even at the highest hydraulic
loadings and shortest retention times providing y = 1.

It can be concluded that the waterworks
commissioning was very successful. The clarifier
performance met all performance expectations and
demonstrated that the HRCT can be the technology of
the future.

At the beginning the waterworks was operated
with Floccotan and a filtrate of sparkling clarity was

upflow velocity vgs = 16.5 m.h" in the clarifier. During
1982 it was discovered by Van Steenderen [34] that
Floccotan presents a potential health risk. Therefore,
due to a dedicated check-up by Van Steenderen [35]
(Table 5) it was discovered that the concentration of
organohalogens in the raw water increased in the filtrate
from TOH, = 37 yg CHCI,.L"" to TOH, = 52 ug CHCl,.L°
. The TOH, potential value increased even more from
878 to 1209 ug CHCIL,.L" as shown in Table 5. The TOH
and TOH, values in potable water should be lower and
not exceeding that of the raw water. Therefore,
Floccotan was immediately replaced with ferric chloride
applied under optimized reaction conditions with regard
to the monitored impurities [3].
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Table 5: Secondary organic pollution of the purified water produced by natural OC (Floccotan) at the Saulspoort
Waterworks (Van Steenderen ) [35]

Point of measurement boc TOH TOH,
[mg C.L [mg CHCl,.L™] [mg CHCI,.L ]
Raw water 5.2 37 878
Flocculated water 4.8 - 1211
Filtrate 4.6 52 1209

Regrettably based on the advice of an organic
coagulant supplier and without receiving any
technological justification and proof that the water would
not be purified to a poorer quality, the Municipality

replaced ferric chloride with organic coagulant L-100
(assumed to be Poly DADMAC). Appraisal of treatability
of the raw water attainable with ferric chloride and L-100
is shown in Table 6.

Table 6: Coagulation efficiency and treatability of the Saulspoort Dam water attained by optimized dosages of FeCl,
and L-100 (organic coagulant) [36]

Coagulant | Dosage | pH Turbidity NOM (COD,,,) Me desltD:bg;Iriiztio;n 5
C CF C CF C Tu NOM
[mg.L "] [] NTU | NTU | mgO,L" | mgO,L" | mgL" % %
Raw water FeCl, 7.85 66 33 5.93 5.34 - - -
at dosing
point of: L-100 7.95 74 38 6.18 5.42 - - -
Water purified by :
FeCl, 100 5.8 0.25 0.18 1.45 1.40 0.02 0.996 0.755
L-100 1.5 7.92 3.0 1.6 4.48 4.41 - 0.959 0.275
It is evident from the comparison of the values D, = 0.07 mg.L'. The concentration of sludge

of the degree of destabilization & (coagulation efficiency)
and the quality of purified water that L-100 is not an
equivalent replacement for ferric chloride. This is
because the efficiency of organic pollution removal is
extremely poor and L-100 cannot purify water to the
wholesome potable quality suitable for a lifelong
consumption.

Due to the influx of people from the Kingdom of
Lesotho at the end of the eighties, the waterworks
operated up to a 50% hydraulic overload for about 5
years. During this time the clarifiers were operating
between v, = 11.0 and 16.5 m.h"" until 1993, when the
waterworks was extended to the present capacity of 40
ML.d™.

g) Mechanical Dewatering of the HR Clarifier Sludge
The suitability of sludge produced by the HR
clarifiers for mechanical dewatering by centrifugation
was investigated (Figures 24,25). The tests were carried
out with a Sharples PM 30000 Polymizer centrifuge in
March 1981. The clarifier sludge was produced from raw
water having a turbidity C, = 115 NTU using Floccotan
as coagulant under the IHDS process at G = 200 s™
followed by the POA process with SF-A110 at a dosage

© 2024 Global Journals

discharged from the clarifier was about 40 g.L" (4.0 %).
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Figure 24: Sharples Polymizer 30000 centrifuge
at the Saulspoort waterworks

The polymer LT-26 (a low toxicity grade
recommended by Allied Colloids) was used to condition
the clarifier sludge; it was dissolved in 0.025 N NaOH
electrolyte. The concentration of the LT-26 solution was
1.0 gL' The optimum feed rate of sludge to the
centrifuge was established at 5.4 m®.h™'. The centrifuge
operated at a bowl speed of 3150 RPM and a scroll
differential speed of 8.2 RPM [37]. The solids content in
the sludge discharged from the centrifuge, and the
solids concentration in the liquid discharged from the
centrifuge, were measured.

Two tests using different LT-26 dosages were
carried out. In both cases, sludge of spadeable
consistency were discharged from the centrifuge. At LT-
26 dosage Dy, = 0.68 kg/tss the discharged sludge
contained 34.4% w/v dry solids and the liquid
discharged contained 120 mg SS.L". When the LT-26
dosage was reduced to Do, = 0.37 kg/tss, the sludge
discharged was less thick, nevertheless contained
31.2% dry solids and the liquid discharged was tinged
brown containing 370 mg SS.L" [37]. This excellent
economic dewatering properties of the clarifier sludge is
yet another significant benefit of the HRCT.

h)  Filterability of OAA Formed Agglomerates

The agglomeration of aggregates and deep-
bed filtration are interrelated processes as the
effectiveness of filtration is determined by the properties
of the suspension formed in the preceding processes.
However, the properties of agglomerates that are
favorable for effective sedimentation may not be the
most suitable for economic filtration and vice versa [38].

The purpose of agglomeration is not only the
formation of a rapidly settleable suspension but also the
formation of a suspension that is effectively and
economically filterable to achieve long filtration cycles.

The filterability of the OAA formed agglomerates
could not be investigated under the pilot HR clarifier
operation. This could only be established during the
operation of the Saulspoort waterworks. Similarly, the
rise rate of filter headloss resulting from OAA application

Figure 25: Centrifuge cake produced from HR clarifier
sludge — cake dry solids 34,4% w/w, DOAA = 0,68 kg.

(tss)-

could not be assessed at the design stage. Therefore,
an operational water height of 1500 mm above the filter
bed was designed to produce an adequate safety
margin for the operational pressure head to prevent
operation under sub-atmospheric pressure conditions.
Under these conditions the length of filtration cycle was
longer than seven days. For hygienic reasons however,
the length of filtration cycle was limited to a maximum of
72 hours. At the end of the reduced cycle the filter head
loss did not exceed 1000 mm and on average it was
below 600 mm.

i) The Saulspoort Waterworks

The remarkable benefit of the HRCT is the major
reduction in the footprint and compact layout of the
waterworks compared to traditional designs. It efficiently
solved operational problems such as the elimination of
well-known detrimental effect of the sun and wind on the
performance stability of the clarifiers as well as the harsh
climatic conditions that exist at the waterworks site, by
the installation of a fully roofed-over waterworks (Figure
26). Further benefits resulting from the roofed-over plant
are steady ambient conditions for the operation of the
plant and equipment and for a pleasant working
environment.

Another essential component of this waterworks
is the inclusion of staff housing for the operating
personnel. This feature together with the simple
operation and effective functioning of the waterworks are
the reasons for an almost non-existent staff turnover.

The Saulspoort waterworks (Figure 26) consists
of three Buildings attached and mutually interconnected,
namely:

» Administration and Operation Building,
» Technology Building,
» Pump Building.

The Administration and Operation Building is
sized to service the ultimate waterworks capacity of 60
ML.d". Buildings of Technology and Pumps are
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designed to consist of three modules of 20 ML.d"
capacity each.

(a)

(b)

(d)

Figure 26: The Saulspoort waterworks

The impact of the reduced footprint on the
waterworks layout is best evident by the double story
Buildings shown in Figure 26 and their dimensions:

a) Technology Building (18 x 36 m) combined with
Pumps Building (6 x 18 m) create one module,

b) Side view of Administration and Operation Building
and Building of Technology, one modulus capacity
20 ML.d",

c) Building of Administration and Operation (9.6 x 42
m),

d) Buildings of Technology and Pumps enlarged to two
modules — capacity 40 ML.d™.

The Technology Building accommodates raw
water flow measurement, hydraulic flash mixer, flow
division box, two HR clarifiers and the filtration plant. The
filtration plants in both modules consists of four dual
media rapid gravity filters. The filters are designed for a
filtration velocity v = 10 m.h™; filter media consist of
filter sand dsy.s = 0.9 mm and height Ly = 600 mm and
hydroantrazite dsy,, = 1.6 mm and height L, = 300 mm.

Operation of the filtration plant proved that a low
concentration of suspension, conditioned with a small
OAA dosage, entering the filters does not adversely
affect the length of filtration cycles. However, the length
of filtration cycles is affected by the efficiency of filter
backwashing (the intensity of air scour and water
backwash should be based on the grain size of the filter

© 2024 Global Journals

medium), and proper filter geometry, which are often
ignored in the filter design.

The benefit of HRCT conceming the reduction
of capital costs is evident from the reduced waterworks
footprint.

VIII. P-CLARIFIER RECOVERING WATER
FROM EUTROPHIC SLUDGE

The City of Salisbury, Rhodesia (now the City of
Harare, Zimbabwe) operated the Hunyani waterworks.
This waterworks purifiers water from the Hunyani dam.
The Hunyani dam water is highly eutrophic and of low
turbidity; for most of the time it seldom exceeds 15 NTU.

This raw water was purified in Pulsator clarifiers.
These are vertical flow sludge blanket clarifiers.
Pulsators were designed to operate at an upflow velocity
Ve = 2.5 mh'. Aluminium sulphate was used as
aggregation agent. The maximum sludge concentration
in the Pulsator sludge blanket did not exceed 1500 mg
SS.L', and its performance was very unstable.
Stabilization of the plant performance required up to
50% of the inlet flow to the Pulsators to be drained. In
order to maintain the required waterworks capacity, the
water contained in the clarifier sludge had to be
recovered and delivered to filtration. For this reason the
municipality issued a tender for the installation of a plant
that would recover 70% of the water from the drained
Pulsator sludge; the maximum concentration of the
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suspended solids permitted in the recovered water was
25mg SS.L™.

For this project, a 13.0 m diameter P-Clarifier
sized for an upflow velocity of vy, = 3.4 m.h' was
proposed and installed by E L Bateman Ltd. The
dewatering process was based on the POA of the
Pulsator sludge; the SF-A110 was used as the OAA. It
was anticipated that OAA dosage would not exceed
Dosm = 1.5 mg.L™". Obviously, the actual OAA dosage
had to be determined by the quality and the
concentration of sludge entering the P-Clarifier and the
required SS content at its outlet.

The P-Clarifier performed as follows [40]:

» Capacity

» Concentration of suspended solids at the inlet to
P-Clarifier varied between

Average SF-A110 dosage

Upflow velocity

Average water recovery

Residual suspended solids in the recovered water
The content of SS in the P-Clarifier underflow

VVVYVYVYV

a) Performance Results

The P-Clarifier was operated from 1976 to 1993,
when it was taken out of service [39]. The results below
were obtained during the acceptance testing carried out
continuously at the maximum rated capacity Q = 10
ML.d" during March 2 to 9, 1979. The SF-A110 stock
solution of a concentration Cpoy = 1.0 gL' was
prepared in 0.025 N NaOH electrolyte prepared from
soft water. The OAA stock solution was matured for a
minimum of 12 hours before its use.

Q = 10 ML.d"

SS, = 400-1090 mg.L"
average SS,, = 860 mg.L"

Doss = 05mg.lL’

Ve = 3.4mh’

R = 82%

SS,; < 40mglL’

SS¢ = 242-408gL"

The storage time of the Pulsator sludge before its delivery to the P- Clarifier had to be very short due to its tendency

to become sepitic.

The P-Clarifier proved capable dewatering the
highly eutrophic sludge effectively in a simple and
reliable operation. During its service life the volume of
the Pulsator's sludge gradually increased as the
waterworks capacity expanded. Owing to that the P-
Clarifier was finally running successfully at about three
times its design capacity [39].

[X. P-CrLARIFIER DESILTING UNDERGROUND
GoLD MINE WATER

A pilot P-Clarifier was installed to test its
efficiency for removing the high content of suspended

solids from the underground mine water before

pumping to the surface. Because this clarifier and the
OAA dissolving and dosing plant would be installed
underground next to the sedimentation system to
reduce pumping cost, required the smallest footprint for
this system.

Figure 27: The pilot P-Thickener dewatering underground mine water

The pilot P-Clarifier (600 mm diameter) was
installed at No. 10 Shaft, Vaal Reefs Gold Mine and was

operated at an upflow velocity v¢ = 34.4 m.h™' (Figure
27). The content of suspended solids at the inlet to the
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P-Clarifier varied up to 20,000 mg.L™". The OAA (N351)
was dissolved in 0.025 N NaOH electrolyte at a
concentration of 0.5 g.L™". The flow through the plant
was by gravity and varied considerably as it depended
on the pumping arrangement from the mine; likewise
concentration of suspended solids in the mine water
varied considerably. At a C, = 5,000 mg SS.L"", Dops =
1.5 mg.L" and an upflow velocity v¢ = 34.4 m.h" the
content of suspended solids at the P-Clarifier outlet was
Ce < 20 mg.L™".

A significant benefit of the P-Clarifier design is
its ability to effectively float, collect and remove oil from
the underground water at the top of the agglomeration
compartment.

Important Notice

The great potential of HRCT evident from the
presented results may probably not be duplicated in full
extent as shown in this article. The reason is that the
water soluble polymers used in the operation of High
Rate Clarifiers were Superflocs provided by Cyanamid
Co. of USA which no longer exists. Unfortunately, these
Superflocs in the quality provided by Cyanamid Co. are
no longer available. We believe the USA Cytec Co.
manufactured the Superflocs for Cyanamid Co. and the
Cytec Co. was acquired by Kemira Water Solutions, Inc.
Based on our experience the polymers now supplied as
Superflocs are remarkably of a poorer quality differing
from the quality originally provided by Cyanamid Co. as
day and night. If Kemira Water Solutions is the
manufacturer / supplier of Superflocs they should return
the Superflocs to their original quality. If they are not
capable of doing it then they should supply the
polymers of present-day quality under a different name
to prevent any adverse and misleading information to
their users.

X. CONCLUSIONS

1. A new water purification technology, the High Rate
Clarification Technology, significantly accelerates
the formation of flocculent suspension and its
gravity separation never achieved before. This
technology consists of two processes, namely the
Inline High Density Suspension formation process,
which takes place under a very high agitation
intensity ( G >> 50 s™) until the aggregation is
completed followed by the Post-Orthokinetic
Agglomeration process under which the dense
micro-aggregates are agglomerated to large, heavy
and rapidly settling agglomerates utilizing water
soluble anionic or non-ionic polymers.

2. It was proven that the customary method of
application of the water soluble polymers as
coagulation and/or flocculant aids results in an
impairment of the quality of purified water and the
performance of rapid gravity filters. In addition, it
does not form the most rapidly settling flocculent

© 2024 Global Journals

suspension. Therefore, this is not the most effective
method for the use of water soluble polymers. The
optimum method for the use off anionic and non-
ionic polymers is when they are applied as
agglomeration agents and not as coagulation or
flocculation aids, which is present common
practice. The agglomeration capability of anionic
and non-ionic polymers is influenced by the
physical-chemical conditions under which they are
dissolved and their solution applied.

3. Degree of aggregation y has been developed as a
simple tool for assessing the level of aggregation
reached at the point of addition of anionic or non-
ionic polymers. The optimum is that at which
aggregation is completed, y = 7; the G T, value
used for calculation of y value is aggregation agent
dependent.

4. Two different types of clarifiers incorporating
principles of the HRCT were developed:

a) HR clarifier, a fully fluidized sludge blanket type,
incorporating flocculation, sludge blanket, clarified
water and sludge thickening compartments,

b) P-clarifier, a circular, horizontal flow, sludge
scraper free, high rate sedimentation type clarifier,
incorporating  the  following  compartments:
flocculation, sedimentation, clarified water and
sludge accumulation / thickening compartments;
when it should operate as a high rate clarifier the
function of the internal Flocculator is changed to
the POA process and the Flocculator is installed
externally next to the P-Clarifier.

5. A 3.0 m diameter HR clarifier was continuously
operated by waterworks staff for a period of 7 years.
Experience gained with the operation of this pilot
plant can be summarized as follows:

a) The purified water produced was filtered with
waters discharged from three Clariflocculators
installed at the waterworks. On average this pilot
HR clarifier purified more than 1500 m3.d™" of dam
water and this water was used to cover the
waterworks shortfall capacity.

b) The highest operational flow rate of 2877 m3.d"
corresponds to an upflow velocity at the sludge
blanket level of 25.5 m.h" (83.66 ft.h"') and total
retention time in the clarifier of 11.9 minutes. The
highest concentration of sludge discharged from
the clarifier was 73.05 gL' (7.305 %). This
indicates the significant positive effect of high
intensity agitation on the density of formed
flocculent suspension.

c) The operation pilot HR clarifier proved to be very
efficient, simple and user friendly and, unlike the
old waterworks, allowed the process controller
(plant operator) to remain master of the plant at all
times.



d)

a)

7.

a)
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Owing to the outstanding experience with the
HRCT, the City Council decided to accept the
HRCT and the HR Clarifiers for their new
Saulspoort waterworks.

Two 10 ML.d" capacity HR clarifiers were initially
installed and about 13 years later another two HR
clarifiers were installed. The experience gained with
operation of this waterworks can be summarized as
follows:

The HR clarifiers were designed for an upflow
velocity of 11.0 m.h™ and retention time of 45 mins.
However, they were successfully operated for 6
years at an upflow velocity between 11.0 and 16.5
m/h™, retention time in the clarifier between 45 and
30 minutes and consistently produced a very good
quality purified water, when a hydrolyzing
coagulant was wused. The wuse of organic
coagulants proved they are not an equivalent
replacement for the hydrolyzing coagulants.

The operation of the waterworks also proved, the
best purified water quality is produced when the
degree of aggregation y = 1 before addition of
OAA.

The HR clarifiers sludge can very effectively and
economically be dewatered to spadeable
consistency by centrifugation.

The low dosages of OAA applied to the POA
process did not produce any filterability problems
because the filter media grading and filter
backwashing system were appropriately designed.

A 10 ML.d" P-clarifier designed for POA process
was installed for the recovery of water from the
Pulsator clarifier sludge; the Pulsators purified highly
eutrophic dam water. The experience gained with
this installation is summarized as follows:

The employer requested to recover at least 70% of
water to contain less than 20 mg SS.L' as the
recovered water is delivered to filtration. The P-
clarifier was successfully recovering 82% of water
containing less than 4 mg SS.L™.

Over the years the P-clarifier flow increased about
three times. It was taken out of service after some
25 years of operation.

A small pilot P-clarifier designed for desilting of the
gold mine underground water was tested. The
underground water containing up to about 20,000
mg SS.L' was pumped to surface. Outstanding
performance  results  were  obtained. The
underground water containing about 5 000 mg
SS.L'was desilted to contain less than 20 mg SS.L*
at an OAA dosage D, = 1.5 mg.L'. Another
significant benefit of the P-clarifier is its ability to
float, collect and remove oil from the desilted water
at the top of the agglomeration compartment.
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Abreviations

BT - Blind test

CODyn, . Chemical oxygen demand determined by oxidation of the organic matter in a boiling
mixture of potassium permanganate (KMnQO,) and sulphuric acid

CSAV - Czechoslovak Academy of Sciences

DOC - Dissolved organic carbon

HR clarifier - High Rate sludge blanket clarifier

HRCT - High Rate Clarification Technology

IHDS - Inline High Density Suspension formation process

MA - Macro-aggregates

Me - Cation of hydrolyzing coagulant

Ml - Micro-aggregates

NA - Non-aggregated, non-separable particles of impurities

NOM - Natural organic matter determined

NTU - Nephelometric turbidity unit

OAA - Organic agglomeration agent (anionic or non-ionic water-soluble polymer)

POA - Post-orthokinetic agglomeration process

PR - Primary aggregates

SS - Suspended solids

TOC - Total organic carbon

Tu - Turbidity
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Response Spectra Study of High Rise Structure
with RC Shear Wall by Considering Lateral
Loads and Storey Stiffness

Mahdi Hosseini

Abstiract- The present study aims at evaluation of the behavior
of a high rise structure with dual system for estimation of
structural response lateral loads and storey stiffness has been
studied. To meet this objective, G+29 storey building with C
shape, Box shape, E shape, | shape and plus shape of RC
shear wall, at the center in concrete frame structure with fixed
support conditions under different types of soil for high
earthquake zone are analyzed by dynamic analysis in ETABS
software. It was found that the building with box shape shear
walls provided at the center core showed very significant
performance in terms of lateral loads and storey stiffness. It
was found that the behavior of new shape (plus shape) of
shear wall is similar to | and box shape.

For severe lateral loads caused by wind load and or
earthquake load, the RC shear wall is obvious.
Keywords: dynamic analysis, structural response, Soil
conditions, high earthquake zone, ETABS software.

[. INTRODUCTION

hear wall is a structural element used to resist
lateral/horizontal/shear forces parallel to the plane
of the wall by:

» Cantilever action for slender
bending deformation is dominant.

* Truss action for squat/short walls where the shear
deformation is dominant.

Shear walls resist two types of forces: shear
forces and uplift forces. Connections to the Structure
above transfer horizontal forces to the shear wall. This
transfer creates shear forces throughout the height of
the wall between the top and bottom shear wall
connections. The strength of the lumber, sheathing and
fasteners must resist these shear forces or the wall will
tear or “shear” apart uplift forces exist on shear walls
because the horizontal forces are applied to the top of
the wall. These uplift forces try to lift up one end of the
wall and push the other end down. In some cases, the
uplift force is large enough to tip the wall over. Uplift
forces are greater on tall short walls and less on low
long walls. Bearing walls have less uplift than non-
bearing walls because gravity loads on shear walls help

walls where the

Author: Dept. of Building Engineering, College of Civil Engineering,
Nanjing Forestry University, Nanjing, China. Joint International Research
Laboratory for Bio-Composite Building Materials and Structures,
Nanjing Forestry University, Nanjing, China.

e-mail: civil. mahdi.hosseini@gmail.com

them resist uplift. Shear walls need holdown devices at
each End when the gravity loads cannot resist all of the
uplift. The holdown device then provides the necessary
uplift resistance.

a) Site Selection

The seismic motion that reaches a structure on
the surface of the earth is influenced by local sail
conditions. The subsurface soil layers underlying the
building foundation may amplify the response of the
building to earthquake motions originating in the
bedrock.

For soft soils the earthquake vibrations can be
significantly amplified and hence the shaking of
structures sited on soft soils can be much greater than
for structures sited on hard soils. Hence the appropriate
soil investigation should be carried out to establish the
allowable bearing capacity and nature of soil. The
choice of a site for a building from the failure prevention
point of view is mainly concerned with the stability of the
ground. The very loose sands or sensitive clays are
liable to be destroyed by the earthquake, so much as to
lose their original structure and thereby undergo
compaction. This would result in large unequal
settlements and damage the building. If the loose
cohesion less soils are saturated with water they are
likely to lose their shear resistance altogether during
ground shaking. This leads to liquefaction. Although
such soils can be compacted, for small buildings the
operation may be too costly and the sites having these
soils are better avoided.

For large building complexes, such as housing
developments, new colonies, etc. this factor should be
thoroughly investigated and the site has to be selected
appropriately. Therefore a site with sufficient bearing
capacity and free from the above defects should be
chosen and its drainage condition improved so that no
water accumulates and saturates the ground especially
close to the footing level.

b) Bearing Capacity of Foundation Soil
Three soil types are considered here:

|. Hard - Those soils, which have an allowable bearing
capacity of more than 10t/m2.

Il. Medium - Those soils, which have an allowable
bearing capacity less than or equal to 10t/m2.
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lll. Soft - Those soils, which are liable to large
differential settlement or liquefaction during an
earthquake.

I[I. METHODOLOGY

a) Dynamic Analysis

Dynamic analysis shall be performed to obtain
the design seismic force, and its distribution in different
levels along the height of the building, and in the various
lateral load resisting element, for the following buildings:
Regular buildings: Those greater than 40m in height in
zones IV and V, those greater than 90m in height in zone
[l 'and Il

Irregular Buildings: All framed buildings higher than 12m
in zones IV and V, and those greater than 40m in height
in zones Il and Ill.

The analysis of model for dynamic analysis of
buildings with unusual configuration should be such that
it adequately models the types of irregularities present in
the building configuration. Buildings with plan
irregularities, as defined in IS code: 1893-2002 cannot
be modeled for dynamic analysis.

Dynamic analysis may be performed either by
the TIME HISTORY METHOD or by the RESPONSE
SPECTRUM METHOD.

b) Response Spectrum Method

The word spectrum in engineering conveys the
idea that the response of buildings having a broad
range of periods is summarized in a single graph. This
method shall be performed using the design spectrum
specified in code or by a site-specific design spectrum
for a structure prepared at a project site. The values of
damping for building may be taken as 2 and 5 percent
of the critical, for the purposes of dynamic of steel and
reinforce concrete buildings, respectively. For most
buildings, inelastic response can be expected to occur
during a major earthquake, implying that an inelastic
analysis is more proper for design. However, in spite of
the availability of nonlinear inelastic programs, they are
not used in typical design practice because:

1. Their proper use requires knowledge of their inner
workings and theories. design criteria, and

2. Result produced are difficult to interpret and apply
to traditional design criteria, and

3. The necessary computations are expensive.

Therefore, analysis in practice typically use
linear elastic procedures based on the response
spectrum method. The response spectrum analysis is
the preferred method because it is easier to use.

c) Response Spectrum Analysis

This method is also known as modal method or
mode superposition method. It is based on the idea that
the response of a building is the superposition of the
responses of individual modes of vibration, each mode

© 2024 Global Journals

responding with its own particular deformed shape, its
own frequency, and with its own modal damping.

According to 1S-1893(Part-1):2002, high rise and
irregular buildings must be analyzed by response
spectrum method using design spectra. There are
significant computational advantages using response
spectra method of seismic analysis for prediction of
displacements and member forces in structural
systems. The method involves only the calculation of the
maximum values of the displacements and member
forces in each mode using smooth spectra that are the
average of several earthquake motions. Sufficient
modes to capture such that at least 90% of the
participating mass of the building (in each of two
orthogonal principle horizontal directions) have to be
considered for the analysis. The analysis is performed to
determine the base shear for each mode using given
building characteristics and ground motion spectra. And
then the storey forces, accelerations, and displacements
are calculated for each mode, and are combined
statistically using the SRSS combination. However, in
this method, the design base shear (Vg) shall be
compared with a base shear (V,) calculated using a
fundamental period T. If is less than response quantities
are (for example member forces, displacements, storey
forces, storey shears and base reactions) multiplied by
Vg/ Response spectrum method of analysis shall be
performed using design spectrum. In case design
spectrum is specifically prepared for a structure at a
particular project site, the same may be used for design
at the discretion of the project authorities.

[I[I. MODELING OF BUILDING

a) Details of the Building

A symmetrical building of plan 38.5m X 35.5m
located with location in zone V, India is considered. Four
bays of length 7.5m & one bays of length 8.5m along X -
direction and Four bays of length 7.5m & one bays of
length 5.5m along Y - direction are provided. Shear Wall
is provided at the center core of building model.

Structure 1: G+29 storey building with plus shape shear
wall at the center of structure.
Structure 2: G+29 storey building with box shape shear
wall at the center of structure.
Structure 3: G+29 storey building with C-shape shear
wall at the center of structure.
Structure 4: G+29 storey building with E-shape shear
wall at the center of structure.
Structure 5: G+29 storey building with I-shape shear
wall at the center of structure.

b) Load Combinations

As per IS 1893 (Part 1): 2002 Clause no. 6.3.1.2,
the following load cases have to be considered for
analysis:
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15 (DL + IL)
1.2 (DL + IL + EL)
1.5 (DL + EL)
09DL = 1.5EL

Earthquake load must be considered for +X, -X, +Y and -Y directions.
Table 1: Details of the Building

Building Parameters

Details

Type of frame

Special RC moment resisting frame fixed at the base

Building plan 38.5m X 35.5m
Number of storeys 30
Floor height 35m
Depth of Slab 225 mm
Size of beam (300 x 600) mm

Size of column (exterior)

(1250x1250) mm up to story five

Size of column (exterior)

(900x900) mm Above story five

Size of column (interior)

(1250x1250) mm up to story ten

Size of column (interior)

(900x900) mm Above story ten

Spacing between frames

7.5-8.5 m along x - direction
7.5-5.5 m along y - direction

Live load on floor 4 KN/m2
Floor finish 2.5 KN/m2
Wall load 25 KN/m
Grade of Concrete M 50 concrete
Grade of Steel Fe 500
Thickness of shear wall 450 mm
Seismic zone Vv
Important Factor 15
Density of concrete 25 KN/m3

Type of soil

Soft, Medium, Hard

Soil Type I=Soft Saill

Soil Type ll=Medium Soll
Soil Type lll=Hard Soil

Response spectra

As per IS 1893(Part-1):2002

Damping of structure

5 percent
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Figure 2: 3D view showing shear wall location for
Structure 1
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Figure 4: 3D view showing shear wall location for
Structure 2

Figure 3: Plan of the Structure 2
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Figure 6: 3D view showing shear wall location for
Structure 3
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Figure 8: 3D view showing shear wall location for
Structure 4

Figure 7: Plan of the Structure 4
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Figure 10: 3D view showing shear wall location for
Figure 9: Plan of the Structure 5 Structure 5
IV. RESULTS AND DISCUSSIONS
Table 2: Lateral loads of structures in soft soil in X - direction with load cases EQXP“kN”

Story Elezﬁ;'on Location | Structure -1 Structure -2 Structure -3 | Structure -4 | Structure -5
30TH 111 Top 725.0746 788.0822 779.3094 734.6607 787.3047
29TH 107.5 Top 735.3706 802.651 786.6752 748.8055 794.5243
28TH 104 Top 688.2655 751.2361 736.2837 700.8398 743.6301
27TH 100.5 Top 642.7194 701.523 687.5601 654.4617 694.4203
26TH 97 Top 598.7324 653.5115 640.5042 609.671 646.8949
25TH 935 Top 556.3045 607.2018 595.1161 566.4679 601.054
24TH 90 Top 515.4355 562.5936 551.3959 524.8523 556.8975
23RD 86.5 Top 476.1256 519.6872 509.3435 484.8242 514.4255
22ND 83 Top 438.3747 478.4824 468.9588 446.3836 473.6379
21ST 79.5 Top 402.1829 438.9793 430.242 409.5306 434.5348
20TH 76 Top 367.5501 401.1779 393.1929 374.265 397.1161
19TH 72.5 Top 334.4763 365.0781 357.8117 340.587 361.3818
18TH 69 Top 302.9615 330.68 324.0983 308.4965 327.332
17TH 65.5 Top 273.0058 297.9836 292.0526 277.9935 294.9666
16TH 62 Top 244.6091 266.9889 261.6748 249.0781 264.2857
15TH 58.5 Top 217.7715 237.6958 232.9648 221.7501 235.2892
14TH 55 Top 192.4929 210.1044 205.9225 196.0097 207.9772
13TH 515 Top 168.7733 184.2147 180.5481 171.8567 182.3496
12TH 48 Top 146.6128 160.0266 156.8415 149.2913 158.4064
11TH 44.5 Top 126.0113 137.5403 134.8027 128.3134 136.1477
10TH 41 Top 108.2038 117.9886 115.6639 110.1585 116.8056
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9TH 375 Top 91.6609 99.8447 97.8991 93.2966 98.8543
8TH 34 Top 75.3493 82.0768 80.4774 76.6939 81.2626
7TH 305 Top 60.6347 66.0484 64.7614 61.7167 65.3932
6TH 27 Top 47517 51.7595 50.7509 48.3649 51.2461
5TH 235 Top 37.0427 40.255 39.4902 37.6855 39.8653
4TH 20 Top 27.6428 29.9683 29.4137 28.1087 29.6854
3RD 16.5 Top 18.8144 20.3971 20.0197 19.1315 20.2046
2ND 13 Top 11.6791 12.6616 12.4273 11.8759 12.5421

1ST 9.5 Top 6.2369 6.7616 6.6365 6.342 6.6978
PL||_|NT 6 Top 1.3465 1.4296 1.3634 1.3978 1.3887
Base 0 Top 0 0 0 0 0

lateral loads X-Dir
Graph 1: Lateral loads of structures in soft soil in X - direction with load cases EQXP
Table 3: Lateral loads of Structures in Medium Soil in X - Direction with load cases EQXP*“kN”

Story Elezlri’;wn Location | Structure -1 Structure -2 | Structure -3 | Structure -4 | Structure -5
30TH 111 Top 986.1014 1071.7918 1059.8608 1065.8278 1070.7344
29TH 107.5 Top 1000.104 1091.6053 1069.8782 1080.7416 1080.5531
28TH 104 Top 936.0411 1021.6812 1001.3458 1011.5134 1011.3369
27TH 100.5 Top 874.0984 954.0713 935.0817 944.5763 944.4116
26TH 97 Top 814.2761 888.7757 871.0857 879.9306 879.7771
25TH 93.5 Top 756.5741 825.7944 809.358 817.5761 817.4335
24TH 90 Top 700.9923 765.1273 749.8984 757.5128 757.3806
23RD 86.5 Top 647.5308 706.7746 692.7071 699.7407 699.6187
22ND 83 Top 596.1896 650.7361 637.784 644.2599 644.1476
21ST 79.5 Top 546.9687 597.0119 585.1291 591.0704 590.9673
20TH 76 Top 499.8681 545.6019 534.7424 540.1721 540.0779
19TH 72.5 Top 454.8877 496.5062 486.6239 491.565 491.4793
18TH 69 Top 412.0277 449.7248 440.7736 4452492 4451715
17TH 65.5 Top 371.2879 405.2577 397.1916 401.2246 401.1546
16TH 62 Top 332.6684 363.1049 355.8777 359.4912 359.4285
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15TH 58.5 Top 296.1692 323.2663 316.8321 320.0491 319.9933
14TH 55 Top 261.7903 285.742 280.0547 282.8983 282.8489
13TH 51.5 Top 229.5317 250.532 245.5454 248.0387 247.9954
12TH 48 Top 199.3934 217.6362 213.3044 215.4703 215.4327
11TH 44.5 Top 171.3753 187.0547 183.3316 185.1932 185.1609
10TH 41 Top 1471571 160.4645 157.3029 158.8837 158.8557
9TH 375 Top 124.6588 135.7888 133.1428 134.4658 134.4418
8TH 34 Top 102.4751 111.6245 109.4493 110.5369 110.5172
7TH 30.5 Top 82.4632 89.8258 88.0755 88.9506 88.9348
6TH 27 Top 64.6231 70.3929 69.0212 69.7071 69.6946
5TH 235 Top 50.3781 54.7468 53.7067 54.2268 54.2168
4TH 20 Top 37.5942 40.7568 40.0027 40.3798 40.3722
3RD 16.5 Top 25.5876 27.7401 27.2268 27.4835 27.4783
2ND 13 Top 15.8836 17.2198 16.9011 17.0604 17.0572
18T 9.5 Top 8.4822 9.1958 9.0256 9.1107 9.109
PLINTH Top 1.8312 1.9442 1.8543 1.8992 1.8886
Base Top 0 0 0 0 0
lateral loads X-Dir
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Graph 2. Lateral loads of structures in medium soil in X - direction with load cases EQXP
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Table 4: Lateral loads of structures in hard soil in X- direction with load cases EQXP*kN”

Story Elezlri’;ion Location | Structure-1 | Structure-2 | Structure -3 Structure -4 | Structure -5
30TH 111 Top 1210.8746 1316.0973 1301.4467 1308.7739 1314.7989
29TH 107.5 Top 1228.0688 1340.4271 1318.7475 1327.0871 1326.8556
28TH 104 Top 1149.4034 1254.5644 1229.5938 1242.0789 1241.8623
27TH 100.5 Top 1073.3415 1171.5434 1148.2253 1159.8842 1159.6819
26TH 97 Top 999.8832 1091.3643 1069.642 1080.503 1080.3145
25TH 93.5 Top 929.0284 1014.0269 993.844 1003.9353 1003.7602
24TH 90 Top 860.7773 939.5314 920.8311 930.1811 930.0189
23RD 86.5 Top 795.1297 867.8776 850.6036 859.2405 859.0906
22ND 83 Top 732.0858 799.0656 783.1612 791.1133 790.9753
21ST 79.5 Top 671.6454 733.0955 718.5041 725.7997 725.6731
20TH 76 Top 613.8086 669.9671 656.6322 663.2995 663.1838
19TH 72.5 Top 558.5754 609.6805 597.5455 603.6129 603.5076
18TH 69 Top 505.9458 552.2357 541.2441 546.7398 546.6444
17TH 65.5 Top 455.9197 497.6326 487.7279 492.6802 492.5943
16TH 62 Top 408.4973 445.8714 436.9969 441.4341 441.3571
15TH 58.5 Top 363.6784 396.952 389.0512 393.0015 392.933
14TH 55 Top 321.4631 350.8744 343.8906 347.3825 347.3219
13TH 51.5 Top 281.8514 307.6385 301.5154 304.5769 304.5238
12TH 48 Top 244.8433 267.2445 261.9253 264.5849 264.5387
11TH 445 Top 210.4388 229.6922 225.1205 227.4063 227.3667
10TH 41 Top 180.7003 197.041 193.1587 195.0998 195.0654
9TH 375 Top 153.0737 166.7407 163.4916 165.1161 165.0867
8TH 34 Top 125.8334 137.0683 134.3973 135.7328 135.7086
7TH 30.5 Top 101.26 110.3008 108.1515 109.2262 109.2067
6TH 27 Top 79.3534 86.4384 84.754 85.5962 85.5809
5TH 235 Top 61.8614 67.2259 65.9487 66.5873 66.5751
4TH 20 Top 46.1635 50.047 49.1209 49.584 49.5746
3RD 16.5 Top 31.42 34.0632 33.4329 33.7481 33.7417
2ND 13 Top 19.5041 21.1449 20.7536 20.9492 20.9453
1ST 9.5 Top 10.4156 11.2919 11.0829 11.1874 11.1853
PL||_|NT 6 Top 2.2486 2.3874 2.2769 2.3321 2.3191
Base 0 Top 0 0 0 0 0
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Graph 3: Lateral loads of structures in hard soil in X - direction with load cases EQXP

Table 5: Lateral loads of structures in soft soil in Y - direction with load cases EQYP*kN”

Story Elezlra’;wn Location | Structure-1 | Structure-2 | Structure -3 Structure -4 Structure -5
30TH 111 Top 725.0746 788.0822 779.3094 734.6607 787.3047
29TH 107.5 Top 735.3706 802.651 786.6752 748.8055 794.5243
28TH 104 Top 688.2655 751.2361 736.2837 700.8398 743.6301
27TH 100.5 Top 642.7194 701.523 687.5601 654.4617 694.4203
26TH 97 Top 598.7324 653.5115 640.5042 609.671 646.8949
25TH 935 Top 556.3045 607.2018 595.1161 566.4679 601.054
24TH 90 Top 515.4355 562.5936 551.3959 524.8523 556.8975
23RD 86.5 Top 476.1256 519.6872 509.3435 484.8242 514.4255
22ND 83 Top 438.3747 478.4824 468.9588 446.3836 473.6379
21ST 79.5 Top 402.1829 438.9793 430.242 409.5306 434.5348
20TH 76 Top 367.5501 401.1779 393.1929 374.265 397.1161
19TH 725 Top 334.4763 365.0781 357.8117 340.587 361.3818
18TH 69 Top 302.9615 330.68 324.0983 308.4965 327.332
17TH 65.5 Top 273.0058 297.9836 292.0526 277.9935 294.9666
16TH 62 Top 244.6091 266.9889 261.6748 249.0781 264.2857
15TH 58.5 Top 217.7715 237.6958 232.9648 221.7501 235.2892
14TH 55 Top 192.4929 210.1044 205.9225 196.0097 207.9772
13TH 51.5 Top 168.7733 184.2147 180.5481 171.8567 182.3496
12TH 48 Top 146.6128 160.0266 156.8415 149.2913 158.4064
11TH 44.5 Top 126.0113 137.5403 134.8027 128.3134 136.1477
10TH 41 Top 108.2038 117.9886 115.6639 110.1585 116.8056
9TH 375 Top 91.6609 99.8447 97.8991 93.2966 98.8543
8TH 34 Top 75.3493 82.0768 80.4774 76.6939 81.2626
7TH 305 Top 60.6347 66.0484 64.7614 61.7167 65.3932
6TH 27 Top 47517 51.7595 50.7509 48.3649 51.2461
5TH 235 Top 37.0427 40.255 39.4902 37.6855 39.8653
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ATH 20 Top 076428 299683 20 4137 281087 20 6854
3RD 165 Top 188144 203971 20.0197 191315 202046
oND 13 Top 11.6791 12,6616 12,4273 11.8759 12,5421
1ST 95 Top 6.2369 6.7616 6.6365 6.342 6.6978
PLLNT 6 Top 1.3465 1.4296 13634 13978 13887
Base 0 Top 0 0 0 0 0
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Graph 4. Lateral loads of structures in soft soil in Y - direction with load cases EQYP
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Table 6: Lateral loads of structures in medium soil in Y - direction with load cases EQYP*kN”

Story Elezlri’;ion Location | Structure-1 | Structure-2 | Structure -3 | Structure -4 | Structure -5
30TH 111 Top 986.1014 1071.7918 1059.8608 1065.8278 1070.7344
29TH 107.5 Top 1000.104 1091.6053 1069.8782 1080.7416 1080.5531
28TH 104 Top 936.0411 1021.6812 1001.3458 1011.5134 1011.3369
27TH 100.5 Top 874.0984 954.0713 935.0817 944.5763 944.4116
26TH 97 Top 814.2761 888.7757 871.0857 879.9306 879.7771
25TH 93.5 Top 756.5741 825.7944 809.358 817.5761 817.4335
24TH 90 Top 700.9923 765.1273 749.8984 757.5128 757.3806
23RD 86.5 Top 647.5308 706.7746 692.7071 699.7407 699.6187
22ND 83 Top 596.1896 650.7361 637.784 644.2599 6441476
218T 79.5 Top 546.9687 597.0119 585.1291 591.0704 590.9673
20TH 76 Top 499.8681 545.6019 534.7424 540.1721 540.0779
19TH 72.5 Top 454.8877 496.5062 486.6239 491.565 491.4793
18TH 69 Top 412.0277 449.7248 440.7736 445.2492 4451715
17TH 65.5 Top 371.2879 405.2577 397.1916 401.2246 401.1546
16TH 62 Top 332.6684 363.1049 355.8777 359.4912 359.4285
15TH 58.5 Top 296.1692 323.2663 316.8321 320.0491 319.9933
14TH 55 Top 261.7903 285.742 280.0547 282.8983 282.8489
13TH 51.5 Top 229.5317 250.532 245.5454 248.0387 247.9954
12TH 48 Top 199.3934 217.6362 213.3044 215.4703 215.4327
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11TH 445 Top 171.3753 187.0547 183.3316 185.1932 185.1609
10TH 41 Top 1471571 160.4645 157.3029 158.8837 158.8557
9TH 375 Top 124.6588 135.7888 133.1428 134.4658 134.4418
8TH 34 Top 102.4751 111.6245 109.4493 110.5369 110.5172
7TH 305 Top 82.4632 89.8258 88.0755 88.9506 88.9348
6TH 27 Top 64.6231 70.3929 69.0212 69.7071 69.6946
5TH 235 Top 50.3781 54.7468 53.7067 54.2268 54.2168
4TH 20 Top 37.5942 40.7568 40.0027 40.3798 40.3722
3RD 16.5 Top 25.5876 27.7401 27.2268 27.4835 27.4783
2ND 13 Top 15.8836 17.2198 16.9011 17.0604 17.0572
1ST 9.5 Top 8.4822 9.1958 9.0256 9.1107 9.109
PLINTH 6 Top 1.8312 1.9442 1.8543 1.8992 1.8886
Base 0 Top 0 0 0 0 0
Graph 5. Lateral loads of structures in medium soil in Y - direction with load cases EQYP
Table 7: Lateral loads of structures in hard soil in Y - direction with load cases EQYP*“kN”
Story Elezlri’;ion Location | Structure-1 | Structure-2 | Structure -3 Structure -4 Structure -5
30TH 111 Top 1210.8746 1316.0973 1301.4467 1308.7739 1314.7989
29TH 107.5 Top 1228.0688 1340.4271 1313.7475 1327.0871 1326.8556
28TH 104 Top 1149.4034 1254.5644 1229.5938 1242.0789 1241.8623
27TH 100.5 Top 1073.3415 1171.5434 1148.2253 1159.8842 1159.6819
26TH 97 Top 999.8832 1091.3643 1069.642 1080.503 1080.3145
25TH 935 Top 929.0284 1014.0269 993.844 1003.9353 1003.7602
24TH 90 Top 860.7773 939.5314 920.8311 930.1811 930.0189
23RD 86.5 Top 795.1297 867.8776 850.6036 859.2405 859.0906
22ND 83 Top 732.0858 799.0656 783.1612 791.1133 790.9753
21ST 79.5 Top 671.6454 733.0955 718.5041 725.7997 725.6731
20TH 76 Top 613.8086 669.9671 656.6322 663.2995 663.1838

© 2024 Global Journals




RESPONSE SPECTRA STUDY OF HIGH RISE STRUCTURE WITH RC SHEAR WALL BY CONSIDERING LATERAL LOADS AND STOREY

STIFFNESS
19TH 72.5 Top 558.5754 609.6805 597.5455 603.6129 603.5076
18TH 69 Top 505.9458 552.2357 541.2441 546.7398 546.6444
17TH 65.5 Top 455.9197 497.6326 487.7279 492.6802 4925943
16TH 62 Top 408.4973 445.8714 436.9969 441.4341 441.3571
15TH 58.5 Top 363.6784 396.952 389.0512 393.0015 392.933
14TH 55 Top 321.4631 350.8744 343.8906 347.3825 347.3219
13TH 515 Top 281.8514 307.6385 301.5154 304.5769 304.5238
12TH 48 Top 244.8433 267.2445 261.9253 264.5849 264.5387
11TH 445 Top 210.4388 229.6922 225.1205 227.4063 227.3667
10TH 4 Top 180.7003 197.041 193.1587 195.0998 195.0654
9TH 375 Top 153.0737 166.7407 163.4916 165.1161 165.0867
8TH 34 Top 125.8334 137.0683 134.3973 135.7328 135.7086
7TH 30.5 Top 101.26 110.3008 108.1515 109.2262 109.2067
6TH 27 Top 79.3534 86.4384 84.754 85.5962 85.5809
5TH 235 Top 61.8614 67.2259 65.9487 66.5873 66.5751
4TH 20 Top 46.1635 50.047 49.1209 49.584 49.5746
3RD 16.5 Top 31.42 34.0632 33.4329 33.7481 33.7417
2ND 13 Top 19.5041 21.1449 20.7536 20.9492 20.9453
1ST 9.5 Top 10.4156 11.2919 11.0829 11.1874 11.1853
PL||_|NT 6 Top 2.2486 2.3874 2.2769 2.3321 2.3191
Base 0 Top 0 0 0 0 0

Laod

Load

ok

- scructure -2 Y-Dir ke

lateral loads ¥-Dir

Graph 6. Lateral loads of structures in hard sail in Y - direction with load cases EQYP
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Table 8: Storey stiffness of structures in X - direction with load cases EQXP “kN/m”

Story Elezlr?]’;wn Location | Structure -1 Structure -2 Structure -3 Structure -4 Structure -5
30TH 111 Top 143022831 | 158381126 | 181178624 | 172953339 | 127169.993
20TH | 1075 Top 270359127 | 30482061 337174461 | 327054302 | 248172464
28TH 104 Top 381794982 | 426090520 | 452428891 | 444924118 | 354071082
27TH | 1005 Top 472732.209 521829.67 | 532910668 | 530105602 | 443372828
26TH 97 Top 545503046 | 596130507 | 588332508 | 590667.978 51761483
o5TH | 935 Top 603792812 | 653296417 | 62652422 | 633562623 | 578646.371
24TH 9 Top 650454136 | 697244731 | 653166633 | 664160840 | 628581.824
23RD | 865 Top 688057119 | 731243736 | 672113127 | 686302445 | 669461512
22ND 83 Top 718705486 | 757866004 | 685020.768 | 702657154 | 703133112
21ST 795 Top 744162046 | 779096613 60632449 | 715067.826 | 731206128
20TH 76 Top 765727.086 | 796450142 | 704448847 | 724816109 | 755057429
19TH 725 Top 784518418 | 811132376 | 711098396 | 732811.079 | 775860721
18TH 69 Top 801430979 | 804047.802 | 716844342 | 739719.634 | 794626165
17TH | 655 Top 817225311 83506822 | 722121338 | 746057.058 | 812242984
16TH 62 Top 832574637 | 847551520 | 707288.787 | 752252191 8295224
15TH 585 Top 848111.52 859404 644 | 732677128 | 758697.633 | 847240.753
14TH 55 Top 864462.491 87213449 | 738620876 | 765794.668 | 866186754
13TH 515 Top 882365473 | 886388491 74553346 | 773989455 | 887202279
12TH 48 Top 902632.028 | 90300562 753048505 | 783882482 91133137
1TH | 445 Top 92507551 920054804 | 76408967 | 795870555 | 939235164
10TH 41 Top 956816406 | 048097572 | 779932279 | 813399.858 | 975316.477
9TH 375 Top 988643743 | 977803611 | 796504379 | 832552458 | 1015663136
8TH 34 Top 1030418.09 | 1015463043 | 818704204 | 857870998 | 1067325.405
7TH 305 Top 1083371397 | 1064358.095 | 848785417 | 891830923 | 1133147.012
6TH o7 Top 1154602733 | 1130715.464 | 891201329 | 939154717 | 1220632.072
5TH 235 Top 1258506787 | 1226013876 | 953467.383 | 1007354750 | 1343308.893
4TH 20 Top 1375721385 | 133048113 | 1025949531 | 1089305176 | 1494603.693
3RD 165 Top 1560244267 | 151646716 | 1140460746 | 1217443451 | 1727466.79
oND 13 Top 1857338108 | 1806840251 | 1334049041 | 1432837.445 | 2105070.037
1T 95 Top 0305450119 | 2358089455 | 1721543629 | 1866169200 | 2813604443
P 6 Top 3052058.805 | 3044220373 | 220280866 | 2409798589 | 3716538.982
Base 0 Top 0 0 0 0 0
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Graph 7. Storey stiffness of structures in X - direction with load cases EQXP

Table 9: Storey stiffness of structures in Y - direction with load cases EQYP “kN/m”

Story Elezlri’;on Location | Structure-1 | Structure-2 | Structure -3 Structure -4 Structure -5
30TH 111 Top 164522.123 114244.812 117056.012 116081.044 119164.119
29TH 107.5 Top 302993.412 225651.248 227824.991 227134.567 229810.931
28TH 104 Top 408677.202 325183.311 325767.682 325289.284 328402.199
27TH 100.5 Top 483340.501 411537.184 409355.2 409057.523 413473.499
26TH 97 Top 535680.552 485686.066 479807.335 479661.571 486134.555
25TH 935 Top 572640.814 548807.058 538651.644 538628.011 547831.972
24TH 90 Top 599109.141 602365.639 587629.396 587701.998 600146.012
23RD 86.5 Top 618482.871 647862.407 628449.358 628596.387 644624.109
22ND 83 Top 633043.22 686736.82 662687.248 662891.088 682702.979
21ST 79.5 Top 644330.251 720312.671 691743.325 691990.14 715677.877
20TH 76 Top 653399.721 749782.672 716840.128 717119.319 744700.513
19TH 72.5 Top 660994.311 776214.996 739041.147 739344.806 770793.357
18TH 69 Top 667657.281 800572.833 759279.767 759602.203 794872.745
17TH 65.5 Top 673808.885 823741.302 778392.658 778730.008 817776.659
16TH 62 Top 679800.36 846559.21 797155.23 797505.172 840295.4
15TH 58.5 Top 685957.017 869854.874 816318.844 816680.403 863205.201
14TH 55 Top 692607.423 894490.095 836652.716 837026.241 887306.209
13TH 515 Top 700142.534 921398.569 858984.397 859371.155 913466.212
12TH 48 Top 709147.826 951743.906 884315.986 884720.614 942691.624
11TH 445 Top 719304.159 986339.518 913212.154 913640.643 975623.28
10TH 41 Top 73644419 1029690.263 951180.036 951607.325 1019626.35
9TH 375 Top 752520.322 1078251.194 991814.364 992308.273 1064004.896
8TH 34 Top 774346.165 1139475.911 1043844.75 1044407.058 1120733.923
7TH 305 Top 803524.748 1216576.372 1109749.81 1110394.829 1192207.735
6TH 27 Top 844489.543 1317689.178 1197560.369 1198282.023 1287976.983
5TH 235 Top 906254.456 1457780.887 1321130.921 1321932.941 1422330.025
4TH 20 Top 973343.501 1633059.784 1466950.928 1468099.344 1570334.519
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3RD 165 Top | 1080765.084 | 1900437.015 | 1690646807 | 169230393 | 1794350.918
oND 13 Top | 1262128804 | 2332077.853 | 2046043726 | 2048530453 | 2138462.884
1T 95 Top | 1611231402 | 3148215488 | 2604593565 | 2698550737 | 2728249129
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Graph 8: Storey stiffness of structures in Y - direction with load cases EQYP

Table 10: Comparation percentage of story lateral

loads in soft soil of structures 2,3,4,5 with structure -1

Story lateral loads Structure -2 Structure -3 Structure -4 Structure -5
Load Case | Direction Percentage Percentage Percentage Percentage

EQXP X 8% 6% 2% 7%

EQYP Y 8% 6% 2% 7%

Table 11: Comparation percentage of story lateral loads in medium soil of structures 2,3,4,5 with structure -1

Story lateral loads Structure -2 Structure -3 Structure -4 Structure -5
Load Case Direction Percentage Percentage Percentage Percentage

EQXP X 8% 6% 7% 7%

EQYP Y 8% 6% 7% 7%

Table 12: Comparation percentage of story lateral loads in hard soil of structures 2,3,4,5 with structure -1

Story lateral loads Structure -2 Structure -3 Structure -4 Structure -5

Load Case Direction Percentage Percentage Percentage Percentage
EQXP X 8% 6% 7% 7%
EQYP Y 8% 6% 7% 7%

a) Discussion on Results

When a structure is subjected to earthquake, it
responds by vibrating. An example force can be
resolved into three mutually perpendicular directions-
two horizontal directions (X and Y directions) and the
vertical direction (Z). This motion causes the structure to
vibrate or shake in all three directions; the predominant

© 2024 Global Journals

direction of shaking is horizontal. All the structures are
primarily designed for gravity loads-force equal to mass
time’s gravity in the vertical direction. Because of the
inherent factor used in the design specifications, most
structures tend to be adequately protected against
vertical shaking. Vertical acceleration should also be
considered in structures with large spans those in which
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stability for design, or for overall stability analysis of
structures. The basic intent of design theory for
earthquake resistant structures is that buildings should
be able to resist minor earthquakes without damage,
resist moderate earthquakes without structural damage
but with some non-structural damage. To avoid collapse
during a major earthquake, Members must be ductile
enough to absorb and dissipate energy by post elastic
deformation. Redundancy in the structural system
permits redistribution of internal forces in the event of
the failure of key elements. When the primary element or
system vyields or fails, the lateral force can be
redistributed to a secondary system to prevent
progressive failure. The structures are supported on sail,
most of the designers do not consider the soil structure
interaction and its subsequent effect on structures
during an earthquake. When a structure is subjected to
an earthquake excitation, it interacts with the foundation
and the soil, and thus changes the motion of the
ground. This means that the movement of the whole
ground-structure system is influenced by the type of sail
as well as by the type of structure. Understanding of sail
structure interaction will enable the designer to design
structures that will behave better during an earthquake.

V. CONCLUSIONS

In this paper, reinforced concrete shear wall
buildings were analyzed with the procedures laid out in
IS codes. Seismic performance of building model is
evaluated. In this study, regular shaped structures have
been considered. Estimation of structural response was
carried out for Dual frame system with shear wall
structure.

From the above results and discussions,
following conclusions can be drawn:

e Building with box shape shear walls provided at the
center core showed better performance in term of
storey stiffness and lateral loads.

e Provision of the shear wall, generally results in
reducing the displacement because the shear wall
increases the stiffness of the building.

e |t is observed that the value of stiffness in X & Y-
direction is same for all models with a different type
of soail.

e The value of the lateral loads in x-direction for all
models decreases with increase in storey level and
also The value of the lateral loads in x-direction for
all models in soft soil is less compared with the
structure in medium soil and hard soil, lateral loads
in X-direction for all models in soft soil <Medium
soil < hard sail.

e Percentage of lateral load for all three type of sail is
same.

e For severe lateral loads caused by wind load and or
earthquake load, the reinforced shear wall is
obvious. Because, it produces less deflection and

less bending moment in connecting beams under
lateral loads than all others structural system.

e ltis evident that shear walls which are provided from
the foundation to the rooftop, are one of the
excellent mean for providing earthquake resistant to
multistory reinforced building with different type of
soil.

e ETABS is the advanced software which is used for
analysing any kind of building structures. By its fast
and accuracy it can easily analyses buildings up to
40 floors, ETABS can analyse any building structure
with pre-determined load conditions and load
combinations for shear walls regarding IS codes.
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Absiract- The world's strong economic growth and increasing
populations have generated a remarkably growing demand for
resources, especially energy. Current conventional sources
cannot meet the future needs. Efforts are being focused on
renewable energies, deep-sea oil and the development of new
techniques to value heavy oils, tar sands and oil shale. This
could bridge the gap between energy demand and supply. In
our study and research program, we have developed solutions
to exploit oil shale deposits as part of sustainable
development, using renewable  energy  sources,
unconventional water and CO2 capture techniques, in addition
to the integration of other uses. The objective is to make the
overall exploitation of oil shale deposits profitable, remarkably
reducing the impact on the global environment.

To make the exploitation of oil shale deposits
profitable, our research was directed towards the development
of other possibilities of use concerning the coating of roads
and runways, the production of cement and the manufacture
of carbon plates. In this article, we develop the use of shale for
cement manufacturing.

Keywords: oil shale, coating of roads, sustainable
development, cement  manufacturing, deposits
resources.

I. GENERAL INTRODUCTION AND
BACKGROUND

he world's strong economic growth and increasing
Tpopulations have generated a remarkably growing

demand for resources, especially energy. Current
conventional sources cannot meet the future needs.
Efforts are being focused on renewable energies, deep-
sea oil and the development of new techniques to value
heavy oils, tarsands and oil shale. This could bridge the
gap between energy demand and supply. Several
countries with oil shale deposits have launched projects
to examine the possibility of exploiting these deposits.
Morocco is one of these countries, with significant oil
shale deposits in the Middle Atlas (Timahdit), Tarfaya,
Tangier and Grand Atlas regions (Fig. 1) [1].

Morocco has a reserve of around 53 billion
barrels of oil shale, in addition to a rich capacity for
shale gas and oil. The exploration works for these
unconventional hydrocarbons, which began several
years ago, has proved highly encouraging. The first
research into the development of oil shale in Morocco
began in Tangier, with the creation of the oil shale

Author e o p @ ¥ & Universite Hassan Il, Faculte Des Sciences Ain
Chock, Laboratoire Energies Renouvelables Et Dynamiques Des
Systemes, International Center for Studies R&D and Consulting.

e-mail: amine.alouani@gmail.com

company of Tangier. The company built a pilot plant
with a daily capacity of 80 tons of oil shale. The Timahdit
and Tarfaya deposits were discovered in the 1960’s.
These last two deposits have been the subject of
several geological and mining studies, laboratory
studies, as well as pyrolysis and direct combustion
tests. Their oil shales have been tested by several
pyrolysis processes throughout the world mainly in the
United States, Europe, the former USSR, Canada and
Japan. They have been the subject of numerous
technical and economic feasibility studies.

This geological, mining and laboratory work,
which began in 1975 and continues to this day, has
enabled us to identify the characteristics of these
reserves in the deposits of Timahdit and Tarfaya oil
shales. These studies showed that Moroccan shales
could be upgraded by pyrolysis to produce
hydrocarbons. This led Morocco to launch its own
experiment and develop the T3 process (Acronym of the
three deposits of Tangier, Tarfaya and Timahdit) [2].

Morocco has significant oil shale resources,
ranking 6th worldwide after the USA, Russia, the
Democratic Republic of Congo, Brazil and ltaly, with a
potential of 53 billion barrels of oil in field. This includes
over 37 billion barrels in the two main deposits of
Timahdit and Tarfaya.

Oil shale is used for a number of purposes,
including conversion into hydrocarbons through the
chemical process of pyrolysis and low-grade
combustion for power generation. It is equally used as a
raw material (chemical industries, agriculture,
construction) for heavy oils particularly suited to diesel
engines, lubricating oils and tar used in the manufacture
of sealants and asphaltites.

At the international level, oil shale is exploited at
a limited scale despite how important the reserves are.
This is related to a double-fold problematic. The first one
concems economic challenges; the production of
petroleum from oil shale does not become economically
viable unless the price of a barrel is at a profitability
threshold. The second issue is related to environmental
challenges: the combustion and thermal processing of
oil shale generate waste and emit carbon dioxide into
the atmosphere.

In our study and research program, we have
developed solutions to exploit oil shale deposits as part
of sustainable development, using renewable energy
sources, unconventional water and CO2 capture
techniques, in addition to the integration of other uses.
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The objective is to make the overall exploitation of oil
shale deposits profitable, remarkably reducing the
impact on the global environment.

To make the exploitation of oil shale deposits
profitable, our research was directed towards the

development of other possibilities of use concerning the
coating of roads and runways [4], the production of
cement and the manufacture of carbon plates. In this
article, we develop the use of shale for cement
manufacturing.

II. DEFINITION AND CHARACTERIZATION OF BITUMINOUS SHALE

The distribution of oil shale deposits in Morocco is shown in the figure (Fig. 1) below:
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Fig. 1. Distribution of oil shale deposits in Morocco [1]

1) General Definition of Bituminous Shale

Bituminous shales are rocks capable of
producing oil in commercial quantities when subjected
to pyrolysis. A sedimentary rock containing an insoluble
organic substance is referred to as pyro schist,
pyrobitumen shale, kerogen rock or, more commonly,
bituminous shale. It releases an oil with a
generalcappearance similar to crude oil by non-
oxidizing heat treatment at a temperature of between
400 and 500°C [3].

2) Nature and Composition of Bituminous Shale

- Organic and mineral matter. Despite certain
similarities, the composition of the organic matter
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contained in oil shale varies from one deposit to
another.

- Kerogen is a mixture of high-molecular-weight
compounds containing mainly carbon, hydrogen,
nitrogen, oxygen and sulfur. The oxygen and
nitrogen content are generally higher than crude
oils.

The organic matter in oil shale is richer in
aromatic sulfur compounds (benzothiophene
derivatives) and above all in resins and asphaltenes.
They are normally heavy but constitute minority
constituents in conventional oils (0 to 2% by weight),
and a majority in shale.
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3) Chemical Reactions Produced during Shale

Combustion
The chemical reactions that occur during shale
combustion can be presented as follows [1]:

For organic matter
CH, + 220, - nCO, + 2 H,0 + Q (Exothermic)
For terrigenous matter:
Si0, - Si+ 0,
For carbonate matter:
CaCO; — Ca0 + CO, — Q (Endothermic)

For other elements:

2FeS, + =0, — 450, + Fe,0; + Q (Exothermic)

4) The Timahdit Oil Shale Case in Morocco

The oil shales of Timahdit (Morocco) may
constitute significant hydrocarbon resources, amounting
to more than nineteen billion tons of raw rock. This is
equivalent to around 8.9 billion barrels [1]. These
argilocarbonate sedimentary rocks were formed at the
end of the secondary period.) They are essentially made
up of [3]:

- 30 to 75% terrigenous (clayey) material:
aluminosilicates predominate

- 25-50% carbonate matter: calcite is the main
constituent

- Organic matter from 12 to 24%. One part is soluble
in organic solvents, the other is insoluble in the
same solvents and constitutes kerogen.

The mineral composition of an average sample
of Timahdit oil shale [1] is shown in Table 1 below:

Table 1: Mineral composition of the Timahdit shale

Mineral

Pourcentage (%)

Dolomite (CaMg (C03)2)

15,9

Calcite (CaCO3)

41,5

Quartz (Si02)

19,5

lliite (OH)4K2 (SiBAI2) Al4020)

13,4

Pyrite (FeS2)

1,8

FeCO3 + FeO3

1,8

TiO2 + Phosphate

2,4

Other elements

37

The concentration of dolomite is low when
compared with that generally found in the Colorado
shale in the USA. Thermal decomposition of dolomite
and calcite is a highly endothermic reaction. Maximum
temperatures in the combustion zone are, therefore,

higher for Timahdit shales than for Colorado shales
when the applied process is direct heating. Similarly, the
kerogen composition of a sample of Timahdit shale [1]
is shown in Table 2.

Table 2: Elemental composition of Timahdit and Colorado kerogen

Elements % for Timahdit kerogen % for Colorado kerogen
Carbon 69,2 80,5
Hydrogen 6,5 10,3
Azote 2,9 2,4
Sulfur 8,4 1,0
Oxygen 12,9 5,8

[1I. THE USE OF OIL SHALE IN CEMENT
PRODUCTION

In our study and research program, we have
developed solutions to exploit oil shale deposits as part
of sustainable development, using renewable energy
sources, unconventional water and CO2 capture
techniques, in addition to the integration of other uses.
The objective is to make the overall exploitation of oil
shale deposits profitable, remarkably reducing the
impact on the global environment.

To make the exploitation of oil shale deposits
profitable, our research was directed towards the

development of other possibilities of use concerning the
coating of roads and runways [4], the production of
cement and the manufacture of carbon plates. In this
article, we develop the use of shale for cement
manufacturing.

a) Cement Manufacturing Processes

Cement is composed of a finely ground powder
which has the property of hardening and becoming
mechanically resistant when mixed with water. The raw
materials used for the manufacture of cement are
limestone and clay, which are heated at a sintering
temperature of 1500°C after grinding.
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Fuel consumption is a main component in the
production cost matrix. It is averagely estimated at 40%
of the overall cost. Cement manufacturers use rotary
kilns that are fueled with coal, petroleum coke or natural
gas.

The raw materials consisting of limestone and
clay are extracted from the quarries. They include oxides
such as Ca0O, Si0O2, Al203 and Fe208, which are
necessary for the manufacture of cement. The raw
material is finely ground and homogenized in order to
promote chemical reactions between the different
constituents during firing. There are four ways of
preparing the raw material mixture [5]:

- The humid method: The principle is based on the
mixing of limestone and clay previously ground with
a water content that varies between 25 and 40% so
as to obtain a humid paste. The paste is directly fed
into the kiln. This method generates significant
energy consumption to eliminate excess water.

- The semi-humid method: The preparation of the raw
mixture by the semi-humid method is the same as
that of the humid method with a moisture content
that does not exceed 15%.

e

x .
e

- The dry method: The principle of this method is

based on the homogenization of previously ground
raw materials. Before being fed into the kiln, the
mixture is transported.

- To a cyclone-preheating tower with gases
circulating in opposite directions in the cyclones for
powder preheating. The temperature can reach
800°C, which allows the reduction of part of the CO2
and water contained in the mixture. After preheating,
the powder is fed into the kiln.

- The semi-dry method: Starting from the dry method.

The main steps in the manufacture of cements
are as follows:

- The production of raw material at quarry level

- Pre-homogenization of raw materials

- Grinding and homogenization of raw materials

- Preheating raw materials

- Firing and cooling the clinker

- Cement grinding with addition of gypsum, setting
regulator and other constituents

- Quality control and storage of cement.

IV
secondary crushing t J
s ; —
primary crushing grinding storage, dosage and homogenisation
-

— )

-
R

e ¢ | et N ¥ @
4
Ly WaRN
B Storage e
Firing Cooler clinker+ additions Milling Rail car and truck
shipment

Fig. 2. Cement manufacturing diagram [6]

b) Characteristics of Cement [6]

i. The Setting
After mixing the anhydrous cement with water,

hydration begins and the properties of the paste

obtained become scalable over time.
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Needle

{(O=1,13mm

300 g

Fig. 3: Determination of the setting start time

The start of setting begins with the observation
of the increase in viscosity, or hardening of the paste,
which is measured by a standardized needle (Vicat
device). It corresponds to the time elapsed from the
mixing of the paste until the moment when the needle
stops at a distance (d = 4 mm =1 mm) from the bottom
of the ring of 40 mm in height filled with pure cement
paste.

The end of the setting corresponds to the
moment when the needle no longer penetrates into the
rng.

The setting of cement phenomenon is related to
the following parameters:

20 2H30

i 4H30

I

The nature of cement

The fineness of grinding of the cement; the finer is
its grinding, the shorter is setting time

The temperature; the higher the ambient
temperature is, the faster the setting is. For
example, the start of setting will be 18 hours at 2°C,
5 hours at 10°C, 3 hours 30 at 20°C and 30 min at
35°C

The presence of organic matter in the water or in
one of the other constituents of the concrete that
slows down the setting

Excess of mixing water that delays setting

18H

2 4 6 8 12

15

-
20 Hours

Fig. 4: Change in setting time in relation to temperature
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ii. Hardening
Hardening is the period that comes after the
setting and during which the hydration of the cement
continues. Hardening is temperature sensitive.

iii. Fineness of the Grind
The grinding fineness is characterized by the
specific surface area of the cement particles, expressed
in (cm2/g). In common cases, it is of 3000 to 3500
cm2/g. The greater the fineness of grinding is, the
higher the speed of the hydration reactions is and the
greater the mechanical strengths are at an early age.

1nun
Shrinkage
10
9

8

[

The fineness of the grinding influences the plasticity and
cohesion of the cement paste in the fresh state, as well
as its water retention capacity.

iv. Shrinkage
The cement paste shrinks in dry air and swells
in water. This phenomenon happens over time when
cement pieces are massive. It is the shrinkage that
causes cracks that are seen in concrete parts. There are
several types of shrinkage: early age (before setting)
shrinkage, hydraulic and thermal.

E/C=0.7

] - 3

Y

+ 5 6 7

Time in hours after setting

Fig. 5: Influence of E/C on the plastic shrinkage of mortars

v. Compression Strength
The mechanical strength of cement s
determined by tests on so-called "normal" mortar, at 28
days of age in tension and compression of the 4 x 4 x 16
cm specimens. The strength of the mortar then signifies
the strength of the cement mixture. It depends on the
cement class, expressed in MPa.
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Fig. 6: Normal Mortar Strength

c) Integration of Oil Shale into Cement Manufacturing

With a multiple objective of combining the
production of high quality cement with the optimization
of energy cost, we proposed the integration of oil shale
into cement manufacturing matrix as fuel and raw
material.

The methodology of the tests was based on the
preparation of the raw formulations with and without the
addition of oil shale and the characterization of the
cements produced in order to understand the effects of
the addition of shale on the properties of the cement.
The quantity of each raw material in the raw of each
formulation was calculated using the values of the LSF,
AR, SR modules that are usually used in the cement
industry [5]. Then, all the raw materials were mixed by
adding water in order to obtain a more homogeneous
mixture. In order to facilitate the firing process in kiln,
pellets have been made. They were then baked in the
furnace according to the following approach:

- Baking at 200°C for 20 minutes

- Temperature increase up to 1450°C with a ramp
- Maintain level at 1450°C for 15-minute

- Cooling in the oven to ambient temperature.

The compressive strength remains acceptable
by the standard corresponding to CPJ35 Cement with
the following advantages:

- Improved grinding efficiency.

- Improvement of the quality of the cement produced
by the workability of the concrete, reduction of
shrinkage during drying with better chemical
resistance of the concrete.

- The high silica and alumina content promotes use
as a raw material in the manufacture of cement.

- Reduced production costs based on oil shale
integration percentages.

A follow-up program is necessary for the plant
and its surroundings, concerning the following points:

- Continuous monitoring of chimney gas opacity.

- Periodic measurement of particles in chimneys.

- Monitoring of furnace dust, flue gases and cement,
to detect burnt hazardous materials, pH, total
dissolved salt content, suspended solids, alkalinity
and potassium and sulphate content of liquid
effluents.

- Monitoring of working conditions regarding noise
intensity and the presence of dust.

- Ambient air quality monitoring for particulate matter.

- Verification of compliance with safety and
environmental protection rules.

Two other areas of effort are committed to
improving strength as needed by adding chemical
additives and to avoiding the risk of corrosion of steel
reinforcements in very humid environments with relative
humidity greater than 80%. This is the case knowing that
the use of Cement produced inside buildings and
protected areas does not raise any problem.

In order to assess the effects of the new mixture
in terms of CO2 emissions, a life cycle analysis was
carried out with and without the addition of oil shale. The
life cycle analysis relied on the ecological saturation
method. This method uses eco-factors to quantify the
environmental burden due to the emission of a pollutant.
The method also relies on the global warming potential
based on the CO2 equivalent.

The analysis showed a considerable reduction
in the environmental impact depending on the dosage
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of the oil shale without affecting the quality of the
cement produced.

Shale ash contains constituents such as calcite,
quartz, iron oxide and aluminum oxide, which are very
important for the manufacture of Cement with an ability
to improve the durability of concrete. In addition to the
sedimentary organic matter rich in shale oil, Oil shale
contains part of the mineral matter composed of calcite,
dolomite, silicates and other minerals.

The use of the experimental design in
methodology has facilitated the analysis of the research
results carried out and the evaluation of the mechanical
characteristics relating to the mechanical resistance to
compression and flexion. It additionally helped us in the
modelling of the rheological parameters concerning the
shear threshold and the plastic viscosity of the cement
mixtures produced with the addition of oil shale [5]. The
experimental results have shown that the mechanical
characteristics of the cements produced with the
integration of oil shale remain within acceptable ranges
with economic and environmental benefits.

It should be noted that in addition to the
aforementioned use of oil shale, this latter can be used
in the manufacture of carbon fibers, activated carbons,
adsorbents, carbon black matter, phenols, resins,
sealants, road bitumens, bricks, building blocks and
Pharmaceuticals  products basis. However, the
quantities produced remain very low and in the majority
of cases is in the experimental phase.

Depleted shale can be used in the preparation
of bricks and cements. The mineral residue in some
shales retains a large proportion of the carbon fixed in
finely divided form. As this carbon is combustible, the
shale can be used as it is, provided the carbon content
exceeds 6% [7].

d) Summary of Work Carried out on the use of Oil Shale
in Cement Manufacture

Based on various reserve evaluation studies,
geophysical, geological, mining, geochemical and
chemical studies, we have characterized the deposits
according to profitable exploitation zones. In addition to
the use of bituminous layers as a source of energy, we
have identified their use in cement manufacturing.

The testing methodology was based on the
preparation of raw mix formulations with and without the
addition of bituminous shale, and the characterization of
the cements produced in order to understand the effects
of shale addition on cement properties. All the raw
materials were mixed by adding water to obtain a more
homogeneous mixture. In order to facilitate firing in the
kiln, pellets were made and fired in the kiln according to
the approach presented.

The use of the experimental design as a
method helped us to facilitate the analysis of the
research results and the evaluation of mechanical
characteristics related to compressive and flexural
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strength. It also helped in the modeling of rheological
parameters concerning the shear threshold and plastic
viscosity of cement mixes produced with the addition of
oil shale [8]. The experimental results showed that the
mechanical characteristics of cements produced with
the integration of oil shale remain within acceptable
ranges with economic and environmental benefits.

A fourth phase was devoted to studying the
technical feasibility and economic viability of industrial
applications at existing plants.

In addition to the economic benefits and local
availability, the results of the work carried out lead to the
following conclusions:

- Cements produced with oil shale blends have
characteristics comparable to those of standard
cements.

- The physic-chemical characteristics obtained were
in line with the requirements.

- The integration of bituminous shale in cement
production is feasible in existing plants, subject to
adaptation.

- Reduction in production costs depending on the
percentage of oil shale integration.

In addition to the technical feasibility of using oil
shale in cement manufacture, the overall study showed
that the economic profitability was confirmed. The
findings of the experiment, which is the subject of this
article, will contribute to the development of oil shale
value chain derivatives and to the overall profitability of
projects aiming to exploit and add value to oil shale
deposits  within  the framework of sustainable
development.

BIBLIOGRAPHY

1. Ahmed Saociabi. Contribution a étude physico-
chimique des schistes bitumineux de Timahdit
(MAROC). Matieres organiques et
Meétalloporphyrines, Juin 1982, Pages 04 - 39.

2. Y. DAAFI. Les Schistes bitumineux au MAROC. Etat
des lieux et potentialités. ENERGIES/MINES et
CARRIERES Magazine 12 Octobre 2020.

3. A. Saoiabi. Comportement thermique des schistes
bitumineux de Timahdit (MOROCCO) oil shales.

4. Mohamed Amine Alouani, Dennoun Saifaoui,
Abdelkader Alouani, & Younes Alouani. (2023). The
use of Oil Shale for Road Coating. Global Journals
of Research in Engineering, 23(E2), 43-46.

5. Duc Chinh Chu. Valorisation des sédiments de
dragage dans lindustrie cimentaire. Génie civil.
Ecole nationale supérieure Mines-Télécom Lille
Douai, 2021. Frangais. NNT: 2021MTLD0008.

6. Le monde de Génie Civil, Les Ciments P 11-22.
2014,

7. G. de GRAND RY. Etude sur les schistes bitumineux
P 593-601. 1950.



THE USE OF OIL SHALE IN CEMENT MANUFACTURING

8. A. Alouani, A Arbaoui, K. benkhouja, A. Khmich, K.
Sbiaai. Optimization of flottation Reagent’s Specific
Consumption By Modeling Global Journal of
Researches in Engineering (J). Volume 17. Issue 5,
Version 1.0 year 2017 P 10-20.

© 2024 Global Journals

Global Journal of Rescarch in Engineering ( E ) XXIV Issue I Version I E Year 2024


http://www.tcpdf.org

GLOBAL JOURNALS GUIDELINES HANDBOOK 2024

WWW.GLOBALJOURNALS.ORG



MEMBERSHIPS
FELLOWS/ASSOCIATES OF ENGINEERING RESEARCH COUNCIL
FERC/AERC MEMBERSHIPS

INTRODUCTION

FERC/AERC is the most prestigious membership of Global
Journals accredited by Open Association of Research Society,
U.S.A (OARS). The credentials of Fellow and Associate
designations signify that the researcher has gained the
knowledge of the fundamental and high-level concepts, and is a
subject matter expert, proficient in an expertise course covering
the professional code of conduct, and follows recognized
standards of practice. The credentials are designated only to the
researchers, scientists, and professionals that have been
selected by a rigorous process by our Editorial Board and
Management Board.

Associates of FERC/AERC are scientists and researchers
from around the world are working on projects/researches
that have huge potentials. Members support Global Journals’
mission to advance technology for humanity and the
profession.

FERC

FELLOW OF ENGINEERING RESEARCH COUNCIL

FELLOW OF ENGINEERING RESEARCH COUNCIL is the most prestigious membership of Global Journals. It is an
award and membership granted to individuals that the Open Association of Research Society judges to have made
a 'substantial contribution to the improvement of computer science, technology, and electronics engineering.

The primary objective is to recognize the leaders in research and scientific fields of the current era with a global
perspective and to create a channel between them and other researchers for better exposure and knowledge
sharing. Members are most eminent scientists, engineers, and technologists from all across the world. Fellows are
elected for life through a peer review process on the basis of excellence in the respective domain. There is no limit
on the number of new nominations made in any year. Each year, the Open Association of Research Society elect
up to 12 new Fellow Members.

© Copyright by Global Journals | Guidelines Handbook .



BENEFITS

TO THE INSTITUTION
GET LETTER OF APPRECIATION

Global Journals sends a letter of appreciation of author to the Dean or CEO of the University or Company of which
author is a part, signed by editor in chief or chief author.

© EXCLUSIVE NETWORK

GET ACCESS TO A CLOSED NETWORK

N
i -~ AFERC member gets access to a closed network of Tier 1 researchers and
.~ scientists with direct communication channel through our website. Fellows can
reach out to other members or researchers directly. They should also be open to

reaching out by other.
CERTIFICATE

CERTIFICATE, LOR AND LASER-MOMENTO

Fellows receive a printed copy of a certificate signed by our Chief Author that may
be used for academic purposes and a personal recommendation letter to the dean

of member's university.
Credibility Reputation

o DESIGNATION
W A5 GET HONORED TITLE OF MEMBERSHIP
T *Mgpc~"er . . . .
:’::;;;..“,Rc Fellows can use the honored title of membership. The “FERC” is an honored title

I

which is accorded to a person’s name viz. Dr. John E. Hall, Ph.D., FERC or William

Walldroff, M.S., FERC.

RECOGNITION ON THE PLATFORM
BETTER VISIBILITY AND CITATION

All the Fellow members of FERC get a badge of "Leading Member of Global Journals" on the Research
Community that distinguishes them from others. Additionally, the profile is also partially maintained by our team for
better visibility and citation. All fellows get a dedicated page on the website with their biography.

. © Copyright by Global Journals | Guidelines Handbook



FUTURE WORK
GET DISCOUNTS ON THE FUTURE PUBLICATIONS

Fellows receive discounts on the future publications with Global Journals up to 60%. Through our recommendation
programs, members also receive discounts on publications made with OARS affiliated organizations.

GJ ACCOUNT

UNLIMITED FORWARD OF EMAILS
Fellows get secure and fast GJ work emails with unlimited storage of emails that
they may use them as their primary email. For example, john [AT]

globaljournals [DOT] org.

PREMIUM TOOLS
ACCESS TO ALL THE PREMIUM TOOLS

To take future researches to the zenith, fellows receive access to all the premium
tools that Global Journals have to offer along with the partnership with some of the

! best marketing leading tools out there.

CONFERENCES & EVENTS
ORGANIZE SEMINAR/CONFERENCE

Fellows are authorized to organize symposium/seminar/conference on behalf of Global Journal Incorporation
(USA). They can also participate in the same organized by another institution as representative of Global Journal.
In both the cases, it is mandatory for him to discuss with us and obtain our consent. Additionally, they get free

research conferences (and others) alerts.

EARLY INVITATIONS
EARLY INVITATIONS TO ALL THE SYMPOSIUMS, SEMINARS, CONFERENCES

All fellows receive the early invitations to all the symposiums, seminars, conferences and webinars hosted by

Global Journals in their subject.

© Copyright by Global Journals | Guidelines Handbook .



PUBLISHING ARTICLES & BOOKS

EARN 60% OF SALES PROCEEDS

| Fellows can publish articles (limited) without any fees. Also, they can earn up to
70% of sales proceeds from the sale of reference/review
books/literature/publishing of research paper. The FERC member can decide its

price and we can help in making the right decision.

REVIEWERS
GET A REMUNERATION OF 15% OF AUTHOR FEES

Fellow members are eligible to join as a paid peer reviewer at Global Journals Incorporation (USA) and can get a
remuneration of 15% of author fees, taken from the author of a respective paper.

ACCESS TO EDITORIAL BOARD
BECOME A MEMBER OF THE EDITORIAL BOARD

Fellows may join as a member of the Editorial Board of Global Journals Incorporation (USA) after successful
completion of three years as Fellow and as Peer Reviewer. Additionally, Fellows get a chance to nominate other
members for Editorial Board.

Credibility Reputation

AND MUCH MORE
GET ACCESS TO SCIENTIFIC MUSEUMS AND OBSERVATORIES ACROSS THE GLOBE

All members get access to 5 selected scientific museums and observatories across the globe. All researches
published with Global Journals will be kept under deep archival facilities across regions for future protections and
disaster recovery. They get 10 GB free secure cloud access for storing research files.

. © Copyright by Global Journals | Guidelines Handbook



AERC

ASSOCIATE OF ENGINEERING RESEARCH COUNCIL

ASSOCIATE OF ENGINEERING RESEARCH COUNCIL is the membership of Global Journals awarded to individuals
that the Open Association of Research Society judges to have made a 'substantial contribution to the improvement
of computer science, technology, and electronics engineering.

The primary objective is to recognize the leaders in research and scientific fields of the current era with a global
perspective and to create a channel between them and other researchers for better exposure and knowledge
sharing. Members are most eminent scientists, engineers, and technologists from all across the world. Associate
membership can later be promoted to Fellow Membership. Associates are elected for life through a peer review
process on the basis of excellence in the respective domain. There is no limit on the number of new nominations
made in any year. Each year, the Open Association of Research Society elect up to 12 new Associate Members.

© Copyright by Global Journals | Guidelines Handbook .



BENEFITS

TO THE INSTITUTION
GET LETTER OF APPRECIATION

Global Journals sends a letter of appreciation of author to the Dean or CEO of the University or Company of which
author is a part, signed by editor in chief or chief author.

© EXCLUSIVE NETWORK

GET ACCESS TO A CLOSED NETWORK

At
‘ ‘F A AERC member gets access to a closed network of Tier 1 researchers and
~ scientists with direct communication channel through our website. Associates can
reach out to other members or researchers directly. They should also be open to

reaching out by other.

CERTIFICATE

CERTIFICATE, LOR AND LASER-MOMENTO
Associates receive a printed copy of a certificate signed by our Chief Author that
may be used for academic purposes and a personal recommendation letter to the

dean of member's university.
Credibility Reputation

DESIGNATION
i, GET HONORED TITLE OF MEMBERSHIP
gl

ey Associates can use the honored title of membership. The “AERC” is an honored
_ =~ title which is accorded to a person’s name viz. Dr. John E. Hall, Ph.D., AERC or

William Walldroff, M.S., AERC.

L‘-‘.' '
Or
w e i

RECOGNITION ON THE PLATFORM
BETTER VISIBILITY AND CITATION

All the Associate members of AERC get a badge of "Leading Member of Global Journals" on the Research
Community that distinguishes them from others. Additionally, the profile is also partially maintained by our team for
better visibility and citation. All associates get a dedicated page on the website with their biography.

. © Copyright by Global Journals | Guidelines Handbook

VI



FUTURE WORK
GET DISCOUNTS ON THE FUTURE PUBLICATIONS

Associates receive discounts on the future publications with Global Journals up to 60%. Through our
recommendation programs, members also receive discounts on publications made with OARS affiliated
organizations.

GJ ACCOUNT
UNLIMITED FORWARD OF EMAILS

Associates get secure and fast GJ work emails with unlimited storage of emails
that they may use them as their primary email. For example, john [AT]

globaljournals [DOT] org..

PREMIUM TOOLS

ACCESS TO ALL THE PREMIUM TOOLS
To take future researches to the zenith, associates receive access to all the
premium tools that Global Journals have to offer along with the partnership with

" some of the best marketing leading tools out there.

CONFERENCES & EVENTS
ORGANIZE SEMINAR/CONFERENCE

Associates are authorized to organize symposium/seminar/conference on behalf of Global Journal Incorporation
(USA). They can also participate in the same organized by another institution as representative of Global Journal.
In both the cases, it is mandatory for him to discuss with us and obtain our consent. Additionally, they get free

research conferences (and others) alerts.

EARLY INVITATIONS
EARLY INVITATIONS TO ALL THE SYMPOSIUMS, SEMINARS, CONFERENCES

All associates receive the early invitations to all the symposiums, seminars, conferences and webinars hosted by

Global Journals in their subject.

© Copyright by Global Journals | Guidelines Handbook .

Vil



PUBLISHING ARTICLES & BOOKS
| EARN 30-40% OF SALES PROCEEDS

|
Associates can publish articles (limited) without any fees. Also, they can earn up to
30-40% of sales proceeds from the sale of reference/review

books/literature/publishing of research paper.

REVIEWERS

GET A REMUNERATION OF 15% OF AUTHOR FEES
Associate members are eligible to join as a paid peer reviewer at Global Journals Incorporation (USA) and can get a

remuneration of 15% of author fees, taken from the author of a respective paper.

Financial

AND MUCH MORE
GET ACCESS TO SCIENTIFIC MUSEUMS AND OBSERVATORIES ACROSS THE GLOBE

All members get access to 2 selected scientific museums and observatories across the globe. All researches
published with Global Journals will be kept under deep archival facilities across regions for future protections and
disaster recovery. They get 5 GB free secure cloud access for storing research files.

. © Copyright by Global Journals | Guidelines Handbook

VIII



ASSOCIATE

$4800

lifetime designation

Certificate, LoR and Momento
2 discounted publishing/year
Gradation of Research
10 research contacts/day
1 GB Cloud Storage

GJ Community Access

FELLOW RESEARCH GROUP BASIC
$6800 $12500.00 APC
lifetime designation organizational per article
Certificate, LoR and Certificates, LoRs and GJ Community Access
Momento Momentos
Unlimited discounted Unlimited free
publishing/year publishing/year
Gradation of Research Gradation of Research
Unlimited research Unlimited research
contacts/day contacts/day
5 GB Cloud Storage Unlimited Cloud Storage
Online Presense Assistance Online Presense Assistance
GJ Community Access GJ Community Access

© Copyright by Global Journals | Guidelines Handbook .



PREFERRED AUTHOR GUIDELINES

We accept the manuscript submissions in any standard (generic) format.

We typeset manuscripts using advanced typesetting tools like Adobe In Design, CorelDraw, TeXnicCenter, and TeXStudio.
We usually recommend authors submit their research using any standard format they are comfortable with, and let Global
Journals do the rest.

Alternatively, you can download our basic template from https://globaljournals.org/Template.zip

Authors should submit their complete paper/article, including text illustrations, graphics, conclusions, artwork, and tables.
Authors who are not able to submit manuscript using the form above can email the manuscript department at
submit@globaljournals.org or get in touch with chiefeditor@globaljournals.org if they wish to send the abstract before
submission.

BEFORE AND DURING SUBMISSION

Authors must ensure the information provided during the submission of a paper is authentic. Please go through the
following checklist before submitting:

1. Authors must go through the complete author guideline and understand and agree to Global Journals' ethics and code
of conduct, along with author responsibilities.

2. Authors must accept the privacy policy, terms, and conditions of Global Journals.

Ensure corresponding author’s email address and postal address are accurate and reachable.

4. Manuscript to be submitted must include keywords, an abstract, a paper title, co-author(s') names and details (email
address, name, phone number, and institution), figures and illustrations in vector format including appropriate
captions, tables, including titles and footnotes, a conclusion, results, acknowledgments and references.

5. Authors should submit paper in a ZIP archive if any supplementary files are required along with the paper.

Proper permissions must be acquired for the use of any copyrighted material.

7. Manuscript submitted must not have been submitted or published elsewhere and all authors must be aware of the
submission.

w
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Declaration of Conflicts of Interest

It is required for authors to declare all financial, institutional, and personal relationships with other individuals and
organizations that could influence (bias) their research.

PoLiCcY ON PLAGIARISM
Plagiarism is not acceptable in Global Journals submissions at all.

Plagiarized content will not be considered for publication. We reserve the right to inform authors’ institutions about
plagiarism detected either before or after publication. If plagiarism is identified, we will follow COPE guidelines:

Authors are solely responsible for all the plagiarism that is found. The author must not fabricate, falsify or plagiarize
existing research data. The following, if copied, will be considered plagiarism:

e  Words (language)

e Ideas

e  Findings

e  Writings

e Diagrams

e Graphs

e lllustrations

e lectures
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e  Printed material

e  Graphic representations
e Computer programs

e  Electronic material

e Any other original work

AUTHORSHIP POLICIES

Global Journals follows the definition of authorship set up by the Open Association of Research Society, USA. According to
its guidelines, authorship criteria must be based on:

1. Substantial contributions to the conception and acquisition of data, analysis, and interpretation of findings.
2. Drafting the paper and revising it critically regarding important academic content.
3. Final approval of the version of the paper to be published.

Changes in Authorship

The corresponding author should mention the name and complete details of all co-authors during submission and in
manuscript. We support addition, rearrangement, manipulation, and deletions in authors list till the early view publication
of the journal. We expect that corresponding author will notify all co-authors of submission. We follow COPE guidelines for
changes in authorship.

Copyright

During submission of the manuscript, the author is confirming an exclusive license agreement with Global Journals which
gives Global Journals the authority to reproduce, reuse, and republish authors' research. We also believe in flexible
copyright terms where copyright may remain with authors/employers/institutions as well. Contact your editor after
acceptance to choose your copyright policy. You may follow this form for copyright transfers.

Appealing Decisions

Unless specified in the notification, the Editorial Board’s decision on publication of the paper is final and cannot be
appealed before making the major change in the manuscript.

Acknowledgments

Contributors to the research other than authors credited should be mentioned in Acknowledgments. The source of funding
for the research can be included. Suppliers of resources may be mentioned along with their addresses.

Declaration of funding sources

Global Journals is in partnership with various universities, laboratories, and other institutions worldwide in the research
domain. Authors are requested to disclose their source of funding during every stage of their research, such as making
analysis, performing laboratory operations, computing data, and using institutional resources, from writing an article to its
submission. This will also help authors to get reimbursements by requesting an open access publication letter from Global
Journals and submitting to the respective funding source.

PREPARING YOUR MANUSCRIPT

Authors can submit papers and articles in an acceptable file format: MS Word (doc, docx), LaTeX (.tex, .zip or .rar including
all of your files), Adobe PDF (.pdf), rich text format (.rtf), simple text document (.txt), Open Document Text (.odt), and
Apple Pages (.pages). Our professional layout editors will format the entire paper according to our official guidelines. This is
one of the highlights of publishing with Global Journals—authors should not be concerned about the formatting of their
paper. Global Journals accepts articles and manuscripts in every major language, be it Spanish, Chinese, Japanese,
Portuguese, Russian, French, German, Dutch, Italian, Greek, or any other national language, but the title, subtitle, and
abstract should be in English. This will facilitate indexing and the pre-peer review process.

The following is the official style and template developed for publication of a research paper. Authors are not required to
follow this style during the submission of the paper. It is just for reference purposes.
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Manuscript Style Instruction (Optional)

e  Microsoft Word Document Setting Instructions.

e  Font type of all text should be Swis721 Lt BT.

e Pagesize: 8.27" x 11", left margin: 0.65, right margin: 0.65, bottom margin: 0.75.

e  Paper title should be in one column of font size 24.

e Author name in font size of 11 in one column.

e  Abstract: font size 9 with the word “Abstract” in bold italics.

e  Main text: font size 10 with two justified columns.

e Two columns with equal column width of 3.38 and spacing of 0.2.

e  First character must be three lines drop-capped.

e The paragraph before spacing of 1 pt and after of 0 pt.

e Line spacing of 1 pt.

e Large images must be in one column.

e The names of first main headings (Heading 1) must be in Roman font, capital letters, and font size of 10.
e The names of second main headings (Heading 2) must not include numbers and must be in italics with a font size of 10.

Structure and Format of Manuscript

The recommended size of an original research paper is under 15,000 words and review papers under 7,000 words.
Research articles should be less than 10,000 words. Research papers are usually longer than review papers. Review papers
are reports of significant research (typically less than 7,000 words, including tables, figures, and references)

A research paper must include:

a) Atitle which should be relevant to the theme of the paper.

b) A summary, known as an abstract (less than 150 words), containing the major results and conclusions.

c) Up to 10 keywords that precisely identify the paper’s subject, purpose, and focus.

d) Anintroduction, giving fundamental background objectives.

e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit

repetition, sources of information must be given, and numerical methods must be specified by reference.
f)  Results which should be presented concisely by well-designed tables and figures.
g) Suitable statistical data should also be given.
h) All data must have been gathered with attention to numerical detail in the planning stage.

Design has been recognized to be essential to experiments for a considerable time, and the editor has decided that any
paper that appears not to have adequate numerical treatments of the data will be returned unrefereed.

i)  Discussion should cover implications and consequences and not just recapitulate the results; conclusions should also
be summarized.

j)  There should be brief acknowledgments.

k) There ought to be references in the conventional format. Global Journals recommends APA format.

Authors should carefully consider the preparation of papers to ensure that they communicate effectively. Papers are much
more likely to be accepted if they are carefully designed and laid out, contain few or no errors, are summarizing, and follow
instructions. They will also be published with much fewer delays than those that require much technical and editorial
correction.

The Editorial Board reserves the right to make literary corrections and suggestions to improve brevity.
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FORMAT STRUCTURE

It is necessary that authors take care in submitting a manuscript that is written in simple language and adheres to
published guidelines.

All manuscripts submitted to Global Journals should include:
Title

The title page must carry an informative title that reflects the content, a running title (less than 45 characters together with
spaces), names of the authors and co-authors, and the place(s) where the work was carried out.

Author details
The full postal address of any related author(s) must be specified.
Abstract

The abstract is the foundation of the research paper. It should be clear and concise and must contain the objective of the
paper and inferences drawn. It is advised to not include big mathematical equations or complicated jargon.

Many researchers searching for information online will use search engines such as Google, Yahoo or others. By optimizing
your paper for search engines, you will amplify the chance of someone finding it. In turn, this will make it more likely to be
viewed and cited in further works. Global Journals has compiled these guidelines to facilitate you to maximize the web-
friendliness of the most public part of your paper.

Keywords

A major lynchpin of research work for the writing of research papers is the keyword search, which one will employ to find
both library and internet resources. Up to eleven keywords or very brief phrases have to be given to help data retrieval,
mining, and indexing.

One must be persistent and creative in using keywords. An effective keyword search requires a strategy: planning of a list
of possible keywords and phrases to try.

Choice of the main keywords is the first tool of writing a research paper. Research paper writing is an art. Keyword search
should be as strategic as possible.

One should start brainstorming lists of potential keywords before even beginning searching. Think about the most
important concepts related to research work. Ask, “What words would a source have to include to be truly valuable in a
research paper?” Then consider synonyms for the important words.

It may take the discovery of only one important paper to steer in the right keyword direction because, in most databases,
the keywords under which a research paper is abstracted are listed with the paper.

Numerical Methods

Numerical methods used should be transparent and, where appropriate, supported by references.

Abbreviations

Authors must list all the abbreviations used in the paper at the end of the paper or in a separate table before using them.
Formulas and equations

Authors are advised to submit any mathematical equation using either MathJax, KaTeX, or LaTeX, or in a very high-quality
image.

Tables, Figures, and Figure Legends

Tables: Tables should be cautiously designed, uncrowned, and include only essential data. Each must have an Arabic
number, e.g., Table 4, a self-explanatory caption, and be on a separate sheet. Authors must submit tables in an editable
format and not as images. References to these tables (if any) must be mentioned accurately.
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Figures

Figures are supposed to be submitted as separate files. Always include a citation in the text for each figure using Arabic
numbers, e.g., Fig. 4. Artwork must be submitted online in vector electronic form or by emailing it.

PREPARATION OF ELETRONIC FIGURES FOR PUBLICATION

Although low-quality images are sufficient for review purposes, print publication requires high-quality images to prevent
the final product being blurred or fuzzy. Submit (possibly by e-mail) EPS (line art) or TIFF (halftone/ photographs) files only.
MS PowerPoint and Word Graphics are unsuitable for printed pictures. Avoid using pixel-oriented software. Scans (TIFF
only) should have a resolution of at least 350 dpi (halftone) or 700 to 1100 dpi (line drawings). Please give the data for
figures in black and white or submit a Color Work Agreement form. EPS files must be saved with fonts embedded (and with
a TIFF preview, if possible).

For scanned images, the scanning resolution at final image size ought to be as follows to ensure good reproduction: line
art: >650 dpi; halftones (including gel photographs): >350 dpi; figures containing both halftone and line images: >650 dpi.

Color charges: Authors are advised to pay the full cost for the reproduction of their color artwork. Hence, please note that
if there is color artwork in your manuscript when it is accepted for publication, we would require you to complete and
return a Color Work Agreement form before your paper can be published. Also, you can email your editor to remove the
color fee after acceptance of the paper.

Tips FOR WRITING A GOOD QUALITY ENGINEERING RESEARCH PAPER

Techniques for writing a good quality engineering research paper:

1. Choosing the topic: In most cases, the topic is selected by the interests of the author, but it can also be suggested by the
guides. You can have several topics, and then judge which you are most comfortable with. This may be done by asking
several questions of yourself, like "Will | be able to carry out a search in this area? Will | find all necessary resources to
accomplish the search? Will | be able to find all information in this field area?" If the answer to this type of question is
"yes," then you ought to choose that topic. In most cases, you may have to conduct surveys and visit several places. Also,
you might have to do a lot of work to find all the rises and falls of the various data on that subject. Sometimes, detailed
information plays a vital role, instead of short information. Evaluators are human: The first thing to remember is that
evaluators are also human beings. They are not only meant for rejecting a paper. They are here to evaluate your paper. So
present your best aspect.

2. Think like evaluators: If you are in confusion or getting demotivated because your paper may not be accepted by the
evaluators, then think, and try to evaluate your paper like an evaluator. Try to understand what an evaluator wants in your
research paper, and you will automatically have your answer. Make blueprints of paper: The outline is the plan or
framework that will help you to arrange your thoughts. It will make your paper logical. But remember that all points of your
outline must be related to the topic you have chosen.

3. Ask your guides: If you are having any difficulty with your research, then do not hesitate to share your difficulty with
your guide (if you have one). They will surely help you out and resolve your doubts. If you can't clarify what exactly you
require for your work, then ask your supervisor to help you with an alternative. He or she might also provide you with a list
of essential readings.

4. Use of computer is recommended: As you are doing research in the field of research engineering then this point is quite
obvious. Use right software: Always use good quality software packages. If you are not capable of judging good software,
then you can lose the quality of your paper unknowingly. There are various programs available to help you which you can
get through the internet.

5. Use the internet for help: An excellent start for your paper is using Google. It is a wondrous search engine, where you
can have your doubts resolved. You may also read some answers for the frequent question of how to write your research
paper or find a model research paper. You can download books from the internet. If you have all the required books, place
importance on reading, selecting, and analyzing the specified information. Then sketch out your research paper. Use big
pictures: You may use encyclopedias like Wikipedia to get pictures with the best resolution. At Global Journals, you should
strictly follow here.
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6. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right? It is a good habit
which helps to not lose your continuity. You should always use bookmarks while searching on the internet also, which will
make your search easier.

7. Revise what you wrote: When you write anything, always read it, summarize it, and then finalize it.

8. Make every effort: Make every effort to mention what you are going to write in your paper. That means always have a
good start. Try to mention everything in the introduction—what is the need for a particular research paper. Polish your
work with good writing skills and always give an evaluator what he wants. Make backups: When you are going to do any
important thing like making a research paper, you should always have backup copies of it either on your computer or on
paper. This protects you from losing any portion of your important data.

9. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality.
Using several unnecessary diagrams will degrade the quality of your paper by creating a hodgepodge. So always try to
include diagrams which were made by you to improve the readability of your paper. Use of direct quotes: When you do
research relevant to literature, history, or current affairs, then use of quotes becomes essential, but if the study is relevant
to science, use of quotes is not preferable.

10. Use proper verb tense: Use proper verb tenses in your paper. Use past tense to present those events that have
happened. Use present tense to indicate events that are going on. Use future tense to indicate events that will happen in
the future. Use of wrong tenses will confuse the evaluator. Avoid sentences that are incomplete.

11. Pick a good study spot: Always try to pick a spot for your research which is quiet. Not every spot is good for studying.

12. Know what you know: Always try to know what you know by making objectives, otherwise you will be confused and
unable to achieve your target.

13. Use good grammar: Always use good grammar and words that will have a positive impact on the evaluator; use of
good vocabulary does not mean using tough words which the evaluator has to find in a dictionary. Do not fragment
sentences. Eliminate one-word sentences. Do not ever use a big word when a smaller one would suffice.

Verbs have to be in agreement with their subjects. In a research paper, do not start sentences with conjunctions or finish
them with prepositions. When writing formally, it is advisable to never split an infinitive because someone will (wrongly)
complain. Avoid clichés like a disease. Always shun irritating alliteration. Use language which is simple and straightforward.
Put together a neat summary.

14. Arrangement of information: Each section of the main body should start with an opening sentence, and there should
be a changeover at the end of the section. Give only valid and powerful arguments for your topic. You may also maintain
your arguments with records.

15. Never start at the last minute: Always allow enough time for research work. Leaving everything to the last minute will
degrade your paper and spoil your work.

16. Multitasking in research is not good: Doing several things at the same time is a bad habit in the case of research
activity. Research is an area where everything has a particular time slot. Divide your research work into parts, and do a
particular part in a particular time slot.

17. Never copy others' work: Never copy others' work and give it your name because if the evaluator has seen it anywhere,
you will be in trouble. Take proper rest and food: No matter how many hours you spend on your research activity, if you
are not taking care of your health, then all your efforts will have been in vain. For quality research, take proper rest and
food.

18. Go to seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.

19. Refresh your mind after intervals: Try to give your mind a rest by listening to soft music or sleeping in intervals. This
will also improve your memory. Acquire colleagues: Always try to acquire colleagues. No matter how sharp you are, if you
acquire colleagues, they can give you ideas which will be helpful to your research.

20. Think technically: Always think technically. If anything happens, search for its reasons, benefits, and demerits. Think
and then print: When you go to print your paper, check that tables are not split, headings are not detached from their
descriptions, and page sequence is maintained.
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21. Adding unnecessary information: Do not add unnecessary information like "I have used MS Excel to draw graphs."
Irrelevant and inappropriate material is superfluous. Foreign terminology and phrases are not apropos. One should never
take a broad view. Analogy is like feathers on a snake. Use words properly, regardless of how others use them. Remove
guotations. Puns are for kids, not grunt readers. Never oversimplify: When adding material to your research paper, never
go for oversimplification; this will definitely irritate the evaluator. Be specific. Never use rhythmic redundancies.
Contractions shouldn't be used in a research paper. Comparisons are as terrible as clichés. Give up ampersands,
abbreviations, and so on. Remove commas that are not necessary. Parenthetical words should be between brackets or
commas. Understatement is always the best way to put forward earth-shaking thoughts. Give a detailed literary review.

22. Report concluded results: Use concluded results. From raw data, filter the results, and then conclude your studies
based on measurements and observations taken. An appropriate number of decimal places should be used. Parenthetical
remarks are prohibited here. Proofread carefully at the final stage. At the end, give an outline to your arguments. Spot
perspectives of further study of the subject. Justify your conclusion at the bottom sufficiently, which will probably include
examples.

23. Upon conclusion: Once you have concluded your research, the next most important step is to present your findings.
Presentation is extremely important as it is the definite medium though which your research is going to be in print for the
rest of the crowd. Care should be taken to categorize your thoughts well and present them in a logical and neat manner. A
good quality research paper format is essential because it serves to highlight your research paper and bring to light all
necessary aspects of your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING
Key points to remember:

e Submit all work in its final form.
e Write your paper in the form which is presented in the guidelines using the template.
e  Please note the criteria peer reviewers will use for grading the final paper.

Final points:

One purpose of organizing a research paper is to let people interpret your efforts selectively. The journal requires the
following sections, submitted in the order listed, with each section starting on a new page:

The introduction: This will be compiled from reference matter and reflect the design processes or outline of basis that
directed you to make a study. As you carry out the process of study, the method and process section will be constructed
like that. The results segment will show related statistics in nearly sequential order and direct reviewers to similar
intellectual paths throughout the data that you gathered to carry out your study.

The discussion section:

This will provide understanding of the data and projections as to the implications of the results. The use of good quality
references throughout the paper will give the effort trustworthiness by representing an alertness to prior workings.

Writing a research paper is not an easy job, no matter how trouble-free the actual research or concept. Practice, excellent
preparation, and controlled record-keeping are the only means to make straightforward progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general
guidelines.

To make a paper clear: Adhere to recommended page limits.
Mistakes to avoid:

e Insertion of a title at the foot of a page with subsequent text on the next page.

e Separating a table, chart, or figure—confine each to a single page.

e  Submitting a manuscript with pages out of sequence.

e In every section of your document, use standard writing style, including articles ("a" and "the").
e Keep paying attention to the topic of the paper.
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e Use paragraphs to split each significant point (excluding the abstract).

e Align the primary line of each section.

e Present your points in sound order.

e Use present tense to report well-accepted matters.

e Use past tense to describe specific results.

e Do not use familiar wording; don't address the reviewer directly. Don't use slang or superlatives.
e Avoid use of extra pictures—include only those figures essential to presenting results.

Title page:

Choose a revealing title. It should be short and include the name(s) and address(es) of all authors. It should not have
acronyms or abbreviations or exceed two printed lines.

Abstract: This summary should be two hundred words or less. It should clearly and briefly explain the key findings reported
in the manuscript and must have precise statistics. It should not have acronyms or abbreviations. It should be logical in
itself. Do not cite references at this point.

An abstract is a brief, distinct paragraph summary of finished work or work in development. In a minute or less, a reviewer
can be taught the foundation behind the study, common approaches to the problem, relevant results, and significant
conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet
written? Wealth of terminology is very essential in abstract. Use comprehensive sentences, and do not sacrifice readability
for brevity; you can maintain it succinctly by phrasing sentences so that they provide more than a lone rationale. The
author can at this moment go straight to shortening the outcome. Sum up the study with the subsequent elements in any
summary. Try to limit the initial two items to no more than one line each.

Reason for writing the article—theory, overall issue, purpose.

e Fundamental goal.

e To-the-point depiction of the research.

e Consequences, including definite statistics—if the consequences are quantitative in nature, account for this; results of
any numerical analysis should be reported. Significant conclusions or questions that emerge from the research.

Approach:

0 Single section and succinct.

An outline of the job done is always written in past tense.

Concentrate on shortening results—limit background information to a verdict or two.

Exact spelling, clarity of sentences and phrases, and appropriate reporting of quantities (proper units, important
statistics) are just as significant in an abstract as they are anywhere else.

o O O

Introduction:

The introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background
information to be capable of comprehending and calculating the purpose of your study without having to refer to other
works. The basis for the study should be offered. Give the most important references, but avoid making a comprehensive
appraisal of the topic. Describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the
reviewer will give no attention to your results. Speak in common terms about techniques used to explain the problem, if
needed, but do not present any particulars about the protocols here.

The following approach can create a valuable beginning:

0 Explain the value (significance) of the study.

0 Defend the model—why did you employ this particular system or method? What is its compensation? Remark upon
its appropriateness from an abstract point of view as well as pointing out sensible reasons for using it.

0 Present a justification. State your particular theory(-ies) or aim(s), and describe the logic that led you to choose
them.

0 Briefly explain the study's tentative purpose and how it meets the declared objectives.
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Approach:

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job
is done. Sort out your thoughts; manufacture one key point for every section. If you make the four points listed above, you
will need at least four paragraphs. Present surrounding information only when it is necessary to support a situation. The
reviewer does not desire to read everything you know about a topic. Shape the theory specifically—do not take a broad
view.

As always, give awareness to spelling, simplicity, and correctness of sentences and phrases.
Procedures (methods and materials):

This part is supposed to be the easiest to carve if you have good skills. A soundly written procedures segment allows a
capable scientist to replicate your results. Present precise information about your supplies. The suppliers and clarity of
reagents can be helpful bits of information. Present methods in sequential order, but linked methodologies can be grouped
as a segment. Be concise when relating the protocols. Attempt to give the least amount of information that would permit
another capable scientist to replicate your outcome, but be cautious that vital information is integrated. The use of
subheadings is suggested and ought to be synchronized with the results section.

When a technique is used that has been well-described in another section, mention the specific item describing the way,
but draw the basic principle while stating the situation. The purpose is to show all particular resources and broad
procedures so that another person may use some or all of the methods in one more study or referee the scientific value of
your work. It is not to be a step-by-step report of the whole thing you did, nor is a methods section a set of orders.

Materials:
Materials may be reported in part of a section or else they may be recognized along with your measures.
Methods:

0 Report the method and not the particulars of each process that engaged the same methodology.

0 Describe the method entirely.

0 To be succinct, present methods under headings dedicated to specific dealings or groups of measures.

0 Simplify—detail how procedures were completed, not how they were performed on a particular day.

0 If well-known procedures were used, account for the procedure by name, possibly with a reference, and that's all.
Approach:

It is embarrassing to use vigorous voice when documenting methods without using first person, which would focus the
reviewer's interest on the researcher rather than the job. As a result, when writing up the methods, most authors use third
person passive voice.

Use standard style in this and every other part of the paper—avoid familiar lists, and use full sentences.
What to keep away from:

0 Resources and methods are not a set of information.
0 Skip all descriptive information and surroundings—save it for the argument.
0 Leave out information that is immaterial to a third party.

Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part as entirely objective
details of the outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Use statistics and tables, if suitable, to
present consequences most efficiently.

You must clearly differentiate material which would usually be incorporated in a study editorial from any unprocessed data
or additional appendix matter that would not be available. In fact, such matters should not be submitted at all except if
requested by the instructor.
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Content:

0 Sum up your conclusions in text and demonstrate them, if suitable, with figures and tables.

In the manuscript, explain each of your consequences, and point the reader to remarks that are most appropriate.

Present a background, such as by describing the question that was addressed by creation of an exacting study.

Explain results of control experiments and give remarks that are not accessible in a prescribed figure or table, if

appropriate.

0 Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or
manuscript.

O O O

What to stay away from:

0 Do not discuss or infer your outcome, report surrounding information, or try to explain anything.

0 Do notinclude raw data or intermediate calculations in a research manuscript.
0 Do not present similar data more than once.
0 A manuscript should complement any figures or tables, not duplicate information.
0 Never confuse figures with tables—there is a difference.
Approach:

As always, use past tense when you submit your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report.

If you desire, you may place your figures and tables properly within the text of your results section.
Figures and tables:

If you put figures and tables at the end of some details, make certain that they are visibly distinguished from any attached
appendix materials, such as raw facts. Whatever the position, each table must be titled, numbered one after the other, and
include a heading. All figures and tables must be divided from the text.

Discussion:

The discussion is expected to be the trickiest segment to write. A lot of papers submitted to the journal are discarded
based on problems with the discussion. There is no rule for how long an argument should be.

Position your understanding of the outcome visibly to lead the reviewer through your conclusions, and then finish the
paper with a summing up of the implications of the study. The purpose here is to offer an understanding of your results
and support all of your conclusions, using facts from your research and generally accepted information, if suitable. The
implication of results should be fully described.

Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact, you must explain
mechanisms that may account for the observation. If your results vary from your prospect, make clear why that may have
happened. If your results agree, then explain the theory that the proof supported. It is never suitable to just state that the
data approved the prospect, and let it drop at that. Make a decision as to whether each premise is supported or discarded
or if you cannot make a conclusion with assurance. Do not just dismiss a study or part of a study as "uncertain."

Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results
that you have, and take care of the study as a finished work.

0 You may propose future guidelines, such as how an experiment might be personalized to accomplish a new idea.

0 Give details of all of your remarks as much as possible, focusing on mechanisms.

0 Make a decision as to whether the tentative design sufficiently addressed the theory and whether or not it was
correctly restricted. Try to present substitute explanations if they are sensible alternatives.

0 One piece of research will not counter an overall question, so maintain the large picture in mind. Where do you go
next? The best studies unlock new avenues of study. What questions remain?

0 Recommendations for detailed papers will offer supplementary suggestions.
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Approach:

When you refer to information, differentiate data generated by your own studies from other available information. Present
work done by specific persons (including you) in past tense.

Describe generally acknowledged facts and main beliefs in present tense.

THE ADMINISTRATION RULES
Administration Rules to Be Strictly Followed before Submitting Your Research Paper to Global Journals Inc.

Please read the following rules and regulations carefully before submitting your research paper to Global Journals Inc. to
avoid rejection.

Segment draft and final research paper: You have to strictly follow the template of a research paper, failing which your
paper may get rejected. You are expected to write each part of the paper wholly on your own. The peer reviewers need to
identify your own perspective of the concepts in your own terms. Please do not extract straight from any other source, and
do not rephrase someone else's analysis. Do not allow anyone else to proofread your manuscript.

Written material: You may discuss this with your guides and key sources. Do not copy anyone else's paper, even if this is
only imitation, otherwise it will be rejected on the grounds of plagiarism, which is illegal. Various methods to avoid
plagiarism are strictly applied by us to every paper, and, if found guilty, you may be blacklisted, which could affect your
career adversely. To guard yourself and others from possible illegal use, please do not permit anyone to use or even read
your paper and file.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS

decision of Paper. This report will be the property of Global Journals.

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XXI

Grades

A-B

Clear and concise with
appropriate content, Correct

format. 200 words or below

Containing all background
details with clear goal and
appropriate  details, flow
specification, no grammar
and spelling mistake, well
organized sentence and

paragraph, reference cited

Clear and to the point with
well arranged paragraph,
precision and accuracy of
facts and figures, well

organized subheads

Well organized, Clear and
specific, Correct units with
precision, correct data, well
structuring of paragraph, no
grammar and
mistake

spelling

Well organized, meaningful

specification, sound
conclusion, logical and
concise explanation, highly
structured paragraph
reference cited

Complete and correct

format, well organized

C-D

Unclear summary and no
specific data, Incorrect form

Above 200 words

Unclear and confusing data,
appropriate format, grammar
and spelling errors with
unorganized matter

Difficult to comprehend with
embarrassed text, too much
explanation but completed

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

No specific data with ambiguous
information

Above 250 words

Out of place depth and content,
hazy format

Incorrect  and unorganized

structure with hazy meaning

Irregular format with wrong facts
and figures

Conclusion is not cited,
unorganized, difficult to

comprehend

Wrong format and structuring
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