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Abstract

The purpose of this research is to 1) determine the appropriate mixing
proportion of artificial sandstone tiles from marble powder and 2) inspect the
produced artificial sandstone tiles against community product standards. The marble
powder used is a byproduct from the marble industry in Phran Kratai district,
Kamphaeng Phet province, characterized by its white color with a specific gravity of
2.92, primarily composed of calcium carbonate (CaCOgz). The researchers dried and
ground the marble powder, then combined it with white Portland cement and fine
sand to test its physical and mechanical properties, including density, water absorption,
compressive strength, and flexural strength." Subsequently, the researchers actually
fabricated the tiles from the marble powder mixture for evaluation based on
community product standards (M.Po.Ch. 194/2546). The tests showed that the M-4
formula, which is made up of white Portland cement, marble powder, and fine sand
in a ratio of 1:1.5:1.5, had the best properties, with maximum compressive strengths of
179.25 kg/cm? and flexural strengths of 71.97 kg/cm?. The water absorption rate found
was 2.63%. Expert assessments based on community product standards yielded a
score of 3.08 out of 4. The resulting artificial sandstone tiles showed a lightweight
design and high strength, with their production costs being fifty percent lower than
those found in the market. Furthermore, this also represents the sustainable use of
local waste materials for future benefits.

Keywords: Marble powder, Artificial sandstone tiles, Community products
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Abstract

This research aims to investigate the compressive strength of concrete using coal
bottom ash as a replacement for fine aggregate. In this case study, the researchers
fixed the water-to-cement ratio and the stlump value. They designed concrete with a
water-to-cement ratio (W/C) of 0.55 and used coal bottom ash in a saturated surface
dry condition to replace fine aggregate at percentages of 0%, 10%, 20%, 30%, 50%,
and 100% by volume. The results revealed that when the water-to-cement ratio was
fixed, the slump value significantly increased with the increasing percentage of coal
bottom ash, and the compressive strength was higher than that of the control concrete
when the replacement of fine aggregate did not exceed 30%. In cases where the slump
value of the concrete was fixed, excess water flowed out of the coal bottom ash during
the mixing process. To achieve a slump value equivalent to the control concrete,
reducing the amount of water used in concrete mixing was necessary. From the test
results, it was found that the compressive strength of concrete at all replacement
percentages was higher than that of the control concrete.

Keywords: Bottom ash, Compressive strength, Internal curing

1. uni

\Wnaee (Fly ash) wagiaAuwmn (Bottom ash) unanasslaainnssuiunisuan
nszualnin wiassgninluldlunisnanaeunInlagnisnaunuyudiuuiuisdiuegng
wnsrany wilumnanauiu induegninluldusylevdrsudiades audinesrusenauni
wilaziiaulndifesiudiasy iesndfumivuelng msvuiasenlewsduiniu
VS uiiiasuueni dudaumingu miij']LfﬁﬁumﬂﬂmLqugu%LmuﬁUNﬁ’aufu%q

o & v ° a vy I3 = PN R a a v a
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U

MU meurusasazdeslununeunn A idnvarUseiinas
wyu Amenu Y35y dansgaduiaoudiege WernauasunInaIUILLLYDS
ApunInIzanmatLazdrardsavesraunInvzilmandias Tumandutumnindiium
fifanuduhsuammstnfuiiuasiiUldnauneunda dorhildlunswauaeunsnih
Uffslamsduaznualuudni figniniungludfumasaisooniuasninufjisels

o 1A = = | a . Y Ay o
LW?UU@@LU@QEJT]U']ULUiEJULﬁNQUﬂ"IﬁUNWQUﬂim"Uqﬂﬂqﬂiu (Internal cunng) INVAVDLEY
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fananmnldiiniusmaunuinavaziBenlulTinaivanzasuenainazieliaa s
voauvdeiluldlfAnystlovindsodiuidssnliuinounin
Tumsnauaoundavnldidriumegluanugdudfiouds gngu Tnse aeluidiu
wgnusTyiaet hlvwmfinsefiedsslenilunsiunsuusnelu (ntermal curing)
ffu sgwinmanauneunineaiantsnszunndurilidfunnianisuaniasinniglugn

v

ANYEBNNT YN N AUSUIUUIEI LN U TUAIUNENADUNT A FIYLRABUNS ALAAININTU

' [
[ a1 o LY VA v =2 A

ANNAINTANISNLALLNIN VUL DVEIHALNNRIBAVDIABUNIATAWNEY Aty FITTedl

a = °o v w o &gy oy v = ° t%
LUIAAT FEANWIANEI8ATeIABUNTAN MIE 1AW IMALMULIaTINazLB galag A vuA LY
gnsrdruinaayudiuud (W/O) Wuriai wWisuifisudunisinualininisgudives

Aoun3m (Slumphluainsd elddunuimsdunsiiidualunaununauazidonlu

NuAUNIAsa U

2. IUILaIAYaINUITY
2.1 Wa@nwIUSUIUNS 1IN LA NALNULIATINALLD IR AUANNSTUADUNTA
2.2 1 ANYINAYDINITDBNLUUAIUNALADUNTAN LY LA1NULANAWNULIASTINALLD A

lunsainivuadns@LdIseYUTLUARIN wag AINTSYUAIA

3. AAnliueuide
3.1 Yanil¥lunisnaday
3.1.1 Yududvesauaus Ussiamd 1 as1dng
3.1.2 e anlsabnihiaung o.wiung 2.81U09
3.1.3 WaTImey walega 1 i
3.1.4 N918ith AliAaANAZIBEAYDIMT I 2.99
3.2 AnwanaudANug UL UM
321 JUTNENWULIDUINUGN
3.2.2 VIAADUULIAAALYBLINUA LA AILIAGAAIINALIDEAYDLINUAT A
UIATFIUASTM C136 LagiUSeuLigunan1sNAgauiutai1nuan1y
119951U ASTM C33-78
3.2.3 et winazanuges g veudifium
3.2.4 fnsinduivendnfum (Water retain ability) veadAunlnesi

AUTUNDUVDY Kasemchaisiri & Tangtermsirikul (2007)
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Tumsmuinaaufuresnamuanden nuuasgu ASTM C 128 umsin
mﬂ%mmmm%uﬁamuzémﬁ’;ﬁaLLﬁﬂ (Saturated surface dry, SSD) Iﬂﬂ%ﬂ@@ﬂﬂﬁ%ﬂﬁau
avinanuanduansuilumetiiluaaugilon Wet, W) 1vinlifiousis usadamieniin
vounaTsanBenaziimanas vismnduiluussgldmausnsanmeiodunggdnunenis
Wnang Lﬁ@lé’é’ﬂwwmiﬁ’wmamummsgmLLé’:}ﬁ]zﬁmswaﬁ?ulﬂmﬂ‘%mmmm%/maqma
saziden uilunsdimaniuandoadmiungu Ardudane1u vgusy ussdamiend

o

fduiavosnannduinugs Uinuemutuiianadldlfdmareussdamiendiaveia
s1uegditd1Any wasAauananuuifeves Buchole & Ghafoori (1996) Lilaiusuna
ATIHUALLIASEIU ASTM C 128 TUlHlumanaunoundn inasamsuazdaausionsi
1N dnwaizvesneunInanaziinmdy Januanunsalunismlsm

AUt (Water retainability) ‘vimaﬁaﬁmmmmﬁuﬁamﬁuLﬁﬁ’ﬂﬂiuﬁa
fanueaurasiu (Water absorption) sauifuuiuanuduiiineegiiadusa ussgoglug
nyu Inssvesnasuneliusiliunag (Water Adsorption) fsamdl 1 Faudanasihdandn
denalagnsssionuantfvasrauninan lagianiglusuainuaiuisanismle (Workability)
Favnwan1sneaeuves Kasemchaisiri & Tangtermsirikul (2007) wumsldemsinuiui
(Water retainability) TuniseenuuudiunaunsunInvzlvinuaudfiveinouninanuasings

DAVDIABUNIANUAUILEN UINNIINITITUSUIUAINUTURILATNANS ASTM C 128

— Water retainability

AT 1 hansdnwzsANTulunIsUSINaAINSAnLAULI
YBANATIUNTAUNTY

(Kasemchaisiri & Tangtermsirikul, 2007)
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3.3 99NUUUINTIEUNEUADUNIA (Mix design)
fualsnadivieyuBiuud (W/Q) wihity 055
Tunsdl@nu ArnsguiaAsi(Fs) Yu aziiuvinisuay fegarouninniugy
W55BA0 LazvIndeUMANEURIYsABun3a Slump Test Fenailatidnnsgusad 20 cm. @
wldmguiiidumemuauvemniegdlunsdfnuainisguiaasiirs)
3.4 NSLATLUA2DES
3.4. 13nasmaztdon (1318) egfluanuzdusdafauvs (Saturated Surface Dry) 9%
yhmsUsuUmaniildlunisuaunsuninmuanine LT HALADUNT

3.4.2 1185208z enaAULNN) TUSUIMAMLTUWINAUAINISANLAUTIY a1 Y

191 (Water Retain ability) lagagigfuenlusulegluaniugiiia (Oven dry) 110 + 5°C
Hunan 24 $2lus ndsnduiidrfumldgamatainmn Wanwhduiinueinstnd
(Water Retainability)vetidniunn agniad biidniuinuingamanafniiuiwduiian 24
Flus AewhunldeuazshnisnseaeulSinanuturendfiunsnadauisuiieuiua

AsinLAvL wazUSuUsInatAlTlunsnauraunsaaaly

(%

<

3.4.3 1785 NYU(V) agﬂuamuzéuéffgﬂauﬁa TagagiRulindunan 24
Flus wazhiuani Wein ﬁﬂﬁagﬂuamwémﬁaﬂuﬁa

3.4.4 mMsuaununIALiielfegsreunInliauaitate azvhmsTunatus
avtumeumananlyivinfunndmaIuna

3.4.5  MSNAFBUAINITYUAT (Slump Test) ausnsgiy ASTM C143

Tunsdlfnuiifusliisnsgudia (FS) Weifindesagmsunuiasiuazden
Frendnue USnamnadiuiuasfinannty nswauneuninazsildunfitesar70 wagyi
N1INAFBUAINITEUM IAEAINITYURIAIUALLINAY 20 cm ¥INAINMSEURTBENIY 20 cm
wApyRLUTINuuasaUATNsyUSTUnsEldRNsy USRIt 20 cm uagtuiin
Usinanhildasaduluaumsieiil LAEMINNAFBUAINITYUFILAIUTING T TAINITEURD
1NN 20 cm IzEENNSHELABUNIAIDE T ULAZE TN sWEL Tl BnAds

3.4.6 LAUMBE1IMINNINTEIU ASTM C192 Tnglddiregrnauningunsinssuen
WusinuAugnats 10 oy, g¢ 20 vy, SRTIEIUNANAE 3 HI0E19 UAYeeNIINLUUNAeTIeN 1
Fu ndsanndutisegsunluenie LLazmaaUﬁwé’qé’ﬂﬁmq 199,374,774, 14 34
uaz 28 1

3.4.6  VAEBUMAITNABUNTA AIUUINTFIW ASTM C39
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4. NanN15IY
4.1 AauURNUgIUTDLIAULAT
4.1.1 Usdnvazveniium dwdeuyn AHgese wiu Sresenniadu

UL TANUUTIE aTLSIUINTEWNNEIUITOLANAN LA

AN 2 ANV NTSIHTNLLILNE Aauene 50 Win

(Onprom et al., 2015)

4.1.2 91319 2 LARITUINARZUBRa1AUA191NT sl wiwIe nausIngdn
upnazliidulumuninsgiu ASTM €33 Tnesesazazaudminidiuninunsuns
Wes 30 UAnvinfu 72.76 Aunnituinsgiuidedeylugiesesas 25 - 60 way Seuas

g v Y v a s ISP L. a0 ! v 1
avaud N AU IuAzLNTUes50 dAnviniu 38.52 danunninuinsgiuidedag

lugaeegay 10 - 30 uazAlugaanuasldgnveangiey (F.M.) IAwiiu 2.22 Felugda

=€ o

ANUazduavamTIEAsiiAegsening 23-3.2 dauiduludesihnisusulsuenay
Tolanuuinsguneuilulgenu

PN & 1 v - o ¢ a a v al Yo 1
NATNN 3 LLRUINTDYALASAUUINUNNIUNSLLATILUDITLE Li@J@JLLu'ﬂu&Imﬂaﬂ‘Uﬂq

[

YATINAVUYDIINTFIU LazdlAIINNININTFINATesazazauIMTnNIUALINTIUBS30

WAz LUas 50 Feuansiusinaliniuenvinalrgivesiuly Geaenndesiualugiaves

1 Y

Y v aa Y & 1 v v a I3 a o Y v aa
LINAULRINUANNIAY 2.22 LLa@ﬂI‘ViL'Viu’l']l,ﬂ']ﬂuw]']llsﬂuqﬂl;aﬂ AFILNHUAAFAIULDINULNINU
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yuabng FI3e3elavinsusulsaaniue Al
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WLUS UL IN WA K UAZ LA THUDSB-AN9ALLNTIUDS 16 20 NTUADLAINULAN
AL 100 ASY LAZANUSUILAINUMNTINIUALLNTIUDS 16-ANALLNTIUBS 30 48 NTUMD
AU AL 100 N3 vinisagniedbiidniuduegsfiuazinnisuageumauianaz ves

ONAUEEIUNNTUTUUTUEENAS Inglanansmaaeufmisen 3 uag 29 3 wagilen

lupdanuazidunveui N ilaUSuUTIvuInAazuad Wiy 2.74

AN5199 2 VUIRPAEVBLANWAL Il AN

d1minAng Yaway fouay dvdu Sovay azan | |
U . — . .. Youazazay
ALLNST dmiindng dandnAng dninenu
ATUNS . ASTM C33
(GEED) AZUNT S ALLNS ATUNST
No.4 10.56 3.52 3.52 96.48 95-100
No.8 24.60 8.20 11.72 88.28 80 - 100
No.16 28.68 9.56 21.28 78.72 50 - 85
No.30 17.88 5.96 27.24 72.76 25 -60
No.50 102.72 34.24 61.48 38.52 10 - 30
No.100 104.28 34.76 96.24 3.76 2-10
No.200 6.12 2.04 98.28 1.72 -
PAN 5.16 1.72 100.00 0.00 -
374 300.00
FM 2.22

M19197 3 YwmAazventfuwlsdbiiuiang AiunsUSulTunaae

UrninfAng fauaz Yoway dvdy Sauaz dzau )
UM v . v . .. Yauazdazay
AZWATI drutindng drniindne dniinniu
ATLNT . ASTM C33
(GEED) AZUWNST S AZWNST S ALLNTI
No.4 6.29 2.10 2.10 97.90 95-100
No.8 25.36 8.45 10.55 89.45 80 - 100
No.16 45.64 15.21 25.76 74.24 50 - 85
No.30 92.79 30.93 56.69 43.31 25-60
No.50 71.86 23.95 80.65 19.35 10 - 30
No.100 51.36 17.12 97.77 2.23 2-10
No.200 3.64 1.21 98.98 1.02 -
PAN 3.06 1.02 100.00 0.00 -
374 300.00
FM 2.74
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#4 #8 #16 #30 #50 #100 #200 PAN
wmmmmm'samm@;m
- - - WaAUR STALAN - - - 2aATNUR STALLU

—h— YUNAARILENAULN AULEN  —8— BulaAaZianAuLeT Usulse

AN 3 WIBUWBUIAAaYYR RN AeUUSUU TIasna U U

wiheiiinvemseluaninuisildlunisnageu Sanriu 1,673 ke/m®
AUEs T Te T EAN WAL ATy 2.59 wazmbetninvsadAualy
An1MLIAe AU 1,037 ke/m? Armanugasdmzaadduniludnmd udaRuie
Wiy 1.83
413  ensinfuin(Water retainability)vostdnfuwmn fldwinfudesas 30.82
4.2 d1doyan199 W10RNLUUAIUNELABUNTA N1SAATBEAZYDUNNUNIAILINLAY
VB3 flounsnanAsunsnIzTnsasIade UMt wwe A ar U uLAU3na
iiildnay §aFinahdivmnglumsadulimadiildassdunisvaediessreunin

F1UALDUADNTIETUNALADUNIAAINE AIRITNN 1
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A15199 1 OMFIETUNALADUNIA (BRTIEIUVBIABUNIAAD 1 AU.1L.)

Cement Coarse Fine Bottom
Water

No. Mix Id Type | Aggregate  Aggregate Ash
(kg.) - (kg.) (kg.) (kg.)

1 W55 BAO (Control) 585.40 312.48 779.00 528.44 0.00
2 W55 BA10 FW 585.40 313.48 779.00 475.60 30.76
3 W55 BA20 FW 585.40 314.44 779.00 422.76 61.60
4 W55 BA30 FW 585.40 315.40 779.00 369.92 92.36
5 W55 BA50 FW 585.40 317.40 779.00 264.24 153.96
6 W55 BA100 FW 585.40 322.28 779.00 0.00 307.92
7 W55 BA10 FS 585.40 278.12 779.00 468.24 30.48
8 W55 BA20 FS 585.40 250.00 779.00 416.20 60.96
9 W55 BA30 FS 585.40 229.16 779.00 364.16 91.44
10 W55 BA50 FS 585.40 222.24 779.00 260.12 152.40
11 W55 BA100 FS 585.40 208.32 779.00 0.00 305.40

vaewme Megnansesunede Saidrunal W55BA10 FW
W55 vaneds Samdauiivieyufiang wihiu 0.55
BAL0 e USunaudiduen Seway 10
FW vanefls Snsndhuihdeyufiuud [udned

FS wnedis A1N1sEu (Slump) WWuenasi

4.3 AMN3YURITDIABUNTA (Slump Test)

35

30

25 ] B W55BA0 (Control)

10 B E— B

OFix W/C
15

Slump Test , cm

10 B Fix Slump

& O S O
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(,;’)

S 4 <
R
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WA Tnvasynangy nads Rvenu v§use Juilelunaunreuninazinaves
M5INEABIAUTARY (Interlocking) wazmadAufildlunismaaeuegluaniuzauuis
(Oven dry) 30 witsluainae (Air dry) %Lﬁmmsvg@%mﬁﬂmﬂd’mmau danaliA1nNsg Ui
yenaunIniiatandiaciiousinandrfumiinanndu (Aggarwal & Siddique, 2014) uaz
(Ankur & Singh, 2021) wilumsnduiumnidnium ogluanugdudiauia(Saturated
surface dry) ngludfumgniniiuludaed uidediumiinnuuse wnde vos
naunounImenaiansnsznuiy thneluddumundmaeeenuviiliinouniadiive
wnPu AIN15uR (Slump Test) ediAnfissnTunuuiuad iun (Kim et al., 2021)

Tunsnpaesi idonlfidduenfvsuuaud uvindudinisdndud

(Water retainability) gngu nss ludlaudnAunngnussasaen nausnngin A1n1sausiaves

Y 9

4

ABUNIALANANNINTULUTHUAINUS UL 1N ULHNTA LN LT UT I@BAAR BINUINUITENNA

¥ 1% U ldl
YUY HININN 4
4.4 AnfdsdnAounTn (Compressive Strength)
INNITNAADUNAITAVBIABUNTA N1B1e 1 Ju, 3 Tu, 7 U, 14 Tu uay 28 Tu

v U ‘NI
1PHARINITI99 2

q. o v =
131991 2 NAIAABDUNIH KsC.

Compressive Strength , ksc.

No. Mix Id
1 day 3 days 7 days 14 days 28 days

1 W55 BAO (Control) 75.0 103.0 1435 165.5 1730

2 W55 BA10 FW 855 + 14% 1165 + 13% 1550 + 8% 191.0 + 15% 2010 + 16%
3 W55 BA20 FW 1005 + 34% 1555 +51% 1705 + 19% 1970 + 19% 2065 + 19%
4 W55 BA30 FwW 805 + 7% 1145 + 1% 1530 + 1% 1735 + 5% 1995 + 15%
5 W55 BAS0 FwW 775 +3% 1050 + 2% 135.0 - 6% 163.5 -1% 1745 + 1%
6 W55 BA100 FW 72.5 -3% 101.5 - 1% 133.0 -7% 149.0 - 10% 1575 -9%
7  W55BA10FS 850 + 13% 1100 + 7% 1550 + 8% 1725 + 4% 1845 + 1%
8 W55 BA20 FS 975 + 30% 1370 + 33% 1705 + 19% 1910 + 15% 2060 + 19%
9  W55BA30 FS 99.0 + 32% 1705 + 66% 195.0 + 36% 2440 + 4% 2515 + a5%
10 W55 BASO FS 980 + 31% 1615 + 51% 1905 + 33% 2140 + 29% 2220 + 28%
11 W55 BAL0O FS 96.5 + 29% 1390 + 35% 171.0 + 19% 196.0 + 18% 2215 + 28%

NUEWe  85.5 +14% e A1desanaunIAMiaU 85.5 ksc. LavA1idIdngendtneunIn

muAusevay 14
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4.4.1 nsglfnwn Amuegesdudeyudiuuian (FW)

o v w

SeldiirAunmeununauazidealiiiudesay 30 sausinginaiidssann
0518 URANLAL D18 VR0 1AFRY HAININNIIABUNTAAIUAN W55BA0 kagila1ias
Snganniign WeUiinandfunmeunusnanuazdeaiidosas 20 Tnefifdsaneuning
91y 28 Uiy 206.5 ksc Feran13iTuannndaaiuNanITMA@eUYes Kadam & Patil
(2014) waziflerfinUSinaudrAummaunuinaInazoannninfosas 30 Mdadaves

a a1 o = o a' a'
QGUﬂimﬂ3Nﬂ7@qﬂQWQGUﬂimﬂ3Uﬂil NANITNAADUANRNIT NN 2 Lhag ATWN 5

o o = o Y o/ 1 2 A g =
ANa99ARBUNTA NUUATHIRTIdIULIRIRIIUR AN

300.0 —@— W55BA0
2
£ 2500 —— W55BA10 FW
<
T
c 200.0 —f— W55BA20 FW
£
o 150.0
g : —m— W55BA30 FW
2
g 1000
g- X W55BA50 FW
8 o0

—3%— W55BA100
0.0 Fw
0 5 10 15 20 25 30

Age , day

AN 5 ANAAITAYDIADUNTA AUUAIDASIAIULIRDTUUAAIN

01y 19, 3 U, 7 W uay 28 T, ksc

4.4.2 nIAANYY MrUARINISEUMIAIN (FS)
YULHNANAIDY199LUNUNIFIULAUDDNINAIUNAUABDUNTA LASIAIAINNFINTE
nswile (Workability) windy Iaediann1sguda (Slump Test) 20 cm. WirfiupsunInAIuAY

HAUIING I ANMAISANNERNTIEIUNALLAZEYVRIRIRENNAHDU JA1NINNTIABUNTAAIUAL

o v w

W55BA0 Y197A LA8TASIA@IUNALNLTLONNUMINABLNULIATINALLDEASREAE 30 TANN1AID

o v w

winanlunnyeeiegs mMMadnneunIniieny 287 dawiiiu 251.5 ksc i 6

v
LY

AA99AYBIABUNIAMANTULAANITANTIAUSUUNAIUAU (Free water) d9na b

[ 1

f8nsauseyudiuudanad (Bai et al., 2005) lagldlaldliNumImMALNULNATILALLEYA

o 1

Jawaz 10, 20, 30,50 Uag 100 sanrdutseyudiuuianas tnedenviniu 0.48, 0.43, 0.39,
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0.38 1Ay 0.36 MUANU WAL DLNUNLIATINALLDYAM LD INUANNINNINSTBEAE 30 AL

PUIBLLUVDI AN ULANFINALAADUNT AL ATNUILUUAIAY NAIABUNTHTIaNMA1aY (Kadam &

Patil, 2014)
M&enAaUNIA NMUAIAINITEUAD(SlUMp) AT
300.0 —@— W55BA0
(8]
£ 2500 —n
~ : —f— W55BA10 FS
<
)
Qo X A
GC-’ 200.0 W55BA20 FS
= . T
k7 —e
(]
% 150.0 —{— W55BA30 FS
¢
Q.
£ 100.0 X W55BA50 FS
S
20.0 == W55BA100 FS
0.0
0 5 10 15 20 25 30
Age , day

MNN 6 ANAIBAVIABUNTA MVUALIAINITYURIAIT

91y 1T, 3 U, 7 W uay 28 T, ksc

4.4.3 WiyuiguAmMaten nsdldnsdntisiediuudai (FW) wag AIN15EUsa
A3 (FS)
= a a v Y v v v A A a
NAMA 7 mniarsananteuleiidenisidatuelviivsunaniniae
wihiaganusaanldla lngfinsanauaudiniiumadawasdalinuaunsanismla
WNUABUNIAAILAN NISHENABUNIAEENIINSHANABUNTA tae3TIViAIN1TEUMIAIN (FS)

1111USUNUEIUAUDDN AXAIUNTALTUSUILAINULANALNUNIATIUALLDEA LA INLUA
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300.0

250.0 —
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Abstract

This research aims to: 1) study the amounts of manganese dioxide, nickel oxide,
and copper oxide that affect the color appearance of feldspar glaze, and 2) study the
amounts of manganese dioxide, nickel oxide, and copper oxide that affect the surface
characteristics of the feldspar glaze. To conduct the study, base glazes with specific
compositions of manganese dioxide, nickel oxide, and copper oxide were prepared
according to a ternary diagram, resulting in 15 different formulations. These
formulations were processed by weighing and grinding at high speed for 5 minutes,
followed by firing at 1230°C in an oxidation atmosphere. The analysis of color
development, brightness, and color values of the glazes was conducted using a
colorimeter. The findings revealed six color groups: 1) RAL-LS 7043, 2) RAL-LS 7024, 3)
RAL-LS 7009, 4) RAL-LS 7010, 5) RAL-LS 7013, and 6) RAL-LS 7003. The brightness and
color values of the glazes were as follows: L* values ranged from 25.05 to 37.33, a*
values ranged from -0.65 to 0.54, and b* values ranged from -2.26 to 6.58. Two surface
characteristics were observed: 1) semi-matte surfaces in formulations 7, 11, and 12,
and 2) glossy surfaces in formulations 1, 2, 3, 4, 5, 6, 8, 9, 10, 13, 14, and 15, with gloss
levels ranging from 30 to 85 GU. Additionally, formulations 4, 7, 8, and 11 exhibited a
coating surface resembling the texture of an orange peel. The compositions, which can
be applied in ceramic art and glaze development for industrial applications, include:
45% feldspar, 10% dolomite, 13% calcium carbonate, 7% kaolin, and 25% quartz.
Oxides that can be used are: 1) manganese dioxide (2-6%), 2) nickel oxide (2-3%), and
3) copper oxide (2-6%).

Keywords: Feldspar glaze, Manganese dioxide, Nickel oxide, Copper oxide

1. Ui
& . [YAPN 3 Y] Vo = g a
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U9 iinannskaniuvesingaunany lawn wadauis (Feldspar) Aiend (Quartz) Au
917 (Kaolin) ¥38fiautsanin wasuwlanauls sinvewndauivalsanuwauzdannananuly
VduRan M3 kagdsnisldnu wasdaudfnuandisiudaadeuidunugundesldiu
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Manganese dioxide

Nickeloxide 10 9 8 7 6 5 4 3 2 1 o Copperoxide

AN 1 NMIAINUADATIEIUNALIINANT AR

AN5199 1 9Rs1dunsiteanlenanaNsIsaNIasY (398a)

’s:]mﬁ Manganese dioxide Nickel oxide Copper oxide
1 6 2 2
2 5 3 2
3 5 2 3
a4 4 4 2
5 4 3 3
6 4 2 il
7 3 5 2
8 3 a4 3
9 3 3 4
10 3 2 5
11 2 6 2
12 2 5 3
13 2 4 4
14 2 3 5
15 2 2 6
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Konica Minolta Uszmﬁajﬂu Tusyuuainad (Color scale) L*, a*, way b* 994 Hunter lab
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(Glaze defects)
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Abstract

This research aims to analyze machine failures and their effects on the grinding
wheel production process, to develop a preventive maintenance plan, and to compare
the efficiency and effectiveness of grinding wheel production machines at Mitsui
Grinding Technology (Thailand) Co., Ltd. The research was conducted by identifying
problems and causes of compressor stoppages based on five production factors
(AM1E). Using the failure mode and effects analysis (FMEA) technique, the risk value of
failures related to machine factors was assessed. This analysis led to the development
of a preventive maintenance plan, experiments relevant to the plan, and
measurements of machine performance. The analysis of the causes of machine
stoppages, failures, and their effects identified 14 issues, resulting in a comprehensive
maintenance plan for the compressor. This plan includes three cycles and four
activities: daily maintenance involving cleaning and inspection, weekly maintenance
involving lubrication, and annual maintenance involving the replacement of spare
parts. Implementing the maintenance plan improved the maintenance efficiency of
the compactor machine. Key performance indicators showed an increase in mean time
between failures (MTBF), a decrease in mean time to repair (MTTR), a reduction in the
failure rate (FR), and an increase in the inherent availability (Al). Additionally, the overall
equipment effectiveness (OEE) of the compactor machine improved due to increases
in availability rate (A), performance efficiency (P), and quality rate (Q).
Keywords: Failure mode and effect analysis, Preventive maintenance plan, Machine

efficiency, Machine effectiveness, Grinding stone production
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Abstract

The subbase is a structural road layer that transfers vehicle loads from the road
surface to other structural layers. Therefore, materials used for constructing the
subbase must exhibit good engineering properties and sufficient load-bearing capacity,
in line with road construction standards. This research explores the utilization of
reclaimed asphalt pavement (RAP) obtained by crushing old asphalt concrete from
Highway No. 101 (Kamphaeng Phet-Sukhothai route, section from Lan Krabue to Khiri
Mat, Kamphaeng Phet province, Km 33+000 - Km 36+010). RAP mixed with lateritic soil
from Phran Kratai district, Kamphaeng Phet province, was used as subbase material.
The study involved testing the basic properties of the mixtures, with sample ratios of
lateritic soil to RAP at 1:1, 2:1, and 3:1 by weight. Tests were conducted to determine
compaction properties using the modified compaction test and to measure the
California Bearing Ratio (C.B.R) under soaked conditions for four days. The results
indicated that the optimal water content for compacting the lateritic soil mixed with
RAP was 4.0%, 6.0%, and 7.6%, respectively. The corresponding C.B.R values for the
load-bearing capacity of the mixtures were 9.5%, 28.4%, and 40.7%. Notably, the mix
ratios of 2:1 and 3:1 met the standard criteria for subbase courses in road construction.
Thus, recycling old asphalt concrete materials is an alternative replacement material,
helping resolve the issue of future shortages of road construction materials.

Keywords: Reclaimed asphalt pavement material, Laterite soil, Subbase course
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Abstract

This research aimed to study the changes in the amounts of bentonite, ferric
oxide, manganese dioxide, and nickel oxide, as well as their effects on the color
appearance and characteristics of ceramic glazes. The basic glaze formulation
consisted of feldspar, dolomite, calcium carbonate, kaolin, and quartz. Specific
additional substances, ranging from 1% to 9%, were incorporated into the glaze in the
following combinations: 1) bentonite with ferric oxide, 2) bentonite with manganese
dioxide, and 3) bentonite with nickel oxide, resulting in 27 distinct formulations. The
glazes were fired at a temperature of 1230°C in an oxidation atmosphere. The results
indicated that all glaze formulations exhibited brown tones with a glossy to semi-glossy
finish and were defect-free. The most suitable formulations for potential application
in the ceramic industry consisted of 45% feldspar, 10% dolomite, 13% calcium
carbonate, 7% kaolin, and 25% quartz, with the following combinations of additives:
1) bentonite in the range of 1% to 6% mixed with ferric oxide (4% to 9%), 2) bentonite
(1% to 9%) mixed with manganese dioxide (1% to 9%), and 3) bentonite (5% to 9%)
mixed with nickel oxide (1% to 5%).

Keywords: Ceramics ¢laze, Bentonite, Ferric oxide, Manganese dioxide, Nickel oxide
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1) wunelus Sesay 1 dedevay 9 nauiu wessneanlyn Sovay 1 feiveay 9
U 9 FIUNEL

2) wunelus Sesay 1 feesay 9 naunu wusnNalneenlyn Seuay 1 Heiee
8% 9 IMUIU 9 dIUNAY
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Manganese oxide 9 8 7 6 5 a4 3 2 1
334 10 10 10 10 10 10 10 10 10
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Tnoonles vanunilnuduinia wlamiu RAL-LS color chart I 5 1aad Ao 1) Ral-Ls 8000
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1.2 HANISNAABUAINUAINILALANEVDILAA BULYIIANE NEVEIINNITLRN

QUM 1230 BaATALTYE ANANITNARUAINITIN 6 UAZAINT 2

A15199 6 NANITNAABUANNEINS (L¥) wazad (@*) (b*) vaamdeulesIing

gas | meny d Ad | gas | fwnn fd@ Ad | gas | Amnn Ad Ad

i ahew e b* iolaewn e b* il ahewn o b*
BF1 35.46 6.48 2255 BM1 52.04 6.43  29.54 | BN1 62.08 -8.00 22.19
BF2 42.50 1.34  24.15 BM2 57.00 5.03 2856 | BN2 59.80 -7.98 22.10
BF3 53.78 0.57  26.75 BM3 61.23 3.80 27.68 | BN3 59.17 -7.88 2251
BF4 54.31 0.45 25.53 BM4 68.83 0.83 26.34 | BN4 57.04 -6.63 21.69
BF5 57.66 -0.88  30.38 BM5 71.51 0.06  25.53 | BN5 60.51 -6.59 22.16
BF6 58.63 -1.27 29.78 BM6 72.24 -0.74  24.40 | BN6 59.66 -4.79 22.75
BF7 68.24 -2.70  26.83 BM7 73.05 -1.40 22.61 | BN7 54.84 -2.17 20.72
BF8 69.09 -3.14 27.24 BM8 73.89 -1.11 2255 | BN8 54.74 1.44 24.64
BF9 75.39 -396  23.07 BM9 76.51 -2.31  20.28 | BN9 56.66 4.54  28.08
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oA = v v oA o 1 | v o &
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Abstract

Managing inventory efficiently across multiple branches poses significant
challenges, particularly in the drugstore industry. This paper explored these challenges
through a case study of drugstores in Phitsanulok, Thailand, which operate under a
central ordering system yet struggle with discrepancies between ordered and received
inventory due to a lack of visibility across branches. To address these inefficiencies, we
proposed a data visualization dashboard designed to support inventory decisions and
enhanced inventory management by providing updated inventory data for all
branches. This study introduced a conceptual framework for the dashboard, analyzing
current ordering processes, identifying key challenges, and suggesting system
improvements. Our findings suggest that implementing such a dashboard can
significantly improve decision-making and operational efficiency, serving as a model for
similar multi-branch businesses.

Keywords: Business intelligent, Dashboard, Decision making, Inventory, Procurement
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1. Introduction

In recent years, businesses with multiple branches have faced significant logistical
challenges, particularly in inventory management. These businesses often face the
dual task of managing a centralized inventory while also keeping track of individual
stock levels at each branch. This configuration necessitates a smooth integration of
inventory data across the network to ensure efficiency and accuracy in stock
replenishment and order fulfillment (Axsdter, 2015). The requirement for such
integration becomes particularly critical in sectors where service delivery impacts
health and safety, such as the drugstore industry.

Drugstores play a key role not only in retail but also in the healthcare system,
dealing directly with consumer health needs. They must efficiently manage two major
operational aspects: customer service and management their internal processes such
as procurement or inventory management. The customer service process involves
managing prescriptions, advising customers, and selling over-the-counter products,
while the internal processes entail ordering, receiving, and managing inventory.
Balancing these processes requires precise inventory management to prevent
stockouts and overstock situations, which can directly affect service quality and
operational costs (Singh et al., 2015). Despite the availability of advanced technologies
capable of showcasing real-time inventory levels, these systems often need to be
personalized specifically to the unique demands of the drugstore sector. Generic
systems may not address the nuances of pharmaceutical management, such as
compliance with health regulations, handling of perishables, and managing controlled
substances, which demand stringent oversight and tracking.

In response to these challenges, this paper proposes the conceptual
development of a data visualization dashboard to aid decision-makers in managing
inventory across all branches of a drugstore chain. The goal is to harness technology
to streamline the ordering process by offering comprehensive visibility into inventory
status, thus enabling informed decision-making, and enhancing operational efficiency.
The effectiveness of the proposed system will be analyzed through a case study of a

drugstore in Phitsanulok, Thailand. This study will assess how the dashboard can bridge
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the gap between inventory management needs and the demand for data visibility,
crucial for supporting key business operations. Through this investigation, we aim to
demonstrate the transformative potential of such technological advancements in
inventory management for multi-branch businesses, with the drugstore industry serving

as a primary example.

2. Literature Review

The ordering process in multi-branch shops is inherently complex, requiring
coordination across various locations to ensure product availability and customer
satisfaction. One significant limitation in this system is the lack of real-time inventory
data, which makes it exceedingly difficult for decision-makers to effectively manage
stock levels (Cheng & Chou, 2008; Jian-fang, 2008). Without real-time data, branches
may face frequent issues with understocking or overstocking, leading to lost sales or
increased holding costs, respectively (Shinde, 2023; Xu et al., 2009). The inability to
access updated inventory information in a timely manner also hampers the efficiency
of supply chain operations, as decisions are often made based on outdated or
incomplete data. This gap in information can significantly impact the overall
responsiveness and agility of the business, leading to inefficiencies that affect both the
top line and the bottom line.

The integration of advanced technologies, particularly business intelligence and
data analytics tools like Microsoft Power BI, has revolutionized the management of
inventory across distributed retail environments. These tools support the creation of
interactive, real-time dashboards that can aggregate and visualize data from multiple
branches simultaneously. By implementing such technology, businesses can gain
instant insights into inventory dynamics, which facilitates rapid decision-making and
better alignment of supply with demand. The use of Microsoft Power Bl in inventory
management has been explored in various studies. Ridho (2023) emphasizes the need
for a Business Intelligence (Bl) Dashboard to monitor IT software asset inventory, which
can be effectively addressed using Power BI. Parks (2014) highlights the self-service

business intelligence features of Power BI, which can help in visualizing data and
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sharing insights. Liu (2022) demonstrates the application of Power Bl in sales forecasts,
which can be extended to inventory management for demand forecasting.

Moreover, dashboards can be customized to highlight key metrics such as sales
trends, stock turnover rates, and potential shortages, enabling managers to proactively
adjust their strategies rather than reacting to crises. This technological advancement
not only optimizes inventory management but also enhances operational efficiency
and improves service levels across all branches (Vlahakis et al., 2020). Numerous
research studies have applied dashboards to support decision-making across various
fields. Examples include dashboards supporting dynamic pricing decisions in wholesale
(Chapparadalli, 2019), a decision support system for procurement operations
(Moynihan et al., 2006), the adoption of e-procurement for savings in staff time (Aisbett
etal,2005), and the use of proactive decision-making to enhance efficiency, agility,
and cost management in supply chains (Vlahakis et al., 2020).

Given the considerable benefits demonstrated by existing research and case
studies in various sectors, we propose the implementation of a customized Power BI
dashboard tailored specifically for multi-branch shop ordering processes. This solution
is designed to streamline operations, enhance decision-making accuracy, and improve
overall supply chain efficiency. By adopting this advanced technological approach,
multi-branch shops can expect not only to overcome the current limitations but also
to achieve greater operational agility and competitive advantage. Therefore, moving
forward with the development and deployment of a Power Bl dashboard is not just

an operational improvement but a strategic necessity for modern retail environments.

3. Methodology
This section outlines the methodology of the research as depicted in Figure 1,
which comprises four steps for the development and evaluation of a data visualization

dashboard for decision making support for a multi-branch shop in the ordering process.
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f(l) Literature review and surveying application of a decision-making )
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(3) Designing and proposing a decision-making dashboard

(4) Evaluating the proposed a decision-making dashboard

Figure 1 Research Methodology

Initially, a literature review and survey of existing data visualization dashboard
applications establish a foundational understanding, essential for informing the
subsequent design process. In this study, a drugstore serves as the case study. The
second step involves a deeper analysis of the drugstore's specific needs and the
collection of relevant information, while also reviewing additional literature to solidify
the theoretical framework underpinning the dashboard. This step includes designing a
preliminary dashboard using feedback from the case study to ensure alignment with
operational requirements. The design is then refined and implemented using Microsoft
Power BI, chosen for its robust data visualization capabilities. The final step involves
evaluating the effectiveness of the dashboard by comparing error rates, such as the
number of incorrect orders, before and after its deployment, and assessing user
satisfaction. For instance, this evaluation might demonstrate a decrease in the
percentage of incorrect orders received following the implementation of the proposed

system.

4. Case Study
This section describes a case study which is a drugstore located near Nuresuan
University, Phitsanulok, Thailand. This store mainly provides services to students,

teachers, and residents while also serving as a training center for pharmacy students.
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The pharmacy collaborates primarily with another branch from which it orders
products. However, it operates on a standalone system that does not support data
linkage between branches.

The operational processes of the pharmacy are included: 1) Customer service,
which includes taking medical histories, selecting, and dispensing pharmaceuticals, and
educating customers about the properties and usage of medical supplies and
medicines. 2) Internal operations, which encompass the ordering process, inspection
of received goods, logging products into the system, managing inventory, and checking
drug expiration dates.

The internal ordering operations start with placing orders for medical supplies,
where specific items and quantities are specified and sent to a primary supplier, which
could be another branch, a pharmaceutical company, or a wholesale store. Upon
receiving the goods, the pharmacy staff checks the quantity and expiration dates of
the medicines. Products are then logged into the system according to the order list.
Care is also taken in the placement of products on the shelves to ensure accuracy and

prevent errors.

5. A Data Visualize Dashboard to Support Decision in Ordering Process of
Multi-Branche Shop

In this section, we present a conceptual data visualization dashboard designed
to support the decision-making process for ordering in multi-branch shops, as
demonstrated in our case study. Figure 2 depicts a proposed enhancement to a
drugstore’s inventory management system, which integrates a decision support system
into the ordering process. The existing system, equipped with inventory tracking, stock
control, and reporting functionalities, communicates with a centralized database.
However, it lacks updated feedback for decision-makers at critical moments. To
address this gap, we propose an extended system where data is processed using
Microsoft Excel and visualized through a Power Bl dashboard, providing essential
information for salesclerks, pharmacists, and store managers. This proposed system

aims to enhance inventory visibility and decision-making efficiency across multiple
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branches, ensuring that decision-makers have all the necessary information to make

informed choices.

Existing E
System |

'
\ Sale clerk/cashier Inventory
'

'
System Database 11

W
system

3

- Inventory

Tracking
@ - Stock Control

Pharmacists

Power BI

Excel

Dashboard

®%r @M%

"
"
1 Drug store manager

Proposed decision E
support system |

Figure 2 The proposed system.

In the case study, there are two branches for drugstore which share some part
of their inventory. This proposed dashboard enables the decision maker of the case
study to easily check the current inventory status at both branches by simply
downloading an Excel document and importing it into the Microsoft Power Bl program.
This system streamlines decision-making, saves time, and reduces errors in the ordering
and receiving processes. Additionally, the dashboard displays data in various formats
such as charts, graphs, tables, and includes report filters that allow users to drill down
into the data and focus on specific information of interest.

The proposed dashboard provides a single-screen overview of the total inventory
at the second branch and the quantities that should be ordered, facilitating easy
navigation and efficient management. It also allows for the recorded information to be
used to create reports and analyze data related to product orders. The proposed

dashboard is structured into four pages as follows:

® Home: As illustrated in Figure 3, this page displays the total number of
products, the quantities that should be ordered, and products that are
nearly out of stock, offering a comprehensive view of the ordering decisions

for the case study
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Low- level stock: This page provides details of the items that need to be
ordered and displays them in a bar chart to effectively compare the
quantities of products that are low in stock. This visual representation is
fundamental for decision-makers to assess which products are nearing
critical low levels and may require immediate ordering. By presenting the
items in a bar chart from the smallest to the largest quantity, it helps

prioritize orders based on urgency and stock levels, as shown in Figure 4.

Home
Number of product Required Stock Orders
(Branch 2) (Branch 2)
Ay
‘_:_’ Low-level stock 2,035 99
E[‘E} Inventory
Inventory

.!i!n Type of products 40%

Low-level stock
60%

Figure 3 An example proposed dashboard screen: home

Inventory: Displayed in Figure 5, this page shows details of medical supplies
from both branches, such as medicines, medical equipment, herbs, and
cosmetics, in bar charts for easy comparison of product quantities between

the case study and Branch 1.
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Low-level stock

Required Stock Orders 99

V_é" Low-level stock .

% Inventory 3
af:l.Type of products ‘

ounan
catan
oo
e

Figure 4 An example proposed dashboard screen: low-level stock

Inventory

yﬁ\ Home

Branch 1 Branch 2
‘_e__, Low-level stock u u

‘ Inventory =
10
ﬁ!:’a Type of products n
‘ Medicine Herbs

Medical equipment

Cosmetic medicine

Figure 5 An example proposed dashboard screen: inventory

® Type of products: As shown in Figure 6, this page details the types of
medical supply products in the warehouse, including product code, product
list, and quantity for each item. It also highlights products that are nearly
out of stock according to product type, simplifying purchasing decisions

across various product categories.
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Type of products

h\ Home Branch 1 Inventory Branch 2 Inventory

Medicine Medicine

‘f:‘" Low-level stock

% Inventory Medical equipment Medical equipment

:}a Type of Products

Cosmetic medicine Cosmetic medicine

Figure 6 An example proposed dashboard screen: type of products

6. Expected Results and Discussion

From the previous section, we have explained the proposed dashboard. In this
section, we illustrate the expected results of utilizing the dashboard. By developing a
decision-making dashboard for ordering using the Microsoft Power Bl program, the
ordering process is anticipated to become more efficient. The comparison of the
processes before and after implementing the dashboard is shown in Figure 7.

The current process, as shown in Figure 6 (a), involves manual checks of orders
in the system by officers, followed by exporting and sending these orders to the
decision maker, who then decides on the types and amounts of medical supplies
needed. This method is time-consuming and error-prone, involving multiple steps of
handling and transferring data. In contrast, the revised process (Figure 6 (b)) introduces
the dashboard to enhance efficiency, reducing the number of steps from 5 to 4.
Officers from both branches directly export inventory data to Microsoft Power BI, which
is then displayed on a dashboard. This integration allows the decision maker to access
real-time inventory data and make informed ordering decisions directly from the
dashboard. The availability of real-time data not only simplifies the workflow but also
ensures more accurate and timely order placements, leading to more precise decision-

making and minimizing errors associated with manual data handling.
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» The officers of both branches exports inventory data from the
The officers check the orders in the system. "
system.

' !

The officers upload the inventory data into Microsoft Power Bl and

The officers exports the orders and send to the decision maker. displayed in a dashboard.

! v

[The decision maker decides types of medical supplies that needed

The decision maker makes the order decision form the dashboard.
to be ordered.

v v

The decision maker decides amount medical supplies that needed

The decision maker sends order list.
to be ordered.

)

The decision maker sends order list

(a) Before (b) After

Figure 7 The ordering process comparison

7. Conclusion

Due to one of the limitations in the ordering process of a multi-branch shop,
particularly the lack of shared inventory information across multiple branches,
complexities often arise in the receiving process. Each branch operates independently
without real-time access to the inventory levels of others, leading to inefficient and
unnecessary processes. For the case study, the decision makers are required to predict
the inventory that other branches can supply, resulting in wasted time and effort in
guessing and comparing product list information. To address these challenges, a
conceptual framework for developing a data visualization dashboard for supporting
ordering medical supplies for the case study is proposed. The aim is for the dashboard
to ease constraints in the ordering process by displaying inventory quantities from both
branches in various graphical formats, thereby supporting quick and convenient
decision-making. In developing the dashboard, the goal was to create a tool that
responds to these emerging challenges and aligns with the operations of the case
study. The proposed dashboard will be practically applicable in the future,
representing a technological adjustment to enhance organizational operations by
providing essential inventory visibility across branches.

From the literature, it highlights the critical issue of lacking real-time inventory
data, leading to challenges such as understocking, overstocking, and inefficient

decision-making due to outdated or incomplete information (Cheng & Chou, 2008; Jian-
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fang, 2008; Xu et al., 2009; Shinde, 2023). The proposed dashboard addresses these
challenges by providing real-time inventory Vvisibility across branches, enabling
proactive stock management and timely decision-making. Unlike traditional systems, it
enhances operational efficiency and reduces stock-related risks. This technological
solution aligns with literature findings, offering a practical adjustment to improve
supply chain operations and meet modern organizational needs.

This study represents an initial step towards implementing a decision-making
system for a drugstore case study, focusing primarily on data visualization to support
decision-making processes. At this stage, the case study is constrained by limited
resources, which restricts the deployment of a fully automated system. Current
limitations include the lack of advanced tools for automatically updating data and
insufficient human resources, requiring that data updates be conducted manually by
staff. Consequently, this paper only addresses the development and application of a
data visualization dashboard. However, further research involves proposing a more
comprehensive system that will automate supply ordering decisions by providing
precise recommendations on the quantity of supplies needed, as well as the optimal
times and locations for placing orders, thereby offering enhanced support to decision-

makers in managing the supply ordering process.
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Abstract

This article aims to reduce transportation costs of vehicle routing and scheduling
problems for a case study of egg delivery. The problem solutions were separated into
two phases: generating an initial solution and developing a solution. The first phase
was to create the initial solution using three heuristic methods, including the nearest
neighbor method, the sweep algorithm, and the saving algorithm. The results showed
that the cost can be reduced by 7.41%, 8.94% and 11.42% respectively. In the second
phase, all transportation plans were further advanced using the Tabu search algorithm.
The study results found that the developed transportation plans using the current
method, the nearest neighbor method, the sweep algorithm, and the savings algorithm
resulted in cost reductions of 12.67%, 12.42%, 12.44%, and 12.67%, respectively,
compared to the current method.
Keywords: Vehicle routing problem, Multi-period transportation problem, Saving

algorithm, Tabu search algorithm
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bl 0-16-0 210.0 0-13-0 398.0 0-10-0 210.0
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Abstract

This research investigates the generation of electricity and heat using a solar cell
power generation system with a maximum installed capacity of no more than 500 W.
A cooling system consists of 12 copper pipes, each with a 1/2" diameter and a length
of 1,050 mm connected (at both the upper and lower sides) to two manifold or header
pipes with a 5/8" diameter and a length of 800 mm to enhance system performance.
By physically separating the heat sink from the solar panels, the system was able to
capture and utilize the waste heat generated during the cooling process. Experimental
data collected at cooling water flow rates of 50, 100, and 150 LPH indicated a
significant increase in overall power generation efficiency compared to a traditional
integrated configuration. An increase in cooling water flow rate resulted in a
corresponding increase in solar cell efficiency. The optimal performance was observed
at a flow rate of 150 LPH, where the system was capable of absorbing 10,684.08 kJ of
heat energy, leading to a temperature rise of 13.9 °C from 27.5 °C to 41.4 °C.
Keywords: Efficiency, Solar cell, Waste heat
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Abstract

This research aimed to develop a responsive web application for managing orders
in a wholesale fresh food business, which previously faced issues using LINE chat,
resulting in communication errors, lost orders, and incorrect order sequencing, leading
to financial losses and delayed work processes. The development of this web
application employed CRUD (Create, Read, Update, Delete) principles to enhance data
management efficiency and reduce processing time and errors.The application testing
over 60 days revealed that the average time to manage an order was reduced from 4
minutes to 1 minute (a 75% reduction), and errors in preparing goods were reduced from
an average of no less than 2 items per day to zero (a 100% reduction). Consequently,
the application helped to reduce financial losses by 13,087,000 Baht per year.
Additionally, a satisfaction survey of 18 employees showed that the application received
an overall average satisfaction score of 4.82 out of 5, indicating high satisfaction with
usability, stability, and display design.The development of this application significantly
improved the order management process, reduced losses, and increased employee
satisfaction.
Keywords: CRUD web application, Responsive web application, Order management,

Efficiency improvement, Wholesale fresh food
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