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Efficiency Improvement for Powder Coating Process
in Brake Lining Factory
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Abstract

The purpose of this research was developing preventive maintenance plan for Powder
Coating machine to increase the mean time between failures or MTBF of the Brake Lining Factory.
From the initial study, it found that the values of mean time between failures tended to decrease.
In the beginning of the year 2019 from January — June the mean time between failures was 146 hours
per month. Thus, applied Total Productive Maintenance or TPM together with 4 pillars as follows
1.Specific Improvement 2.Autonomous Maintenance 3.Planned Maintenance and 4.Education/
Training. That could make the machine more efficient. The results showed in values of the mean
time between failures. The trend was increasing in July - November, before improvement the average
to 146 hours per month. After improvement, the average was 165 hours per month or an increase
of 13%

Keywords: Preventive Maintenance, Total Productive Maintenance, Mean time between failures,

Mean time to repair
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Abstract 2 4

This research aims to develop the rice husk ash concrete blocks mixed with cassava pit

waste. The mixing ratio among Portland cement typel: rice husk ash: quarry dust: water reducer type
A: tap water that included 0.7: 0.3: 10: 0.02: 0.6 by weight of admixtures. The quarry dust was replaced
by cassava pit waste in 0%, 1%, 3%, 6%, 9% and 12 % by weight of quarry dust. The 6 mixing ratios
of concrete block samples were casted same as the ordinary concrete blocks and were tested the
properties according to the TIS.57-1990 standard. From the results, the best proportion of concrete
block mixed with coconut shell ash is 3% replacement of cassava pit waste. The proper ratios of
cassava pit waste can decrease the density or weight and increase the thermal insulation of concrete
blocks. However, the over amounts of cassava pit waste can increase the water absorption and

decrease the compressive strength properties of concrete blocks.

Keywords: cassava pit waste, concrete block, lightweight aggregate
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Abstract

The objective of this research is to develop the concrete flooring tile product from old
asphalt road waste. The mixing ratio of Portland cement typel: coarse sand: water reducer type A:
tap water was equaled to 1: 5: 0.02: 0.4 by weight of admixtures. The coarse sand was replaced by
the old asphalt road waste in 0%, 10%, 20%, 30%, 40% and 50% by weight of coarse sand. The 6
mixing ratios of concrete flooring tiles were casted with the compressive machine and were tested
the properties according to the TIS.378-1988 standard (concrete flooring tiles). From the results, they
were found that the 50% replacement of old asphalt road waste was the proper ratio of concrete
flooring tile. The increasing of old asphalt road waste in concrete flooring tile effected to decrease
the water absorption and thermal conductivity properties. In term of the density and bending strength
properties, there were not many differences when compared to the concrete flooring tile without
old asphalt road waste. In conclusion, the developed concrete flooring tile product from old asphalt

road waste can use as same as the common concrete flooring tile product in market.

Keywords: concrete flooring tile, old asphalt road waste, thermal conductivity
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Abstract

The idea of using the residues of agricultural materials for processing into fuel briquettes is
an interesting issue. However, each fuel briquette must be considered several properties
simultaneously. In this paper, the fuel briquettes from seven agricultural materials were evaluated
the efficiency score and raking. Firstly, the fuel briquettes were tested the properties, including the
heating value, fixed carbon, moisture content and ash. After that, Data Environment Analysis (DEA)
was used to evaluate as the efficiency scores of each agricultural material. Finally, each fuel briquette
was evaluated using DEA Cross-Efficiency. The results show that the efficiency scores of sawdust and
coconut shell are efficient (Efficiency Score =1). The ranking for suitable agricultural materials were

sawdust, coconut shell, bagasse, cattail, rice husk, sensitive plant and water hyacinth respectively.

Keywords: Data Environment Analysis, Fuel Briquette, DEA Cross- Efficiency, Agricultural Waste

215a1S3AINSSUANENS S1BUVAASTYUS



1. unid
Tudagdudnsnmislondsnuvesussina
e Wintuoddaiiomnd egrslsiniuunds
wasululssinalnendulidnsinisuanluiigane
fuanudesnis sewduspmdlnedsfaaingy
nEmanaUssmmistuegsdeiiiomnd lu
2 weuusnuesd 2562 Useinalnedinslindanu
Fugahe fUuw 14,820 Wuduiteuwinthiuu
dtuniinfeiuresdieu Sovay 4.8 Andu
YaAINd1 210,879 a1uUm wagdn1sudinganu
Anduyarindt 172,873 duum laglugisaes
Wouksnveal 2562 Usenalnednisldndsau
MauNu 2,866 uduifisuiinihiuiv viemuty
Jovay 28.1 AnYInAernuveslneu [1] n15ld
waumawnunianmdslininisinensiadu
wwamand slunisudtagminisuauaaundany
yoaUsemeld (2] Belundrdunmirfanumdeldnig
nanwasuyliiiauselosddadunisustym
n1sidnvendsainianmielinisnisinunsdn
sUnUUni e aenndeeduuKLUTAUING 3911
nounuLazwdsumadend advayulunisld
wEsundanadiut (3] venindndsnuain
Frnadundsnuiibuiinsdedwinden uaz
ansaudsguianduurad eundelddmsy
Usznavemslalaenss dedundanuiinaain
Fammaeldnisnisinensiaduuna sndsaud
wngauRenTRANTIS iy Femat Tanmdeld
mqmimwmﬁﬂgﬂﬁwmLL‘USEULﬁal,ﬂul,%améﬁa
wadauvia fuanshnssunssu [4], [5, [6], [7] 3
Fowdanaduannsniiuudsgidudusauds
fifiguautimngaudmiulfdudomamauny
HuldileBuaeed
nsdriagmisldninisinunsuiudssy
Jugudawrisandan 7 vila ldun n1ndes nngy
g% FnAuYa wnau nzatmensng 91 0w uaz

o

lugs1u wmegeumAAuaudRveiand1Ay

o

[

dmunsuvsgiiuuiademds Inevanndeld
mamaineazvaiidutanfinuluiesduwazdan
Tngjagligninuudsguitevanldvsslond dudy
N9 Taa N1aN19n YR Sna 1 umnae i o
mwaauqmamﬂ’ﬁﬁﬁwﬁ’mﬁm%’uLﬂuLﬂT‘;aLwﬁﬂ
naunundauauseuanawlyl JenuauA

ddey Iun Apnudeu diunsia ATy uay
Usinandn Tnewiademamietusaurisiiazgae
Uszndadrldinelunistedomasantienain an
Toyydud wandeu annsariangmdeldnig
mimwmmwsgﬂLﬁal,ﬁmyjaﬂ'w Ainuselovine
YurunIeviead u wagd sdAgusznisuideie
Womdsudauvisdorndundsnumaioniil
ASaBu

Jayninuunanginmud (Multi-Criteria
Decision Making problem, MCDM problem)
anunsouvseanidu 2 Usziaw [8] laun Jgymnis
AndulanuunaneIngUsvasd (Multi-Objective
Decision Making problem, MODM) wazdgyyminis
andulauvunateaudneay (Multi-Attribute
Decision Making problem, MADM) Tun1siaisan
Aaidenianilmnzaudmiunsianuusguidy
frusauviaieldiiudomdmaunuaulddu
sgdpsmansanauaniivietadeiifeidomans
Ja¥e Ieufl ArAuden auawa AT way
Usunandn Jaymisadutgmmssndulawuy
vaneAudnwus vie MADM L esanfidadod
Aerdomaneyszns uazinadennateniaden
Aeaiansanlunden o fu lnedingusvasdiiie
wmnadendl imingaud ga w9z f35lung
w1 MADM wannnaneds 1wy AHP [9], [10]
TOPSIS [11], [12] way DEA [13] ag1alsiany
wada DEA WuwadaiildSuarudenlunisin
UsganSnmueanulends (Decision Making Units,
DMUS) fiflnaneniaendn lnglddayatadeundn
wazdadenandn (Inputs and outputs) Afnale
Hadold 1131, (141, [15] Tagltdesivuaiinmen
Tavdadeinduazdasonanan 8luninidu
foyavesudazdaduiiimeseiulisndudosi
n1suesuealaddeya vldeeaenisdn
Uszdns nmaeanuaendad d9uaunin Yade
nandnnatetade waztadeindmaredade

w¥ou q fuls egslsAnudense (Drawback) 7

d1Atyvee DEA Asliuainnsaifesannuaudfsy

'
a

(Ranking) UemiIeNdniIrNAlaNININLUILNEAT

D

AUsednsnn (AzuuuUszdnsaiwniny 1)

U a

JuuEnnImdaende aewmaliadinidy

o

NNt ULANDAT IS eaR UAINE A VDS

o
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maenAni olo1vusdedesd 91nn1sMUNIY
55unssunuIImaiaUsednsamuwuuled (DEA
Cross-Efficiency) v unif slud 515 veamau
AudA Y I suaudengauazgnuly
Ussgnaldiuauidelunatgaiun wu [16), [17],
[18]

Fatulusuidedidunisduauenis
Uszendld DEA dwSudssiiuuseansnmuesian
V19N1SINEAT WAy DEA azgniiuiuszenaldly
nsiFesdfuanudifyesian eUssidunas
Feednduauddyvesiannianisinuasi
mnzaudmiunsisuussiduausausia 5y
nnmsthianiimdeldmanisinunsuuusgidu
d1udauna anduinudauvannannig
nsnuasTiaig 9 imageumauaTRfidLy

dwsunisdudeimndamediu nenaaudfivietade

o o o g

nddyazdegnuufiasan loun Aruseu
ANSUBLAIHY AT uazUTunand 91t
oyanuantAldivardunduinmeainguuy
Uszansnmlagldmatianisinsizinisdeunseu
Toya n3o DEA Tunaudarigazidunisdn
SesdduanudAguesiandmsunisuusgdidu

auonuns lagltimaiin DEA Cross- Efficiency

2. MuNauassAUNSsuTigades

2.1. MFAATIERNTaounTo Uty AL UY
Uszandnnlaed

wufnveunaila DEA lagniiauelag
Farrel Tud 1957 [19] agrslsAnunuuiiannig
Adlnrnansveanaia DEA lagnunauslunievds
1ag Charnes, Cooper and Rhodes [14] TaeL3en
LuUs1aoImneAdinAansian DEA Fadumaina
ATIAUTLANS AT UG (Relative Efficiency)
TnensilSeuiiouainzuuulszansamiisuin
aluusiagnhondnfuiiléanmisondniiafian
(Best Practice) wiea1ananalaiminendndudy
wiherdaflegluszauuuivii (Frontier) viemiae

a a

WARTISUSEANS A (Efficiency) druminenandun
auiluszanBnmiisnda (Inefficiency)
Tnevilunirendndidusyansnmasden
AzLUUUIEANSAIW (Efficiency Score) winiu 1 Tu
druniiendniidaasuuulssansamiesnia 1
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sgiumiendnilifigaaim nefnaudetlagiu
watda DEA lagnunludsegndldiuauide
nannateaIvIfananslulssanssy [20], [21],
[22] uenandinailn DEA Seanunsatunldidu
13 osflenelunisdndulauuuvanenudnvas
1158 MADM [23], [24] Inenaiden (Alternatives)
MIuNLDIVELNATA MADM vzgnuetduniie
nan w50 DMUs Tuwmaila DEA d@aullade (Criteria)
Tuir3eale MADM azgaueaduiiadsdndivie
Yaduwandn (Inputs or outputs) davnAsla DEA
lasuaruieuduegisgilusuidenainaie
4191 ileseniivennaneUsenis fadl (25, [26]:
(1) amnsaUszdfiulssansnmmilondnfisidade
g uazdavenandavnarodadela )1y
Jndudeaiinisuesuealaddoyanounisaiuin
(3) g ndugesimumimidnauddyresudas
Jadeidesarnnaiia DEA aunsaldaruimin
Auddgela lnslutagyu DEA genaldsu
anuidsulunisinnlglunisiausza@nsainves
NUIUHANNTODIANTUAINWABEAIVT LazdInsiinis
Wy DEA Tuguuuusineqdmiunisunlameny
s35uTAnsenudnvarvest i ind uass
i ssandedesveanaia DEA Aoluaiuisa
L%'&JqEi’ﬂﬁ’ummﬁ”lﬁ’zgﬁuawmamﬁmﬁmm 71N
Fuumiiendniiduszans amdsiuauuinndn
wilomiae fofuioflavionwurdedesiitnive
Frnunilsldiavemaiauszansamuuuleids
Lﬂufj%ﬁ'ﬁamaﬂqu [27], [28] @195 ULSBaa 1R U
mmﬁwﬁzgﬁuawmawamﬁwmiﬁ

2.2. MATeTAdestunisudngusn
WNINTAANIINTNYAT

INNINUMUITIUNTIMUITNUIed
Aerdestunianandemadssaursantanns
MsnyRsiaeYie Ly

391591 wndana [29] auwdsguianain
nzaugnd wagauminiudivznds Wunude
wis wan1snageunuaNUinIaANTouYeInIY
ALY UMY 5,003 cal/s N1ULN T 1IN TFIU
UNY.238/2547 1A A UNUNITHAND TUT ALY 9
Winfu 5.35 u/Alansu wazinaIn1suana 400
Alansu/u szevliannisAuulssana 1.4 U



wnanwal NRaMsas [5] lwanwauen
WHINTINIAUAL AL NOUTENYAAMNTTURENLD
NIUDA NANITNAADINUINNIUDALVIIANNAZNDU
Wenuausiuiungaiugninliaiauiougian
s99a9n laufludendenn uazidonniseu any
UMY 1AYDRTNEIUNENVDINTUSALTININALN DU
Weanausiududiualudnsidiu 5:5 1y
Samdufinudawiainuauifivad e
fign finrmdualunisamugs uazannsaAuny
Tusyeziandudu 91nnan1sI el amnsavill
dnasuunsianninifagueadoindeianinms
naawazn1suslaantensinen st lgusy e
a1 uAazidudnnd a1l vasant gy
Faandeulasnvnami

W9 UITEBNTIUIUNIN LU USA
YAa319 [30] war Jyasnd Taandudl [31] be
dnauensuussuianmensineasiudiudauia
widslifiaselafitiaueiinstaussansam
yosgusausinaniy osanivanedadeiides
frsanlundon 9 fu vedadedidn (nputs) wae
Uadenandn (Outputs) TaudeinUszanSainaag
AU ALY LA a¥ YT ANI DT NI 1N UIINE R
(Decision Making Unit, DMUs) 8433 3nuszangam
yommhenanasiiaududeudeansiutady
wandn wazdaduindn fnaredadefideddluns
funns Fadudesosedrmiwesnuidelugud
waztduguassalunmsfmuiiioneseansndnid

MAvINTIEULA N15IUTEANTAINVBIDUD ALY

'
=

wiazviadudugaisuduiddgyiaziilugnis
UsuUsandonauinisndna1ugau i d
UszAnsamgaan ietdulsloviddoniisaui
Aendes fnasy naenvu wazuslnastaly

oniludaud i ovesunarui ez
Usenaume 1n1saiiuniside nan1sAnw uae
aguna AuEey

3. A HuUN15I8
av o &g a a a
N5238ASIUdUNITUTEIHUUSZANT AN
YaIaudARTaIInTanmdeldnisnisinens lag
91fedoyanismaaeunuatURaUSALIsINTag
Waaldlun15nYATNe 7 IR0 LAgTuABUNISINY
' <, & o &
azwusaantdu 3 Tuneu fanalull

3.1, Msdauriademas

TurAseimadanissauiadomaasly
5oy lneldudadudlgndududiusyay
diesmnudlafudusndadusvssaniifidinig
Yougauazannsadangtaglidudeifoay
Lﬁuﬂmauﬂ’ﬁmqmamwlﬁﬁ FunoUNITE ALY
Fomdaduselud

wisnTagmasldmenisinuasiideylu
Wosdusuau 7 vie wiaidudiunaundnlunis
HARG USRS lnesuasidenvasianmdeldnig
mainwnsiigndndenitevhmsinuluadel éun
nndan nngum® fnmuan wnau nzanugnd 4
Aow uagluesu 9ntuwndnans 7 oda e
wisurgwdmsun i uTaguanvesaudn
wiis Tneauiildainnsnazgninauslvazides
Wursanumseul

FunousoundunisinssudUszany
s19az8ensadl nssutudsiudUsudaasin
nanfuluensdiulaeusuing 1:3 unlianusou
warnuauldnwasmisdy sulddnsarveni
W situdrUsndant anunsardusauszaiulu
nszUIuNTUUIUEn (Cold Press Process) léi

mmfmﬂumzmuﬂﬁwigﬂma'ﬂu%‘a
JJ’JaLﬂuﬁ’lui‘fﬁLL'VNIG]EJR]SEL‘%Jﬂ’ﬁLL“Uig‘ULSUIG}EJLF’]%‘IEN
St unuUINE 18 §addrunaud ddayldun
Fogiu utlafudends uazi Tudasdnlos
U3uns 6:1:3 mnﬁy'uﬁ’rﬁ’aqwaumﬁmLﬂudma”fﬂ
wisgUnsenszuen vwindusAudnals s
52 daduns wardnuyad owd i aruena
Uszunal 80 HadLuns 91UIUAI08198E 5 UV
mmfuﬁwdmé’mLLw'qlﬂawauuﬁyuQu%Luuﬁiu‘ﬁ'
NA1ALTY 1A8BIAEAIILSBUNNAIULEIRRNY
Tnanse Tunisanuanagadunislugragiaui
noutdu winluduasuanndinarafnagu Wi
Jeafuautuainaninenia Ingazldinanin
wanUszana 7 Ju Sufuldasuzedsinde e
ilunedeu AMIuSeu (Heating Value) ALY
(Moisture Content) USu1euAns uauaana (Fixed
Carbon) wazU3unandn (Ash) ail

1) ¥1AIAIUTOUAIUUINTFIU ASTM D
5865 Tngldiadnsvantuaasiines

2) "’g’mmms??ummmmgm ASTM D3173
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3) ¥UTUIUAISUBUAIAD AINNINTFIY
ASTMD 3172

4) ¥UTUIULET AUNINTFIU ASTM D
3174

3.2. MTINUSEANS A INYBIa1USALSlnY
1¢wadia DEA

TneihlunsIaussansamids
WUy (Relative efficiency, Re) U9y
nananansaUssiulgwed

n

2u, Y,
Re=2"——— (1)
2.V - X,

i=1

iJusilvastladedndni= 1, 2,.., m
r \usvilvewmandn r=1,2,., R
j \Jusuilveamendn j= 1, 2,., n
Tagil X; Ao Sruduvesiiadondnd i veanie
NER
v, fo Srunuvesnandnd r veaviaeedn
u, A Famnsihminuenandn r
v, A9 Frshuwidnuestiadetigh i

Charnes, Cooper and Rhodes [14] T4
wann1Ineadaaansiizendt nslusunsuds
/& (Linear Programming, LP) famnadianseiinis
dlaidostinstmuasuuuuvesitaitu Tnewmadei
411150 3nUseANnS amvendaendad 17998
NIsHARkATHANAAa18vla (Multiple inputs
and outputs) WUUTIABINIIA AAIANT T L9
a$19fwanidunisiansamissutasedndn
(Input-Oriented) warildnvarromanauLnunsi
(Constant Returns to Scale: CRS) FeaunsonTeu
WUURIaeIeAdamans DEA-CCR- lawail

Min :g"f -x,, (2)
i]ym u, =1 (3)
AR A
i Vis U, 2170; Vi, Vr (5)
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3.3, NITENEINUAINEIAYUBIAIUDA
uvislagltinadin DEA Cross-Efficiency

i 099 ndoseuveunaila DEA Aoly
ANNTOT B UAINEIAYVDINUILHAN 118
nandAazLuuUsEANE nindy 1 unndavile
WUABNER 3501577 97 Lo Suaaui suiun
Uszyndldiil o7 azi3eedduanudidnueayn
wienan Ao 1aila DEA Cross — Efficiency 3
Wuasmsiivautuafausnlud 1986 Tne Sexton
et al. wazldgnimnuszgnilddnafslud 1994
Tne Doyle way Green [32] TnesialunisAuan
ArUszdnsninled Taeldinaila DEA Cross
_ Efficiency Usznaudng 2 Jumeu sl

(1) A aziuulsEansnnlagly
wadla DEA faaunisf (2) 81 (5) agldAnaaanin
winvesdaseingn wardesunandndnuizay
RATRTORETY DMUdﬁaifu AALUNUIEENS AN
wuuledves DMU miheasna1 énunsaminadaann

(2) Aruralsgans aanuuulalsening
DMU; uag DMU 970

R,
Z urd ' yr/
E, =2l (6)

i1, >
2V X
i-1

d,j=1273,.,n;d#j

nUuYnIIALadEnaen DMU, agld
Haans AeA1AzhuuUsEansainlad (Cross
Efficiency) dw$u DMU, @silaiviriu

= 1 (7
Ej =;

n

Ey

J

nduissarnuaudfgylaelydan
AzuuuUszanSainuuuled (E)) Aazuuy
UszAnSamgenindiaduanudrfgyanin

4. wan13ANYD
4.1. nansuusyuiandududaunia
INN1TNAITUIA28a1807 (Visual
Inspection) WU dnwarvesn U ARiafi laidu



wisndanuuuy anuwmiel uazarunsansgley

1o duameiloldunneananiu daanslugui 1

3UN 1 fograaudauria

i ududaunai ldlunaaey
AuandARd A gdusunsdudomasdmiunge
#al TneransvaaouRnanR fail

1) NaN1TIATIERAIAINTOUVDI TR A
avvilalaglduaniunasiiives audauvieanian
uiazviaasgnnaaeudn 5 ase ntumaade
yesAnmdouudazvin dnandunised 1 uag
gﬂ‘ﬁ' 2

A157°9% 1 ANAIUTIUVRIETUBALTIS (cal/g)

viinvasdang afell  adedl  afeil  efd  adedl iy
1 2 3 4 5
1. Mooy 4596 4,508 4,434 4344 4427 4462
2. nnguys 3222 3236 3320 3214 3265 3,251
3. AnAUY 3,188 3,147 3,157 3,118 3,122 3,146
4. unav 3996 3812 3908 3,782 3931 3886
5.nzanuznin 6814 6637 6815 6778 6762 6761
6. Udoy 4918 4,848 4,850 4,890 4,875 4,876
7. lugsu 4478 4,338 4313 4374 4376 4376
8,000 6,761
17, 7,000
7 0000 446 4,576
£ 5,000 3051 3,886
2 4000 , 3146
a
'z 3,000
¢ 2,000
S
-& 1,000
0
o) D [ 2 [ad ® 2
8] E & € b g &
< =] 2 = F = D
& & e < 2 . =
- € =  ° 0
o~ ) 2:2

s}

Tagaalivnenisineas

JUT 2 MmadSeuiiguananuiouvesian

IINNANITNAABIFINTINT 1 LLazg‘Uﬁ' 2
WUIRIUEALTIIRINAEaINENS 1l AIAINS DU
a9an SesaanAomuauisnndiden Sedidnaam
Sou 6,761 uay 4,876 Cal/g MUaIRU AIAINSOU
fildogluseauiigandnMuladld adarninusou
Uszunau 3,820 Cal/e

2) HANITILATIZNAISUDUAIHINUIT 61
AsUBuAIlA1ge agvilviszezatlunswnlng
g1uuty Ineranisaasuandlumsned 2

3) HAMFILATIEWUSINAALTY NUIT
doeliiaranutusiian (4.5 %) uslussuagl
A1mNTugegn (10.2 %) Fauandlunisnedl 2 8
wansnaaedd el sulfisunuauRvesdusn
wislusuidedifieudy assunsuvns galsed
WnSana [29] nsulsaugRamMNTIH —AilawuIni
wazinusinuandAvendeiionisuussuiduusa
FowmdwarudenUsyay [33] waznan1snadeu
AuaudRvesian@inalagvesufiinanalulad
W& deITendnunazduanden antuiey
Ingransiazinaluladuisusemalne34] wui
AvesdfaeiinadounsazAlnudonndas/
TndiAes funised
4.2. wansmuiausEandnmaussatusaunslagley
wAllA DEA

M3inUsEANS A NYeIaIUSALIINTaR
wideldnienisinens au3snns DEA asuanslu
Witeiasdunsiseiiu faua DMUL Aedush
Wia9InNNINgay DMU2 Aeaudauriainnnguys
DMU3 A9a1usaLvieaIndnauyla1 DMUL Aoaiu
FALNIINUAAU DMU5 A0 148 ALN N
nvatung? DMU6 Aoa1usaunaindLd oo
DMU7 Aea1usauvisanluesiu lnefiinuadady
tudn (inputs) Téua a1y () wagUTanud
(Xy) dmfutadonanin (Outputs) leun fra
$ou (v,) uaganivouawi (v,) Mntuthdeyadild
nnan sneaeulumsed ¢ nAwInAIAzLLY
UszAnsnmlagldinailn DEA fanansluaunisi
(2) 8 (5) Tnesuuumendinanans DEA fiiiaue
luie3saiiuns3dy asgniluussananane
FoNs k25 LINGO § SHanI1sAIuItAZ LUy
UsgdnSnmuesausauvisunazsinaalansly
A39T 2
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A5199 2 YRuAT ALY RIS VB IE LB ALY

vilnvasang ity Adaa dweeda Usglns
(%) (%) fou (%) g
(Cal/g)

1. nndoy 6.4 8.81 4,462 17.66 0.6463
(DMU1)

2. ngumd 6.15 24.61 3,251 14.50 0.4900
(DMU2)

3. v 6.74 25.67 3,146 1475 0.4327
(DMU3)

4.unau OMU4) 7.5 21.01 3,886 17.3 0.4803
SnvamENET 6.9 3.4 6,761 727 1.0000
(DMU5)

6.Tidey (DMUS) 445 1.45 4876 274 1.0000
7. lugsy 102 3.87 4,376 24.77 0.3980

(DMU7)

A15797 2 wansliiudnaus aurafivh
Innzamzndnard deeduausauneid
Usgandnn (ApzuuulIszansnnwinnu 1) diu
FaqnTomiaonandulsifivuszansaiw (Arnziuy
Usgdndnndesnin 1) nAnan1snananalanali
W81 ALYIaIINAZAINENS 1Y wavausALYa
Tntdee Wudusauisiidanumunsaudmiu
thuudsgdidudusauiafiofiansaunaniade
A1AINSBU N1SAIRIVEIANTUBL AIUTY AL
USunandn egslsfimudeniiondndainzuuy
UsEansnmwingdu 1 unnnaudandionds avlyl
ausasesanulainulgranladinnulnz as
1nndn lunsaldanusaurisannzanuznin uas
dusawisanidesiiAaruuulssansamyiiy
1 FlianunsaseaaiuAINEIAY VO TUDALYIY
Vaaesld daiumalia DEA Cross-efficiency Jagn
Prunldii eifsadduauddyvesniienan
Haun TnonansAUIMALLULUSANS ALY
Tudifioisasdduanudfyuemiiendn fuans
Tumtedald

4.3. nan1sAmuiuagiuulszansnmuuulrives
audauslagltinaiia DEA Cross-Efficiency
Nan1sAIuIaANn 29U MY nveedade
Y wazAnndnvesdladonandnlneld
Al DEA fauanslunised 3 anntufuame
pzuuuUsrdnsarnuuuledlaeldinaila DEA
Cross-Efficiency Tneldaunasil (6) way aunisi
(7) NanISEII LEnsluANS T 4 LLa%E‘U‘ﬁI 3

A15197 3 AaUmUnYeatatsl AUl

a
NANAR
Tan, oy Uy v, A
(DMU)
DMU1 0.15625 0.00000 0.0001105542 0.00000
DMU2 0.1626016  0.000000 0.0001150483 0.000000
DMU3 0.1483680  0.000000 0.0001049773 0.000000
DMU4 0.1333333  0.000000 0.00009433962  0.000000
DMU5 0.1449275 0.000000 0.000000 0.01375516
DMU6 0.2898551 0.000000 0.0002050861 0.000000
DMU7 0.000000 0.2583979 0.00001871179 0.01034446

A15199 4 AazkuuUsEansatnwuuled ( Ej)

Lo
maaumamaq
DMUL  DMU2  DMU3  DMU4  DMU5  DMU6  DMUT
1 0493 0374 0330 0367 0693 1000  0.304
2. 0493 0374 0330 0367 0693 1000  0.304
3. 0493 0374 0330 0367 0693 1000  0.304
4. 0493 0374 0330 0367 0693 1000  0.304
5. 0262 0224 0208 0219 1000 0754  0.230
6. 0493 0374 0330 0367 0693 1000  0.304
7. 0117 0033 0032 0046 1000  1.000  0.338
E 05127 03851 03422 03794 0.9476 0.9393  0.3653
J
1 0.9476 0.9393
0.9
ac 0.8
=
2 07
£ 06 05127
3
& %3 a9 03794
E 04 03
=
2 03
EX)
€ 02
0.1
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DMU1 DMU2 DMU3 DMU4 DMU5 DMU6 DMU7

vlinvasian

UM 3 Uszdvsnmuuuleivesaudauiig

NM591 4 L.L.azgﬂﬁ 3 LARIATATLUY
Ussansamuuuled () veausiayian Tnodian
ﬂz:LLumJwﬁwﬁmwﬁ'ﬁﬂ'wqam'wsﬁa"wm”u
AuddRifndt feanunsaiFesdduanuddy
Igeadl nzanuendn (£ = 0.9476) Gidos (E =
0.9393) nndes (£ =0.5127) nngume (£
0.3851) wnau (£ =0.3794) lugsu (£
0.3653) wagknauya (£ = 0.3422) audau tne

Aenzuuulsyansanuuuleingenimuneay



Frausaursrdaduilamnumunzanlunisidy
\Famainngn
5. d@3Una

nsAnwranvAvesnudauriaanian
wideldnienisineasuiudsyliduaudauna
vl dudomaduadadou dunouusn
agunmndentagidluviosdiu ndusien
Sania 7 wfialnniawnarunduns dunousely
sutfunsuaunsauLasiUsTay (uasudaiy
ddgnda) mmfuﬁwmié”ﬂimmiwigﬂLﬁu KA
nsnaaeulsEandninvesarusaunslagldinaiia
DEA wudnausauvisannnzatusniiuasdides
Wugrudauwn i TUszdns o (Aazwuu
Uszansarmviadu 1) Wefiersanaintaded
Aeadaslaun Arnnudeu n1sasivesasuau
AT wazUSunandn uenanninanisSesau
Aua1Agylaeldinailan DEA Cross-Efficiency
wanslfiiu nzanuend1a (E = 0.9476) way 3
dow (E = 0.9393) flanuwanzaudimiunisuys
sUduausauns auddu Taodi Arazuuy
UszanSamuuvluifiganimaneanuinduse
wiswdadudanumnzanlunisiudewwd it
AN

dmsumsidelueuen gidoiauouuylv
dinaseiieadosiildldfiansanlunudded W
FuvunsHEn Usnaingauitlluviesdy uazanny
MUY vierafinsantandu 4 uwhnsusii
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Abstract

Detection of falls in the elderly is a continuously developing research topic that requires
close monitoring of the health of the elderly. Monitoring the movement activities and detecting the
correct fall is, therefore, necessary to avoid the dangers that occur to the elderly. In this paper, we
developed a device for detecting falls and classifying the activities of the elderly by using the Internet
of Things. The aforementioned allows medical personnel to be able to track the elderlies who are at
risk of falling together with predicting the likelihood of falling by the Weight K-Nearest Neighbor
method. This system reports the elderly movement activity and detects the falling through the
website of IoT cloud provider, including sending crash notification information to healthcare
professionals. From testing the fall detection device and tracking the movement activities of the
elderly, the device can detect the fall and show the prediction of the occurrence of the fall. The
results of the fall detection performance showed that the accuracy of 85.80% and the accuracy of
92.48% in the prediction of the likelihood of falling due to the movement activities. It can classify
data of people who are at risk of falling with an average sensitivity of 90.91% and people without the
risk of falling with a specific average of 98.98%. In case of an emergency, the medical personnel can

use this information as a reference in association with the proper diagnosis of falls in the elderly.

Keywords: fall detection, elderly, movement activity, internet of things.
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Abstract

This research proposes the optimization of main deck cargo ship welding with submerge arc welding
process (SAW) in high strength steel ASTM A131 EH36 grade. The mathematic modeling for tensile strength
predicting was based on the artificial neural networks (ANN) with back-propagation leaming algorithm and
supervised learning. The SAW process parameters were studied the welding current, voltage and travel speed. The
resulting SAW welding specimens were examined using tensile strength tests, bending tests which were observed
microstructure with scanning electron microscopy (SEM) and determine a suitable mathematic model. The
Levenberg-Marguart training algorithm was also train for weight and bias network. The two leaming function,
including leaming gradient descent (Leamngd) and leaming gradient descent with momentum (Learmgdm) were
used in ANN model. The activation function of log-sigmoid for input layer, tan-sigmoid for hidden layer of 1 and 2,
purelin for output layer was assigned. The research results reveal that using a ANN model with the proposed
mathematical model, which represents 3 neurons for the input 8 neurons for layer 1 layer 2 for 10 neurons and 1
neuron for output layer (3-8-10-1) with leaming function of Learngd. The mean square error (MSE) of ANN model
is 0.000106 and the coefficient of determination (R) is 0.99947. The optimum from ANN model were welding

current of 340 amperes, 26 volts, and 20 centimeter/minute travel speed.

Keywords: Artificial Neural Network Model, Main Deck Ship, High Strength Steel, Submerge Arc Welding Process
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Few lulodey anwdndunafiaesaunsatiestunis

venesvaunsuld eemideues T. Messias et al. [5] &
ﬁﬂﬁ:ﬂm’mmmﬁaiumﬂ%amaﬁa@ ASTM A131 ion
FensruNT@onensAlEWand R Yournin et al 6]
enumansidsuiFefeiawesluian EH36 wuil
Vanaursdeuiifetumsiovdmansenusensiig
lnseas19an1A waganuAusnAsluTan X R Liet al
[71 Pnenusamsenwimsasuaunviaesaeaeaniy
s eulnsndnavenszualniindmansenusens
viesLazaNEENINNTIgn C. Emy et al. 8] WWhuneengms
wansnLl psannA LA weINs A erd uduEenuin
wmsiweslumsdeniidndfndmivengmsldmaes
??ua'auams] U PeAUTIEsATeves L Lietal [9]
wuhBnadaseeiitermudemesnmsduasiion
utBnanmsdeni RRAAUNANERARALE A Y
Anmsuanim Sethasdeswihmssenuuumns fiwesly
s exlimnzandi eanteynainmsinaad
AnENeRETMS oL

wuudaeslassneusEaii gy (Artificial
Neural Network, ANN) lasinsuseg ndlddmsunis
Feulumenenszuiuns Tumswenseldeya wu M
ATIULES AIALLA USRS Yunsensd oy W udy
F9NWITEUB9 K. Zhang et al. [10] loadsuuuinges
TrsneUszamieslunsdenawesuuuRvanden
A. Bagchi et al. [11] loadauwuudnanslaseneussam
Fie uasmanuwnzaulumsideu Hastelloy C-276
Fremsdeuaes A Sarka et al [12] IfUSsuidiay
wuuaemuuaRfiasinsatu uazuuusaadasang
Uszanmifteslunmswennsaldnuaizvessend ouuas
AR evesmBvRwanSeuluns@enwannan L.
Yu et al. [13] lnpanuuuinasslaseneUssamidiedlu
msvineArudduusnasmdrisnanuSeuves
WANNEWALSEN S doNEwes TenunTITeves
D. Zhao et al. [14] LA 8@nLUUNISNARDILUY
wianeSrararasauuuaedlaseeUssanniieuly
A LSumsdeun YU
90 9N9189703 T i usnwuInfinnsuszy dly
wuuaeslassngUssanyideslumsiueamanaa
u5aRe dnwaizseniton AnuduRnAg Wy Tutan
UssLidu 19 egilidlos winnénmsueu Snfawamy
Wesdassruavnsvuiudendu Siliilmadeledild
UszgnAltnudmiumsdesviand lu wanndnen
W39 ASTM A131 EH36

01Sd1SIAINSSUANENS S1BUVAASTYUS



mAfeuaztomidunuinlymilifet
dwsumadeuGefemneusunndeiifaanane
Tumsidoudi llvanzay Tnennzeg198 sUann
B nanuSou (Heat Affected Zone, HAZ) Ll asa7n
VinassfsnaniiastFvmanauaslasseinaqameiiunnsng
PMBnAsosiden (Weld Metal) uazBaiuamy (Base
Metal) manszuannslasummudouasyhmsd ey
dsalvin vl UShasovidnanuieuanawiili
flemaiamsuaninldie soiulumased o
UszendliBmslasstneUszamidion feadhauuudnes
MIAAAERS TUNSYINUNEAIAINULALLTIR S Tnet
sonIUUMSVIARBSERALUY 2° unlnvieBea snuszndld
Tumsasadeyadtomuuuinaemnindnmans anii
mausnzadlunudon lnensinseilasedig
FA0A NTVAFOUARLAS LU anIeRdinenng
ansnsathluvhineArnaiuussia uasdeyaitlion
nsdeiluldmvuanistuiinnisiusesganm
ATZUIUNTT L%EJ&J (Procedure Qualification Test Record,
POR) wazd ofvunsivazid sns1wd ou (Welding
Procedure Specification) 1¥5ee1d o1 exdlnnunn 4
autivnana lnssessgan it ngaslunsidoy
avsulunsdaindoinmmeseasBennuidensisly

2. Mty

2.1 Fapuasmageatunilunside

Fanlilumside 1¥un wanndmmudauss
39 1A ASTM A131 EH36 Falumdnndnidenllu
nulaTEseEe v 6 Taans Taunauyaadl
Huandumsd 1 masletunuiewhnsdeuh
wEnnEuudussgandalilsturumaaounng 75
x 200 x 6 GRS YINNIUINTBTIV-Joint) 131 60 BN
ﬁa‘vimsuaaiawauﬁyumudaugm (Root Face) 2
Naaumes 5221 (Root Opening) 2 HiadlunT

i 1 fuNEMARiivasIan ASTM A131 EH36
(Weight %)

C Mn Si P S
018 | 151 | 049 | 0030 | 0028

2.2 NSTUUNSIoU
AsAluNSITula lnsEuINnIsE ould
Wene (Submerged Arc Welding : SAW) el

215a1S3AINSSUANENS S1BUVAASTYUS

Tumsi@enstsil inidou (Position) ¥is1u(Flat Position)
Feudaenszudlii (Polarty) vlianssuansedauan
(DCEP) ﬁ’JG]L%EJiJ‘U‘a(ﬂ FTA2-EM12K (0.14%C, 1.12%Mn,
0.31%Si, Weight %) lfur1uAudnan 2.00 Jadiuns
szezdudidnivsn(Electrode Extension) 15 fiadwuns
582915 A(AC Length) 2 Taduns yudianinsn
(Electrode Angle) 90 a3 lagldnasunaduunusos
84 (Backing Bar)

2.3 MIvNULUUMInaaANDSea

nswIsntayadmiunisaiiuwuudiges
lassneuszamidioy algn15eenuuuNMmAaeILUY
wilvioden sUkU 2 TnsgUsuumsvnaesilFtun
Yademan 3 Jade Toun nszualnin useiulnin uay
arudiiidlunsden wiasleteutseenidu 2 széu
ulaveFea fe seiugauazszdus [15] 1oannis
FntoyarnamAdenifentes sudennsgumsden
w99 Wiiimsszytasestiafefiazdamalifastiniana
uaglnssadnegame dauandunsned 2 mesiiunis
Heluusidmeas (Treatment) ¥msveaoaiiow 3 ASe
wuudy St nmunudeiovun 24 du

N3N 2 MIDONLUUMTVIAEDS

Uady doydinual | o | g e
Aszualvih X, 320 | 340 | uweuuls
wseenllnin X, 24 | 26 T

prsSalums X 20 | 2 | wudwnes

e o

2.4 MIVNAFDUANUANNNG

uﬁamﬂmiﬁammmgmwumimwamwu
wiATeBeaLdn Suruiomis 24 Sutuvnnmageu
ANAALA LIS Taefinnsws esd uaumadeunn
155U ASTM E8 [16] msfndunu uazidesmss
Ao uNUNARD LSRR IS WA 1
FumiluvhnsvedeuusRseLrRmAzoULSHS Tne
1A3 panndaUaLUAUSEA (Universal Tester) & 2e
ausslunsi 50 Hadwmsaeund Wefithaiau
wuussmaildmmsmeseuthinas s aedlasee
Ussamifien Mntunns@estumaslanmynsiden
Fumnzan wasvhmsvedeunsselas Tnevnmsiszey
%‘umummmmﬁm ASTM E290 — 14 911@@311n3 14
40 Tadums o 150 Tedums MnTVhMsREsRITes
wihseedeuuazsossnliBeu wagvmsnageuns



FialiaitensradeuruaysaliUisesTN (Root
Bend) uasRviiseeidien(Face Bend)

2.5 mInsseulANENRanA

nsmsseulanaigamaveRurlast
FunundadenssaTenTIBRUUAENL i aUT
Rt Buvnaousasynmsdanszememseies 180 s
wa$ 1200 Mntuthtunueirdesdafiileeldans
Frfaegin 1 lueseu dununiaiuses (Etching)
Ingldnsalunsn 2 1adans wazniuea 98 1adans
Nt enEeanIMILUULAS uaen3Ta
Weswwivadasaiamlaslsiuaziisalad vhnsia
Muintesmeuiawediianeilasianganinimage
analyzen) Tilusinsy Leica MW Tagmsenamnusii
WABNENAANTBU N1TANLNINAIUNG BIaNTIAN
SIENATAULUUADINT N (Scanning Electron Micro-
scope : SEM) dwumsiinsgiilassaseganiaves
FurudeuUinauwdynammuou ussnmsiaTe
MsuANVineYIzn)

3. MsANLUUIEeslassngUsTamdion

lAssvr8UsEaI i ou (Artificial Neural
Network, ANN) lunsAnaiaeuluunsyieuees
szuuaNsaywd Weliustlomilumswennsaideya
laswneussamiisnlseneumeiwaaUseany (Neural)
Fahaeunanmeahauesszuvanesysd lagld
il af Fudneley (Transfer Function, f) Anaaaiinmdn
(Weight, w) taganluneaa(Bias, b) Jued osilesans
AuantRvegadUszam lasainddaseiedseam
Wisnanunsaulsesnidu 2 Ussianlaun Taseune
Usramiflennuuiiuien (Single Layer Neural Network)
émamiugﬂﬁ 1 waelpsetneUsyamifiouuuumane
(Multi-Layer Neural Network) fiauandluguit 2 Uszneu
iﬂﬁaﬂ%uﬁm'h(lnput Layer) $usiou(Hidden Layer) uay
%uLLamma(Output Layer)

Input  Weights

Transfer Activation

Function Function

Activation
Net Input
Where Threshold

R = number of element in input vector

FUM 1 lasetngussanvifiesuuutiugen

Hidden Layer
Input Layer Transfer Activation

Input  Weights Function Function

Activation

Where
R = number of element in input vector

3UN 2 lpsengusganmiiesuuviane i

AMINAUIMUUIIADIN A AAIERT IATIVY
Uszannifien TumnseladeniuudaedasewneUsyam
Wenvtian1sunsAgaunau dnyaiznsseus LUUll
Heou T3etidh 3 Yade louinseuwelnih usewiluii
wasr i alunsfen TNt MseRNLUUYRABIUY
wnieviaiSea JUkuy 2" Yaddsenn flo e
g wihnseenuuulasiadauuusiasdasaie
Uszamiien Tnefansanann 4 ssidssneuldun et
Usumsideus feidumenssdu Suoutu wasduou
Tseu anAT MRS medasteUsramidien
ATIRADUUTEAVTAMUUUTIAR AFUNANSVIRAOULUY
$eeq usnmsBenuuuinaesiaiananAenn Ravens
Masaed(Mean Square Eror, MSE) WHURIN1SANTIUNNT
aauuuiaedasringUssamiien uanduzui 3

NARBUULUTIABIIATIVIEY
Usza iy

Asuuanimmdey Anaiudnnan
HYYTIROL A1am0e (MSE)

oanuuudadging

uazifydsaan

nrsdnguvudays

sanwvulasnainlaside
Uszamidion Taeiansnn
. Worfzu:

[ETIEREES ﬁllﬂf Y

e

ForFumanizgi

1
2
3t
4

Fruaudazan

naFoUASUUTEANGA I
YOIUYTIABY

UM 3 wdamsmiliumsasauuuinaedasie
Uszanmiiiey

3.1 nseanuuuladeinuazladedsesn

Ty admIun1saaLuuTIadlaswiy
Uszamiiiey Lﬁuﬁagaﬁlﬁmﬂmiaammumimmaaa
wuuwiaviei3ea UkuY 2 Taefidaderidn (nput) 3
¥ Tun nszualvii wseulnih uavaud7ildly
msdeu Yededseen (Output Layer) 1 Jade I M1
PSR STudoymitoin 24 é
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3.2 msinguuuudayalunisaitauuuinges
Tasstnguszamiies
msdnguiuuteyadmvsunisiinaei(Training) wae
VPROUTesting TNATSTNMIVIREEUA P IISMS T
srgULUUNSYIRARHeveEEa e ndeyatliusiay
Famnaes (Treatment) SAnaannauded wiiliimsata
LU aeuRsmLeeIrReLsNNAEm S dudonn
A WazgeanoIndiiaya Nt saaveuTLg
vostoyalvieglusasiivanzausiomsthluiinaeu uay
s UseUlM NN Epoch=1,000 Tnewtas
Toyelvilnseving 0-1 lneldans (1)

Y — K_Ymin (1)
Ymax - I/;nin

mevidsnndeyaldniiuninaeuuasvaaey 1a
wadivNyaieyatlfazfiesgnuuasinduiiy
AT3RINEUMST (2)
Y =Y (Y = YD) + Y] 2
TRl Y fie doyarilazunsudas
Y, #o %ayamawmaaﬁ i
Y., AD %@;&amzmmamﬁﬁmﬁaaﬁqm
V..o P YoM IVIPRRTESNTIE
3.3 mseanuuulassEislasaneUssamidie
mseanuuulassasulaseeUszamivioy
Hnaoumedanasiunsseuiuuuanudsnansa
(Levenberg-Maquartm Algorithm) Wﬂﬁ%ﬂ%’umiﬁwﬁ
(Learning Function) ﬁiﬁﬂﬂ’]‘imadl DUAINIUANTU
(Learning Gradient Descent, Learngd) Lag¥d An1T
\d ouaNAUT LS ETILEY (Leaming Gradient
Descent with Momentum, Leamgdm) Usuuil e fu
N13n38H W(Activate Function) Tunuidelaldilen u
aon-Snuees(log-siemoid) dmdudiuiun Hefduums
Fnueer(tan-sigmoid) didutudeuit 1 wasiugeud 2
warilerFuitessulpurelin) dmsuiunadmiOutput
layen) ol azlsAed aﬂmuﬂmwamﬁaaﬁqm(fvlean
Square Error, MSE) dmsuiteridunsenelevluusaziu
anunsonuallisEun s (345)

a = Logsig(n) = % 3
1+e
. 2
a=Tansig(n) = ——-—1
l1+e @)
a = Purelin(n) ®)
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midelseanuuulaseiilasaneUssamiviesloy
Faguiuuitifudoudio uasaesiudou Smeusunaeu
etusumsieusiaesguuuy Tnefisuiuunsynaes
Trsesvarmiieanioan 16 FUkuU Fauuandluenid 3

M19197 3 UARIALRE BAURANAIAYBILATIAT 1
IPseneussannidienns 16 SULuY

MSE

No. Neuron Learngd Learngdm
34-1 0.071686 0.054746
36-1 0.071687 0.067328
381 0.000113 0.000452
3-10-1 0.000119 0.000763
3-84-1 0.081263 0.000543
3-86-1 0.000165 0.000875
3881 0.000110 0.000231
3-8-10-1 0.000106 0.000176

nsidonlassadelassneUsyaid oud
Wz RiIIsaNnARAERANENA SR (MSE)
fifesfian nmsnedt 3 wuinlassaduvedasine
Ussamiflonfivaneaudmsunsvinuneaaduuse
fa fio 38101 Useneunehieuluiudunn 3 fnseu
Tnsouludugeudl 1 $1uu 8 Tnseu Trseulududeuii
2 $1uu 10 Snseu wastisoulutuuana 1 daseu
agluilanduuiunisBens (Leaming Function) ¥tinn1s
\AeuawLeL (Leamed) SlAneaeRinnantds
goawiniiu 0.000106 lassaswwedasineUssamiiien
Tmnzan uansieuT 4

Hidden Layer 1 Hidden Layer 2 Output Layer

g gt gy i

3UM 4 lassaalasneUssamifiesveinsviunen

ANLLAULTIRS

3.4 MINAFDUUTZANSATNUBILUUINGADY
IAsstneuseannifien

NveEeUUSEAVRNNUDILUUDARILASINY
Uszamiftonasfisanananiederslananaindsees
uaeAdnseavismssiraula suanduauns (6) uag (7)



e AMpdgrNURaRRRBUMaEad (MSE) AN 4 KEARINTIASIZAALLUSUTILYBA

ZL (T, — 4.)* AR LRSI nuTadaded i3 Selaun
MSE = N © nszualnin(A) ussulnihe) werarudslunsdeno)
Andussavismsieanla () A NANTENUT IR OA PSR svR s Sl P-
JE Zl’i (T, — 4) Value = 0.000 ﬁzxﬁummﬁaﬁu 95% Tneunslug Uil
= > ;Nl T 1) 5 wuimndadevisladenan(A, B, Q) Uadusau(AB, AC,
@ BC, ABC) HinansenusiommnuAusinsee 19ty
Toe T o nadwdithvine A fo nadwsTildanns nntade fianduUszavismssiranlaraus LS
e wag N Fie Tuudeya Faestunu R'ad) = 9835 % anudululFvasnis
wennsalilethPadermunnyafslirmnideielu
4. HamMVRaBIUazaRUTEHE NINENTAL
4.1 A1531A12U A1AIULA ULSIA 9917
uwaneBea ooy P ot e et Rt verts e et Vo
Furuilivdmnsideunumseenuuuns g 1l
NAABILUULNAYBE YA UlUNADUAIMNULALLIIRS : 1] B I
FamsmeaeumanuiduusRslagliusRefeTanegs otttk et i i ha
$19 hlifanBnoanTunsistunageunn udatudin gf_i s\ A A AL A
ALELRUS TG PAURATURIASER waziTy gj:: g] VYV
Formmunnisiteniiasdodimsmedeundsanmsidon L el e T

Wieudeyalunsiiasantsnumingauwesaniy

o g . RPN FUN 6 MInTIERUATINYNABIYRIFULIUMIVIARGY
M3BoN MNUUNANTIVIAFUN VNSRS e

p5RFeUAmNUNRvRIaNa IRsIEiDYENaveslasen v A -
. o v o Joyailiansveasinisnsivaeuniy
TNANSEYIUTIADAAILLALLSIRG LABiNan5 I8l Y o g a o
gnraavasyULuumInaaes Wieldunistuduainu

P , v ONFDRaYaraRINMINAGRY FIgUN 6 Wuirleya
AT 4 MTAATIZPILLUTUTIUBIAANLLALILLIIRS

AnsuanuaawuuUn® (Normal Probability Plot of the
Source | DF | Seq.SS | Adj.SS | Adi.MS | F P

: Residuals) TayaannsvnaaalAlnatAeanuLduwan
ManEfects | 3 | 94823 | 948235 | 316078 | 19801 | 0.000 v

Interaction | 3 | 64801 | 648005 | 216002 | 13532 | 000 LAILUUUNA mmwmmmmaaumaamagawmimﬂﬂ

Residual 31nFalnsunsy (Histogram of the Residuals) Wu3n
16 | 2554 | 25540 | 159 I Y ax o0

Error JoyatinsnizesitugunsauuunRaihliusesnn

PureError | 1 | 2554 | 25540 | 1596 lgAnnuRa AR s LI N1SLANKILUUUNG dmiu

Total 23 | 223139

uHuDINMsnsENeeuiuATsTIN (Residuals Versus

R’ =9886% R (ad)) = 9835%

the Fitted Values) WU313URUUNSNTEAUAIVBIAN

anuRananll e lanwaziuunsiguanada v5e

Normal Probability Plot of the Standardized Effects

o = & 1@ o a a
= jfdLLmeIWﬂmaammumimsmsmL.qumJﬂm UNUAN

® Not Significant

(response is Tensile Strength, Alpha = .05)

8

N13515¢ 318 (Residuals Versus the Order of the Data)

] YumsnsiaaeuAnuludase (Independent) veaA

Percent

38388338 8

. AUARIALAR DU NUIINISNTLINYAIVDIAIAIY

w B
[}
3

a a A g a T a '
ARG DUNFULUUVILUUD ATy hJanULLU‘U‘m LUUBU

-20 -10 0 10 20

Standardiend Etect wansldiuInAANuraaRasula U udas Ry

(Independent) [17] fstiudeyanlannsnaassdinng
3UN 5 Msuanuaseanivedvisnaledy AENIES N GiRRR]
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Interaction Plot (data means) for Tensile Strength
' ' ' Welding
Current
b 60| _a— 30
Welding Current / — - 30

Voltage \

Travel Speed

UM 7 nansevusanmesladensvualiiin wsasulih
warrr S WElumsow

MNGUT 7 Blefmsanfetedefiidvinaser
ANULAULTIR o el Tud Aty Ao Arnszualniln
uselnih wazaanslunsiduun wuhseaulade
ﬁdnmaffiammwmﬁwﬁﬁqgnqm Finszualihilldlums
Wou 300 wenuts useuildlunsden 26 Taad way
auSlumsiiuiniton 20 wuRsnsseud

42 MAeEUUTRedaseneUsa iy

miwmﬂiﬁﬁﬂ'Wmmﬁuuﬂﬁﬁﬁmmgﬂm”aq
uazisiudgsiemnuhiuedranndmiunudenmnih
Sovudduin detasldmemuiusmdoanzealuns
W mySuussetndTaznsshiuses@enlsliRnemy
Fene wuudaedeseneUssamidieniisiussBvinm
MINENTUAMANLALLIIA Usznoumesmnuinsoulu
Fudumn 3 Tnsou Sninseuluduseoui 1 s
Tnseu snumitnseuluiugeud 2 Sy 10 Tnseu uae
$mnuiseuluduuania 1 Taseu (3-8-10-1) vilaves
HarthafumsBeus Mvenzauveuuuiaes fe viens
waeLawnLANL (Leamed) FednalidiineRinmann
A& sanationiign windu 0.000106 Inel#3BnsEeus
wuuaUDSNnsA FULUUTATunsnsEdu fe aonn
wees dnsundn HefiuwmsSnuees dmsuiseu
ety wasilauie Audviuunagin

Best Validation Performance is 0.00012629 at epoch 1

Train
Validation
Test

Best

«— Best
Validation Test

—

Train

Mean Squared Error (mse)
3

o 05 1 15 2 25 3
3 Epochs

UM 8 UsedvBammsnsiadeuanugnsiouayAiaiy
NANAAMIEDS
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9n3U7 8 uanamsiSeudisuiadsana
Remanarhdsaosanudupeu fie mfindeu (Train) M3
M350 (Validation) uagnageu (Test) AuRANGA
wavidsmewedlaseUsyaviiendiannniFusy
Lazanadielios nszuLMSinaeunsuaziu
selUmudduauniiniuueglURsiummisiinsiinaeu
Awtwanmsiianang wodlassneUsyamiiien N3
ATINADUANUYNABIVDIANAA BAAANAINDL T
vanAssdymuuuiiaesedisuiuuvestoyaiinaeuy
AUl Over Fitting) yilvlslanunsovinunedoyadu
1% UsyAvBnmmansindeuiiafign(Best) ntuiiseu
Tumsn (Epoch)%?'] 1 waevdaniiedeRawanasn 2
ASs nssuumsasvgad seulunisaue 7 3 uandi
Wufenuduiusueanstuun1sBeus mmsadeu
waEMIVdRUvRIRTaLRIUSYEYN e

Training: R=0.99944 idatis R=0.99921

O Data
Fit
08 v=T

o
M

=

= @&

Output ~= 099" Target + 0,0038
9

02 04 06 08 1 02 04 06 08
Target Target

°

Test: R=0.99972 All: R=0.99947

g ool [ o
.
< os Vet

®

@

S

0

Output ~= 099" Target + 0,0025

02 04 06 08 1 02 04 06 08 1
Target Target

o

U 9 rnduiiusresainsilveneuaerainsyila
nlAsseUTzamTies

93U 9 mmduiusvomadndidmane
kadns T ldanlasstneussamidfion wuusiaesann
Taseneusvamiien Siandusyavsnsinduladmiu
mMsvRdeuT 0.99944 dulsvavsmisauladmiunms
asRaouTl 099921 dulszavsmssinauludmsuns
nAABUT 0.99972 uazdulsyars msdindulayiuves
wuuaedasiineusramidiend 099947 Tnefienudiu
Wiifu 0.99 uaziiawnu y 7 0.0025 iAwasaueae
\ieuil 0.000106 %aﬁmméEJmmcaamﬂ?%auﬁé‘hﬁqﬂ

PnuanFIIeazuladuuuiaedaseine
Usganmd sl ud adunanad snruusi udives
wuuaes Inelassneussamiviesanansoutdapnnng
kv aenngUkuuvetayarnaousnnfAuly vh
Tilaiemansavinunedeyeduld fasiidimsutsdeyalu



msfinaeu winndoyaaunsaldsunidinaeuitaun
ﬁﬂﬁu%ayaﬁﬂuau 24 Mmyveaes Jdmuismeluns
asauuinasdaswngUsvanmdieulunisnennsalan
PSRN ToumeThiZevudddudn Ideehd
Usgdvisnniliazisiugn

4.3 mAwTnamaminzadlunsdeu

msisandsumnzadlunsioumadih
Bovudaauinememanng1 ASTM A131 EH36 tiedavh
Fafmunaswand onaud ou (WPS) T ulua
JormuaNsoBnLUU Msas wagnInsaaaeu Tuns
Feulsznaulaseadeie MnNamsdeuwaznSYRdaU
ANATLALLSIPTS 24 Fuay T siasizian
TomsuaneBSea wagsmslassieusyamifisn wun
Finszudlnilh 380 wouuys useulviin 26 Trad wae
rudaildlunisdon 20 wuRwnssew Saary
LﬁuLLiﬁagﬂqmﬁ 663.25 WngU1EANA WALWNTRANTUN

DIANUMLNZANE AN TUNINAIANUALUTIR AN
agnadeliliasdedmansananniaseinmgame s
nsAAEUNSARLA (Bend Test) FefulusmAdeini
msBudunansveaesdnadslagyinmsmaneaion 3
Fuau ilevhnamadeus AU ULIIRY MavndeU
N13AALAY kAEN1TIATIENIATIAT199AN1A NANTT
Aereiisaold
431 MTIRTAlATEIRanA
WiBuiiguiuAABALLTR
Funummnmadosagiunyhniseion
Funudi enmstinszilassaiisgamealaglindes
aVIIFIUULEN UazndowanssrmiBidnaseutuuden
n57A USaundyisnanu5owu(Heat Affected Zone,
HAZ) WessniAnasnamiimsudaussiostign uaz

YNTUANNMINAUILIURBYIBWEPLFoU
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Abstract

The production of roof tiles from palm fiber and typha angustifolia L fibers for local
communities : synthetic adhesive isocyanate resin (pMDI), volume 5% and 10% by weight was used
as a binder with the density of the designated roof tiles 600 kg / m’ and the size of the sheets
300X320X15 mm. Physical properties tests showed the density value, moisture content, absorption,
water tightness, Inflating and thickness. Mechanical properties: modulus of rupture resistance, elastic
modulus resistance modulus and impact strength which used synthetic isocyanate resin 10% by
weight to give better properties. The physical and mechanical properties within the standard criteria
of TIS 876-2547, TIS 535-2556, JIS A 5908-2003 and ASTM D 256-06a. Thermal properties thermal
conductivity and heat resistance were tested according to the standards of ASTM C 177-2010. It was
found that using synthetic adhesive isocyanate resin where the adhesive content was 5% had better
thermal conductivity while the synthetic adhesive isocyanates resin with 10% adhesives had better
heat resistance. From the study, the roof titles can be used as construction and renewable materials

instead of the ones from asbestos cement.

Keywords: Palm Fibers, Typha angustifolia L Fibers, Physical properties, Mechanical properties,

Thermal properties.
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Abstract

This research aims to develop the interlocking concrete paving block product mixed with
colored polyethylene terephthalate (PET) plastic bottle from post-consumer waste. The mix ratios
were designed by using the ratio of Portland cement typel: aggregates (fine sand, and quarry dust)
that equal to 1: 3 by weight. And the colored PET plastic bottle (bottle cap, bottle, and label) was
used instead of the aggregates in 5 % of aggregate weight per ratio which the 20% of replacement
was the maximum replacement ratio. The 5 mix ratios of Portland cement typel: aggregates:
colored PET plastic bottle included 1: 3: 0, 1: 2.85: 0.15, 1: 2.7: 0.3, 1: 2.55: 0.45, and 1: 2.4: 0.6 by
weight. Assumed the fine sand to quarry dust ratio equal to 0.67 by weight and the water to
cement ratio (W/C) equal to 0.5 by weight. The colored plastic bottle wastes were grinded through
the sieve (10 mm of opening) and putted into the admixtures. The concrete mixer and compression
machine were the instruments to produce the interlocking concrete paving blocks. The properties
of interlocking concrete paving blocks were tested with the TIS. 827-1988 standard and related
standards. According to the results at 28 days of curing, the 1: 2.85: 0.15 was the most suitable ratio
of interlocking concrete paving blocks which passed the TIS.827-1988 standard. The proper amount
of colored plastic bottle wastes can reduce the water absorption, density, surface temperature, and
production cost of the interlocking concrete paving blocks. The developed interlocking concrete
paving blocks can apply the colored plastic bottle wastes to use as the paving blocks with good

strength and environment conservation.

Keywords: interlocking concrete paving block, colored plastic bottle, polyethylene terephthalate, micro

plastic
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Abstract

This paper presents an analysis of observability in state estimation of instruments for
electrical systems using genetic algorithm technique. This proposed algorithm can be solved for
preventing the instruments from the measurement data missing in electrical power systems, and for
installing the instruments in all bus standards. The goal of this research focuses on the minimum
number of instruments and their most appropriate locations for electrical systems. Besides the state
estimation of instruments by using genetic algorithm technique to find the minimum number of
instruments and their most appropriate locations, the analysis of observability can be used to find
the variables affecting the instrumentation equations. This is experimented on the basis of the IEEE
14 bus standard instead of the electrical system. The simulation results found that the instruments
in electrical systems had a total of 122 sets, but after installing the instruments using a genetic
algorithm technique, the number of instruments decreased by 56 sets. Also, the technique was used
with the AMR instruments in electrical systems with a total of 42 set, the instruments decreased by

13 sets. The decreased number of instruments could function efficiently.

Keywords: observability, state estimation, genetic algorithm technique
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UNANED

nuATeiiTagUszasdluniaidesauseufisendauas (TIO,-P25) dndau 0% 5% 10% waz 15% g
dminludrassannlsslnliidiuiunsiung (6TIO /FA) $reianisnaudena welunamduilenediues
Magrag NI TwRaaNTAnIINen mLaziivesiusifAzewewmeatia Xray diffraction (XRD), N,
adsorption-desorption tay UV-vis diffuse reflectance spectroscopy (UV-DRS) uag@nwiuszansninlu
nsgosameddoniueativisn 120 (RR120) meld¥eddansllewan nan1svaaemuinilo3unmuesdiiigs
TiO,P25 iy Arugeoseumanayslmivagedy uasiufiiwarauavesgngulanfiatu venainian
Forhmdinuvesioshmaniaifindudeduiinnvesiisufisenduadifiututuiuan 2.46 Tudy
3.05 eV dmsunsfinunsgesaasvesddonldvhnsnwnistesaaneddon innduduidudu 20 pom
A1 pH Wiy 6 nanuInIsEesaanevedenfivian 120 unfivedieg ey 0% 5% 10% way 15% Jen
WINfU 28.78% 51.23% 72.65% wag 82.74% AUa1nU WidLse TiO,-P25 anunsadesaaeddala 99.76%
nansnaaesannsadusuldindeirfesmaniassanlsslihonuiuidungfudis s jisendeas
(Ti0,-P25) iuSansesulunamduilewedme fagfimuannsnlunisdosaneddonls
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Abstract

The aim of this work was to mix titanium dioxide (TiO,-P25) photocatalyst in contents 0%,
5%, 10% and 15% by weight with coal fly ash from Mae-Moh coal power plant (x%TiO,/FA) mixed by
mechanical method for depolluting geo-polymer production. The mixed samples were characterized
by X-ray diffraction (XRD), N, adsorption-desorption, and UV-vis diffuse reflectance spectroscopy (UV-
DRS) and studied the Reactive red 120 (RR120) dye degradation efficiency under UV irradiation. The
results were found that the crystallinity of anatase and rutile phases increased with increasing TiO,-
P25 contents. The specific surface area and pore size increased as well. In addition, the energy band-
gap of mixed samples increased from 2.46 to 3.05 eV with increasing photocatalyst contents. Dye
degradation studies were tested at initial RR120 concentration 20 ppm and pH 6. The results were
found that at 120 min of reaction time, the percent removal of 0%, 5%, 10% and 15% samples were
28.78%, 51.23%, 72.65% and 82.74%, respectively. However, TiO,-P25 photocatalyst can degrade dye
about 99.76%. This research can confirm that the mixed samples between coal fly ash from Mae-
Moh coal power plant and TiO, can be used as raw material to produce depolluting geo-polymer for

dye degradation.

Keywords: fly ash, photocatalysis, titanium dioxide, dye degradation
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Jouthildilen BOD il 60 Jadnsusiodns [1]
mﬂﬂa'amfwﬁmLﬁummgmawjLmdqﬁgwsehma
Gesaszuuiing dujussiluiiazdesdinistida
ihidemaiineuldeseongszuuiing msvitmi
EeoAnanadouduanunsavildnainuaneis
Argmalulagnianigninuazniaai 1y n1s
nnRzNau [2] miLLamUﬁauﬂizq [3] 1159 ATY
Aereau [4] n1sUntan1sdainen [5] walulad
owsiu [6] wazunluflawsdu [7] vonanidadey
lmnieulaeonled (Tio) lunistrdaude
iesanfinuandvesinssufisedanuaios
WaZ31AQN Gupta wagauy Ladnwin1sdosdaaiy
vosddautely (Azo dye) lagld TiO, nela$ed
danslilean wunausageaatsddouls 38%
Aeluian 100 w1 [8] winan1sAnwIT19R Ui
1§dnnsld Tio, Wlesednaieaiuinnisdesaans
Iglndndosuazdalidodninlunendussufizen
nsthdsufisenduanldln fedfufadonide
AldAnwmaiuiisiitsenduasaduisesiu
it oldlun1su T auLd 8 Shavisi waz Ay
¥msAnwnsgesaasvesesludsvoninde
funangramnssatiasiadl Tagn1sidy Tio, aslu
Wadumdeauiuratuinazsugizennielsd
wasoing wunanunsandnuesluielene 89%
[9] Zhao LazAty ANYINITLDUARIYVDIALUT-
duvglagldunsiuiiinisiduves Tio, ludadaui
uANENAY TaevinnsAnedadiuresunsilune
TIO, # 1:2 1:3 1:4 wagvinUfAfeneld $ed
Sanslalowan nuidndruunsiluse TiO, 7i 1:3
annsadesaaeddeuuniauugla 88% nelu
La1UeYNI1 100 U7 [10] Wag Zhang LavAnE
Anwnstosaatsdiuiiaonisusaediusududid
dnaunsiduves TIO, 7 0-10% Tngsiidn wu
A5 Tio, aslud ufusudd 10% awisates
aanglufianelsusLane 88.4% [11]

NATeTstunuIdefinnsiiu Tio, uu
fasesdurliuszansamlunisdosaniogedu
uananiissilnuideditniangmdefisnldidui
5995V WU 1aee [12] Flelad [13] wnau [14]
Judu doyaveansiiidendauvauszmealneg
WU aesanlselniiudwnsdaineinniswn
Indvosnruiudnlud JUSuiuie 6,000 funoiu
[15] Inednlvududaosdugniluldusslon
Tumssnuimnssui eldunuiiluneasdalneld
AounsALAtuS muIndassansathu iy
Frsessuiieldlunsiidnuaiis mudseves Okte
LazAmE AAneIn1smInufiasaisudlaeing
F91As189 ZnO WUU in situ UULA 188 WUII
auNsngpuaaIud N aolsudlan g 70% [16]
Visa uavang lvinnisduasienianaeulndnves
Waeslay TiO, laeleisn1s mild hydrothermal
oldlunismdnansavareiiussneuluselans
wiln (Cu”) warddouwfianaisud wuinnisiida
993 Cu” LLaszﬁaaaLiuﬁi‘ﬁmqaqmﬁ 85% uag
25% 711381 350 urf AINETU [17] Shi wazauy
laAnwn1sdasaaevesiueasnieisnisgeeaans
saouaslagld TIO/FA iduns1esieeis solgel
adsorption Wy Wil ovUfAT e Tagld TIO/FA
melaseddanstlilolan awnsndesaarsiueala
96% [18] Saud wazAMY LAANYINISANTARE DL
wiguuglagldidulounlu FA/TIO, lunsidnves
Awfiduug annsnaameddeuldiomniing 120

a
'
N

wilflsssuiisununisididule TiO, iesegng
Weafianunsaaateddeuldiiies 70% [19] Fadu
HAaN131nNN1SA AT Ud g ouuuLa 1aouay
ANt UNSYIIU AT N sasves TiO,
n1sfnwd i uaziuladud ednsldiag s
Ao duassiuiuinnasslaenisdaunsngiaig
356199 asetaslunstininde wiiessn
st Bud s UfAT oA g ee1n daasizd
gaumgiasagldiiaiuiu Smudiusuiaees Tio,
Aduadussesuiinansetuduinadonistnda
uananiigaieuddedldi Tio, idszgndléiy
Fuud Flevedwed Weiuanuudwswarnui
feanunsadesaansuaiela unfieg1e Ganji uay
Ay Mvinsnunismdnddeulagldfuudid
ASLA L TiO, TuUT Ul 1% 5% wag 10% g
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U mansanwnuIuseansnmlunisnning
FoufinduileUsunaves TiO, Wiy [20] way
Strini Layauy lavinn1sAnwiniseesaatslumin
sonlarseilonediuesfindnandiassuaziu
Yralaeiinisiiu Tio, Tuusunas 3% Taetmiin
nan1sAnwInuIndlenedwesidrassiuilsns
N15808aAEUINNIITLONBELUDS A UTIILKA
21] slunindu Yang uazane Anwvimsdosaans
dfouuniauuglaglidlowodimesAtusaunm Tio,
10% Tapunin aneldSedsanslilotan na
nsAnwInud13loned eI dnisiiy TO,
a1unsagesaanvddeulanigluiian 50 wil [22]
nadrssiunandliiulddnnisuausus U Ase 1
wasluilenedwesindnainidrassininuauise
Tun1sdevaanauaniule
fatunuifeiidonusrasdifiowiontan
Fadulunisudnilonediwes lasdnuvinisdes
aaneadoulneldidrassfiildndrunes TiO,-P25 i
0% 5% 10% uaz 15% Inethwin faedsnisuay
\Bana InglfiaTesuanuugnueauasldasazaned
fou RR120 fipanuidudusudu 20 ppm A1 pH
Wiy 6 melasidoansililolan lagmalss
Ufisenlailvieseinuaudinienienineay
Lﬂm%méaﬂ X-Ray diffractometer, N, adsorption-
desorption, UV-vis diffuse reflectance spectros
copy HagILATIZUAMUTUTUVDIA D OUNE 191
UfRzemelatadsansilaleian dewades UV-vis
spectrophotometer ﬁ?fﬂﬂﬂiLm'%ﬂmﬁaLiﬂUﬁﬁ%EJ’l
TnglfiaTosunuuugnuealduisieuazazain Tu
auAndgaunsatnludunszidlonediuesan
\havsdaiinuaniflunsdesaaonafivlisnde

2. 35115998

2.1 @5ad

wWasnlselniiaufuiiiung 3amin
a1uU1e Usinelng, Degussa P-25 (anatase 80%,
rutile 20%) (Aeroxide* TiO,-P25, Evonik, Japan),
ddousuennwisa 120 (RR120) (Sigma life
science, India), HCl 37 % (RCl Labscan
limited,india), NaOH (Loba chemie pvt.ltd,
India), ihusaanlesey
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2.2 nATENA LT UgNTuazAS
Aaszdaaeufisen

nseseuas U Aselaunauiiiaoy
waz TiO,-P25 Aandau 0% 5% 10% uay 15%
Tnguniin vinswaulngldieiosuauuugnuea
uaan 6 Falus anduilvdiessilasadn
YOIRANFILAZDA X-Ray Diffractometer (XRD, D8
Advance, Bruker BioSpin AG) fiusasulnil 45 kv
warnszualniin 40 mA Tngldaag 20= 10°-70° i
AR A = 0.1514 wiluing Jaseifiui
HILagUUINYDILNT WA 18 N, adsorption-
desorption (ASAP2460, Micromeritics, USA) Tng
Nufi i uanaIn3sves Bruauer Emmett and
Teller (BET) wa¥N1505¥18M399YUIATNT Y
AN Barrett-Joyner-Halenda (BJH) 31A51%
M1989I9NE 99U (Ey) A8AMUFUNUS Tauc’s
plot Tnald'tnatd A UV-vis diffuse reflectance
spectroscopy (UV-DRs, UV-3101PC, Shimadzu,
Japan) Tugasanueadu 200-800 wiluuss tng
14 Ba,SO, \Hudoyasneds

2.3 nsnadaudszansnimlunisnian
¥898 RR120

n15Anw1UsEansnnlun1sndnves
ansavateddon RR120 fiansavarefiaaududy
20 ppm lagusuAraudunsanienag 0.1 M
HCl wag 0.1 M NaOH auaAutiunsassves
a1vavaredilan pH vy 6 warldusuruues
TiO,-P25 7 0.1 n3u WiniumnYAn1sNAaes (Tio,-
P25 0.1 n% 3 5%TiO,/FA 2 n3U 10% TiO,/FA 1
¥ uay 15% TiO/FA 0.67 ndu) wazidraesil
Tulanay Tio,-P25 USunaw 2 nsu luansazaned
oy 500 fadans SntunuRaLuRIEA1LE
350 sousiewiluiifiaduiian 30 unfiieliiAn
anneaunaveInIsandukasiuazenelased
danslalotan (TL 18W, Philips) 31uu 3 viasa
\Audeg197iiaan 0 10 20 30 45 60 90 uaz 120
w9l Tudsunes 5 daddnsuazniadnienIngad
luasu 0.45 Tulasums AATIZRUIAULTUTUVDS
RR120 A28 UV-vis spectrophotometer (SPECORD
200, Analytik Jena, Germany) Iﬂﬂisi’fmmmméu



300-700 W luLUAS IAgn1SAININNITEBUAANE
YasddaumuInlaNaNAS
Co—Ct

% Removal = (C—) x100 (1)

0

e C, Ain AMuNTusNAUYBsE RR120 (me/L),
C, Ain MNLLTueIdENalag (me/L)

3. HAN1SNAABILAZNNTEAUTIBNE

3.1 HaTLATIEANANYUTYBIA LTS

Ujnsen

MIlaseilasiadiandninesnies XRD
Y09§1139 TIO,-P25 wazldnaseiifidndiuuos TiO,
P25 71 0% 5% 10% war15% lnevviin uansly
U 1 namsenginuiilassairandndanulng
voudransiulsznouludae Quartz (SI0,) (26 =
21.76, 43.3°), Hematite (Fe,0,) (26 = 35.64°),
Mullite (alumino silicate) (20 = 40.84°) pua1Ay
(23] wazlasasrawdnves TiO, wuawvaWad
AL 20 = 25.4, 37.9, 48.2, 55.1, 62.87°uag
glwﬂLWa‘ﬁ'ﬁmmq 20 =27.4, 54.1° guaeu [24]

A: Anatase
A R: Rutile
H: Hematite|
Q: Quartz
Q M: Mullite

15%Ti0,/FA

10%TiO,/FA ‘

5%TiO,/FA l "
A

. oy - ou A
Fly ash h
N - T |

P P
Ti0,-P25 ‘

10 20 30 40 50 60 70

Intensity (a.u.)

2theta (degree)
UM 1 Tassaiandinued P25 waziog1anay

NAN133LATIEY L 0T HdndIuTe s
TI0,-P25 7 0% 5% 10% waz 15% laguiviin
WU eunnanargindiadianiugeduid o
Usuawes TiO,-P25 fundu 4 sdonndeeiy
NWATE89 Zuo wazAnzinuIdlefinsfiuves
Tio, lulnornaulud eutnawalulnesneuluday
aedu [25) uenanddedunmdiuldinfudifnng
\indndauves TiO,-P25 fidegluiiiasyazyinli

founmauarsiniagetuuslasadisminvoud
apsiuliifimaAsuudas Ustldnsuauoad
aoBuaz TiO-P25 lngliifuauuugnueaiiuld
nshanelassasendnauvesinaosuasnISHaL
Youlinanulay TiO,-P25 YIALAANISNTEANR 2
989 TiO,-P25 pgnsasLawD
ﬂ’]'ﬁmi’wﬁ‘ﬁuﬁ’sLLﬁ%‘U?&J’]mEWEuﬁ’J&
aun1s BET voudnaneiddadau 0% 5% 10%
Uz 15% W99 TiO,-P25 f1ua1au LLamﬂugUﬁ 2A
Han1saeszinuindassdndulelemennisan
U IUPAC Usziandl 2 Fadutszianilaifgngu
[16] wazidraseiifidndrunes Tio, P25 dmiule-
L1015 AU IUPAC UseLamil 4 hysteresis
loop agluAusudung (P/P,) Tug9 0.8-1.0
fufinnsgaduifivdud snaiaduresarudy
duimsludsituuandiidiuingnsuiieglutagiu
anlvellugnuussinalsweda (mesoporous) [26]

15% TiO,/FA

10% TiO,/FA

\N

5%TiO, FA

Volume adsorption (c1112/gSTP)

Fly ash

0.0 0.2 0.4 0.6 0.8 1.0
Relative pressure (P/Pg)
0.0014

—e— Fly ash
—a— 5% TiO2/FA
—a— 10% TiO/FA
—y— 15% TiO2/FA

0.0012

0.0010

0.0008

0.0006

0.0004

0.0002

dVv/dD Pore volume (cn12/g nm)

0.0000 S

0 10 20 30 40 50 60

Pore size diameter (nm)

5U# 2 n) N, Adsorption-Desorption Isotherm
%) MINTTALFIVOIFNIY

Tneufiinvesdnaseiiiusuinaes TIO, P25 0%
50% 10% way 15% Inevavtindan 0.5 2.0 6.0 wag
8.0 m’/g MuEU wenanidanuindeusuna
984 TiO,-P25 Lﬁmsﬁuv‘iﬂﬁmiﬂixmsﬁwawmmg
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WIULATUTUINTVRITNIUNLTUY Asuansly U7 2
9 warm5199 1 Jadunaunaniiuiives TiO,-
P25 figanininasey

Ul 3 ¢heg1svad n) Fly ash
%) 5%TiO,/FA ) 10%TiO,/FA
e 9) 15%TiO,/FA

A19197 1 NUPED PATHTUREELaEUSHINS
INFUNIVNAYBUARBY TIO,P25 Uavsiipe1aHay

Average Total
Surfac
pore pore
Sample e area .
( 2/ ) diameter | volume
m
$ (nm) (cm3/g)
TiO,-P25 49.0 - -
Fly ash 0.5 10.90 0.0013
5%TiO,/FA 2.0 15.02 0.0087
10%TiO,/FA 6.0 13.15 0.0191
15%TiO,/FA 8.0 13.09 0.0260

Fafuanunsaesunglainnsnsyateesasaye
984 TiO,-P25 Tudrasevin v ufiiiuazusuins
swsuavnvesi IRz dARnduddsmasie
Ufnsenlunisdesaansvesddon
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15%TiO,/FA
10%TiO,/FA
5%TiO,/FA

Fly ash
Vae

Absorbance
=

0.8

0.6

0.4

200 300 400 500 600 700 800
Wavelength (nm)
200

150

I0%TIOPA
E,=300ev 15%TIO;
100 ¢ E,=3.05¢V,
5%TiO,/FA y
E,=296¢V

(ahv)? [eV/em]?

Fly ash

50

1.5 2.0 25 3.0 35 4.0
Energy (eV)

g‘d‘ﬁ 4 n) UV-vis absorption spectra

) ANYDIININENIY VDIFAIDY 1AL

WNa UV-vis diffuse reflectance spectra
Youdnassiiidndiunes TI0,-P25 0% 5% 10%
waz15% Inethwin lugasauenindy 200-800
UILULLAT LLamﬂugﬂﬁ 40 NUINITANAULEIVDS
\Waoeiifidadiuves TiO,P25 aglutiavesisd
sans1llowan deresinsvemdsrnulszdiulag
AMUELRUSVES Tauc’s plot Seedinsvemdasy
anunsamldainauduiussendng (ahv)’ way
hv [27] LLamiugUﬁ' 49 WUINYBII WA IUH AN
2.46 2.96 3.00 uaY 3.05 eV MUAIAU dUNALAY
Ig909719vemdsnuvendiassiddnduves
TiO,-P25 qq"ﬁu%ﬁmL%ﬂﬂﬁmﬁdmdwwé’wmmm
ounnamagafian 3.20 eV Usdlddnisiiegues
Ti0,-P25 Wlrerdesinmdruiiiua



3.2 YsedanSninnisdewaanad RR120
aelsedoansilalatan

120

—— TiOy-P25
—@— Fly ash
—a— 5%TiO7/FA
—a— 10%TiOy/FA
80 1 —w— 15%TiO2/FA

100

60 Dark

40 i

RR120 Removal (%)

20

-20 0 20 40 60 80 100 120
time (h)

3UN 5 n1sgesaansuasd RR120 waztiand
unsen

Uszdnsamlunistevaaivansazalsd
ffay RR120 7 pH Wiy 6 meléssddansillaan
a8 TiO, P25 wazid1asefiddnaiunes TiO, P25
0% 5% 10% way 15% laguwiin uansluzui 5
wnan1snaassnsgaduluiiiadunan 30 wift ez
wilsiiaseiifidndiuues TIO,-P25 anunsage
Fuansaraneddeulduinnindiass Jsaenndes
furaves N, adsorption-desorption finuiniled
US1naued TiO,-P25 ity vilsituiinavesiiss
Ufisefiauiutudauansiennuausolumagn
FuuuiuiavesdissufAsedadunadidenisr
UjA3en §eianaves Djellabi uagay 7wy
anuansatunisgaduvestandudiuyiglunis
WnUATenTauas [28] wasnuinuseaniamlu
nsindddeu RR120 veudnaseiiunsindaain
nszvrumsgeduluiisiaduna 30 wifl Tnedan
ma@jm%’uﬁ 26.93% warnaea1nn1svinugnsen
el §edsansillewan fvaan 120 wifinudn
UszanSnmlunisovaaisddouinan 28.78%
Funnilinunmsidsuulasedreditodfy fau
Jvasuldiudaesiiuliaunsoifnufisendeuas
Tuyauzildraeefifidndiuves TIO,-P25 5% 10%
way 15% dusza@nsamlunisyosaarsddou
dndudlefiusunuiussiisogetu waeilor
UfAsenaelaseddanslleamdunan 120 widl
UszanSamlunisgevaansddonidan 51.23%
72.65% uay 82.74% mnudu wonanddelavii

nsgesdateddon RR120 laald TiO,-P25
Wisuiuduiiasedinay Tio,-P25 lunndndru
wuimanisgaduddenlutas 30 uii luiide
F15 TI0,-P25 fmnuannsalunisgaduddens
figa \lesandvwingniuiidnuazusunsvess
wyudiatdosuinauliaiunsarwiamels us
waavihuisenduan 120 wail TiO,-P25 a1unse
fdnddoule 99.76% Fadarnnninisidaues
15%TiO,/FA Uszunas 17% 1Junasinnisgos
aaneddouildidraeed TuUSua TIO,P25 15%
Tagthwidn 1HUSmafussuiasemnnndi To,-
P25 Fadenndosiunuddefisesuinnislifase
UAsergrwauniniiulidanaidon onns

AU NTenTauas 12931nUT IR IS

'
a

Ufnsennunauiulvasinlinsiansiiuveuas
vldendaidu [29] uenanddmuinerainnis
AN Y [30-31] veed T U ATed sual
Uszavsnmuesnistosaansddousa
HANISNAADINITE DEEA1YYDIF 8 DU
RR120 sheidnassiiliifinisieves TiO,-P25 uaxil
n13130 TiO,-P25 Tudndiu 5% 10% way 15% lag
dmiin anunsefusulddinniside Tio, P25 Tud
aosflanuaunsalunisdesaaronafiuld Javed

ANaINsalun1siTaNanedl e luFuas e
Judlenedwes

4. a3d

NWiTedanunsanay Tio,-P25 adluid
a0t wan1sAneInuI g eUsuuves TiO, P25
2ndu vldaugeveseutnauaslmila
Wit uusdIiudnd s suiasendeuasinig
nsvaneiiuet s warlunsiasisiud
HILA¥N1INTEINAIVDITHIUTDU18RENUTH
wualdugedudeiduiy uenaind dawudaen
Forinandsnuveadiassfifiidndiuves Tio,-P25
Windu wdsudnlndrderinamdsnuveseuma
wla wansnwURTeTauasinaaounisiing
g1 RR120 nwulnnstesaatsvesddeulagldian
apufiiidndru 15%Ti0,/FA @wnsardnddouls
82.74% wan1snaasd1nnsadudulainfiegig
nauilanuanunsalunisdesaaneddenls fufy
mAdRelUagyhmsAnensduasziilenedwes
fiflaruanunsolunsidauadiv Tnsazduiunis
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Abstract

This research aimed to comparative study of hard-facing weld metal properties that were
produce on grade 900 Railway Steel using H450R and E120-18G SMAW Electrodes. The experimental
results were as following. The penetration test results showed that the cracks with 1-3 mm in
length were clearly found on the welding surface at the start and finish point on the weld bead
surface. However, the crack could not be found when the penetration test was conducted on the
welding bead surface of the hard-facing weld metal that produced by E120-18G SMAW electrode.
Microstructure of a welding zone (WZ) showed the crack and pore that was about 50-600 micron in
length was found when H450R electrode was applied. Furthermore, the sound weld metal could
be produced when E120-18G electrode was applied and showed the existence of pearlite and

bainite phases in the weld which implied to indicate high tensile strength and vibration absorption.

Keywords: 900 Grade Railway, Hard-facing Welding, Electrode Types H450R, E120-18G.
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2. ’?faquaﬁ%mi (Materials and Methods)
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M15199 1 druraumaaistasala (wt. %).

dauneu | C Si Mn P S
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- - - <0.04 | <0.04
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A57199 2 drunEuILATaIndan (wt. %).

duney C Si | Mn | Mo | Cr

H450R | 0.20 | 0.20 | 0.70 | 1.00 | 4.00

E120-18G | 0.08 | 0.44 | 1.40 | 0.42 | 0.25
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AIENABINIYNIN AIRA LATYIINITATIVABY
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3. wan1sAne (Results)
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FUAN 18 mm
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9. amdeuin £120-18G
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UM 5 nsnsavdeulasaiganauTamile
lavigias (BM)
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antdudnuIU (Intercept Method) 111195511
ASTM USauiitdudvns fe wamedlsd (o) uay
den Ao wadwulng (Fe,C) [14,15] 1nsea319519
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5. d@gUna (Conclusion)
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Abstract

The lotus seeds sizing unit was fabricated to study and testing of factors affecting the
grading of lotus seeds for designing the lotus seeds sizing machine. The testing unit consists of the
main frame, the seeds sizing unit, the hopper, the power transmission unit, and a 1 hp electric
motor, which was used as a prime mover. In the operation, the lotus seeds were fed manually into
feeding chute at the top of the machine, then these were falls through the seed sizing unit, met a
set of 3 flat sieves that serves to grading in 3 sizes, then after sizing the seeds were released
through outlet chute at in front of the machine. The prototype has been tested for 3 sizes of
feeding, and at the cam shaft speed of 115, 125 and 135 rpm, respectively indicated that the
optimal performance was achieved when the machine was operated at cam shaft speed 115 rpm,
using medium size of feeding (5x5 cmz). The working capacity was 118.5 kg/hour, percentage of
grading was found to be 89.8% with no percentage of damaged seeds. It consumed 0.61 kW-hour of

energy.

Keywords: design, sizing machine, lotus seed, lotus
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Abstract

The objective of this research was to design a controller for speed control of a gasoline
engine. The proposed control scheme was a fuzzy PID controller with adaptive gains. It had two
inputs, the error and the rate of change of error. The controller outputs were K, K and K, gains. The
control rules were created from 25 linguistic conditions. In this research, the Crossley and Cook’s
gasoline engine models and the corresponding parameters were employed by using MATLAB
program. Performance of the proposed controller was compared with that of the fuzzy PI
controller, PID controller, and PI controller. It appeared from simulations that the output of the
proposed controller could reach a constant speed reference input as the fastest at 1.46 seconds,

with no overshoot. The breaking disturbance was rejected within 2.35 seconds.

Keywords: gasoline engine, fuzzy PID controller.
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Abstract

Purposes of this research are to design and to build a small rice milling machine for using
in the household that is controlled by Arduino Uno R3. This proposed machine is small size and
easy to transport. It can be used for milling both white rice and brown rice. The performance test
of this machine was tested by milling paddy rice and conducted the suitable speed of motor,
electric power and time consumption for milling of seven species of rice namely Hommali 105,
Pathumthani 1, KorKhor 31, KorKhor 41, Korkhor 57, Korkhor 61 and KorKhor 6 (sticky rice). It was
found that the average percentages of brown rice and white rice of seven species of rice after
milling are 74.95 % and 59.86 % respectively. The suitable average speed of the motor for milling
brown rice and white rice is about 349.78 rpm and 2278.5 rpm respectively. The average electric
power consumption for milling brown rice and white rice is about 143 W and 227 W respectively
and the average time consumption for milling brown rice and white rice is about 9 minutes per 0.5

kilograms of paddy rice and 20 minutes per 0.5 kilograms of paddy rice respectively.

Keywords: small rice milling machine, white rice, brown rice, household, rubber roller
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Abstract

The objective of this research has studied the molding of two-layered products in one-step rotational
molding process at high-speed rotation. In this research, polypropylene (PP) with different sizes and shapes of
particles were used to mixed with linear low-density polyethylene (LLDPE) with powder particles, using the
single-axis rotation machine for molding, mixing by dry blend method at 50:50 ratios, the rotational speed at 60
rom, during molding the temperature change within the mold and the particles movement behavior was
observed and recorded. The results show clearly that high-speed rotation can cause the sample to be separated
as two-layered in all cases, the surface roughness both inside and outside has reduced, and the sample had
higher an initial modulus when compared to low-speed rotation except in the case of PP with round shape
and 3 times larger than LLDPE

Key Words: One-step rotational molding, Linear Low-Density Polyethylene, Polypropylene,
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Abstract

This paper aims to investigate the chloride penetration and the steel corrosion in the repaired concrete
specimen after exposure to the marine environment of Thailand. The repaired concrete specimen was
made in the laboratory and then exposed to the tidal zone of the marine site. There were two parts in
the repaired concrete specimen, which were original concrete (OC) and replaced concrete (RC). Cement-
only concrete and fly-ash concrete with water to binder ratio (w/b) of 0.65 were used for making the OC,
while the RC was produced from fly-ash concrete with w/b of 0.55. The binder replacement by fly ash
was employed at 30% and 50%. From the experimental results, it was found that types of concrete in
the OC and RC significantly affected the chloride penetration and steel corrosion in the repaired concrete
specimen. Chloride penetration resistance of the repaired concrete specimen that the RC made from fly-
ash concrete with 50% of FA was higher than that from fly-ash concrete with 30% of FA, while the steel
corrosion level was also lower.  In addition, the availability of the initial chloride in the OC influenced

the chloride penetration profile and steel corrosion level in the RC.

Keywords: repaired concrete, chloride penetration, steel corrosion, marine, Thailand
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1. Introduction

Reinforced concrete is one of the most
common construction materials widely used all
over the world. However, because it is a porous
and heterogeneous composite material, it is
often susceptible to damage and deterioration
from various physical and chemical factors [1-3].
The corrosion of embedded steel in concrete is
one of the major causes of premature
deterioration of reinforced concrete structures,
leading to structural failure. In general, the
corrosion of the embedded steel in concrete can
commence with several phenomena such as
carbonation, sulfate attack, alkali-silica reaction,
acid attack, and so on. However, chloride-
induced corrosion is one of the significant
deterioration mechanisms of reinforced concrete
structures that are subjected to chloride in the
marine environment [4-6]. The corrosion process
occurs after the concentration of chloride
accumulated in concrete near the surface of
reinforcement reaches the threshold level with
the presence of moisture and oxygen. When steel
corrodes, concrete cracking may occur, which
reduces the bond strength between concrete
and reinforcing steel as well as accelerates future
corrosion rate [7]. The corrosion of reinforcement
adversely affects the safety and serviceability of
the concrete structures and hence shortens their
service life; this results in the needs of massive
budgets for repairs or maintenance activities to
prolong the service life of the concrete structures
[ 8, 9].To enhance structural integrity, the
structure is required an appropriate maintenance
or repair strategy. It is needed not only for the
existing structures but also for the newly built
structures.  There are many rehabilitation
techniques available to restore the deteriorated

concrete structures from the steel corrosion.
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In this paper, the performance of the
repair material type for concrete cover of the
structure was investigated to measure the
chloride penetration and steel corrosion after
repair work. Types of concrete in the structure
before the repair were also studied. The chloride
penetration and steel corrosion in the repaired
concrete specimens exposed to the marine
environment for one year was evaluated. The
chloride penetration profiles were compared for
the chloride penetration resistance of specimens.
The steel corrosion levels were investigated by

weight loss of steel.

2. Experimental program

2.1 Materials and mix proportions

Experiments were done to evaluate the
effect of the concrete type, which used in the
original concrete (OC) and replaced concrete (RC)
on the chloride penetration of repaired concrete
specimens. Portland cement type | (OPC) was
used as a primary binder of the mix proportion,
while Mae Moh fly ash (FA) was employed as a
partial replacement of the binder. The maximum
particle size of coarse aggregate (Rock) was 19
mm, and the fineness modulus of fine aggregate
(Sand) was 3.10. The chemical compositions and
physical  properties of the binder were
summarized in Table 1. The mix proportions of
concrete were listed in Table 2. The FA was used
to replace binder at the ratios (f/b) of 0.30 and
0.50. Water to binder ratio (w/b) was 0.55 for the
RC and 0.65 for the OC. The high w/b of OC
represented the poor quality of old concrete
structure, and the low w/b of RC represented the
high quality of material in the repair of damaged

structure from chloride-induced corrosion.



Table 1 Chemical compositions and physical

properties of cement and fly ash

Chemical compositions Binder types
(%) OPC FA

Silicon oxide (SiO,) 19.51 | 40.49
Aluminum oxide (Al,05) 497 | 2242
Iron oxide (Fe,0,) 378 | 13.64
Calcium oxide (CaO) 65.38 | 13.63
Magnesium oxide (MgO) 1.08 2.93
Sulfur trioxide (SO,) 2.16 1.92
Sodium oxide (Na,O) 0.01 0.89
Potassium oxide (K,0) 0.44 2.28
Free lime 0.79 -
Loss on ignition (LOI) 2.27 0.47
Physical properties

Blaine fineness (cmz/g) 3,550 | 2,836
Specific gravity 3.15 2.29

2.2 Specimen preparation

The cube specimens with a dimension of
20x20x20 cm were cast for evaluating chloride
marine

penetration resistance under the

environment. The details of the specimen
preparation were illustrated in Figure 1. There
were two parts in the cube specimen, of which
the original concrete part with 16-cm depth and
the replaced concrete part with 4-cm thickness
(see Figure 1a). Cube specimens were cast in steel
molds and compacted by using a vibrating table.
For the OC contaminated with chloride, the
0.35% (%by weight of binder) of initial chloride
was added into the OC during the concrete

mixing. The round bar with 1.2 cm in diameter

(RB12) and 5 cm in length was embedded in the
specimen with the 2-cm covering depth in the RC
part at the middle of the 20-cm width (see Figure
1b) for assessing the steel corrosion level in the
RC part. The reason for embedding the steel
inside the RC part is to simulate the real repair
work that the removal of the original concrete
exceeds the position of the outer reinforcing steel
in the reinforced concrete structure is required.
The RC was poured after the OC about six hours.
This time lag was done to prevent the
contamination between RC part and OC part
during casting. An example of the repaired
concrete specimen preparation was presented in
Fig. 2. After 24 hours, the specimens were
removed from the molds and wrapped by plastic
sheets for self-curing. After six days of curing, all
sides of the specimen were coated by epoxy,
except one end surface, in order to allow one-
dimensional chloride penetration, as seen in
Figure la. Then, specimens were left in the
laboratory for three days to allow the full set of
epoxy coating. After that, the specimens were
exposed to the marine site. The site was located
on the eastern shoreline of Thailand (Thailand
gulf) in Tambon Ang- Sila, Amphoe Muang,
Chonburi Province. The specimens were put in
the tidal zone of the marine environment for
one-year exposure. The specimens exposed to
the cyclic wetting and drying periods. The drying
period was nearly the same as the wetting period,

which was about 12 hours each in a day.
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Table 2 Mix proportion of concrete

Cement | Fly ash | Water | Sand (SSD) | Rock (SSD) | Initial chloride content
No. Mix id. Vo | kgm® | (k) | (g™ | g/ ke/m’) | (% by wt. of binder)
Original concrete (OC)
1 C350W65 350 - 228 734 970 -
2 | C350FA30W65 245 105 228 730 964 -
3 | C350We65-CL 065 350 - 228 734 970 0.35
4 | C350FA30W65-CL 245 105 228 730 964 0.35
Replaced concrete (RC)
5 C350FA30W55 0.55 245 105 192 770 1,017 -
6 | C350FA50W55 175 175 192 768 1,015 -
colbrge congrete Epoycoating 2.3 Investigation of chloride content
0cm e and steel corrosion
o \5 / t After one year of marine exposure, the
- 20 cm m{ * specimens were collected from the marine site
! T 4 and moved to the laboratory for investigating the
|
l

4 cm 16 cm

(a) Concrete specimen (b) Detail of embedded steel

Figure 1 Schematic diagram of cube specimen

and embedded steel

(a) Casting the OC part (b) Casting the RC part

Figure 2 Specimen preparation

(a) Marine site

(b) Repaired concrete specimens

Figure 3 Specimens in marine site
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chloride penetration and steel corrosion.

The 5-cm diameter concrete sample was
cored from the exposed surface (uncoated surface)
of the specimen by using the coring machine in order
to determine the chloride penetration profile in
concrete. The cored sample was sliced into disc
samples at every 1- cm thickness from the exposed
surface up to the depth of 10 centimeters. Then, the
disc samples were ground into powder, which passed
sieve No.20. The method to determine the total
chloride content of concrete was followed by the
ASTM C1152 (Acid-soluble chloride) [10]. Then, the
remaining cube specimen was broken down to pick
the embedded steel in the concrete. The steel
corrosion level was measured by the determination of
the weight loss of steel, followed by the ASTM G1 [11].
3. Experimental results and discussion

3.1 Chloride penetration profile

Chloride penetration profiles presented
chloride penetration resistance of concrete, as
shown in Figures 4 to 9.

Figures 4 and 5 illustrate the effect of the
replaced concrete (RC) type on the chloride



penetration profile of the repaired concrete
specimen without and with initial chloride,
respectively. It was noted that the RC type
significantly affects chloride penetration of
concrete. The chloride penetration of the repaired
concrete specimen that the RC made from
concrete containing 50% of FA (C350FA50W55) was
lower than the one made from concrete containing

30% of FA (C350FA30W55). The decrease was due
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Figure 4 Chloride penetration profile of
concrete with different RC type
(No initial Clin OC)
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to the more pozzolanic reaction between FA and
Ca(OH), forming more pozzolanic products (C-S-H
and C-A-H). These products make finer pore of
paste, resulting in low chloride penetration.
Furthermore, the filler effect of concrete with a
higher amount of FA makes the concrete denser.
This performance can be seen in both cases without
and with initial chlorides in the OC parts.

RC-part
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Figure 5 Chloride penetration profile of
concrete with different RC type
(0.35% initial Cl in OC)
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Figure 6 Chloride penetration profile of
concrete with different OC type

(No initial Cl in OC)

Figures 6 and 7 show the effect of the
original concrete (OC) type on the chloride
penetration profile of the repaired concrete
specimen without and with initial chloride,
respectively. It indicates that the OC type also
affected chloride penetration in the concrete.
When RC was the same fly-ash concrete, the
chloride penetration of concrete with the OC
made from fly-ash concrete was lower in OC part
and higher in RC part than that one made from
cement-only concrete. It was clearly observed in
the condition of having the initial chloride in OC
part. The reason was the denser of fly- ash

concrete in the OC part prevented the chloride
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Figure 7 Chloride penetration profile concrete
with different OC type
(0.35% initial Cl in OC)

ions penetrating inside, resulting in higher
accumulation of chloride ions in the RC part.
Figures 8 and 9 show the effect of initial
chloride in the OC made from cement-only
concrete and fly-ash concrete on the chloride
penetration profile in the RC part. In Figure 8, the
chloride penetration profiles in the RC part were
nearly equal for both without and with initial
chlorides in the OC parts. These chlorides were
mostly from chloride ions penetrating from the
seawater outside concrete. Very few chloride ions
can move from the OC cement-only concretes.
While, the chloride penetration profiles in the RC

part were significantly different for without and



with initial chlorides in the OC parts, as seen in
Fig. 9. A large number of chloride ions moved out
from the OC parts with initial chlorides. The large

amount of chloride was due to the short curing
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Figure 8 Chloride penetration profile of
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3.2 Corrosion of embedded steel

The corrosion levels of embedded steels
in concrete after exposure to the marine
environment were presented in terms of the
percentage of weight loss. Figure 10 indicates that
the weight loss of steel with initial chloride in
concrete was higher than that without initial
chloride in concrete. The use of a higher binder
replacement by FA in RC resulted in a lower
weight loss of steel. This result was because the
chloride penetration resistance of concrete with
a high content of FA was better than that with a
low content of FA, as seen by Figures 4 and 5.
However, after the steel corrosion initiation, the
steel corrosion level mainly depended upon the
chloride concentration in concrete around the
steel surface. Higher chloride content resulted in
higher steel corrosion. In addition, the OC with FA
had higher weight loss than OC with cement-only
concrete. The high steel corrosion was due to the
incorporation of FA in the OC provided
microstructure densification and lower chloride
diffusivity, leading to higher accumulation of
chloride ions in the RC part and higher weight loss

of steel.

4. Conclusions

Based on the experimental results
obtained in this investigation, the following
conclusions can be drawn:

1.The type of concrete in the OC and
the RC significantly affected the chloride
penetration and steel corrosion in the repaired
concrete specimen. The availability of the initial
chloride in the OC also influenced the chloride
penetration profile and steel corrosion level in
the RC.

ih#l 015d1SIANSSUANENS S1BUVAASTYUS

2. The chloride penetration resistance of
the repaired concrete specimen that the RC
made from fly-ash concrete with 50% of FA was
higher than that from fly-ash concrete with 30%
of FA.

3. The chloride penetration resistance of
the repaired concrete specimen that the OC
made from fly-ash concrete with 30% of FA was
lower than that from cement-only concrete at a
short curing time of 7 days.

4. The chloride penetration profile in the
RC with initial chloride in the OC tended to be
higher than that without initial chloride in the OC.

5.The steel corrosion level in the
repaired concrete specimen that RC made from
fly-ash concrete with 50% of FA was lower than
that RC made from fly-ash concrete with 30% of
FA. Besides, the steel corrosion level in the
repaired concrete specimen with OC containing
initial chloride was higher than that OC without

initial chloride.
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