swiirnal of Enainearine
JournallofRENGINEEHNY

-
o |

@) nttps : pho3.tci-thaijo/index.php/JEIRKKC
n @eng.rmuti.kkc

.

E SN \ 3 ;
w-wm\ T SV VIS

LN

~ n"lInYe

-

\\ @ rcTKKE

)1SA1SIFAINSSUFANEASIIA=NISIVYITIUIANSSY
1IU=DA2ASSUAIAaasS UNs.29aiu dhawayasuunu

)

{ayayays)

ISSN : 2822-129X (Print)
ISSN : 2985-0207 (Online)
Vol. 3 No. 2
July-December 2025
UA 3 auun 2

AsSNN1AU - SUdIAU 2568







TENTIAATINAENSUAZNTITUTIUTINTTU

Journal of Engineering and Innovative Research ISSN : 2822-129X (Print)
Uil 3 adudl 2 (hsngAu-Sunmu 2568) ISSN : 2985-0207 (Online)
Vol. 3 No. 2 (July-December 2025)

12
SRUGN

NUUUARANY AULAAINTIUAIERS UPINeAEALUlaTSITUIAAD AN INYNVAVDULAY
WlIUILLAZVIULANISANUN

ANEIAINTIUATERS unInendemalulagsvinadanuiverunveuniu Mvunesnisansatuosulal
evniieu atufl 1 unseu-Siquisy aduil 2 nsngreu-funieu uazdafissisuiausied aneldte “asans
Amnssumaniuarmsifedainngy’ WedRuimeunsunanuuazsAfeduimnssumans Inrmans
uinnssuuazmelulad sufsnuidavivemauazanunduiiieatos fenasuaguiiomidussdarudiiugm
nsUszgnd aunszitanaiiluliusylend siduwingul] maveaes MseenuuurienisiaugUnial saudenis
$1aoemsvhauvesszuy viFenstuiumseineg  Wudy umanuitldiunsifiuiesgnndunsedlaeiinssannd
wUU double blind peer review 1AgHATANNUIINANUANATIATIA AUV AMNINYBINSITEUUTTELAL

o o

nan1aaeILansliiunsAunukuUited Ay

1Y

AQUILENALAZYRUIYANTENS

AR WNSNa UM MNTUIvEmansLazirmnssumans neansassuinnsanfiiuiunany
FrmsuazunanuitenasungueyaIvfuimnssumand meimaniuianiuazinermansuszynd
wazmalulad uAdeiiAsestunsAndudsssRngniouinnssulmiffnszuiunmsmiids Jnngitavefuse
nansVREeUREdusEUY SR uuIAnssunsAne weTitRadesiuInenmansdnwuardednm

P30@1919UNNY IV
#1973 N UnSuNasu

NIATIMINTIUAANTUALNITITOTIW TN TIU LUSUUMANUN I WINeImansuazmalulad Tunguanan

[

Fveadl

1. NAUANTIAINTTUANENT
1.1 Amnssules
12 Amnssuedona
1.3 Aenssuuunnmsednduazviusud
1.4 Amnssuneasiazulsglenns
1.5 Amnssulwiuazdidnvseiind
1.6 AmnssuaAeuiImoskazyenLls
1.7 Amnssueeaivnisuazladafingd
1.8 FAINTINTLUUIN YUdUaze U

:fElq 21sasIAdNSSUMANSIAa:MSIVENBOUINNSSY ‘ n
- AMBDAONSSUAANS UNS.8au Sneniumuouliu |



2. NFNENVTINEIAERS
21 Al
22 Adineans
23
2.4 Tanenans

and

)

25 wluwnalulad

3. NRNEV VAN TINeIEanskazinalulad

4. nguavIIANTIUNSAnw viseNeesiuInemansfnyayiefny) WieavduiingItes

AUSnE

NUFANIINTIUTTRUS 815

(=>4

YWANENTIINTY AT UNLT DUNAIUUN

e

9191586UYAY Quiina

HYIEAanI1ansed a%.ANNY vNenaUsEivg
913158 ATNAND WATRY

J99ANEN519158 AT WS waseT
919138yuuEY Ufuusens
HYIuAanIIanse AT.ofsn Junza

v €

Wea5¥lTag yadax

UTIUNSMIS
FOIANENSI15E AT, TeT UaseTa

NBIUTIAUNGNNS
MANTIANTE A3 M1 FeswsTand
Mans1ase as.a53and weieniya
fenemansanse a3 ARAdNA uass
FRIANENSI1R158 AT Aad
HYI8MEanTI158 05.9AU3m1 FindTel
AEN519158 05 3ute dzny
HYIefansIansed as.aungy Uigny
A1EN319138 A9.a30s Ul
HYIEAIENTIANTE ATNANG AITITININA
A8Mans 19138 A3 3wy NoBAN
09MANTINTE n.AnAsd s¥ina
s03ManT19158 A Uaddy wwugluAdng
FIFNANTINTY ATFAN UG auyTol
HYefanI1anse n9.89a387 WesAsauysal

O

38905N1SUAYSETININGNUAVOULAY
HYILe5NTUAUTEIINg WAL
HYI8e8NTURAUTEITINEUAYDULAY
AMUAAMEIFINIINAIERNS
SOIRUUANIBUIINT
Se9AtUURENEITINTIALITY
TRIRNUAKNBLHLLAZUTEAUAMAINATAN Y
sosntuURENERRILNTINANY

PIUNANIIUANURAEIAINSSUAARS

UNT.DENU INYNVAVOULNY

PANTUUN NG
URINYIYUNAIIAY
UUINYIFEUNIENTANL
UMINaeTe gl
UIMINaeTe sl
URINGTBVIULAY
UWINY1RBVDULAY
UWINY1RBVDULAY

NN INPRUNALULATNTEDUNANITLUATIATLD
WMIngaemaluladsvnenaduun
UN3.DEU INLVAVOULNY
UN3.DaU INLVAVOULNY
UNT.DAU INYVAVOULNY
UNT.DEU INYNUAVOULNY

:fElq 018a1s3FoNSSUMANSIA:MSIVENBOUINNSSU
e ACUSOAONSSUAANS UNS.8enu Sneniumuoulniu



HUszaueu
yraUsedan Wassuns 1UN9.9871U INLNVAVOULAY

NSNAITUIUNAY

Huatuunasaglisumsiansanangnssnnnd (Peer Review) Tusnii  lsitioent 3 vhu Tneidums
Uszifluuuugmsnsaeashe (Double Blind) wazdwamsinnsanunfiou weusuusudly una wiefius
Fuatulmindusnsd Wounanusiunsfinnsananimnanduaznesussunsmud §lsuazldiunisney

SuRiuunauluTans
ANRUALNELNS

Indinrineuns Uag 2 atdu (115815578 6 Hhiow)
audu? 1 Wwisuunsay - Tguieu
atufl 2 WeunsngiAu - AL

Do

AvEN
NUTNANFENY AZIAINTIUAARNS UPINFUNALULREIIVUIAADEIU INYUYAVDULAY
150 vyl 6 auueEIums dualudles dnneilles Jminveuwnu 40000

o

91715 50 U windla no-wwesiu veuuny 4u 2 (MDA UNNUITINITUALITY)
INSANY 043-283700 np 83120 Insans 043-338870
E-mail : jeir.eng.rmuti@gmail.com

Website : https://ph03.tci-thaijo.org/index.php/JEIRKKC
R

Tseitus Aaaud-lodd 123 wy 8 siuaunes netines Jwinveuwnuy 40140
\woilng 081-1472506, 089-7136877

:}Elq 21sasIAdNSSUMANSIAa:MSIVENBOUINNSSY ‘ A
- AMBDAONSSUAANS UNS.8au Sneniumuouliu |



araudnAUuUQ

Tuleniafinnsans Seanssudtansiazn1sidoluinnssy
ANEIAINITUANERS UNINL1aemAluladsvuinadaiu Ineanm
YBULAU VLﬂmLuumuﬂ'msmaUm 3 Jududrsafifiaumneds
LuaamﬂLﬂumqmiag‘waummmqmuﬁlumiwmmmimiaEmmaLuaq
LLa“L‘ﬁuﬁ'nﬁwﬁmhm'im%smm'mw%auLﬁaﬁwdmsﬂs%ﬁu@mmw
mimimmﬂm%%m%aua Thai-Journal Citation Index (TCl)

AADASTEEATINILLY Msansaduilavinididundinig

391015 TUNITIHEULNSNAIIUITY UNAILIBINIT wazudinnssy

AUAFMNITUAARSWaYINeImansnieItes Inedadulundanamunin
AUYNADININIVINGT WA¥ITETITUNITIVY UNAUNNIS0HIY
nszvuMIRaIsanngnsnandiluisavaivegiesouneu sudunu

guddglumsenseiuinnsgunsanstifiluiivensuluadivins

nsimseudignisussdiugiu TC Tuadsd MAdufoadmuneg
Faszuuniniu wnudulenialuntswumu fawn as USuuse
nszUIUNIALTIUNUYeITANTtuYNdiA Lwalwaamﬂaaaﬂummgm
A1N8 TFILALAMUNATIA SPUUNIIANITNTANs wazaslusdla
¥8915¥UIUNMTRMTAN eazthlugnisadiennuidesiunifiTou
uazeusgaddy

luuuveIANEIMINTTUAIAAT VOVOUAMAMENTINNIT
NoIUTIANENS EMsenand §lsuunany naonsugerunaviny A3
dhunlunisatiuayuuasnandunIsAiuINYeNIsaTUlagnaen
audTlonayanusiuvemnviuAewasd Ay vilynnsansfinounts
ifldogaiung

yhofigail vesuenslinsas dmnssumansuaznisideds
winnssu Yszavanudusalunsusediugu TC uwazinagnsiliunseans

Fnsafiaaunn lasunseeusulussaudssmasazuiunyd suasdu

Usgleilion1siauneddnudnnimnssy Inenmans uasuinnssy
\iedsnuuazUssinagdluaunag

AIEANUUITITOUR
QWAENTINTY A3.ANONY VINIAAUTERYS
ANUAAMEIAINTTUANERS

v
WY
9

1 jElj 21saNsIAONSSUMANSIAa:MSIVENBOUINNSSY

~~~~~~ = AMIAONSSUMANS UNs.dau Snenimuounnu



UNuUSsSaU1ISA1S

ﬁfuL?Jummmﬂgmaaéqa@'waqﬂmz‘immmmam%
wninedomaluladsisuspadaiy Inenanveuniu 7215815
YmnssumansLasnsedaTanssy tiunisedisseios
waziading T4 3 atiul 2 shemnusiung Inefidwsneddnde
nsdudenanslunismeunsianuise unaudvnis way
Winnssusudenssumansiagineransiiendes stalusesy
USLINALALSEAUUIUIYRA Lﬁ'adqLa%umil,l,amﬂé"aumﬁmmi
Uszaunisel uazwnAndeadieassafianunsaneulandnismmu
L‘vmiuiamammﬂuaﬂ{muu

Msansatiuiisiusaunenuiiayieuiisnanumainwane
M19391NTUAZNITYIUINTAIERTaEeTAIN 0171 $WIdeau
Amanssulesfiadiufeamand@idananazauduainig
LATUEAANS IBUUNAINITDY “HANTENUTDINITUNUAiuY oY
é’wﬂimLLﬁﬂfﬂ@iaamﬁ’ﬁL%ﬂaLLavmmé’mmmamwﬁmam‘maa

AOUNIN” uay “Bvidnavesshardunmede YanUssauuarshsduieYanUssauseanRidng
ﬁum‘gu%mumLL;JmwusmﬂamvxlmamaumwamLLSdaJmauuﬂauﬂm” Faazvioufenisuszgnd
asfnnuimamnssnioutlulymiddasadeiugldoadugusssy
TusmAmnssuliiuaendanu unanudes “Wisuiisunsiimdsnudmiunsifuaies

quinedausumnusseuldhutueiesguininemmuisisounsdlussuuguiniu” hieusuuams
mssiudszansnmnsTingaanu Sadanuddsenisumsianismndnensesadedu vasieaty
miaﬁé’qLﬂmﬁuﬁiﬁﬁmmﬁaL%ﬂmwﬁmﬂﬂﬁimmam%uasaaaﬂmwmm “On fuzzy o-ideals in
ordered semigroups” dathelainadigIuesArLiAnemansuazadinmansiidunngiudfyy
‘UE]N’]u%ﬂ’JﬂﬁiJ%u@ﬂ

unaunniedlunsasaduilfiunssuiunisinnsaneguseuasuuasiduduain
nsanandlunsiazana tieulssiunnnn mnugndes wazeuin@eiiomednms suduila
WyesmsRaImsliigunsuiigduesnseiies

Tulematl AnefinTvareunmAmENTIINIINBILTINNENTT Fnnardinieuon Gilou
unANa uagge Ny Aifiduswlumsaiuayunassdnfunsiidunuuesnsms Imnssumeans
wazmadedeuinnssy wiafuegdrinasatuianuuvddoyafidulsslonidenisous
sAUAY warMsriBtenesdnNLEF MmN TILAE INEANanS o sauBeuTnnssuTiadenae
Wifudniluauan

€

Mo e

éf’gaﬂmul,ﬂﬁwaamqq
599ANEM519158 A5. 385 TGRLELY!
UITUIBNITINTET

* ‘}Elq 015a1S3FoNSSUMANSIIA:MSIVENBOUINNSSU

------ = AMDIAONSSUMANS UNs.8au Sneniwmuounnu

A"



#15U%Y

UNAY U

14
o 1

o HANITNUVBINTUNUNTUTEAENTIAWILIARFNTABINALAZAINANAT 1
VNLATYFAEASVDIADUNTA
UM v waslaseyde qnivs

e On fuzzy a-ideals in ordered semigroups 9

Nuchanat Tiprachot, Somsak Lekkoksung and Nareupanat Lekkoksung

o AMSNavaBRTIEIUNTIARIEAUSTAULATanTEMRaYER U 16
dasuUAdenavasdudiaug wunfiBeunaamndmiunudeuuauiinuunaunin
suayy1 AN wazisydy gvsivs

o WisufisumsldnasnudmiunsituniasguinaiinUiuaauga 25
souldsauiuasasguinviinanuiisaunsiilussuuguingu
Tl deuuAAT

‘ a :fElq 018a1s3FoNSSUMANSIA:MSIVENBOUINNSSU
; e ACUSOAONSSUAANS UNS.8enu Sneniumuoulniu



NANIENUYDINTUNUNTAUEREAEN TN aNUALTINALAZAIUANAINILATESAANS
Y2IABUNIA
Effect of crushed limestone replacement with river gravel on the mechanical properties

and economic viability of concrete
UNTINT WNW‘VIEN Lae LA5euTe i]‘i/lﬁi‘l/lﬁ

AU IBNIFINTIULYFT AMLIAINTIUAIENT UM INY1BUNALULATTIVUIAADEIU INYWUAVBULLAU
FINTAVOULNU 40000
*Corresponding Author: Charoenchai.ri@rmuti.ac.th

Received 8 July 2025; Received in revised form 3 September 2025; Accepted 1 October 2025
UNANED

mu%%’aﬁﬁfmqﬂszaaﬁﬁaﬂizLﬁuwammw’?ﬁqmﬂﬁﬂLLazmegmam%maamnmuﬁﬁuéasJ
vdudensanuith Asamlaluiecdy deaudiiinavesraunin Tnsdnwneldideulviisiass
MsUiURnuesBadimsusulsinaninielildmnuannsalunsmldunzan mmsneaedldeanuuy
dunanlnounuitugosdonsinwsitlusnsdiu 0%, 50%, 60%, 70%, 80%, 90% waz 100%
Tnethminuesiasumeny Jedawalisnsdmisediuud (W/O) fimanasan 0.457 ludriunauild
fiugos 100% wide 0.424 Tudiunanilénsanuiini1 100% wan1svaaeuiiony 28 Ju wudnfdedy
wsesmvasneuninduultuanaedradussuumuUSinansauii ity 91n 278 Alansusenisng
wuRng (kso) Tudiunauniuny wido 188 ksc ludmunauildnsiauiiit 100% Fsdafunisanas
Uszanns 32% lunenssfudau mdsiunuussiauui@nnduiingnssufiuandrsesnld Tasd
A1gaanil 29.7 ks Tudrunaniilénsanusith 70% (30C706)  Faganindrunauaiuguie 16%
mﬁLﬂiwﬁL%ﬂmﬂﬁﬂLLﬁ%Lﬂi@gmam%%iﬁLﬁu’h dunaLTiLuTidensIausith 50% (50C50G) Jugai
mmvauﬁam Tnganunsadnumasunsesaldte 250 ksc (98% vosfdafisanuuy) Iuﬁumvﬁmmsaam
Funuennasmeuldiuszna 29.7% Weisuiudunaniilifudeaifissogadion & Fatiu nslénsan
widhunuitugesursdrudalumadeniiiidnenmlunsnannounindmdunulassadrona i luiud
fiannsadamnsanusiildlusaiisnniy

v

ANFIARY: 1IATINNETY, NI, Fiudos, audRlgeng, N15IATIERAUY

Abstract

This research aims to evaluate the technical and economic effects of partially replacing
crushed limestone (C) with locally sourced river gravel (G) on the mechanical properties of
concrete, under conditions simulating practical field applications where water content is
adjusted to achieve suitable workability. The experimental program involved mix designs with
river gravel replacement levels of 0%, 50%, 60%, 70%, 80%, 90%, and 100% by weight of
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coarse aggregate. This adjustment resulted in a decrease in the water-to-cement (W/C) ratio
from 0.457 for the 100% crushed stone mix to 0.424 for the 100% river gravel mix. The 28-day
test results indicated a systematic decrease in compressive strength as the river gravel content
increased, from 278 ksc in the control mix to 188 ksc in the 100% gravel mix, a reduction of
approximately 32%. Conversely, the splitting tensile strength exhibited a different behavior,
peaking at 29.7 ksc for the mix with 70% river gravel (30C70G), which was 16% higher than the
control mix. A techno-economic analysis identified the 50% replacement mix (50C50G) as the
optimal balance, achieving a compressive strength of 250 ksc (98% of the design strength) while
reducing coarse aggregate costs by approximately 29.7% compared to the mix using only
crushed stone. Therefore, the partial replacement of crushed stone with river gravel presents a
viable alternative for producing structural concrete in regions where river gravel is an

economically advantageous local resource.

Keywords: Coarse aggregate, River gravel, Crushed stone, Mechanical properties, Cost analysis

unii

pounatfudutaglassassiuguiifiunum
dinyiigalugramnssunisieairsasislvs oo
1av WuesdUsznoundndadailuosay 60-
75 YosinmsTiuiaiin AuautRunsfuyuves
waswdadudafeiisvinalaonsedoandd
LBINA ATUNUNIY WATAITUAUAINIS
aswgaanivosnounia [1] lnevialy wasu
veruiidouldlusunoaiedefiugos (crushed
limestone, €) @dldannsszidauagdesiiuain
UMAITALSTINYIA dnvaLIAsuNLLALRINYY
Ypsiugoduaiun1sdamierseninediuud
wadiuinasy vilinoundnildfugesiinany
udausege valuuimFsdauariidada [2-3]
og1¢lafinn lunateiufivesdszinalng
Tnslawzfiufisiuguusiin nmsdamfiudosiing
Funugeainavuds anefinsanusin (river
gravel, G) \ufaniimliieluviosiunagiisen
gnnin Fedudunindendiinauledwiums
thinldunuiiugesioansiununsnoadna [4-5]

AULANANNINYNINTEN IR U RELAY
ﬂimLL;J'{EVWLﬂu{]aé’aﬁﬂﬁmﬁmmmuﬁﬁ%q
noun3n lnsfiudosifiuinneuuasivasuyuds

AelwiAnn1sBammiieatdena (mechanical
interlock) ViLL%qLmLLamiwLﬁmqmmwmaw'%mm
588ABTLUINIIATIMAVTUUANER (interfacial
transition zone: ITZ) @Nalaunssfonly
wiauswosmaunda lumemseiudng nsanuaitn
ANWATNANNULAZRAILTIUIINAITTAERN Y
5550975 YAl anun UL UANERana Y
wazorananeiugnsouvesnaunia NI
NugnuIdieldnsiaudiunuiiug oeanun
Adednvesnounindnanatiovas 4-7 99
#0AAABINUNANNITAINGT [5-6]
wlaziifedoufurdesuunse uinsaausing
Yonfidfylushuaudfvesnouninan nanie

3 il )

UNTINANNUYITAALTUFLANIUTENI190UNA
128571 Mlddrunaunsundndnuaiunsalu
mswlaaty sy luniswanaeuninfidainis
guiiiy aeunIeiildnsinuitiiazdeanis
Usinathdosninneunsniildiudes desuna
vhilanasidamaldensidruidediuud (w/o)
ANAY WATAIUNNYBI Abram’s law NITANAIVBY
W/C axdamalvifdsnvesdiuudinadiaaiu (7-8]

INANTNUNIUITTAUNTTY WUIUITe Ty
WeslfuRn saulugjinaiuaudnsndiu W/C T

‘ 2 ‘fElq 21sahsdfAoNSsUMAnSHA: mSDD&IIb\)UDﬂnﬁSU
------ = AMDIAONSSUMANS UNs.dau Sneniwmuoulinu



aaTiilowen@nuinansenuvesriniasiy wiay
drglmdnlanalnlatnau uallgzyiouan1izad
fifnruauauiinysuuTunaslimang funig
91U danalionsiain W/C
wnudiiudesdionsaautn Suintoincesd
Anuiiieafunansznugns (net  effect) 7
Usznoudeaesuiidaudeiu fe (1) naldau
nussdantheivensanuitn way (2) naids
vaInINMIanaes W/C  uideiitajidng
NANSENUVDINTSUNUTIAuLeaE8nsIALit Y

WasukUagile

FAdIUANN 9 FOANRIDALAZAISIATUNIULTIA
WUUHIdn Tiesginisisuntaues WC i
Antu wazsiinisiiastziidanainuay
\AswgAansiilondndiunisunuiivinaiza
fian FeuansRdanauarauduen

FAUAZIINITNARD
1. Sanitld

Fanildlunsideusznause Yuduuduosn
waudUsznil 1, viseuiih (wasiuazden),
thuseUn, uaganasumeny 2 win Tdud fudes
Fwanduzuil 1 Buiiuyudesiued 3/4 i
Ynlrgian 19 Taduns NUNaY 8.9

.UVDUBNU

UM 1 fiuges Jwmrinvounnu

naamwiindandtugun 2 Wunsanuiin
lyaiues 1 vunlugan 25 Jaduns 1nuwnas
a.ulvg 2.ynams  luns@nunil wasa

nerunsasartingninulyd aiuannidanila
WinaeounanSIgUTUN LN

5UN 2 nyamuaithlus Swminynamns

2. NTPINUUUHIUNFNADUNIA
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dodiu Fuus v wu asm W
A5 gou  with

(kg)  (kg) (ke) (ke) (k)
100C0G 328 851 1028 0 150
50C50G 328 851 514 514 147
40C60G 328 851 411 617 145
30C70G 328 851 308 720 143
20C80G 328 851 206 822 140
10C90G 328 851 103 925 140
0C100G 328 851 0 1028 139
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Aade ANLEE I 2.62
BuRITH (SSD)

Al AT 2.67
W93

AaABN13ARTI (%) 1.05

2. AAITULIIDA (compressive strength)

NanINAgeUmAITuLTISaTieny 14 uay 28
Su wanslunnsnadi 4 uae 5 anudisu wudldud
TALAUAD NAISULTIOAVDIADUNINANAIBEYN
serilousiodnarurensinuitiludiunaniiatu
Tnordssaiteny 28 Ju anasan 278 ksc lu
druNaNAIUAN (100C0G) idaliies 188 ksc lu
drunauildnsanusit 100% (0C100G) Ay
ATANAINY 32.4%
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mzamawaaﬁwé’aé’mﬁﬁmmsmé’mmmm
@mauﬁamqmamwmaqmmLLajﬁwﬁﬁﬁaL%U
waggunsInauuy FedewalmiAnusesdanae
(bond strength) 7igaunausiinsossaszning
wasnfuduudnes (IT2) Wensun3nsunsesn
sou¥179unLEn (microcracks)  duwaldudiaz
Sudunavveresilumuuulsesseilddienia
LﬁaLﬁﬂuﬁ’uﬁuéaaﬁﬁﬁwmmmzLﬁum?iﬂmgu%a
asmstausyanudanadinnda [10]

ag9lsAny nsmsrgndndudosiansan
HANIENUTOISRIIdIN W/C  Tidsuudasiy
AIUATUAIY 911A151971 1 9zidiudiloLdia
dndrunsanusin Usunanfigesnisiiielile
auasalunsldfmunzananas dawals
R 318U W/C ana’a1n 0.457 WJu 0.424
nsanasey W/C uimmwguammﬂmmum
BT P F R AT VT B g K R T TR KV,
maqammmlmqLﬂumaaWﬁqwsmaqaaﬂﬂ%&m
Foudetu o (1) n1sanasvestiduilesan
usafantefidounereinsia way (2) nstiudy
vosidnilosnnauninvesdiufinadiindy
910 W/C  fisnas nan1snnaesiinansliiiugi
fdndintanatagednioy Jeiiinanseny
L%aaumﬂﬂmauﬁ’a%ﬂﬁammLLﬁﬁﬂﬁém%wa
UINATIHANTENULTIVINAINAITANAIVD
Snsrau W/C Tunsnuni

A15199 4 HANISNAABUAIAISULSIDAVD
ABUNTA 7191y 14 U

dadiu AAISULSIER  AAISULSIDR/
TG Wl M&asunsesad
(ksc.) AAURA
100C0G 260 1.02
50C50G 245 0.96
40C60G 234 0.92
30CT70G 229 0.90
20C80G 211 0.83
10C90G 190 0.74
0C100G 176 0.69

151997 5 HANISNAFBUNIAISULTIDAVD I
ABUN3A 71918 28 Tu

dadiu Masuusdn  Aaesuusen/
AGHY Wy & a¥uusedai
(ksc.) AUUA
100C0G 278 1.09
50C50G 250 0.98
40C60G 244 0.96
30C70G 237 0.93
20C80G 220 0.86
10C90G 203 0.80
0C100G 188 0.74

3. AMAIAIUNIULSIAUUUHITN (splitting
tensile strength)

A5 6 UARINANITNARBUAE I ILUVLLS
fs nuwgAnssuiiaulanazuansnsanidedy
W398neg13mau nanfe Weriudndiunis
wuiideniauth A& umuussandus
wualtunfisfuandagegegaiidndau 30C70G
(N30 70%) Balvirndsdagedia 29.7 ksc gandn
drunauAIUAN (25.5 kso) 9 16.5% wdaaniiu
Arindafadasuanas wodAnssuitldidudadu
(non-linear) 48 lWHiuinnalanisdumuunseis
warussdaluneuninildurasiunauduiinany
Fudou avudgrunieiidululéfe nsnaumany
sevinsfiugosifinasunuiunsanidaunas
wuludnsduiivansan (W 30C706) 919978
YSudgan1sdmseasiveslaseaineuiasiy
(aggregate  skeleton) Iﬁﬁmmwmuﬂmay
sewilosfuindy szmmifﬂmimmmuawaiw

L’d‘u‘Vl’NﬂWiGUEJ’]EJG]’J‘U@Q?QEJ?']’JVI?’W@L@EJ’Jﬂ’J’]

(more tortuous crack path) LSULTIAY Vil

aadldndenulunisunniingadu daaliings
éhumw,mﬁqgﬁumﬂﬂﬁ’m [11]
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A151499 6 HANISNAFBUNIAISULTINIVD S
a d‘ U
ABUNIA Mong 28 Ju

dndu AMUAUIUL  AIBISULTIAY
G \de \de
(kg/mB) (ksc.)
100C0G 2460 25.5
50C50G 2440 26.1
40C60G 2450 27.9
30C70G 2410 29.7
20C80G 2430 26.1
10C90G 2440 25.5
0C100G 2390 24.7

4. N193ATITRTUNATALAZIATEEAENS
(techno-economic analysis)
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10C90G 280.06 76.48 356.53 53.3
0C100G 311.24 0.00 311.24 59.2
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Abstract

The concept of fuzzy a-ideals in ordered semigroups is introduced as a generalized

concept of several fuzzy ideals. Based on the reduction relations of full words, we provide the

interconnection of among various a-ideals in ordered semigroups. Moreover, a description of

fuzzy a-ideals in ordered semigroups is provided through an associative binary operation

defined on the set of all fuzzy sets.

Keywords: ordered semigroup; fuzzy ideal; fuzzy a-ideal

1. Introduction
The concept of ordered
semigroups forms an associative structure
that has been extensively studied in recent
years. A fundamental tool used in the
investigation of ordered semigroups is the
concept of ideals, of which several types
have been introduced to explore structural
properties.

One significant generalization of ideals in
ordered semigroups is the concept of a-

ideals, first introduced by Towwun and

Changphas in 2013. They provided a

comprehensive description of the
fundamental properties of a-ideals in this
context (see [1]). Subsequently, in 2022,
Tiprachot et al. characterized various
regularity conditions in ordered semigroups
using the framework of a-ideals. In the same
study, the interconnections among a-ideals
were also examined (see [2]). In 2025,
Lekkoksung generalized a-ideals to the

notion of partition ideal elements. This
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notion can illustrate the complexity of the
connections of several a-ideals (see [3]).

The concept of fuzzy sets was originally
introduced by Zadeh in 1965 as a
generalization of classical (crisp) sets. While
membership in crisp sets is binary (0 or 1),
fuzzy sets allow degrees of membership
ranging between 0 and 1. This framework has
been widely applied in mathematics to
various structures.

generalize algebraic

In particular, fuzzy ideals in  ordered
semigroups have been studied extensively
(see [4]).

In this paper, we introduce the concept
of fuzzy a-ideals in ordered semigroups, as a
unification and generalization of several
existing types of fuzzy ideals. We also
investicate the interrelationships among
fuzzy a-ideals using the reduction relation on
full wordsas a central tool. We also
characterize  fuzzy a-idealsin  ordered
semigroups through a particular associative
binary operation.

2. Preliminaries

In this section, we review the notions of
full words, including the reduction relations
of full words, and ordered semigroups. Some
fundamental properties of these concepts
are also provided. For more details, the
readers can find all the terminologies

needed in this paper in [1-3, 5-10].
Throughout this paper, we denote the set of

all. natural numbers by N, that is, N:=

{1,2,3, ... }. Moreover, for any n € N, the set
{1,2,3,...,n} is denoted by [n].

For any set X, we let X* the free
monoid over X. The neutral element of X*
is called the empty word and is denoted by
e. The free semigroup over X is denoted by
X*, that is, X = X*\{e}. The length of
any a € X* is denoted by |a|, where |a| =0
if aa=¢. The free semigroup over {0,1} is
denoted by B. We define F:={0,1}*\
({0} U {1}*) to be the set of all full words.

Let C' = {0,1} U{e}. We define a totally
order <. to be the set containing all identity
relations on C including (g,0),(g,1) and
(0,1). Then, we obtain a totally ordered set
C:=(C;<p).

For any a € B, and n € N with n > |a|,
an n-tuple (ay,...,qa,) over C is called a
canonical tuple of « with length n if o=
oy, ap £¢,and, if a; £ ¢, then o, #1
for all 1 <¢<n. The set of all canonical
tuple of a with length n is denoted by
C,(a).

Let a,€B and n>max(|al,|f]).
Suppose that w = (uy,...,u,) and wv=
(vq,...,v,) be a canonical tuple of a and 3
with length n, respectively. We say that wis a
reduction of v, denoted by u < v if u; <, v,
for all 4 € [n]. In particular, if a, 8 € F, we say
that a is a reduction of 3, denoted by a < S,
if u < for some u € Cg(a) and v € Cg(B)

(see [3)).
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It was proved that the set of all full
words F together with the reduction relation
< forms a partially ordered set.

Let a«€B. For any n>|a| and u=

,u,) € C, (), we denote
Ly(u):={ic[n]:u; =1}
When n=la| and u € Cj,(a), we simply

(U, ...

write 1(«) for 1,,(u).

An ordered semigroup is a mathematical
structure (S; -, <) consisting of a nonempty
set S, an associative operation -, and a
partial order < on S such that < preserves
the operation -. By the associativity of the
operation -, we can write any product of
elements S without using parentheses. For
any elements aq,...,a, € S, we simply write

the product ay--a, by af. We usually
denote an ordered semigroup (S; -, <) with
the boldface S of its underlying set.

The binary operation - on an ordered
semigroup S can be extended as follows: for
any subsets A and B of S, we define AB =
{ab:a € A,b € B}. We note here that AB =
¢ if A or Bis an empty set. Moreover, the
partial order of S induces the operator (-]
defined by (A] = {z € S:z < a for some a €
A} for every subset A of S. We also note
that (0] = 0.

Next, we present some notation used to
compute the multiplication of our objects of
interest.

Let S be an ordered semigroup, and a =

o, - a, € B, where |a| =n for some n e N.

A mapping @: S — S is defined by a(A) :=
X, X, forany A C S, where
x={sim o
forall i € [n].

The concept of a-ideals in ordered
semigroups is defined as follows. Let S be an
ordered semigroup, and A a nonempty
subset of S such that (A] C A. Then, A is
said to be an a-ideal of S if Ais a
subsemigroup of S, that is, AAC A, and
a(A) C A. By this definition, we can see that
several ideals in ordered semigroups can be
viewed as a special case of a-ideals. For
example, an (m,n)-ideal is a 1™01"-ideal,
and an n-interior ideal is a 01™0-ideal.

Next, we recall the concept of fuzzy sets
and fuzzy ideals in ordered semigroups. Let
X be a nonempty set. A mapping f: X —
[0,1] is called a fuzzy set of X. We denote
the set of all fuzzy sets of X by F(X). A
well-known fuzzy set is the characteristic
function of Ain X, and is defined by, for any
ACX,

lif x € A,

Xalz) = 0 otherwise,

for all z € X. For any w € [0,1], can be also
defined a fuzzy set of X by u(z) = for all
x € X. We define a relation C on the set
F(X) as follows: f C g if f(z) < g(x) for all
x e X.

The concept of fuzzy sets can be applied
to ordered semigroups as follows. Let S be

an ordered semigroup. For f e F(S), we
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mean a fuzzy set f of the underlying set of
S. For any z € S, we define S, :={(u,v) €
SxS:a<uv}. We define a binary
operation o on F(S) as follows. For anyf,g €
(),

() A g(w)] S, %0,
(fo9)(@) = { L P

0 otherwise,
for all x€S. We note here that the

operations V and A are a supremum and an
infimum, respectively.

It was proved in [5, 6] that the operation
o defined on F(S) is associative. Therefore,
the mapping @ defined on S can be
extended to F(S) as follows. Let a=
o - a, € B, where |a| =n for some n € N.
A mapping @: F(S) — F(S) is defined by
a(f):= fio-of, forany f € F(S), where

[ fifa, =1,
fi_{lifaiz(),

for all i € [n]. We note that 1is a fuzzy set of
S assigning any element in Sto 1.

Remark 2.1. Let S be an ordered semigroup,
zeS, and a=aq--q, €F, where |o|=n
for some n € N. We suppose more that that

feF(S) and S, #0. Then, there exist

elements  uy,...,u, =u,_1,u},...,u, o €8

such that

a(f)(x)

=/ [@(N)u) Aagan(f)(uh)]
(ulvu/l)esz

=V {%(f)(u])A \V (%(f)(?tz)Aag"'%(f)(ﬂé))}
(uy,u)eS, (uz,u'z)FS“;

(ul 7“‘/1)6S:t (un—hufn—l)esu/
n—2

[A a—i<f><ui>] .

We note that if |a] =2, then there exist

Uy, Uy € S such that

alf)@) = \/

(ug,up)€S,

[ (f)(ur) A (f) (us)].

As we know, the concept of fuzzy sets is
a generalization of crisp sets. We can extend
the concept of the a-ideal in ordered
semigroups as follows.

Let S be an ordered semigroup and « €
F, where |a| =n for some n € N. We call a
fuzzy set f of S a fuzzy subsemigroup of S if
flzy) > f(x) A fy) for all z,y € S. A fuzzy
subsemigroup f of S such that z<y=
f(x) > f(y) is said to be a fuzzy a-ideal of S
if f(z})> /\iel(a)‘f(mi) forall zy,...,z, € S.

3. Main Results

In this section, we illustrate the
interconnection of fuzzy a-ideals in ordered
semigroups in terms of the reduction relation
of full words. Moreover, we characterize
fuzzy a-ideals in ordered semigroups using
the multiplication over the set of all fuzzy
sets defined on an ordered semigroup.

The following is an auxiliary result that
helps examine our theorem.
Lemma 3.1. Let «,5 € B such that |5] =n
for some n e N. If « < g, then 1,(u) C 1(B)
for some u € C,, ().
Proof. Assume that a < 3. Then, there exists
,u,) € C,(a) such that u <, w,
,v,) € C,(B). Leti e 1,(u).

u = (ug,..
where v = (vy, ...

Then, u;,=1. Since u< v, v,=1. This
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implies that ¢ € 1,,(v) = 1(5). Therefore, we
complete the proof. |
By the above result, it is not difficult to
verify that 1,,(u) C
veC,(f).
Theorem 3.2.

1(B) for all u < v, where
Let S be an ordered
semigroup, «, 8 € F, and f a fuzzy set of S.
Suppose that o < 8. We have that if f is a
fuzzy a-ideal of S, then it is a fuzzy S-ideal
of S.
Proof. Assume that f is a fuzzy a-ideal of S.
For the convenience, suppose that |a| =
and |3| = n for some m,n € N. It is sufficient
to illustrate that

fa) = N\ fl)

i€l(f)

forall zy,...,x,, € S. Let 2y,...,x,, € S. Since

a < 3, there exists u = (uq,...,u,) € C, ()
such that 1,(uw) C 1(B).
{iy, ..

such that u, # ¢ for all i € I. By this setting,

Suppose that I =

vimt € [n] be the set of all indices

we observe that a = u; - u;

tm

. We put

Y = Tip, Ty 1

for all k € [m]. Then, for any k € [m] such

that u;, =1, we have that y, =z, . Thus,

far) = fyr)
= /\ f(Ye)

kel(a

:/\f%

kel(a

:/\f

kel,,

/\f

kel(B

\

Therefore, fis a fuzzy S-ideal of S. [ |

The following theorem characterizes
fuzzy a-ideals in ordered semigroups in terms
of the operation o.

([7].
semigroup and f € F(S). Then, fis a fuzzy

Lemma 3.3 Let S be an ordered

subsemigroup of Sif and only if fo f C f.
The auxiliary result considered in [7] can

be formulated into the concept of fuzzy a-

ideals as follows.

Proposition 3.4. Let S be an ordered

semigroup and fy,..., f, € F(S). Then, we

have that (fjo--of)(a]) > fi(zy) AN
folz,)forall z,,...,z, € 8S.

Theorem 3.5. lLet S be an ordered
semigroup, f € F(S), and a=a,a, €F,

where |a| =n for some n € N. Suppose that

r<y= f(z) > f(y)

statements are equivalent.

Then, the following

1. fis a fuzzy a-ideal of S.

2. fofC fanda(f)C f.
Proof. (1) = (2). Assume that fis a fuzzy a-
ideal of S. By Lemma 3.3, we have fo f C f.
If S, =0, then @(f)(z)=0<
f(x). Suppose that S, # 0. By Remark 2.1,

Let x € S.

there exist uy, ... u,, u},...u, o € Ssuch that

a(f)(x)

(ug,uf)€Sy (U 1,un)ES,/

=\ [ N fu ]
(ul™ 1,un)€S$

i€l(a

<\ f(u?)

[Z\la_i(f)(ui)]

Therefore, we obtain our claim.
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(1) = (2). Assume that fofC f and
a(f) C f. By Proposition 3.4 and fo f C f,
we have that fis a fuzzy subsemigroup of S.

Finally, let z4,...,z, € S. Then,

Thus, we complete the proof. |

4. Discussion

This paper introduces the concept of
fuzzy a-ideals in ordered semigroups. This
notion generalizes several fuzzy ideals, for
example, fuzzy left (resp., right, bi-, interior,
(m,n)-, n-interior) ideals. We obtain the
interrelation among fuzzy a-ideals under the
formation of the reduction relation. This
result illustrates our complete understanding
of their connections. Moreover, a complete
characterization of fuzzy a-ideals is provided.
For the future work, the readers may
share a

consider how fuzzy a-ideals

connection to  a-ideals in  ordered
semigroups.
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mu%”a‘f‘jﬁifmqﬂizmﬁLﬁaﬁﬂmSm%wamaﬂé’mwdaumwm'a'?aﬁgﬂszmu (S/B) wazdnsrdutinse
Faguszanu (W/B)  fildeandAdsnauazanudumumsindveauefnidumduuniidoueas
(MPQ)  dmfuaugauuauiiiasasaounsa dadiunaugnoanwuulagiinuadnsndiuluaisves
wuniiiBeueonleddelnunaifenlalalasiaurloas (M/P)  asifl 2.25 uarldveusndiluasming
nsneslulsinadesay 7.5 Tnstniinues MO fhuuslunsinuusznausiesnsndiu S/B 7 1.0,
1.2 uaz 1.4 uazsasadiu W/B 71 0.35, 0.375 uaz 0.40 andivesuesnmignusziliuriiunsnaaeuids
Snfteny 1, 3 uaz 28 Ju uarnIsMAABUANATIUIUNSTNE namsaaestiidiutdaTdm W/B 1
0.35 WautfiBsnauazaumumudfigregnaasitase Tagliaidsdngsan (29 MPa) uaznisgayde
hwiinannsindsiiga (0.129%) lumenduiu Svdnavesdmndiu S/B Saruduiuslnensatuauis
fifoans Sasnau S/B 7 1.4 Weidssagean (26 MPa) Tuvazdisasidan S/B 71 1.0 lianuduniy
msfnddiian (gadedintn 0.14%) nanisAnuiuandiifuiienusidulunsusudadiunaunes

MPC  IiaenadeaiuaudfAndesnistunudenusuudazUseinn Jududeyadifydmiunisesnuuy
NIAINTIY

AdAey: Yudwwiuunid@ouneans, dnsidunseneianuszaiy, dasdmiideianuszay,
AUIUNIUNNITRE, AEeSR

ABSTRACT

This research aims to investigate the effects of the sand-to-binder ratio (S/B) and water-
to-binder ratio (W/B) on the mechanical properties and abrasion resistance of magnesium
phosphate cement (MPC) mortar for concrete pavement repair applications. The mix designs
were based on a fixed molar ratio of MgO to KH,PO, (M/P) of 2.25, with borax added at 7.5% by
weight of MgO as a retarder. The studied variables included S/B ratios of 1.0, 1.2, and 1.4, and
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¥ | N\~ NULILT ) g = AMDIAONSSUMANS UNs.dau Sneniwmuoulinu



W/B ratios of 0.35, 0.375, and 0.40. Mortar properties were evaluated through compressive
strength tests at 1, 3, and 28 days, and an abrasion resistance test. The results consistently
indicated that a W/B ratio of 0.35 provided the best overall mechanical and durability
performance, yielding the highest compressive strength (29 MPa) and the lowest abrasion loss
(0.12%). Conversely, the effect of the S/B ratio was property dependent. An S/B ratio of 1.4
achieved the highest compressive strength (26 MPa), whereas an S/B ratio of 1.0 provided the
best abrasion resistance (0.14% weight loss). This study highlights the critical need to tailor MPC
mix proportions to the specific performance requirements of different repair applications,

providing essential data for engineering design.

Keywords: Magnesium Phosphate Cement, Sand-to-Binder Ratio, Water-to-Binder Ratio, Abrasion

Resistance, Compressive Strength

uniin

Tassareiiugiunounda 1wy auu nseay
wazaznu Lussrusznaudfyuesniswaun
wisugianadenn uwilassaianaiidenndeyiu
n1sideonaninediedeiiosaintadediu
?15ané’auLLasmii“Uﬁgmﬁﬂminﬂ Fathlugenu
Foveofidndudedldsunsteunauegasasiou
nMsdounguiailifiausdnansenudoniny
Uaonsie urdenalitinaiuandenieasygia
MnMEvgaTEinTesnITaTaT [1-2] fatu A
HoamsTandenussianunsaneduayianmas
Ifogemmiidedinnuddyetieds

Yudiuduwunii@euvoains (magnesium
phosphate cement, MPC) lasuniseansuin
Hudasmadeniififneningsdmiunudesus
ey MPC ufanuszauiliAinainujazen
N3AELIUNIA-LUA (acid-base reaction) 5¥1319
wundideueanled (MgO)  fwuwuu dead-
burned nuansazaneveaa[3-4] wu
Tnunadeulalalasiauneaina (KH,PO,)
HAnAduadvantesU)isenne kstuvite
(MgKPO,*6H,0) Fadundnlawnsaiviutiiiu
ansgaUszarunanlussuy [5-6] Auaudfiu
194 MPC fivilsfmngfusudonuas 1iun nns
feffisInEnn maamniassaludisdudigs
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nsEanneiimBenduaouninifn wazaany
yumiluaninzadeuiisuus [7]

pg4lsiniy nsth MPC - unldauegnauns
vanetanamnuymenaieussns auautad
Tnniduiiandoszevinainosiiduuin dsenadu
eslaifundivnnladfinisldanswiianisded v
Tmsvhaunieauidulllden 8] wenenil
Ufisenlawmsdures MPC  Suduujisenany
AuTougs (highly exothermic) FaonaneliiAn
AULANAINAINTBY (thermal stress) [9] way
nsuandnlurudenusuiiivsuinsvuinlg
uazanuin MPC enailmsgapdeindaileutey
Tudndunaiu Jademandalnduianag
panRUUdRaIUNEL (mix design) Wuladrdny
lumseuauaudives MPC Timangauiunsly
Ny

TuN1999ALUUENEIUNAUVDINDTAS
HafoiiuguiiisvinastsguioaifvesTanio
é’mwduuﬁmaiﬁ@msmu (W/B) uwazdnsIdIu
ni1eRedanUsyaiu (S/B)  uATeIUIUNIN
guduinnisandnsdiu W/B %ﬁwiﬂdmnﬁw’ﬁyu
YIMFIGALALAMUNUILUUYDILATIAT199ANA
\losanusunanhdiuiuiianasdmalinin
nyuluiiiotandias [10-12) lurueiinaues
Snsndau /8 farududoundt Sasrdauildma
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AaN139nLSe9da090UNTA (particle  packing)
AUTMUURIT LIS s (paste film thickness)
wazaunaseninalasiEseveNlIasTINiulTuIN
Fanuszanu nsidendnadi /B Mmanzay
arunsaLiinysgansaandanald wivan
liwunganoravilimasanasla
wiNBvsnavesdnsidiu W/B way S/B 9z
Huiinsuiuilundnnisily widwanisane
Beszuuiuisuiisunansenuresiaulsinees
dreauvaniunnssiuegradaou laud audd
1@enalaesan (bulk mechanical property) 1u
fdedn wavaudRgiunnununIuvesiuig
(surface durability property) 1t AUAIUNIY
M30d neldiuunImeaodfeIny N15YIAM
Wnlapuduiugidiauddyodraddunia
URTR LesnnnudenusuusiazUssaniiany
Foen1sfiuandiaiu wu n1sdeuuenlasadig
Suusadiosnsmasdags Tuvnigiinnstesusuin
93195789NTANUAIUNIUNTTAFGS N1TAUM
dadunanil mnzaudian Jeldlinismdmey
wen watlunisviiaatudnlamnuduiusida
waniUdsu (trade-off)  Liteidendndiunand
wanganfigadmiuusiaznsldanu e1uideilds
JatfufazAnuidninavessnindiu S/B  was
W/B  f9n18I8alazAuaIUNIUNITInEv0
wefn$ MPC agnaduszuy iloaisosdanuii
ansainluldidunuimidduniseanuuuiag
PouuguUszdnsnmgsdmiunuininssules

UszaIAYRUITY

1. \Wie@nuinavesdnsidriunsiodeiag
Uszanu (S/B) fiferaadauasannugiuniunis
IpdvoamoIn1s MPC

2. lefnwinavasdndmihviotaguszany
(W/B) fiflsioautAdananazanudiuviunstng
2898315 MPC

3. Wlessydadiunaniiiunzand v
Founsuiifoinisaudfidnasarautigiuaiy
numMuvesiuiIfLansn ey

/A NLUNITIVY

1. Y@

wuniiFeusenlan (MgO) HdluingAundnil
AUALLEYANIUAELNTIVUIA 75 TulATLunS
ANANTANINIEAINYDING MgO  MTIFABUAE
N&9I9anIIANBIANATOULULERINTIA (SEM) i
AMa9v818 10,000 W1 WarilAsI1zesnUsenau
mapdituindemedanisnssidshdondids
W&191U (EDX) Fanansluguil wuiresdusznay
Y83 MgO  USIauiIUsENaunIesInuINlldey
Usvana 35-49% Tnetiuin LarnsIany
pandiautuafuenluliuiugs Feusdas
UfATean1saiuoiuniiinvesoynia MO
AnwalzAINa1191AdINasaauTANITNofILAY
auUienaves MPC luliaisenn esAUseneu
51 VOINI MgO wanalu m1519ft 1 dau
pIAUsENOUNMILANlAESINYRY MO  uanslu
15197 2 drutaguszanumoainn Tlnunado
lalalasiauneawa (KH,PO,) ﬁﬁm’mu’%qwélaj
#1nd1 99% waslduouwsnd (sodium
Wuarsnuienisnes Taglunns
naaosidenlduousndusununiiinsesas 7.5
Tnethutinues MeO  druinasildnsiowit
Wutaguanaziden dardyiiniiuazidun
(fineness modulus) Wiy 2.6 uagldinaulu
MSKARIVL

tetraborate)

5UN 1 dnvagiuunii@euesnledmasvens
10,000 W11 azaLLKUgEs EDX
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= 13 N ¢
M19719N 1 aﬂﬂﬂﬁgﬂaﬂﬁqﬂm@\‘]LL@Jﬂ‘lJL"’UEJQJ@'EJﬂVLGUW

A15199 3 dRFIUNANYDINBIANS MPC

doydnual 579 dodhy  dndiuves
510 178
C Carbon 17.172 11.2
@) Oxygen 45.575 39.6

Mg Magnesium  37.252 49.2

15197 2 89AUSENBUNINLALUDILUN TR 8y
oanlan

29AUTENOUNINLAL] (%)
Sio, 3.00
MgO 92.00
ALO, 0.50
Fe,0s 0.50
Ca0o 1.50
LOI 4.00

2. dndunay

Tunsenwil sasrduluans M/p gnivuA
A1AITLNAU 2.25 wazUSuauowsngaafii
Yavay 7.5 Tagvtnues MgO  LALANSNARDS
wiseenidu 2 yavdn danandlupsed 2

YAN1IANWINAVDITATIAIU S/B:  f1nun
§nsndu W/B  aafifi 0.375 wasUSuivdeu
dmsdu S/B WU 1.0, 1.2 uay 1.4

YANIIANYINAYDIBNTIEIU W/B:  Nvium
§n37d S/B AT 1.2 wazUSuiUAsusnsndin
W/B 1 0.35, 0.375 uaz 0.40

uonaniidafinisinieudiedraniugy
(Control) FadusednmianyuBiuudvosauaud
Uszuanil 1 (OPC1) wazussiand 3 (OPC3) il
gns1dUNIABYUTILUAYINAY 2.75 uae
é’mwdauﬁwﬁagu%muﬁmﬁmmﬂ‘waLLN' (flow
value) Wiy 110+5%
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NI BAIT BAIT UBLSND
Yor9819 da @ @ (% 99
S/B W/B MP MgO)

Y¥AN13Anwn S/B

(2.25MP)1.0SB 1 0375 225 7.5
(2.25MP)1.2SB 12 0375 225 7.5
(2.25MP)1.4SB 1.4 0375 225 7.5

YANsANE W/B

(2.25MP)0.35WB 1.2 035 225 7.5
(2.25MP)0.375WB 1.2 0375 225 7.5
(2.25MP)0.40WB 1.2 0.4 2.25 7.5

3, SUABUNSHANLAZNSIASELF 1881

FupeUNSHANSUGUR BN SNALATUNALLIE
1AWA MgO, KH,PO, wazususnd iinmeiudu
a1 2 uit antudududindunasnaudae
Lﬂ%@ﬁmﬁuﬂ’ﬂmL%’JG?’IR]UL%UL%@L%EJ’Jﬁu Na9a7n
Hurese Lm:mniwaaﬂﬂmamuwammmaLuaq
aumuwammwmm’muﬂ ﬁuumaumimammwm
FuASuRNhudinsmauundedonadaay
anelu 5 undt ieliiureuniagesEurios

Areg1edmSunaaeumaedngnuaslukuy
NARNUIANYUIA 50x50x50 13l UaLaonLUY
n¥aan 24 Falus nduiluvaludesauey
9numQif 25°C wazATTUATING 509% Tudle
197ifeansnaaey (1, 3 uay 28 Fu) dudunis
naaeuUN13TRd fiedrgninieulagnisiaiiou
RIntImeuesa1s MPC %uwl 25 uu. wazusly
anmziieriuduna 3 Tunewihnmesey

4. /n15NAEU

seeziianeadivane (Final Setting Time) 9
ARSI ASTM C191 1ilesa1nufisenves
MPC 1fintugaann msinsveasannofduei
I¥onnuagliusdugn fafuisimamessoznaie
fvane
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ANSHAUIAINUSBY (Heat Evolution)

maaaaumiLﬂ?iﬂmmaqqmmﬁuuﬁuﬁwm
fedglaglindosaisninauioudunsILse
(Infrared  Thermography) Lﬁaﬂimﬁuqmwgﬁ
qﬂqmﬁLﬁmsﬁmw'mﬂﬁﬁ%mlal,mﬁ?u

A1895UK599A (Compressive Strength)
NAFOUANNLNATEIU ASTM C109 191 1, 3 uay
28 Ju

ANFTIUNIUAITTNE (Abrasion Resistance)
Usgidiunisgyidodiminainnisdadniy

1ASEIL ASTM C944 fieng 3 Su

NAN1SANE

1. szzannanavany

NANISNAZDUTYELLIANBRIUaN8BINBsANS
MPC Wisuitsuifusesas OPC agulu msned
4 lpgnudeinns MPC vngasilsseziiainem
anguﬂ'ﬁwgu%mu@wa%mLLauﬁasJWﬁmﬁm:
OPC  Usziawil 1 uwaz OPC  Usziand 3 fien
szygiannefIvatguszanel 300 U wag 180
W AUdIU vauzTinesens MPC i W/B =
0.350 wag 0.375 Uszuzliainesuaiuiiey 18
Wit wazsidlewfin W/B 18w 0.400 szeziafe
Uaeazemaudndenidy 22 und dmsunaves
S/B U1 MPC #1S/B = 1.0 uwaz 1.2 l9ian
sggglianedivatelndiAesiufe 16 uay 15
W 1.4
syoziiainofivatsasifinduidy 23 uli

YIARINE1INU TuINE NI LY S/B

wnltudsnandlifiuin MPC annsadedals
FanyuBudvesauaud (OPO) 8819111
HlosaniAnUFATeuuunTA—LuaTENING MgO
fiu KH,PO, %qﬂﬂﬂémmﬂmﬁmm Struvite-K
o5 damalifanuisilunardudu 113
wirnafiayTunm (W/B) wionae (S/8) ¥
Tfansdeduluszuuidennsas dwmalisvozinare
fruasemuududniios uiuednis MPC vn
ansdapsnesalaniglunaiyssann 15-23 wil

Feaglugrelinuizauiunisldauanudeunsy

andu Tudufua nmseuaudnsidin W/ v
9E581319 0.350-0.375 uar S/B llfiu 1.2 ay
Fra¥nwaunasznitennialunisnedaiu
ANHaRsatunsviuresTanlaa

a

A15199 4 naszeziiainadivatslaraungl

U

FIFAVURIAIDENS
Foshots Jreslial  aunnlgedn
nedalate  UuRIAI9E1S
(W) (‘o)
OPC1 300
OPC3 180 -
(2.25MP)1.0SB 16 65.7
(2.25MP)1.2SB 15 57.6
(2.25MP)1.4SB 23 55.6
(2.50MP)0.35WB 18 57.9
(2.50MP)0.375WB 18 54.7
(2.50MP)0.40WB 22 53.6

2. QUNNFIFAUUNQ
NTayaby 115199 4 gaungliiiasaniiinla

q
'

vuduegiaedms MPC fuultuanauiloiiu
§nsndu S/B uag W/B namifie 1o S/B iiuan
1.0 WU 1.2 wae 1.4 Argumn)inigananain
65.7 °C 10u 57.6 °C wdy 55.6 °C AWEIAU
yaugAinsifia W/B 910 0.350 1u 0.375 uaz
0.400 vhlvienaamgiigegnanain 57.9 °C Ju
54.7 °C wag 53.6 °C audsu wnliuiuansls
diudmaiisinamse Saduiagdesmani
FrugadunasunIuiauresdjisen il
grunigagnanas [14] wazmaiiuUianuhiv
Taududuvesasiaduluszuvanas 39
AnuiATeraeanufeuludnsidiasuagle
Ausouazauanasatuluaae wdi1n151Y
§n91dru S/B war W/B getuandunailuudns
anAMTLUTIesURASIImemuTeu uAdsilay
Ienansiely Sasndrufigaiulidendmaidese
f&anaraunuILTeImasang fituTedes
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farsandendnsdruiimunzaudioliinniny
augasEninnsfnnufeoulazanAdanad
Avesdan
3. ANAITULLIIDN
HAN1SVAAEUMAsSATaNasn1s MPC fieny

a o

#1399 uanslugud 1 waz 2 azuiulddinuedans
MPC  anunsaiaufdesnlaegnesinda Ined
fdsdndieny 1 Sugeegredivddy
SvdnavessaTd W/B Uil 1 uandliiidiu
A uEuT LS AT AusEInednTdm W/B  uay
fdadn Tnefidsdnazanailednsidn w/e
Lﬁm%ulunﬂedwmqmimaau flong 28 fu
fregnefiTsnsnd W/B wirtu 0.35 Srdssn
ge@nil 29 MPa luvnzfidnedefifisnsndiu
W/B wihdiu 0.40 dindsaLiieaUszanad 20 MPa
Usangnisaiilanunsaeiunelianlaseadig
qanAvesian Snsd W/B  fdiazdsnalsil
USinahddvlussuutesas mé’qmﬂﬁ'ﬁwgﬂ
Tlululfisenlawnstundl Ysuugeinemse
AN (porosity) TimdeogluiiioTuumsinesd
9ztound1 MlAlATIa5190ANRUIRLULAY

W SIUNTY [15]

ey OPC 1

N
o
J

=@ OPC3

W
v}
1

(Mpa)

e {J= 5/81.00

1Y

25 1 eOe 5/B120

v

TaeSuLaen

fl

15 1

10

28 4u

JUN 2 nemlanuduiusseninenguasindsdn
YDINBIHS MPC M1dn51d3u S/B

MENAVRITAIEIU S/B 91NFUN 2 Haves
gm1dIu S/B manaddnlmnuuidulaway
LANAI9INNLUILLUYDY W/B  Tagniadond

WU DL LT ULLRORASIEIU /B WNTUINA 1.0

Gy 1.4 fleng 28 Fu fedreiididnadiu /8
winfu 1.4 Tidndsdngeand 26 MPa dagandn
o9l S/B Wiy 1.0 (Uszanm 22 MPa)
nsfiidssafiudumuuiinumefiduiul
PFuisenuddyromnisindewivesoyna
Tulaseaduneslndnvesuedonf fsnad /8
n (1.0) [16] Usnafanuszanufsnnifuluile
Weuiudduiamse vlilassasilaesiudu
wuuileyniansenszeiegludeman uside
usnsndu 58 1Ju 14 dadusgninmee
wazfanuszaruazidlndqaimnsauninty
BUNIANTILANNTOEILATIATINEN (aggregate
skeleton)  fisuusslédy uasTanUsvanur
wihfdufugosinesznineyaanselsogadl
UszAnsaan dewaliiinlaseadreiifianny
wmLLﬂuLLazﬁwé’Q%’ULLiaqﬁu ag19l5An1 wIn
diusnsidn 5/8 mnifuly oraviliTinuian
Uszanuliifissweiazindeuianazdainien
ouMANTIETILA Ssazdwmaliiddaanaly
figm [17]

40
@ OPC1

35 @ OPC3

= {J= W/B 0.350
= Q= /B 0.375
25 = o\= /B 0.400

30

(Mpa)

Y

20

ANFISULTIDN

28 u
JUN 3 newlanuduiusseninenguayiasen
Y9eueINNT MPC 180518 W/B

4. msgwul,ﬁaﬁ'mﬁfnmnmsﬂ'ﬂﬁ
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Abstract

The raw water pumping system functions to pump raw water from the source into the
production system by using pumps connected in parallel. The control of the pumping rate is
achieved by adjusting the pump speed to increase or decrease the pumping rate. However,
installing variable speed drive on every pump requires a high investment cost. Installing variable
speed drive on only some pumps is therefore a cost-saving approach. In this experiment,

pumps with adjustable speeds are operated together with pumps of fixed speed, and the
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optimal operating point for the raw water pumping system is determined to maximize energy
savings at pumping rates of 8, 8.8, 9.6, and 10.4 m’/sec. This is done by adjusting the speed of
the variable-speed pumps in combination with 1, 2, and 3 constant-speed pumps.
The results show that at pumping rates of 8 and 8.8 m’ /sec, operating 4 variable-speed pumps
yields the highest overall efficiency of 55.1 % and 55.3 %, respectively. At pumping rates of 9.6
and 10.4 m® /sec, operating 2 variable-speed pumps together with constant-speed pumps yields
the highest overall efficiency of 56.4 % and 53.4 %, respectively. In summary, operating an
appropriate number of pumps according to the pumping rate, with pump speeds above 85 %,
results in an overall efficiency greater than 53 %. When operating variable-speed pumps
together with constant-speed pumps, only 1-2 constant-speed pumps should be used so that
the remaining variable-speed pumps maintain speeds not lower than 85 %, thereby preserving

high overall efficiency more than 50 %.

Keywords: Energy management, Raw water pumping, Pump, Variable speed drive
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1 8 197 | 481 | 453 | 740 453 | 740 | 453 | 740 50.2 |1 pump 65% speed, 3 pumps 100% speed
2 8 299 | 548 | 445 | 740 445 | 740 | 299 | 548 52.5 |2 pumps 74% speed, 2 pumps 100% speed
3 8 338 | 607 338 | 607 | 447 | 740 | 338 | 607 53.5 |3 pumps 82% speed, 1 pump 100% speed
4 8 354 | 636 | 354 | 636 354 | 636 | 354 | 636 55.1 |4 pumps 86% speed
5 8 319 | 577 | 319 | 577 | 319 | 577 | 319 | 577 | 319 | 577 49.0 |5 pumps 78% speed
6 8 208 | 540 | 445 | 740 | 298 | 540 | 298 | 540 | 298 | 540 47.7 |4 pumps 73% speed, 1 pump 100% speed
7 8 271 | 503 | 445 [ 740 | 271 | 503 | 445 | 740 | 271 | 503 45.9 |3 pumps 68% speed, 2 pump 100% speed
8 8 238 | 518 | 477 | 740 | 477 | 740 | 477 | 740 | 238 | 518 41.0 |2 pumps 70% speed, 3 pump 100% speed Dimmed Valve
9 8.8 277 | 511 | 445 | 740 | 445 | 740 | 445 | 740 53.3 1 pump 69% speed, 3 pumps 100% speed
10 8.8 337 | 607 | 446 | 740 446 | 740 | 337 | 607 54.9 |2 pumps 82% speed, 2 pumps 100% speed
11 8.8 369 | 651 369 | 651 | 447 | 740 | 369 | 651 55.3 |3 pumps 88% speed, 1 pump 100% speed
12 8.8 388 | 673 | 388 | 673 388 | 673 | 388 | 673 55.3 |4 pumps 91% speed
13 8.8 3321 599 [ 332 | 599 | 332 | 599 | 332 | 599 | 332 [ 599 51.7 |5 pumps 81% speed
14 8.8 312 | 570 | 447 | 740 | 312 | 570 [ 312 | 570 | 312 | 570 50.6 4 pumps 77% speed, 1 pump 100% speed
15 8.8 294 | 525 | 446 | 740 | 294 | 525 | 446 | 740 | 294 | 525 48.4 |3 pumps 71% speed, 2 pumps 100% speed
16 8.8 266 | 481 | 447 | 740 | 447 | 740 | 447 | 740 | 266 | 481 45.8 |2 pumps 65% speed, 3 pumps 100% speed
17 9.6 342 | 614 | 447 | 740 | 447 | 740 | 447 | 740 55.6 |1 pump 83% speed, 3 pumps 100% speed
18 9.6 385 | 673 | 446 | 740 446 | 740 | 385 | 673 56.4 |2 pumps 91% speed, 2 pumps 100% speed
19 9.6 408 | 696 | 446 | 740 | 408 | 696 408 | 696 56.1 |3 pumps 94% speed, 1 pump 100% speed
20 9.6 430 | 710 | 430 [ 710 430 | 710 | 430 | 710 54.5 |4 pumps 96% speed
21 9.6 358 | 629 [ 358 | 629 | 358 | 629 | 358 | 629 | 358 [ 629 52.4 |5 pumps 85% speed
22 9.6 333 | 599 | 447 | 740 | 333 [ 599 | 333 | 599 | 333 | 599 52.6 |4 pump 81% speed, 1 pump 100% speed
23 9.6 309 | 562 | 449 | 740 | 309 | 562 | 449 | 740 | 309 [ 562 51.3 |3 pump 76% speed, 2 pumps 100% speed
24 9.6 271 | 503 | 446 | 740 | 446 | 740 | 446 | 740 | 271 [ 503 49.8 |2 pump 68% speed, 3 pumps 100% speed
25 10.4 383 | 659 [ 383 | 659 | 383 [ 659 | 383 | 659 | 383 [ 659 53.0 |5 pumps 89% speed
26 10.4 363 | 636 | 452 | 740 | 363 | 636 r363 636 | 363 | 636 53.3 |4 pumps 86% speed, 1 pump 100% speed
27 10.4 334 | 599 [ 448 | 740 | 334 | 599 | 448 | 740 | 334 [ 599 53.4 |3 pumps 81% speed, 2 pumps 100% speed
28 10.4 301 | 540 | 447 | 740 | 447 | 740 | 447 | 740 | 301 | 540 52.2 |2 pumps 73% speed, 3 pumps 100% speed
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