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ABSTRACT

The modified rice husk was used as an adsorbent for removal cutting fluid emulsion. The
effects of the flow rate in range 1.0 — 4.0 cm®/min, initial cutting fluid concentration at 5,816.7 —
15,000.0 mg/L and height of adsorbent at 4.5 — 18.0 cm were thoroughly investigated in continuous
up-flow adsorption process. At the flow rate 1.0 cm*/min, initial cutting fluid concentration 5,876.1
mg/L and height 18.0 cm, the highest of breakthrough point, adsorption capacity and percent
adsorption to adsorb cutting fluid was 150 minutes, 71.0 mg/g and 88.8%, respectively. The best of
flow rate and height of adsorbent was conduced to use for removal cutting fluid wastewater. The
results confirmed that modified rice husk can be used as an adsorbent for fixed-bed continuous
adsorption of cutting fluid in the waste water from turning operation. The breakthrough curves were
predicted by Adams-Bohart and Yoon-Nelson models. The Yoon-Nelson model was fitted well to
predict the over all of breakthrough curve with the experimental data.
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ABSTRACT

Torrefaction is a mild-pyrolysis process at temperature within 200 — 300 °C. This process
results in treated biomass with improved heating value, reduced moisture content, and hydrophobicity.
Torrefaction may be used in the process of preparing the raw biomass before any thermochemical
conversion process, which will improve quality of product and process performance. For example,
torrefaction may be used in gasfication for increasing the heating value and yield of syngas. Due to the
high potential for renewable energy, torrefaction can be combined with densification for the coal
power plant and blast furnace. In this article, the literature reviews have been done and the overview
of torrefaction on each product characteristic under an inert gas, carbon dioxide, and in the presence of
oxygen were considered. The basis of torrefaction, mathematical modelling, applications and
international standard are also presented.
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M3ai 2 AUANTAVDIFINIAYILANAN ) NOULATHAINITOUE N
Biomass T(°C) t(min) FC VM SY HHV EF EY O/C H/C Ref

Wheat straw [37]
Raw 173 764 18.9 1.00 0.60 1.73
Torrefied 250 30 156 77.0 826 19.8 1.05 86.2 0.54 148

270 30 265 65.1 71.5 207 1.10 782 048 1.36

290 30 38.0 51.8 551 226 120 658 037 1.19
Leucaena [32]
Raw 13.1 86.1 20.3  1.00 0.63 1.77
Torrefied 200 30 14.0 853 86.5 21.0 1.04 903 0.59 1.65

250 30 169 822 73.0 212 1.04 762 057 145

275 30 249 738 545 228 1.12 612 048 1.15
Pine [36]
Raw 13.8  86.0 18.8  1.00 0.73 1.69
Torrefied 225 30 15.0 84.8 81.0 212 1.13 92.0 0.67 147

275 30 233 764 700 22.0 1.17 82.0 0.52 1.36

300 30 409 587 520 264 1.4l 72.0 035 1.05
Spruce [38]
Raw 146 852 20.3  1.00 0.64 1.48
Torrefied 260 8 157 840 892 215 1.06 945 0.62 1.38

260 25 193 803 80.3 222 1.09 87.9 056 1.32

285 16,5 223 773 459 278 137 62.8 0.53 122
Eucalyptus [39]
Raw 18.4 1.00
Torrefied 250 60 - - 83.6 206 1.12 937 - -

275 60 - - 758 215 1.17 88.5 - -

280 60 355 628 - 250 - - 037 1.00 [40]

300 60 - - 579 239 130 754 - -
SPF shaving [41]
Raw 6.8 93.0 18.1 1.00 0.67 1.49
Torrefied 240 60 153 84.5 86.7 209 1.15 90.89 0.59 1.38

270 60 260 737 662 231 128 76.81 046 1.17

300 60 358 63.8 493 253 140 62.72 036 1.02

340 60 50.6 489 394 295 1.63 5833 0.24 0.80
Bamboo [15,28]
Raw 17.8  80.1 18.7 1.00 0.75 1.64
Torrefied 220 60 225 752 - - - - 067 1.44

230 60 - - 4936 243 130 64.17 - -

250 60 292 679 - - - - 057 1.26

260 60 - - 4092 261 140 57.13 - -

280 60 37.8 588 - - - - 046 1.05

290 60 - - 3798 261 140 53.09 - -

K 4
o [
e © FC Aomiveunada(wt% Nugiuure), VM feasszme(wt% Wugiuure), SY AstSunavenda
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Biomass Conditions Order A (min')  Ea(kJ/mol) Ref.
Beech Sawdust 177-327 °C 1 3.18x10! 18.00 [59]
Wood 48-447 °C 1 6.00x10° 125.40 [59]
Corn Cob TGA, 100-800 °C, 30 K/min 1 3.84x107"! 27.64 [60]
Pine Wood TGA, 280-400 °C, 30 K/min 1 8.40x10! 150.00 [61]
Oak Tube Furnace, 300-400 °C 1 1.48x108 106.50 [62]
Forest TGA, 225-325 °C, 2 K/min 1 4.61x10° 124.87 [63]
Furniture TGA, 225-325 °C, 2 K/min 1 5.52x10' 135.76 [63]
Spruce TGA, 127-527 °C, 100 K/min 1 3.47x10* 68.40 [64]
Sewage TGA, 127-527 °C, 100 K/min 1 8.95x10! 45.30 [64]
Bagasse TGA, 200-400 °C, 5 K/min 0.71 4.60x10" 78.05 [65]
Coir Pith TGA, 200-400 °C, 5 K/min 1.71 2.45x101 7243 [65]
Groundnut Shell TGA, 200-400 °C, 5 K/min 0.88 1.28x10'2 64.15 [65]
Casuarina TGA, 200-400 °C, 5 K/min 0.60 6.24x10'° 51.65 [65]
Palm Shell TGA, 25-600 °C, 5 K/min 1.02 4.47x10° 54.10 [66]

TGA, 25-600 °C, 10 K/min 1.07 5.84x10° 54.80
TGA, 25-600 °C, 20 K/min 0.98 6.72x10° 55.20
TGA, 25-600 °C, 30 K/min 1.04 8.16x10° 55.30
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Biomass C A (min") Ea (kJ/mol) Ref.
Pine Wood [68]
Hemicellulose 0.276 3.16x107 88.4
Cellulose 0.400 6.83x10' 201.0
Lignin 0.324 9.42x10! 18.1
Eucalyptus Wood [68]
Hemicellulose 0.332 5.20x10° 79.4
Cellulose 0.423 6.38x10' 201.0
Lignin 0.245 1.46 20.2
Pine Bark [68]
Hemicellulose 0.394 2.44x10° 48.5
Cellulose 0.158 6.83x10' 201.0
Lignin 0.448 7.37x107! 20.4
Alder [69]
Hemicellulose 0.310 3.15x108 100.0
Cellulose 0.430 2.28x10" 236.0
Lignin 0.090 2.39x10? 46.0
Beech [69]
Hemicellulose 0.340 2.56x108 100.0
Cellulose 0.390 2.28x10" 236.0
Lignin 0.100 2.39x10? 46.0
Pine [70]
C 0.263 7.20%10° 115.0
C 0.704 2.58x10"8 225.0
Fir [71]
C 0.250 1.80x10° 110.0
C 0.722 7.80x10" 241.0
Spruce [71]
C 0.200 1.74x10" 140.0
C 0.775 1.08x10" 187.0
Pine Bark [71]
C 0.179 8.40x10° 66.0
C 0.672 6.60x10° 97.5
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Biomass Conditions ki A (min™!) Ea (kJ/mol)  Ref.
Willow TGA, ki 1.40x10° 75.90 [9]
230-300 °C kvi 1.99x10° 114.20
ko 6.60x10" 151.70
kv 9.57x10'" 151.70
Xylan Tube Furnace, ki 1.04x10° 15.82  [74]
200-340 °C kvi 1.99x108 21.86
k> 2.00x10* 13.47
kv 3.52x10° 12.57
Wood Chipes TGA, ki 4.63x10° 46.85 [35]
250-300 °C kvi 1.61x10' 122.11
k> 6.00x10* 0.01
kv 3.45x10° 94.39
Wood Tube Furnace, ka* 1.61x10° 76.20  [73]
255-435 °C kp** 3.55x10" 142.80

nunamie : *ka = ki + kvi ez **kg = ka + kv2
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ABSTRACT

The Shielded Metal Arc Welding (SMAW) is the most widely used welding process in small
scale industries, because of its low cost. The SMAW welding parameters are the most important
factors affecting the quality, productivity and cost of welding. Then, The objective of this research is
to develop the parameters for Shielded Metal Arc Welding (SMAW) to provide continuous and weld
dilution of deeply penetrate proof joints in 4x4 inch? width steel rails with 4 millimeter thickness
during the process. The selected important welding parameter, like welding current, angle of electrode
and root gap were considered with sufficient number of trail runs by Taguchi method to get optimal
value. Three factor, welding current, angle of electrode and root gap, each at three levels were selected
under an Orthogonal Array (OA) of L9. The experiment result indicated that welding current (90
Amp), angle of electrode (10 degree) and root gap (3 mm.) were the important factors for shielded
metal arc welding on deep penetration weld dilution at the optimal levels.
KEYWORDS: Taguchi method, Orthogonal array, Shielded metal arc welding (SMAW), Dilution
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M9 Nﬁ 5 Estimated Model Coefficients for S/N

m‘snﬁ 6 (90) Analysis of Variance for S/N

Ratios

Source DF SeqSS AdjMS F P
Residual 2  0.29201 0.29201 0.14600

Error

Total 8 6.65608

13197 7 Estimated Model Coefficients for
Means

Term Coef  SE Coef T P
Constant 3.88444 0.05807 66.898 0.000
Volts 80 -0.46111 0.08212 -5.615 0.030
Volts 90 0.44889 0.08212 5.466 0.032
Angle 5 0.01889 0.08212 0.230 0.839
Angle 10 0.01889 0.08212 0.230 0.839
Distance 2.6 -0.04778 0.08212 -0.582 0.620
Distance 2.8 0.01556 0.08212 0.189  0.867

S=0.1742 R-Sq=95.4% R-Sq(adj) = 81.6%

A1s1ad 8 Response Table for Signal to Noise

Ratios Larger is better

Level Volts Angle Distance
1 10.69 11.80 11.66
2 12.73 11.77 11.78
3 11.81 11.66 11.80
Delta 2.05 0.14 0.14
Rank 1 3 2
M15199 9 Response Table for Means
Level Volts Angle Distance
1 3.423 3.903 3.837
2 4.333 3.903 3.900
3 3.897 3.847 3917
Delta 0.910 0.057 0.080
Rank 1 3 2

wazwan lavinnsiinedimsuasnsiaiu S/N

Ratios
Term Coef SECoef T P 1A ANNAY LEAAIAINITI9N 10
Constant 11.7441 0.1274 92206 0.000
Volts 80 -1.0568  0.1801 -5.867 0.028 4 Sy v . e e e
Volts 90 09887 01801 5489 0032 M13191 10 wan ldannssinedmsuaidasiaiu
Angle 5 0.0548  0.1801  0.304 0.790 S/N 1az fimae
Angle 10 0.0275 0.1801  0.153 0.893 .
Distance 2.6 -0.0885 0.1801 -0.491 0.672 Order S/N Ratio Mean
Distance 2.8 0.0372  0.1801 0206 0.856 1 11.2041 3.61444
S=0.3821 R-Sq=95.6% R-Sq(adj)=82.5% 2 10.4769 3.34778
3 10.3812 3.30778
@15199 6 Analysis of Variance for S/N Ratios 4 12.5496 4.25778
Source DF SeqSS AdjMS F P > 13.3622 4.60444
Volts 2 629688 3.14844 2156 0.044 6 12.2868 4.13778
Angle 2 0.03163 0.01582 0.11 0.902 7 11.6431 3.83778
Distance 2 0.03557 0.01778 0.12 0.891 8 11.4759 3.75778
9 9.8404 3.10444




9198135198 1891015 IUIeND NG 9 A5

naasala lndiReanuan ldanmsmiuiaudanisnei
1 % =) l{ 1 1
5 @msumstsznamautlszansvesa S/N luaiu
¥94A1A99N (constant) Haunny 11.7441 uazns
r'd ]

Uszmnaajudaesduilse@nsdmsvanadsludiu
Y09A1A97 (constant) M1ny 3.8844 Tuais1ah 7 a9
=\ ] o I Y d'd U U ¢d' 9
Fanuuiugnoutiaeg 1 luuuimandsenineanla
AMINaaeInumn ldanmsrimnenaasnldaniig
A ' A ° Y A d Aa
MruzauaenszUIUMseN 19 NANNFe N UNA
A MTUMI0BNULUNARBIAIGIDNITNING

a d v d
3.2 msuaAsIcriNaans

r'd
=2

1 A v o a
21nA1 p-value Tua15199 5 waansduilszans

) 12 @

ﬁTViﬁ‘]J’E]@‘IiW?hL! S/N "llfi]\?ﬂ‘iZUTluﬂﬁL%@iJﬁﬁ%ﬁ‘U
5% (0.05) fie Tase7 1 (Volts 80 uaz 90)

v o o

PLARTY

o

v 7 o a £ '
Nﬁﬁ‘W‘ﬁﬂ'lﬁ“lJ5Zlﬂﬂ!ﬂ1Yjui]'lﬁ@\1ﬁﬂﬂig’/ﬁ‘1/l‘ﬁ"ll’ﬂ\1ﬂ'l S/N

@ v o w

Fadia1 p-value 9 I uszauiedian 5% (0.05)

9 _ v

ayilniinadent S/N Wedidn) diutleden 2

]

(Angle 5 uaz10) uazilasei 3 (Distance 2.6 uay
2.8) nadwivesusiaesdunlszaniuesm S/N Fail
1 p-value HiAuszauiodiy 5% (0.05) aganla
fnasedr SN (lifivedidy) ludiuaisied 6
HadnEmITnszianunlsisivesat S/N Fafia
p-value i liiAuszauifodiiay 5% (0.05) Aetasud

1 (Volts) finasent S/N (ffeddny) nazdesed 2

9
@

uag 3 (Angle uaz Distance) ieaosifase lilinade

a1 SN (lifiedrdg)gduvunisdszuiuan
4

v Iy

Fuilszansdmsuaunasluaisan 7 ananagaiian

p-value i1i7u 0.000 TaefiiTased 1 (Volts 80 uaz

]
v oA

90) 1A p-value 111101 0.030 waz 0.032 A 1aun
lifuszauedian 5% (0.05) agidinanonan
sdunumsUsznamdulszansdmiuaungo (i
Wedany) druilavei 2 uay 3 (Angle 5 nay 10,
Distance 2.6 1a ¢ 2.8) I 1 p-value 1t 11 1
0.839,0.839,0.620 waz 0.0867 aud1au) uaunu

szautiodinty 5% (0.05) a3 lilinaneaigiluuy

41

Engng.J.CMU.(2018) 25 (1)

P ]

msdszmrmarduldse@nsdmiuaunae (lud
1 % a 4{ % a T %
Wedany) wazmsdsumdulseansmdadulamny
1 U a lg o 2

82.5% gduvumsdszmaamdulszdansdiviy
1 4&' 1 % a 4{ % a 1 %
aunaeldmdulszansmsdadula miny 81.6 %
aiuaunsaulszansnisonased1niuons1aIu
S/N n13vasuazalgnIsiyey Meas19aauIFuan
o A A

ANTUNMIN 4 Ao

4 1
gumsduilszanimsnnnesdviuoadin S/N

=11.74411.0568(volts80)+0.9887(volts90)
+0.0548(angle5)+0.0275(volts10)

-0.885(distance2.6)+00372(distance2.8) 4)

'd H
azdudseaninisonneed1MSuUA AR

A A
AUNITN S AD

= 3.8844-0.4611(volts80)+0.4489(volts90)
+0.0189(angle5)+0.0189(angle10)
-0.0478(distnace2.6)+0.0156(distance2.8)

-0.885(distance2.6)+00372(distance2.8) &)

Y

4. agUnamsnaasnazloiauanus

INMSANBINTMIEA IRz duNga lu
ASZUIUNITNITATIVNABUNITIFOUAI8AIALTON

1 ¥ 9

vurdngnunieauseu T lasldisnsninsiu

1 d' A a/ 1 (V
wunaanzimnzavaemsisunszua lddunin
90 wonil yulunisenuion 10 eermmazszoz v

J 2 o A Vv a a o 4
sEUINTUUAUAIAFeMIIINDY 3.0 Hadwasvh 1 1d
Msnaouazale (MiFuansouyon) masegn 4.50
Uadmas MINAaeuNIUsUNATIAMINNIHADINMS
° an a R A ] a A [ Y
A 1ae3sn1ng Fede1niulsuiuneousvld

1 9
nafea1n lavinnisnaassluasusniviinis
v o oA (= [ @ o

naaeFInu1a1n 1d hiianuuanasnuuiniin

9
ANUITMININTFA TN NV VATZ VIS
K A v v Jdo 4 A oA
wonaraoududandgnumseuyon lidrod19d
Uszannm nazanzanannvzgmirldie 141y

) ] Y
aszurumaren I iassvuasli



A.UTDWIU WSWUS U.IoUM INE1D I1a: w.AvaluoA

o Xy = '
Tua1uITeUA0INISANEINANTZNUAD
9

o

A1 1dmes nu s undndalinanenisvaoy

= = A o Ay Y °
aza1e (MIFUANTPUITON) NaaNTN IAvzIaAIsIUIY
TaderiuininansznuaenszIUMs laginTaron
Tamuanladensarunstivas liivedidgyao
AszUIUMT nanae mMsdsunszua Iiihnuinanlu
swuazinaaslszaninmlumsiyon yuluns
. 9 . L
FOUUALTLHTHINTLHINFUNUAVAIAFOUAINT D
dg! a J =S = A J Y
guuazlinasomsFuanuuniounuienuiegla
=< = A ' ° < = A o 9
mMsxuanuunreu luaiuaussesFuanauniln
2 1A H o ¥ Ay ¥
Fuau ludanuamy mzaziuilateneaiunla

° oA A ' P2 a a
ﬂTl/i1!ﬂLLﬂZﬂTVI!‘HiJ1$ﬁuﬂq@%$ﬁﬁﬁlﬂﬁlﬂwﬂi$ﬁﬂ‘ﬁﬂ1w

uae i dauararen nseusen i d
gufacuaasasuaniziadenlumsiiuuaz
A o o 2o Y a =
ANnuruduing Hudsdslunszuiunisnanis
o & Y o Aa
Tuuaenimngan
a a
5. Padnssudszma
Y
Tasan1sadelldsunugayun1sIsein
@ = a 7 ao
awlszna Tnsamsenszauilsgyaninusiluanise
Anud uaeassd wazuuInSININTgYNYY
U5zl 2557 uninerdoma TuTagswuenadiuu

= 1 dq Y o o
@oalva nlvmsmivayunulumsivauenaainly

9 £
o A

A1
Tunszurumaweudramsauden Iivi 1dsesdy
2K A a < 1 o Y
andanumuzantaziaNuutansanonsni 114
Vv a
PDNA1IDINDY

J A v aa J [ Ja Aa o @ L Aaa =
[1] FINWIA VNWIU, WINUT UWNTUUASTANTUA DU, ﬂﬁﬂigqmﬂ’J‘ﬁﬂ'liVI']fJ"]fﬁ'?Wi’UﬂWﬁ/]ﬂﬂq@ﬂﬂﬂﬁﬂ}lWIEN

) Y v a 4 a o !
ﬂi&’U’Juﬂ1iﬂ$WH$"U'l’Jﬂ'c’l’fJ\1@’JEJQﬂE]Nﬂ%WI'IS:Lﬂﬁ’E]ﬂ. 5@I1TIAINTTNAIAAT NW??W&?@H!%?J\??W?J,

2557; 22:59-67.
[2]

J Jay a o o =2 dad
FAINIA VNWIU. ﬂ”l‘i‘].]i%Qﬂﬁ?‘ﬁﬂWiﬂWﬂ%ﬁWﬁi‘Uﬂi%‘U’Juﬂﬁﬁ‘ﬂﬂ'ﬂ

= ' a s A o Ay
ﬁﬂjﬂEJ?(ﬂB1ﬂ1WT511]m’EJ‘5“UENLﬂ3’EN%ﬂi'ﬂ(l%'

a

a a a 14 a o
Tumswan. N5@1539Ms N sumans ynIngdegua v, 2557; 7: 104-112.

(3]

Krishankant, Jatin Taneja, Mohit Bector, Rajesh Kumar. (2012). Application of taguchi method

for optimizing turning process by the effects of machining parameters, International
Journal of Engineering and Advanced Technology (IJEAT), 2012; 2(1).

(4]
(3]

[6]
[7]

York, 2001.

New York, 1990.

Roy, R. K. Design of experiments using the taguchi approach. John Wiley & Sons, Inc., New
Roy, R.K. A primer on the Taguchi competitive manufacturing Series, Van Nostrand Reinhold,

Umass. 2014. Available [Online]: http://www.ecs.umass.edu/mie/labs/fea/Access.
Randhir Kujar and Hatia, Ranchi. Application of taguchi method for process parameters

optimization in semi-solid forging of A356 Al-Alloy. Engineering Science and
Technology: An International Journal (ESTLJ), 2014; 2(4): 800-805.

42



Engng.J.CMU.(2018) 25 (1), 43-52 015818IAINSSLUMATS
UKIdne1da1Baviny

) Engineering Journal
Chiang Mai University

w ' 4
MINILANBATIMS IatimanzanlinIosaueIna

emunNgamigimaslardenszuerdavelselulihouiiv

Optimal Flow Control in Air Preheaters for
Controlling FGD Exhaust Gas of a Coal-Fired
Power Plant

% o a aaa d
NWUHNNT ‘VIBQWGJI‘HQG* 955003 91AUA 1A NUIDNYA !ﬁﬂiﬂﬂ‘ﬂi‘ﬂu
Panomkorn Thongpatthanakun*, Attakorn Asanakham and Tanongkiat Kiatsiriroat
a A awv a a 4 a 4 a @ ]
‘Vsi}@\i‘ﬂ;]U@‘Iﬂﬁ’]fﬂﬂﬁg‘]ﬂJﬂN'ﬂqmﬁﬂWW ﬂ?ﬂ?“]ﬂ?ﬁ?ﬂiimﬂ%i‘)ﬂﬂﬂ AULIAINTTUAAAT WH1INBoITo 11

Thermal System Research Laboratory, Department of Mechanical Engineering,
Faculty of Engineering, Chiang Mai University
*E-mail: panomkorn.t@egat.co.th Telephone: +66 (0) 54-252221

unAnLo

a Y o 2 v o 44 a A A ' 9
\1']1!'3"1]8‘11!”1@ ']Lﬁu@"’lluﬂ@ucluﬂ']iﬂi'ﬂ'f]ﬁﬁ']ﬂ']illﬁa"llﬂﬁﬂ']ﬂ'lﬁLlﬁgﬂ']"'lfll'fJL?fEW]lﬂi@ﬁquﬂ']ﬂ']ﬁ"ll'ﬂﬁﬁll@

aw

¥ \ a 4 Al 1 o QI 3
o1l luTsalWihamiu ieniuquaungiinieleids newdigszuumianadameslaoon lad (Flue Gas

U

Desulphurization, FGD) #n303gue1nis 923 2 ga laun gansesqueimauuulgugil (Primary Air Heater,

a a

PAH) uagzyain3osguoImeniuunasgil (Secondary Air Heater, SAH) Tﬂﬂﬂzﬁﬁagaﬂmﬁum%qﬁﬁmwmﬁ

u

o a o v J a o =) v o [+ =) 1 Y
NMNIUIN 3Jm1mmﬁuwu‘ﬁizmnqmwgmw%mﬂ ﬂ‘]JE)G]i'lﬂ'lillﬁa"U'fNﬂT“]fllf)lﬁfJﬁ'Jil NBUINIFISUY FGD Tag

° { A 1 a 4 19 Y a ' s A {
wmanMzmsnaun guugiime ledesu linu 180°C e lildiRaanu@eisunginsel Qeulvianing

U a

mshauas q szgnih hlifeuruanizmsiiudidsiniaudegiv sazmanzimunzay Taginsanan
2 ' a ' a [ ' v
myaams IFSnaaiuiu anransAnu Iy dunsaaduguagivesma ladenewdigszun FGD 14
1 a A o o ' A v O a  d 1
laithin 180°C uaziidnenmlumsandasimstlouniuiu 15.22 dudoss Tus Andluyan)szum 285,825.22

1 INADIY

o o w

A 1 o o o 4 4 9 ay (4] a U a
MdAw: 1nTe9queIMA, sruuiinamasames laoon laa, anudounsninmaleds, Tsalwihowiu

ABSTRACT

This paper presented a procedure to adjust flow rate of air and flue gas at air preheaters of a
boiler for a coal-fired power plant to control flue gas temperature before entering the flue gas
desulphurization ( FGD). There were two sets of air preheaters: primary air heater ( PAH) and
secondary air heater (SAH) of which the actual operating data were undertaken to correlate the
temperatures and flow rates of the flue gas at FGD for controlling the gas temperature not to exceed
180°C. Operating conditions can be compared to a reference current work and the optimization could
be undertaken by considering the reduction of coal use. It could be found that the flue gas temperature
could be controlled before entering the FGD system not to exceed 180°C and at the optimal condition,
the coal consumption could be reduced 15.22 tons/hour of which the value was about 285,825.22
baht/day.
Keywords: Air Preheater, Flue Gas Desulphurization (FGD), Exhaust gas, Coal-Fired Power Plant
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ABSTRACT
This research aims to develop a mathematical model for classroom scheduling at 30th
Anniversary Building, Faculty of Engineering, Chiang Mai University. The objective of this study is
to reduce energy consumption and electricity costs which were charged according to the time of
consumption ( Time-Of-Use (TOU) rates) which the average of electricity costs per unit is different.
The factors to be considered include 1) The electricity consumption intensity in each time.
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2) Classroom selections appropriately match number of students, and 3) The impacts of increasing
classroom’s temperature caused by sunlight affecting air conditioning which accounted for 40 percent
out of the electricity consumption. The answer is an optimal solution of classroom scheduling to
reduce energy consumption and electricity costs considered with factors and constraints of classroom
scheduling.

A summary of the research showed the factors which reduced electricity costs the three most.
First, the intensity changed of the electricity consumptions in each time, led electricity costs incurred
due to cost in the form of peak load (Peak Load), expenses reduced 16.60 percent. Second, classroom
selections appropriately match number of students and avoided using classroom which temperature
increasing affected, cost reduced by 3.21 percent. As a result, the totally electricity costs reduced by
5.74 percent, accounted for decrease of electricity costs for 3,954.97 baht per months at 2nd and 3rd
floors, 30th Anniversary Building.
Keywords:  Optimal model, Classroom scheduling, Electricity costs reduction, Electricity
consumption reduction.
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IPA = A/C Power Demand in Each Room ;
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IPE = All Load Except A/C Power Demand in Each Room ;
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1 =
a3un 3
lobjective fimction ;

MIN = @SUMROOM() -

@SUM(PERIOD(j) - EC(j} * ((PF() * PAG) + PE@) * X)) :

lconstraint ;

Iprograme package registration ;
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X(ET)=0: X104 =0: X(11L.7)=0; X(119)=0; X(I1L10)=0:
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!1 room for 1 class in each period == 75 class ;
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END
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ABSTRACT

The aim of this research was to determine the appropriate rule curve for Bhumibol Reservoir
in order to mitigate flood by applying HEC-ResSim. Four upper rule curves, URCs, which were old
upper rule curve, adjusted upper rule curve after year 2012, proposed upper rule curve-1, and proposed
upper rule curve-2, were compared and analyzed together with downstream control at station P.17 to
not exceed the capacity of 1,815 cms. Thus, there were 8 case studies: each URCs with and without
downstream control. The model situations had applied the data during rainy season (May to October)
in year 2006 and 2011, when the big flood in Thailand occurred. Apart from the HEC-ResSim, the
HEC-HMS model was also used to calculate side flows as the input data for the HEC-ResSim model.
The results showed that the best Bhumibol reservoir operation that could help alleviate the flood in
year 2006 and 2011 at the control station (P.17) the most were the proposed upper rule curve-1 with
downstream control and the adjusted upper rule curve after year 2012 with downstream control,
respectively.

66 Received 9 March 2016
Accepted 24 June 2016



1. umi
1ningagnaseiiiiuulasanzlug we.
2554 Idatuanuideneluaeiuiiiuinanta
‘ﬁ”ﬂﬁﬁuﬂ’ngmuzﬁﬂv%ﬁ?mmgﬁwﬁm ANUITEN LD
IHTEENY INBATNTTN 1a2RATINNITY Fagrafiuih

a a1 o v

Wouginwaldiwdiylumsreussmilymignnie
3 & o 3 I 1
Tasmsyzaotigremanunniilugiaimain uay
¥ 1 < H [l A A Y
sznehnnenuinlusnaimngay e lims
o Aa 1 < Y a Aa A A ds! o a3 4
autumserunuinilsganinminnoaru suiudes
Wwyudaesngeludiaesmsljianisssuven
< 3 A 9 Jd 1a wa Y
v @enldnusiliamsldianumingauuay
9 [ d 1 Yo 4
doandenuanIuMIaiaie q neldiaglszasduay
Y o o A Voo A 7! T
Yoirnanuanany eilse Temilumslailudeya

@

o a = o s A =
"’Uﬂ\?ﬂ'ﬁﬂﬂﬁuifﬂ NITANHIUY quﬂﬁ&'ﬁ\?ﬂl‘waﬁﬂynluj

a ua 1 < H 4 a 4
numsdfuanmserunuiuveuginaonssm
v d 1 A A 2 o
Tymgnnavilunanuaz Ididsuaninnmuludae

garunafigamiizdiullle

Y

= =] N A
2. NYHHYUASNIANEINNYIVD
2.1 msiiiamseraiuiin
A wa g 3 = S o 2
mMslguamserunui nueds manunnuily
a2 . 2 R AN p
910U waMIdaiIne I unUl N Inglssad
1 1 1 < o U %’
a9 TaelimsMnaunuanrihimaisegnuinazaai
1 3 ¥ 1 [} I 2 ' a
vnornuih luuaazarsaniudinmamlanaz i
msdiamsamusuinngHasuminanmlueuiaa
g =
Aullawnamanziuly
a o =T Ys ¥ (e wa
MsvInIsTanserunu agldlavliianis
1 ] H . .
¥99014N VU1 (Reservoir operation rule curves)
o v & : 3 A
wmmmuau Teuisvesmsnninuuaznislaseinie

@

Jagszasdang Taglrlfiamslsyneudivedie

¥
o9

2 1du fe szAaunluAuaeuuY (Upper rule
curve, URC) tagszauniuguaouals (Lower rule
curve, LRC) TaoTiseaziBoadat

szaunufuaauuy (Upper rule curve, URC)

A o 3 A o P '
ﬂaizﬂuum’i}u‘uu‘ﬂﬂmuﬂ"l’uﬂummgmmman

67

Engng.J.CMU.(2018) 25 (1)

< 2 ' A o & Y o o 3 g
wui lunaagimon Sudludessnuiseauiirluerany
¥ L} =~ o g a 1 . g‘ldy
m"lﬂﬁ’mzmJu1qqmumﬁ$ﬂ‘ummmauuu MU
4 ¥ A , o 3
Lﬁﬁ]’c’fﬁﬂﬂﬂiNW]iuWﬂ@gi%ﬂ’JNi$ﬂUu1ﬂ3UﬂN
o v ¥ 3 o Yo o o ¥
@]E]L!‘]J‘L!ﬂ°JJ§$ﬂ‘Uu1Lﬂ°lJﬂﬂgﬂﬁjﬂlfh’dWﬂiU‘ﬂﬂﬂﬂHHWﬂ?ll
szﬁuﬂauﬂumaudw (Lowerrule curve,
v A o o2 3 '
LRC) ﬁ@i%muWIﬂ’J'Uf’]il@%jﬂhluﬂﬁlﬂijuﬁlﬂﬂlmmﬁ

A A o Y 3 19 YA o 2 o '
lﬂE)u‘1/]fﬂ‘l’iuﬂ“l”cll'l]ui\l1@]§;‘1§1u13\l1ﬂ3\l§$ﬂﬂu1§l1ﬂ’]1

1]
=

v Y 9 f
sEAVUAIANADUAI Nethied1seel/Tuiasineg

9
v o

' o ¥ o 3 o o
§$W?1Qi$ﬂﬂu1ﬂﬁﬂﬂ3\l§lﬂuaNﬂlli%ﬂ‘]J‘LﬂLﬂ“]JﬂﬂGﬂﬁﬂ

q
' 4

PRdmsumamnzilgnlurigquashiimsviauaauin
] <3 [ o
a1 lsnaunsuratszniu [1] SaMununs
a @ 4 < ¥ @ v o a ¥
VIMITAMIVoUNUIIMAD HazIaiunuuIHITI
o o I o A o
szl 2555 Taelidagiszasavaniedsuilgs
a @ H 4 <
sTUUMIUIMIsIanaiveszma uaz luvewny
H ~ a a A A
manldtlsganinm uazimniannuannsons
@ 3 d' a d%’ 1 =
Hosnunazusnmilymgnnsenizinatulunaazil
Y o ¢ (a wa = ' 2
aemsilsvlyunamianmserunvinvualngna
s Y
33y arems Isuuusaes HEC-3 sistilumsanun
4
Heznludnpunnizszaualuquasuuu (URC)
9 Ed 1
miinTasveuwa lumsanmiiiaziosai URC @y
URC finsuratlszniuldavairluil wa. 2555 URC
v 9
AgAnyuaue 1 uaz 2 naznsly URC we 4 1du
Y .
wiounumsnruguilsuanimanifiaaugu P.17 59w
4 <3| ~ 0 ° ! I H
nauatlu 8 n3dl Tagyiinsiiaeummizerunuin
Wougiwaluil we. 2549 uaz 2554
2.2 yyusraeeilslumsanmn
o o Aqy = A o
puydiaesranilglunisAnyine uuuiiae
. 1 4 < I o § 4 L}
HEC-ResSim juf 3.1 Fuilunnudiaosii ldiiome
o a @ 1 ] H
Tumssrassmsvinisianiserunuii Uszneudae
MIAOIVDIANHAULNINONINLAZMTAUTUNITUDY
' < H I3 o 3 4 Y
sruuerunuiazmsfMuadua i ngon Toanu
smdeganIuaL nUUTIaesETaas unudenlu
o o A 1 v A FY
mstimesanIumssi nuananuuazuaasnan 1du
9 1
usazaaumsaivue o ldlumsn/Seumenlums

15k unazsIslunszuIunIsaaaulanis



D.INBUNSWE lla: 5.8USafau

o A ' & ¥ A
i"ﬂ!,‘u1!f‘ﬂi"’llfJ\‘iiSﬁ‘]J‘]JfJNLﬂ’UuMﬁE]Gl"]?G]ﬂUﬁu@ﬂ@ﬂll

@

Jaguszasndimiunsniuguinayg MsusTIMISY

q

Y
ude manaanszua 1 vazanudeanislfiidiu

9

° zsyw 5 7 v o 12 H
T?I}WJ‘LH uﬂﬂiﬂﬂuﬂﬂﬂﬁﬂﬂ%uﬁ1ﬂiﬂﬂ1§1%}ﬂ'J“IJ?]ZJ“LH

[ 1 %,‘ = a d‘ Y %’ ' Y
mnlumsiaseinsaipnmuiie ussmnimanla

15U Isznay [2] llﬁ'ﬁwmiﬁﬂywmsﬁ‘fﬂmmazmmu
i Taemslduuusiaes HEC-ResSim luguih
Wiuaeuais uazlaimuusiass HEC-HMS 1
mamﬁﬁNmEmami‘lwammumuwaﬁimﬂu%ga
e suuusiass HEC-ResSim Wmsmﬂumﬁi‘ﬁ

A

< o anaaa 1
Juiufitieniuiidendssnesuieay

=

lunsaing
' 3 ¥ A 9 ° o <
1UN VU NVBUUAIUDY F1a09dDIUNITaleoM Y 2
0o Aa = I Aa A
U Ao mimmumiuuummmﬂ%’mmmﬂgmms
a % 30/ o a
muaﬂumimmiﬁmmsm HATMTAUUUNT
O A y 3 <
AIUANUININNIAAIVANN G Taausnoonmilu 8
A Aa a Q g G CS' a
ATAl N5UINTUTHITIANTH WL W.a.2538 Nina
% 1 L} o = d' % d'
mmu"lmuj wazynmMInfSeuneuiienonsims lvan

: ; 2 ia 3
WouazNganIURY NUININITHIFINIANNAAN

' '
A A

muluuaaznsal ievigoumssiNANgANIUTHIS
QU 90’ 1 tﬁ’l d' o
samsumanluiun qsssu [3] 1@vimsdnuying
@ 1 < ¥ A A
IANTTLUVIUNDUIVD9 IATINITNIABHL A NIAY
FarIad1119 Tagriwuusians HEC-ResSim uay
wuuI1aed Wusmo Version 4.60 ¥1%¥78%10135
a 7 v H A Yy a ~
UATILHNINNUABINITUIVOINY 1¥UeuagnnInegil

U A

2536-2546 (107)) Tag'ldvhmsAnuianmmsdans

< A

¥ AAA
hlunsaatsrafuihmanedudeaznsaiiing
< ¥ A A =R ' I
1991 uEINIRe T Iaens ANy 0 il u
~ A 2 v
6 nitl Taguenaudnindsuiaidunuuaznis
i v '
fvuaniuiralszniu wasrasunuail jrianisi
1 T A o Ay A Yy f
a1 vulvudetivimageulunsadNideenun
v 1] a
asausmssamsri lildinansvieunanldnaea
Ea
9 <3 1 o .
191 uaaslfifiuiuuudiaes HEC-ResSim aunso
o Y a o ¥ Y 1A a a
Hnldusmstanmsiinldedratilszansam
uuus1aed HEC-ResSim Usznoulidre 3

Tuga o Watershed Setup Reservoir Network

68

uag Simulation ¥suaaz Ingaiifagiszasdnaz
whinuanaeiy
Watershed Module Setup a514tazfiviua
v 3 ' v ¥
vouwavesszuugui 5w ldeIassieue i
Reservoir Network Module fviualaseaiis
R R : s y
voslaseneui Iaefmuaaimsmasuavesillu
1 ' o g A a o wa
UAAZFIVBIGINYANIITAU A uAfgaaNITaANI
o Aa o J < 3
MEMNLAZMIAUTUNTVOINITTIA09I0 1AV 1Ay
v A A o =T Ve
asumadenlumsuimssamsorunuiiineg lglu
MIAATIEH
Simulation Module 3199 4015a U U N3
v
UT21I0aNAUBINITE VY LAZLAAINAAININNITTIA0
A A = v o
UONIINUIUBIINIUMITANEIVZADININIG
1 2 %’ . o
murmaSuaniauny (side flow) gany1valdii
Vv
upusiass HEC-HMS 1 lumsansmdSanani
: ° < o
duny Fwvudiaes HEC-HMS iWlunvuiiaes
a A a 4 o v A
FTUVINAINNNANTAATIERANNAUNUTYT
1, z 2 2
Wnuemitdu uagtuaeums lvansluanin
FITUMNALALANINNNNIIAILAN HAZTINANVAINNTD
y 1 1 o
Tunmissraeensiiimlusianaiuiu g sulrums
y . ! o 2
nsza1ei M1 luguuy Grid-cell vosunsviiu
4 ] . 1 v Y
M3naoUA10911N1 (Routing) Wil tnuu [4]
a TR o
WmsAnmanmgnniner luguiiniiu Tagiinism
A P A A Y A A ¥ o
WITADTAN 9 NNeo oMU T2luMIT eI
¥ 4, 7 . .
Tunuiiguih wowuudiaes HEC-HMS dwnse
E4 1 % L} = =) a
dszitiunniwseiu ldeaaiidseansam
2.3 Wufdnmn
1) qaninil
D% s ad 4 ¥ y
quindaiwunsvidunIvual sy
Fa 1
34,536.83 m1s1nlawas aseunquiiui 5 39 ia
danda laun @oalvu drmu a1n fuwawys uag
4 a < 9o’ A a A o
uUATAITIA laslio1unUu T U INaNS 1A AN
o [ I ) dy A g a
Jandamnusuinruanunguineeeuuunay
: 2 K
aouan Usznoudls 20 quinaiv Taglumsdnuiil

4 A
%$W1ﬂ1§ﬂ1u’3mﬁ11J§3J1i1!‘u1ﬁll‘ﬂﬂﬂ@uTﬂﬂhl"ﬁ"



wuus1aes HEC-HMS uazl¥uvusiaes HEC-
ResSim smuaszuvsrafiuihlaoGuanya Inflow
%uﬁqqﬂmuguﬁﬁmﬁ P17 e.ussnande
VAMWUNYS Tﬂﬂu‘%nmqﬂﬁﬁﬂﬂmwﬁwﬁamﬁwm
desnnanmnemeninhivangaulunsszued
Tagnmzuinuinianmdnireudiua aed
anuygegalunsszuiodiodd 1,850 av.a/Auiil
wazfufisnuguinldfaiiouduads duaaclugli

1 nazgupadszuuguinlugilin 2

HryAnual

A Fumbdougiing
Station

@ aonilialwin

® aonifiadwiriinaugy
< amniFiatiei

— with

Ping subbasin
1 witiwsdui 4
2 vhewliia
3 AavesiEM
4 Aapdiudn
5 ﬂﬁqdajuMLTIH
6 wtinlmauany
373010

4 4 S ae ¥ d =
51U 1 unuuaasiasaaiisahmnldlumsanm

2) xanurineugiiva

a3 A a & 1 s ¥ s
amnuumaugnwmﬂumamnmmuﬂﬂiwm

] g’; lsel a a a 1
vyualngadrenumiinluwazlisnsnadensusam
@ ' 2 A ' 2 v = 'y Y A
gnnneluguinis wagguiidmszenegimumeon

a2 v g " v o
Usmannnugegaming 13,462 dugnuiAimwag
= o 2 v 2 o "o
(N3zav 260 w.3nn.) Usuannnudigaminy 3,000

7 { o
é’mgﬂmﬁﬂmm (M3zau 213 w.30.)

69

Engng.J.CMU.(2018) 25 (1)

ad o a =S
3. IEMIAUUUNTANE
9 Y

msan luasatl ldlguuusiass HEC-ResSim
3 ° o = A ua e 3
Aurpuirassmanlumsanyimsigianiserunuin
A - A ¥, 4
Wounlwariious MmUYy aquaaslugln 3

9 as =1 3‘/ A

152nOUAITNISANEY S TUABU AB 1. A155IVTIN
doyanldlunsdnel 2. msulSunanhaunudie

° ° ' : ¥
uyvv1993 HEC-HMS 3. 1159100952 UUD19N LU
Areu131a99 HEC-ResSim tagiinmsaouiioy
4. mMssavsaaumssinazlszuiana S. maagUma

=
NITANHEI

¥
il
[nflow
o= 3 A A
DHNINVUNVDUDUN

P.12C (1,860 a1.31./3111)
.U .90

¥
@

Wowifia  J
: TEHYR BT

l e
2%
W.4A
B0 i].ﬂ]TL -
P.2A (4,230 a1.4./7UM)
BTN 0870

T =
withihaui 4 aoudi 1

HGRRREI
—0—K
P.50A

AADITIUNUIN ] ARDILNTEM

-~

P.26A

withiladui 4 aoud 2 o A

P.7A (4,035 aV.1./7U1M)
A it

2.4889 LAWNINET

p

uihlanaunig P

P.17 (1,815 aU.3./3u11)

D.UTTHANTD 2. UATAITTA

@ W o
Fayanval

< Junction
v

o a0t Imim

Ay o A w

e anilimihilHiuganiugu

Ed
od
Wounuu

=

v ' gcj Y T
597 2 unursszuvauin luiiuno

C1) &l

3.1 msvwsandeyaililumsfinm
1) Yeuasiim
L'

4 i .
i’JlI3’.]ll"ISIIE)HﬁﬁﬂGlu11/lﬁ1ﬂ’3u*"llﬁ]\iﬂ§wlfaﬂi$‘1mu

° 4 < o o o o
1 7 aonil el udeyadmsulSuisusuma

U

o a2 o = =
NNUUUTIaeIEnlaaaTeazen lua1sen 1



D.INBUNSWE lla: 5.8USafau

2) Fonariely
iamm%gaﬁﬁﬁﬁwﬂuﬁafmmnsumﬁﬂu-
Snos o 8 aanil e 193nszin S naniauny
lunuusraes HEC-HMS dauaaadumiaiidanazei
Aumeneiien (uu.) vesamilSarufl$lumsanu
108l w.e1. 2549 waz 2554 Tuasad 2
3) Yoyamsaumagiiman’
Usznoudredeyaveuwaguit idugniman
dugnireovesquirile nazdumisvesaniiia

2 a Y ' <3 H = '
UM amuuwlu BINUNUUT TINDIYA Inflow U®3914

'
3 A

2 LY, = A LY, ° A o
wuin g lumsane e l¥lunsAmuiaunemyua
A limein1egnaine 1dun a1 CN I, t, uazan

T %’ % 1 = %}I o
orhmdnveaeazaoiidulunuusiass HEC-

T T T 90’
HMS nazlddivuadiunislassiteguiilu
v
BUVIDDINIT DY
4) FoyamIMeMNIazNMIIANSNVBIDIUAVIN
9 ' ] ¥ A a
ssmdoyaninerenuiuveugiina ns luvh
fhondauralszima’lng Tasdeyanianenimveseis

3 2 v ] v o & ! o
NUUI ﬂi%ﬂﬂ‘ﬂﬂ’]ﬂ ﬂlﬂyﬂﬂ’ﬂuﬁﬂWHﬁi%ﬁ?Nﬁ%ﬂU

Fl
2 A A

o a 2 v & o 4 1
W-NUNH-UT A TMINNINY ANUFURUTIE I

Ed
@ o v o

< 2
szainusas s lvaigaeenuaznieszuiningu
9 & ' I ) 9 a H
HAzTOYANUT IHUBID AU FIUTBYANITUTHITIN
o Y = 3 ] a 3
seiuilszneuads Usmai nadh uazalSunaim
¥ A o 3 v o &
5211000NN9NANANIEZNTZBIAY 5TAUANINY
a v & a A (o 1=y
YSwasdnny waz URC 1dy URC #5u)galnudl
: o o Y
W.A. 2555 GTNimffumimimm‘wﬂﬂmﬂuwaﬂ“lumi
o A ' L vy qvd X
AUUUNII TABZ15952 118118219 1715 2un
URC 1@w naz URC Ngdnyuaue 1 uaz 2 43 URC
9 H 1
W92 NFAnEudu09zdIn1 URCAYS D1l 3alnidl
w.A. 2555 Tag URC figAnyuaue 1 szegmiio URC
A (o 1= < : H
5o galnaddl we. 2555 andoariieaanissz e
= v ° o & 3 Y3 1 3 2
sazluvaziPernuazimnninuinliaue1any

Tugalaeiden a.a. dau URC fidfnyueaue 2 vzog

70

@n91 URC #id5uigalnaud) wa. 2555 asu iiomiy
?,’ Y é’ 1 a @ Y [
msszsildunvuuaszianuFuveuduluaig
A 9 2 o ¥ A v
aengduninmsiziiosindesmsinuninitie 14
g 1 g 3 ' A A 92
wuornuih lussmedeu a.a. waziioanndanyn
S g g 3 o
doams 1S uaniudueranuii 391815u1% URC

v <

o ' o ;
nivaue 1 uag 2 egnszaumnuningagalusielae

]

oy a.n. awaaslugli 4

3.2 msdaeslSnanihaunudlenuudiass HEC-
HMS
lunissiaeedlrenvusiass HEC-HMS a4

]
S H

Y ¥ 1 1
mﬁw1°JJi11mlmmlwuiuﬁuwanmﬂmaumﬂumu

a
4

veaquihgesd ifanilisadmiiuinuga outlet Tu
fuft Usznoude 5 quihdes nazgaiudnlzum
Y15 1eTuveaaniil W.4A P.50A P.26A Taud
a011 P.12C P.2A P.7A uag P.17 Lﬂuﬂﬂﬂ’JUﬁ]N
waznamsaeuieamasmvesmahlugiuden
WA -a.0. Un.a 2549 uag 2554 91nunudIaed
HEC-HMS fuaiifa'ldn3s Taelda1 Term of the
relative error (%RE) Suaaslunsad 3 %@5%’@3@
Wuahaunuit 18uniuezgninduuvsiacs
HEC-ResSim iito$1a09m3d§iianserafiuiilu
Srduae 'l Fauaalugii 5 Fredudeyaliumh

! g )
AUNUVUDIQUUINADILNTEN

.
¥ A

M3 1 dwmisaaiimnldlumsanm

. AU

aoHsHa " - BN
azfyn 299337

P.12C 17.14.34 | 99.01.59 | yamuqu

P2A 16.51.16 | 99.07.23 | yanuqu

P.50A 16.32.56 | 99.15.00

P.26A 16.26.57 | 99.26.27

P.7A 16.28.38 | 99.31.06 | yaniunw

P.17 15.56.06 | 99.58.36 | yamunw

W.4A 17.12.22 | 99.06.08




] =g ¥
s mdoyanlglumsfinm

Engng.J.CMU.(2018) 25 (1)

)

J

Hoyaniagnnin Yoyamsaumagimans
Vv
HazgatoyIng (GIS) Hun199)
\
y o S Y
Poyaii doyaru o youwaiunguih
4 1 ¥
o youwaiuie1unii

| |
v

o
Widsuaiauny

¥ o
AFYLDDTAD

Hec-HMS

14
@ E

o (Fumitiman uazidy
o 3 A A4 9
wiiaeduinneIvelu
TEVVY

E ¥
@

e Gunnisnaerunin

-

“I’J}'t)iel,ﬂﬂﬂﬂ’lﬂﬂ"lwuﬁgﬂﬁ
b4
VINITTIANITHIUDY

o4
21NV

ANUFURYTTEHI
o P4 gn 2
FEAMNIN-IUARNI-
= a o
Snasmanninu
ANUAURUTTZHA
¥ ]
52A11 - 6951013 Iradn
¥
AODANAYNATELNOIN
F
du
UTuamssziveveanna
g 7
inni
s o oen 1
N §iian1sveas

4 o
INUUI

N

o 9 ¥ o .
WIVDYALVIVVIADI Hec-ResSim

v

" o4
ADITLUVUDNINVUI

v

o o A 7 (A wa o
il'I‘ﬁENﬁﬂ’l‘uﬂ'Iimmﬂﬁ'Ilﬂill"l’lﬂ{]i]‘ﬁ]ﬂ'l‘i‘i’lmﬂ'ltﬁu

y

a s
Uszmrananaz ey

v

ajUnamsfinm

8 o 3 =
51N 3 uRUALEAIUTUABUNTANEN

L)

71




2.INYUNSWE I1a: s.USaAaU

a8 o v
M919N 2 ALK UIN

265

260 == o= .- e - e e e e e e e e e e e e e - - e an en e e s _em

255

250

FEAUN - 1IN,

245

240

235

1.4,

URC fitinerus 1

..

n.i.

URC #isinerue 2

a.n.

URC filsuilssil 2555

n.u. A1,

9y
@

PNLIDS

v 9
517 4 szavaruguasuuu (URC) na 4 1du

adumasodon (uu.) vosaniliadunlslumsany I we. 2549 way 2554

1l

AU

mrudssenen (3.

sHa
oo aoi azAgn 299330 e .. N.f. a.f. N8l Mefle
373010 | 17.00.01 99.43.00 7.85 8.42 6.30 7.41 13.54 4.68
376201 | 16.52.42 99.08.36 10.09 5.00 3.49 2.82 11.41 6.09
376203 | 17.14.00 99.03.00 11.47 9.20 1.51 5.23 14.60 7.76
2549 376301 | 16.45.00 98.56.00 8.99 6.91 11.52 7.81 9.50 5.69
376401 | 16.00.57 98.51.56 10.40 5.38 9.98 9.29 10.54 2.28
380004 | 16.03.39 99.51.48 4.33 4.27 2.85 3.21 5.83 2.99
380201 | 16.29.00 99.32.00 8.82 6.51 4.38 5.82 8.82 3.51
400007 | 15.53.00 | 100.01.00 2.56 4.30 1.75 3.75 6.63 1.70
373010 | 17.00.01 99.43.00 9.15 6.41 5.92 6.31 14.26 6.84
376201 | 16.52.42 99.08.36 6.42 4.54 6.44 3.38 7.95 9.05
376203 | 17.14.00 99.03.00 7.45 5.31 242 2.99 7.57 7.13
2554 376301 | 16.45.00 98.56.00 11.78 13.26 9.99 12.09 12.33 8.13
376401 | 16.00.57 98.51.56 8.88 9.00 10.06 8.95 8.76 6.59
380004 | 16.03.39 99.51.48 8.56 2.97 3.77 7.21 10.87 9.78
380201 | 16.29.00 99.32.00 9.59 4.08 8.71 3.51 12.29 7.24
400007 | 15.53.00 | 100.01.00 6.47 4.67 8.33 7.58 7.00 4.70

72




Engng.J.CMU.(2018) 25 (1)

. //MAE RAKA/FLOW/01JAN2011/1DAY/HMS/

File Edit View Help

300+

250

200+

w (cms)

1504

Flo

100+

50

0
I l Jun

Jul | Aug | Sep I

Apr May Oct
201
l MAE RAKA HMS FLOWY
y ) =3 %’ § o ! 90’ ]
51U 5 dregrdeyarlsunanihaunui ldnnuuuiiaes HEC-HMS vesquihaaeuiszm Tudl w.a.2554

! \ D % o v ! d' 3 a )
M3 3 msnagdwanmsdeuisuninasmvesiviasinninuuuiiaes HEC-HMS nuainialdase Tugag

@OUN.A. - 9.0.U091) WA 2549 uay W.A. 2554

HEC-ResSim
o 1 < H o T
MIaDITZUU N VUM a3 19TAT 918

A o

310030 ya tWon

U

=2 & = '
msanyuleuneuluuaas

a

.. 2549 W.f. 2554
o ® Rnanhsiuisrua AR Rnanhsiuniavua ANNAIIA
amiiiah ) , Y ,

(@ av.a) B (aw av.a.) InaeY

Mmdaes | Md1 (%) Mmdees | Md1 (%)

P.12C 2,426.22 2,124.04 14.23 3,746.62 4,035.12 -7.15
P.2A 6,458.40 6,885.06 -6.20 8,913.95 8,790.94 1.40
P.7A 8,587.99 7,707.05 11.43 12,054.36 | 10,812.98 11.48
P.17 10,201.76 | 9,712.83 5.03 14,896.98 | 12,292.95 21.18

3.3 msdrmesmsUfiamseruimidaeuuusiaes  thann . 2549 uag 2554 wleutmuarianaiily

4
o o

1 v Y
aniluiundam w%’ammmwum’fauuamqﬂwmw
a ] 901 1 < Sc' =1
HAEMIVINITIANT VeI 19N Taelumsdny
3 X, Aq 9 o Y a
asaimruaanIuaunlglunuuiiaes laun aail
P.12C P.2A P.7A uazP.17 wiimsaeuiieuny
a %‘ 1 v A w Y A v
ﬂﬁmmmmﬂmumm"lmwamnﬁaummgﬂmm
voquuudand 1wl w.a. 2554 uariin1ssiandns

a wua T < ’c’ Y P o |
Ugiamserunuimelaaaiumsanaisnu uil

73

S { o
ADIUNTUAN 9 ﬁwmsmwmuuumam

o a =g
4. NAMIAVUUMIANY
4.1 wamsaoutiay
AsavUMeVLUUs1a0s HEC-ResSim 14
Mruadl we. 2554 nlFlumsaeuieunuydiass
Y A Y A < 3 A a 1 @
Tagagld/5manihmeranuinveuginailasssiein

y :
lITVHfHﬁi’Jllﬂllﬂih1mu1ﬁn%ﬂﬁﬂ1u?mqﬁ}%1ﬂ



D.INYUNSWe lla: s.gUSeAaU

¥ 1 U
wyudraed HEC-HMS wazd5uiaiiimisigiuain

]
= ~

aoil W.4A P.50A nazP.26A Tasligansiimsdou
feude aonil P.12C P.2A P.7A uag P.17 dquanq
Froluzilil 6 -9 nazasvagnamsaenifioud
nasavveliuaiilugrudou wa. -a.a. 910
upvUs1ane HEC-ResSim fuaiifaldess Taold
A1 %RE naasluaisiaii 4 szwuilugfitsinanh
daliiAuarmydni1 mavesuusnewazmd1s el
alndidosiu drulugreiifarhiiumiisase g
Ad15 i AnuLAnmaTINATs M UAa

o Y o 2 901 a A Y a
mslwmi’mﬂsmmmmﬂﬂaummmﬂaaullmmzmﬂ

~ Y o 2 R {4
NAMTUIMsIamsiuii lugsiueenvniiui

1 = 1 a 4
mei 4 a3lnamsaeuiieuamasauveslSuimii
Tugrapeu w.a. - o.a. Judlw.e. 2554 Mauuusand

HEC-ResSim fueiiialdase Taeldm %RE

. Ywnanhsantanan
aniia Y ANNAMIA
v (au av.u.) A
n — _— nadu %
MY | A1
P.12C | 3,745.17 | 4,035.12 -7.19
P2A 8,682.69 | 8,790.94 -1.23
P.7A | 11,817.52 | 10,812.98 9.29
P.17 | 14,702.19 | 12,292.95 | 19.60

2,000

800
1,600
1,400

200

000

Flow (cms)

800
600
400

200

0 DO et
May Jun Jul
Sim. Flow

Aug Sep Oct
— — - Obs. FLow

------- Capacity

6 nslfTeumenunisiasanuAd1sI9

fiaoil P.12C

74

4,500

1,000
3,500
3,000

2,500

Flow (cms)

2,000

500

000

500

(1]
May Jun Jul Sep Oct

— Sim. Flow

Aug
— — - Obs.FLow  ----==- Capacity

sUN 7 nswlifSeuneunisiasanundisdn

fiaondl P2A

Flow (cms)

1,500

1,000

500

0
May Jun Jul
Sim. Flow

Aug Sep Oct

— — - Obs. FLow ~ =-==--- Capacity

sUn 8 nslifseuneunisiaeanunIdsIw

fiaonil P.7A

r
5 2,000 m (Rl

=7

May Jun Jul Aug Sep Oct
— — -Obs.FLow  =--=--- Capacity

Sim. Flow

sUN 9 nswlfFeumeuaisiasanuadsdn

a9

fiaonil P.17

4.2 wamsdavimgnuuiaes HEC-ResSim

4
°

= Ay v, ° v 7

msaneiIaiimssrasenieldaniuniseiihin
110 e, 2549 1ag2554 meldnasiniuguizdu
4
Wimouvu (Upper Rule Curve, URC) 4 1du
Usznou a2 naliansan inasilfiiansn
Ysudgalnad wa. 2555 inaaidfianisaganu,

) 4 J

wwwe 1 uaz 2 594 4 ndl uazaeldinumaiugu

¥ ) g {
szauimoununieunuminlugulSinanimeaniil



P.17 1319 1nw 1,815 av.u./3u1% 9n 4 n3disau
Wiy 8 nsdl dmsundazil naziuamsszut
ﬁw%uéiwma’wLF‘mﬁwﬁaugﬁwammmuiwwﬁﬂu’i‘]
.. 2554 wnhuitesnnil wa. 2549 lifidoya uaz
e ududminlFunssaeszmiifussdmii
v3elundasiliviinissians wainamsranelduans
Tuns1eii 5-6uazq1lft 10-25 Tasusazzilisznoudae
3 daune

n.) nswlif3suiena/suna Inflow 939 (1dulse
Gih)) fulinamsszneieenveausiassse sy
(FudiAien) Tugaeaae

¥.) nslRoudeuSuanisszunerisieiu

vouuuiIany (duded) nuanie (dudszduag)

Engng.J.CMU.(2018) 25 (1)

s inaniifisruieeeniinieszuisiiduns
(duszashite) wazSuanhidudou (duised
wu) Tua99810199

a.) nslnfFowienSuanivewuusiasa
31e%u (Fudider) figondl P.17 Sua1e3e (§udsed
una) lusranaiaieg Taeiilsuaniiiseduiimion

o

(1fulsz@ing) uaasswegaie
¥ A A o ¢ = A A
nathiieanniaglszasdveanisAnyinoiie
H Y ° Y H J < 3
vssmnhgnnseuazih ldiilfsnanihlusanuinnn
1 v
ngalusedugaggru (Uaredougainy) Judenls

¥IUADU W.A. - 9.0, WINATI1809

! ° o . <.
m319i 5 aydwansiassdleuuuiiaos HEC-ResSim molaaniuniseid) w.e. 2549

Snuduiihdunia danmsivagege | YSnamsszuesiv szaneniwiashy
i marfiRnserufh figa P.17 figa P.17 vessrariiuin masznerhiu
() (au.u.Ad) (@ vt @ ava)
1 | URC i 21 3,391 2,570 0
) URC a5ulyalnad wer. 19 3.266 3,600 0
2555
3 | URC fniawe 1 14 3,140 2,515
URC fnineue 2 4 2,769 2,551
5 | URCwu+P.17 5 2,759 2,533
6 URC #5uilyalvn 3 wer. 4 2,759 3,565 0
2555+P.17
URC fvinaue 1 +P.17 4 2,759 2,502
URC e 2 +P.17 4 2,759 2,547
maaii 6 agiwamsiiassdionuuiiaes HEC-ResSim meldanrunsall wa. 2554
. 4Ty o dnnmsinagega | YSnamsszunesiu szaneniwiashy
. Cimee L InuIumhaunas 4 . e v,
ﬁ mmmﬂgummimamum A o na P.17 VI UNUUN MITgUIau
fga P.17 (W) oA Y v
(au.u./mm) (@ au.u.) (@1 av.u.)
1 | URC ian 21 3,651 3,596 59
) URC a5ulgalnail weer. 2 3.636 4,948 0
2555
3 | URC ivjuaue 1 19 3,644 3,889 0
URC iiriauo 2 16 3,639 3,889 0
5 | URChu+P.17 19 3,549 3,242 397

75



2.INYUNSWE I1a: s.USaAaU

4 T o o . o
15199 6 (A0) ﬁ;ﬁJwamimamﬁ'ammumam HEC-ResSim meldaoiumsaiil w.a. 2554

. 4% o onnmslvagega | PRanamsszuesin | szunesiniineiu
4 , ! v I IUNhaunag . . .
a wa < o = \ I3 o o Y
i namlfiRmserafuin 4 . nya P.17 Y231 AU mMaszneiau
Naa P.17 (3%)
a a v v
(au.u.3nh) (aw av.a.) (e av.a.)
URC #iv5utgalusid) we.
6 ) 11 3,024 4,390 0
2555+ P.17
URC fiwerue 1 + P.17 14 3,130 3,716
8 | URC auaus 2 + P.17 14 3,128 3,835
2,000 l.| 2,000 :l}
1,500 n .Jl: oy 1”\ |‘.:
1,000 & I}"li l: IL‘:’“‘-‘P'*\' M 1000 I T l:_;"““\.l.‘""ll
500 e - L‘h i ﬂ' 500 T N & e vl "ﬂ
e "_'-..,\ Fah WA i Lr~ ard ) Ry

600

500

400+

@
5
£ 1
Z 300+ %
= A

2 AN

:r‘h' } (Y O]
4 »
100 1 l'\“i’" 1Y "JI v ‘,‘\i \
L AL Wit
J d\r.lﬂ L

3,500

3,000

2,500

2,000

1,500

1,000+

517t 10 03819 URC Gy meldaoumsal
A w.a. 2549

L'

2

Flow (cms)

3,000+

2,500

2,000+

1,600

May

dun Jul I aua

514 11 03814 URC ful5unlqalmid) naer. 2555

76

meldaniunsein w.e. 2549




Engng.J.CMU.(2018) 25 (1)

@
@

o

ATDIUNIT

3

g P.17 mold
A w.et. 2549

=

Tvia

a

517 15 asaild URC nl5ualgalnidl w.e. 2555 ua

o

_

AIVANOATING

77

ATDIUNITNU

Y

aue 2 Mol

A o
N

1 w.a. 2549

s
G I
el = ~
& -
¢ n &
(X S 1
» .
5 = M_.J i
T, — ol
- -,
! a = N L
FE=2I8 ) : F==220
ll-.lul a ﬁ V-
== . -t
'l'JlJ_ll [ mq w 'I-I.l‘jfl
! ?
H . & & 5
{ E « = ]
-t 33 ﬁ le 4
Ll -
BN - & & iy
{ 2 = (4
y 3
< e 8 <.
bl = yﬁ i
« — O & o
1 — "\
b R o] L
5 —
w“. 5 o e J
X
Pl L h ” \.-
P T . =
k! i : 2o "L :
{ H P e & { :
L | H -+ = P :
St fzocz & £ B E 2 E °p L & & & &t L & = S g g ef L L L & LT 15 & & & & & &
&8 88 <~ & & % & & = B & B g 8 8§ & e & 88 & g B 8 8 & © g 8 8 8 8 8 8
oo {sw3) M0l o L o B - - &= - - (swa) Mol o o o & = -
L = ?
oz
Y
m ]
pad b
-
5 € e
Q m Jﬂ”
L m -
2 3% i)
=270 § o= ta=2zszIl
L = ==2127
= )
3 3
< 1
® N !
| = M e
T N »
= : b
3 m [ 5
-1
n = ’
g - 4
"\
> ,
3D ]
s 7
— L
= P
; . 0B ==, .
$ P or L :
« H = L H
T e U ] o A P A T —_—
24 = 8 § ¥ 8 & 2 "8 8 B 8 8 8 &8 — g 8 R 8 8 8 B R od
S (sWwo)mald CIE ARl U s N (EERT B ™
- 2 :

13 nyaild URC

sUn



2.INYUNSWE I1a: s.USaAaU

2,000 n
:|‘ 3,000
1,500 1 2,500+
' HE] a 2,000
n - '
1,000 f -3 :_‘c -‘.pﬁ n 1,500
500 fie it e rJ I'E: dT=q -
Bers  man S A e fi 00 _ \-__,_r""-'\_.."""
o
700 800
600 700+
600+
500+
500+
__ 400+ ]
Y E A v £ 400
£ 3004 'x 3
= \ N & 300
o
2004 = '
- 200
muJ __=aal 100
1
Vlae ot
o o
3,500 4,000
3,000+ 3,500
2,500 000
2,500
2,000+
fl A 2,000+
1,500
1,500
1,000+
1,000
500+ 500
N may 1 aun | Jul I aug T gep | oct 0
= g ¢ A o @ =) q 9 a Y t4
s 16 n3all5 URC minaue 1 tazaiuguens 317 18 n3alls URC 1ou meldaaunmsal

ms lnafign P.17 meldaniumsafil w.e. 2549 A w.a. 2554

2,000 i 3,000
2,500
f 2000
1,500+
I 1,000
~ ”
L 500+ NN e
\
1
ll 700+
i
1
I 600
1
]
! 500
i
1 @
\ Y E 400
" £
2
" 30041
200 e
] A N
100 B 100 . 7y
0\,|I’ Viae b g
a o
3,500 4,000
3,000 3,500
3,000
2,500
2,500
2,000+
n A 20004
1,500
1,500
1,000 1,000
500+ 500
0

way | ooun | ouw I g T sep T on

1t 17 03814 URC fviueue 2 uazaugueas 1 19 n3@ild URC lslgalmiil w2555

ms lnafiga P.17 meldaamsal 1 w.a. 2549 moldanunmsal 1 wa. 2554

78



N
500 _ NN N el

s

Flow {cms)

Flow (cms)
»
8
5

1,500+

1,000+

500

. . )
311 20 n3aild URC fdnaue 1 meoldanumsal

A w.et. 2554

3,000 ]

Hi

2,500 :hl

n 2,000+ rl Fa
1,500 i 2 k !
(B n St opt L

1,000 = ey S S = Y=
~ w
e i SV T W A *

Por <3
= f

Flow (cms)

W
o
o
1

1
Viae ot

3,000
2,500
A 2,000
1,500
1,000+

500

)
[y
=)
on
E=)))
o—9
Ke
S
22 0
= =)

f.2554

nauo 2 ma“lﬁ'amummf
o

79

31 22 n3aild URC 1@u nazaiugudnsims lvad

s1fi 23 n3dile URC fnldunlgalnadil w2555 uaz

2,000
n =

A 2000

A 2000

Engng.J.CMU.(2018) 25 (1)

3,000
2,500

1,500+
1,000

o
5uu-'_“'\:' P

.
P

|00

7004

600

500

400+

Flaw {cms)

3004

2004

100

1
e

4

I

A

I
1\

T

AW RY,

4,000

3,500

3,000

2,500+

1,500

1,000

5004

o

9 P.17 meldanumsaii wa. 2554

3,000
2,600+
2,000+
1,500
1,000

~
suo-’_l,"J\‘,_P‘__—,"\,‘ ,4*»\_1[ o~ o \ |
o

700+

600+

500

4004

Flow (cms)

3004

200

1004

o
I\
7y ki
\ v

Vac e

i

e

-
T G

4,000

3,500

3,000

2,500

1,500

1,000

500

o { 4
AIUNEATINS Inahga P.17 meldanunisol

a

3 w.e. 2554




D.INYUNSWe lla: s.gUSeAaU

700+

600

500

e

Flow (cms)

400+

3004

2004

100~

Viae ot

4,000

3,500+

3,000

2,500

A 2,000
1,500

1,000+

514 24 0381 URC fiiuaue 1 uazaiugudnsing

lafign P.17 meldaamnsaid) ne 2554

3,000

2,500

2,000

1,500

1,000

5004
0

200

e

Flowi (ems)

A

n

31 25 3813 URC Mindue 2 nazarunudasims

way | oun | o T

Aug

afiga P.17 meldaammsal 3 we. 2554

80

MInkams$iaesda Il i Taensu g
nsdianeenilu 8 n3dl Tuaamumsaltliwn T we.
2549 iaz 2554 wuuil we.2549 nsdi1d URC il
Favniuaue 1 $mdumsnugusanms lwafiamil
P.17 awmsaans it mialugamuguiassas
ms lagaga swdaSnanhiiszineswanidennn
figa damlu wa. 2554 n3di 14 URC Al futlgaty
Tl il w2555 Sawsunsarunusasins nadi
aoil P.17 annsaans mausuiidhwoanluganunuias

8n3 M3 Magegauniiga

=g
5. agdwamsanmn
= dy o o =
mMsAnIdnduenuudiaelumIfinyay
3 v o . = q9
aguimanTaglduuudiass HEC-ResSim 59mnals
' o FS]

nuud1aes HEC-HMS wnseludmanfSuanimilu

TR

, . S
quihgey uaziimsnfesumoulsuanimyaniugy
] I
a01il P.17 Tagutiansaidnwiooniu 8 nsal lu
t4 ' 1
aomunmsaluaazll mamsafSeumeunuan Tull wa.
1 < y A a { o
2549 sranininaieugiinands 19 URC ffansmiteaue
1 5WAUMIMUAUEATINT Inadmti P.17 uazd) wa.
1 4

2554 a1s14 URC nSudgavuluiudl we. 2555
1 L v d' 1<)

FWAUMIAIVANTATING lianaoidl P.17 vzawso
) 9ol \ § §
yrelumsussmmimauianifiniugu P.17 laanga

[ < ao' A a o 1 E d’!
T80 1N VU MU BUY T NAVLIINIIITLNGU UN NN Y
Turranan@ounsngIANdINa R BUA W IAN LAZIT Y
= g’z ' Y A (2 s

seUe0 AT U RAUNaRoun Uy Tunsaidl wa.

2549 yazdwdoudavianlunsal 3 w.ea. 2554 ey

Anansa lumsszinegegameld URC fidmua

a A

6. nnanssnlszma
o a  d

YOVOLUNTLAMTOINAATINGG AT.5UNT g3 oRal]

s (R AQ Yo R ° = ]
2191361135 a1 N1 A5 nwwuzaii s ldany
' A ] ¥ A r a
FIoMaA 1N HazuevoUA M M NgUIgNNINe
yallsemumamilonounuazs i ms e
a o 1 g ¥ A a Aq Y 7
nan Uszienuiiiieougiine nlianueymsw lu

o ) o w = 3y X
NITIANIV f]ll“ﬁﬁ']“l’ﬁ ‘]Ji‘fﬂuﬂ'lﬁﬁﬂﬂ'lﬂﬁ U



Engng.J.CMU.(2018) 25 (1)

Y a
9NA1IDN]
o Jd (A ua ' <3 3 o v o a @ A < H o
[1] nsugatlsgnmiu. mdsulyunasilgiamsenunuii. aagiausamumun1s U313 UNUUINAD
¥ =
HagMITAMUHUUTMITIaMIUIvedlszmalse il 2555.
= J v I . 3 N
[2] F5zwed UsgnuInu. msAnpimsdanisuazaluguimay Taensledlilsunsy Hec-ResSim Tuganinitu
' a a Ia v A a o J
ABUA. INGIUWUTIAINTTUANAATUMITUNG, UMINAdBINATMANT, 2548,
a o J @ 1 ] H 1 <} H 1 <} 24
[3] 5351 sag36uaed. MsAnyINMItANITzUDeIuNUIved InsimserunuihvesInsamse1unuinIne
2 9 v o Y ° a s . a a Ia
wagnday 3andad1e Taslduuusiasindiaaians Hec-ResSim. Ine1finusisninssuaans
LY a a [ 4
PHIVUNA, W INAUNYATIAATY, 2548,
= a TR o a ¢ a A Ja
[4] wwy Ins@ne. msAnpIgnaInevesguinit Tagldunuiiassnaiamans Hec-HMS. Ineriinusininssy

maasunfaia, N Inndunyasmans. (2548).

81



Engng.J.CMU.(2018) 25 (1), 82-94 0188185ANSSUMAAS

UrIdne dgiBenTnu
) Engineering Journal
Chiang Mai University

WU o vV P= d [V d
MSVAAGLNIIHANTDIUANU DY INgUszasnuumIans
a w d V] a
UsznouNanN UNMNANIVVTBIMHAID AN I NN

U W d' a
MIVIIIVIINNUNBBaeIN

Multi-Objective Car Sequencing Problem
On Mixed-Model Two-Sided Assembly Lines
With Combinatorial Optimization
With Coincidence With Fuzzy Logic

v a d * a
539N auunes” waz thama yam
Watcharawit Tanontong” and Parames Chutima
a a a 4 C4 a [ [
MAIFIAINTTHGATINNS AMLIAINTTUFNAAT JWIAINTAUNIINGSY 2. Wy In 1warlyudu nnw. 10330

Department of Industrial Engineering, Faculty of Engineering, Chulalongkorn University,
Phayathai Road, Patumwan, Bangkok 10330 Thailand.
*E-mail: newwatcharawit@gmail.com Tel: 6683-6509351

UNAALD

v o a ¢ a o ¢ 4 a a a g
mitadsumsnansneuduumenilszneuriasuinauuaeIaIy e lriinalsz@nnmgeganiu
o g aa ' v o 4 < ce . .
vaiuilgmininnugunnuazadududou iesnniulynilszian Non-deterministic Polynomial Hard:
% ax a a a . e v o w a J
NP-Hard @ misountlgnildare9n1sn1egisadn (Heuristic) Taodgninisdadidunsnansnouauny
A o ¢ y R yva Yo w ¢ ‘o A o [
paafusnduudIonislszneunuudesd il lanvsadanduiaglseasd 3 Wendu Ao S1uaunasa
A a9 A a A o [} <3 Y A o S a Y A )
msnlasundasddosnga USunaanuii luadwlosnga nazsuusasudnaziiasmiesiige uazinduoe
#ano3 NUMIVTINIVTMNUWsFaein (Combinatorial Optimization with Coincidence with Fuzzy Logic:
X <3| Y a A J o = = [ a
COIN-F) &uiludanesiuinszgnauinin COIN mldlunmsuddlyni TassiinisulSemifieunudanas iy
A A [ v o w a = ' ~
COIN-E mﬂu‘wﬂamﬂummﬁ’ﬂﬂgmmiimmﬂumswaﬁ HaanmMsfseumeunya1 COIN-F Baussauslums

k) Ao 1 3’; = 1 9 1o A A = o 1 o
untlgyninana COIN-E naludsiimsguingmaouimingaungaununs In asiinisnseaeaiveanguimney

K1

v A

ariiausanaivvestiniunguiineuin Idieunungudneuiuias e ualdnarlumsmisaeuuiuni

A < A o Yo o AR
L‘H@\?fl]1ﬂ!fﬂuﬂ1iLW3Jﬂ’ﬁ‘ﬂ’m’]uiﬁﬂuaaﬂ@i‘ﬂn

ABSTRACT

Multi-objective car sequencing problem on mixed-model with two-sided assembly lines to
solve maximum production efficiency is very complicated. This problem is a kind of non-deterministic
polynomial hard: NP Hard which only be solved by heuristic method. In this paper, three objective
functions are considered including 1) decreasing the number of color changes, 2) minimizing utility
work and 3) reducing the number of violation. The Combinatorial Optimization with Coincidence with
Fuzzy logic (COIN-F) algorithm developed from its original version (i.e. COIN), is used to solve the
problem and compare with that from Combinatorial Optimization with Coincidence Expand (COIN-E)
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which is a well-known algorithm. The experimental results indicate that COIN-F gave better
performances than these of COIN-E, in terms of convergence to the Pareto-optimal set, spread index
of solutions, ratio of non-dominated solution, but the computation time to get solution is more than

COIN-E.
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From/To 1 2 3 4 5

6 7 8 9 11 11 12

0.000 | 0.091 | 0.091 | 0.091 | 0.091

0.091 | 0.091 | 0.091 | 0.091 | 0.091 | 0.091 | 0.091

0.091 | 0.000 | 0.091 | 0.091 | 0.091

0.091 | 0.091 | 0.091 | 0.091 | 0.091 | 0.091 | 0.091

0.091 | 0.091 | 0.000 | 0.091 | 0.091

0.091 | 0.091 | 0.091 | 0.091 | 0.091 | 0.091 | 0.091

0.091 | 0.091 | 0.091 | 0.000 | 0.091

0.091 | 0.091 | 0.091 | 0.091 | 0.091 | 0.091 | 0.091
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0.000 | 0.091 | 0.091 | 0.091 | 0.091 | 0.091 | 0.091
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0.091 | 0.000 | 0.091 | 0.091 | 0.091 | 0.091 | 0.091

0.091 | 0.091 | 0.091 | 0.091 | 0.091

0.091 | 0.091 | 0.000 | 0.091 | 0.091 | 0.091 | 0.091

0.091 | 0.091 | 0.091 | 0.091 | 0.091

0.091 | 0.091 | 0.091 | 0.000 | 0.091 | 0.091 | 0.091

0.091 | 0.091 | 0.091 | 0.091 | 0.091

0.091 | 0.091 | 0.091 | 0.091 | 0.000 | 0.091 | 0.091

0.091 | 0.091 | 0.091 | 0.091 | 0.091

0.091 | 0.091 | 0.091 | 0.091 | 0.091 | 0.000 | 0.091
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0.091 | 0.091 | 0.091 | 0.091 | 0.091

0.091 | 0.091 | 0.091 | 0.091 | 0.091 | 0.091 | 0.000
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String Model sequence f(1) f(2) f(3) Fitness
1 111236521791084 10 65.37500 5 1
2 12871210639 1145 8 69.18750 6 1
3 112124861931075 10 69.03125 5 2
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A o AN 1 A .
ﬁmammnw‘lm%um Fitness u1n

From/To 1 2 3 4 5

0.000 | 0.099 | 0.090 | 0.090 | 0.090

0.090 | 0.099 | 0.090 | 0.081 | 0.090 | 0.090 | 0.090

0.099 | 0.000 | 0.090 | 0.090 | 0.090

0.090 | 0.090 | 0.099 | 0.090 | 0.090 | 0.090 | 0.081

0.090 | 0.090 | 0.000 | 0.090 | 0.090

0.099 | 0.090 | 0.090 | 0.099 | 0.081 | 0.090 | 0.090

0.090 | 0.090 | 0.090 | 0.000 | 0.099

0.090 | 0.090 | 0.081 | 0.090 | 0.090 | 0.099 | 0.090

0.099 | 0.099 | 0.090 | 0.090 | 0.000

0.090 | 0.090 | 0.090 | 0.090 | 0.090 | 0.081 | 0.090

0.081 | 0.090 | 0.099 | 0.090 | 0.099

0.000 | 0.090 | 0.090 | 0.090 | 0.090 | 0.090 | 0.090

0.090 | 0.090 | 0.090 | 0.090 | 0.081

0.090 | 0.000 | 0.090 | 0.099 | 0.090 | 0.090 | 0.099

0.090 | 0.090 | 0.090 | 0.099 | 0.090

0.081 | 0.099 | 0.000 | 0.090 | 0.090 | 0.090 | 0.090

0.090 | 0.090 | 0.081 | 0.090 | 0.090

0.090 | 0.090 | 0.090 | 0.000 | 0.099 | 0.099 | 0.090

0.090 | 0.090 | 0.090 | 0.090 | 0.090

0.099 | 0.081 | 0.099 | 0.090 | 0.000 | 0.090 | 0.090

0.090 | 0.081 | 0.090 | 0.099 | 0.090

0.090 | 0.090 | 0.090 | 0.090 | 0.090 | 0.000 | 0.099

— | | —
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0.090 | 0.090 | 0.099 | 0.081 | 0.090

0.090 | 0.090 | 0.090 | 0.090 | 0.099 | 0.090 | 0.000
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Low=+R +R;
Low=_[02635" +0° =0.2635

Medium=+|R* + R + R* + R? + R’

Mea'ium:\/o2 +0.7365° +0° +0% +0% =0.7365

High=+/R? + R}
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au o Ayvo v o 32
auatenfuil ldimsudlyridiediensdu 5
g < A
oyt [12] Tasnsadudgivuaan as watdynin
1 uaz 2 dymawanan fie iwatlynin 3 uaz 4 uag
Tomvuialug Ao wadyi 5 Tasuaazdayniaziih
Y 1
MINARBIE 2 50UMInaasd i liminaassdeslu
MuATeiivuie 20 N1snaaeas 1 danesiy a9
a ° ' a sAq Yo =
A5 19N 8 azMHUARINITINNE TN 1FAIn15199 9
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dynims | souns TMIUTUTOOUA damundasual | Tud | Suau
naaes | ¥ (MPS) Andon
Set 1.1 1 5:3:2:1:1 12 4 2
2 5:3:2:1:1 12 4 2
Set 1.2 1 4.42:1:1 12 4 2
2 4.42:1:1 12 4 2
Set 2.1 1 7:3:2:2:1 15 10 4
2 7:3:2:2:1 15 10 4
Set22 1 4.3.3.32 15 10 4
2 4.3.3.32 15 10 4
Set 3.1 1 8:7:2:2:1 20 13 7
2 8:7:2:2:1 20 13 7
Set 3.2 1 5:4:4:43 20 13 7
2 5:4:4:43 20 13 7
Set 4.1 1 7:5:1:1:1:1:1:1:1:1 20 15 8
2 7:5:1:1:1:1:1:1:1:1 20 15 8
Set4.2 1 4.4.42:1:1:1:1:1:1 20 15 8
2 4.4.42:1:1:1:1:1:1 20 15 8
Set 5.1 1 20:20:20:15:15:1:1:1:1:1:1:1:1:1:1 100 17 11
2 20:20:20:15:15:1:1:1:1:1:1:1:1:1:1 100 17 11
Set 52 1 15:15:10:10:10:10:10:10:4:1:1:1:1:1:1 100 17 11
2 15:15:10:10:10:10:10:10:4:1:1:1:1:1:1 100 17 11
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Convergence Spread RNDS-I RNDS-II CPU-Time
Problem | 5 INF[COINE | COINF| COINE | COIN-F | COINE | COIN-F | COIN-E | COINF | COIN-E
1 0.0203 | 0.0832 | 04525 | 04392 | 1.0000 | 03636 | 0.8571 | 02857 | 5725 | 3307
2 0.0455 | 0.1439 | 04603 | 04574 | 0.7500 | 0.1818 | 0.8182 | 0.1818 | 5616 | 3244
3 0.0457 | 00855 | 03789 | 0.1772 | 0.7273 | 04167 | 0.6667 | 04167 | 5397 | 4788
4 0.1038 | 0.0820 | 04514 | 04371 | 0.6667 | 04615 | 0.5000 | 0.5000 | 5116 | 5002
5 0.0096 | 0.1104 | 06128 | 0.7205 | 09310 | 0.1000 | 0.9000 | 0.1000 | 6988 | 4414
6 0.0090 | 0.1283 | 0.5824 | 0.6633 | 09677 | 0.0625 | 09375 | 0.0625 | 7.660 | 4383
7 0.0664 | 0.0630 | 05750 | 0.5886 | 0.5652 | 04615 | 0.5200 | 04800 | 6.848 | 4383
8 0.0285 | 0.1850 | 05511 | 0.5944 | 1.0000 | 0.0870 | 0.9091 | 0.0909 | 7400 | 4430
9 0.0405 | 00550 | 0.6988 | 0.7056 | 09714 | 07391 | 04762 | 04348 | 10130 | 43742
10 00514 | 00614 | 05020 | 0.6633 | 07619 | 04667 | 06154 | 05385 | 100.19 | 42.868
11 00168 | 00962 | 0.7866 | 0.6822 | 09512 | 0.1818 | 08667 | 0.1778 | 91.696 | 38984
12 00287 | 00648 | 0.7329 | 0.7854 | 08718 | 03721 | 0.7727 | 03636 | 93.85 | 39.140
13 00639 | 00461 | 05942 | 06716 | 06774 | 04444 | 05122 | 04878 | 63351 | 27393
14 0.0253 | 00869 | 05705 | 06629 | 08158 | 03143 | 0.7381 | 02619 | 63.679 | 27.721
15 0.0415 | 00736 | 0.7033 | 0.6388 | 0.7561 | 02979 | 0.6889 | 03111 | 63.242 | 30.286
16 00351 | 0.1061 | 06070 | 0.5468 | 06129 | 05652 | 06333 | 04333 | 63336 | 26.832
17 0.0360 | 00679 | 05657 | 05955 | 0.8077 | 04615 | 0.6364 | 03636 | 381.74 | 17136
18 00268 | 0.0665 | 05599 | 04922 | 08214 | 04667 | 06866 | 03134 | 38881 | 179.86
19 0.0345 | 0.0506 | 06017 | 0.6930 | 05690 | 03768 | 0.5593 | 04407 | 41498 | 20294
20 0.0434 | 00536 | 06759 | 05787 | 0.6786 | 0.5667 | 0.5278 | 04722 | 432.18 | 20643
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ABSTRACT

The objective of this research is to improve production processes of engine cover part (Case
Mid), which is used in a tractor. This research has an aim to reduce the defective rate from rough inner
surface of cast iron parts. This research applied the Six Sigma methodology, consisting of 5 phases, to
solve the problem. In Phase 1, Define, important problem was selected and clearly defined. In Phase 2,
Measure, the measurement system analysis was analyzed in terms of its accuracy and precision. In
Phase 3, Analysis, all key process input variables were brainstormed and statistically tested whether
they significantly affected the problem. In Phase 4, Improve, the Design of Experiments technique was
performed to find out the optimal setting of the key process factors. In Phase 5, Control, a
confirmatory experiment was performed to confirm the result after improvement. Then, control plan
were updated. After improvement, the defective rate from rough inner surface defects was reduced
from 86.82% to 46%. This improvement could save the rework cost of 139,922 baht per year.
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Test for Equal Varniances: Spray, Pouring
95% Bonferroni confidence intervals for standard deviations

N Lower StDev Upper
Spray 24 B8.206847 8.274411 0485574
Pouring 24 8.0857224 0.876218 0.112637

F-Test {normal distribution}
Test statistic = 12.97, p-value = 6.000

Levene's Test {any contiadous distributieq)
Test statistic = 48.86,( p-value = 8.6888
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Two-Sample T-Test and Cl: Spray, Pouring
Two-sample T for Spray vws Pouring

N Hean Stbev SE Hean
Spray 24 1.152 8.274 8.6856
Pouring 24 1.8058 8.8762 8.816

Difference = mu (Spray) - mu (Pouring)
Estimate for difference: -0.654167

95% upper bound for difference: -8.555812
T-Test of difference = 8 (vus <): T-Ualue = -11.26 P-Ualue = 6.000 PF = 2§
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Test and ClI for Two Proportions

sample X N Sample p
1 67 88 B8.837580
2 56 86 6.700680

Difference = p (1) - p (2}

Estimate for difference: ©.1375%

95% CI for difference: (0.00858603,
Test for difference = 8 (vs not = @):

B.266414)
2 =2.09

P-VUalue = @.037
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Response Surface Regression: %Reject inside versus A, B

Analysis of Variance

Source DF Rdj 53 Adj M5 F-Value P-Value
Model 5 16808.36 337.872 22,397 0.000
Linear 2 1g84l1.87 £20.833 55.81 0.000
L 1 704.17 704.18&7 47.88 0.000
B 1 937.50 937.500 63.75 0.000
Square 2 41.45 20.723 1.41 0.308
L*D 1 12.83 12.828 0.87 0.381
B*B 1 12.83 12.828 0.87 0.3581
2-Way Interaction 1 6.25 6.250 0.42 0.535
L*E 1 6.25 £.250 0.42 0.535
Error 7 102.85 14.708
Lack-of-Fit 3 22.95 7.648 0.38 0.772
Pure Error 4 20.00 20.000
Total 12 1792.31
Model Summary
5 B-3g | R-3g(adj) | B-sg({pred)
3.83490 94.26% 90.15% 80.84%
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Main Effects Plot for %Reject inside
Data Means
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ABSTRACT

This research focused on indicating the problem and damage that occurred on different steel
structure in different location and identifying the cause of damage, both root cause and indirect cause.
This has been done by using the methods of visual inspection on the real structure based on an existing
Thailand and international standards and interviewing the maintenance personnel who directly
involved the maintenance work to acknowledge the countermeasure and problem that occurred to the
structure during construction and after construction. The result indicated that the majority of the steel
structures have corrosion damage and the deterioration of steel coating, which the severity of the
damage depend on the surrounding environment and the frequency of the maintenance work.
Furthermore, there is the other type of damage such as welding defects that caused by poor
construction process poor workmanship of the welder and lack of correct inspection procedures. The
suggestion of solution was divided into two approaches; 1) maintenance approach, 2) construction
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approach. For the first approach, standard or guideline for the inspection and maintenance of the steel
structure should be drafted. For the second approach, the followings should be drafted or established;
1) material specification to control the quality of the steel product from the different manufacturers
(domestic and foreign factories) and 2) construction handbook for the durable steel structure.

1. Introduction

Maintaining the durability of a structure
during its service life is important for every type
of structure. Therefore, an inspection, evaluation
and repair are necessary to keep the structure in
a good condition.

As a material for the main structure, steel
is known to be used for truss structure, but steel
also has been used widely in bridge structure,
expressway structure, billboard structure, and
power plant structure.

Nowadays, steel structures are facing with
a  deterioration problem. Without any
maintenance action, the structure will be
gradually damaged. Since, Thailand has been
lacking of a standard or guideline to
maintenance the deteriorated steel structure,
make this problem remains unsolved.

This research mainly focused on three main
topics; 1) indicating the problem and damage
that occurred to the steel structure, 2) identifying
the indirect and root cause of the problem and
3) giving suggestion for solution of those
problems.

2. Literature Review

Presently, the standard of Thailand that
was published by two main organizations which
are “Department of Public Works and Town &
Country Planning”, and “Thailand Industrial
Standards Institute” were the main standards
used in construction industry.

Unfortunately, Thailand standards did not
cover the maintenance of steel structures,
caused an overlook on maintenance tasks for
steel structure.

Nevertheless, the current Thailand standard
which specified the detail involving maintenance
tasks was DPT 1561-51 to DPT 1565-51; [1],
which stated about Non-destructive testing (NDT)
for welding inspection work, divided in to five
NDT methods as follows; 1) Visual inspection
(VT), 2) Ultrasonic Testing (UT), 3) Magnetic
particle testing (MT), 4) Liquid Penetrant
Testing (PT), 5) Radiographic Testing (RT).

Also, TIS 2387- 2555; [2] which specified
the inspection of anticorrosive paint for steel,
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using photographic reference method for
determining degree of blistering and degree of
rusting according to quantity of defect and size
of defect.

Furthermore, an international standard
were used widespread in Thailand, such as steel
fabrication  factories, and  maintenance
department of a steel power plants. The
standards are including standards from a
developed countries such as AWS D1.1/D1.1M;
[3] American standards for welding inspection
criteria, JASS 6; [4] Japanese standards for
construction and inspection, and a standard
from International Standard Organization (ISO);
[5] for Paints and varnishes evaluation.

It is obvious that the mentioned standards
were constructed to apply for construction,
fabrication, and inspection for new structures
but not for the maintenance work in order to
maintain structure durability after constructed.

3. Methodology

Firstly, real site inspection was performed
to indicate the problem and damage that
occurred to the steel structure. Secondly, the
maintenance personnel were interviewed in order
to obtain relevant information to identify the
indirect and root cause of the problem.

The target structures were expressways,
billboards, power plants, and roof structures,
which were constructed by using steel as their
main structure.

3.1 Real site inspection

Visiting the real construction site or a real
structure is the best way to acknowledge the
problem and damage of the steel structure under
different environments, locations, and functions.

The inspection criteria were followed the
standard in literature review, both Thailand and
International standards.

Site inspection was mostly carried out by
using Visual inspection (VT), since this method
does not affect capacities, appearances, or
functions of the steel structures.

Visual inspection flow chart and criteria
used in this research was specified in Fig. 1.



Welding Inspection

DPT 1561-51 (1] & AWS D1.1/D1.1M [3]

Steel Connections

Bolt connection

Visual Inspection JASS 6 [4]

) Paint.

TIS 2387- 2555 [2] & ISO 4628 [5]

Steel Surfaces

Corrosion

TIS 2387- 2555 [2] & 1SO 4628 [5]

Fig. 1 Visual Inspection flow chart

3.2 Maintenance Personnel Interview

Interviewing the maintenance personnel of
that structure is a good way to obtain the
information about the current situations,
problems, and maintenance criteria of the real
steel structure. This approach strongly helps on
identifying the indirect cause and root cause of
the damage and problem of the steel structure in
Thailand.

4. Damage and Problem

Site inspection were conducted on a steel
structure at different locations and environments
to see the difference effects from the external
factors such as temperature, humidity, distance
from the water source, etc.
4.1 Steel Power Plants

Five power plants in four different regions
which are north, east, middle, and south of
Thailand were visually inspected. The
inspection results show that the steel structure in
the power plants located at the north and the
middle of Thailand has some minor corrosion on
the steel surface. Additionally, the result also
found some noticeable deterioration of the steel
coating (Paint) due to long usage, such as
blistering, flaking, and the change in intensity of
color.

4.1.1 Interview Results

The interview of maintenance personnel
were performed for each power plant. The
results indicated that most of the power plants
have the maintenance crew who responsible for
the maintenance work. However, each power
plant has different maintenance routine,
particularly a periodic inspection routine. The
inspection routine varies from every year, every
two years and every five to ten years or on
periodic inspection since it was built.

The maintenance routine is to inspect the
structure visually to see the deterioration of steel
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members, coatings, and connections (Weld and
Bolt connection). If there is any major damage
on the structure, that section will be replaced. If
any corrosion was found, the crew will remove
the paint and rust off of the steel surfaces and
repaint it. In case of the paint deteriorated, the
paint will be removed and repaint afterwards.

4.1.2 Inspection Results

The results from visual inspection on the
steel structure in the power plant shows some
minor corrosion on the steel surface occurred on
every power plant, because of the coating
defect.

In addition, more severe damages were
found on some power plants due to the problem
corresponding to poor maintenance routine and
the surrounding environmental condition.

A relationship between damage and
maintenance routine can be stated as, “less
maintenance cause more damage”. For example,
the power plant that maintenance every year will
have less damages than the power plant that
maintenance every five years accordingly.

Fig. 2 shows a severe corrosion on the steel
column in the power plant located on the
southern part of Thailand, around 1 kilometer
from the sea shore. This power plant has a
periodic maintenance every five to ten years,
causing the deterioration of the paint and
corrosion. According to ISO 4628, that the paint
has the degree of blistering of 5(S3), and the
degree of rusting of 4(Ri4). Those were
considered as severe level of damage.

Fig. 2 Corrosion on the steel column
in power plant

Also, the relationship between damage and
the environment can be state as, “more severe
environment cause more damage”. For example,
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the power plant located on the southern part of
Thailand will have more corrosion than the one
located on the northern part of Thailand.

Fig. 3 and Fig. 4 show severe corrosion at
the steel connection of a power plant structures,
located on the eastern part of Thailand, around
50 meters from the river mouth. The water in
the river was brackish water, which contain high
chloride. This caused severe corrosion to the
steel structure and the steel connections.

Fig. 3 Corrosion at steel bolt and plate
in power plant

Fig. 4 Corrosion at weld of the column
in power plant

Lastly, the weld connection and bolt
connection of a steel structure in the power
plants were acceptable according to the criteria
in DPT 1561-51; [1] and AWS D1.1/D1.1M; [3]
for welding visual inspection, and JASS 6; [4]
for bolting inspection. Since, the steel structures
in the power plants were fabricated from the
factory, the quality of the welding and bolting
connection is good.
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4.2 Steel Expressways

Expressways in Thailand are mostly
concrete structures, but there are a few
expressways that were constructed buy steel due
to the lane expansions of expressways.

4.2.1 Interview Results

From interviewing the personnel who
responsible for maintenance work of the
expressways, inspection routine for the
expressways were divided into four types which
are;

1. Daily inspection: performing visual
inspection in a patrol car, looking for
major damage and take photos.

2. Periodic inspection: primary inspection
to maintain expressway durability, the
frequency of inspection per year
depends on the difficulty of the location
accessibility, risk and the possibility of
structural damage.

3. Special inspection: the additional

inspection using more advance testing
apart from daily inspection to ensure
the safety of the customers.
Emergency inspection: a  visual
inspection after the event of natural
disasters or fatal accident on the
expressway to initially check the
expressway before special inspection to
consider emergency repair.

The damage will be divided into four
levels, namely “A (Poor Condition)”, “B (Fair
Condition)”, “C (Good Condition)” and “D
(Very Good Condition)”. The evaluation of
damage can be carried out by using
photographic reference methods.

4.2.2 Inspection Results

Inspection of steel expressway has to carry
out by using patrol car for transportation around
the site and parked in the parking zone under the
expressways for safety. The result shows that,
the expressways in Thailand are in fair condition
with some minor damage found on the steel
were mostly coating defect due to the
deterioration of the paint. Still, there are some
expressways that were repainted recently
according to the maintenance routine.

For the connection of the steel, both weld
and bolt were acceptable according to the
criteria in DPT 1561-51; [1] and AWS
D1.1/D1.1M; [3] for welding visual inspection,
and JASS 6; [4] for bolting inspection. Since the
steel structure of the expressways were
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welding and bolting connection is good.
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for any length of weld for material equal to or
greater than 25mm thick™; [1].

Fig. 5 Steel expressway
with deteriorated coating

Fig. 5 shows the deterioration of coating on
steel expressway due to long service life of the
coating and the environmental damage.

4.3 Steel Billboards

The steel billboard in Thailand are mostly
privately owned, so it is depends on the owner’s
judgment whether to maintenance it or not.
Since steel billboard structure does not have to
carry too much load, its maintenance is in low
priority. Even though, recently there was an
accident of steel billboard collapsing down,
caused damage to the surrounding properties.

4.3.1 Inspection Results

The inspection criteria were carried out by
using the criteria in DPT 1561-51; [1] and AWS
D1.1/D1.1M; [3] for welding visual inspection,
and ISO 4628; [4] for paint inspection. The
billboard that was inspected is located near the
road.

The results indicate many serious damages
and defects of the welding that affect the
capacity of the welding, such as undercut,
porosity, and incomplete fusion. Also, some
noticeable paint defects such as flaking (S4 to
S5) and blistering (S3 to S4), as well as
corrosion on the surface of the steel which has
the degree of rusting ranging from Ri3 to Ri5.

Fig. 6 shows the defect called “undercut”
which is one of the most severe defects for
welding connection, because undercutting will
decrease the steel sectional area causing a
decrease in structural capacities. In this case, the
size of undercut is 4.6 millimeters which are
unacceptable according to the criteria that in
DPT 1561-51, “Undercut shall not exceed 2mm

Fig. 6 Undercut at the weld on steel billboard

Apart from the undercut, the welding
defects that were clear noticeable are porosity
and incomplete fusion (shown in Fig. 7). These
types of defect can cause the capacity of the
weld to be decrease due to the decreasing of
weld area. The criteria for porosity and
incomplete fusion in DPT 1565-51 are
“Diameter summation of piping porosity which
has > Imm diameter shall not exceed
10mm in each 25mm of weld length for fillet
weld” for porosity and “Incomplete fusion is
unacceptable for fillet weld”; [2] for incomplete
fusion. This, in this case was clearly
unacceptable.

Fig. 7 Porosity and incomplete fusion of weld
on a steel billboard

4.4 Steel Roof Structures
Even though, roof structure is not the main
structure of a building, but every part of the
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structure still have to be maintenance to
maintain the durability of the structure.

The structure that was inspected in this
research was a big concrete building with steel
roof structure, the area of these structure
covered over 120 square meters.

4.4.1 Interview Results

The results indicated that a priority to
maintenance the steel structure itself is
neglected since the roof structure is a primary
structure that does not have to carry too much
load. Also, most of the roof structures have not
been maintenance since it was built. The roof
structure was constructed at the site by welding
with poor quality control.

4.4.2 Inspection Results

Since, the structure that was inspected is
very big, so the inspection was carried out
“section by section”, covering around 25
percent of the whole structures. Because of the
difficult accessibility of the location and poor
illumination, the welding inspection and paint
inspection are impracticable.

The first site is an old building over 20
years old that has never been maintenance or
inspection activity since it was built. The result
shows that, the quality of the connection (all
weld connection) was poor and damaged,
caused by welding procedure, such as slag,
burning point or hole on the steel section, and
the melted or cut spot on the steel sections as
shown in Fig. 8.

Fig. 8 Missing steel section melted
by poor welding procedure

The second site is a roof structure of a
convention hall, constructed by steel pipe with
weld connection. The result shows that, some of

the weld connections were constructed poorly,
as shown in Fig. 9.

Fig. 9 Discontinuity of weld
on steel pipe roof structure

Moreover, many signs of poor construction
were found, such as incomplete welding, poor
installation, and poor welding.

Fig. 10 shows the incomplete welding of
the beam girder (over 40% of the weld was
missing).

Fig. 10 Missing weld on steel beam girder

4.5 Steel structures

A simple welded steel structure (shown in
Fig. 11) that was built in 2014 was thoroughly
inspected based on DPT 1561-51; [1] visual
inspection criteria and evaluated based on four
types of welding defect, which are crack,
undercut, porosity, and convexity similarly to
the billboard inspection.



Fig. 11 Welded steel structure

4.5.1 Inspection Results

Since, this structure was recently built and
did not locate in a severe environment, so the
coating of this structure is still acceptable. The
inspection was focused on beam-column welded
connection. The results obtained from
inspecting 12 beam-column joints which
contained 64 of welds that has defects.

The result shows that the majority of the
welds had defect on the surface, especially
convexity and undercut, which exceed the
standard limit in DPT 1561-51; [1]. The
evaluation of the weld defect was classified as
“unacceptable”, and the percentage of the welds
that was unacceptable for this site is showing in
Fig. 12.

60%
40%

/ 39%
o 2
<\ AN Porosity

Convexity

z
<

.
4]

Undercut

Fig. 12 Amount of welding defect found
on 64 of welds (in %)

From the inspection results, it concluded
that the defect of the welding came from poor
workmanship because of the welding procedure.
Therefore, it is clear that this site has not done
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any welding inspection according to the
Thailand standard.

Fig. 13 shows the welding defect found at
the beam-column joint of a steel structure.

Porosity

Fig. 13 Welding defect found
on beam-column welding connection

5. Indirect cause and root cause of
damages and problems

This section talked about the root cause
and indirect cause of damage and problem that
was found during the research without academic
and technical approaches.
5.1 Indirect cause of damage and problem

The results of this research show several
damage and defect occurred on the steel
structure. This developed from the lack of
standard and guideline for maintenance work. If
there are standard and guideline that specify a
specific time interval for the periodic inspection
that the maintenance crew can referred to, the
structure will be repaired and protected from the
deterioration.
5.2 Root cause of damage and problem

The results of this research show that the
problems were developed from  poor
construction system, and poor workmanship.

5.2.1 Poor or improper material

Quality of the steel material is very
important to the structure, as well as the quality
of the steel coating. Using poor material could
cause a low capacity of the structure and using
improper material could cause a low durability
of the structure. Fig. 3 and Fig. 4 show that
severe corrosion occurred only on the weld
material and the bolt connection not on the main
column or beam since the material of weld and
bolt was different from the main structure. In
the other hand, the structure that uses
galvanized steel has more durability of the
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structure, leading to less maintenance work in
the future.

5.2.2 Poor workmanship

Poorly workmanship is one of the most
found problem in this research as show in Fig. 6
to Fig. 10 and Fig. 13. This problem tends to
cause more risks and enhance the damages to
the structure which also affect the other part of
the structure.

Most of the time, this problem occurred
during the construction processes since there are
many factors that can cause this problem such as
unskilled labor (no certificate), poor
construction methods, no inspection, and no
quality control in practice.

However, workmanship can never be
perfect since there are many difficulties in the
work process such as the position of the welds
(over-head welding position in practice is very
difficult). As a result, the welding product from
the difficult position will never be as good as the
welds produce by normal welding position.

6. Suggestion of solutions

The suggestion of solution for these
problems can be divided into two approaches
which are;
6.1 Maintenance approach

6.1.1 Standards and Guidelines

Maintenance approach of solving the
problems is to draft a standard or guideline for
the engineer to follow in their work, such as the
inspection, evaluation, and repair standard or
guideline for steel structure.

The standard should specify the inspection
criteria (base on type of damage), evaluation
criteria (base on the severity of damage), repair
method for each type and level of damage and
all of the equipment specification as well as the

requirement of inspector, engineer, and
workers.

The guideline should specify the
inspection routine procedure and scope,

evaluation reference, repair procedure for each
type and level of damage, and regularity of
inspection.
6.1.2 Workshops and seminars
Occasionally arranging workshops and
seminars are a good ways to establish a problem
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comprehensive and solution for an engineer and
anyone who involved with steel structures.
6.2 Construction approach

The construction approach is to prevent the
defect that can cause damage to the structure in
the future as the root cause of the problem is
“poor construction system”.

6.2.1 Construction handbook

The solution is to draft a handbook for an
engineer, which specifies a specification for the
material, construction methods, and
workmanship specification clearly. Therefore,
engineer or contractor can follow the proper
ways to construct a steel structure. This could
relate to the inspection routine in the previous
section.

For an example, if the handbook specify
the material specification for a power plant such
as a minimum steel properties that the
contractor should use for the heavy chloride
environment, or the properties and thickness of
the coating for the steel structure that will be
expose in heavy sunlight. The structure
durability will be better than the structure that
was constructed with any material.

6.2.2 Strength reduction factor for steel

When considering about the material
specification, the design specification shall also
be considered. Because, when a designer has to
designs a structure using poor material or a
material that is under spec, the designer shall be
able to use those materials. But the structure has
to be design and construct properly according to
its properties. Since many construction projects
construct the structure using imported material
which produced base on foreign standard, the
properties of those materials may not match
Thailand standard specification.

The solution for this problem is to draft a
standard or a handbook that specify the
“strength reduction factor” for the poor grade of
material as specify in BC1 design guide; [6]
(which reduce the strength up to 80%). The
factor should base on Thailand material standard
and strength reduction factor should reduce the
design strength of the under specification
materials to the proper level, in order to use
those materials safely.
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ABSTRACT

This research aims to design an order receiving supporting system for a paper printing
company. The purpose is to support Make-to-Order industry in efficiently estimating committed due
date of customer orders. Estimated committed due date should be as accurate as possible. Currently,
since the customer needs have changed and the competition is higher, the printing company would like
to reduce the estimating errors. Therefore, the root cause is studied on: 1. Lacking of available
capacity information from production department, 2. Lacking of standard time information, and
3. Implementing estimation depending on personal experience that has not enough effectiveness for
the overall profit. Therefore, to solve the aforementioned causes, this research has conducted as
follows: study of current order-receiving process, study of production systems, study of standard time
estimation method, and designing supporting system. The proposed system also describes the
necessary information process flow, and information system that is constructed to promote the
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coordination between departments. Also, the design of report format for the estimated result in order
that estimator can refer it for negotiation of delivery date with customer. After designing system, the
evaluation of the designed system shows the acceptable result from the target users. In addition, the
target users also conclude that the proposed system is valuable and it could be used in practical
applications. In summary, this research can solve the problems by focusing on the identified root cause
and also propose the countermeasures that can be practically applied.
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ABSTRACT

This paper presents an experimental study on the vertical cyclic loading behavior of the
inclined concrete-filled steel tubular columns (hereinafter, CFST columns). A total 12 specimens were
tested. All test specimens are 75%75 mm square tube section and 500 mm length. The main parameters
varied in the test are thickness of steel tube (1.8 and 3.0 mm), filled concrete (without concrete and 20
MPa concrete) and inclined angle (0°, 4° and 9°). The experimental results showed that all specimens
were failed due to local buckling. The results also exhibited that in CFST columns, the infilled
concrete provided a greater compressive strength to the steel tube section up to its ultimate strength.
The compressive strength decreased slightly with the increasing of the inclined angle. Besides, it could
be seen that the tensile strength was not affected by infilled concrete, the tensile strength only relied on
the yield strength of steel tubular columns. In addition, comparison of the compressive and the tensile
strength, between the tested results and those from AISC (2005) standard were presented with good
agreement.
Keywords: Concrete-filled steel tube, Inclined column, Cyclic loading

135 Received 23 August 2016
Accepted 14 November 2016



n.1JomMA B.KssBNNINY 5.UoNA lla: W.oSawusna

1. unin

vnanansmaukuau lvanddnldlulszma

9
R-Z

an

L]

v '
"lmm‘nmmgms]'ﬂmm dluvazueniszine
[ Y a = 1 AAa o Ia I )
nelinanNudsrIgneFIALALNTWOA WD U 1UIY
N AanTalie N 5 wauaian 2557 mauruau 117

= o Id‘ [ =
YA 6.3 Tasligagudnalsedizaundiuan 7
AlawAs VTN 1.N519917 9111 IIHIAFEITY [1]
= ] a ' ] 9
FIT319ANNIAEH 1000 1ATIA31991A15 1FUNS
Y A I a Y
ANUIAN tazUIuE e uveslse 1l uuTanIg

)
v @

daiudaInsalsasemiinaenseonuu Inseadiald

A

A Y = o
Aumuusaruay v ldedr iz ey wialuilade
NUNADE1NINADANTINITD IUAITAIUNIY
uruau Ivvesermsaemsesnuuuneanlaenssy
aonlinineenuuueins IRUdAYALIARWIZAIN

A A A Iq 9 =2
sinsanadsan wieumsszgnalaandealuau
Taseadha

o < 3
Tudeguiinisldaulassadrananuiniiu
A v I =~ va o A ]
esninlaseaiuvaniiguauiatagiuiuen 14

1 <3 1 = 4 a %‘; [
na1lumsnea3auEInNABUNTANINGIDIINAAAINEY
o <3 = wa 1 @ [
Tagi lhmansglnaautimauludunmssuns e ua

Y 9
UVBAD

= [ o A 9 < @
il olunsTunseoa e Inseaiamangnuson
mnsziiinazinams Inamzmwizi (local buckling)
o9 ¥ & a a a1 A =2 o o o g ¥
wazvh ldmanmamsitaneunezdemansin i 1w
@ 3 9 = Y
ANuEIalumMssuusseurantiesas 41413
WAoo yzaouazann NI ULTIVDINITIAANIT 1N
A < a G 9 Y
wzmwizhnveunan laomadunouniami ladaluy

A Aa o < a
NIDNLTYINDUIT LHFUUANNAIINTONADUNT A
CFST

] oy = Y A4 A A
column) FeazdanbuunindaNnausoaiawy

( concrete-filled steel tube column,

o A X g a .
uaanagUn 1 ¥ailuanFalszne (composite
2 o Y o ] 1
column) lagniuldnuedisunsnareluaiu
Tasea$e Tasdedveaar CFST A ¥i8anszezinal
1 3 a3 @
Tumsaeaieas Tagldimannataduuuveds sy

9 ' o a o ' §
Tnseaade Tasausarretfoanumsmamsnansaun

136

naNUABUNIAIINANIZIAdeY azi 1 Insaadia
UANUAIBNY
TuefalinsAnEINGANTTUMITTULTINABANIN

L da I
U 1@ CEST Nl wainauuas ey

= @

Y a
Iﬂﬂ!ﬁ?ﬂu1ﬁﬂﬂﬁhi}$ﬁ7\lﬂ@]ﬂiihﬂ’J']iJL‘HufJ’J“H’ﬁQﬂ1§

va

' Y o 4 4 awaa 4

ATINGININANINda T AN [2] n13aamnaun ey
(Y I <
M3 IN4AI00NVDUAURANNAN TABIEIHANNAINIT
2 A A v Ao o o
nanuruimungan e ldieiisaslousaunuy
Aounsafieanwe [3] Tuvmeia aspect ratio (b/h)
voualianiosagi i imidsiunsange uazd
a = A & <
NRANIINANUMKULINA [4, 5] Fuauvanilsznovay
FrwaasaiduanunIeaenunu (b/t) 18 $aeld
v Y

Enimassuusunnau [6] Taednyazmsitavean
CFST N5uu599aauuuiuni azinamsiuatuuney
I3 ' a ' A A '
Wuaeeld Tawfanis InuaizmmignuInamen

@

o3 9 { o o o
Jansvuazdarearsanios [7] uaz‘ﬁm JTULLIIDA

AuUUIAY (vertical load) Yo ud 10899 AANINUNIT
A d%’ = @ a wa Id '
MNAUYRIYNIDEN Taganbaemsvavzununlng
wWiamlunazInseenaiunen (inward-outward)
dmfuan linsenneunia aaw@InnsenasuUnIA

o a wa < ' ) v 2
Ayt uuyy TneesnA U MININY

]
~

A ~ v o = 19y
(Outward) !u'ﬂ\iﬂ']ﬂilﬂ’]ﬁﬂu@')mﬂ\iﬂauﬂﬁﬁﬂﬂgﬂl’miu

Yz iiuseanszh [8] definrsanisesmssuns
aduiinveaat CFST nuduaiimdasuns asamui
ausidavesneuniafinsenaslyl Tasfinisnsen
apunarIsannsians Inuazmmziliiau

Y
sunsaleeat uagiaITUNIIAIVO U1 YBYAD

]
@ =

Aaansn (yield strength) Yo unanna Iaoh

' o

~ = v o =2
msnsenneunia lulinanemasiuLssAsve e [9]

av {0 I o w
Tasaudteluedansiuuaziilunsinuiiigs

o o I~ ' = =
FJunsanaoavoudasuudiulvy Falumsnu,

v

awv A Y = =3 = Ao
\ﬂu’Ji]Elui]gluuhlﬂ‘ﬂﬂ'liﬁﬂ’hﬂi!ilmﬂﬂ‘ﬂllﬂﬂ

v o v w

NUNIANTY

v a 3
USAAUNATO T UNANNANNTONADUNIA



Engng.J.CMU.(2018) 25 (1)

\> | Infilled Concrete Y 4 o N\

: kL . | ] ; ) | \\

> [ . A

\) y

: ‘\\\.‘ ' : s 4
b \ Steel Tube / QW - . V 4

~ <3 a Y o A =
E‘IJTI 1A UURANNAWNNTONADUNTA (wumﬂﬁmaﬂmmmman)

o W w A '
2. MAISUUTIVRUTUHANNAIINTBNABUNIA e Fy=AF,+0.854 f, 3)
2.1 MAITUUIIOAVOATUNANNAIINTONADUNIA 2
L : P, = (el )/(KL) )
nndemruanIAIgIUMIeanuuy AISC U a.d.
: 2y 1 El, =EI +CEI 5
2005[10] c?ﬁmmgmmiaammuullnﬂﬂwammi;u of s Hete 5)
Poeveaan Tagdnuavinaveuiennidaman A
y v wiy 24y C,=01+2 —— <03 (6)
Taseadn (4,) dedlitesnin 1% veuiieinida A + A

Ea

nmua (4,) dasrauanuninaenuvu (b/t) ' o
v 4 4 VA . Taon A uaz 4. fe nunwidaveuaunan

voantdamasudeslunu 2.26 [E F, fds s ¢

- L . NANUATABUNTA F,uag f, A9 MaIAIINVD A

AIINVDILKAN Fy <525 MPa n1a4U039A0 U NI

< o v o Y
. . o ~ mannad uazmawwalszdevesnounsa E7,, flo
21< f. <70MPa d1vi5UAOUNTATITUAT LD :

: o o 9 . adwmlszaninavesmihdalseney E uaz E,
21 < f. <42 MPa dmsunounsaulai 0as1aiu

A ]

o <3
o o 2 o Ao Tugdadanguueavanuazaounsa I, uaz I, Ao
MIBONULVUMAIVOUT UHANNAINNTBNADUATANNY

s 4 < o
v o o < ~ ' Illl,lluﬁﬂ??ulﬁ@ﬂﬂ]@ﬁ!ﬁﬂﬂllﬂgﬂﬂuﬂdiﬁ K ﬁ@ G‘I'Jf;]ﬂ!
AUNIAIVDITUUNANTITUAN LWﬂQLLﬂ@@ﬂLlUUIﬂﬂ

- o o o o a0 aNuelszanina L s awe1dnilsianinnsoa

W9 UIMAIVDITAQINANUAZABUNTATINAY TaY ,
v 9 Y

o 791U

° o o < o o
MAITVUTIOAVOUT UNANNANNIONADUNTAT NS U

oYV W =< < =
Y o 2.2 MAITUUIIAVIUAUHANNAIINTONABUNIA

4 4 o Yo &

nihdafmaen ansomuin ldail
Y o =

NATaMUUANIAITIUMIoRNLLY AISCY n.A.

nsfiil P, <0.44P, 2005 1852 Ididssunsafavesauninnalensen
Aoursa aunsamnldnn
P =0877P, (1)
a s Pn = AsFy (7)
nsan P, > 0.44F,
(pnj 3. MedlanagaUIazMsNATL
P ¢
B, =F)|0.658 (2) 3.1 dwedanagen

o ' = y 2 o '
ardlanaae Ul wEIdunarua 12 a20819

o = o A o = Y
LEANAN15 19N 1 ﬁ?l!.l‘l_]i‘ﬂ‘l’nﬂﬁﬁﬂ‘]eﬂ llﬂl,!.f‘l

137



N.1I0onMA B.KssUNNJINY 15.U013 lla: W.oSawusna

Mdadansunse : lunsenaeunia uag 20
MPa

<3
AUV UNFUanNNal9 : 1.8 uaz 3.0 wu.

yudeaue e : 0° 4° uay 9°

Tums ¥ Fydnusinansdietanaaen

o o o A 5 o
doydnualdan 1 “T” ugasnnunuiviga

EHANNANVOIRIOE NNAT O

M3191 1 dedranaaol

v o A o v w {
e dyanvalaIN 2 “C” uaaInaisanaunInm

ﬂi@ﬂﬂ\illﬂslu!ﬁﬂaﬂﬂﬁ’lﬂ

v o o A A9 =
e AYANHUAIN 3 “A” UTAIYNIDYIVDN

#29819NATY

15U T1.8C20A4 Mu1ed9 @2961900AUKHUN

Y

Y o < = o v w
yadruaavan 1.8 uu. nsenaouniani1adon 20

MPa 1azyud 83U 1 uMny 4°

No. Specimen Dimension 0 (0) Concrete strength
bxbxt (mm.) (MPa)
1 T1.8COAO 75x75%1.8 0 Empty
2 T1.8C0A4 75x75%x1.8 4 Empty
3 T1.8COA9 75x75%1.8 9 Empty
4 T1.8C20A0 75x75%x1.8 0 23
5 T1.8C20A4 75x75%x1.8 4 23
6 T1.8C20A9 75 x75%x1.8 9 23
7 T3.0COAO 75 x75%3.0 0 Empty
8 T3.0C0A4 75 x75%x3.0 4 Empty
9 T3.0COA9 75 x75%x3.0 9 Empty
10 T3.0C20A0 75 x75%x3.0 0 23
11 T3.0C20A4 75 x75%3.0 4 23
12 T3.0C20A9 75 x75%x3.0 9 23

3.2 MIANILNAIVENINATDL
~ <
lumsnaaevaznsonasunsaad lllumannais
Y )
Tagvimsavdunetloany lildna Inssneluuazms
o A R A 1 A ]
HINAIVOIADUNIAFIUNAADNOANTTUUDUET NI DN
% < 9 o [ = A o o w =
AUNUNDUAIDYINADUNITALNDHINIAIDAINABUDY
= [ 3’; o ] A A
ABUNTA HAIVINUUMINITUNIUADUNITANDIYATY 28
o Y o w ] A a o ] <3
U HAIUINIVI NN UFONAAN VLR UIHANG 1M (plate)
1 = I . a
HazuEIAIUANINNT IS (stiffener) UTAaBDU
wazalea1gveIdlodanaaey naaIadzlN 2
Y Y 1
NAIINUUINNIAAAIAIDE1NATDVVUIAT DINAT DY
Y Y
Universal ¥11a 200 d4 Tagyiinisaasanailaitsuy
1 @ ] YA o I
waziatearsvesnleganadsu v lanyaziiunig
v
Fauiu (fixed) sinsAanaunuianuason (strain
% g’) )
gauge) LazinviIaszee (transducer) N4 3 NANIY
Yy 1 A a A
laun szezmaonlunuisu 2 Hand tayszezinaou

Tunuide neaaasgli 3

138

Top plate

Top stiffener

Steel tube

+

Filled concrete

Bottom stiffener

Bottom plate

@ ]

aognagoutal CFST

517t 2

C1)

3.3 jUnvuvesaudns
dmfumaudosluTaseadren ladinise (non-

Y o 4 = & o
sway structure) hlﬂ‘Vl']ﬂ']ﬁﬁgulﬁﬂullﬁllﬂ'ﬁﬂﬂﬁﬁuﬁﬂﬂﬂﬁ

9
1A v

519 4 vedunaldiinanseda (bending) nazisa

4
{ 2 o =

A . ¥ A a =
210 (shearlng) MNNAVUITNUIIDALASLLIIA Tﬂﬂ‘ﬂ

ANueaTanilaveuaagli 4(v) sgldilugiuuy



v Y .
voaa1 CFST Al¥lumsnaasvil Taadoulunssa

Y A ' o ' 3 {
Fandargarsveuaialedaazilunuy fixed Ndare

Transducer

Stain gauge

'

=

U

y

L.
oo

11
I

a0 40
a0 -0
=0 =0

(n.) fixed - fixed (v.) tested condition

s 4 jluvvveududes

3.4 msnaaaulaamslvinssaaung
Tumsnagovsz usanszmauuuiuau Tasld
nsasaaaunuMs 195 eda (cyclic loading) #vgsin
Idinamadegiuuunaduazdasen Tasnisnaaou
° A A A & g o '
WMruaszermmaoun luuuiag sailusasiaiu
i 42 A g
V9aTTIzMIINREUINIMUAIIBMANATIN (e, ) Han
aaumMsn 8

F
=2Yx[
E

€

()

139

Engng.J.CMU.(2018) 25 (1)

vuvlfusanszsirlunuad (unu y) uagdrianis

nasunaWLUIT I (nu X) [7]

Cyclic loading

a & A A o
51]7] 3 gﬂ!L‘lJ“Uﬂ'lTﬂﬂﬁﬂﬂllﬁgﬂﬂﬁﬁmiﬂﬁﬂﬂ'f]ﬂ

a A A 4 3 & <
Taof e, D 3¥UzNITAADUNIINUALIDINAN
A ' =< A
A3IN (Wu) F, Ap HUdeusiaensIn (MPa) £ Ao
@ ] =}
Tugdadanguvoudunannais (MPa) uaz L Ao
ANUIMADTNNATOU (1)
A 4 3 v
mandugumsnasunlumsnadouiy az1lvng
waeunn 0.25, 0.50, 0.75, 1.00 1M1U0 95282 N3

vy
@

A A A < o A
wABUANIMUAIIMANATIA ¢, NIV 1 501 LAy
g ; : L 4z
1y 35000 2, 4, 6, 8 IMVBITLHZMIAADUNNIHVA
A < A o a a wa
iemanasn e, lii5e8q aunsziunamsIim uaas

g1lii 5

‘ne

dasen

. MVAAY

msidsgUmIInUYe U (e )

130U 201 3500 13500 13500

AuTe (N)

= v A
E‘IJTI 5 gﬂunumﬂmiwmﬁzﬂzmiﬂ@mﬂ



N.1I0onMA B.KssUNNJINY 15.U013 lla: W.oSawusna

4. #amIinaaey
4.1 Mmasdaq

NATIULTIAIVBINANT UL 1.8 1Ay 3.0 ui.
IATTIUQAAIMNTTH Won.107-2533 [11] 14rdq
f1a9fans1n (yield strength) M1y 264 1az 382
MPa a1ud1ay nagniaeaslsgdo (ultimate
strength) (M1171 305 taz 441 MPa awa1ay taag
Fa31fl 6 uazidasanouniadeennuuy 137 20
MPa Tagidasavesneuniaiildainnisnaaen

110U 23 MPa

500 -
400
=
E 300 4
% ——-18mm
g 200 +
“ —30mm
100 -
0 T T T T T T 1
0 10000 20000 30000 40000 50000 60000 70000
Strain (<10°%)

4‘ 1% v J 1 Y o =
31]7] 6 ANVTAUNUTTIEHINANUAUNUANNLAT YA

4.2 sdnuumsIA

nnwamsnageuar CEST finageuTaons 1y
szozBa-ian Iy wui iedaedieiilinsen
asurta vxfuhminauiRanansasInveua M an
nade naziAans Taame ANan L Aan T UTiamg
auuu1e11 (longitudinal direction) Tagwiiidaian

@ T

v
@]’JﬂﬂNQﬂﬂﬂ@ﬂﬂuLﬁﬂgﬂ TAgA10819NIMUAVLLNANTS

T
a vad

NTanusnadarsuurislatears vaaaurwas Y
< 2 v A A 2 A
ANUUTWITUANT DY 11DI9INUT VU NILNUIBNT I
VA A A o oAag I a
ANUTNUDY TasNal9g19M1HanNa99LINUNIT
Tnuazmmiziuuudiaiulunazesnaiuuen diu
F19819NNTBNABUNTALINANIT INUAIZUVVDBNATY
UONDHINUAYT 11DI91NNANITIIIAIVDIADUAT AR

Tuiilofunsanada dagiuuumsniazudasaagilin 8

140

@

A A a3 o
Tasfunvi1danaaRInAUIFUAINLUIET)
o . o 23 ~
(longitudinal line) 32aA0INUNITINNUUUDIYNUIBEY
[7] Baag 1 lumsdunaaumasgiu AISC (2005)
(aumsh (3) (6) nag (7)) olFouwisununanin
manade 1sudlegegilaan 1-1 Tuziin 7 dred1an
I A a A a = { A @
Wuaas s eides 4° nazeibes 9° Tnuinihaa
75x75 ww. 75%74.8 wy. uag 75x74 un. @1ud1a
J = = J dy A Y o Aq @
Taswuyueslinaaenuniaanlalumssousa
Yo o w

VDU G‘]:);Q?JNaﬁﬂ‘ﬁﬂ1aﬂﬁ‘]JlL§\1‘UENlﬁ1ﬁﬂﬁ\1ﬂﬁJﬂTﬁ

A 2 =
!,WiJ"llu"llleqlmafN

Longitudinal
line

Vertical line
Lateral support

8]
h PJ..

Specimen

sUN 7 uuudassveauar CEST

u



Engng.J.CMU.(2018) 25 (1)

(7) T1.8COA9

() T1.8C20A9

(%) T3.0C20A0 (1) T3.0C20A4 (1) T3.0C20A9

wa

3UN 8 3uluvuvesms

141



N.1I0onMA B.KssUNNJINY 15.U013 lla: W.oSawusna

43 wgAnssumssunsaaviia nazidulng Envelope
ANNFUI T TEnINMa DU dURAR UMIEY

sveaaaed e naaslug Uit 9 azdunaldi lugaa

usnilarendngda limams Tnaaziiu nitousad

o w

a X < @ 1 a 1 1 Aa
mavuluaumannarnds ifunimisensindasin
dangu (proportional limit) nagnileuseimalu
ADUNTAAINITNUIBUIIDAGITAVOINOUNI A NOANTITY
< a a (3 ' = v = =
wilunudaadn imdedieh linsenneunsavell

[

1895 V1399921 08NI1AIBEIUAINATONABUAI A
A < Y [ K o ~ (=)
WodnE@IMannalazdnssutmiinlaen luil

= 1 o o U 1 o SO/ 4 a
ADUNT N85 F9vi I iadedas v una

< Y o v w o

MIATINVOUAUHANNAI MNUUMAIT VT AV U
#1981992a9a93 08 9 TUaIHVDIMAIT VLT IR VDI
o ] A 3 o w w I3
AI98199 LM UYUIUDIAIAITVUTIAIATINVBAUTUHAN

& v 2 < d v w &
nan9 B luaruilmunannalavsl uadsuusaF e
Y

(Y] <
YUYNUAMUHUIVOUA UNAN

[ o [l ~ = o < 1

luauadI0619NNTBNABUNTA VLT UNAT U

AT U0 AVDUAIAIDE1992 g IN I NEIA 08190 19
= A = ] I

NFONABUNTA 111099 INABUNTAVLF B UM ANNAI 11

NITTULLINDA G])’\iﬂ’é]uﬂiﬂllﬂmﬁlmGlﬁl‘uﬂﬁilluiﬁﬂﬂﬂﬂ

400

200

Load (kN)

-200

-400

-600
Displacement (mm)

() T1.8COA0

400

Load (kN)

1AZEIFIBBLADNT 0AAAITULTIVDINIT INIUAIZ VO

(3 ] v o

< Y A o o Y
Lﬁ?l‘ﬂﬁﬂﬂﬁ'f]\i‘lﬂ IﬂEJLETW]’J?)EIN%$llﬂ1ﬁ\ﬁ°]JLL§\1f)ﬂllﬂ

@ @

A9 a5 UUTITAGITAVD
<}

=

v Y v
MUY UIUATLNAT
~ A 1 Y d'

ADUNIA WI0D19VLFINIUANU0HILDIVINWAVOINIG
[ < < o w
Tousavouaurannale lagd@iannalaassInanis
VHAIDONN ALY YDIADUNT AL DI IDENIT VT
AADA HALFIIFLADNITHANDONVDIABUNTA 11119

a v o v o yuysA X X gy X "o
ApunsAEI0SUMAeR IAuAIY Fazdosiuognu

3 o §
ANUNUIVBUTUHANNAIAIY LEaIadgz i 10 (a, )
Tudruveamassuusadzmisunuaidlrodan lu
Y
N50NABUNIA 1Az AUBYNDMAITUNTIAINTINVOUA
<3

Mannag

Tagluarnveuaidieg1andes szdunaldin i

o v w

fegrannsonuaz linsenasunsa azimaas UL oA

a

v ' K Aa a ]
HUHDYINIUFINIIUANUDY Iﬂﬂl’d']ﬂllﬂ'ﬂulﬂfNiﬂﬂ"ll‘Llﬂi]%iJ

o w w v 9 A A A 9 o o
NIANTULINDAUBDYAN Lu'ﬂ\iﬂ’]ﬂwuﬂﬁuﬁmﬂiuﬂ”ﬁiulﬁﬂ

o v o

' Y
aﬂmmuﬂmwwﬁumammﬁm ﬁmiummmmﬁﬂu

o @ 1

] Y v
A8 MatiNAI Ve IyNdes hidwanlisdwgus

pgala Awaasluziln 10 (n, v)

-600
Displacement (mm)

Load (kN)

-400

-600
Displacement (mm)

(7) T1.8COA4

a4

Load (kN)

142

-400

-600
Displacement (mm)

(1) T1.8C20A4

Y v o ' o v w v a o
sUf 9 AnudiusIEnINMaT DU IddURAN UM Tegveual CFST



Load (kN)

Load (kN)

Engng.J.CMU.(2018) 25 (1)

Load (kN)

400
2
= -
g
=
-400 -400
-600 -600
Displacement (mm) Displacement (mm)
(3) T1.8COA9 () T1.8C20A9
400
g z
4 6 o -
g
=
-400

-600
Displacement (mm)

Displacement (mm)

Load‘ (kN)

(%) T3.0COA0 (%) T3.0C20A0
g
6 g R
3
=
-600
Displacement (mm) Displacement (mm)
(a1) T3.0C0A4 (%) T3.0C20A4
g
6 o - 4 6
g
=

Displacement (mm)

() T3.0COA9

Displacement (mm)

(1) T3.0C20A9

1 ' v o & o v o v a o
gﬂﬁ 9 (A9) ANVANWUTIEUINMAFT VIS ITdUNAN UM Tegvoauar CFST

143



N.1I0onMA B.KssUNNJINY 15.U013 lla: W.oSawusna

400

-500
Displacement (mm)

—oe— T1.8COA0
—&— T1.8C0A4
—=24— T1.8COA9
—e— T1.8C20A0
—&— T1.8C20A4
—&— T1.8C20A9

z

4

N

= 6 2 4 6

<

(=}

— —o— T3.0C0A0
—&— T3.0C0A4
A T3.0C0A9
—e— T3.0C20A0
—m— T3.0C20A4

-500
Displacement (mm) —a— T3.0C20A9

(n) Medranunul 1.8 wu. Ansenuaz linsen

(V) Mve1eanunvl 3.0 wu. Ansenuay linsen

Load (kN)

400

-50
Displacement (mm)

4 6

—o— T1.8COA0
—&— T1.8C0A4
—=4— T1.8COA9
—e— T3.0C0A0
—=— T3.0C0A4
—A&— T3.0C0A9

Loa(‘i (kN)

—o— T1.8C20A0
—&— T1.8C20A4
—a&— T1.8C20A9
—e— T3.0C20A0
—&— T3.0C20A4

-500
Displacement (mm) —a— T3.0C20A9

(A) Mvgaanun 1.8 uay 3.0 uu. #'linsen

Y

(9) Mvg1ennuru 1.8 taz 3.0 vy, Ansonasuna

gﬂﬁ 10 1duTRs Envelope

M9 2 manfFeuiouwan ldvinmsnageunurain lavinuiasgiumsesnuuy AISC (2005)

No. Specimen Compressive Strength Tensile Strength

Test AISC (2005) AISC/Test Test AISC (2005) AISC/Test

(kN) (kN) (kN) (kN) (kN) (kN)
1 TI1.8CO0AO0 124 138 1.110 149 140 0.937
2 TI1.8C0A4 99 138 1.391 151 140 0.929
3 T1.8C0A9 91 138 1.512 149 140 0.939
4 TI1.8C20A0 263 232 0.881 162 140 0.861
5 TI1.8C20A4 260 232 0.892 163 140 0.856
6 TI1.8C20A9 253 232 0.916 162 140 0.862
7 T3.0CO0A0 340 330 0.969 340 337 0.992
8 T3.0C0A4 330 329 0.998 342 337 0.986
9 T3.0C0A9 325 329 1.013 309 337 1.092
10 T3.0C20A0 428 417 0.975 340 337 0.992
11 T3.0C20A4 427 417 0.977 342 337 0.986
12 T3.0C20A9 343 417 1.216 326 337 1.035
Mean 0.988 0.962
Standard deviation 0.193 0.070

144




5. unagl

o w

< a o ~

1) anuvuveuanrannalnai 1fifas
o = A A 4 2 % <
FUHTIRIGIVUILOANNHUUABTY FAUAUNANNAY

@ = Y 1 I
WU 3.0 uu. 92505 DR Idgeaninaumannang
v FJ £ Y
Nrun 1.8 wn. Taenalazgynegnuiiainsin (yield
<
stress) VoUFUHANNAIN
I o

2) msnsenneuniaielaurannals vld
MvgrnaaeulimaIsunswagandIed e linsen
ADUNIA FINITNTONADUNIAVLTIVTLADNITINANT

' { <3 o v o o
TﬂﬂmwLﬂWRﬁ"‘U?NLﬁHWﬁﬂﬂﬁ’N.lﬁj Iﬂﬂﬂmﬁ‘uuﬂﬂﬂ

Y H Y Y
VUDLNUAAIOAVIADUNTANAIDNAL 1) NS

£

@

nsonnounInvy lTNane &S UL A

3) YUIBEINNAADAIAITULIIOAVDIAIDEY
o ' { g o v w
naaeu Tagar0813niuid1as3 (0°) 3 UN1AITY

]

1599AINNAIBENNBHI 4° az 9° Mud1AY NI
o - . o4
pgNnsenaeuniauaz linsenaeunia iean
o ' { a v o 4 2
dednndeslivinamihdaiunsaaasnumsiuy
YDIYNIDH
o ' <3 Ay v
e @rogrudunannalnu 1.8 . filinsen
= A o v w [
ABUNTA UMATUTIsaanatlszuu 20 uag
8% tloyuiDeanu1n 0°4° uay 4°9°
AAA

o ' 3 iy v
® IRy UNaANNAINH UL 3.0 Uy, “I?lulllﬂiﬂﬂ

A o v w

AoUNIA UMassunsIonanaslszunm 3 uag

Engng.J.CMU.(2018) 25 (1)

2% Lﬁmgm%mgﬁmm 0°-4°une 4°-9°
MUAINL
® ¢og1ud1 CFTS nun 1.8 uu. UMasiunsioa
anadszua 1 naz 3% Lﬁaqm‘éﬂuﬁmm
0°- 4° tag 4°- 9° awuaau
® ¢od1ua1 CFTS %u 3.0 uy. UMae5uusion
anadlszana 1 uaz 20% Lﬁmgm%maﬁmm
0°- 4° tag 4°- 9° a1y
4) dleneuifeunanissiuimainuing gy
AISC (2005) fumadi 1§anmsnaaoy wuimi 185
anulndiRosiu nansiamse 2
5) denfeuisunaii l§annisnageuiuna
MIMUINANUIAIF11 AISC-ASD/LRFD (2005)
Wu313% ASD I¥miitaenss Tauii3s LRED dau
TnejWaiivaeass snifusiesiua T1.8COA4 uag

T1.8C0A9 fldannnnnminaaoy

6. naAnssulszma

Hivedsvelnsuanenlivrovguamse

aQ

a v oA

ranssuaiaas unianerdodecdud Aldnas
AiuayuIag d01uil uaznsellonadon uaznu
aduayuaIuiteringuduinisaiuise

unIneaose 1y (R0O00011338)

Y a
ONA1IDNDY

7 a o 4 " a 7 oA
[1] gAUDINS ﬂmuwu@lqa.iamﬁauuazuwuﬂu'lwa VUT093510, 2557, [ooulai]uvasiun

http./www.geothainet

[2] Schneider, S.P. Axially loaded concrete-filled steel tubes. Journal of Structural Engineering,

1998; 124(10): 1125-38.

o @ Lo o o a a v ' o Y o w
[3] NUATAU HNTINYT LAZINHAT 5133AL. WE]15]ﬂiilﬁ/l'NIﬂﬁQﬁSN"U’ENLﬁ'mE]LWﬁﬂﬁu?@]ﬂﬂﬁhﬂﬁ@ﬂﬂﬂuﬂ%ﬁﬂ?ﬁﬂ

v o a a . a 3 4
ganeldnsenagaluuuiuny. msszguinmsIningsu Tesurana asan 20, 8-11 nsngiaw,

vandawals, Uszmelne, 2558.

[4] Liu, D., Gho, W.M. and Yuan, J. Ultimate capacity of high-strength rectangular concrete-filled
steel hollow section stub columns. Journal of Constructional Steel Research, 2003; 59:

1499-1515



n.1JomMA B.KssBNNINY 5.UoNA lla: W.oSawusna

[6]

[7]

(8]
[9]

Han, L.H. Test on stub columns of concrete-filled RHS section. Journal of Constructional Steel

Research, 2002; 58 (3): 353-72.
Lee, SH, Kim, HS., Bang, J.S., Won, Y.A. and Choi, S.M. Structural characteristics of welded

builtup square concrete filled tubular stub columns associated with concrete strength.
Procedia Engineering,2011; 14, 1140-1148.

inya1 $139941, ANn3Ho uaseriad uagviwna yayaau. Tubed concrete column square tubed concrete

]
~

9
columns and composite column design equations. 11315241313 IAINTIV TETMHIIA AT

14, 13-15 woumay, ynameaema Ty Taggsuis, 191 IAuAssan, 2552,

Han, L.H., Ren, Q.X. and Li, W. Test on inclined, tapered and STS concrete-filled steel tubular
(CFST) stub columns. Journal of Constructional Steel Research, 2010; 66: 1186-95.

% ci’ a Jd a Ly Jd o a I a < Y o A { v v
ATFUN 1DDATIVAA, FUNAY U190 uazFe U nisuay la. meanﬂmwmm%m?}ﬂmmﬁmaﬂ
a o o = - - a3 od
ﬂ@uﬂimummauwﬁ“luuumﬂu,ﬂﬁﬂszﬂgmmmﬂmmmTﬂﬁumwm 339N 19, 14-16

NOEAAN, TINTAURULUNY, 2557,

[10] ANSI/ AISC 360-05. Specification for structural steel buildings. Chicago ( USA): American

Institute of Steel Construction (AISC), An American National Standard, 2005.

0w A o < A o ¢ v
[11] AUNNUNINTIIUNAANUNYATINNITY. 11']@51?11!@‘@]i“f’]‘l"iﬂiiilNﬁ@ﬂm"mﬁaﬂiﬂiﬁﬁiNE’]JWiimﬂa’N uan.

107-2553. n3eNINYATMNITTUNFUNNUKIUAT, 2553,

146



Engng.J.CMU.(2018) 25 (1), 147-155 sansofonssumMaas
UrIdne dgiBenTnu
Engineering Journal

Chiang Mai University

d
fniE]f’)ﬂ!!‘lJ‘]Jﬂ‘%‘]J!!‘]J‘]Jﬁ’HJ!"Ifﬂ!ﬁﬂ!ﬂﬂ]ﬂiﬂ‘ﬁf’)@ﬂ!!‘I%Q!!‘]Jll?‘iﬁg‘lq!

SLAVYAAHNT TN

Design of 3-segment Flights within an Industrial
Rotary Dryer

a A
V101 ANFAIADINS
Suchada Sitjongsataporn
4 ad a o v
gudsenuuuIzUVBaNMIBnduazmIlszadygy v

oo

a a ad a a a o =)
ﬂ?ﬂ’)“m’lﬁ?ﬂiill@mﬂﬂi'OUﬂﬁ‘ ﬂmzﬁﬁﬂﬂiﬁlﬁ’ﬂﬁ@lg JJWTJTIEﬂﬁEJWIﬂIHIaEIIJW"Iuﬂi

140 auu¥oudusius 1129n3LNUTI0 WAKUEIIDN NTINNWA 10530

Centre of Electronic Systems Design and Signal Processing (CESdSP)
Department of Electronic Engineering, Faculty of Engineering
Mahanakorn University of Technology, 10530, Thailand
E-mail: ssuchada@mut.ac.th

U \
UNANED
v ' ' '

HVIﬂ'J'lﬂJHﬁ'ILﬁHﬂLﬂEl’]ﬂ“lJﬂ'ﬁﬂﬂﬂLL'U‘]JLﬁﬂﬁ?ﬂluWﬂﬂlﬂQﬂiU"]ﬂuﬂﬂTNl“]fﬂLiJu@f‘l/lLﬂiJ'l;‘ﬁﬁllﬂ'lﬂiuﬂﬂﬂﬂllﬁjﬁ

@ 9 [ Y Y = a a sldy
!L‘].I‘]J“ﬁigu5$ﬂ‘l_lQGIE‘T"I‘HﬂiillE‘TTHTUﬂTii’)‘ULL‘VN!L‘LIUiﬂiﬂqﬂﬂﬂ1ﬁﬂﬂi$ﬁ°ﬂ‘ﬁﬂ1‘w Iﬂﬂﬂ?iﬂ@ﬂuﬂﬂﬂgi"lﬁ‘WHSWH

= Aaa = a 1 ] a Y a A Y o o o [ A o Y
miﬂmmuazwmﬂmmamum'imﬁumgmmﬂmﬂﬂmmiaLW@iWﬁuwu‘ﬁﬂmummanﬁ@mumﬂﬂumi
9 ' 3 A ~ ' = g A P
auuianny Tsemelunenyunazssos llsogagavesaymavesdsnannniateas uvas ey Failuusnui

@

<3 Yo o o 9 oA < o s A o an
aymavodd ladudanvanionluszrinanvewdanai unanuiiiidaglszasdmeinauedsnsesnuu
o ~ s Y o Ay v = o = Iy Yo o v
Muruasudsnuaeg1a1e 1dnhwan lanFsufisuduvinavesnsuenuanmudn lainsuaueuud,
TagIsmsminauesions I9gasmuinedisieamisneenuuyid Indinesnuluunanui Idinauenud wan
9y Y A o o = v o ' = a I A Y @
Idanmsesnuuuiiuien ldfuranisuifsunudediavesss vaiadmanuuaniing l5auluilegiu Tae
' < a A o A ' [ ' A I ' -
HINANVLIAYBIDYNIAVDWAIFHAIRGINUNLUYLIAARAY WU NI BNVOWAINVUIATEHIN 1-10 W3 U150
o G J ' Y ax A o ¥ = I < Ia
Auvnavesns vamanudmeluneryy dreIsmseenuuuiminaueny laslinlesiiudranainvesszey
"o ' { ] ' ° 3
Tilsegaga iy 3.04% drunsainvesudadivuadosndn 1 uy. annsamuisvnavesns vausnmuanely
1 ~ Y as A o = S 3 ) 1w 0 & ?x’/ =}
vewyu N ldnindsmseenuuuininaue Taslinlesisuaianaiavesszes ilsagaga iy 2.08% danaaensdl
° G 4 J P Y a v ) L v
asamuInvuIavesns v nmuanielunenyulaa lndifesdvvuiavesns va s N ua lusza

Axg Y
Q@']’d']?iﬂiill‘lflllclslf\ﬂu

ABSTRACT
This paper presents a design of 3-segment flights within an industrial rotary dryer for the
thermal efficiency of showering drying. The proposed assumption of design is based on trigonometry
and linear algebra related with the size of materials used in the showering drying of solids within
rotary drum dryer and the length of particle fall which the materials are in contact with the hot air
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during the fall. The objective is to present the method of calculation in order to easily understand the
basic concept of design compared with the previous methods. Some examples of calculation are

presented with the different sizes of materials in details. In case of the size of materials between 1 to 10

mm., the calculation for 3-segment flights of rotary dryer by the proposed design shows that the

percent error of length of particle fall is of 3.04%. In the similar fashion, when the size of materials

lower than 1 mm.,, then the calculation using the proposed method for 3-segment flights shows that the

percent error of length of particle fall is of 2.08%. The results of proposed design show that can be

calculated in comparison with the 3-segment flights of the conventional rotary dryer.
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ABSTRACT

The objective of this research was to reduce the deformation of shading sheet in the mobile
phone display component assembly process with the application of statistical process control and
design of experiments techniques. The research methodologies began with identifying the possible
root cause of deformation problem with cause and effect diagram and experts brainstorming. The top
five important factors were selected and analyzed by Plackett-Burman design with 2 levels and 2
replicates at a significant level of 0.05. The five factors were studied in this research included feeding
speed of pickers; 100.0 mm/s and 140.0 mm/s, angle of edge of feeding table; 3.0 mm and 5.0 mm,
angle of plate from feeding table; 90° and 45°, distance of shading sheet from the edge of feeding
table; 0.0 mm and 5.0 mm, and height between picker and feeding table; 0.025 mm and 0.045 mm.
The experimental result from Plackett-Burman design illustrated that only two factors; feeding speed
of pickers and height between picker and feeding table gave a statistically significant impact on
deformation at a significant level of 0.05. Then 3k factorial design with response optimizer were
consequently applied to analyzed feeding speed of pickers at 100.0, 120.0, 140.0 mm/s and height
between pickers and feeding table at 0.025, 0.035, 0.045 mm. The optimal level of feeding speed of
pickers and height between pickers and feeding table were 140.0 mm/s and 0.045 mm., respectively.
After implementation, the deformation of shading sheet decreased from 8.65% to 3.29% leading to
company’s loss value reduction with 5.25%
Keyword: Deformation, Design of Experiments, Plackett-Burman, 3* Factorial Design
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Factorial Regression: Result versus Blocks, A, B, C, D, E

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value

Model 6 ©1.000 13.5000  €.55  0.000
Blocks 1  0.667 0.6667  0.42  0.524
Linear 5 £0.333 16.0667 10.18  0.000
A 1 60.167 60.1667  38.12  0.000
B 1 2.667 2.6667  1.69  0.211
C 1 0.167 0.1667  0.11  0.749
D 1 0.667 0.6667  0.42  0.524
E 1 16.667 16.6667  10.56  0.005

Error 17 26.833 1.5784

Total 23 107.833
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General Factorial Regression: Result versus A, B
Factor Information
Factor Levels Values

A 3 100, 120, 140
B 3 0.025, 0.035, 0.045

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Model 8 39.185 4.e981 6.96 0.000
| Linear 4 34.593 g.6481 12.29 0.000
A 2 7.630 3.8148 5.42 0.014
B 2 26.963 13.4815 19.16 0.000
2-Way Interactions 4 4.593 1.1481 1.63 0.210
A*B 4 4.593 1.1481 1.63 0.210
rror 18 12.667 0.7037
Total 26 51.852
Mcdel Summary
S R-sq R-sq(adj) R-3gq(pred)
0.838870 75.57% 64.71% 45.04%
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Response Optimization: Result
Parameters
Response  Goal Lower Target Upper Weight Importance
Result Minimum 3 7 1 1
Solution
Result Composite
Scluticn 2 B Fit Desirability
1 140 0.045 3.33333 0.916687
Multiple Response Predicticn
Variable 3Setting
L 140
B 0.045
Response Fit SE Fit 95% CI 95% FI
Result 3.333  0.484 (2.316, 4.351) (1.298, 5.368)
Optimal . A B
. ig 140 0.045
D'U‘STH 140 0.045
Predict  Low 100 0.025
L
*
Result
Minimum
y = 33333
d = 091667
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ABSTRACT

This paper presents the experimental result of two monotonic reinforced concrete under
reversal cyclic loading of two monolithic reinforced concrete beam-column as interior frames using
different grades of longitudinal reinforcing steel rebars in each specimens. The longitudinal bars were
divided into two groups i.e. the conventional deformed rebar (SD40) and the modern rebars, super
ductile rebar (SD40s). The seismic performance of the concrete specimens with the modern rebar was
compared with that of test specimen with conventional one. The results revealed that the yield strain
(&) and hardening strain (&) of each grades of longitudinal bars directly affected the yield
displacements and post-yield trend of lateral load versus displacement relationship of concrete
specimens. Furthermore, the loading capacity ratio of concrete specimens with SD40s longitudinal bar
against test specimen with the conventional bar was 1.02 and observed be close to the ratio of yield
strength of bare bar from uniaxial tensile test of bare bars. For ductility factor and energy dissipation
of both specimens, the results were very similar.
Keywords: Super ductile bar, seismic performance, cyclic loading
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MATuFUEINDY 9 1INMTONUVUNYI AT
Y
ROUNNMIMUIUTEHINTUGIGA (Hear) V09070819
M-SD40-EXP iaz M-SD40s-EXP fisuniny 43.25

waz 40.30 kN auaa

A79814 AU

1
in Punamaniasuy Psunauman fn SIEFTRCH SIEFTRLN
(‘boxh, ) MU s | (hxh, ) manasy | vanesy
(mm) annn A Y29 (mm) A1 AWUIN
RB6 RB6
M-SD40-EXP 150x 300 | 4-DB12 3-DB12 @ 65 mm. 200x 300 10-DB12 @ 65 mm.
M-SD40s-EXP | 150x300 | 4-DBI12 3-DB12 RB6 200x 300 10-DB12 RB6
@ 65 mm. @ 65 mm.
ms1ah 3 ariinelaseaievesniu
A10819 AW, M M; v, My M, Ry Hy o
a, L a,V, a,V,
h | (N-m) | (N-m) | (kN) (kN) (kN)
(mm.)
M-SD40-EXP 1,350 4.50 44 56 172 0.159 0.215 32.59 43.25
M-SD40s-EXP 1,350 4.50 41 55 172 0.164 0.220 30.37 40.30

~ v A Y !
M39N 4 WH‘L!‘VINIﬂiQ’diNGUf)\uﬁH!,azilﬂ@]ﬂ

A1061 1 2000
v, b; H,
ANNe, | 9 M, LV . 7 g Jomx
a. (mm) 3 (kN-m) | (kN) | “" (KN) | (Type2) | (mm.) (kN)
M-SD40-EXP 980 3.27 67 192 | 0.334 | 68.37 15 200 495.67
M-SD40s-EXP 980 3.27 67 192 | 0.345 | 68.37 15 200 495.67
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ABSTRACT
Procedure of Lignite Belt Conveyor Relocation and Installation Project is important for
electricity generation currently in Mae Moh Power Plant. Then, we have to increase the efficiency to
reduce the procedure time of Lignite Belt Conveyor Relocation and Installation Project. According to
the previous recorded data of the relocation and installation time of Lignite Belt Conveyor System, the
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operating time of each process is not inconstant. Then, we applied the Monte Carlo simulation to
determine the operating time and work diagram in relocating and installing the Lignite Belt Conveyor
System by collecting the data to estimate the average, standard deviation, characteristic of the
information distribution. The result showed that the operating time of the whole process at 95%
confidence was between 172.51 hours to 175.25 hours. We offered two ways to reduce time; reducing
the operating time of the inconstant works and eliminating the unimportant works or buying new
crusher machine to reduce the operating time of crusher machine procedure in Lignite Belt Conveyor
Relocation and Installation Project. The suitable offer was that reduced the operating time of the
inconstant works and eliminates the unimportant works because there was no requirement about the
budget. Anyhow, the average at 95% confidence operating time was 134 hours and the operating time
of the whole process was between 132.32 hours to 135.60 hours.

Keywords: Lignite Belt Conveyor Relocation and Installation Project, Monte Carlo simulation, Mae
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ABSTRACT

The objective of this research is to evaluate the performance of speed control measure by the
use of automatic speed enforcement cameras along Highway 118 (Chiang Rai - Chiang Mai). Five
cameras were installed along the 36-kilometer road section between Doi Nangkaew and Doi Saked to
reduce the risk of road traffic accidents. This study is divided into two-folds. Part one investigates the
driving speed during 1-month before and 1-month after the installation of automatic speed
enforcement cameras. Part two examines the psychological factors that most influence driving speed
on mountain roads using the Theory of Planned Behavior. The statistical results showed that automatic
speed cameras can significantly reduce the speed of vehicles. The average driving speed of passenger
cars is reduced by 7.7%, while that of buses is reduced by 8.8%. Further, the analytical results
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revealed that the most influential psychological factor toward speeding behavior is the Perceived
Behavioral Control, which indicates that drivers on this mountainous road overspeed whenever it is
possible and they can perceive such risks. Therefore, the proposed speed control measure using
automatic speed enforcement cameras is the proper measure to close the opportunity gap of the driving
risks. This results in the safe driving intention to follow the speed control.
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NOIAANT 1495 70.4 13.5
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ABSTRACT

It was demonstrated that efficient air quality models are very useful tools in forecasting air
pollutants. Consequently, in this paper, the influence of exogenous variable (X) related meteorological
parameters and correlated toxic gas together with the significant historical PM-10 values was analyzed
to formulate the numerical hybrid PM-10 forecast model during high season (January-April) in Chiang
Mai Province, northern Thailand. The hybrid model is divided into two stages, dealing firstly with
nonlinear transformation through the multilayer perceptron neural network (MLPNN) and radial basis
function neural network (RBFNN), and secondly with statistical estimation of the linearly stationary
residuals using an autoregressive integrated moving average (ARIMA) and ARIMAX, and denoted by
AMLPNN/RBFNN-ARIMA/X model. On the tradeoff between the accuracy using root mean square
error (RMSE) and mean absolute error (MAE), and the reliability through Akaike information
criterion(AIC) for PM-10 forecasting, the AIMLPNN-ARIMA model was identified as the optimal
model whereas the AIMLPNN-ARIMAX and the ZARBFNN-ARIMA model were identified as the sub-
optimal model. For further comparison against PM-10 forecast based an adaptive neuro-fuzzy
inference system (ANFIS) model, it was indicated that the /IMLPNN-ARIMA model provided slightly
more accurate but clearly more reliable than that of the ANFIS including the others.
Keywords: ARIMA model, ARIMAX model, Multilayer perceptron neural networks, Radial basis
function neural network, ANFIS, PM-10.

1. Introduction

Nowadays, the situation of air pollution
related to particulate matter less than 10
micrometer in diameter (PM-10) is critical
severity for the health of people in upper
provinces of northern Thailand. Chiang Mai, the
largest city in the north and second-largest city
in Thailand, continuously experiences with the
pollution related to PM-10. During the high
season (around January-April), PM-10 Ilevel
frequently exceeds the standard level of 120
ng/m® specified by Thai government pollution
control department (PCD). PM-10’s main
sources are forest fire and biomass burning. For
example only Mae Chaem, one of totally 25
districts of Chiang Mai, produces and burns over
37,000 tons of corncob waste every year.
Moreover, Chiang Mai is located in Chiang
Mai-Lamphun basin, where smoke from
neighboring Myanmar and Lao is prone to settle.
The statistical of daily PM-10 behavior at the

high season during 2012-2017 monitored by two
stations including the provincial hall station (the
country side) and the Yuparaj Wittayalai school
station (in the city moat area) indicated that the
PM-10 level has reached up to 300 pg/m’ (Fig.
1) whereas in Bangkok, the capital city, the PM-
10 level is only 40-50 ug/m’. In 2014, PM-10
level has exceeded the threshold level and
closely reached to the level of 300 pg/m’
resulting in thousands of people across Chiang
Mai area being admitted to hospital for various
respiratory illness. In 2015, the PM-10 situation
was severely seen by touching of 300 pg/m’
level but also decreased in 2016 because of the
climate variability and off-seasonal rains.
Therefore, the existing environment may
directly affect to PM-10 level.

Since the PM-10 data is usually measured
and officially announced in the daily morning to
warn the people but this information may not be
thoroughly accessible. Consequently, people
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cannot prepare to prevent themselves in
advance. The temporal PM-10 forecast model
should be implemented together with weather
forecast in order to minimize health risks to the
public. Previously, most of the PM-10 forecast
models frequently use the historical PM-10
value to estimate the PM-10 including
multivariate linear regression (MLR) [1] as the
linear model, and Neural Networks (NN) [2] as
the nonlinear model. In general, NNs
performance is better than MLR, but MLR is
often employed more than NNs due to its
simplicity. Besides, other techniques have
extensively been applied and made the
comparison among them. Some of these
techniques are hybrid MLR and ARIMA [2],
ARIMA [3]-[4], hybrid ARIMA and NNs [3],
support vector machines (SVM) [5], hybrid
ARIMA and SVM [6] and etc.

300
Provinciall Hall

Station Chiagmai

200
=4
=
o NN N T ———
100
0 : : . A :
2012 2013 2014 2015 2016 2017
Jan-Apr, year
300

Yuparaj Wittayalai
= School Station

200 Chiangmai

PM-10

2015 2016 2017

Jan-Apr, year

Fig.1 PM-10 time-series of Chiang Mai,
January-April 2012-2017.

2%12 2013 2014

In the case of PM-10 researches in Chiang
Mai, most of them focused on monitoring device
implementation which gives more budget
support funds. While, existing researches on
PM-10 forecasting model still used the
conventional regression techniques (e.g., simple
linear regression (SLR), MLR [7], grey system
model [8]), which were easy to formulate, but
the results were unsatisfied. However, the author
acknowledges no related research on PM-10
forecasting using nonlinear model or hybrid
model except for our previous works [9]-[12] in
the series. Early works on PM-10 forecast model
using various NNs model such as MLPNN,
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RBFNN and hybrid of RBFNN and genetic
algorithm have already implemented [9].
Overall, they provided accurate forecasting
results. Unfortunately, an over-fitting obtained
from a learning process is the main disadvantage
for NNs as well as the local-trap parameters due
to the large structure of the networks, leading to
a huge erroneous forecast. To improve the
forecast accuracy, ZARIMA-NN model was
alternately selected and employed to investigate
this issue [10]. The forecasting results were
demonstrated that it surpassed NNs and
ARIMA, respectively. However, the forecast
error is considerably high during the high season
because of high disturbance and PM-10
variances itself. In this case, the ARBFNN-
ARIMA model and ZARIMA-RBFNN model
were proposed to tackle this problem [11]. The
hRBFNN-ARIMA model was identified the best
forecast model in this case. To improve the
performance of the forecasting model further,
the exogenous variable and the modified hybrid
algorithm should be considered. Two hybrid
models i.e., FARIMAX-RBFNN model and
hRBFNN-ARIMAX model were implemented
[12]. The forecast results demonstrated that they
outperformed the previous models [12]
suggesting that the nonlinear model should be
firstly captured the non-stationary non-linear
component of PM-10 pattern, and the fully
linearly stationary residuals can be accurately
predicted by the linear model later.

Recently, the hybrid learning of NN and
fuzzy inference system or ANFIS was identified
as the most accurate models compared to the
fuzzy logic model [13]. For PM-10 forecast, it
was considered as an efficient tool due to its
high accuracy [14]-[15]. However, the most
suitable forecast model requires not only for its
accuracy but also reliability. The aim of this
work is to investigate the accuracy and
simultaneous reliability of the hybrid PM-10
forecast models and to compare among them.
The different AMLPNN/RBFNN-ARIMA/X
forecast models were optimized through the
experimental design. The ANFIS model was
subsequently implemented for PM-10 forecast to
compare  with them. The forecasting
performance were evaluated by tradeoff between
accuracy and reliability through the RMSE,
MAE and AIC.



2. Methodologyand Method

Data was collected during 2011-2016 for
both PM-10 and exogenous variables includes 4
related toxic gas variables (CO, Os, NO,, and
S0,) and 4 significant meteorological variables
(GW, T, P, and H) provided by the Thailand
PCD. The descriptive statistics results of these
variables are presented in Table 1. They are
divided into 3 parts i.e., training, validating and
testing by using the data from 2011-2014, 2015
and 2016, respectively. Four different PM-10
forecast models including Model (1) #AMLPNN-

Engng.J.CMU.(2018) 25 (1)

ARIMA, Model (2) "RBFNN-ARIMA, Model
(3) ’AIMLPNN-ARIMAX and Model (4) ARBFN
N-ARIMAX were implemented and
investigated. Their forecast results were
compared to existing forecast models. The
model implementations was developed using the
MATLAB program and all simulations were run
on a 2.27 GHz Intel Pentium Core i5 processor
with 6 GB of RAM laptop computer. The
description of the proposed forecast models was
detailed in the next Sub-Section.

Table 1 The descriptive statistics of 602 testing data of PM-10 and exogenous variables.

Measured Symbol | Unit | Range | Min. | Max. | Mean | Variance Relative

Parameter Change
PM-10 PM ng/m® | 260.1 | 29.9 | 290 | 42.65 1065 4.09
Carbon monoxide co ppm 1.9 0 1.9 0.49 0.08 0.04
Ozone 0 ppb 59 5 64 | 25.68 129.5 2.19
Nitrogen dioxide NO, ppb 33.6 0.2 33.8 | 943 28.18 0.83
Sulfur dioxide SO, ppb 16 0 16 0.73 1.0 0.06
Wind gust GW km/hr | 54.7 0 54.7 | 21.0 44.8 0.81
Temperature T Celsius | 19.8 194 | 39.2 | 26.7 8.5 0.43
Pressure P hPa 184 | 964.4 | 982.8 | 973.5 11.8 0.64
Relative Humidity H - 68 24 92 64.9 136.6 2.0

2.1 The hNN-ARIMA model model i.e., the AMLPNN-ARIMA and the

The structure of NN model denoted by
NN(P, O, 1) where P is the number of input
nodes of the historical PM-10, PM-10,;, i =1, 2,
..., P, QO is the number of hidden nodes and “1”
refers to single output node (Fig. 2).

Fig.2 The PM-10 forecast based on #ANN-
ARIMA model.

The nonlinear solution, A, is filtered
through the NN in the first stage. The error
generated at time ¢, e, is passed through the
linear model in the second stage which is
statistically generated through an ARIMA
procedure. Once, the correlation of residuals
from this model is removed, the ANN-ARIMA
model is established. Two different types of this

hRBFNN-ARIMA model are detailed in the
next Sub-Section 2.1.1 and 2.1.2, respectively.
2.1.1 The hMLPNN-ARIMA model

In the first stage, the MLPNN(P, Q, 1)
determines N, which is expressed in matrix-
vector form as,
N, =f(W(2)xg(W(l)xPM+b(l))+b(2)), (1)
where PM is the P-column input vector of
historical PM-10 data, W and b'" is the Q-by-
P weight matrix and the Q-column bias vector
between input-hidden layer, respectively, and
W and b? is the Q-row vector and the bias
value between hidden-output layer, respectively.
From the test, the sigmoid function yielded the
lowest RMSE and was selected as an activation
function denoted by g, and freferred to a linear
transfer function. The parameter of MLPNN,
including weights and biases, are tuned by the
well-known back-propagation algorithm. The
results from the optimization showed that the
number of input and hidden nodes equals 1.
Then, MLPNN (1, 1, 1) is mathematically
expressed explicitly as,
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e

The error (e) resulted from (2) is passed to
ARIMA model in the second stage. A practical
approach to construct the ARIMA model
includes three iterative steps i.e., identification,
parameter estimation and diagnostic checking.
For the model identification, the unit root test by
augmented Dickey-Fuller (ADF) test and
Kwiatkowski-Phillips-Schmidt-Shin (KPSS) test
proved that the data of error is non-stationary.
Then, the first differencing (d=1) was applied
and generate 1" order difference of error (Ae)
time series. The autocorrelation function (ACF)
and the partial autocorrelation function (PACF)
plot of the sample data are the basic tools to
identify the order of autoregressive (AR)
process, p, and the order of moving average
(MA) process, ¢q.Then, the ARIMA(p, d, q) is
expressed as,

2x0.59
1+exp((3.88x PM,_ | +1.64))

- 0.59] -0.41. (2)

Ae, =5+, (Ae, ) +p,(Ae, ) +..+¢,(Ae, ) 3

+& -6

=06 ,—..—0¢,,

where Ae, = e—e.1, O is the constant, ¢, ¢, ...,
@, are the AR parameters,¢,is the randomly

error at time ¢ and ~N(0,0%), and 6, &, ..., 6,
are the MA parameters.

It is found that 1-time lag of PACF was
more than the critical value that implies the p
and ¢ are basically identified as 1 and 0,
respectively, therefore the tentative model was
ARIMA(1,1,0). After the identification by
numerical estimation, ¢, equals -0.4319 at a
99% confidence interval level of statistical test.
An ARIMA model is not sufficient if there are
still linear correlations remain in the residuals
[16]. Diagnostic checking by Box-Pierce Chi-
Square test verified that ARIMA(1,1,0) is
sufficient since no correlation of the residuals.
Then, the forecasting PM-10 model at time ¢,
PM““" | of the AIMLPNN(1,1,1)-ARIMA(1,1,

0) is expressed as,

2x0.59
1+exp(3.88x PM " +1.64) |

—0.83)+e,_, —0.4319A(¢, ) +¢,

P Mtfm‘eca.vt — [
“4)
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2.1.2 The hRBFNN-ARIMA model

In this hybrid model, MLPNN is replaced
by RBFNN to estimate N; in the first stage.
RBFNN has a structure similar to MLPNN
except for using Gaussian function as the radial
basis activation function, «;, in hidden nodes.
The input variable of RBFNN is the historical
PM-10 data of several days. The number of
input nodes corresponding to the dimension of
input vectors is determined and selected through
the optimization. The number of pattern learning
of the observation data (PM;) of n samples
which are fed into P input nodes and one output
node of RBFNN(P,Q, 1) generates n—P types
i.e., the 1% pattern consists of input [PM;, ...,
PMp] and the output is Npii, the 2" pattern
consists of input [PM,, ..., PMp.] and the
output is Npy» and the last pattern consists of

input [PM.p, ..., PM;1] and the output is N;
which is expressed as,
0
Ntzzwiai+ﬂ0’ (5)
i=1
where
s 2
a, = exp[— (PMH. —PM;’ff”’x) /af}, (6)
=

PM,; is the input for /" node of an input layer,
pm 7 is the preceding forecast value of ™ input
which is used as centre of Gaussian function, ¢;
is the spread parameter of i node in hidden
layer, w; is the weight between " node in the
hidden layer and the output layer, and £ is the
bias of the output node.

To avoid the over fitting problem, the train
and test samples ratio is also first specified. The
designed parameters indicated through RMSE
criterion showed that the train: test ratio, the
number of input and hidden nodes are 80:20, 1,

and 2, respectively. Then, RBFNN was
represented by RBFNN( 1,2,1) . Later, the
unsupervised learning process as K-mean

algorithm [17] solved for the centre and variance
of Gaussian function. Finally, the gradient
descent algorithm, the supervised learning
method, adjusted the weights between hidden
and output layer. The RBFNN( 1,2,1) is
mathematical expressed as,

N, ==1.5xexp—[(-0.32x PM,, +0.83
— PM"")?1+0.83x exp—[(—0.32x .
PM, , +0.83— PM#7™)*1-0.032

(7



The residuals from (7) were fed into
ARIMA model in the second stage which was
constructed similar to the previous Sub-Section
2.1.1. It was found that the ARIMA(0,1,2) is
satisfied the statistical test then the ARBRNN(1,

2,1)-ARIMA(0,1,2) is hold and expressed as,
PM P = _1 5xexp—[(—0.32x PM,_, +0.83

— PM 7™ 1+ 0.83x exp—[(—0.32

i ®)
PM, | +0.83— PM "™ )*]1-0.032
+e_, —0.17x(e!I e ) + g,
2.2 The hNN-ARIMAX model
The ANN-ARIMAX model is mainly

composed of two stages (Fig.3). In the first
stage, NN operates by using P-time lag of
historical PM-10 and significant exogenous
variables. The generated residuals together with
the selected exogenous variables were provided
as the input of ARIMAX model in second stage.
Two different types of this hybrid model i.e.,
AMLPNN-ARIMAX and ARBFNN-ARIMAX
were detailed in the next Sub-section 2.2.1 and
2.2.2, respectively.

...........................

(+ Y= puseres

Fig. 3 The PM-10 forecast based on #ANN-
ARIMAX model.

2.2.1 The hMLPNN-ARIMAX model

In this hybrid model, it was resulted that 3-
time lag of historical PM-10 and all exogenous
variables except for 7 variable are significant
correspond to 1 hidden node. Then, the
optimized MLPNN is represented by MLPNN
((X171,3),1,1), where X[7]=[CO, O3, SO,, NO,
G, W, P, H". The residuals from the MLPNN
model were fed into ARIMAX model in the
second stage. The procedure of ARIMAX model
is similar to that of ARIMA model. Let the L-
time lag of the independent K-input variable
sequences expressed by {Xi}, ..., {Xk}, and the
first difference of residual (Ae) from (3), the
ARIMA(p,d,q)X(K) is expressed as follows,
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K L
Ne, =5+3 > 1, X,

j=1 i=1

P o
i +z¢iAet—i+zeig""’ ©)
i=1 =0

where 1, ¢, and 6 denote the coefficient
parameters, K, P, and O denote the maximum
time lag related to the independence sequences,
residuals, and the randomly error, respectively,
and o'is a constant. From the optimization, it is
found that L equals 1 is sufficient. Following by
the ARIMA procedure in Section 2.1, ARIMA
(1,1,0)X]7] was satisfied through the statistical
tests. The hybrid model was then resulted by
AMLPNN((X]7],3),1)-ARIMA(1,1,0)X[7] which
is expressed as

PMr/brecu.\'t — ( 2 X 0'4354
I+exp((—2W, x X —1.64))
—0.4354)—0.318+ e ,—0.407, (10)
xA(e), , + W, xX+¢g,
where
W, xX=130xCO, , +1.09x 0, , +0.29
x80,, ,-1.96xNO,, , +0.44 (11)
xGW,  —048xP_ -1.89xH, ,
and
W, xX=0.22xCO,_, -0.07x0,,, -0.01
x80,, ,+0.95xNO,, , +0.15 , (12)

xGW,_ —0.03xP_ +0.52xH,

2.2.2 The hRBFNN-ARIMAX model

In this hybrid model, it was resulted that 3-
time lag of historical PM-10 and all exogenous
variables except for 7 were significances
correspond to 10-selected hidden node. Then,
RBFNN model is represented by RBFNN((X]7],
3),10,1). The residuals from the RBFNN
together with X[7] were continuously fed into
ARIMAX model in the second stage. AR(0)I(1)
MA(2)X[7] was satisfied from the statistical
tests. Finally, the hybrid model, ZARBFNN((X[7]
,3),10,1)-ARIMA(0,1,2)X[7] is expressed as
follow,

8

= Z(W.ia x exp—(iw[in +
i=1

J=1

forecast
PM.

3 2
;ijPMl_k-i-bj—ij J-i—bo , (13)

+e_,—0.1968x

t-1

+W, xX+eg,

Actual __ Approx
ez—z -2
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where a number of w; and wy; parameters from

this model are not shown here, and

W, xX =1.30xCO, , +1.09% 0,
+0.29% 50, |

+0.44x GW,_ —0.48x P_ —1.89x H,_,

-1

-1.96x NO

2,t-1

(14)

The forecast results of the proposed hybrid
forecast models mentioned above were shown in
the next Section with the discussions.

3. Results and discussions

The hybrid forecast models formulated in
Section 2 are validated with the testing data in
2015 in order to indicate how well the model has
been trained. The forecast results of the Model
(1) AMLPNN(1,1,1)-ARIMA(1,1,0), Model (2)
hRBFNN(1,2,1)-ARIMA(0,1,2), Model (3) "M
LPNN((XT7],3),1)-ARIMA( 1,1,0) X[ 7] and
Model (4) ARBFNN((X[7],3,1),10)-ARIMA(0,1
,2)X[7] are illustrated in Fig. 4-7, respectively. It
is indicated that the hybrid forecast Model 1-4
can estimate the high PM-10 very well.
Furthermore, it is seen that Model ( 4)
outperforms Model (1), Model (3) and Model
(2), respectively.

By using testing data in 2016, the proposed
hybrid forecast models were compared to the
previous models referenced in [12] including
ARIMA(4,1,3), ARIMA(4,1,3)X]1], MLPNN(1,
1,1), RBFNN(1,2,1), /ARIMA(4,1,3)-MLPNN
([2,1],1,1), ARIMA(4,1,3)-RBFNN([1,2],2,1),
hRBFNN(1,2,1)-ARIMA(0,1,2) and ZARIMA(4
,1,3)X(1)-RBFNN([1,3],2,1). The performance
of models is assessed using MAE, RMSE, AIC
and the number of model parameters (Table 2).
It is found that the ANN-ARIMA/ARIMAX
model gives the best forecast at the high PM-10
level as well as the overall average whereas the
hARIMA/ARIMAX-NN model gives the worst
forecast. It indicates that the prior processing
either linear or nonlinear is the significant issue.
Since main pattern of the PM-10 problem is
nonlinear and complex then the NN as the

nonlinear model should firstly perform and
continue with the ARIMA/ARIMAX model as
the linear model. However, in general, there is
no any theoretical guarantee which model is
better because it depends on a particular
problem. For ranking the PM-10 forecast models
with AIC [18] that seeks a model which has a
good fit but few parameters, it is defined as,
2.4

AIC:nlog(—J+2K, (15)

n

where ¢; is the normally distributed residuals, n
is the number of test data, and K is the total
number of parameters in the model. The
preferred model is the one with the minimum
AIC.

Although Model (4) provided the most
accurate forecast considered from the RMSE
and MAE. However, a number of its parameters
caused complexity and high computation time is
not suitable and reliable in the real practice.
From the model assessment through AIC, it was
shown that Model (1), Model (3) and Model (2)
are considered as the best model whereas Model
(4) is the worst model (Table 2). To forecast 5-
day PM-10 (PM 101, PM10s2 ,..., and PM10,:5)
by the Model (1), hybrid MLPNN-ARIMA
model, the results showed that it gives accurate
and reliable for only 1-day forecast while the
forecast trend increasingly saturates for 2-day to
5-day forecast.However it was seen from Table
1 that most of the variables have a wide range of
relative change (ratio of variance compared to
range) from 0.06 (of SO,) to 4.09 (of PM-10).
The proposed hybrid forecast model based on
one rule describing the dynamic change of the
input variables probably would not be sufficient
to provide the most accurate forecast. To
complete our work, the forecast model based on
an ANFIS model was further implemented to
compare the performance against the AMLPNN-
ARIMA model as the best model and others.

300 T T T

200~

=
< 100 ; :
D_ by
0 ) ' -
_ i [ i i i i
1000 20 40 0 0 100 120

— Actual data
Forecast by hMLPNN(1,1)-
ARIMA(1,10) model

sample time (day) during Jan-Apr of year 2015
Fig. 4 The validated results from the Model (1), Z/MLPNN(1,1,1)-ARIMA(1,1,0).

208



Engng.J.CMU.(2018) 25 (1)

300 T T T T
= Actual data
200%+- e« A dls e Forecast by hRBFNN(1,2)- |I
o AR(0)I(1)MA[2] model
< 100 .® .
o ; \
0 i .
[ )
-100 [ [ [ [ [ [
0 20 40 60 80 100 120 140
sample time (day) during Jan-Apr of year 2015
Fig. 5 The validated results from the Model (2), Z/RBFNN(1,2,1)-ARIMA(0,1,2).
300 T T T T
— Actual data
200~ N P Forecast by hMLPNN(X[7],1)-
o . ARIMAX(1,1,0) model
= 100} . e 0 P . ~ S _' S e R
o \ ™S K . \/® ¢ o/ TN
o «* % *) %o ye -
-100 [ [ [ [ [ [
0 20 40 60 80 100 120 140
sample time (day) during Jan-Apr of year 2015
Fig. 6 The validated results from the Model (3), ZIMLPNN((X[7],3),1)-ARIMA(1,1,0)X]7].
300 T T T T
= Actual data
________ Forecast by hRBFNN((X[7],3),10)-
o 200}~ AR(0)I(1)MA[2]X model H
=
2 100+ .
()
L

i I
20 40 60

; I i
80 100 120 140

sample time (day) during Jan-Apri of year 2015
Fig. 7 The validated results from the Model (4), ZRBFNN((X[7],3),10)-ARIMA(0,1,2)X]7].

Table 2 Performance comparison of the proposed PM-10 forecast models with existing models.

Model Ranking RMSE | MAE | Arc | Thenumberof model
parameters

1) Model (1)AMLPNN(1.1.1)-ARIMA(1.1,0) 122 | 89 | 198 |5 (w=2.b=2, AR=1)
2) Model(3)AMLPNN((X[7].3).1.1)-ARIMAX(1.1,0) | 138 | 93 | 50.1 | 14 (w=11, =2, AR=I)
3) Model(2)ARBFNN(1.2,1)-ARIMA(0.1,2) 173 | 117 | 62.1 | 8 (w=4, b=3. MA[2]=])
4) ARIMA(4.1 3)X(1) 231 | 157 | 918 | 8 (AR=4, MA=3, ¥=1)
5) MLPNN(1.1.1) 254 | 160 | 936 | 4 (w=2, b=2)
6) ARIMA(4.1.3) 247 | 166 | 969 | 7 (AR=4, MA=3)
7) RBENN(1.2.1) 257 | 160 | 1008 | 7 (w=4, b=3)
8) KARIMA(4.1,3)X(1)-MLPNN([L1].L.1) 246 | 160 | 108.6 | 13 (8:v=3.6=2)
9) hARIMA (4.1.3)-MLPNN([2.1].1.1) 255 | 153 | 1122 | 13 (Tov=db=2)
10) #ZARIMA(4.1.3)X(1)-RBFNN([1 3].2.1) 264 | 150 | 1317 | 218.w=10.=3)
11) ”ARIMA(4.1.3)-RBFNN([1.2].2.1) 282 | 17.9 | 1327 | 18 (7.v=8.6=3)
12) Model(4)ARBENN((X[71.3).10.1)-ARIMAX(0.1.2) | 98 | 74 | 230.6 | 122(w=110.=11.1)

The ANFIS structure is obtained by
embedding the fuzzy inference rules into the
framework of adaptive networks [19]. For 5-day
PM-10 forecast i.e., PM;1, ..., and PMys, five
different ANFIS models used the historical P-
time lag PM-10 (PM.i, ..., and PM,p) and
exogenous variables, X = [CO, O3, SO,, NO-,
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GW, P, T, H]" as the input variables and the
number of membership functions (MFs) is Npu-
Dseeos NPM(;—P), Nco, ..., and Ny, respectively. It
gives the output as the PM;:; where i =0, ..., 4.
The ANFIS model typically includes 5 layers in
which nodes of the same layer have similar MF
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(Fig. 8). The stepwise procedures are detailed as

and resulted the weight values as

follows, ' . ' Wi = Loy, XX Mpngopy, Xeoe X Mg

e Layer 1: The input variables are normalized (16)
to the raI‘lgC}EO, 1] . . £ Wherej = 1, 2, coey Nude.

* Layer. 2: The adaptive nodes COHSlSt?d 0 The consequence rules corresponding with
Qausswn .MF s (GMF) transforms the crisp of the weight values are posed to the layer 5 for
1fnput Va?;?; to T{I;SBde]\%;ee OfPSI’\/IiBC}u) of the implication evaluating.

uzzy se o 2o e B v e Layer 5: The forecast output is averagel
H = {(NB, NS, ..., PS, PB} which are el o P ey
) calculated by
denoted by 4, -ty 2o Mg, > respectively
1 1 NVUE erl(’
where x is the fuzzy variable, xe {NB, NS, PM,.. :z ‘711 w, 49]. /Z ‘71, W, (17)
..., PS, PB} and NB, NS, PS and PB are /= /=
referred as negative big, negative small,
positive small and positive big, respectively. o fayerl  Layer  Layerd  Layert  Layers

e Layer 3: The number of constructed IF- ; N o il i
THEN rules, Nrulg, is NPM(,_l)X. . .XNPM([_P)XNCO é PMys, :; = W ii i
X...xNp. For the first-order Sugeno fuzzy, P PMa NN W
the fuzzy rule is shown for example below: PMes AR : 1 i
Rule i: IFPM,.is NB and ... and PM,.p is NB i orco] LD\, g M0,

and ,..., and His NB, boos R = |

_ L[ so LT :

THEN& —pl(PA/[t.l) +.. .+pP(PMt.p) Ex— o, .: NSJ\. I i

+...+ pu(H) + po. Sl e /¢ , / i

The number of system parameters is ' ZW N, 4 ;

(Neme-yt.. .+ Npu-py+ Neot.. . FNm)X(2+Nyuie) Pl | e NG e i

incl'uding GMFs parameters (centre, ¢ and | e  PMLPM, 2’PM‘PX """"""
variance, o°) and C;:onsequence parameters Fig. 8 The PM-10 forecast based on

(1.5 PP>-... pri, and po). . ) ANFIS model.

e Layer 4: For the rule premise evaluation, the
product for 7-norm (logical and) is chosen
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150 150 150

§ 100 § 100 :‘-5 100
= = =
% o o
50 50 50
0 0 0
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Fig. 9 A 5-day PM-10 forecast by using the optimal AIMLPNN-ARIMA model.
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Fig. 10 A 5-day PM-10 forecast using the ANFIS model.
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Fig. 11 The correlation between hotspots and PM-10 in the period January-April
during 2012-2016 of Chiang Mai Province, Thailand.

The outputs of the adaptive nodes depend
on the adjusted parameters which should be
iteratively adjusted to minimize the error
through the learning rule. For evaluation by
ANFIS editor in MATLAB program, a large
number of parameters and also the MFs can lead
to very slow convergence or terminated
program. To optimize the ANFIS through the
experimental design, it was found that the
significant variables for 1-day forecast is {PM,.
and H} and for 2-5 days forecast are {PM..i, T}.

To construct the ANFIS model, the number
of MFs of PM,;,, H and T were set to 5
corresponds to 25 fuzzy rules. The number of
system parameters according to 25 rules yields
2x5+2x5+3x5%5 = 95 parameters which were
adjusted through a hybrid learning rule
combining the BP gradient descent and a least-
squares method. By using the test data in 2016,
the ANFIS gives the forecast performance
slightly less than that of the AMLPNN-ARIMA
(Fig.9-10) and requires more cost computation
and a number of parameters. The execution time
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of forecast Model 1-4 is less than a second since
they have exactly closed-form expressions
referred to (2), (8), (10) and (13), respectively.
However, the different complexity in those
models, Model 4 takes more execution time
than Model (3), (2) and (1), respectively. While
the ANFIS model related to the fuzzy IF-THEN
rules transformations and has not exactly closed-
form expression requires more running time of
program 3-4 times that of the hybrid Model 1-4.

For the application, the optimal hybrid PM-
10 forecast model was online embedded through
some application software beneficial for the
people in Chiang Mai and nearby to
instantaneously get the information and prepare
in advance.

4. Conclusions

This  work  presents the  various
methodologies to formulate the PM-10 forecast
model during high season in Chiang Mai
(Thailand). The single models including,
ARIMA, ARIMAX, MLPNN and RBFNN and
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the hybrid models including, ZFARIMA( X) -
MLPNN/ RBFNN and #MLPNN/RBFNN-ARI
MA( X) were implemented. The significant
historical PM-10 data, related meteorological
data and correlated toxic gases were taken as the
input variable. The performance of the models
in terms of accuracy identified by RMSE and
MAE is indicated that ARBFNN-ARIMAX
model performed better than the rest. However,
trade-off between accuracy and reliability
through AIC, it indicated that the AMLPNN-
ARIMA model was the optimal model whereas
the AMLPNN-ARIMAX and the ARBFNN-
ARIMA model were the sub-optimal models.
The ARBFNN-ARIMAX model was identified
as the worst model. To further verify the
forecast performance between the optimal
AMLPNN-ARIMA model and the ANFIS based

In the future, one possible extension of this
research is to improve the forecast model by
including hotspot as the other exogenous
variable since it was demonstrated the great
impacts of the burning in this area which is
evident through the correlation between the
hotspots, counted from Terra and Aqua MODIS
(Moderate Resolution Imaging Spectroradiometer)
and PM-10 level (Fig. 11). In addition, the
forecast is extended for the other upper
provinces in Northern Thailand where PM-10
produce great impacts on human health.
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The chemical components of the liquid organic product were also identified by Gas

Chromatography-Mass Spectrometer and it could be found that the % selectivities of 72.39, 13.75 and
12.96% were Fatty Acid Methyl Ester, Ketone and Olefins (gasoline, kerosene and diesel),
respectively. Fractional distillation of liquid organic product has the most green diesel. The product
which was green diesel showed a calorific value of 43.35 MJ/kg and viscosity of 4.96 cSt that were
better than those of biodiesel and closer to diesel oil. The green fuel was also tested in an indirect
injection and a direct injection diesel engine and results were compared with the diesel oil. It could be
found that the thermal efficiencies of the engines with the green diesel were close to those with diesel
oil while the CO emissions were lower around 39.17% and the Nox emissions were higher around

10.1%.
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Parameter Biofuel
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Calorific value MlJ/kg 38.41 38.62 43.35 46.70
Viscosity at cSt 45.47 6.28 4.96 3.73
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ABSTRACT

This paper investigates production schedule of precast slab with different lengths of slab, size
of wires and number of wires. Every precast slabs with various parameters need to be produced in a
same mold with fixed length, which commonly caused the factory needs to produce over-demand and
over-stock in the warehouse. This paper presents the heuristic approach such as Earliest Due Date
(EDD), First Come First Serve (FCFS), Shortest Processing Time (SPT), Minimum Slack Time
(MST), Critical Ratio (CR), and determines products list for finished goods inventory. The results
compared with the current method using Key Performance Indicator (KPI) such as number of tardy
Jobs, total tardiness, maximum tardiness, finished goods inventory, holding cost, utilization of
warehouse, utilization of machines and loss worth of material. From the results, we development new
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method is Shortest Processing Time (SPT) + Slack Timel (Slackl) and found out that SPT+Slackl is
number of tardy jobs decreased from 170 to 95 (decreased 44.12%) and finished goods inventory
decreased from 5,085 to 4,164 sheets/day (decreased 21.32%) then utilization of warehouse 52.96%
and save total cost 1,278,938 baht/year (decreased 8.34%)
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ABSTRACT
The aim of this research was to study the influence of the friction welding parameters on the
mechanical properties and the microstructure of AISI 304 stainless steel and high speed steel (HSS)
joint used in the cutting tool manufacturing. There were four welding variables studied in this
investigation including friction pressure, friction time, forging pressure and forging time. The results
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found that all variables in this experiment was influential on the tensile strength, and the optimal
friction welding condition obtained from the study was 20 bar for the friction pressure, 20 seconds for
the friction time, 30 bar for the forging pressure and 30 seconds for the forging time that created the
maximum tensile strength of 12,214.50 N. In addition, the microhardness of interface zone was higher
than AISI 304 stainless steel, but it was less than HSS, the intermetallic phase formation was found

from being connected by friction welding.

Keywords: Friction welding, High-speed steel, Stainless steel, Microhardness
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nageUlMANNAUMULTIRUNAY 12,647.18 N T

ANUAAIAADOUINATNIUEY 3.54%

M3191 5 ANOVA dauilsdmsuaunsiiuieniy

Y =
ATUNTULLIIAN
Term Coefficient | SE Coefficient P-
Value
Constant | -27817.5 7410.360 0.001
t 824.3 168.350 <0.001
P, 471.7 168.350 0.008
t 617.4 271.460 0.028
P, 1087.0 271.460 <0.001
t1*P; -30.9 10.650 0.006
©*P, -27.4 10.650 0.014
Y =Bo + Pit1 + B2P1 + stz + PaPa
+ Bst1*P;1 + Bot2*P2 (2)
M31951 6 ANOVA dmsuaumsyiue
Seq Adj F-
Source DF SS MS Ratio P-Value
. 4.07 6.78
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. 0.51 2.55
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Total 47 E-08
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