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Abstract

A study on the optimization of wastewater treatment system of Suan Sunandha
Rajabhat University by using the relationship between BOD and COD. The objectives of this
research were study to the relationship between BOD and COD of wastewater treatment
system and to find ways to improve wastewater treatment system of Suan Sunandha
Rajabhat University. The 160 samples were analyzed BOD by acid modification method,
20°C 5 dayand COD using potassium dichromatemethod. The relationship between
BOD and COD was determined using the Correlation and the optimization of the
wastewater treatment system by interviewing the wastewater management experts.

The results showed that BOD The average water influent was 22.28 milligrams per
liter. Average water influent was 16.09 mg / L. The average water intake was 6.17 mg / L. The
average water content was 4.51 mg / L. The COD was 36.53 mg /L. Average water content was
25.95 mg / L. Water content is 10.20 mg /L. The results of the study showed that the BOD
and COD were correlated with water intake and discharge time. And have a relationship. The
optimization of the wastewater treatment system by collecting COD samples continuously
during the system improvement and calculating the BOD by the equation derived from the
study. Well of the system, then operated by Controlling the amount of water into the
wastewater treatment system. Increase the amount of microorganisms. And add other
nutrients to the wastewater treatment system. Control the amount and flow rate of
wastewater. It should be appropriate for the amount of wastewater generated and the rate
of flow of wastewater. Control the appearance of wastewater entering the system does not

contain toxic or heavy metals, these substances will inhibit the operation of the system.

Keywords : COD, BOD, efficiency, wastewater treatment, activated sludge
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Abstract

The objectives of this research were to apply the air purifier for benzene
volatile organic compound removal through photocatalytic oxidation process using bio-
composite film as photocatalyst. The polylactic acid films were embedded with 5.0,
10.0 and 15.0 %wt of titanium dioxide powder. Each film was installed in annular
closed-system photoreactor with UV-C light at 254 nm. Blown film extrusion technique
was used to create the films with 30.0 microns in thickness. The morphology of the
films were examined by a scanning electron microscope (SEM). After SEM testing, it was
found that titanium dioxide was equally distributed and embedded all over the films.
The crystal structure of titanium dioxide was appeared to be an anatase structure. It
was found that the energy band gap was from 3.14 to 3.26 eV. The experiment on the
optimal conditions for benzene removal by surface response techniques on three
effect as photocatalyst dosage, light intensity, initial benzene concentration showed
that the optimised response was 58.90% for 109%wt of titanium dioxide with 5+0.5 ppm
of initial benzene concentration and 5.24 mW/cm” of light intensity. A linear correlation
of 0.82 was found in the multiple regression analysis of benzene treatment prediction.
In the conclusion, there was a possibility to integrate the benzene removal process

with an air purifier using photocatalytic oxidation.

Keywords : Air Purifier, Benzene, Biocomposite film, Photocatalytic Oxidation

- 14 -



The Journal of Industrial Technology : Suan Sunandha Rajabhat University

unii

a15dunIdsEmee Ao nauasuseneu
Sunidiszmedulonszaredlulueniale
Tuflgamniiuazanuduund Jagtunudy
ansidludunasveImaAn S siansoEns Ly
3 aduyvd ansend dvhazanglusuiin
Uztuluenia Fanuidansgnumadanim
wazdudumsenaguam o1esd1tingusiig 9
Huuivionunids ifundsindnansdunsd
JemedeUssnn Lwudu ngdu wugead las
FonnlgulusiinasnndeuneliAnanudes
Aan1sinlsavedd liuin1suagldusnng
(Roschan & Tipayarom, 2014, pp. 971-976)
walulaglnlauanilafineondinduiu
waluladnisfigniauidiuilévavn
arsdunidiiiegluthuagluoiniaiiende
nalnyenIen Al 1RENEIUIINKAIYI
mugnedusanshlolansmiunisnsedu
Tngayniavesarsieiat usinadeaddd
Fadnianatelsznis 819 ansialsauisen
Aoanslviin s Iiduseansangauag
Uaondesefliunsdanndon n1sfnwadall
Fefanuaulafiestszgndldimaluladi T
donlddssufasenduarslmnieoula
panlydnialiluidunanafindainan
m) ﬁ%ugﬁmmmﬁﬂ
15401 (blown film) sl dnansiuuduly
91meA Tngideniaiaaenanmaiussyluvios
$ravsvun 785 dns Miduruedilndidsiy
ﬁuﬁﬂﬁﬁ’amu LaEaN eIz aNTes
NINARDIBMATANTINAINTNBUN LAY

(TiO,/Biocomposite fil

fBUAUBY (response surface methodology : RSM)
ILUU box benkhen method (Srimanta, Jerald,
& Nihar 2009, pp. 15-24) Tuiladeandniifina
semstdransauniadsemednesaemelulad
3 Y998 laun ANudunas USHaansaaLs

Volume 7 / Number 1/ January - June 2019

URA3eN wazanududuiuduvesansuaiiv
Donya, Fariborz, Chang, & Ness (2013, pp.
148-157) Fwmamsifetazannsaduuums
AovanfeguluuraInIsHauImalulaglug
nseenuuusTUUThams VOCs iduuadiv
Tugunsaivenainielueuipnsialy

IgUITaIAvaINITITY
1. iilenaadeumyszansnmuesnisiida
asiwudu seyareneiniadiassiiliiaios
Wonainadugarilinanuiisen Inlaun
alafnoanTindu
2. Wlemanzimunzausenistida
ANSIUUTY  $remATAURIReUAUBILUY

box benkhen

521083538

AT unASeUsBaimL RS
Uszend denlduinnssunstrdauaiunis
omesewmeluladvl Taesidunisseil

1. sanuuuganenaNAlieNAlanIl
YAUFNFRIRUY annular WUUMaRenUsznaun Y
nNaRIUUIALFUHIUANENaTY 1.0 AT g9 1.0
wns vdeTamunisinnieu S 314 1deu
Unailn fveadailowdsunaon UV inde
Fanfurdunvuuniugeiudy uaziaau
gaenanisueniiiaslundedlaeviods
n1sAIvANN1TUn-Wnmigainuauniely
naesuTIgYAUnsaliusznouliluraiaes
Wona1ne ﬁgﬂﬁmLLana]’msquaﬂmmﬂ?jﬁa
Bionaire i;u BAP-625 9u1n 420x210x476
fadiwuns aurandauUasdign 0.240
m’/hr. (4.0 Umin) maiuﬁmé‘?@m%ﬁm
Arandran nganll gnarueuty uay
wﬂgmmwmsﬂummwaammmmm
33 UV-C uagiuildy TiO/PLA film &l

- 15 -



sansirnrsmalulagigaamnass : unidnenassssnagIion

07 7 auudl 1 idaunnTIAN — Juies 2562

AuaudRiadiosnndeansindl Yaendesierly
wavdwInden Suwannahong et al. (2012,
pp. 955-959) Faandluguii 1

2. nsnvaeunsilvavesansiuuduile
Daadesnona1niadieiinsivaeuuion
598610 punesay waznsSadsauTinngs
nafaussiuliduuudaiedananisalanas
voussnuludaufnsal

3. MNIINABDIMANILAUARATVBINIS
UjAsenisgadulaonisinansivududl
ANMULTULLLOUY 15 ppm. ATRdeUUIINW
asiuuduyn 9 1 Flusaunugnaunaves
nsgaduUuRuRsKuTdY (RafiuTuna
ansiunduliidsuntas) udiinisda
uasdani1hilotan wawhmsnsvaeuUTuIu
msLﬂﬁauLLanaqmswu%unﬂ 7 1 dlug
TnevfiusegneniAfiHLaNSEUUATINERY
Usinausheinsosudalasunlasnadl (GC-FID)

4. ¥N139IIADVANILNITNAR DT
U ANATNAT AT URINDUALBILUULUY
box  benkhen Tnsdnansiuuduiiusua
Ansdduiiusuingyavnaes vimsdinuag
UV-C  71d99nan1eaunavoinsnadume
Tnevhnmsvaassttnansiuuiu fenududy
5+0.5, 10+0.5, 15£0.5 ppm.

gﬂ‘ﬁ 1 a”ﬂwmwamwmaaaﬁﬁmLLanmﬂsqm
N3999INNALAENITATIAADUUTEANTAIN
nsuUn

A fio WiosnauazynnIuANlnineuen
B Ao ﬁmemmﬂﬁmﬂuusn%aam UV uay
Waw TiO,/PLA

C uansneluganonainie

D wand9AnTIvaeuUTIINEITIUNTUAIY
W3 TREs LTy

NANT53Y
1. HAMINTRADUS N VBN TSI NTeN
feuas TIO/PLA film Feiadesaunuiuy
d09n370 WU Aanthvewnuilauidnyue
s eU nenuindmsileinvesannsise
vuituiiRveMHLNEINAM (DHd) Fanan
Tuguii 2

- 16 -



The Journal of Industrial Technology : Suan Sunandha Rajabhat University

513 200k SE 20.0ym SUISN0 10 12,00k SE 200m

g‘uﬁ 2 WanNI9539d0U SEM micrographs
(@ PLA film 0.0, 5.0, 10.0 wag 15.0%wt.
AUAINU

mamaqmsmmaa‘ums@mﬂﬁuﬂ?{uum
UV-Vis vasuniuflda fivasminugnindy 200-
800 nm. WU aunsaganAuAAuLasléd
TutanueAausIng1 400 nm. wWowen
nasusUULAU (Eg) wuidn damdeulu
FrauuuAiUT 3.14-3.26 eV, uamdldsansai 1

A159T 1 HATBINIIAIUIAING F LU
WAUVRIMNUTEN TIO,/PLA
MR RIGREEN ATNEINULULULAY
Ufsedeuadly (eV)
uNuEw
S TiO,/PLA
5.0% 3.22
10.0% 3.18
15.0% 3.14

Volume 7 / Number 1/ January - June 2019

91n3UT 2 uazmsed 1 uandliisiuda
N19N38UAIVOAI TSI ATE R ua
nsnsEaET T UL uasAmE ULy
YRIE9LIWHATEENEs TiO, Tuunuilay
PLA TnalAssiuAILOUNS N IUTDINANEITL59
UfAzelaslduas Afllasead1auuy Anatase
(Eg 3.20 eV.) Obee et al. (2000, pp. 253-
261)

2. HamsneaauUsEansnmueniIsiidn
answuduiiidenld TIO/PLA FduffiuSua
YoeaNsLselfisen TO, 7150, 100 uaz
15.0%w/w WUIUTEANSAMURINITUIURENT
ssvluudy  dgegn 63 Wesldudi Tio,
10.0%w/w

3. nan1sedoUman Mz Tmuzanly
nstrdeansivuduluganeaneinie Ald
TiO,/PLA film saennatia respond surface
method wuAmevauasluan1Izinfigaves
nsUURaITIULTY HaudiusLuuLTaLEY
wUvavELTLST R Wiy 082 71 amanduuas
5.24 mW/cm’ US1NaTio, 10.0%w/w @
AL usuduvesan Tl ULEY 5£0.5
ppm.  dAmaUaUDs 58.90% wazlaaunis
NNANAAEASAUNANITNARBILATASS
WUUINAB9N1509008 (multiple regression)
fisziuodfty o = 0.05 FauansHanada
Tupn3797 2

- 17 -



sansirnrsmalulagigaamnass : unidnenassssnagIion

71 7 Uil 1 iaaunnTIAN - Jguiesu 2562

AN5197 2 Wan19dn® LansAduUsEansveatiady nnwmelaNuRIRInaUANBS

Source DF Adj SS Adj MS F-Value P-Value
Model 11 1234 112.2 6.23 0.001
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Initial concentration* Initial 1 143.4 143.4 797 0.013
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Abstract

This paper proposes the growing media moisture monitoring in bonsai pots
using the electromagnetic waves at frequency of 2.5 GHz based on a free space
technique. This technique monitors the growing media moisture content without
contacting the samples and uses a non destructive testing material method. The
proposed system consists of a microstrip patch antenna having the |S;;| less than
-16 dB. The antenna works with the high frequency synthesizer which has the
transmitted power of 0 dBm. The generated power of frequency is transmitted to the
bonsai pot and then the received power will be converted to DC voltage by using the
power detector and displayed by digital multi-meter. The growing media sample under
test is a pumice stone. The experiment started from fully saturated growing media of
61.43% moisture content. The measured power of radio frequency was 1.405 volt.
Leaving the growing media to dehydrate in 2 hour, the moisture was decreased to
61.33% with the voltage of 1.475 volt. When increasing time from 4 6 8 to 10 hours,
the moisture content levels decreased from 57.08% to 39.61% which voltage
continuously increased from 1.724 to 2.013 volts. In addition, the dehydration time
from 14 to 18 hours could cause a few impact on the reduction of moisture content
from 34.37% to 32.82% with the average voltage of 2.053 volt. From the measured
results, the relation between voltage and moisture content showed that the
electromagnetic wave was able to efficiently use in monitoring the level of moisture

content of growing media in bonsai pots by non-contact.

Keywords : Microstrip antenna, Moisture content, Growing media, Radio frequency

Power detector

-2 -



The Journal of Industrial Technology : Suan Sunandha Rajabhat University

uni

vaulefefauznsgnduliadlunseais
T dnwariadoudulivuialugfidedu
Tdn3en anudsddu Awazlu suldifew
thanides ¥un fimsznaau Ouniper (Retf, 2009)
veulyeny 500 U Tuiifisiausiveulaguasidu
(Shunkaen bonsai museum) Wadangruseine
G fisreits 1 SuwBoyansy voulvgnugn
TunszananisiasqAulndsdininduldund
(Bonsai effect) (Passioura, 2002, pp. 311-318)
ArutuvieuTinuveshlutagugnTsddy
Fosogluseiuiimunzay seundonisszue
13’1 LLazmmfﬂuﬁfaﬂﬂqﬂ (Coder, 2007) mm%u
ffeeiAuludamaliagugnuiianazueuly
melufign seiuamuFugailianaisaeas
mmm_]ﬂLmuﬁé’waqmmaaﬁw asnela
V93710l A (Kumar & Dwivedi, 2011, pp.
115-118) yadsnmududasudasiediesnn
TagugnatelunszarsdvIuudes uay
anudulutanugnaisiiansening 5-50%
mﬁmmméﬁuﬁalﬂul,%ae?ﬁz:yl,l,azﬁmsﬁ’u,aua
Twanewaia 1@y n13nsr93RANTURY
WUULIBSIU (Virrib) Sanaladines 1935019
AsainaeiUsynouve (Water content
reflectometer)  wansRnfeiinududeu
losnlditilsadldnu Seldasmndmsunis
\Wabuseg1amaaey Fatta et al. (2005, pp.
553-563) l§Anwiisn1snsiaiamutudnei
fo§ TrufumsTarusiveseduil (P wave
velocity) A5iildgunsaivaneauiiaududon
Wiudu Tranuiinwanndl 10% sewn Piuzzi
et al. (2010, pp. 2747-2754) An¥1NTNTINEDU
AT EsEUUTIR NS Las A IEUSUTBY
(Calibration) § diUseAvE ity eehdlsfisny
1535297k uuifensdemclaisnnsideu
wuwesadlufanmaaeuiiielidannuusiug

Volume 7/ Number 1/ January - June 2019

sudalitedninlunisinusiiuning seundl
nsanIRTIFeUALRL TanUgna ey
n32074 1n® Darshna et al. (2015, pp. 32-36)
TLEUeNITIABITEUUATINADUAVINTULAY
snmnisoiwuesifiesaiie ddinaseungu
Audusienuauarligninlulduaie
nduinsianinistadeeumeesdiiagy
1lulasasulnsatanslun1ssuaszay
ArFuuazaauaulieglussduiimungay
1n8 Amardas & Rahim (2016, pp. 55-62) e
Imteaj et al. (2017, pp. 830-835) lutumeu
nshnsaruresliisnsdsvadlunsyans
e Tnautuisdssdonisiiatesiniiy
Tnsianesnvesveulefifiinumuiuiuyes
snmelunszanegs widmiumsindenduing
ansadalaluuinuniwaslidudaiuian
nAdeU TIAINTUALUT IR AFRUANTY
ilddeios 1wy n1stanududaden
AemAtlAINIAINN (Free space techniques)
filiUszAnBAINge (Limpiti & Krairiksh, 2012,
pp. 2230-2241) squdslainisuseyndly
NIFuNsInERsionT e NEuRus
vosnuaudRladidnn3nifieuiussduaauun
LLazmmfl'?u (Seker & Abatay, 2005) (Nelson,
2006, pp. 688-702) ANIMUITHUNAUUEAN
ThfuinsTaautudemaianisdariu
AduANg wagdviun1InTIatanIudy
esannlidudaiuiagugnuazainisa
nadalaluuinuning
unanuihiiauensussandléaduing
Lﬁamnﬁ]ﬁaumm%ui’amlqﬂé”mmﬁﬂmmﬁjw
Tnnsdsfdsnuaduiiunszasueules ande
nswdsuulasesnaantAladidnedniiing
1Aty derduiunmarihuginansd
AuanliAsneiy Masnudsudundsay
P BULAEYNAANALU (Kharkovsky et al, 2002,

- 03-



msarsdvnamalulaggnaingss : aviaenaessanaIgB

U7 7 aUudl 1 iduNnTIAN — JguIend 2562

pp. 546-550) NSAANEUTIA WAL N1IANTIVEDY
wUaduninds nasuuazianana n1adeld
wrassudnaaudd 2.5 Ansidsed $auiu
angend vt fidesinumdsanuenudniu
aszansuauly AU AiSuidsuLas
Wasuduusaiulii anndusansuadie
winsnavataflmed wasiUSeudisusesu
LLNé‘fuIWﬂ']ﬁi'ﬂﬁ’umm%uﬁuaﬁaqﬂqﬂ

IngUszasAvaInIIdY
oAnwanuduiusvesanuduan
Ugnsiordanunsdaiuaduingfesyuy
nsmaouAutulaglidudasuLuy

s2108UIeI9Y

1. msannargemalulasaniy

anvonelulasansUlddmiusudeniu
vy esumsiannlivhanlsafienwd
2.5 AnldIng NsWALIELIINAILILULIA
A1 (PEC) Aruiailaseadianazaniand
ladidnn3nvaiangIuses (Substrate) fae
aumsi (1) (Balanis, 2016)

c & +1

W=—o (1)
2\ 2

PWIPIINNIALIRY NTIROWELUTULNTUT 1RO
dunusidnlyiin HOBBIES (Zhang et al, 2012)
Weusulasadisegsaziden nan15saes
aussauglvirnsgaydedoundu (|S,)) N
-20 TUA LASIEST AT LN (MUIBLURLIRS)
namasalugud 1

sU#l 1 vweagenalulasansy

Y

anvonmelalasassulasunmsianntuass
VUWHLI9STUR 2 Wil vdia FRG flanaedi
lpdidnm3nvesianguses 4.1 awmninauay
817 6.2x2.8 LYURLUAT ﬁQLLﬁﬂﬂugU‘ﬁl 2

JUN 2 s mielilasansy

VPFDUALSIOU A BS e PRI AlASIT Y
(VNA) U KEYSIGHT E5063A ENA 191 |Sy|
7 -16.6 Wwiva Fernsannissiasudniey
Lﬁaqmﬂﬂmauﬁ’aLLazmwwmi’a@gmsaq

11|

---- Simulated

Magnitude of |S

i —— Measured |

2 2.2 2.4 26 2.8 3
Frequency (GHz)

JUN 3 wansPaeaiisunaingsa (S,)

! =3 a s (7 ] 2/
agelsfinunidines [S;,| Sensiiuualiy
LWluanmaferfunazeglutieausula
Aauandhuzun 3 aeomeriauntuillasesne

- 24 -




The Journal of Industrial Technology : Suan Sunandha Rajabhat University

Tadutou nevinsm WsngdusuRn N uUNTEANg
vpuluianI9daUAINUTU

2. mAilAaINIAIN

nsnsIvinnuantAladidnninvesian
fremadaoiniaitnduisilddennIen
Frogrsiivay HldfuTaniifonmgigimie
Lifuansideien wu mansefannumy
YBIA1IALANAIBNTITAIHIUAINT UAL
A529a0UMAIUiliSU (Chaisaeng, 2016,
pp. 14-24) wAdatiswmnzd msumsnsiasou
Araiutan A3nsAethannadeuesEming
a1u01NAdIazsU  TnvunvesdygInuds
nnsdsluaiifuiiiiutagmaaey fulans
Tuguii a

Port 1 Port 2

ample materlal

L <

E‘U‘VI 4 ATIALUUIMATIADINIATINS

TUdIUVBINITAIUIUAIAITNITLNINTEINY
aaululasn eSulelaseaunisi (2)

y=a+jp 2

a fe fsiinisanneu uay B Ao Aasdl
wia Tutagiilifusnh (o =0) Aasiinng
unInsEateniu TusgiunniantRlaiinain
w0330 Usenausie Aanmeauliin (&)
wazArAuTuuLiman (1) Tednade
nsunsnszeadululasion amauntsi (2)
(Pozar, 2012)

Volume 7/ Number 1/ January - June 2019

y=jous 01— jtans) 3

e & AeAnnsiiladidnninvasianueanis
nisazaundauauuliia tand fe e
wnuaudvean1sgydeladidnasniluuiua
mMsgapdondsanuauausimdnllii Jagi
Duauulifinaueaudfiniainin aanudy
gundimaniiiulueinie (Kaye & Laby,
1986) MsaneuTBIRALI NN IUABLIAY
Aanmeeulnihvesian

3. wWesiduiaruiuuaslnsiarsiuuy
Bnaspwlunsmalefiduianuiu

LLﬂnaaﬂLﬂugﬂLLwL%ﬁﬁmﬁﬂ (Gravimetric)
waziBeU3ans (Volumetric) Tuswilldnmsta
wuidsiminidesnniianuanideauayls
ANUULLEE
dle m, e dhinde

m, Ao dwiindeuasanugn

m. fe dwiindeuas Tanugnauusis
SudusenisnsTagugnlddae elddu
éTmmui’aaUqﬂiut,wiazszﬁumm%u ¥innsds
thwiinusiasseene Sadmmingaens Sadwin
nFanseuli Aaivesidudannutuly
auns7l (4) (Bilskie, 2001)

%moisture content=——--—=x100  (q)

mansaeuautulinmsdseduingsutan
Ugnaielunszarsveuly argeiniAgnia
Fregutnenszandludnungassdiu nneds
Tgunsaidansizsinnuiidendefuoinieds
vimthilaisuazdsoenindsnuiilolrindiuing
\Aunisstunszatsueule aafusinutf

_25-



msarsdvnamalulaggnaingss : aviaenaessanaIgB

U7 7 aUudl 1 iduNnTIAN — JguIend 2562

n3r9dufdinunduing dedelugunsal
as19vuidusasivaswdunsaiuld
AsLansILazuansALssnuluLAassEau
AT lﬂammimmmé’agﬂﬁ 5

Transmitted Ant.1 Recieyed Ant.2

Flowerpot  Soil AD8362
Power detector
ADF4350 .

Synthesizer Multimeter

JUN 5 lAosunIussuunsivaeun Ly

4, 531/1/975395/@71@371/%5’5@1/@

madsUszgndldunadsinianiiuig
(Synthesizer) ¥84U3¥M Analog Devices Ju
ADF4351 a5 sauilugag 035 8 4.4 Anzdsed
mMasuas1alalug -5 §9 +5 waualiad i
mmﬁgﬂdﬂﬂﬁqawmmﬁ (Antenna 1: Tx)
ieunsnszreadulmaumeiuianugn
Mndumasuldanseinia (Antenna 2: Rx)
Suirdanuanuigenazdeteludagunsal
#15299UA899U (Power Detector) U83UTEW
Analog Devices Ju AD8362 finsiadunruii
15lutas 0.05 §¢ 3.8 Anzidsnd Adseudl
n5793Ulel -52 B9 +8 WTLUaTadInA @vine
Wuwseduluiinszuanse 0.3 4 3.6 1ad
LazLanINanIBLA3 R ITataRines ssuy
wamslugui 6

Antenna2 (Rx)

Coaxial cable

Power detector

Power su

gﬂﬁ 6 inUﬁli’J‘\]’Jfﬂﬂ’NlﬁUUWULLUU

n1sinldnauinggudasy (SM bands) Mases

a s

0 Lm%wauammm gunsalnsTumdanuly
LmﬁwmL"f]ul,%ﬂLauLLﬂiﬁuﬁUﬁwé’wuﬁmma%’U
Sleududousn wazindeRaTadanines
fifinuazBeanadoy 3 sunds Fafioame
femsuUssERumsRY manwesiudrnuiy
T#a30sdsAviagu ARB120 Digital balance
wanswatdusiaunadon Januudug £3%

113709 ULATOITIDINAITUNIUATG

5.msmeaeu
mamaesifudautuuudaimn
grveseumeluieuRinms vesrnmalulad
QAAMNTIU UMIN1F8 1A s sal
9. 3umg Tnomuaueamaii 25 ssniwaidea
mMmadsuEIIINMsLARENTanUgnAe fiuu
fiadvny deuiaiduriuguduasiay 0.5 i
1.5 Wwuiing i’amﬂaﬂlé’%’m’ﬁﬂ%ﬁﬂ’nﬁu
Frensugindunan 48 $alus uazutetan
Ugnidu 2 ngu dielddmsunmaaouanaty
fessuutusuuagldmiumees s
rstudsimn Fangnsiesneil 1 gnussy
adlunszans n uagfegnadl 2 UTT9AINTENNS
Y ﬂssmqﬁqaaaﬁmmmmﬁuﬁaﬂ%f'msn'ggﬂ
20x30x8 Lufiluns UssTanUgnluuiunad
woRfunszn Inefinszans n Tdmiuszuy
pIREUANNTUR BN TdITIF s
iudanuan Tunandediuianuaniunseans

- 26 -



The Journal of Industrial Technology : Suan Sunandha Rajabhat University

2 gnasldmeegiiilenvunduniugudnand
Wazad 6.2x4.5 [uRluns FedmnaienIes
RIa fauandluzui 8

ns¥aanutuadsi 1 viluvaugdifagugnil
mm%uqqemﬁa nrnudinundunan 48
lus andunszans n gnindaenisdssiu
pauInguarTuiinausadulninisulfuos
masu Tunanfeiunsgas v gnaaslddae
ogfideaiioifusiegrdlunismidesidud
Anudutanugn nistandausnimundy
szprnsABATLTuT 0 Falag ﬁqﬁuiaqﬂqﬂ
ﬁﬂﬁmm%uqaqm nsioluadedt 2 vhlnens
UaoslitanUgnansarutuduna 2 dalus
nduneasuludnuugidsafuaiousn
fensdaiuAdLAINgIuNTE01a A Tuiin
sefunsaiudilasu wazlunanfsaduiy
megeianugniunseans v ldmeegiidey
WuRefunsausn mstamuiuadi 3 15
Ugnmermmiiu 4 92l vihmsiasimsdsin
nsza1e n ludnvaziAgadunisinneunii
Wiudanuansiegislunszans v wuudeaiu
afsdountn nstaluadsd 4 MHaanane
Aty 6 Falua nsieluede 5 Wom
8 dalus ns¥aadedl 6 1aan 10 dalus adsdl
7 e 14 $alus adadt 8 Tiaan 20 dalus
uazasagaiine 19aan 28 dalus manaaeu

Volume 7/ Number 1/ January - June 2019

PGIVINUA 5 58U LaztnAflaunmAede
AouthlUlglun1siesiedt

NaN1339Y

’“J’aaﬂqﬂgﬂmqLLazQﬂﬁiJ"’qﬁmﬁmﬁaﬁw%'aga
sldlumsmanesiduimuiu nedefangn
wiendnenie Faawizdiemis (m,) Januan
1.9 staee gnifdluededt 1 (my) intugmiily
sutielfnutuanuaziudewdutanuan
WIAY %ﬂﬁﬂﬂﬂ'ﬂi’aaﬂqﬂuﬁq (my) 77 9 Foga
wanduthminvesanugniifiennututsu
ogffl 802 719 902 3w twinTanUgnutisog
56.2 4 73.53 n¥u wazihniindiemsegi
16.35 fia 22.73 n¥u Yeyagnaruaniiionn
Wosiudmnutudsaunsd (@) dindnues
faquaniifiaudiulsuu daniinTanUgnuiis
tmindrenuasilediuiauiy wandu
M9 1 nduasataautufessuy
fanugniinuBugegaussdulaing s
1.405 1aad awduagil 61.43% 1loiaan
oAty 2 Falus wseiulwih e diy
dintoy 1.475 1aadt wsiufuautiuiiana
61.33% #laan 4 mim usssuliiisndu

a

1.724 Thad Armnudiuanawndos7.08% 7
nanfisndu 6 8 waz 10 Halus usedulndd
Saldfinduetreiowilos 1.901 1.951 way
2.013 1ad FsdenndosiuAALTuTianas
51.88% 46.75% 39.61% anuasu Wielaan
AsmersRuisudy 14 $90u usssulai
Sol& 2.052 Taad Ay 34.37% aan
20 lus Auseulniifiadntdesie 2.054
Toadh Avaiuanasesl 33.29% uasfiagean
fio 28 7l Aussluing Sals agj‘ﬁ' 2054 Tan
Faluasundas urssiumnutuydsuulas
\Entlenatl 32.82% deyanisiUSeuriioy
wanagdluguil 9

- 27 -



msarsdvnamalulaggnaingss : aviaenaessanaIgB

U7 7 aUudl 1 iduNnTIAN — JguIend 2562

Moisture content (%)

Kl

651

60

551
501
45+

40

=
N

.

*

.".,'
‘a

— * — Moisture content (%)

+-- \oltage (V)

r.\\

0

5

10 15 20 25 30

Dehydration (Hour)
9 szauussiuliihseauiuTanuan

2.1
2.0
1.9
1.8
ri7
rle
1.5
rla

Voltage (V)

NAFDULNDILATIZINAINATIUABUWUAS
YUIAYRIARUgNABAINTY UTTYIAUaNAY
A5£0N9lUUSUILINNY NAFBUAINIUAIHY

M19199 1 i wilinuayseauanuduTanlan

silufanugniowdnuazdeulug) nafildde
faqugnitfoudnasmsanmeudistu eswn
Fanugnieuldniiloussyaslunszaials
AMNTUILLUNINAIIA WY Tedinane
Uiuanudulaesiugendt wiuualdy
nsAsuutasesdinusesyiuautu
fansaenndosiu faguil 9 Tfsaenndos
AusATenaunt (Nelson et al., 1998, pp.
483-487) (Trabelsi & Nelson, 2004, pp.
1999-2008)

Dehydration Weight (grams) Dry weight
(Hour) Growing media(m,)  Growing media (m.)) Cup (m,) (%)
0 80.20 56.20 17.13 61.43
2 84.52 58.73 16.68 61.33
4 87.52 61.76 16.63 57.08
6 84.43 61.35 16.86 51.88
8 86.17 63.94 16.39 46.75
10 80.67 62.42 16.35 39.61
14 86.94 69.09 17.15 34.37
20 84.47 67.57 16.80 33.29
28 90.20 73.53 22.73 32.82
ayluazenusena folémovanasrennuiuesradududy

STUURTRABUATILIL AR Ug N sR A
MewetiARaMmer W anansanseaeulinTeURqY
warlidudatanguan arveinialulasansy
gﬂﬁmuﬂﬁﬁwmﬁ 2.5 AngLaTndg 19m |S,,|
AN -161A3LUA mmaaumm%uﬁ'aaﬂqﬂ 9
SedfU Busaust 32.82% Fa 61.43% usadtulin
finlsoglutas 2.054 e 1.405 Taad Taan
Favun 28 Falas sedunnuTuiinenlddaau
oglutaa 34.37% e 61.43% useduluiiing

g uTanasuUsiunsefuaus el
\isRustheeiios puduiusAaT uLans
TifiuinsyuvanansonsiaaeumLiuogad
UseAvBam 3EnmsesivaeumutuitieEue
a1usansavdeuautulalaglidudaiy
fanugn nsivdsudiedramaasuvinle
odsrelilouarliimuedAnniadlunszans
FeldiFsssonnudemevessinueuly uaz
wngdunsdauiiedisuiusu Amardas.

-08-



The Journal of Industrial Technology : Suan Sunandha Rajabhat University

fu Rahim (2016, pp. 55-62.) Wag Imteaj et
al. (2017, pp. 830-835) M3ndenduing
annsansaeunuduluanUgnléfind,
91UV84 Darshna et al. (2015, pp.32-36) dlesn
ﬂﬁuLauquwwuﬁfaaﬂgﬂmaumquﬁu’qmsmq

AnAnssuUsznA
wmmﬁlﬁ%’umsaﬁuawummuﬂismm
nemuIdy melinsuimsaivesanntuide
wagianN uvMvendesuigsbwnesal dyen
Wil 2215/2561

References
S. & Rahim, R. A. (2016).

Development of Automated Solar

Amardas,

Watering System. The International
Journal Of Engineering And Science,
Vol.5 (12) pp. 55-62.

Balanis, C. A. (2016). Antenna theory,
analysis and design. @" ed.), John
Wiley & Sons. USA.

Bilskie, J. (2001). Soil
content and potential. Application
note, Campbell Scientific. USA.

Chaisaeng, P. (2016). Study of correlation

between sugar content of solution

water  status:

and transmission coefficient with
microwave. The Journal of Industrial
Technology Suan Sunandha Rajabhat
University. Vol.4(2). pp.14-24.

Coder, K. D. (2007). Soil compaction
stress & Trees: symptoms, measures,
treatments. Warnell School Outreach
Monograph, University of Georgia.
USA.

Volume 7/ Number 1/ January - June 2019

Darshna, S. Sangavi, T. Mohan, S. Soundharya,
A. & Desikan, S. (2015). Smart irrigation
system. Journal of Electronics and
Communication Engineering, Vol. 10
(3), pp.32-36.

Fratta, D. Alshibli, K. A. Tanner, W. M. &
Roussel, L. (2005). Combined TDR and
P-wave velocity measurements for
the determination of In Situ soil
density-experimental study. Geotechnical
Testing Journal, Vol.28 (6), pp. 553-
563.

Imteaj, A. Rahman, T. Alam, M. S. & Alam,
T. (2017).
watering system for small plants and

Automated  expedient
acquaintance about deficit in water
supply. Proceedings of the International
Conference on Engineering Research,
Innovation and Education 2017, 13-
15 January, Bangladesh. pp. 830-835.

Kaye, GW.C. & Laby, T.H. (1986) Table of
physical and chemical constants.
(15" ed)), Longman.

Kharkovsky, S. N. Akay, F. Hasar, U. C. & Atis,
C. D. (2002). Measurement and monitoring
of microwave reflection and transmission
properties of cement-based specimen.
IFEE Trans. Instrum. Meas., vol. 51 (6),
pp. 546-550.

Kumar, P. & Dwivedi, P. (2011). Bonsai:
symbol of culture, ideals, money and
beauty. Intemational Joumal of Agriculture,
Environment and Biotechnology, Vol.
4(2), pp.115-118.

- 29 -



msarsdvnamalulaggnaingss : aviaenaessanaIgB

U7 7 aUudl 1 iduNnTIAN — JguIend 2562

Limpiti, T. &Krairiksh, M. (2012). In Situ
moisture content monitoring sensor
detecting mutual coupling magnitude
between parallel and perpendicular
dipole antennas. [EEE Transactions on
Instrumentation and Measurement,
Vol.61 (8), pp 2230 - 2241.

Nelson, S. O. Trabelsi, S. Kraszewski, A. W.
(1998). Advances in

moisture

sensing grain

content by microwave
measurements. Transactions of the
ASAE. Vol. 41(2), pp.483-487.

Nelson, S. O. (2006). Agricultural applications

IEEE
Transactions Dielectrics and Electrical
Insulation, vol. 13(4), pp. 688-702.

Passioura, J. B. (2002). Soil conditions and
plant growth. Plant, Cell and Environment,
Vol.25, pp. 311-318.

E. Cataldo, A. Cannazza, G. &

Benedetto, D. E. (2010). Improved

reflectometric

of dielectric measurements.

Piuzzi,

method  for  soil
moisture measurement exploiting an
innovative triple-short calibration.
IEEE Transactions on Instrumentation
and Measurement, Vol.59 (10), pp.

2747-2754.

Pozar, D. M. (2012). Microwave engineering.
(4" ed.), John Wiley & Sons: USA.
Relf, D. (2009). The art of bonsai. Virginia

Cooperative Extension. Publication.
USA.

Seker, S. & Abatay, H. (2005). New
frequency-dependent parametric

modeling of dielectric materials. Int.
J. Electron. Commun. (AEU), Vol. 60
(@), pp.320-327.

Trabelsi, S. & Nelson, S. O. (2004). Calibration
methods for nondestructive microwave
sensing of moisture content and bulk
density of granular materials. Transactions
of the ASAE. Vol. 47(6), pp.1999-2008

Zhang, Y. SARKAR, T. K. Zhao, X. Garcia-
donoro, D. Zhao, W. Salazar-palma,
M. & Ting, S. (2012). Higher Order
Basis Based Integral Equation Solver
(HOBBIES). John Wiley & Sons: USA.

- 30 -



The Journal of Industrial Technology : Suan Sunandha Rajabhat University

Volume 7 / Number 1/ January - June 2019

nsPuunaneuzgiiduguLaznsilasuLUasiuiveiameia

=) a [ oA -4 1 =
USIUAINIAUTLAAIVATVUS 58119U 2521-2561
a al* saw o &1 a 1
As17al Leges | §3%y duna, qus Buven
‘aninglimansuazgiiansauma aazaywemaniuazdinueans aminetdevigaiugium
Email: katawutwa@ssru‘ac.thlﬁ

Received: March 11, 2019
Revised: May 28, 2019
Accepted: June 5, 2019

unAnge

miﬁ”mLm:ﬁuﬁmaﬁjwzLaL‘T;Ju{]zymﬁwumasham'aLﬁaadamaiﬁﬁmf]agmmumﬁy’ﬂ
AULATYNILAZTIAY a1‘15ﬁ]’aﬁﬁi’mqﬂigaaﬂ%maﬁﬂmé’ﬂwmxgﬁﬁ’m@u TEPRRERICTMIRIEY
fufimneilasa senine 2521-2561 Tnglddayanimaruiien Landsat lunssuungfidag
3 gaaaan b U 2521, 2541 uag 2561 mewaianisduwunlaenismiiugua (Supervised
Classification)  wagmsanaeunInisuulasitufivioilogiauinafninsrauaidus
NANISANYINUT Qﬁé’mgwuﬁdwﬁamiﬁ’mLmﬂuﬁuﬁﬁ fio manseuazinuaith Taesua
fignnionzanniianazeguinunouaisvesfminyszauasius lnediigniniezainiian
semined 2521-2561 Wuiiduausisifia Sneunsasny gaanizie 129 ms1eilatuns way
sesaunie fuaugnne Sunetiuazin Suseguinmneunatosiimia lnsgninizd
75 p1310uns wansiteildaunsainlunusunimsdansiuiivinareimealid
UsyAvEnmandedu

AdAy : MITuUNNFug L, Mm3tawzangily, MIduunlagnsmiuaua

- 37 -



sansirnrsmalulagigaamnass : unidnenassssnagIion

71 7 Uil 1 iaaunnTIAN - Jguiesu 2562

Geomorphological Classification and the Coastal change in
Prachuap Khiri Khan Province during 1978 - 2018

Katawut Waiyasusril*, Sirichai Imtua’, Sumate Inhom
1Geography and Geo-Informatics Program, Faculty of Humanities and Social Sciences,
Suan Sunandha Rajabhat University
Email: katawutwa@ssruiac.thl*

Received: March 11, 2019
Revised: May 28, 2019
Accepted: June 5, 2019

Abstract

Coastal erosion is a crucial problem in socio-economic issues which has
continually occurred for many years. This study aims to analyze the geomorphology
and detect the coastal change during 1978-2018 by using Landsat satellite images for
the vyears 1978, 1998 and 2018 in classification process by using supervised
classification techniques and detected the coastal areas changing in Prachuap Khiri
Khan Province. The results revealed that the geomorphologies which easily eroded
were the beach and delta. area. The most affected areas of coastal erosion, about 129
sq km” during 1978 to 2018, had occurred at Mae Ramphueng sub-district, Bang Saphan
district in the lower part of Prachuap Khiri Khan province and the coastal areas of Na
Hu Kwang sub-district which situated in Thap Sakae district in the central part of
Prachuap Khiri Khan, have been eroded about 75 sq km”. All of these results can be

used for further effective coastal zone management and planning.

Keywords : Geomorphological Classification, Coastal change, Supervised Classification
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Abstract

Color of anthocyanin extract from butterfly pea is bright and can easily be
changed by pH value, so it can be used as pH indicator. The objectives of this study
were to produce the freshness indicator for application with two fish fillets (pangasius
dory and salmon). The indicator film was prepared by using 2 (% w/v) carboxymethyl
cellulose incorporating with butterfly pea extracts at pH 4. For evaluating the efficacy
of film as pH indicator by immersion test, the results found that the color of indicator
film can be changed immediately after immersing films into different pH buffers (pH
values of 2 to 9). At pH 2, the indicator film exhibited a pink color. When the pH value
increased, its color was changed as more purple to blue shade and became a green
color at pH 7. Likewise, vapor diffusion test using acetic acid and ammonia as an
evaporating agent showed the great result of color change that it is a function of time.
The color was increasingly changed from blue to pink, when the film was exposed with
a vapor of acetic acid solution for a longer time while changed from blue to green
when exposed with a vapor of ammonia. The film indicator was applied on salmon
and dory fillets and stored at 4 °C for 15 days. It was found that the color change of
film indicator was depended on storage time. Its color was changed from blue to deep
blue, and finally green. The result also demonstrated that the color change of film
indicator was related to the quality change of fish fillet. For evaluating its feasibility to
be used for commercial purpose, fish fillet labels were designed and conducted with
100 consumers. It was found that most of consumers had more correct the meaning of

indicator designed using a short text than indicator designed using a symbol.

Keywords : Indicator film, Butterfly pea flower extract, Fish fillets
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Abstract

This research article presents the design and construction of a brushless DC
motor controller. At present, the brushless DC motor has high efficiency and is widely
popular in the electric automotive industry but the brushless DC motor control unit
must still be imported from most countries. The results in expensive and difficult
repairs the research team therefore designed and built a brushless DC motor control
unit with a rated power of 1 kW, rated input voltage between 12-50 Vdc and 20 A
rated current. It can also adjust the rotation direction of the electric motor and stop.
The operation of brushless DC motors with a motor speed display screen after the
construction of the brushless DC motor control unit has been completed have tested
the efficiency of the control unit by testing the brushless DC motor with mechanical
load start testing from 0.5 kilograms load weight, 0.5 kilogram load to 10 kilograms of
load, test both brushless DC motor, turn clockwise and counter-clockwise rotation at
full power. The results from the test efficiency of the brushless DC motor control unit
is 90.98%, which is considered to have the efficiency close to that of a brushless DC
motor control unit, which is commercially available but has a lower price and can be

repaired.

Keywords : Speed Control motor, Brushless dc motor, Vehicle Electric
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Abstract

This paper introduces the design and development of software for sex
determination in beautiful bird by sound recognition. Beautiful bird has the same
characteristics both in male and female that is called “sexually monomorphic”. To
study the sound of birds and develop software to determine the spectrum of the
sound that birds send out. And to compare with the database of bird that has already
been verified. By collecting the results of the 5 sunconure birds, which the result of the
males that have a spectrum of 696 Hz and females have a spectrum of 869 Hz with
error 6.75 %.

Keywords : Sex, Bird, Voice, Sound Spectrum, Subtitled Audio
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Abstract

This paper aims to investigate the behavior of a plank girder strengthen by pre-
stressed rubber pads. There are two test schemes. For the first scheme, the capability
of the rubber pad in improving bending moment capacity of the plank has been
investigated. In the strengthened specimen, the rubber pad will be attached along the
longitudinal axis of the plank and tested under static load in order that the moment
capacity could be compared to the controlled specimen. For the second scheme, in
the controlled specimen, two planks were placed adjacently and filled up with non-
shrink mortar. Then, the load was eccentrically applied, and the test will be terminated
when the cracks were observed between the planks. The rubber pad was then
attached laterally across the joint and test under the same procedure. For the first
scheme, the test results revealed that the first crack was observed at 5 mm and 7 mm
for the controlled specimen and strengthened specimen respectively. The
strengthening method using rubber pad found to a promising method in improving the
flexural capacity of beam. For the second scheme, the crack along the joint was found
when the load reached 5.92 ton at the deflection around 6 mm for the controlled
specimen. In contrast, the plank strengthening with rubber pad could withstand the

load up to 7.606 ton (at deflection around 10 mm) without any cracks along the joint.

Keywords : Plank Girder, Rubber, Strengthening

- 72 -



The Journal of Industrial Technology : Suan Sunandha Rajabhat University

uni

TUg999a1 8N AT TET UL A TR
Audesnisdulaseadieiiugrugnli
AMUEIAYIINYNTTUIA LaslanIgn1sasna
szuulassadiaiionisauuiny Taun auu
azn1u a2 lassadrsagnuiilulasasis
wilsfignairedruauninlulszinalne ds
Thssadsasmumaniliinmsneasne wagldou
11981989 1UINdsHalanInnsITIuve
Tassadrafinmsidonanin wenanduusuna
nsldaunagdindnsoussnnildeud
winltifingaty esntadomansugia
viovsadsiinsldaunelddminsausan
FaAundunusifinguunefivua sauds
NANTENUINAUESSUTIRTLAATY (Natural
Disaster) 19U 11visl 7184 9zdwansznusie
mmmmsaiumi%’uﬁwﬁﬂmiﬂqﬂmanaxwm
FUDEINANTENULALATIRBAIUAINITO
Tumsliau (Serviceability) wazpaniuasd s
(Strength) aeeaueng NSNS aAINUYINY
¥23dzW1U (Durability)

Maintenance

Structural
condition trend

® ®

_—
— Load condition
trend

Natural
disaster

@ Higher reliability Time

@ Lower reliability
@ Improve reliability

E‘Uﬁ 1 mn?%auammmazwmmunmﬁ
Wagud flan Grubb, Michael A Corven, John
A Wilson, Kenneth E Bouscher, Justin W
Volle and Laura E (2017)

Volume 7 / Number 1/ January - June 2019

Felladudananatrefuasdinanoss iy
aaLdesiufidneszuulassadng (Reliability)
wazdaymnina1n Fsdndudesgeudizmse
Ufudsaunlalaseasneesasniu aaeis
ALESUAR AT 19@E WU (Strengthening)
Fomnlilsaduidwedassadrmiolssu
n1sUsesnwgeunsy e19dwallinainy
laivasnsde wsellusunsiesenisidauves
avnuld (Lower Reliability) Faunnsiasy
AadlATIas 19T ogaNuLL (Maintenance)
azwy sadudsndudiodiunnuudouse
wazBnorgnisldnuedlassadsazmuy
NRUAUIN

avnuioldulassadrsrounindansa
ilomila Ganmefurid medasiad il ingUszasd
delilassadraduausasunsenseyinle
s eielilaswedeidenanmlaninse
Fuusslddauiu Fefaudofnaufetagiu
nsiasuiasliulassadaduiiaeiunane
Flidraudunisldvasniunén RS. Aboutaha,
M.D. Engelhardt, J.O. Jirsa, and M.E. Kreger
(1999) and Y. Xiao, and H. Wu (2003) and
A. Ghobarah, A. Biddah, and M. Mahgoub
(1997) and An He, Jian Cai, Qing-Jun Chen,
Xinpei Liu, Hua Xue, and Chenjie Yu (2017)
and Gia Toai Truong, Jong-Chan Kim, and
Kyoung-Kyu Choi (2017) w3anslafian lvluas
Tunsleusalaseasie wiu waudulamsueau
(CFRP) i@ulaui (GFRP) *1a Kittipoom Rodsin
(2017) usitanifeuthunaiuiidslassaiig
AounInLadumandian fo wiuduloaiueu
(CFRP) Llpsanniduanfifininuudsusegs
wazdouddeuaznanisnaaeuseiuey
1UUNIN AR. Rahai, P. Sadeghian, and MR.
Ehsani (2008) and Colomb F, Tobbi H, Ferrier
E, Hamelin P (2008) and Pedro Faustino,

- 73-



sansirnrsmalulagigaamnass : unidnenassssnagIion

71 7 Uil 1 iaaunnTIAN - Jguiesu 2562

Pedro Frade, and Carlos Chastre (2016) and
Mohamed Elchalakani, and Guowei Ma (2017)
and Ruo-Yang Wu, and Chris P. Pantelides
(2017) waRfidaidefunudulonsuausian
gaunn \esandestudraindrsUszine
vindsislimnsfumsiasumdlassadiei
fsuuszanegegiednnia

nsmiaglulseinanmaununsdauY
uloarsuou (CFRP) unazidunmiadeniis
Lﬁaqmﬂ%ﬁ]ui’a@ﬁmdw LAZIIANGNLNT
aanistdndandwUszna  dadluilagdu
EmwWiﬂuﬁammmﬁy’uﬁiwmgnum $3u1a
Jabianudrdglunisimuiane1anis
ienanifinyaneUsiueramsiliuian
fiflauudusafivame Weswinaunsasu
wsrsle 800 Alandu fisvezBauszanas 100%
INMITVAdeU Fanasiunesuidasasng
Fuduazmuduiaguld

e iTsiunAniiagldTaneram
dausslunisiasuniasveslaseasisazniy
Wieflazanunsafiunssulumusaedasadng
T¥unau wazdagandamninisuaniinniy
SOUFPYBTUAILYDIELNY

o

IUILEIAYRINITITY
1. ifiefnwngAnssumnsainermansvos
uﬁ’mﬂzW’mﬁﬁL%ﬂgU%ﬂLﬁﬂ’]LL‘U‘ULEﬂ%SJﬁ”IETﬂ
AIETAREINNITINNURUIET
2. Lﬁaﬁnquaﬂsimmaaﬁmamam%mm

Fudruasnud5guTuaTasuidie Tan

€

2D

19N 57 UL

= ada v
ITEUYUIBIY
ﬂ’]iﬂ/lﬂﬁ’e]‘uLLa%ﬁli’Jf\]%ﬂﬁNqaﬂiﬁJ‘UﬁN

Fudruazniudniagunieliusinssinuuy
atneArans dndavuioiiioUssiiu

ANEINNTOTUAITSULTITEWININITLETULTS
wazldiaSunssrng Taneanslaenisnaaeu
finTusznadeuauisnsuandvestiud
azwiudnSeguniednisududaliiiu 10
faduns lnen1snaasunsiainnginssy
Fudruazmuazsniunisludnvazves
Diagnostic Load Test FaUumpdeuvnmssauaes
vodlasar azvumelatminvessnussyn
TrensvndeusaniUu 2 anvaly A N1VAEDU
Aelpusanseyin wuuateemans (Static load fest)
wazn1snageuntele LInTEYIILUUNaIR
(Dynamic load test) %ﬂuwmmﬁ%aa’nﬁq
lnign1snageunieldaninzainaans
Static test Wi Tng3snsusvanamsnsiada
wuvadnAand azfanTauUTa Uiz uLTIng
NAFEURUTEETREUFIVD T uAIUAE Y
du5egUiileasnsuieainnnuudeunse
FuduarmuduSagy (Stiffness)

HRdevelaueIsnIsnaaeauLay ALTuN1s
Tuns93seisudausnisnageumidais
YDIHUL NI LLax%udauaswwuﬁ%%gUﬁ
w3uimas Inglduauenamsidauss dusagy
Fauuuduasuuug neflneandeadwielui

gunsalitldlunmaaeu

1) gunsal InsauuUAS (Tension Load Cell)

2) gunsallviuseds (Hydraulic Pump)

3) lasedeuda (Frame Test)

4) gunsalduia

FunaunISNAdEUNITUIANEIR Ve
WHug19n131 TaggIdeagldenanisunsa
Hardness 60 3a.dunsaieatufiuusuens
seEzny (Plain Pad) Al¥luazwiugredu
YDINTUNNINAN (Span 5-10 LuAT)

UIUNULNNITT FUIANINY IR UAAY
20 LYUALLAT X 50 LYURLNAT X 4 LHURLUAT
wdafaiugunsnidudn uazfunugIamis

- 74 -



The Journal of Industrial Technology : Suan Sunandha Rajabhat University

Tnefinstasvesnusnadu 2 wh Wesan
Foamslilfusanniian wagdrdannlundni
Alalaursairlailosannerseradeniy
NANLYTAAULALATIVTALT IRV UK UL
Wuan 1 e iilenusshsiianasilean
gﬂﬁaﬁnﬁ,ﬂunmmu

[

JUN 2 Msflauruganslaeinisindives
wrwenalu 2 whanaruen i

2
T
1

500+ ‘/.}/I‘ -

400 4 - b
300 4 / <

2004 e

Tensile forces (kg)

0 T T T T T T T T T
0 10 20 30 40 50 60 70 80 90

T
100 110

Elongation (%)

JUN 3 Anuduiusseninausiiuaz seezdn

Volume 7 / Number 1/ January - June 2019

PNNANISNAFDUNUI HAULWNNITIVUIN
faNa @IS ULIIRLS 800 Alansy Nszey
faUseanns 100% szezdasmanariiuszesin

'
=]

Naunniazmnndanumiszeziagyitlieens

Y
=

doguluunn Talwsne funsansmaiulaseadng
i Tunnseonuuuazuusthlfdaenants
fiszz 100% 130 2 Wi nANET AL

FunsuntsLasufIFIdudiuasniy
d1593UEsRAUENIINTITANS

Funoudt 1 thurlugnansivung 20 x 4 x
50 wufims wfnksiugagunsaifudausiu
YN

Fupoud 2 14t lsTasandsusuenms
Tinmstadu 2 whwesrnueiy wavden
guUnIalTuBauRuE1 TN sEn
faeld

Huneudi 3 FndegUnsalfudausiuenemn
ﬁu%uéauﬁﬁwLmﬂa%ufhuaswmﬁﬂL%ff\]'gﬂ
(‘u’%nmﬁawm%udauazwmﬁwL%ﬁ]gﬂmm.lmm)
Fumnoud 4 Aaurusrsnnsddaiatu

UﬁQUﬁSWWUEﬁ’WL%QEUWW&ILLU’JEJ’YJ Ineisnstn

e

andenurug1smsd1ivgunsaldudaly
uneuil 3

Fuperdi 5 UandergunsniduB s
Tfenmnsfimsisianduusaeedngiudou
avnudiiagurugUnsalfudnusue1am s

Ree £

JUN 4 uansgUunsaldudnunueemfniu
Fudruasnudniogy

- 75-



sansirnrsmalulagigaamnass : unidnenassssnagIion

71 7 Uil 1 iaaunnTIAN - Jguiesu 2562

r
N

JUN 5 A MAINULAAITUABUNNTRARILAHY
grnsniiugudnasnudusagy

ATPONLUUAIDYNNTNAADU

MIgenLUURBE T uA A NLELS 3
Favihumaaoulufunuiudiuas niu
dusaguriiavieadou Anululagdmn
Tudszind Ao @a¥NIUIBINTUNINAL 18
Tneluaudsed sxvwavenamnsundauay
améi”’m%wﬁ’ULLsiuﬁuﬁ%%gﬂ LATNAFDUAIA
sulsmuddnsuiieuiu uiuituitlale
@3UMAas InagliuaugnamsIauIL 9 Wiy
LazuAarLHUIALIANING 20 WURLLAT 817
50 LOURLLAT LAZUUNINNY 4 [WURLIAT WAz
UIUAUVYNNITIFING1IUEABEN 2 111U89
AMUEIRY wEEnRafuTudIuEENY
d1593U YAnde 1 wns 8 7 W0 Uasuu
35 WURLLIAT MINARBUILVIAFBUNTIULIIUA
ARLUU 3 90 (3-point flexural test) lagay
¥nsnaaeuLUULRBIRY dmsunduiui
wsunarldiasue1anist msnagevazidu
ASNAFBULUUAIUANTYEENITUBUA
(displacement-controlled test) lagagiudin
AINITNAABUYN 9 N1TWBUA 1 Tadiuns
LLaqummiwmaaULﬁ'amméuﬁmismm
10 fadiwns 1esarnnisusus (Deflection)
figuduavgyirliiAnnislon  (Pumping)
wagsouAinliAnAadswY (Faulting)

Tels18ardgANISNAEBU LaYINWINF 19819
UL MAFDUAINITIN 1

A191991 1 AT NUERITIBALIEYANTNAEBUY

avumsvedey JUwuy MEsuA
1 \flen TaiaSu
2 #ien LESUANNULIET)
3 A TaiaSu
4 A LESUANULIYING

msfnRegUnsainTITITTe

nsnaaouiudIuazniudniagy
$ndudosinduaiosdie s 9 Wietan
"3mswﬁwamaﬂ‘wqaﬂiiu%yu?huaswm
dsaguiliintulusogng fedl

Accelerometer Lﬂuqﬂﬂiajﬁwﬁm%fﬂ
anuduvedlassadisfuandunind 6 Tne
AUAlRANI M LUILAY Y LASEIMANE +
fifirmatuuy uavin3owmane — fldnsas

g‘d‘ﬁ 6 Accelerometer

Linear Variable Differential Transformer
(LvDT) ugunsaiilddmiuindrannugush
vodlassaaiaandlunni 7 Taedaluguuuy
ez vedasedns Tner el s owne
— Wusvezuauiadlunn wiy Z vedaseasng
w3eamang + uszezususulunun uny
Z 994lATeasng

- 76 -



The Journal of Industrial Technology : Suan Sunandha Rajabhat University

3‘1]17{ 7 Linear Variable Differential

Transducer

Strain Gage 1uguUnsaifiltdm¥uiae
nsBa/madvedlasiadnesauandlunind 8
Tauf1vunaldfianianiuLuInIsang
A3 + fnsiadvelaseadng uay
wheamny — Sinmswasuedasadng

31]17; 8 Strain Gage

Data Logger #ilalsanedmiuiuiindeya

< s g v & o
Wugunsalaldiivuazudasdayaain
Accelerometer, LVDT Wa¥ Strain gage @9d4
foyanialdvndugasidiunlusuves

Fyeyru Analog  wagvinnsuUasdgyeyradli

aglugUrasdyay1as Digital Feanansodenialy
Tirsesneuiunesiiaiuioyauazlszanana
Data logger

Volume 7 / Number 1/ January - June 2019

W|nmedey

rowhnsmnaeusewinnsiaksgunsnl
vududasnudiiag  Ssdunsveaey
LUUNIzadneAIaniveItudIuAT NI
diSagUuuuifsragyinnisinassgunsaiiadn
Mg UA7 (Linear Variable Drfferentlal Transformer)
yostudLArNILdTIgU Viavun 3 s
wargunsainTITinAIAATIAvDIT ALY
aznudnfagUiianun 10 fums udluns
NAFOULULANMEARREAIAR U0t udIY
aznudnsaguiuug agmsfndsgunsal
1nAIN158URT (Linear Variable Differential
Transformer) vastuduaznud S agUviavan
6 sunus wagaunsalinA1AuATEATDY
Fudruazniudniagusianan 20 fumis
waztufinamnisvaaeuluutazdunouves
NsnAFRULTITUTINANANAGOU

- 000 G 2000

T
a

[

i - —= 4100100 mm

SG3, 5G4, S613, 5614
SG1.8G11 62,5612
e 3

i

)
G5, 5G6, SG 15, 5G16 $G7. 5G8. $G17. SGI8 /{ 569, 3G10, 5619, sﬁ:nj 103100
LVI LV4 LV2,LVS, LV3,LV6,

]
5500

A 1
[ SG1. SG2 = SG11,5G12

=y ) ey

SG3/ SG4 SG13 SG14

SG15, SG17. SG19

$G16, SG18, SG20

$08.5G7. 569, G, SG8, SG10

| 1 X
»

£3, LVI,LV2,LV3 2 LV4,LV5, LV6

]

JUN 9 dundsmsAndegunsaluniiudiuy
asnUANSIFUTILUULALT UazuUUg

- 77 -



sansirnrsmalulagigaamnass : unidnenassssnagIion

07 7 auudl 1 idaunnTIAN — Juies 2562

g‘dﬁ 11 n15%AAY Strain Gage

msnadeuiiaUsziiunsifiulseavznm
maﬁ?udauazwwuﬁﬁﬁ]gﬂtﬁ YIUVADPYAIERNT
LUTYUTIIULSINAAADUTENININBULAY
AENFINTETUAFIR I8 TaRE19N1I1AY
i 12

dnFaguibeanuuatnmans

AMSVAFRULNBUSHEUNSINNUSEENT AN
vosBuduarnIudnSagUguuuadnemans
USYUIBULSINANAFBUTEWINNDULAY

AendInsiasuiidmieTane1amns tag
f95NTUANE1TENINTEADYB N
W 2 wiy TnefdunaunsnaseuLuUREaiu
Funuuiiien aunnil 13

JUM 13 nnsnedeuuduasnudusagy
AkuvainA1ans WieNiasUIToELANI12
TEWINUNY

NANTIY
KANSVAABULUVARREANAN BT uA Y
azududaguuuuifed siaeiuiids uay
Lyl uMAIMIB LR LE1INS)
ﬂ'auLa‘%uﬁwé’ﬁwi’aqmawwm%udau
azmudusaguiladliiasuiidefaedag
£191151 1ilDQNULIINANARDY FIBYUINVDS
WS 2.87 du i liAnssezn1suausa
vestudmiiy 5 dadiuns silvdudiy
agudnfaguiBufinsuaninivinanas
Avnu WawiloAuANMIVIAGEY TUINTBILTY
unmageuTvilssrerimastuduazdusagy
fmsuguiviniu 10 Tadwns winiu 4.931 6y
Aunni 14

- 78 -



The Journal of Industrial Technology : Suan Sunandha Rajabhat University

5 [Maximum = 46313 Ton

)] )
45 e
/"!" N
4 VY Y
/
35 J/v“r‘ '\"\ﬁ
< 3 /ﬁ‘ a
g i
@ 25 MW
2 2 o
;"
15 AN
L 4 Lvot
7 Lv02
0514 Lvos| 7
/

o

0 2 4 6 8 10
Displacement (mm)

UM 14 anuduiusseninausainanageuiu
JruzusuMvestudiudznIudnsagunou
NSLESUANG IR TANE 1N

ANYNAUATUAIRIAI8TAAYIINIT
Fudruazniudniaguiiasuiidadaetan
819M15781151RA N5 WANS 17T LI UK
wirdu 7 fiadwwns wansldmiuiinisiasy
#1951 IR A uudanseeddassadng
aznulpgsauilanuudafinuiniy way
au1505uusInageqalide 6.095 fu s
wnnuruiuRldESuigs auani 15

Maximum = 6.0849 Ton

Lvo1
1 'z Lvo2
Lvo3

0 1 2 3 4 5 6 7 8 9
Displacement (mm)

UM 15 Anuduiusseninsusananaaeuniu
SzuzusuiITeITudazNIudSa3U
MYNRINSIETUAAIIY TANLIINT)

INNNANTNAADUNDULALAIYNAS
ﬂWiLﬁﬁﬁJﬁ']5&5’38’?&@8’141/!’13’1%8\1%‘145314
agnud3agUuuuAe) wuin Tuszezusui
ﬁLviwﬁu%udauazwmﬁu%gﬂﬁLa'%mﬁ”uﬁﬁw
Tane191131 @101505UksINANadaula

Volume 7 / Number 1/ January - June 2019

diusnfuaindudiuaznuduiaguiilails
i@Buds Wemnuaueanssausaimiing
WilauiuanenlssluaaunInonLsIItam g
aP7I%A1 (Posttensioned System) UWALANAAY
finsiasurdaznsyyinsuen Tuldnszih
Huviedesndn munInd 16

——AFTER

——Before

Force (Ton)

0 2 4 6 8 10

Displacement (mm)

Ul 16 msSsulfiuanuduiusseming
LsInAMAaDURUTTEELBURT 1898 udIY
avvnudnsaguneunasnauasuidiae Jan
#4115

KANSVAABULUVARREANAN SR T uA Y
agmudnSaguiuug viaeduids uazliiety
MAIAILUNUEINNIT

NOUESUAA WY TANY NI NaNAFBY
vostuduazmudSagUuuuRuUU sl Fias
A& fannamnsuilelaunsinanaasy
5.92 fiu AW IAAKBWAWINGU 6 Taduns
Bufinsunniniigeuinusesdevestudau
agmud3aguiug usanamaaeuRivgyinla
AANISWBUAILNAY 10 Hadwunsdaviihu
7.606 61 Asn g 17

-79-



sansirnrsmalulagigaamnass : unidnenassssnagIion

71 7 Uil 1 iaaunnTIAN - Jguiesu 2562

g Maximum = 7.6057 Ton

Force (Ton)
&8 o o 9~

w
T

—— V0
Lv02
Lvo3| 1

—— Lvo4
Lvos| 4
LV06

0 2 4 6 8 10
Displacement (mm)

JUN 17 anuduiusseninausainanageuiu
JrezuauiveITuduasnIudnsagUdnou
NSLESUAS P TANE19NIT

ANYNAUATUAIRIAI8TAAYIINIT
AeundIn1sasuinaniedanetanisaluy
LUAUNLYIN AL ANLT IS ALUININYINIUN
naaeudionanageutudunadeuluiszey
FelaiiAnnauaniruintuuiiog
sopsvestuduarud IS IzULIUg Taven
NAFOU

10 mm

10

Maximum = 98902 Ton ' A 4

Lvo1
Lvoz| 1
Lvo3
Lvo4| 7
LVos
Lvos |

Force (Ton)
AN W A e N ® ©

0 4 L L
0 2 4 6 8 10
Displacement (mm)

UM 18 anuduiudseninausananaaeuiu
iwsLLéuﬁamaa%uﬁaumuéﬁL%ﬁ]gmjmwé’&
NSNS TN 19N

IMNKHANTNAFRUN DU UALMUVRINIIETY
ﬁwé’aéha*?a@mawwwuaa%uﬁauaxwmﬁﬂL%ﬁ]g‘u
wuvd wuh lussezusustail 6 Tadums Sudau
agnudFaguiilieiuidsne anenmna
Aansuaniuinasessiouy drududiu

azvudSaguitasuidasie Yaneews
BiiAnnsunndnusnasessowy ana il
19 wu luszozusushivifuduguasny
duSguiiatuindsneanrans awise
fuusenanageuldLinn1NTuIINT uEIY
agmudSaguitlilliiatuids Wosmnmaidia
ussdnlUsEwinasuity avvileuanansn
Tunsenemusadouseinausuiudisunniy
AIUVUINVDIULTIDA (N) ﬁLﬁuﬁﬁu

Farce (Ton)

Displacement (mm)

Ul 19 msSsuifisuaudusiugseming
L5INANARDUAUSEIE LB URIVD T UAIY
agnudusaguuuugnoulagnduasuids
ML TANLIINIT

Tagnisiasuniaeauainisalunis
ANELNLIILABUAITULAVLIINITIO AT
#1150 INANN15VBINITENBLTUFANY
sywieinaeunIn Wetlusednseminaunuiiu
(N) aesilsimseneusssewinausiuity (F) inntu

'
=

Feuuedivduuszaniannuideaniusening

a

Rmeun3m () muaun1sii 1 R. C. Hibbeler
(2010)
F=uN )

P a—

S
uzada-Ng ‘ J _ usata-NY
CRE) r usadeu Fy

JUN 19 Msengusuouseninauiuiumy
aunns

- 80 -



The Journal of Industrial Technology : Suan Sunandha Rajabhat University

dyduazaiusena

PNWANTVAFBUNT LU NNITITAU TS
Tunaaiuidsduduasnudiiasy wuth

1. managouBuduaznudiaguuy
Juifen Aiesuddddaelfuovenamnndause
PsuUIENeTud 1T sE AN
Tunsiiufdedulamud davosusuiiuly
anznsldnuluanienainemans

2. mwmaau%umuazwmﬁwL%ﬁ]gﬂLLUU
JuiRen iesuddddaslfuauenamnndause
e TResuA SR iTsannuang
yosEMILuIesTudLar NS agUlE

3. ManAARU UA AT NUA IS AT UM T Uy
VAADURUULESI USR8 TaR819M5 T UY
Inevpsuduaznud sz ieifiuusedn
59 2 Fudru aansnduusinannaeuld
disnnTuatndudiuaznudniaguitlails
EFaNLE

4. miﬁ/l@ﬁﬁ]U%U?i’JUﬁ%W’luﬁ’]L%QEULL‘U’U
%uﬁj NAFBULUULEIHIE W Tang 19w Ly
LLu’J‘U’J’NGUEN%uﬁﬁuﬁSW”IuﬁWL%QE‘U loLiia
wsedasEning 2 Sudiu Pasannisunni
sousavauHuile

Jorausuuy
NRaNIsNAgeUITNUINTuNTNREaU
Fuduagmudniaguuuuauiioadeu dlu
amﬂmmiﬁmimaauﬁudauazwmﬁwL%%g‘d
¥iindu 9 W AU “1am dievuuang
Tunsiasumdely

AnRNssuUsENIA

ya o v

1VYUBVOUAM NTUNINAY

W
Y
a o

NUITY WAEAUTNITYIINAUGITILRNIENS

9 Y

NaAENSIATIAS19kaTNISIANISLE B

a [

Wegrduimaluladgnaivnisy 4mInedy

aduayy

Volume 7 / Number 1/ January - June 2019

wAluladnseasunainsruasinionidiu
PrelunsnngeusiegsluIvell

References
A. Ghobarah, A. Biddah, and M. Mahgoub,
(1997).

concrete columns using corrugated

Rehabilitation of reinforced

steel jacketing. J. Earthquake Eng. 1.
A.R. Rahai, P. Sadeghian, and M.R. Ehsani.

(2008).

Concrete Cylinders

Behavior of
Confined with

Experimental

CFRP Composites.

An He, Jian Cai, Qing-Jun Chen, Xinpei Liu,
Hua Xue, and Chenjie Yu.(2017). Axial
compressive behavior of steel-jacket
retrofitted RC columns with recycled
aggregate concrete. Construction and
Building Materials.

Colomb F, Tobbi H, Ferrier E and Hamelin
P. (2008). Seismic retrofit of reinforced

by CFRP

materials. Composite Structure.

concrete short columns

Gia Toai Truong, Jong-Chan Kim, and
(2017).
performance of reinforced concrete
retrofitted by
methods. Engineering Structures.
Grubb, Michael A Corven, John A Wilson,
Kenneth E Bouscher, Justin W Volle,
Laura E. (2007). Load and Resistance
Factor Design (LRFD) For Highway
Bridge Superstructures. (Fourth Edition).

Kyoung-Kyu Choi. Seismic

columns various

Arlington: Federal Highway Administration
Final Submission National Highway

Institute.

- 81 -



sansirnrsmalulagigaamnass : unidnenassssnagIion

71 7 Uil 1 iaaunnTIAN - Jguiesu 2562

Kittipoom rodsin (2017). Reinforced  R.S. Aboutaha, M.D. Engelhardt, J.O. Jirsa,
and M.E. Kreger. (1999). Rehabilitation

of shear critical concrete columns by

concrete reinforcement design by
Polymer fibers. (First Edition).Bangkok:
King Mongkut’s University of Technology
North Bangkok.

Mohamed Elchalakani, and Guowei Ma.

use of rectangular steel jackets. AC/
Struct. J.
Ruo-Yang Wu, and Chris P. Pantelides.

(2017). Tests of glass fiber reinforced
polymer rectangular concrete columns
subjected to concentric and eccentric

axial loading. Engineering Structures.

(2017). Rapid repair and replacement
of earthquake-damaged concrete
columns using plastic hinge relocation.

Composite Structure.

Pedro Faustino, Pedro Frade, and Carlos Y. Xiao, and H. Wu. (2003).Retrofit of
Chastre. (2016). Lateral Cyclic Behaviour
of RC Columns ConfinedWith Carbon
Fibres. Structures.

R. C. Hibbeler, (2010). Engineering Mechanics
Statics. (Twelfth Edition). Pearson
Education, Inc.

reinforced concrete columns using
partially stiffened steel jackets. .
Struct. Eng.

- 82 -



The Journal of Industrial Technology : Suan Sunandha Rajabhat University

Volume 7/ Number 1/ January - June 2019

dutfvasnaidsvindauuuldniefwauasdgulaiun

1 L 124
UNIIUNULANADY
4 A 1* a 2 w ¢ 2
nauan ey , Usznda lalng’, alng una
Vanuivimnssules angiemnssumans wninendomeluladsvasanszuns
“anvivaluladennns auzweluladgnavnssy ininerdonusgwszuas
Email: gritsadais@rmutp.ac.th1 , psokrai@pnru.acthz, hatt@pnruac.’th2

Received: May 24, 2019
Revised: June 6, 2019
Accepted: June 10, 2019

unAnge

mathianudefsnduanldifutagroahadulinsredunedeunasSrwannisudes
AreFounsanluussenaBndae ueiiisiasmuildferiesdgnitulnenslianmietis
Nnlsanundalnihuazgramnssunisieaine liun whassuasimdgunaiun ethanldidu
SanUszanuunuiyudiunsdiundn wedgaumiumihnsunazdealneiaissasaueaia
wazunuiyudundlushsdiuiosas 10 uag 20 Tasthwiin uas/vionausiudiaosunud
Yuudludnsraudosas 40 was 60 Tngtutn daunauasuninldUiunfagUszaus
Wiy 591 An/aval. SasantiseTagUszau (w/b) Wity 0.40 Arnsinausivesuosiisly
Wurinugudnandlutig 25125 s TemsususiinamnsiediauiiiunazyinmsnageunLangn
Tumsvienld audRvesmesdnsluaniivan wazulady Minuan1sAnyInudl tesinvlndauiu
IameilemauAudgiauIieay 10 (FAOLB10) vizenauinaessosay 40 (FAGOLBO) innassn
fndafia wazsleuiilumsdeihundusaniiludiafiganitreuninaiuny (FAOLBO) aenadaaiiy
KansAaeUSTINIATuLis Madiilenausiumsdginaiun uasidaosunuiiyudisndly
Uinaigadiedenay 60 (FAG0LB20) msviannidsdaldgannninfesas 80 eisuiiivuiy
AounIRRMUANTIy 91 Yu

'3 °

AdnAsy : uasenivlialradawiulameiies, iase, dguawn, Madn, Mashs

- 83 -


mailto:gritsada.s@rmutp.ac.th
mailto:psokrai@pnru.ac.th

msmrsavnamalulaggnamingss : amiaenaesAnaIgBm

U7 7 aUudl 1 iauNnTIAN — AguIend 2562

Properties of Self-Compacting Mortar Mixed with Ground-
Recycled Lightweight Concrete Block Incorporating Fly Ash

Gritsada Sua—iaml*, Prakasit Sokraiz, Natt Makul2

ﬁDepartment of Civil Engineering, Faculty of Engineering, Rajamangala University of Technology Phra Nakhon
2Department of Building Technology, Faculty of Industrial Technology, Phranakhon Rajabhat University
Email: gritsadais@rmutp.ac.th1 , psokrai@pnru.acthz, hatt@pnruiac.th2

Received: May 24, 2019
Revised: June 6, 2019
Accepted: June 10, 2019

Abstract

Recycling of waste materials in construction materials can make materials
environmental friendly and also reduce greenhouse gas emissions to atmosphere. This
self-compacting mortar is prepared by using waste materials from thermal power
plants and construction industry, including fly ash and lightweight concrete blocks as a
cement replacement. Recycled lightweight concrete blocks was finely ground by Los
Angeles machine, at replacement ratios of 10 and 20 percent by weight and/or mixed
with fly ash at the cement replacement ratios of 40 and 60 percent by weight. Total
binder material was maintain at 591 kg/cu.m. with a water-to-binder material ratio of
0.40. Controlling flow slump in the targeted flow slump diameter in the range of
25125 cm by varying the superplasticizer dosage was conducted. The workability-,
fresh- and hardened- properties of self-compacting mortars were tested. The results
showed that self-compacting mortar mixed with 10 percentage replacement with
lightweight concrete blocks (FAOLB10) or 40 percentage replacement of fly ash
(FA40LBO), the compressive strength, tensile strength, and ultrasonic pulse velocity was
higher than those of the control concrete (FAOLBO) consistent to the lower water
absorption results. However, when incorporating lightweight concrete blocks with and
fly ash as a cement replacement at 60 percent (FA40LB20), the compressive strengths
of self-compacting mortar had higher than 80% compared to the control self-

compacting mortar at the age of 91 days.

Keywords : self-compacting mortar, fly ash, lishtweight concrete block, compressive

strength, tensile strength
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Abstract

The objective of research was to prepare ready-to-use TiO, in slurry form for
easy use in cosmetics. Three types of TiO, source were prepared as TiO, slurry, namely
commercial TiO, (TiO,-A and TiO,-P25) and synthesized TiO, (TiO,-S) The suitable of
solvents and amount of TiO,, including optimum sonication time were studied. The
experiments were set up as two groups of solvent, i.e. (1) six types of pure solvent and
(2) nine types of mixed solvent. In order to achieve the best result of using solvent,
0.0075 g TiO, powder was added to each of 15 mL solvent and sonicated for 10
minutes. The results showed that butylene glycol (BG) was the best of pure solvent,
and mixture of propylene glycol (PG) and BG ratio 1:1 was the best of mixed solvent.
Due to lower cost of PG than BG, PG mixed with BG was chose as the solvent for
slurry preparation. The amount of TiO,was varied from 10-60% w/v of BG. Best slurry
texture obtained using 60 %w/v of TiO,. The study of sonication time was varied from
10-60 minutes. It was found that the optimum time was at 30 minutes. Texture and
stability of prepared slurry were similar to commercial. Different sunscreen were
formulated by containing prepared and commercial slurry separately and evaluated.
There were no significant difference results between prepared slurry and commercial.
In order to investigate the satisfaction of products, 40 volunteers were asked to use
products for one week and answer in the questionnaires. The product containing
prepared slurry was satisfied by 96% of volunteers, whereas the product containing

commercial slurry was satisfied by 76% of volunteers.

Keywords : Titanium dioxide slurry, Titasol, Ready-to-Use TiO,, Cosmetics, Sunscreen
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Introduction

Nanotechnology and nanomaterials
has been plays an important role in human
life (Kimbrell, 2007, p. 117) making humans
more comfortable living. Nowadays, there
are many applications in various fields,
such as medicine (Miraftab, 2017, p. 301)
engineering (Profire & Constantin, 2019, p.
421) agriculture (Chaudhry, N, 2018, pp.
196-200) industry (Singh, 2017, pp. 185-
191) and biotechnology (Panahi et al,
2018, pp. 15550-15558) Nanomaterials are
materials that can be synthesized for
obtaining particle sizes 1-100 nm. Titanium
Dioxide (TiO,) is one choice that can be
synthesized and classified because of
interesting properties, i.e. high refractive
index, large energy band-gap, and a good
property for using as photocatalyst.

TiO,,
anhydride or
Earnshaw, 1984, pp. 1117-19) It has three
types of chemical

anatase, rutile, and brookite. The difference

commercial name is Titanic

Titania (Greenwood &

structure  namely

of the three structures is caused by the
distortion shape and the arrangement of
each octahedral. Anatase structure is
formed by arrangement with each other
using the top, the rutile structure is
formed by arrangement with each other
using the edge, and the brookite crystal
structure is formed by arrangement with
each other using both the top and the
edge of each octahedral. (Oi et al,, 2016,
pp. 108741-108754) These different

arrangements of atoms in the three

structures that are make different
properties. The properties of brookite
structures have an orbital crystal

structure is orthorhombic, if it is heated

more than 750 OC, will change into a

tetragonal of rutile form. Anatase

structure is a tetragonal structure, if
moderately heated above 915 °C to
change the crystal structure to rutile.
Energy gap of TiO, is 3.20 eV (Scanlon et
al, 2013, pp.798-801) When
stimulated by higher energy than energy

it was

band gap, electrons jump up from the
surface, electrons holes occurred, and
will create free radicals of hydroxyl

radicals, which are the g¢ases and
unstable. TiO, has been developed to
make the particles smaller, thus having
sun protection properties that can be
used in sunscreen cream because this
material helps to prevent radiation from
the sun during 260-700 nm and can
prevent visible and invisible radiation by
using the principle of instantaneous
radiation reflection that can prevent
sunlight (Ibrahim et al.,, 2019, pp. 953-962)
For these reasons, TiO, has been applied
to use as an ingredient in cosmetics for
sun protection. However, the limitation of
using TiO, in powder form is non-
homogeneous texture when adding in
TiO, is the

substance which hard to dissolve with

some liquid cosmetics.

general polar and non-polar solvent,

separate  from these solvent by

- 94 -



The Journal of Industrial Technology : Suan Sunandha Rajabhat University

precipitation in the short time when
contact with these solvent.
Consequently, from these interesting
properties of TiO, and the limitation for
using TiO, powder in cosmetics, the
researchers of this research realized the
importance  of TiO, in slurry form

preparation for ready to use in cosmetics.

Objectives

The objectives of this work were;

1. To prepare TiO, slurry for using as
an ingredient in cosmetics.

2. To study the suitable solvent, amount
of TiO, and time of ultrasonic for preparing
TiO, slurry.

3. To prepare sunscreen cream using
prepared TiO, slurry and commercial
slurry (Titasol S-35).

4. To investigate the satisfaction of
volunteers after using both sunscreens
creams containing prepared TiO, slurry

and commercial slurry.

Research methodology

1. Synthesis and characterization of TiO,

TiO, was synthesized followed by
previous report (Pijarn, Jeimsirilers &
Jinawath, 2013, pp. 661-666) and used as
TiO, slurry in comparison to commercial
(TIOA and TiO,P25). TiIO, was characterized
with various techniques as following;
Morphology of TiO,-S, TiO,-A, and TiO,-
P25 were observed by Scanning Electron
Microscope (SEM) using a JSM 5410-LV,
JEOL. The elemental analyses of three

Volume 7/ Number 1/ January - June 2019

TiO, samples were verified by Energy
(EDS).

Specific surface area of all sample were

Dispersive  X-ray Spectrometer
measured by Surface Area and Pore Size
Analyzer using Quadrasorb-EVO, Quantachrome
with Brunauer-Emmett-Teller (BET) method.
Particle size distribution of TiO,-S, TiO,-A,
and TiO,-P25 was measured by Zetasizer
using Nano ZS, Malvern. The particle size
was measured in range of 10 nm to 30
pm by dissolving the sample with water
and sonication for 1 minute. The colloidal
sample was put on sample cell and
measured the particle size, and size
distribution.

2. Study of the optimum condition for
TiO, slurry preparation

Six types of pure solvent i.e. water (H,0),
propylene glycol (PG), dipropylene glycol
(DPG), butylene glycol (BG), cyclomethicone
(CMQ), dimethicone (DMC) and nine types
of mixed solvent in the ratio of 1:1, i.e. 1)
PG and DMC, 2) PG and CMC, 3) DPG and
DMC, 4) DPG and CMC, 5) BG and DMC, 6)
BG and CMC, 7) PG and DPG, 8) PG and
BG, and 9) DPG and BG were studied. In
order to achieve the best result of
suitable solvent for slurry preparation,
0.0075 g TiO, powder was added to each
of 15 mL solvent and sonicated for 10
minutes. The optimum time of sonication
was studied using 15 mL BG with 0.0075 ¢
of TiO, powder and sonication time for
10, 20, 30, 40, 50, and 60 min. The

optimum amount of TiO, powder was
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studied of TiO,
powder for 1.0, 2.0, 3.0, 4.0, 5.0, and 6.0 ¢
with 10 mL of BG and sonication time for

in various amounts

30 minutes. The suitable source of TiO,
powder was studied by using two sources
of commercial TiO, powder (TiO,A and
TiO,-P25) and one source of synthesized
TiO, (TiO,-S) as the purpose of precursor
using in TiO, slurry preparation instead of
expensive commercial slurry. The texture
of TiO,

conditions was studied compared with

properties sturry  from  all

commercial TiO, slurry (Titasol S-35).

3. Preparation of sunscreen cream

Sunscreen cream was prepared from
TiO, slurry of TiO,-S compared with the
sunscreen cream prepared from commercial
Titasol S-35 followed in Table 1

Table 1 formula of sunscreen cream

. Weight
Part Materials

(%)

A Water 55.0
Glycerin 3.0
Arnino Coat™" 2.0
Oligo GGF ™ 1.0
Glydant Plus 0.35

B Stearic acid 3.0
E-wax 3.0
Cethyl alcohol 3.0

Shea butter 1.0
Jojoba oil 1.0
Caprylic Capric Triglyceride 25
Cetiol OE 5.0
Hostaphat KL340D 1.0

TiO, slurry*, ** 6.0
Zincsol-S50 1.0

Weight
Part Materials

(%)

Octylmethoxycinnamate 2.0

C | Cyclomethicone 5.0
D Water 10.0
Urea 2.0

E Vitamin E 1.0

*Formula 1; TiO, slurry from commercial Titasol S-35

**Formula 2; synthesized TiO, slurry from this work

4. Stability test of sunscreen cream
Stability testing for two sunscreen
cream formulas was based on protocols
designed to test the cosmetic product
attributes that are susceptible to change
during storage. These attributes may
influence cosmetic product quality, safety
and performance. We evaluated product
stability using freeze and thaw cycle
(freeze and then thaw it out) for 6 cycles
(Smaoui et al, 2017, pp. S1216-51222)
Appearance, odor, viscosity, texture and

pH of sunscreen cream were also tested.

5. The volunteer’s satisfaction test
Two formulas of sunscreen products
were satisfaction tested by 40 volunteers
who used both sunscreen creams that
prepared from commercial Titasol S-35
and TiO, slurry from this work. Each
formula of sunscreen cream was tested
for one week. The satisfaction on sunscreen

products was evaluated by questionnaire.
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Results

TiO, powder was synthesized by
microwave method and TiO, slurry was
prepared by the optimum condition
study. TiO, slurry was prepared from TiO,-
A, TiO,P25, and TiO,-S. Results of this
study were in Figure 1 TiO,-A had peak
pattern shows high intensity at 20 = 24.8
and followed by 37.3, 37.81, 38.51, 47.99,
53.89, 55.07, 62.71, 69.0, 70.0, 75.0,
respectively. TiO,-P25 had peak pattern
show high intensity at 20 =24.8, and
followed by 37.3, 47.99, 53.89, 55.07,
62.71, 69.0, 70.0, 75.0, respectively. TiO,-S
had high intensity peak at 20 = 248,
27.31 and 29.0.

A - Anatase
B - Brookite
A R - Rutile

Intensity (a.u.)

Ti0,-P25

A 8
- A 2 Ti0y-S

20 30 40 50 60 70 80
2-theta (Degrees)

Figure 1 XRD patterns of TiO,

TiO, powder was synthesized by
microwave method and TiO, slurry was
prepared by the optimum condition
study. TiO, slurry was prepared from TiO,-
A, TiO,-P25, and TiO,-S. The morphology
of TiO,-A, TiO,-P25, and TiO,S were
observed by SEM at magnification of
5,000 and 10,000 as shown in Figure 2.

Volume 7/ Number 1/ January - June 2019

The result shows that TiO,-A and TiO,-
P25 show clouded of spherical shape,
agglomerated particle, and roughness
surface. TiO,-S found that the particle
size is larger size than TiO,-A and TiO,-
P25, and forming a group of cubes with a

shape that is apiece or a bar and a small

scale mixed particles together.

Thm 000000

Figure 2 Morphology of TiO,; (a) x5k of
TiO,-A, (b) x10k of TiO,-A, (c) x5k of TiO,-
P25, (d) x10k of TiO,-P25, (e) x5k of TiO,-
S, and (f) x10k of TiO,-S

The particle size of TiO,-A, TiO,-P25,
and TiO,-S had particles size distribution
around 90-700, 0.4-8, and 0.3-3 pum,
respectively. The particles size in each
range was calculated by program in
zetasizer found that the particle size of
TiO,-A, TiO,-P25, and TiO,-S as shown in
Table 2 The average particle size was
evaluated of TiO,-A, TiO,-P25, and TiO,-S
as 0.297 pm, 8.427 pm, and 2.847 um,
respectively.
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Table 2 Particles size of three TiO,

No. TiO-A TiO,-P25 TiO,-S
(nm) (nm) (nm)
1 296.3 10,535.8 1,279.3
2 285.5 7,575,.8 3,065.9
3 290.2 17,1724 2,509
Average | 2907 | 84279 | 22847

Specific surface area of TiO,-A, TiO,-
P25, and TiO,-S were measured by BET
method. The results show that specific
surface area of TiO,-A, TiO,-P25, and TiO,-
S was 56, 8, and 156.9 mz/g, respectively.

The EDS spectrums showed that Ti
and O were the main elements of TiO,
powder for all TiO, samples as can be

seen in Figure 3.

Figure 3 EDS spectrum of TiO,; (a) TiO,-A,
(b) TiO,-P25, and (c) TiO,-S

Results of the suitable pure solvent
study, the
precipitation after left for 5 days were

particles  dispersion and
observed. The dispersion occurred in H,0,
PG, DPG and BG, whereas separated of
layer in DMC and CMC. After left at room
temperature for 5 days, the precipitate
can be seen in CMC > DMC > DPG > H,O
> PG > BG. (Figure 4). Due to low-molecular
weight of CMC and DMC, dispersion of
TiO, in that silicone oil needs polymeric
dispersants for example, polyethylene

glycol (Traiphol et al,, 2013, pp. 315-321)
Whereas, DPG, H,0, PG, BG gave better
results than CMC or DMC due to its high
polarity. Nine Mixtures of medium; 1) PG
and DMC, 2) PG and CMC, 3) DPG and
DMC, 4) DPG and CMC, 5) BG and DMC, 6)
BG and CMC, 7) PG and DPG, 8) PG and
BG, and 9) DPG and BG were studied. It
was found that PG mixed with BG gave
the better result than other mixtures and
it is similar result to single BG solvent.
Even though, BG gave the best result in
slurry form, it is expensive. Therefore, PG
mixed with BG was chose as the medium

for slurry preparation.

2€)| H,0 PG DPG BG DMC CMC

R . r's

H,0 PG DPG BG DMC CMC

sonication for 5 days; (a) layers, and (b)
precipitate

The optimum time of sonication was
studied to find the suitable time for
sonication by varying as 10, 20, 30, 40, 50,
and 60 minutes. The results showed that
the precipitate decreased with increasing
time of sonication. Due to ultrasonic
wave has been proven as a useful tool to
disperse nanoparticles and to eliminate
agglomeration in aqueous suspensions.
Precipitation of sample at 30 minutes
shows the precipitate as little as 60
minutes. Therefore, time of sonication 30
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minutes was selected as the optimum
time.

The optimum amount of TiO, powder
was studied in various amount of 1.0, 2.0,
3.0, 4.0, 5.0, and 6.0 g, with 10 mL of BG
and PG (or 10, 20, 30, 40, 50, and 60%
w/v) and sonication time for 30 minutes.
Figure 5a show various amount of TiO,
10 mL of BG and PG

immediately after sonication. Figure 5b

powder in

show various amount of TiO, powder in
10 mL of BG and PG immediately after
sonication for 5 days. It was found that
the optimum amount of TiO, as 60% w/v
because of viscosity and flow rate of
texture as same as commercial slurry, i.e.

Titasol S-35.

I A id ES

10% 20% 30% 40% 50% 60% ! 10% 20% 30% 40% 50% 60%

e Ry

Figure 5 TiO,-S in BG and PG,; (a) immediately

and (b) after sonication for 5 days

The suitable source of TiO, powder
was studied by using three sources of
TiO, powder that were commercial TiO,-
A, TiO,-P25, and TiO,-S. Each TiO, powder
12 ¢ was dissolved in 20 mL BG and PG
(60% w/v) with sonication time for 30
minutes. The result of slurry showed that
TiO,-A  had homogeneous of white
texture, TiO,-P25 had heterogeneous of

white texture but liquefied more than

Volume 7/ Number 1/ January - June 2019

TiOA and TiO,-S. TiO,-S, texture had
homogeneous white-yellow color with
viscosity as same as TiO,-A. Therefore,
TiO,-A slurry was suitable for using in
and TiO,-S
suitable for cream no need to be very
white. On the other hand, TiO,-P25 was

not suitable for using in cream because

white cream, slurry  was

of heterogeneous texture (see Figure 6)

Figure 6 Texture of TiO,-A, TiO,-P25, and
TiO,-S slurry

The stability of TiO, slurry in both
sunscreen creams was tested for 6 cycles
by observing color, odor, viscosity, texture.
The results showed in Table 3

Table 3 Properties of sunscreen cream

Property Form. 1 Form. 2
(cream from (cream from
Titasol-535) TiO, slurry)
Texture homogeneous | homogeneous
Color white white-yellow
Odor pleasant pleasant
smell smell
pH 6.0 5.8
Viscosity 35,846 35,267
(cps)

The satisfaction on sunscreen products
was evaluated by questionnaire. The
results showed in Table 4 This table

- 99 -



msmrsavnamalulaggnamingss : amiaenaesAnaIgBm

U7 7 aUudl 1 iauNnTIAN — AguIend 2562

revealed that most volunteers prefer
formula 2 that were prepared from TiO,
slurry in this work (96 %) more than
formula 1 (76 %). The reason, may be
Titasol S-35 TiO,

contains many ingredients, such as TiO,,

(commercial slurry)
cyclopentasiloxne, PEG-10, dimethicone,
aluminum hydroxide (and) stearic acid
(Sinthai, 2018 p. 10) might that cause in

sticky texture on skin when using.

Table 4 Satisfaction of volunteers on both

sunscreen formulas

Satisfaction level
Satisfaction (5 point)
assessment criteria Formula | Formula
1 2

Color 3.80 3.95
Odor 3.70 3.75
Texture 3.70 4.40
Permeability into the 3.35 4.20
skin
Moisturizing of the 3.65 4.05
product
Feeling after applying 3.55 4.35
Average 3.63 4.80
Percentage 76.00 96.00

Conclusions and Discussion

TiO, slurry has been successfully
prepared for easy use in cosmetics.
Crystal structure of TiO,-A had structure
of anatase phase, TiO,-P25 had structure
mixed phase of anatase and rutile phase,
and TiO,-S after calcinations 700 °C for 2
hours shows small crystalnility of mixed
phase of anatase, rutile and brookite.

These results were correlated with the

structure of anatase, brookite and rutile
phase of TiO,. The high intensity peak at
20 = 248 referred to anatase, 20 at
27.31 referred to rutile, and 20 at 29.0
referred to brookite phase followed by
JCPDS 29-1360 standard peak pattern of

orthorhombic  (Alkallas, Elshokrofy, &
Mansour, 2019, pp. 1-7) The crystal
structures  of orthorhombic  brookite

(space group Pbca), tetragonal anatase
(141/amd), and
(P42/mnm). The edge-sharing and corner-

tetragonal rutile
sharing TiO,4 octahedral were the more or
less distorted
of the oxygen
(Riedel, 2004, pp.71)

The morphology from SEM results

trigonal planar

environments atoms

show clouded of spherical shape and
agglomerated particles of TiO,-A and
TiO,-P25 because of the spherical of
anatase phase (Kamitakahara et al., 2011,
pp. 2283-2287) On the other hand, TiO,-S,
the particle size was larger size than TiO,-
A and TiO,-P25, and forming a group of
various shape and size may caused by
mixed phase of anatase, brookite, and
rutile. This result was related that TiO,
has various particle shapes follow phase
content and the condition of synthesis
(Garcia-Lopez et al, 2019, pp. 118-124)
Specific surface area of all TiO, from BET
method shows that TiO,-S has higher
surface area than TiO,-A and TiO,-P25
(156.9, 56 and 8 mz/g, respectively).
Although particle size of TiO,-S is bigger
than the other, this is mixed phase of
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anatase, brookite and rutile. Thus this
high surface area may be caused by pore
between particles. In addition to having
pore between each particle, there was
also a pore between each phase, this
enhance photocatalytic activity related
with some report (Chang & Cho, 2019, pp.
683-693) The optimum solvent study for
preparation of TiO, slurry show that the
pure solvent is butylene glycol and
mixed solvent is propylene glycol mixed
with butylene glycol in ratio of 1:1. This
result related the widely used cosmetic
solvent (Veiga et al., 2018, pp. 261-271)
The amount of TiO, as 60 % w/v was
the optimum amount of TiO, for
preparation of TiO, slurry because the
viscosity and texture of TiO, slurry was
The
stability test of products, precipitation

same as commercial texture.
increased with increasing of the cycle
number. The satisfaction of two formulas
of sunscreen products exposed that most
people like sunscreen prepared from this
work for 96 %, this value is more than

the commercial Titasol S-35.
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