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ABSTRACT

The objective of this study is to apply single minute exchange of die (SMED) and Eliminate,
Combine, Rearrange and Simplify (ECRS) techniques to analyse and provide improvement methods in
order to reduce powdered drink Mix process waste time. From the study result, the highest packing
process waste time is the time for aluminum foil changed operation. The major root cause came from
lacking of working standards. Therefore, after adoption of SMED technique and ECRS technique such
as rearrange, eliminate, and simplify, waste time of aluminum foil changed operation was reduced 565
sec/time that was 67% reduction from original time. Moreover, Total capacity of packing process was
increased 16,143 unit/day
Keyword: Single minute exchange of die, Machine set up, Waste reduction. ECRS technique.
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ABSTRACT

This project presented an investigation of effect of charged pressure for power generation
from Beta-Stirling engine. The engine was calculated power output and analyzed by computational
fluid dynamics software (ANSYS Fluent 16.2). The control volume was considered as 2D
axisymmetric for numerical method and the k — ¢ turbulence model was used. The engine was
calculated at constant hot end temperature, 773 K and constant cold end temperature, 300 K. The
charged pressure in each case was 1, 2, 3 and 4 bar. The results showed that power output, heat
transfer rate and flow velocity were varied depending on the charged pressure. Increasing charged
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pressure of a working fluid resulted in increasing of power output due to increasing of pressure
distribution. Meanwhile, heat transfer rate increased due to higher fluid velocity. On the other hand,
temperature variation in hot volume decreased when charged pressure was increased.

Keyword: Stirling engine, Computational fluid dynamics, Charged pressure, Compressible flow

1. unin
TaatiumsuesnInasnumadon i wunu
1 [ [ [ 3.’ v o o ~
uvaanaanundnagaiumsuunaulatazdnm
08190 119U NUN DV LN AINFINUN AN N
' 1] Y
ANWITDABVAUDIANADINT NN GIVY 1A
naanuazoanasa indsnu Idegaasiiieaay
(B Y a a a 2 = g U @ A A
TunelWiRauaniiynavuI U uuMaINadInUNTAY
W1au 199619810 §2081UFU WAIIUUFTIDINAE
o o 9 ya < 9 s o Y
Naauay wasnuaNusoulannaw fudu Wi 19y
mMsauumalulagnaznlasundaanuaiiuiou

Tdundsaunamnsaihunlsldinass Temi 18 wu

T
=

mian)aeuldegluzlveandsalid malulagnd
' = = 3 o A =
anuinaulavaziimsanyuuiuunnyianiiaiu
A A 14 Ia A I3 Ia =
719 1AT9BUATINDTAY TaaiATOBUATADI aIIZ)aou
@ Y I o Y =X
wavuanudou lihilundsauna udar3eamiso
= o = o a o
nlasundsaunaliiduwdsou liihnawnsor s
UszTomila inTessudmansasnzamnsariinulae
K 2 o A o o
UsznouyuIInFudIunan Ao gngunias (Power
. a J .
Piston), gnguadimaaiyes (Displacer), qﬂﬂmf
. , )
wanlaounanuieude¥eunagiiu (Hot & Cold heat
exchanger) 1ag Fnumeinaed (Regenerator) 3
msiauRannasiauivssgneluniesoud
= o qy A 4 a s A q Yo
gaitignih iiadeun laggnguamwadisesiie 1451
¥ 4 = v y Y
ANuieuvnglnssiuanasuaruiouludeion
o Y o = a é’ Y KX a o
miashauligurgigavuudivunansvesdd
x 1 H 9
eauligngumdunnoun vasnniuasfiiauy
4 o = O
waoulidsgunsainanlaounnudeoulududuiien
P 2 A 99 v o o
anwdou lnwazive ldansonseunduaniuanu
¥ Va3 v o A Y & = s
Foulnmu manlluigansdnasanile Tagsnumesmos
a 4 s o Yy A1 o g '
nussgnelunsessuavzsiminmennnutazilasy
Y v o & a
AnuFou iy Feazamsoandiuiuniw

v A9 ' v ' o q ¥ A
JouNAvaNITINUKAININTOU ¥ 1 N1TINY

13

@

a A 4 J SO 3 2 )
UszanSnmveunsesoud 19NA1gaIL uenIniidall

@

] r 9
ﬂﬁﬁﬂ‘]&lWﬂﬁLWi\l‘ﬂi%ﬁ‘ﬂ‘ﬁﬂWWﬂlﬂ\?lﬂ%@\wuﬁ' U

A < Ja g A A A '
INT0UA A0S AT UIATOIBUANITENIN
in3essuatrlviniouen (External combustion

. ' A s & 1A 9
engine) nuonuIUAIeIeuANY lunan1sa T
4 4 1 o [
MeluinSedsuauaaziiinuseuNIINLNad
d o 4 s o
aNudaumeuen W liinsessudau1sasuANY
Fouanunainuiou ldedravarnvalrsnazns

o v A I A a A o woA 2 v
W ldinseseuatilse@ninmusemaingenld
o Y = = 1 a Fal
JuudeamsanynazlSulgansimesaia o

A g Y 1 A A
VBUATOIIUA I UA NIz ey Tun1sdsziivma
a < ° A R
ATENVVDINITINADS NMIMMINATOUIATDIBUATI U
an A A = oy ° a o A
FndinsAneieg lides Tassimsnasuiaqusoe
YUIAVBINITINN DS A9 9 1FIMIANNFURUTVB
A R =
WITIWNDTUUDBNN NITANYIUBY B. Kongtragool
ag S. Wongwises [1,2] 101381579 n193iaun
Y} A o sa ' 9
HALMI 1FUUDAUATDIBUAAADS AIUUUHAIANNT DU
INUAIDINATUASIAUDINATDIIUATIADS AIFTIA
Y '
unwi gesgngumasiuiinnuansanagiinuld
VuLHaInNuTouInuaseInadudviimsadiay
4 Ia a [ @ 1
NATDVIATDIBUANNDT a9 AUANNT g 1denad
NEINUANNTDUDIN solar simulator NANWTUVDA
HAANAUINDHINIADDAUDINMIHINUYDUATDIBUF
apanudunainld wusennuiuvesaslinigs
< A yyo o A s 2 )
nzaNsnge lamasveuniossuagaiuaiu lidqe
UBNIINNTANYINTIABULNAIAIUT oY A1V
a 4 A s A o o =1
msdmeineluniessuanianudiaguazinig
ANHUFUNU
Wen-Lih Chenet al. [3] 1da%i1n15nadou

d' 4 Ia A @ = A

A5 098UA AIADT AN IS5 VBRI I UIUBITIADS NI
1o v oAy Y ' Y]
Wanon1aan 1d TagainmsnaasunuIns lsvuia

9 ~ L ] o v o
Lﬁ‘lﬂfﬂlE’NSL%HLNE’Jl‘il@l’t‘)i‘ﬂLﬁﬂaﬂ%gﬂﬂ‘ﬂ’ﬂ’ﬂuﬂu



0U.NOLA lla: 15.8SsuIN

=

= A s X ' =

nga@emelunsessuagavunazaInaninisan
Y5z ANTAMUeIAIIIUILBITIAD IR BIAZMIANEN
w99 M. Tanaka et al. [4] ¥iimsAnyImaaoaon

[ @ o @ 4
ANuduNUTVeIalsve T nuIueITInOT AL

4 s Ja A o Y =
INTOUANINDS AUNOTIUIBHAVDIANUALGYITY
demsiau nadninumesines iefszansa
o o A Y ¥ Ed
MINSWAUUATOIOUA IAZAINUINTY UDNINNT

v v A a P
nagauNal N3 lFaunsu e uIelsingnisal
A a 4 I3 [ 1 [ o
MnamolunIoseudnimIAnIvEINIHA1BUNY

B. Kongtragool tay S. Wongwises [5] ¥11mM3

MaumMsnaINsniuIemaIveanIossuaaAesag
A ' Y o = o Ay ¥ '
yiaunui udnhuuSeuouradwin ldveaay
AUN15 WU 1015 1¥aun15 Mean pressure power
formula Tumstsziiuiinnmummnz auieaneNazn

' a 14 A o dy Y =
AWITIVIADTVDUATOIIUA 1D 0IAY FITUNIT
AINa199nHAUIAeN191N Beale number Tageide
3 v A s sa '
MINVTDYAUDIATDIBUANADTAIVUIAA )

K. Kraitong tta ¢ K. Mahkamov [6] 1713
= ' a A S o A %
AN IMIAIMIT NI S N IZ AN dIMTUIAT 08 UA

Ia { o o [ a a L4
daosasnnuiundinunaseing Tasdiasiey
nnaunsniames lulamiinduariinisdiuin
$2uny Genetic Algorithm ¥irldaruisaiuigs

A Y X gy w o A !

Yo uAT08UA 19 gein 18 Tasdsnainuiuvasnnu
v a
Jouaw
B. Kongtragool 1ag S. Wongwises [7] 141
MsAnEINansznuYedIuiasate (Dead volume)
U < 1
meluaiwdu (Cold space), aauiou (Hot space)
~ s A 1 o w A 4 Ja
HAYINUIUBITIADST NUHANDNEIUATOIBUATIADTAY
v s A J 1 o 0= o &
roaumanes 1ulauindisuny Fwaansuans

Y < 1A A a = 2 '
T unvalivuaves Usuasate Aunduszdina
o qQ Yo o A 7o & =] P = a
mlimauaseseuddiaslyd Fwumulanmsanun

9 Y
18na N IANNFUFoUINTUAINEIRY 1A IR

' a o a X v o
liansaesurelsingmssinmnaiunseunudamisn
< A a ,3 Y ] o v 2 a L4
wuamnnaduldesatany d9iun15nT ey

v J a ° .
aronamansvodvarFadiuim (Computational

14

fluid dynamics, CFD) 3atd1u1iiunuined1auin
A = ] Y
esnnamsoAnyaztaanammizyanaulala

< o a 2 Yo ' a 7
waziiusingmsainmnayu ldganuninsinsz

Y
ApUHINL
. 9Y o U

Wen-Lih Chen et al. [8] lavi1nm15fnb1nian

' o oA A s sa =
MINUNANVUSDUHNIUANATDITUATIADTA NITANYA
YInamemaNydeuaIusoven lauuusaRg
foremanudeuiuinisoremanudeu lumisu

g’/ a 4 a <3

ABOANIANTBIDINNAVBIQUHTIAZANUETING Ira
foanuluneazusnm

S. Alfarawi [9] 1n1s@nu 1 lasldimatiin

Y )

mmﬂumﬁamwamwmammﬂa (Phase angle)
funTeseud maesasriiaunua tazwunanalai
mizauae 105 semn aeezlimmasgaiga

o 2 e o a A o =

aaiuluunaNuiluuInan ziInsAnY

A o o 9

HINANTENUIHBI1ANITOAANNAUIY1 11Ty

A a a

130soUATIADS A Iagiap NI s aNFHaM gyl
A A = 9 d' 9 =2
A9 199 InIMIszydoyaiasudIusmdIanso
) o y A 3 =
ananugudeulunmsdiuinla nsessudazgnanm
oA a X .
Taggisingmsaininarunielulddunsdnylae
Tisunsy ANSYS Fluent e 1 @1u1350%i1a21u
9 oA a X A~ Y K
wWhlvdsingmssinfatuntelulelinnudugeyu

Y

vazawsajunaldulumsadvnunaziidives
4

A s Ja Aa 9 o v A o
IATONYUATLADIANNUANUFUNUSNUAINNAUNDA

wn Tlnneluy

o d‘ d da
2. MS51AVITTVVINIBIEUATIND T A
= a’d' a ds! L!' o
lumsanulsingmsainnatunielunsesoud
Ia A A <
amesas iminadoulumiesoudrainnategluny
' < 7
HaznaINMaevuIa 9614 lsnamuMInaaoUIMay
1 1 9 Y d‘ Y £ 9 o
daumnluldseydeyanasudriudanudmivms
o I '
et ulamuvesldsunsy 9y vuIAv04
A P a P ' Y o &
IAT090UA AWITNADI NV LIVAAIT ) 1D udY A9y
= e A ¥ A P ’a A v
TumsanuitiduaenldinSossudamos aa A

MNUNANNYEY Aksoy tag Cinars [10] Tagldszun



na'lnuuy Rhombic drive #iidoyavunaniosous
aaesaanimeluunanuiiesaneaonisasialamu
aauanaluasan 1

& A A o sa a 9 A

FINTLADNATOIIUATADTAITUALUAINUND
a ¢ A A o A s
IR HieInnlanvazvealsunsnelunieeua
NAVWIATIDVLAUMNEIIVDUATDIUA 117 U

9 A a o a 7
#5319 Tau e NATIZTHAINITONATITHUUTEUIY
au1as 2 1@ (2D Axisymmetric) 18 TaginTosoud
v A a s A 4
duuvuuaainingln 1 lumsdnsiziinsossud
3 o ] 3 [
Tdormailuaisiiau meluszgouiseenilu 3 dau
A ' . A ' 9 '
Ao aauve1y (Expansion zone) 150 @3U3I0U, 91U
@ . A 1 < ] 1
99 (Compression zone) 350 @IULEU HATFDIIN
szvINAmNameosaynszuengy (Narrow zone)
glz U 9 I

Tagoniamelunsaudivszgnaiuiulamwuves
s Iaglinosanmsnelives)Suasena
iasnunudesognguamnadiaes 1o 1nil
=y a I =% <3 =
WSuasaadlumies 3.1 nlesiFudvesllsunseinia
g’; A Y 2 9
navuauaziiie IMa1u1500an NN T UFo U IUN1g

furnveslamwuadld Tawugnadiemugili 2

~ A 7Y
M319N 1 vuaveuasosguaauuy [10]

o A 4 a a
aulsueunseeeud VUIA (UAaUAT)
Y " J
T UFTUAUINA YD
- . 86
NITUINYNFUANNATIYDT
Y i J a
IUFAUgUINaNgnguad
. 84.5
INaAYoT
a s
ANUYNPNFUANNAALYDT 155
L%’umuﬂuﬁnmqgﬂquﬁwﬁq 86
AUE1IVOIPNFUMAY 90
Rhombus length (1) 66
Selvos Crankshaft (R 1:1/2.6666
urasnnuieu (Tr) (K) 773
Y
unasnuious (Te) (K) 300
GREARNRIN RLRT

15

Engng.J.CMU.(2020) 27 (1)

€h Hot volume
Displacer
ec} Cold volume
—— Piston

a o A s sa  a v
51]7] 1 UHAIANHUZVDUATOIIUATIADTAIFUAILA

u

agzna Iy Rhombic drive [10]

~ o A 7
31U 2 uaasTamuvesasinumelunioseua
Jsa A v ' % ' ' '
ARoTAIBUAN [11] a- @IUTOU b- ¥DIINNTTHIN
a 4 1 <
ATNANYOTUALATSUDNGY C- AIUETU

d — Moving wall

) d
3. !!U‘Uﬂ‘]aﬂﬂﬂ']\?ﬂaﬂﬂ]ﬁﬂﬁ
o v o d A d da
3.1 HUUNARIANNATNNHEVUDUNIT DB UATIND 5D
' Y Y
Tawungnadeiuezgnasa ldamsa Moving
v
mesh 18 TasnmisasauSnugngu (Ad d) uazgngu
a J A 4 § 1%
Aamaaes (@1a, b, ) IRImsndeui laverds
A s ¥ g A A -
aumsnundamansadalls Iidmsmasunveana
' 4 Ao o v
aosaruldindeunduwusnnduldawnalnuuy
v Y
Rhombic drive aaaumsiuanasasliii

ec = (Rercos0 — L cos Br + 1)
- (lpr + R cos 0 + Ly cos B + %)

(1

ep =U.— (Rey €088 — Ly cos Br + Ly + Hy) (2)



0U.NOLA lla: 15.8SsuIN

B = sin 1(05— smB)

3)

udrenunsmimauiomdwniansngou
a { g {
yoagnguuazgnguadmadmae’ miluldaiwgili 3

= T < v Y Yo &
wifSuasvesaruguLazaIuIou Vlﬂﬂ\iu

]/C:

“)
)

ecAc

Vi = endp

2 U < 1

Tae V., v, fo1f5masemadimdunazdiuion

A X d 9o - oy &

Ac, A AOMUNMINARYEIEBULAZTIUTOU TUnila

y .
soUInInTazimImuIn 600 ATIABNIIITEUIYINT
VA, o H ] a
udruseuluiiekinsmuingiauniiaigungi
pazganuAuizNauvesiginseg lunlasundaly
9
1IninInsnounth ndsnniudezauisadiuim

4
WA Power output 1adsil

dVC av,
VVLnchated - f (PC + Ph _h)dt

(6)
(7

Pingicatea = fWindicatea

[ 1 < 1

Taw P, P, Aeanuaumeluauduazauion
A aa A S Y £%

Windicatea 109U gNTNAT090UAa31914 10 1 500
v @ 5 4 L [ 1
10INT £ Ao AWITITOUVDIUATOIGUA TUHUIITOUAD

a = A o o A A 4 9
TUINNUAE PigicareqN O N8N AT DI UAT S 1911 1

5OUININT

0.06) =

0.041

Position ( meters )

—Displacer

—Piston

—_— = - > i 1
0 50 100 150 250 300 350

Crank angle ( degree )

51N 3 uaasnnudusiusve eI un

a4

SEHINgNGUIAzgNgUATINadYeT

16

3.2 aumniugu
Tunisimsiginameaasved Ivamasiuiaag
awrsaiimsuddynilasldi5n15n1e Numerical
Tage Ao suAaUMIAILANAD auMIANAeIi0a
AU TUNUAN FUMTNEINULAZTUNTTNIE 1AY
finsanomaainsasad1d Tasamsadouldsei
aunsanudiio [12]
L+ (pr) + = (pv) + 22 =0

®)

aums Tuuuau[12]
A(pVy) 1 A(rpvyvy) 1 B(rpvrvx) _B_p
at r ox r
10 81;,, v, 0v,
(e 20 0]+ w22
+E, )
0% | 100pven) | 10Gpvw) _ p
ot | r  ox r _or  or
10 v, 10 v, 0y
+;ar|“(za—“(”)> ol G+ )
2+ D +p L4 (10)
Tagh
- vy, | 0V, | Uy
AUMINAINU[13]
9(pE) .
9t + V- (B(pE +p)) =
V' [kopf VT =2 b + (Tegy - 9)] (12)
Tagh
E=h-2+ z (13)

T p flo ALY,

X, T e axial coordinate tag radial
coordinate
A . . . .
Uy, Uy A9 axial velocity uag radial velocity

A . .
U A9 molecular viscosity
F fo source terms
kerr Ao effective conductivity
J; Ao diffusion flux

= - A . . . .
Tefy * U A0 viscous dissipation



h @ sensible enthalpy
Tunmsasignuuusiassanuiluiluinig
wenlduvuiiasaniuiluiliu k — & 11109910019
o A S o s
Tvaveaarsriinunelumsecsudaan 156 luaad
(Reynolds number) (Aun11A13090 1ML 19519U04

v o

N3

= [ Y
4. nﬁaumﬂuwaawmuwamimam

4.1 msrmanuiludaszveaniauazian
(grid and time-step independence)
MINATIZH Iagodoaumsniuauiie Idamso

a o A S Y
p5u1els IngnisaintelunTesoudriunis 14
Tsunsu ANSYS fluent 16.2 Tumsudidaymi Tae
' A A g a S Yo v o
ADUNIZITUAUNITUATIZY IR INITHINAENT A
CFD wfSsuiieunumadnsainmsnaasuiionia

Y Aq ¥ = A g
anugnaedvedllsunsunly msnfSeumenisuau
MIIMINadeUNeHI grid uaz time-step Nz aw
& ' = v o ° A Y 2
Fevg ludenadanaanivesmsmuinnag ldu Tael
msnagouny lawunidsuiunsauanaienu 3 a
Tasusaz Taulduauniaegn 1,995 n3a, 7,870
n3a az 31,140 N3a LagmMMINAFoUNUIIUIUTO
msduluniledgingdn 3 arde 300, 600 uay
900 50U6DININT 1ABIINMINAADUNLINTINIUIO

v Y v
1300 seuaniginitiu luamwisoldmurunsiuon
n3a 31,140 n3a'ld e luszriansaiuln

a a o a .
vinalimaseaalulamuanay (Negative cell

v

v v K o =) = v J
Volume) AU UMM T TouNeuraans1NNITN

Do

4

A1 600 uaz 900 soUADININT FIWadWF N
9 =1 9 = 1 @ 1 a J 2 o
IS euReuudmuniiaiaenu linu 5 wesidud
Fudeniinsalawuliinisdiuiu 600 soude
v o dAy Y = o a A
3nins wazwadantn ldanmsnlasusiuiuniafe
32.1, 35.2 uaz 35.9 Jadaud ey nunHadnives

Tawunuswaunsa 7,870 nia uaz 31,140 n3a a1

9
@

T W /3 P =
aanulszna 2 nlesibua aavu Tamuiminsayay

17

Engng.J.CMU.(2020) 27 (1)

Y Y a 1A a o
gnadeliuniaedn 7,870 n3a uaziuiusen

M3fmuIUN 600 50UADIHINT

4.2 msnfSsungunanmsnaaeu

' 9
iiesanluunanu Aksoy tag Cinars Huszl)

a

9 A I Y A = o ]
ﬂlﬂy'ﬁﬂlﬂﬂtﬂiﬂﬂﬁlu@]ll’JLWﬂ\iWﬂWﬂ$ﬁ1ﬂ1iﬂu11111°])'

Tumsnageudis CFD 'la aauaaslumsiei 1 ualu
\ A A = v Wy
dyuvesiunnmsuan)aouanudou luldgnszyun
] o
Tuunany Jesuiludeserdenisiszanmaingilves
msnaassaanaadlugii 4 wenasanaisiiiau
meluaTessuannmsnageunsunti wunluuig
1 v v o U oA 1
F9veeiginsasinuiinusdluaadnganii 4,000
v & = A a v W a 4
AUIUIAARNNITANIYINT TasAnI W5 1ngMTalves
matnams lvauuvuiluiliu (Turbulent flow) Taoms
#9151 Turbulent model standard & — £ 1111323
v A ) W Yo 9 &
a0 1tlosananyuzveims Ivaluladudounazilu
Twwanawisaldldnarnvatenazingnidentiie
v = S a s A
doamsanyInalasuniasmnimesvesdgnin
dulasaudeluunniiuves R. Ben-Mansour et
= o =2 A d a = [ dy
al.[11] 9N 1NISANY UATOIYUATUALIAYINU U
F
ladonlF Tuaati lumsudlymidieun ualudiu

A a a 9 Y 1
N’t‘)uv],‘ll‘ll’t‘)‘]J‘]Ji!’JmN’Jﬂ1u“’ll”|\1”lllllﬂ”li'i$‘]_qlﬂﬁﬂi%iﬂﬂ

N R~ { [ o Y a c"dyd‘a
gavigiiudnvazla i lumsinsiziiunm

MuT1992n1Tlsruaanvenvesdnanasy
Aa A A
anuseunidfeu, 773 K uazindu, 300 K sniag
12 wuduas Adgnguadwamyes bilinisniom
Y & ! v v I A
AN3oU vz danaliNaaniuAINARIAIAAD Y
a 2 A 4 o o A ~ a N YR
Madwlofeunuradn niaelimsinTey Baauaas
awgili 5 adaunlsndrualunsnagendls CFD
uaaelua1snei 2
lagwavoeanisnaagevaziiinivin CFD
= =1 @ 1 d' k2 F2 [
Wiswieunuain ldainnisnageuniouny

v ¥
Feuneunin laanmsnaaoudlemaia@ednuil

1]
~

lumsanuives R. Ben-Mansour &4 lduaaanagil

]

14

. : 2 :
5 ‘%Qﬁfﬂﬁ“ﬂﬂﬁﬂﬂﬁﬂ’ﬂuli’)ﬁﬂﬂ"ljﬂﬂﬂ%ﬂﬂﬂuGWI

P}



0U.NOLA lla: 15.8SsuIN

x G o o
380, 408, 450 waz 560 RPM FILUAUNNAANT N
9 v
CFD vuinur TunaeandeanazIndifesnunans
2 ~ 5 A o
naaed lagazmiunluvasnanusisoumnIedeua
A 2 1o o = Y A A 2 =
[STRVETRY! mmawzmmﬂuuw%zzwquu“lﬂ%um
= A Aaa = J Y A v
0 9 WU LTUUMNAAAY Fadlunur ldunaonndes
furan ldannisnaass uazwaansnldsin CFD
i A 4 ' o, & <
umaNuaaamasugIngasgn 11.6% naiusi

591 408 RPM 1ilogunua1ninnsnaasa

LPG Heater

Cooling water
outlet

Tank

Cooling water
inlet

Dynamometer
Brake disc

Force Speed
0ozz]
CHC) o

Load cell

51N 4 uaasaiedganaane [10]

u a

50

40

30 1

Power output (W)

==a==Eyperimental results[10]
oo CED
= # =R Ben-Mansouret et al.[11]

10 . . . .
350 400 450 500 550

Engine speed (RPM)

1 o o Y {
51U 5 mmnlSeumeuamadin ldanranisnaasan

u

o a 'd
AMuaY 1 bar tazmanmMsinIzials CED

M ¥
M319N 2 LEAINIAIAIRINIT N3 V03 2D-CFD

Tamu 2D-Axisymmetric
GRERIRNRIY 1A
ANuAuNe U 1,2, 3 uag 4 bar
gangidadau(k) 773
gamaidudu(K) 300

18

H 9

1 v 1w a J
M13199 2 (710) LAAINITAIAIAINIINIADTVDI 2D-
CFD

Ty
Mesh

Time-step

2D-Axisymmetric
7,870
600
Standard

Viscous model

k—¢

------- Pressure 1 bar
-~ Pressure 2 bar|~

""" Pressure 3 bar
80 -

100

90

— Pressure 4 bar

70

50

Power output (W)

40

30

20

100 200 300 400

Engine speed (RPM)

51U 6 MmwlFsumsuamaanld

b}

500 600

=

Worhmssaanuaumelunsossus

—Pressure 1 bar
— Pressure 2 bar

—Pressure 3 bar
— Pressure 4 bar

Pressure (Pa)

0 1 2 3 4
Volume (cubic meter) «10®

sUn 7 nwlseumeunsalasuudasnnuauniely

a4

4 o 3
A3 DI8UANNNISIT0U 408 RPM

a d a
5. Naﬂ]ﬁﬁ!ﬂﬁ13ﬁ!!ﬁ3ﬂ1ﬁ@ﬂﬂi‘lﬂ

o

Hav1nNN1531a0UFIa1av Iun1sIAIIE KNG

]
~

P A o 4 1o o
manarmaasved lnamasiulanneniainiganla

e

Y
=2

A = @ 1 A A o 1)
wonfSeumeunuluudaznsainiuanuanligauu
A o a P A =
meluniessud lagn1sinsizraz ludinslaey
YUIAVDUATOIOUA HraIgUMNIANNToULAZINEY

a < ' o o
QUNHUAITNIYU uavzdsuesndiuaunieluy



. o 4 s 1 &
Operatin ressure Glﬁﬂﬂlﬂ%ﬂ@ﬂuﬁlcﬂ THULAL
Y gp

o o A @ < v Ay ¥
wimmasnulsiuauanuGEIsou WﬁﬁWﬁWllﬂLLﬁﬂQ

]
[ =

< " o ' 2 o
aeg 6 vz IdedeFanunmamiuanuaudl)

A

s o q ¥ A s sa
ﬂ1fJGl°L!Lﬂ§?NfJ°L!§I’1]$?ﬂll1§ﬂﬂ11ﬂ!ﬂiﬂﬂﬂuﬁﬁkﬁﬂ§a\1

o v A &
NIANNGIVU

U

g}

=t

- . < e '
W151N15911971U N 1 bar Aaegengagin

o § 3 A A
Uszua 43 SaananuE1590 408 RPM st oty
o ' Yo o Ay vy 2 ' d‘
anuauszdwaldmasn Idiugeiu Tasarganga
Tagszanaveamssannuaui 2, 3 uag 4 bar Ao
v A v v
63.4 Taa® 350 RPM, 752 Taauay 88.8 Taa
nszura 300 RPM 1ndideaduaiudidy 1iio
a = o w A o <3 ~
A siasundasniauneunua NIz ITeUN
= 1 o <3 1 R
wlasull uaszaunsadunainldnnsveaduni
1 Y 1 1
M3tARNNANNgIIUIZENTANUFUYDUdUnT 1]
dﬁ! 9 <3 A =1
PUUUNAWY WA UIUUDINIUNAVDN 2 Ltag 4 bar N3
Wasunlainadnwivoaniden 4 bar 921013
wasundaswinna lumsdunuiaan 1dluipging
A s Sa a N ¥
INTDIBUATINDI AILAINITONATIZH 140100519

ANUFUNUTIEHINANUaULazlSuIaT V0 1MA

1]
o A

Tunilaseudging asnudaalugin 7 Taonf5euiion

' '
I A @ [

FTNINUATDIGUANTNITOAANUAUNUANA1N U TAY
- 4 g o o 4 :

WITNANUEITOUASINUN 408 RPM rive1¥¥ns
A ¢ 2 A <
Nasrzrns lraneluiu linlasuulaseauaiuG)

a J a o w
VDN miamﬁwzﬁmmmﬂﬁsmmmuazmm‘lﬁ'
Y

A A o a 2 A A

iﬂ'lﬂ‘W1!1’]ﬂ'lfJGl‘L!’Nﬁﬁ]ﬂ‘lli]\iﬂ'ﬂﬂﬂi!ilﬂ%ﬂﬁlﬂﬁﬁ SFINUN
' v

Glu'Nﬁ'f]‘]J1/]ll']ﬂ%u1’711"Ifla\iﬂ'J"Illﬁ'liJ'lﬁﬂcluﬂ"lﬁﬁ%}'N\ﬂu
v

= < 1

'E'J'E']ﬂll"lﬂllﬂ’%}il']ﬂ%u "l]1ﬂﬂ'l§LlﬁﬂULWﬂﬂLLﬁﬂﬂiﬁ}Lﬁ‘H?W

A A o 9 o v
ﬂ’]ﬁﬂLWNﬂ?’]ﬂﬂulell'lulﬂalizlﬁgﬂﬂﬂgﬂ'lclﬁﬂ]i

Y

d' % 3 3 S 1 ds! 1
nlasuudasnnudumeluiginstiaigeavy danald
F 2 .. 4 . X
W81 UNINTY MAIVDUATOIWUAVL ZITY

9 = v edy v = o A
Gl']illlﬂﬂ'JfJ mwaaww"lﬂumfﬁﬂumﬂmuuwmmwu
1A Y A Y L2
MInaaeany NI TN doandesnUNanIsnagoU

inTesuAmaesasved Halit Karabulut et al. [14]

@

] A A Y "o
TﬂElzl]3?ﬂil1'5ﬂlﬁumlﬁlg]l,ﬁﬂﬁﬂ15lw1lﬂ’nilﬂu AINI1A

=

Ay v A 2 A A o
‘Vlmlﬂﬂzllﬂnjﬁum‘llu HASIUBDINUAIMUAUIUD

19

Engng.J.CMU.(2020) 27 (1)

Y @

' = v o & Ao A
A1) UUILAI HAANTITUNIAINANAY dDANDINY

4 i1
= A

o dAY Y =R GO ' o o A A a
WAGNEN 1A F9ITUINFe IV IMaI NN VAU B Y
= o 9 2 ' ' y A
mstlasunnuauligevy ¥eed1aiuGuanag
BURINUNISTNATDY W15 N5l asunilasves
ANMNIEITOUUDUATOIUATINITOAINAADAITTITY

Y 1w A 3 A ' AQ Yo o
moluldiunu Tashinnusiseuigainiganlimas

d' = d'
ganga oimaneluvszlinarlumsuanlasunau

A 9 o

v 9 9 =&
Fountesaam ldanuamsalumsadreaulunils

v o 3 o w § <
soudginsiuiooas MdsveunIetsuanIza 0
Y Y 9 9 v oA 3
a5 ladesasawlilars Tunnduiunanusisen
dniganldmasgeangs emaawisoadieauly
é [ [ Y da! d' =\
wilsseudgins lduinvwiiiesniniinailunis

d' 9 d' 493 1 é [
vanasuanufounuiuinuanaiveanileseuiy
o Aq ¥d 2 ' o A A o
nsnlFnuuvuguny tazilemsiuauaulu

t!' < Vo g 9 3
szuuRanuissevmnuunalidniuiing lva

g A 2 o = @
m@ﬂ@1ﬂ1ﬁﬂ181u]llﬂﬁﬁ'f]ﬂﬂ‘ﬂu Tuueu@sInums

9 [

= P S oYY o & A A
wanasuanudeuniiIdiosas aaiuiemnaiy
o g A o w A v
auluszuy anudiseunlimaigangadalsuaald

EY q

< 2 9 A v A
ﬂ’J']lILﬁ'Jﬁf)TJaﬂﬁ\‘iLaﬂu@ﬂLW@ﬁlW!W3ﬂ$ﬁN°ﬂi]gf;ﬁllﬁﬂ

o Y Yt A @ q o v o
i‘]JﬂﬂiJiE]uUlﬂﬂ!ﬂﬂﬂﬂﬂllﬁ?ﬂcl“ﬁalu’lafﬂﬂi

sun 8 ﬂ?WLLﬁﬂQﬁ?@EjNﬁﬁﬂNﬂﬁ]lﬁﬁ‘llﬂﬂﬁﬁﬁ’l\ﬂu

9

T A 4 J
moludmdouniyuniotsud 90 oem 1 bar



nU.NOLA lla: 15.8ssuln

1.50e+01
1.45¢+01
1.40e+01
1.35e+01
1.30e+01
1.25e+01
1.20e+01
1.15¢+01
1.10e+01
1.05¢+01
1.00e+01
9.50e+00
9.00e+00
8.50e+00

8.00e+00
7.50e+00
1 bar 2 bar L
6.50e+00
6.00e+00
5.50e+00
5.00e+00
4.50e+00
4.00e+00
3.50e+00
3.00e+00
2.50e+00
2.00e+00
1.50e+00
1.00e+00
5.00e-01
0.00e+00
3 bar 4 bar

514 9 mwnfFeuifounnuda (m/s) vesermaniolu

' 9 a A s
AIUTOUNYNIATOIIUA 90 DI

e,

1 bar 2 bar

‘I[ |

4 bar

7.73e+02
7.57e+02
741e+02
7.26e+02
7.10e+02
6.84e+02
6.78e+02
6.63e+02
6.47e+02
6.31e+02
6.15e+02
6.00e+02
5848402
5.68e+02
5.52e+02

§5.37e+02
5.21e+02
5.05e+02
4.89e+02
4.73e+02
4.58e+02
4.42¢+02
4.268+02
4.10e+02
3.95e+02
3.79e+02
3.63e+02
3.47e+02
3.32e+02
3.16e+02
3.00e+02

3 bar

31U 10 mmnlseuinsvgamigil (K) veseimaniely

_é

1 y 4 J
drudounyunsoeusd 90 pam

a { { <

Wars31N 8, 9 waz 10 NANNGITEY 408
RPM Tasuaaaninlugiunuves Vector ag
Contour luz17 8 uaz 9 emalnawuiesuaiw
¥ 0 9.9 ~ & o - o
Fourh IMgunaiigaiu ANUANITUIEITIVI86)
v o w Y Y 1 %
augnguiaeldldauesnui sngiwudinisda

o A X v 9 <
anuaungevudwalidnnusinislvavesena
A @ 9 A 9 v Ao Y
i lvanduduniimgannyumuanuaunsad i/ Tu

A 7 o q a 2 v o o A 4
IATDIYUA 'V]'lclﬂGluﬂﬁl?mﬂ@’]ﬂ’]ﬁﬁuﬂﬁﬂﬂwuﬂ

20

= v a < 2 '
!Laﬂlﬂaﬂuﬂ31ﬂiﬂuNﬂ'«]']il!ﬁ"«]ﬁ\?"llu GRIIGIN

U

D

Re

= 9 a 9 YA
anuamsnlumsasnnudouninirdouliiingeaiu

U
'

<3 ~ ] a A
MUANUIGIVEIINAN Trar 1y Tag o varzNNI3an
T o U Y A @ o
WUDATINITNUNANUITOUNMTOAANNAY 1, 2, 3
=Y 1 9 A a gy
uag 4 bar YoAITINITDYINANNIOUIRATUUNITOU
9
U vaLANABINUTUAD 25.4, 42.3, 62.1 uay 88.8

Y v
v v 3 v oA

Jad mudey dnfumssannuauigailieasms
! 9 A a 9 a0 A2 )
DBNANNTBUVBIDINAUTIUAITOUTAUNVYUAY
A a ¢ a < o
WoNAI1LNINg YN 10 Wumsnaninisnszaedd
a U U <
yosgungivesermanieludiuvesdiuion sziiu
Nlumsdannuauluasuisuduvesiginglae
wasanNtganginazliuasminuluynansa
MINUANUA VI HUBDIN TNV INMAN 18T
| S =R Y1 v J 9 3‘, a0
IATOBUA FAUITATINTDIWNANUTOUHUNA
k1 A ] YA A ~ a °
gavuualSunaanudoulilatlSuaniisanenazin

v a 2 ' ~ o o
1ﬂqmwﬂ"mmmmﬁqwummimwmmﬂmmau

A o ' o 4 ad @ A1 A [
NN mclwqmwQamﬂizi]wmnmaﬂmmamms

A

A 1Y) S v o
myanuaumelunIotoud ualunenaunumaves
mseannuduildanuanselunsversdives

2 4 o { L
eimantelulivinvu Wedoundv ldngdn 7 fee
1 v

annsaven laemaniimssannuaugeiuuiozl
gaungiindnImanduiianuansnlumsverodala

U 1 Y P o a
1NN daraliman)asunilasvesnnuauneluiinn

' = o A Ao o
wnndnsulasunlainnuauvesnsaniinisea

ANUAUNGINN

6. ag1l
A o sa A & A & oA
mSesuaaaosatnoumaluladnilan
weulanawsonasundinuanudouainuvag

] 3 o y o
audoulanldldilundsanunaivisaiiilyls
o 4 Ja 1

U3z Towd 14 MsHaunT oeUdaInDs a9 dIu

'
@ A

o 4 s o '
mmguwa“lﬁ'm%wummmmﬂmumuﬁummmm
v ynd X a 7y s
ﬂﬂiﬂﬁqﬂﬂﬁl\i"uu ﬂﬁ3Lﬂi1$‘l’iﬂ?ﬂ1"mﬁ1ﬁﬁi‘ﬂﬂﬂqﬁa
a o =® g am a Jam A Ay Yo
L‘If\iﬂ1u’lmi]\uﬂu’lﬁﬂ1i’31ﬂi1$1/i'J‘ﬁﬂu\i“l’lvlﬂiﬂﬂ'ﬂll

N oY AN = a 7 A
ulelIﬂﬂll"lli’)ﬂﬂﬂfﬂi‘ﬂﬁnﬂ‘iﬂ')&ﬂi?%ﬁﬂi”lﬂj;]ﬂﬁ‘jmﬂ



Engng.J.CMU.(2020) 27 (1)

a 49! A s ¥ 1 2 =3 dy a a A k2 a dy v 1
!ﬂﬂﬂluﬂWﬂsluLﬂ5@@8“6\1@@31\1%@1%“ 1uﬂ13ﬁﬂmu NJUSL’JmLLamﬂaﬂuﬂ’;mmunmqwuﬂ’m LmGlL!
4 s Ja a Yy 9y o a sy = o A o q ¥ a '
m’i’eNﬂu@lammm%um‘nm“lﬂgﬂumnmﬁ:ﬂﬂ’m GumzmtnﬂullNﬁ“ﬂﬂ‘ﬂmiﬂizmﬂqmwgumﬂiuﬁau
a o ' 4 ' v o Y 1Y) o % o o o A4 A X
!ﬂﬂUﬂﬂ\1ﬂﬁTJlﬁf‘)W1'31?’]'3111ﬁllwu'ﬁallﬂﬂﬂ1i@ﬂﬂ'ﬂllﬂu %}auﬁmmad‘%ﬁﬂﬂ%nﬂumi@ﬂﬂ’nuﬂuﬁmwﬁu

A 79 Y K J ' @ @ A Jd o Y ~
fﬂﬂcluLﬂifNﬂu@ﬂﬂq@ﬂluﬁ]xﬁnﬂiﬂﬁﬂwa@fJNlli N nIseanNauN1elunseseuaillden1al

' 2 o 4 % .:' o o =
ﬂﬁVlﬂ’d@1]WU’.ﬂfﬂiLWiJﬂ’NiJﬂ“LJL"ﬁ’W‘l‘IJﬂWfﬂ‘L!Lﬂ%ENfJu@] (I REY mmmmmmammwam“lﬁ'ﬂmﬂaﬂuuﬂm

v Y a <3 d’@’ o v @ a 49! J Y A 4
i‘NNﬁGl‘Hﬂﬁ'wl‘l’iﬁ‘Ui‘Ni’ﬂﬂWﬁﬂTﬂiUllﬂ’JWNLS’J’QQ“UH@HJ ﬂ:nmu“lu:1;]i]nsnﬂmmmuuazmwaiwmsmﬂu@
o A4 2 ' Yo 1 9 A Yo oy X
mwmumwmuuazmwaﬁlwamwmimﬂmmmsauw mmm”lwmm'lﬂgwu
Y a
9Na1391303

[1] Kongtragool, B., Wongwises, S. Performance of a Twin Power Piston Low Temperature
Differential Stirling Engine Powered by a Solar Simulator. Solar Energy, 2007; 81(7):
884-895.

[2] Kongtragool, B., Wongwises, S. A Review of Solar-Powered Stirling Engines and Low
Temperature Differential Stirling Engines. Renewable and Sustainable Energy Reviews,
2003; 7(2): 131-154.

[3] Chen, W.L., Wong, K.L., Chen, H.E. An Experimental Study on the Performance of the Moving
Regenerator for a I'-Type Twin Power Piston Stirling Engine. Energy Conversion and
Management, 2014; 77 118-128.

[4] Tanaka, M., Yamashita, 1., Chisaka, F. Flow and Heat Transfer Characteristics of the Stirling
Engine Regenerator in an Oscillating Flow. JSME International Journal. ser. 2, Fluids
Engineering, Heat Transfer, Power, Combustion, Thermophysical Properties, 1990; 33(2):
283-289.

[5] Kongtragool, B., Wongwises, S. Investigation on Power Output of the Gamma-Configuration
Low Temperature Differential Stirling Engines. Renewable Energy, 2005; 30(3): 465-476.

[6] Kraitong, K., Mahkamov, K. Optimisation of Low Temperature Difference Solar Stirling Engines
Using Genetic Algorithm. World Renewable Energy Congress, 8—13 May, Linkoping,
Sweden, 2011.

[7] Kongtragool, B., Wongwises, S. Thermodynamic Analysis of a Stirling Engine Including Dead
Volumes of Hot Space, Cold Space and Regenerator. Renewable Energy, 2006; 31(3):
345-359.

[8] Chen, W.L., Wong, K.L., Chang, Y.F. A Computational Fluid Dynamics Study on the Heat
Transfer Characteristics of the Working Cycle of a Low-Temperature-Differential I'-Type
Stirling Engine. International Journal of Heat and Mass Transfer, 2014; 75 145-155.

[9] Alfarawi, S., Al-Dadah, R., Mahmoud, S. Influence of Phase Angle and Dead Volume on
Gamma-Type Stirling Engine Power Using CFD Simulation. Energy Conversion and
Management, 2016; 124: 13-140.

[10] Aksoy, F., Cinar, C. Thermodynamic Analysis of a Beta-Type Stirling Engine with Rhombic
Drive Mechanism. Energy conversion and Management, 2013; 75 319-324.

[11] Ben-Mansour, R., Abuelyamen, A., Mokheimer, E.IM.A. CFD Analysis of Radiation Impact on
Stirling Engine Performance. Energy Conversion and Management, 2017; 152 354-365.

[12] ANSYS FLUENT 12.0.(2009).Continuity and Momentum Equations. April, 1st 2019. [Online],
Available: http://www.afs.enea.it/project/neptunius/docs/fluent/html/th/node11.htm

[13] ANSYS FLUENT 12.0.(2009). Heat Transfer Theory. April, 1st 2019. [Online], Available:
http://www.afs.enea.it/project/neptunius/docs/fluent/html/th/node 107.htm

[14] Karabulut, H., Yucesu, H.S., Cimnar, C. and Aksoy, F. An Experimental Study on the
Development of a B-Type Stirling Engine for Low and Moderate Temperature Heat
Sources. Applied Energy, 2009: 86(1): 68-73.

21



Engng.J.CMU.(2020) 27 (1), 22-32 L O1sensdnonssumans
"\ UKIOne1d81Buvirkuy

) Engineering Journal
Chiang Mai University

msi5ulgaguuunmsdatuaumlunasaumaniog

a\ t %4 R a v a Y %
TUAUKN NIUADH VIBNNaNIULTU

Improvement of Storage Facilities in Dry Goods
Warehouse: Case Study Vermicelli Production
Company

d v Al x A ¢ a ¢ a o d 1 ) Y
2303 Yaynd" " Iveywa godumnsas Inans 1y uaz qalvn uidaszuay
Warut Boonphakdee, Wichaphon Suppajindakorn, Viphalak Tsai and Sumatcha Kaewsasaen
@y 1 vy 6 dhuamunauay sunemunanay 33iauaslgy 73140

MATVIAINTIUYATIMANT ANIAINTTINAAAS MUWILAY WHIINOUIAEATINEAT

"Moo 6 Kamphaeng Saen Sub-district Kamphaeng Saen District, Nakhon Pathom Province, 73140
Department of Industrial Engineering, Faculty of Engineering at Kamphaeng Saen,
Kasetsart University, Thailand
*E-mail: warutboon@yahoo.com

UNAALD

ane Aao s A = @ v I A Y A o a 9 Y A ° o
qmnﬂumm1Jizmﬂmaﬁﬂywmmmmummsﬂmﬂuﬁummawwmwamumu lW’l’J“LJHJT]JﬁJ‘]JEQ

a

o ' v & a Y o d A 9 A a a vy A v & a 9 A A4 =
AL UINITVIALNUE ﬂ']ﬁ']lﬁi]ﬁﬂ"]fuﬂuﬁ\i I,Lﬁ$lwuﬂigﬁﬂﬁﬂ1Wﬂ151“ﬁWuﬂ1uﬂ']i"l]ﬂlﬂﬂﬁuﬂ'] Tﬂﬂwummmmiﬁﬂm

U
9

Y 3 oa ¥ o.d A 9 o d . ak 4 A o 3 a v X ! 2
uuUJuﬂi"lQﬁUﬂTﬁTLiﬁ]gﬂ%u@Llﬁﬁﬂﬁﬂﬂ 1 YnuUn 1,350 AT NN T I@Ilelﬂ']ifl]ﬂ!ﬂ‘]Jﬁuﬂ']ﬂuW‘L!iJ']ﬂﬂ'J'ﬁJu“h’u'ﬂQ

D

P o g ¥ B s I 4 PR a a ' ° '
AUMNYATIHNTTY ‘V]']Glﬁﬂ'ﬁalﬂf’f]ﬁiﬂﬂigiﬂ‘]fuﬂlﬂﬁﬁuﬁuu']ﬁ;NUlﬂhliJL@]iJﬂi$ﬁ‘V]‘ﬁﬂ1W Llazlliliﬂ'ﬁﬁzuﬂ']uﬁuﬁﬂ'ﬁ

a

v 3 a

Y A o ya o Y o @ v & a v & o & a Y
AUNVTUATINTALIU Q’J%ﬂllﬂ°VlTﬂﬁ@@ﬂLL‘]JDLLNHWQﬂWi%ﬂLﬂUﬁHﬂTﬂQ‘HMﬂ 4 g‘llll,ﬂ‘]_l Taensi1gueduai

I °

) A A A v (o v & a v A °
Qﬂﬁ’]wﬂﬁﬁuﬂfﬂ%}&luﬂ’ﬁﬁ]ﬂlﬂﬂ !La$u1§ﬂllﬂuﬂlﬁu1$ﬁuﬂqﬂ o LlwuW\ﬁji‘lﬂj?qﬂWj%ﬂLﬂUﬁuﬂlﬁ:ﬂu‘UU'ﬂ 1 s

v ¥ 4 v I A a a a o 1 . L
dalaudunlunmsdianudum Taglduuifanguimsimsizisangudloszun ABC Analysis umlszgna l41u
o A 4 a L g a '3
mstanguaumawanuaaonlvivesdusi uaz 14 Excel Solver duilullsunsunon-duveslulaswoni
o ' ) o o a g . . aa g A < v
wasmnuannsvesauun TilsunsuFudy (Linear Programming) awngufdudunden lnuiings
Y 1 o dy ~ v & A ) @ ' 1A Y = 1 A
Tnd1lszg maelumsimualyununmssanuimnzaud s uuaasnguanal 9INNaMIANEINY I 110
o v g o v I a Y o g ' 2 v I a Yy
Usudgamsiany Tasmsedamsdanvdudriduiogal vl aunsaiivanuawnsalumsdanudud 14 328

2 a g 4 v & a a 4
unaan andlufesar 59.85 wazainsoanszezmaunassulumssanuaudld 12,810.86 was Antlufovay
63.85

A 1 4 3 . a
mdey: nguaudindinnuaaeuluvauss nguf) ABC Analysis Tilsunsugadu

ABSTRACT
This research aims to study the storage layout of vermicelli production company in order
to improve the storage location of dried products as well as enhancing the efficiency of the
storage system. The study area is a dry-type warehouse located at 1,350 square meters. Previously,
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every product is stored on the floor rather than on the industrial shelves, the use of the vertical storages
and its location have been ineffective and uncertainly indicated. Therefore, four storage models were
designed to enhance the system by bringing in the industrial shelves and using model one storage
system. Accordingly, the concept of grouping analysis theory by ABC analysis is applied to group
goods from its movement. In addition, Solver, the Microsoft Excel add-in program combined with the
principle of linear programming along with the theory of the rapid movement goods. The goods have
been also installed near by the door so as to assist allocate the position of the goods. From the result, it
indicated that the storage system can effectively improve with installing model 1 and the industrial
shelves. By the increase in storage capacity of 328 pallets, or 59.85% and the overall average storage

distance decreases 12,810.86 meters or 63.85%.

Keywords: Rapid movement goods, ABC Analysis, Linear Programing, Excel Solver
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ABSTRACT
This research was aimed to perform damage assessment of buildings in Chiang Mai
municipal area before and after strengthening under an anticipated earthquake. Building information in
the study area was first collected. Then, the nearest fault was considered for making an earthquake
scenario. The assumed earthquake was estimated at 6.3 Magnitude according to the fault length at the
epicentre of Latitude and Longitude point of (18.901,98.916). Then, an attenuation model was adopted
to estimate the peak ground acceleration at every building. Next, the performance of buildings was
estimated considering the acceleration with the building capacity curve. Then, the fragility function
was adopted for the determination of the damage level. From the earthquake simulation, 80,290
buildings in the area which are 22.33 million square meters of the functional area, the complete
damage was 7.29 million square meters. In the case of seismic strengthening for all buildings, the
complete damage area was reduced to 2.70 square meters.
Keyword: Earthquake, Chiang Mai, Strengthening, Loss estimation, Spatial analysis
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Building Type ufiFmmeneuaiumds MiiEemonduaiuma
W1 6,006 1,681
w2 363 37
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Cl 496,680 186,696
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ABSTRACT

This research aims to increase the efficiency of medical device production under the condition
that the production area is reduced, the production capacity must not be reduced from the current and
can still meet the needs of customers. Currently, AAA products is a part of product use for donate
platelets which use area for production total 219 square meters, 15 work stations, and 30 persons.
The cycle time is 652 seconds / piece or 5.52 pieces / person/ hour. Production by Push system as
Batch production of 11 sub assembly processes, then stored as a work in process before sending to the
main assembly process to assembly all the sub units together and send to the next process. The
research methodology starts from studying the current situation of production process about using
areas, time and working methods then analyze the non-value work and improve the production process
with the ECRS (Eliminate Combine Rearrange Simplify) technique. After that, time study and then set
new standard time of each process and using precedence diagram to design a new production process
to cell production by applying line balancing technique with combine and rearrange working process
of some Sub assembly and Main assembly by using 3 persons/cell to produce AAA complete unit and
set new standard time for cell assembly. Which these production process will be work as Pull system
and we design to approach One-piece flow production.

The result of the research showed Production area decreased from 219 square meters to 111
square meters or decreased 49 percent. Work stations decreased from 15 stations to 10 stations.
Workers were reduced from 30 to 27 person and the Cycle time decreased from 652 seconds/ unit to
574 seconds / unit or production efficiency increase from 5.52 units / person / hour to 6.27 units/
person / hour or 12 percent increasing. For areas that can reduce 108 square meters will use to support
the production line of new products.

Keyword: Cellular production, Line balancing, ECRS Technique, Pull Production and One-piece flow
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o A

Wanalasasa (direct injection, DI) tieviainstaatlaesamimai ldanmsenlviveuniessudae sondau
(0,), Mmiveunousnlad (CO), msuoulasenlyd (CO,), lalasariuou (HC), Tulasinusenlad (NO;)
o 2 A X a o o £ A A a ° v A X A av o

gasmsauldouFomassume nazdasimsaunldeaFemasusnsumz Taeldidou lvveuremasdiatu

fiva-luTodwa-h fisandiunauvesdiraniiny 42 vol.% luTedmaniisy 50 vol.% iy 2 vol.% az
a150a15979742 Span80/Tween80 1M1 6 vol.% (gas D42BSOW2S3T3) s%agwﬁqﬁﬁaﬂ?ugﬂwaﬁﬁ’w
adwdIsans Txiinfinauanudmiiy 18 kHz masnawdoasiify 1,000 W naimsnausiisy 60 sec iay
vmeuifsumansnagenvesamanas TuTedima fintse Tnaamimy 0% 25% 50% uas 75% uazanuiEa
SeUVeA38URINAY 2,300 rpm mriFemasadu limmsanldesialu Tnsoueen lus (NOy) M1
708.7 ppm anawiiny 19.0% uag 3.7% mudsy uazliainmidandassmalelasafueu (HC) midy
105.3 ppm anaumiiy 4.7% uaz 7.4% mudsy nSsuieudufimauas 1o Tefisa fintss Tnaamiiy 75% ua
danalitTainsdanddesiamiveunouenlss (CO) 1fy 545.8 ppm MU RY 26.1% uaz 16.6%

o w A = v A ll = Y A J oA " W 0 1w
Auaay Wemsunuaauas 1ulefwa AUANTIOULVOUATEIBUANDI NN152 TiaanIny 75% 10931013

funldoudemassumzvoudomasdiadudauiiy 1.56 kg/hr il TeRwanasganidmamity 4.07%
waz 1.34% awddy uaziemadiaduiidisasinsaunldeudemaunsnsume (brake specific fuel
consumption, BSFC) 11111 0.26 kg/kW.hr sni1luTeRimauasgeniidmam iy 4.07% uas 1.32%
awddy foiuranszmiveusemasdiiaiy fma-1uTeda-h simhluhui aunsasisaammsilamldes

mas'luTasinueenlad (NO,) nazamitlaatassialalasamiven (HC) finszIvan 75% lunTesoudnisa

57 Received 5 June 2019
Revised 9 August 2019
Accepted 28 August 2019



u.soqitigy n.auln na: n.Js:ndsens

A A Acaw o A = 2 e o A a A 1o o A o to @ Y A

Wormaediasy awra-1uTedma-1 3uiluwamasmadenluudmsuldlunieseudaalaglusuiludeaiins
o § 4 o

Usunlaesunsesud

° [ dy a Aaov o 1 1 1Y Ay ¥ 9 o 2L = nﬂ a o =
AMvan: [ YDINAIUATU ﬂ1ﬂ'lil]ﬁﬂ1]ﬁf)ﬂﬂ1ﬂ1“]5‘1/lllﬂﬁ]1ﬂﬂ1§m1vlﬂu A3 IMITUUADUTOINAIT AN Ul‘UIfJﬂL“ﬁﬁ

ABSTRACT

The objective of this study was to investigate the effects of diesel-biodiesel-water emulsion
fuel on the exhaust emission contents (O,, CO,, CO, HC and NOy), specific fuel consumption (SFC),
and brake-specific fuel consumption (BSFC) of a single-cylinder diesel engine. The Span80 and
Tween80 of 6 vol.% were used as the emulsifier to homogenously blend the emulsion fuel, which
consisted of 42 vol.% diesel, 50 vol.% biodiesel, 2 vol.% water (D42B50W2S3T3). The diesel-
biodiesel-water emulsion fuel was produced using 18 kHz and 1,000W ultrasonic probe type within 60
sec sonication time. For the engine testing, diesel, biodiesel, and emulsion fuel were used as fuels to
compare the exhaust emission contents, SFC, and BSFC with engine load of 0% 25% 50%, and 75%
at 2300 rpm. The results showed that D42B50W2S3T3 blend emitted 708.7 ppm NOx which was
increased by 19.0% and 3.71%, when compared with diesel and biodiesel, respectively. While 105.3
ppm HC emission was emitted for combustion of emulsion fuel which was decreased by 4.7% for
diesel and 7.4% for biodiesel with 75% engine load and 2,300 rpm. However, 545.8 ppm CO emission
was increased by 26.1% and 16.6% with diesel and biodiesel, respectively. Regarding the specific fuel
consumptions (SFC) of emulsion fuel are lower than biodiesel at all engine load. At 75% engine load
and 2300 rpm, 1.56 kg/hr of SFC obtained from the emulsion fuel which was decreased by 4.07% and
increased by 1.34% as compared to biodiesel and diesel, respectively. For brake specific fuel
consumption (BSFC), 0.26 kg/kW.hr produced by emulsion fuel which was decreased by 4.07% and
increased by 1.32% as compared to biodiesel and diesel, respectively. In conclusion, the emulsion
blend can reduced the NOx and HC emissions in a DI diesel engine with 75% engine load at 2300 rpm.
Therefore, D42B50W2S3T3 blend are alternatives usable in a diesel engine without modifications.
Keywords: emulsion fuel; emission; specific fuel consumption; biodiesel
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ABSTRACT
This research aims to decrease faults from the complaints by the customer from the case study
company’s truck modification, focusing on customer’s order truck modification. The study has shown
that damaged chassis have the greatest number of complaints, which negatively affects both safety of
users and the company’s image. Therefore, the researcher has applied the Six Sigma technique with
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DMAIC methods to improve the quality of welding modification process. The 2k-1 Factorial Design
has been used to find the significantly fault causing factor and the Box-Behnken Design has been used
to find the appropriate level of factors — from the five factors used in the study which are electric
current, electromotive force, electrode angle, travel speed and rules of welding observing. The
researcher has collected and analyzed statistical significance showing that electric current,
electromotive force and travel speed have significantly caused the faults: the appropriate electric
current is 230A, the appropriate electromotive force is 26V and the appropriate travel speed is 40
cm/min. This improvement has diminished proportion of faults in welding modification process from
0.23% to 0.08% which resulted in decreased repairing expenses of the case study company.
Keywords: Six Sigma, Design, Truck modification, Faults, Complaints
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Factorial Fit: Defect versus Current, Voltage, Angle, Speed, Method

Estimated Effects and Coefficients for Defect (coded units)

Term Effect
Constant

Current 0.1875
Voltage -0.1875
Engle 0.06825
Speed 0.3125
Method 0.0625
Current*Voltage -0.8875
Current*Angle 0.0825
Current*Speed -0.1875
Current*Method 0.0625
Voltage*RAngle -0.0825
Voltage*Speed 0.1875
Voltage*Method -0.0825
Angle+*Speed 0.1875
Angle*Method -0.06825
Speed*Method 0.1875
5 = 0.30618 FRESS = &

R-5g = 81.18% ER-Sag(pred)
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.000
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Response Surface Regression: Defect versus A, B, D
The analysis was done using uncoded units.

Estimated Regression Coefficients for Defect

Term Coef SE Coef T P
Constant 1123.81 140.123 g.020 0.000
Y -1.32 0.455 -2.907 0.034
B —-84.87 g.742 -9.688 0.000
D 5.12 1.115 4.589 0.00&
LD 0.00 0.001 3.038 0.029
B*B 1.50 0.165 9.115 0.000
o*D -0.02 0.007 -3.038 0.029
L*B 0.03 0.011 3.162 0.025
A*D -0.01 0.002 -6.325 0.001
B*D 0.00 0.032 0.000 1.000
5 = 0.31a228 PRESS = &

B-5g = 98.55% R-Sg(pred) = 76.74% R-Sg(adj) = 95.93%
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Defect = 1123.81 — 1.32(Current)
—84.67(Voltage)
+ 1.50(Voltage = Voltage)
— 0.02(Speed * Speed)
+ 0.03(Current = Voltage)
— 0.01(Current * Speed) (1)
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ABSTRACT

The objective of this study is to explore the influencing factors of area-based water resource
management to achieve successful project. For the first step, the success factors for project
management are reviewed. Then, the pre-survey of pilot projects by interviewing the project managers
and project developers have been set up to identify the real significant factors. For this step, the
combination between theoretical and practical dimensions is implemented. Next, the discussion with
expert persons who have the experience in project management, project development is investigated to
validate content. After that, the questionnaire development is applied to investigate the real samples.
Afterward, the data analysis is analyzed to produce the expected outcome. The analysis could be
identified the influencing factors of successful area-based water resource project. Also, the
relationship between these factors could be presented. The result showed that there are four
components influencing success of area-based water resource project with a total about 57.2 per cent
of the variance in responses were extracted. These components that are: 1) implementation plan and
area participation, 2) connection network and research development 3) budget and public provision,
and 4) administration and tool management, respectively. The largest influencing component is
“administration and tool management” is “academic research on community-based and partnership
creation”. The study outcome could be applied to design primary area-based water resource
management factors in choosing the proper that project managers, developers, planners and
researchers would be used in a real-life context.
Keywords: Success factor, water resource project, water resource development, project management,
infrastructure management
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DEETY daunals 81994
1. mﬂiqmiﬁmﬁmm@gwmﬁﬂeﬁu FA01/No [27]
2. Tﬂﬂmﬁﬁmmauﬁum@iaﬂagmuazmmﬁ'mmﬂuﬁyuﬁ FA02 [28]
3. Imseeusznaau TeuenndunalaesAuAeINs UeI IR 01U FA03 [29]
4. fimsansed gaudls yadou Toma uazgassn FA04 [30]
5. fvaumsauiiulasams 7l l¥aanadeuiudiy FA05/No [31]
6. fmirsaudu inanudngldmamivayy FA06 [32]
7. fimsiveuasianniiaunsoi 1F s §5R 1805 FA07 [33]
8. UMIHALIAToUIe HazANUTINLEAUYNIUNIEUDN FA08 [34]
9.  mwiannlasensldmilidagauidunzysouvosyury FA09 [35]
10. guruldnnuiwilouaziromaelumsufianuiwiuiuedsa FA10 [36]
11. fwdsnuannmaigualdmssiveayu FA11l [37]
12. msysanms Suasegne daau FunadeunazJausssu ihidedy FA12/No [38]
13. miﬁuﬁuTfmmsﬁﬁﬁﬁmﬁw%ﬁémmé’au FA13/No [39]
14. ﬁuTEmwﬁﬂzamuﬁ’mﬁﬁé’maﬂmmﬁzmmmzTﬂﬂﬁ?wﬁugm FA14 [20]
15. wﬂamm%giudammﬁuwmmmzd’;ugﬁm‘ﬂ’mﬁumiﬁnﬁuimamﬁ FA15 [40]
16. ﬂﬁﬁ/ﬂﬁWﬁd‘S@fi@ﬁ%lNIﬂiﬂﬁ%}N‘lﬁuziuﬁﬁuﬂuelﬁ} FA16 [41]
17. waanuswiolumsduiulnsimssgnieaununnig FA17 [42]
18. Tumdslunuarivayulumsssulasems FA18 [43]
19. 'lasumstaassuazaivayusuilszana FA19 [44]
20. f'NLﬁ%niﬁ}ﬁmi5ﬂé’ﬂﬁﬂ1ﬁuﬂﬁﬁum®ﬁ;’wﬁu FA20 [45]
21. msvauiausulsznandi Insamsvaa uiunmg FA20/Keyl [46]
22. nsduiiuTassmaiufisonuvespmazdiidanufendes FA22 [47]
23, mssaassanlszinaldduiiums wieseuusy sgderiios FA23 [48]
24. foyait Idifeswelumseanuuuasduiinlasams FA24 [49]
25. tharwdluresdumnldlulasens FA25/Key?2 [50]
26. Tguédeyanazanuiuguruliuins FA26/Key3 [51]
27. Tguddeyauazessanuidmsumaiiunaanamanuas s FA27/Key4 [52]
28. diharuiianuawisalumsiszaan FA28/Key5 [17]
29. wienuiduiulassnsinuingeie FA29 [53]
30. imahszuumaiimsuazmssansulffiuaiediolunsimslasams  FA30 [54]
31. masamanuduiuiiasennediduswsuTasamsnndhe FA31 [55]
32. msaﬁ”ﬂé’mﬁju w%smﬁ'uﬂunfjwﬁuﬁlm;mu FA32 [56]
33, msinau Aneusuinuzuagiaunnudingaiuaien FA33 [57]
34, amudhlagiidaan wiedh et FA34 [16]
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Ms1an 2 (so) TadelumsuimstamsunaninFinunnnmsmsnunIulssunssutazd1se Insamsiosdu

ado Anls 81904
35. lWandaanImsinEasaaonall FA35 [16]
36. ﬁfsm‘lﬁ'ﬂmmimwwawamﬁnﬁu FA36 [16]
37. msouindth'lsd duhdrsts FA37/No [16]
38. mIsviunYATOUNI FA38 [16]
39. mﬁ@é’aﬂmnuﬁﬁmmdwﬁ FA39 [16]
40. mﬁ@é’ﬁﬁmﬁwuww%mmmfLﬁaaﬁ'u’mguﬁﬂﬂﬁuﬁ’muwdqﬁ’ﬂwgwu FA40 [16]
41. msafamionenuriisnusy aoniumsanuivieensy FA41 [16]
42, Tumuwauazuruluansve sy FA42 [58]
43. qguruiunumuazausluvuiumsaaaula FA43 [59]
44, ﬁmiml”uﬁuuﬁ'mmﬁLﬁmmmhmmw%ﬁmﬁuéu FA44 [45, 60]
45. ﬁmiﬁaﬁ%’wﬂmm%ﬁqﬁugmmm IetdaneifissnomsduiuInsams FA45 [23]
46. flmiﬁlﬂﬁ%\iﬂ’sjﬂﬂlﬂﬂ‘lﬂ]"]ﬂl%u WIONMIANIUNUVDINGUYNIY FA46 [61]
47. Snsaninuzetdn nssauilesanle uaztemdedetunas fuvesgua FA47 [43, 62]
48. Lﬁﬂmiﬁmm'mﬁmzwdwﬁgmuuaz@Tmmuﬁ]mﬁ"ﬂuwawdmﬁxﬁm%’m FA48 [36]
49, Tidoyaluiiuinlfiss Tonlldee wiedgiemshanluitud FA49 [63]
50. fhinseiihimsiseludumen TiRerdestuumietedn FA50 [64]
51. fimswanidile isuadeanuanind uazmsenszaviale Tuguru FAS1 [18]
52. fmmhgidyanfesduunlszyndls FA52  msdunmal
53. wiesnutesdududiiEGw No [3]
54. Tivivhsaensuiludmivayuvdn No [3]
55. fimstmuaulonelums1diuiedudan No [65]
56. fnsteneamaluladfiiumis No [66]
57. fimsdudiuionisnoaiion No [67]
58. fmstsiuldnguuneiinerfes No [68]
59. fimsdadiuldifauiuveaue No mydumyal
60. l@sumsmivayunuainuuina No msdumunl
61. Ifsumsmivayulaodisornynndalsyme No msdunbal
62. Iimsmeunsdoyaliguinna No msdunbal
63. Bimsadunieviensegaulumalszmea No msdunbal
HInaia: No = tlodeit lifinnuiisensuFuilor

FA = ffaveMiiannasan
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Key = a1
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2 3 v o s 9 a .
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. % a <

a20T1sunsu SPSS version 23 &saailu 20.75%
Taonamsansziauisananiseazioon lanudiay

o

N

=he

Tumseii 3 nanstoyavesnguaiedaiiviing
#1579 Mindaouuuvae W INIY 830 AU WD
Anouuuvasuawaanniudfiacululasems
09 57.7% armlvgaunmsdnuiszavdiygias
56.60% drumnilumayie 72.5% dszavnisel
Mammas 14.8 7 u,a:a1q;§’mammuﬁaumum§'ﬂ
40.4 %]

NAMIIATIHUNI NFANUFURUT (correlation
matrix) A p-value = 0.05 MoeasIvdounl

anuduiuii liifiu 0.70 uazlidesndt 0.30 wuh
fidauls 3 #1fe FA20, FA35 uay FA36 fifia
duilsyansanuduiug fesnt 0.30 ilddessiadm
wlsmaniioonsouiing1455msTnszilaie (factor
analysis) wonnnuMsins oAz ay
vosteya ¥aialane3s KMO (Kaiser-Meyer-
Olkin) and Bartlett's test of sphericity W17 SLRn
870 0.968 Fafidwnnnii 0.70 Fadefeyaii 1A%
anummzaulumsnagou Factor analysis tazan

a 4 T . { J
M31AT1H wua Eigenvalues 1u1nn71 1.00 Nog

4 s i lfudenquileivanudiiald 4 nqu duneag
swazdenlunsad 4 uaz S

RN I IEIY Sanud it iues
Tasams (key indicator) laueniinizanaianin lae
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wasansiunuilitedaszvieodatoaung Fa'ld
a Y Y = A v
HAEAINANITIATIZH 1A 1ua1519d 2 eI s
a @ 9 & <3|
warsandadeauduia (success factor) 1 un1s
a @ 4 a X A Y
wosammzdideaunguandInmannaIL e 1d

dhuldandaglszasdvesnuie

M13190 3 uaasdoyavoInguaI0819NiiIn1sd1599
(n = 830)

s mT ? Souaz
/1nag
AWMU
Avan1s 1Asans 41 4.9
o179y 77 9.3
1nIvY 82 9.9
dlgiaaululasems 479 57.7
w1tudsinIngems 151 18.2
MIANH
Yy In uazgan 126 15.2
ELITREE 470 56.6
amnInfSyanes 234 28.2
WAl
%18 602 72.5
N 228 27.5
Uszaumsaimsha
Uszaumsaimas (1) 148  std=11.263
01
o1ema (1) 404 std=10.995

M35191 4 KMO measure and Bartlett's Test

Kaiser-Meyer-Olkin Measure 0.968
of Sampling Adequacy '
Bartlett's Test Approx. 19341.143
of Sphericity Chi-Square
Df 741
Sig. 0.000
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M3190 5 uaaea Eigenvalue uaz Total Variance

Initial Eigenvalues Extraction Sun}s of Squared Rotation Sumg of Squared
Component - : Loadings ' Loadings ‘
Total A> of |Cumulative Total % of Cumulative Total % of | Cumulative
Variance % Variance % Variance %
1 15.994 41.010 41.010 15.994 41.010 41.010 8.241 21.132 21.132
2 3.331 8.542 49.551 3.331 8.542 49.551 6.361 16.309 37.441
3 1.605 4.116 53.667 1.605 4.116 53.667 4.975 12.757 50.198
4 1.385 3.551 57.218 1.385 3.551 57.218 2.738 7.020 57.218
5 .892 2.288 59.506
6 871 2234 61.740
7 .821 2.105 63.845
8 783 2.008 65.854
9 724 1.856 67.709
10 .698 1.790 69.500
11 .664 1.702 71.201
12 .636 1.630 72.831
13 591 1.515 74.346
14 .584 1.497 75.843
15 .545 1.397 77.240
16 .526 1.350 78.590
17 510 1.307 79.897
18 485 1.243 81.140
19 AT7 1.222 82.362
20 467 1.198 83.560
21 450 1.153 84.713
22 441 1.130 85.843
23 423 1.085 86.927
24 417 1.070 87.997
25 404 1.036 89.033
26 385 987 90.020
27 371 952 90.973
28 354 907 91.880
29 .345 .885 92.764
30 336 .862 93.626
31 317 .814 94.440
32 312 .801 95.241
33 308 789 96.030
34 294 7154 96.784
35 277 11 97.495
36 271 .695 98.190
37 255 .653 98.844
38 238 .610 99.454
39 213 .546 | 100.000

Extraction Method: Principal Component Analysis.
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Percent of Cumulative

Factor A
No. Items . variance  percent
loading . .
explained of variance
nguil 1 Smwud iRmsuazanusiuilevesiiuil (IPA) (15 danls)
FASO  finfnisoiimiiseludusieg inodestugurunionosau  0.764
9 i g
FA39  misdansnesnuduuvani 0.744
o g’/ a a s A o a
FA40  msdansiamnvguau vieannsal emivayuionssusy 0732
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°

uriaai Ty
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M13197 6 (s10) uaana1 Factor loading 1az Variance

Percent of Cumulative

No. Items Factor variance  percent
loading . .
explained of variance
v d' Y a wva ] A &' d' 2
naui 1 muswulguamsuazanusievesiiun (IPA) (15 duuly)
FAST fimsviauiilie e uasannuaniand uazmsonszavialy 0.732

Tugguasy

FA4T  fimswasinuzondw mssiuiiesinle uazsiemasseaniunay 0.699

AUYBIYNWL
FA42 Tuwunannuazurul§iamsvesyusy 0.695
FA41 nmsadieniedionuniieausy aniumsanyivseensy 0.686
FA44 ﬁmiaﬁuﬁquﬁ’mmiﬁumﬂﬁﬂammw%amﬂuéu 0.670
FA52 fimaihgiidayaiestumniszgndld 0.654
FA38 mshunuasounse 0.652
FA46 ﬁﬂﬁ%ﬂéﬁﬂdmawnywu W3 0MIAUTUNUUDINGUYNFY 0.628

k4
FA4S  fimsneatulassadeiiugiuang Ietuweiisssems auiiu 0.599

TA3ans
FA48 \Ramsvhauiwduszniegmyunazdumunnsylunaeam 0569
S44 9
IGERRGN
¥ ] Y i
FA49 fideyaluiiuiiildss Tonildese vieliglemsaonluiiui - 0.563
FA33 msinau #nousuiinyzuaziannanudnngaiuag 0.546  21.132 21.132

nguN 2 MumsuImsteznIeaielumsdams (ATM) (10 dawals)

FA31 mssnmanuduiusiassnidiamsouduTassnmmarhe 0.710
FA29 wisnuiiduiiulassnsinmmiugede 0.684
FA02 Tﬂsqmsﬁmmauﬁuawi'oﬂfgwmazmmﬁ’mmﬂuﬁuﬁ 0.675
FA22 muduiiuTassmadiuiiveusuvespmunsdiauiiotos 0.659
FA30  fimsihszuumsuimauazmssamanldithuasesiiolums 0.644
V31115 1A3IN3
o ¥ A o =
FA32 msiaainqu viesamautlunguunluaguay 0.636
FA43 quautiunumuazdiusmluvuiumsaaauly 0.594
FAIO  qgaulanuiwilenazaomas lumsdfiiasus iy 0.579
98190
FA34  avudhlagiideny wiedh i 0.565
FAO3  fimsmauszvinaulemnsnndiunaranzanudoinsved 0.560  16.309 37.441

Y Y
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M135197 6 (¢10) uaan Factor loading 1az Variance

Percent of Cumulative

No. Ttems 152323; variance percent
explained of variance
n'sju“?’; 3 é’mwﬂﬁzmmuazmi{fﬂmmnﬂm%’g (BPP) (9 aunly)
FAIS  yiyenuigludunandunumiasdfodeatums 0.713
auiiuInsanms
FAI6  mssavmmieneafilaseadiituguiisudiuly 0.671
FA17  maanusawielumsauiinlasaimsszningdmmuningy 0.654
FA19 ldsumsiaassuazmivayusulszunm 0.636
FAI4  fyTovefezamudmdsnsanuazainuaz Tasadh 0.621
ﬁugm
FAI8  funasdunuarivayulumssiGulasims 0.580
FAIl  fmissauainmasguialdmsaivayu 0.555
FA23  missaasseudszinaldduiums vieseuusy edudeiiios 0.543
FA24  doyadi Idifivanelumsoonnuuuazduiulasems 0.519  12.757 50.198
mjuﬁ 4 duaietianazmsisuiieriann (CNR) (5 fuls)
FA06  fimissnudu iianudunaldmsmiveayu 0.676
FA07  fmsdsounsianniionsoi 9wl fiia 185 0.635
FA09  mswannTasims ldmilsfagaudaazgaseuvesgmusu 0.583
FA04  §imsasgd gauds yadou Tone uazgiasin 0.514
FA08  Imswienuaiovis uazanuswienuguanneuen 0.507 7.020 57.218
e 7 uansmdulszansanduniugsznanguilaie
Modes Mode | IPA | ATM | BPP | CNR
ﬁ’muwuﬂﬁﬁamiuazmmi’mﬁamm*ﬁuﬁ (IPA) IPA | 1.00
Srumsuimsuazinsesiiolumssants (ATM) ATM | 571 | 1.00
ausuilsznaagmitaninnmasy (BPP) BPP | .606 | .728 | 1.00
Sunietienazmsisuiieniann (CNR) CNR | .641 | .610| .607 | 1.00

Note: All correlations are significant at the 0.01 level (2-tailed)

98



a wa

Mumnlfiamsuazany
saudievesivui (IPA)

y . A a
MumsuSmsnazinieile
lumsdams (ATM)

Y %
musuiszainamazmsiam
nnmna3g (BPP)

v A Ay A
ATUATBDVIYLASDITIDELND

waan (CNR)

Engng.J.CMU.(2020) 27 (1)

B=0.499

R2=10.659
F=401.997

anuEISlumMIuIms

v voo s A
Tasamsmuuraariuganun

t=5.577

~ a ¢ o a o
51N 2 M5VATILHMToNDRYTEHINLTDaTTuazaua)saw

u

a Jd 1 o @ J
NIANANITIATITHA AN dU WU T WY o
(Multiple regression) 431 2 wuaiin1 f>0 9
uasauuagiu HO uaaaniladelumsusmistams
T A ' )
unagiuFanui Jnanenudusavealnsanisdiy
! % a ¥ § 1 § 4 O'I 3
ura s uFu Tasnunnanuioi 65.9% sy
k2 a oA 1 A dy A
Auunul JuanisuazauIINloveI N UR
.« . . < [
(Administration and tool management) 1iJuifavs
nia1Bgegane 0499, t=17.052 71 p<0.05
A g A ao A o
F9909NINDAIUIATOUIILALNITIVILND WA U

(Connection network and research development)
a1 p=0.167, t=5.577 # p<0.05 a1usvilszura

Hagn153a1191n a1 5y (Budget and public
provision) a1 f=0.167, t=5.577 # p<0.05 uaz
Y a A A @

grunIsuTuIsuaziasedlolunisdans
(Administration and tool management) ¥ @1 B

f1gafe 0.167, t=5.577 i p<0.05

a dJ
6. a3 J0130s uaziavenu
awv A P4 < 2
vinWani1saten laawisoagiifude q

o s A
auInlszaanaall

99

o Aa 1 0o a @
1. favenimanennuduialumsvinmsians
F I P ' @
TAFIMIMUURAIUUFINUN UNaviua 4 nguilade
Y 1 9 a wa 1 = dy d'
1aun 1) Auuruljiamsuazanuiiviovesium
2) aumsuinisuazaiosiolunstanis 3) au
@ 12 4
WwszuIaanIsIAK19INNIATY Hay 4) A
1AT0Y10LAZNMTIVUINO WAL
2. adeduuwuil§iamsuazanusiviieves
{ 4 .. . &
#Wu# (Administration and tool management) 15lu
[ cs'csq a c!' 1 0o a
Jadenioninawinngadennuduislunisuinig
o Y ' %’ a dy A J '
Tanslasamssuurasiudaiui sosauldaun
Tatearuaiednonazmidtoieian (Connection
network and research development) a3 8@1u
wszanarn1svan19Inn1asy (Budget and
. o . [ Y a
public provision) taziadea1unisuInITHAY
1n5090lun159An15 (Administration and tool

o v

management) #1481

'
A A

v
3. dawdshivimiinesddseney (factor

9 @

nine
loading) gage dmsuidsearunnulfianisuay

U = I}
ANMUIINUBDUDINUN

Do

A A v a A o av 9
D UUNI awmmm%a“lumu

G 9 a

@14 ) NNEITINUYNFUNI 01199

a



W.ONus

4. yduvvanuduiusseninalodonas
0o a [ [ %’
A5 1N UTHII9ANT TATINITA UM AN
ki v
FINUN LA NUAFNNUS IUARMIAFILIN
Y
o @ ) Aauv A <3
dmsumaiwanuisen I 19se Teminae Tae
A o Yy ] Y
msnuamunenuziilddinervesIasainisan
AN AN .
uvaarduFanun naluduasumsnivuau leuisuas
Y
TUADUNITIUHY 15U JDTHI5 IANI5 1ATINSG
o a @ A v auv o
7AV31151A539015 WN1aumY ©Se1inIden 11

' 4
hilvdei 1dninaudsed luduiiunsuazlszgnd 19

' a o A v a y &
DYNWNITIN LW'E‘JGlWfﬂfl"]Jfl'ﬂqiigﬂﬂiﬂiﬂﬁiq\iwui"lu

) v Y a A dgqud VoA
Munrasinyaiun v lilegradadu
¥4

JorguauuzdmsuinanuIsei 1915 Towl

3A = ] A adaow A
naelumsanyinieae li 01992MuAF 0 Fanun I
a 4 =1 4 %
Tagn1sdnsiznnsaiany i 1inI1udnaveafade
[ 1 o ] = = = v ast
go8uAaLAI0819az198a 1Ag 1 NNTANYIAIBITAT

[ o . . . o
duniyeluuuIzan (in-depth interview) nu

=t

Uszmrudldmold 1ddoyaniniuazidoanay

a N A X
ﬁ’]lﬂﬁﬂ@ﬁ‘]J’lfJﬂﬁ’lﬂ;]ﬂ'ﬁﬂ!]lﬂﬂU\?"Uu

9
I Gluﬂlu@'lﬂuﬂ1§’JNLLWHLL'€1$ﬂ1§ﬂ§]UﬂiﬁjlﬂﬂNﬁ

19NA1591999

[1] The Royal Development Projects Board (RDPB). Projects initiated by His Majesty King
Bhumibol Adulyadej: Background of the Royal Development Projects. 2005. [Online],
Awvailable: http://kanchanapisek.or.th.

[2] United Nations. Indicators of Sustainable Development: Guidelines and Methodology 3rd
Edition. United Nations, New York, 2007.

[3] dninnuanenssumsiabmolszauaulasinisowilomInnnszs1sais. 1nsamsouiioaw1nn

oA o oA
WIZT 5. 2559. [szvveou law], unasiun: www.rdpb.go.th.

[4] Holliday, C. O., Stephan, S. and Philip W. Walking the Talk: The Business Case for Sustainable
Development. Greenleaf Publishing, Sheffield, 2002.

[5] Lehtonen, M. The Environmental-Social Interface of Sustainable Development: Capabilities,
Social Capital, Institutions. Ecological Economics, 2004; 49(2): 199-214.

[6] Meadowcroft, J., Katharine, N. F. and Joachim S. Developing a Framework for Sustainability
Governance in the European Union. International Journal of Sustainable Development,
2005; 8(1/2): 3-11.

[7] Spangenberg, J. H. Environmental Space and the Prism of Sustainability: Frameworks for
Indicators Measuring Sustainable Development. Ecological Indicators, 2002; 2: 295-309.

[8] nsun§nensi, (2560). [szuueaula], unaai: http://www.dwr.go.th

[9] nsuaia. Usziansuiamnian. 2560. [szuveoula], wraain: http://www.ldd.go.th

[10] 1ty I ULy, QLSuﬁmmﬂ%’smujuﬁwiﬁﬁ]wmﬁmmmm% 114 szmaialan. 2550. [iz‘uuaauhlaﬁ],
unaein: http://www.manager.co.th/Home /View News.aspx

[11]931g 8A5190T ¥ BYTE. AWTBINITZYAALINAIE “USyuasugnaneiiios”. 2550. [szvveoulaif],
unaefinn: http://www.Komchadluek.net

[12] quus Audanana. Glﬁlﬁymwnqﬂaum. NIUNNUHIUAST: dninfimiudsy, 2549.

J J

a £ %’ ! a a 7 1 a
[13] g5gns yarmui. wena wudeusainasnudiil 50 159l fzlimsugnoneriioadmausuaiena. 2550.

3 a

[szuveeulaii], uwasian: http://www.naewna .com/new.asp

° 7 ~ ' o ' a ~ o 1A
[14] 1@ s . mﬂuuﬂ5611mﬂu'lwﬂmaﬂumaLLWiLﬁiygﬂi}wmwm. 2550. [sruveoulai], unasnun:

http://www.manager.co.th/QOL/View News.aspx
[15] Leungbootnak, N. Improvement of the Rural Infrastructure Development Process in Thai Sub-
District Local Government. Asian Institute of Technology, Bangkok, 2005

100



Engng.J.CMU.(2020) 27 (1)

Aan o o a a o H 4 3 3y v o
[16] Qﬁu‘ﬁﬂﬂﬂﬂﬂ‘ﬁﬁﬂﬂig ﬁumuumwaziwms. Iﬂi\ifﬂi’ﬂﬁ"ﬂﬁ"l]ﬂfﬂi‘lﬂﬂEJNENg‘LlfJNLﬂ’UuTH’JEJﬂﬁHJ DU

4 ° a <. A .
Lﬁ'ﬁNiJ"l"l]"lﬂWi?;ﬁ"l“]fﬂ"li ﬂ.q@iﬁ1ﬁ. 2555. [Sz‘uuaauhlau], Llﬁﬁﬂﬁﬂﬂi WWW.pldthOl’lg.Org.

[17] Mancini, J. A. and Marek, L. I. Sustaining Community-Based Program for Families:
Conceptualization and Measurement. Family Relations, 2004; 53(4): 339-347.

[18] Evans, E. A framework for development?, The Growing Role of UK Local Government in
International Development. Habitat International, 2009; 33: 141-148.

[19] Seo, J. K. Balanced National Development Strategies: The Construction of Innovation Cities in
Korea. Land Use Policy, 2009; 26: 649-661.

[20] Fedderke, J. W. Infrastructure Investment in Long-Run Economy Growth: South Africa 1875-
2001. World Development, 2006; 34(6): 1037-1059.

[21] Gandhi, N. M. D., Selladurai, V. and Santhi, P. Unsustainable Development to Sustainable
Development: A Conceptual Model. Management of Environmental Quality: An
International Journal, 2006; 17 (6): 654 - 672.

[22] Greca, P. L., Rosa, D. L., Martinico F. and Privitera, R. Agricultural and Green Infrastructures:
The Role of Non-Urbanized Areas for Eco-Sustainable Planning in a Metropolitan Region.
Environmental Pollution, 2010; 159(8-9): 1-14.

[23] Santos, G., Behrendt, H. and Teytelboym, A. Part II: Policy Instruments for Sustainable Road
Transport. Research in Transportation Economics, 2010; 28: 46-91.

[24] nsuradszniu. adaveyaynaininsuralszniu Jaudszum w.a. 2560. 2560. [szuueoulai],
unasiiun: http://www.rid.go.th

[25] anuniluanyaiis Tasamswans. 2560. [szuveeulmi], unasiini:
http://www.thairoyalprojectthailand.com
[26] ananilunyaiisuithvals lunszususalsydus. 2553, [szuveeulai], unasiu:

www.maefahluang.org

[27] Aksorn, P. and Charoenngam, C. Factors Influencing Life Cycle Management for Community
Infrastructure Development. [International Jouwrnal of Project Organisation and
Management, 2016; 8(1): 63-86.

[28] Aksorn, P. and Charoenngam, C. Sustainability Factors Affecting Local Infrastructure Project:
The Case of Water Resource, Water Supply, and Local Market Projects in Thai
Communities. Facilities, 2015; 33(1/2): 119-143.

[29] Lin, G. T. R., Shen, Y.C. and Chou, J. National Innovation Policy and Performance: Comparing
The Small Island Countries of Taiwan And Ireland. Technology in Society, 2010; 32(2): 161-
172.

[30] Terrados, J., Almonacid, G. and Hontoria, L. Regional Energy Planning Through SWOT
Analysis and Strategic Planning Tools. Impact on Renewable Development, Renewable and
Sustainable Energy Reviews, 2007; 11: 1275-1287.

[31] Klevas, V., Streimikiene, D. and Kleviene, A. Sustainable Assessment of the Energy Project
Implementation in Regional Scale. Renewable and Sustainable Energy Reviews, 2009; 13:
155-166.

[32] Peterson, P.J., bin Mokhtar, M., Chang, C. and Krueger, J. Indicators as a Tool for the Evaluation
of Effective National Implementation of the Globally Harmonized System of Classification
and Labelling of Chemicals (GHS). Journal of Environmental Management, 2010; 91: 1202-
1208.

[33] Joseph, C., Gunton, T. I. and Day, J. C. Implementation of Resource Management Plans:
Identifying Keys to Success. Journal of Environment Management, 2008; 88: 594-606.

[34] Campo, P. C., Mendoza, G. A. and Guizol, P. Exploring Management Strategies for Community-
Base Forests Using Multi-Agent Systems: A Case Study in Palawan, Philippines. Journal of
Environment Management, 2009; 90: 3607-3615.

[35] Nasuchon, N. and Chareles, A. Community Involvement in Fisheries Management: Experiences
in the Gulf of Thailand Countries. Marine Policy, 2010; 34: 163-169.

101



W.ONus

[36] Fleeger, W. E., and Becker, M. L. Creating and Sustaining Community Capacity for Ecosystem-
Based Management: Is Local Government the Key?. Journal of Environmental Management,
2008; 88: 1396-1405.

[37] McFadden, K. W. and Barnes, C. The Implementation of An Ecosystem Approach to
Management within a Federal Government Agency. Marine Policy, 2009; 33: 156-163.

[38] Mitchell, D., Clarkeb, M. and Baxterc, J. Evaluation Land Administration Project in Developing
Countries. Land Use Policy, 2008; 25: 464-473.

[39] Azerrad, J. M. and Nilon, C. H. An Evaluation Agency Conservation Guidelines to Better
Address Planning Efforts by Local Government. Landscape and Urban Planning, 2006; 77:
255-262.

[40] Shan, C. and Yai, T. (2011). Public involvement requirements for infrastructure planning in
China, Habitat International, vol. 35, pp. 158-166.

[41] Mauricio, A. Q., Lins, E. S. and Alvarenga, M. B. A National Residue Control Plan from the
Analytical Perspective-The Brazilian Case. Analytica Chimica Acta, 2009; 637(1/2): 333-
336.

[42] Chakrabarti, S., Majumder, A. and Chakrabarti, S. Public-Community Participation in Household
Waste Management in India: An Operational Approach. Habitat International, 2009; 33:
125-130.

[43] Kamara, L., Milstien, J. B., Patyna, M., Lydon, P., Levin, A. and Brenzel, L. Strategies for
Financial Sustainability of Immunization Programs: A Review of the Strategies from 50
National Immunization Program Financial Sustainability Plans. Vaccine, 2008; 26: 6171-
6726.

[44] Wen, W., Wang, W.K. and Wang, C.H. A Knowledge-Based Intelligent Decision Support System
for National Defense Budget Planning. Expert Systems with Applications, 2005; 28: 55-66.

[45] George, G. and Prabhu, G. N. Developmental Financial Institutions as Technology Policy
Instruments: Implications for Innovation and Entreprencurship in Emerging Economies.
Research Policy, 2003; 32: 89-108.

[46] Eedlenbruch, K., Thoyer, S., Grelot, F., Kast, R. and Enjolras, G. Risk-sharing Policies in the
Context of the French Flood Prevention Action Programs. Journal of Environmental
Management, 2009; 91(12): 363-369.

[47] Ashby, K. J. and Burgoyne, C.B. The Financial Practices and Perceptions Behind Separate
Systems of Household Financial Management. The Journal of Socio-Economics, 2009; 38:
519-529.

[48] Frow, N., Marginson, D. and Ogden, S. “Continuous” Budgeting: Reconciling Budget Flexibility
with Budgetary Control. Accounting, Organizations and Society, 2010; 35, pp. 444-461.

[49] Omekwu, C.O. National Agricultural Information Management System in Nigeria: A Conceptual
Framework. Library Review, 2003; 52(9): 444-451.

[50] Raymond, C. M., Fazey, 1., Reed, M. S., Stringer, L. C., Robinson, G. M. and Evely, A. C.
Integrating Local and Scientific Knowledge for Environmental Management. Journal of
Environmental Management, 2010; 91: 1766-1777.

[51] Ferguson, J., Huysman, M. and Soekijad, M. Knowledge Management in Practice: Pitfalls and
Potentials for Development. World Development, 2010; 38(12): 1797-1810.

[52] Peskircioglu, N. MpM’s Productivity Improvement Project Approach in Provinces. International
Journal of Productivity and Performance Management, 2008; 57(6): 440-448.

[53] Jabareen, Y. and Carmon, N. Community of Trust: A Socio-Cultural Approach for Community
Planning. Habitat International, 2010; 34(4): 446-453.

[54] Kumar, R. and Markeset, T. Implementation and Execution of Industrial Service Strategy.
Journal of Quality in Maintenance Engineering, 2006; 12(2): 105-117.

[55] Perez, A. Fisheries Management at the Tri-National Border Between Belize, Guatemala and
Honduras. Marine Policy, 2009; 33: 195-200.

[56] Lilley, D. and Hinduja, S. Officer Evaluation in the Community Policing Context. Policing: An
International Journal of Police Strategy & Management, 2006; 29(1): 19-37.

102



Engng.J.CMU.(2020) 27 (1)

[57] Collins, M. E. Evaluating Child Welfare Training in Public Agencies: Status and Prospects.
Evaluation and Program Planning, 2008; 31: 241-246.

[58] Busscher, T., Tillema, T. and Arts, J. In Search of Sustainable Road Infrastructure Planning
Reference Build on Historical Policy Shifts?. Transport Policy, 2015; 42: 42-51.

[59] Varol, C., Ercoskun, O. Y. and Gurer, N. Local Participatory Mechanisms and Collective Actions
for Sustainable Urban Development in Turkey. Habitat International, 2011; 35(1), pp. 9-16.

[60] Vries, B. J. M. and Peterson, A. C. Conceptualizing Sustainable Development: An Assessment
Methodology Connecting Values, Knowledge, Worldviews and Scenarious. Ecological
Economics, 2009; 68: 1006-1019.

[61] Sharp, J. S., Agnitsch, K., Ryan, V. and Flora, J. Social Infrastructure and Community Economic
Development Strategies: The Case of Self-Development and Industrial Recruitment in Rural
lowa. Journal of Rural Studies, 2002; 18(4): 405-417.

[62] Rehan, R., Unger, A. J. A., Knight, M. A. and Haas, C. T. Financially Sustainable Management
Strategies for Urban Wastewater Collection Infrastructure - Implementation of a System
Dynamics Model. Tunnelling and Underground Space Technology, 2014; 39: 102-115.

[63] Brent, A. C. and Labuschagne, C. An Appraisal of Social Aspects in Project and Technology Life
Cycle Management in the Process Industry. Management of Environmental Quality: An
International Journal, 2007; 18(4): 413-426.

[64] Bodorkos, B. and Pataki, G. Linking Academic and Local Knowledge: Community-Based
Research and Service Learning for Sustainable Rural Development in Hungary. Journal of
Cleaner Production, 2009; 17: 1123-1131.

[65] Reidsma, P., Konig, H., ShuyiFeng, S., Bezlepkina, I., Nesheime, 1., Bonin, M., Sghaier, M.,
Purushothaman, S., Sieber, S., Ittersum, M. K. V. and Brouwer, F. Methods and Tools for
Integrated Assessment of Land Use Policies on Sustainable Development in Developing
Countries. Land Use Policy, 2011; 28: 604-617.

[66] Martinsions, M. G., Leung, A. K. Y. and Loh, C. Technology Transfer for Sustainable
Development: Environmentalism and Entrepreneurship in Hong Kong. International Journal
of Social Economics, 1996; 23 (9): 69-96.

[67] Connell, J., Page, S. and Bentley, T. Toward Sustainable Tourism Planning in New Zealand:
Monitoring Local Government Planning under the Resource Management Act. Tourism
Management, 2009; 30: 867-877.

[68] Geng, Y. and Doberstein, B. Greening Government Procurement in Developing Countries:
Building Capacity in China. Journal of Environmental Management, 2008; 88: 932-938.

[69] Allison, P. D. Multiple Regression. Pine Forge Press, Thousan Oaks, California, 1999.

103



Engng.J.CMU.(2020) 27 (1), 104-117 o1sasononssumaas
UK13ne1dgIBaviny
Engineering Journal

Chiang Mai University

M5AAAHINATTHNHILTHINENITZUIHNINDN

a t: Y % < Y a\ a =
“!umswamua’mgﬁmmuiﬂﬂ%mﬂuﬂmiwammuau

Production Lead Time and Work in Process
Reduction in Trolley Production Using Lean
Manufacturing Techniques

a [ s a A 1 aa
AR NS I naz Jnau maAIas
Sasicha Thongampai and Wimalin Laosirithawon
a a a J a [ v
MAIFIIAINTINGATINNT AULIAINTTUATAT UU1INOAITDI 1

239 auurieuti duagmn suneiiies Janiadoslnl 50200

Department of Industrial Engineering, Chiang Mai University
239 Huay Kaew Road, Muang District, Chiang Mai, Thailand, 50200
E-mail : *Moohammy_236@hotmail.com and Wimalin@hotmail.com

UNAALD

@ g s A o ° 2 1 a
\ﬂu'J"i]ﬂﬁﬁ?ﬂq‘ﬂizﬁﬁﬂlﬁ@ﬂﬂma’lu? L!ﬁ$%11!'31!5111!\1TNigw'ﬂ\ﬁ]5gﬂjuﬂWﬁfNaﬂ‘luLlwuﬂﬂ'lﬁﬂizﬂﬂll
Y Y < A a 79 ¥ a = Y A A4 9 A '
ﬂ'I‘L!Uuﬂl@ﬁ@iﬂﬂlu@?ﬁ]iﬂulﬂﬁ'E'N‘]J‘H Iﬂﬁlﬂ§$Qﬂﬁ1‘]§Llu3ﬂﬂ!LUUau llagiﬁflﬂﬂ‘l,‘!ﬂﬂlﬂﬂﬂ“llﬂﬁ!,W@ﬁﬂﬂ'ﬂllq‘ﬂlulﬂﬁ']
A = 2 2 . ax ao A =
Gluﬂiz'ﬂf]uﬂ’]ﬁ Tﬂﬂlaﬂﬂﬁﬂ'ﬂ']‘]fuﬁ']u TOp assembly Uaz¥UIIU Extrusion 1501329815 UNNNITANHITNIN
v ! v
ﬂﬂﬂq‘].lu“l]@xiﬂiﬁi‘]_l?luﬂ'ﬁ IﬂﬂﬂWﬁﬁﬂH’lﬂWﬁmlﬁﬁ‘U@Qﬂfuﬂ”lu lﬁ'ﬂ‘ﬂflﬁ}‘ﬂﬁ1Uﬂﬂ1’]1\1llﬂ$§$flgﬂWQﬂWiv],Wa‘U@\?Gﬂu\?TL!

o

' a o - a ' o ° 2 '
LS BUA wmfamuummsﬁnymaﬂunizmumiwaMmmazﬁmﬁmamam Lzazﬁﬂmmmu%mmizmw

] ¥

NszUIUMs tazihveyanivuaagluuununmaesIsuigaaadn1uzagiin (Value Stream Mapping:
1 < A o a 1 4 A <
Current state) 320 Tirudalynuazganilfinaanugyalal wenswdwnugyalain ldninmsinudeya
s
aananiuh llgmslSuauqasemsnanlaslsmainmsinaugaaeomssaa (Line balancing) viniudignms
) 1 Qy 4 3 3 \ o § 1 o a
wUNguIFUOIULaznG 09903 Ineldina Tulagnmsvangu (Group Technology) vihliwad ldgmisdaaonisnan
1 ) o U \ 1 o ‘Qy 1 4

uuuagals Ieeamsannugyalamunsvudaesans uauFuausEnIenszuIunsad eannsnannly
1A a 45! a KX o ' v ] J

gualainadulunszurumswanvai llgmsafaumuninaessuisguaraniuzouina (Value Stream

Mapping : Future state) 9nnamsasonunannsnaannugaulaiiinannmsvuas aewaldamiioaanani

Y v

lunswanruau Top assembly 910 1.6 31 mae 0.8 3u nazduau Extrusion 910 2.7 34 mde 0.7 3u
= o 2 ' = a Y o A Y, o

s TAsenusoansauduausznienszuIumsas masnn@ay 160 ¢/3u mae 10 ¢/

Y o

o_o a a U a o a 4
AaIALY: 1Ia1UN MANAMINAALL LAY WIﬂI‘HIﬁ?JLl’UﬁJﬂQiJ AUAATIYNITHNAN MINTHAALUULEAYAT

ABSTRACT
The purpose of this research is to apply ‘Lean Manufacturing’ concept and related techniques
to eliminate waste in the manufacturing process of airplane trolley in order to reduce the product’s lead
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times and work in process. The parts studied in this research were Top assembly part and Extrusion part.
The research methodology started with analyzing the direction and transportation distance of each part
through work stations. Then data regarding work station lead-times and work in process quantity were
collected and used to construct current stage value stream mapping. This method helps to visualize the
problem and waste activities. In order to reduce production waste, Line balancing technique and ‘Group
technology’ were applied. The new cellular production line was designed with the aim of reducing
transportation waste and work in process. Then the future state value stream mapping was created. The
results showed that lead times of Top assembly part was reduced from 1.6 days to be 0.8 days and
Extrusion part from 2.7 days to 0.7 days while the average work in process were reduced from 160
trolleys per day to 10 trolleys per day.

Keywords: Lead time, Lean Manufacturing Techniques, Group Technology, Line balancing, Cellular
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ABSTRACT
This paper studied effect of water flow rate on power generation and hot water production
performance of a 150 W,, photovoltaic/thermal (PV/T) single crystalline module having an area of 8§28
mm x 1,600 mm. The unit was connected to a 50 L hot water storage tank. The module was facing
south with 18° inclination. A model for predicting hot water temperature generated from the module,
average module temperature and generated electrical power was presented and the calculated results
agreed well with those of the experimental data. The model was also used to predict the performance
on generated power and hot water temperature at various water mass flow rates. It could be found that
with adjusting the suitable mass flow rate related to the solar radiation level, the performance on
power generation could be improved without any effect on the hot water temperature in the storage
tank. At low solar radiation level and high temperature of hot water in the storage tank, lower the mass
flow rate resulted in higher the generated electrical power.
Keywords: Power Generation, Hot Water Generation, PV/T Module, Performance, Mass Flow Rate
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ABSTRACT

The current issue of self-employed is becoming more interesting and attractive. A tea processing
is one of the best options for freelance. Therefore, this research aims to study the processing of green tea;
assam variety (Camellia sinensis var. Assamica) in Chiang rai, data were collected in Dec 2018 with
young green tea production for 1 rep, and mature green tea for 3 rep. Data analysis also emphazied on
the engineering economics analysis as a guideline for business decisions. We found that fresh young tea
leaves of 10.8 kg (76.70 = 0.59%w.b.) produced dried young tea of 2.36 kg (6.66 + 0.26%w.b.) with the
recovery ratio of 5:1. On the other hand, fresh mature tea leaves of 12.67 kg (70.20 = 0.19%w.b.)
produced dried mature tea of 4.25 kg (2.24 + 0.13%w.b.) with the recovery ratio of 3:1. Good physical
properties of these dried teas produced by this SME can be preserved. The phenolic compounds within
those tea drinks showed that the amount of polyphenols in young tea drink was higher than that of in
mature tea drink, indicated that young tea drink should be better in term of healthy than that of mature
tea drink. However, the preference of tea drink is individual depending on the linking, preferness and so
on. The economic analysis showed that the initial capital for young green tea processing was about
935,000 baht and for mature green tea was about 985,000 baht. Due to the young green tea cannot be
produced every day like mature one, the annual production volume of young green tea over the mature
one was a ratio of 1 to 22. From the findings, it can be concluded that new entrepreneurs with limited
capital should invest on mature green tea as it can be produced throughout the year; resulted in a shorter
payback period. If additional funds are available, the processing of young green tea can be extended.
Keyword: Break-even point, Payback period, tea processing

= 1 [~ 1
1. ynin Twaduoeadrulugifluaisnquiailiueed
H . wa a
sindanludszmalneiouiiwiny syl (Flavonoids) lquamiailumsdiueyyadaszuas
4948 Sasaas 7 ' asdumsnaneiuf [2] arsdsznenIndilusaiing
INTOIANUATNAANUNOU 9 NA1BFUA WU ) E
4 o o 4 o O = o Y o
peflszneumaniivesluniawddyfetesty I Tum Taun unuiiv nululuylsznuioesas
H ¥ L] A o a
YRz o fiaaty msilurundssdaise 20-30 Tashwinifluansisi ldinasadhanazsavy

slgaunszuaunisnanld 3 Uszian 1dus ¥ (Bitter) TusnunseivSinaumuiuinnnnlumneen

= o Y = 1 a
Tinsfnndesuionr (Non-fermented tea or green v ldanluuntisaraunndn asdszneuunuiiv

v o @ = A a . a

tea) ¥1NIN N1 03191 as (Semifermented or drigyinulumn e Aungu (Catechin) [3] Aungu
@ ' R = Y

oolong tea) tazvinnsoe (Fermented tea or vneglunguilurarlouea filszinmdesaz 60-70
v ' ' any H L] A A

black tea) Fsmsiinii1d nau sandfuansaiy VeI lwdiueanwmua Saihumsi hilid Tisauuas

4 1 a a

Sao Radtduegiudasendn q 2 Jase 18ua e mmFulgnidueyyadassganiiiniiviuaz
o 4

a a Ak 1 =) o '

penszaeumaniveslumn uazaszurumsnanin IAHUBDY 25-100 111 [4] wennniilumdanudn

Tagosrlsznoumaniiveslumiuanatasuiiuna HensawiBua hilinauiisavy Tguauialumsie

AT LT aa iU dan aanaieina  NiEauldszunlszamuaziameamnsaiiaonld

a ¥ @ x 1194 oINS | @ 2 @
AMugANANL Evesdy 1 nazmsquainu g9 etnlUsz@nEam wueglulurnlssinmiesns 2.5
¢ ad o w44 ase Taimdn 151 usseiisetisaniszaesiion

9971 5znoUMUATNUANA NN UL AT AINanD A3 e aguInmun [S]navstIwIngussanmnoany

miifatusznienszooumssaa ¥ l&idnay  nIzvaumanligdyiiiealudeunaslusunias

Y SO de o = wdwilieduteyalidivzsznougsne SME

wazsamanuanannu 1l [1] Taeasniinanesamna o PR e b
[l @ a = = vAa

veem A a1s Twatluea (Polyphenols) &amnuly gadula saudeAnmiaudanianieninuag

Tusaarsruailszinmesas 10-25 Tasiniinud parlsznoumamiivesrdiorlusounaz lunauis

WAl iRasadn (Astringent taste) 1s1lszney  HaRdenIzUIUMIAINa N liAsgIUMTe li 1A

131



a.8UM D.nMsnu u.Owovan 15.MryduUsIsa lla: a.iBousaas:na

o a 7 s A
uﬂﬁu@ﬂﬁ'JLﬂ513‘ViLﬁi‘H§ﬁ1ﬁﬂﬁlﬁ@ﬂ1ﬂﬂﬁjunulla$

= Y A 1 =
szazanunulumslansesdns lumsuilsgdauven

@

4
Wug

v o

agy

2. gilnsainez3Ems
2.1 lunillumsnaaen
Ty 19 lunsnagevdl ulusiussadu
(Camellia sinensis var. Assamica) &1lgnfi T3 men
i thudaediu ny 13 dwaminddlug sune
Aeauih Saniadeeso
2.2 nszvaumanilssl
nszuaumsudsgUai oy ud uveals s

- TR vo &
¥t unadilgnuazSuae

EY

H =)
AN SIB LG ERERTY
Tusuwerihwulsgi
2.3 msvwasnuiildlunszuaumsudszdn
2.3.1 wasnulldh

iase T Aemstlounsedu Tdud 1 luTvan

d‘ ) Y a (% 1 1 %

e linandsanlugduuuaig q wu nasnu
9

waaerde nasnumwen wasauna Audu duniugas

m3muuaias lwiihde [6]

P=EI (1)
o P = mddliih (W)
= ussaulih (V)
I = nszualih (A)

manSnams lgnd s v wldanmans
Al (naniliiwestne Yugo u YG2017) uag
szoznams IFuvesgngal i iiedammadsa

T Tusiviaen Tasea-52Tua agaums

e TR (kW-hr) = fida 1000 x nanii
galnsal lwih Q)

2.3.2 NAINUURTFBINGS
Vo o A A Adqu o A a
MIMIANAINUUN AAFDINAIN 1Y TAsunNTFoINa
{ [V . .
nl¥ae unatlTasi@euman (Liquid petroleum gas,

LPG) fiaauden 50,220 ki/ke [7] #edeeifariniin

132

g ' o ¥ Y _ o °
une LPG neuuaznains 1 uadimiduiu

auaums (3)

wasmuAan 14 = dwinvewnan 1% (kg) x
aanufeuvewnd LPG (kI/kg) (3)

2.3.3 WaanuIINIa
= A 3 Jd A
Fanan gl u i luadne nudeneluamnitng
o o Aq ¥ y & 3 o A
Tumsdnanasnui 1Fizdoaraimiinlunounas

naams 1o udninndnoaeuaums

@ = Aq ¥ _ ¥ @ =~ Aq ¥
WasmFmnan 1y = umiinvesyamnanly (kg) x

Annuseuvesiana (kikg) (4)

9 v
natunse litiaanudoumiiny 15,990 ki/kg [7]
2.4 anuruveslum
£ an Y
anuyuvedlumi laeIsunsgiulaglygon
au¥ou (Hot air oven) (8% 0 Binder ju FD 260) uaz

@ aa

. vy { 1
w3eer i minuuDadaea (8o Sartorious ju CP

3202 S) qamgiiildie 105°C ww 24 ¥2Tus a3
199 AOAC [8] m‘;ﬁmammm%ugmﬁﬂﬂuﬁmﬁa
aums (5)

Wi-Wy

m = x 100

Q)

t
) ¥
o m = Psnwanuiugilen (% w.b.)
W= waisuduvesn (g)
We= 1naurvedn (g)
A : a o Jd Y
2.5 anuaansalumsganuiivewans aauia
¥ a o
msAnAnwasalunmsgafniwendnf e
uie At unsamis Maskan [9] Taeidieg1eves
? A 4 ¥ o A y .
WUV IN@BIFT AT AE LAY 91mivilun
Ad 3 @ P ' ] A o
naiminudwwslmirdeuguugd 50°C v q
] = o Y a
¥anmaz 10 i udasunirannululuesnlduda uda
L, ¥ a " @ v ¥ @ 4
¥ min MaaaenuaunI M a luwud wzaan
F a %
AMUIUMITATINI QAR U IVOINAAN BATUT 90 INEUNS

(0)
(©)



& o A3 A o ¢ Y
W R = aannmaanuiveswannunir (%)
g o a o S
W= ihminvesnandasizudu ()

g o a o P o
W= dminvesransannauei (g)

a v d
2.6 mslanuveananium
= YA a o do a ag
MIANHINT IRAUVBINAAS BN AU UMTAWAT
o g o a @ I
Duan et al. [10] Tagf s ni i nuedHaan unaa

J 3 o a o J @
AoumIouLF Az i MRV INARS ML I saums (7)

Rice = (5-) % 100 ()

4 o a o 4
o Rec= 805105 InAuvaInansaal (%)

o Y a 1% I'd 1
m=1iNUeIHAAS AN aANOUMSOLLNY (g)
¥ @ A o o Y
m, = UIMUNVDINAANUNLNA (L)
a d d
2.7 msansizrinandszneumanil
a L4 4 A o A o
M3 BIA1sTRRUMIRN a1 uMT lagiin
gae819s 1 e lueeuuazluunfN MIuATZYIUNS
% ' ] a P
uilsgdudrvinlssnuan lssmeaindiaunimsizd
pan1sznouNIA N aaius urInedofivadg
#1835 1SO 14502-2:2005 Tagia15aea1slsznoy

Twatlueasa1dun Epigallocatechin (EGC), Catechin
(C), Epigallocatechin gallate (EGCG), Caffeine (CF),
Epicatechin (EC) uag Epictechin gallate (ECG)

a dJ da
2.8 MIAAICHIATIHIATATIAINIIN

14

2.8.1 9aqunu (Break even point: BEP)

Q Q

Tumsnsizigadun

a a a

Y
Tumsuilsgalmsaessiia

1 I U y
IfusisTassadwaunuosnilu 2 dau fle Aununiuaz

v @ =\ = 9 1
munuwuuﬂi IﬂEllli"IElﬁgL’fJElﬂ@IuﬂuLmﬁ%ﬂigmﬂ

2e
he

1) Aunuasi Uszneuaie Andousnuni039ns
1 A ' =)
HABZIAG B9 1AZA0INT 15351
2) dunuiunds Udsznoudae arluyiaa
A RUUFNUAZIIFITIBI AWTINY HazAITdquas

gunsallsznoudu 9 yadunuiann [11]

v 9 A ' ' o
AAVNY = AUNUAIN / (3IA1A1UE — aun s
AUADNUIY) (8)

133

Engng.J.CMU.(2020) 27 (1)

2.8.2 szaznanuny (Payback period: PBP)
MINIBATINAADUUNUNTAN U TABH 913N T
A A A a Y v
32EIMIAUNY Ao szeznaIMnInIsezlasy
waneuumulugdvesnszua@Ruaa N UNszuAR UER

ey [11] awnsoduinldnnaums (9)

s
FZETANUNY = SWIURUAINUAT WD /

(3wSunnmaneast) — aunulsduael)

©

a J
3. jauazMIITUNA
ao A4 Ay 3 9
NuITeisedlumsnuveyamsuilsziauas
Y o : 2 Yy o o
msldwaenulumsulsgln o lsmnueaidig sania
= o ¥ =3 @ ]
He9310 MaINUUINUAIE N IUIIdALAL I 3
a 4 Y a va =< A o dy
winszviraluionliiams wamsanmieaall
3.1 aszwaumsulszdn
< ' 3 Y quaad Y A
manuwed lssmeminlsisnuaeiie Tages
I o ' A’ = A o
muasIEw It uveseeamil useaguiazil lunid
A 9 Y 1 A~ =
nngeaguawn 2 lu e ld Idsoameouniinuning
! < < ¥
sazgrenar lumanumarsnuluaewd awanal
08:00-10:00 u. a¢'l8 lumnaauazgan ldrenman
£ 4 g Y A v A v =
M IBNMI AUMANULAINETNIUAINLAZADITODN

A = = < = 2 1A
3 1P9U 39920950 UMINVEIANDNATI a3ulurunn
o 3 A o
Wwwlsgdeznulundnneeaguan 4-8 lu uda
° ' o o W = L2 Xgwa
dnrunszumsawd a1 s ldisuan
AszuAUMInsgUmilount tanANAuATITEZAINS
' = A X A
w331 vazmluunsgimsmnuaaiioann ALY
Y v Y 2
Y 1 vunou mgnavesmsialszlunazyuaouiiail
3 4 1 4
1) msran eseliesnlszneumaniilulun
mamslasuuas dawali lusinauven
2 2
1NNTIVY

) g ¥ Aq v Yy o A
2) msnan Wuvupeunldanudounulusune

Waneou landaa o Tuluan i eulai Tna-
=Y a d' o 9 aan @

Wueasendmanyilingaillynsoimswinuaz
ulsinaslslamanainiinesnd lad
aao lstlaa il uil Te IWaun i iRedmans

¥
Wmalulun



a.8UM D.nMsnu u.Owovan 15.MryduUsIsa lla: a.iBousaas:na

FINU

@

oAa,

€
€

agy

luoeudaa

(1A 1 ven 2 luusn)

é d' = Y =
AINYUNYNTIDI UIU 60 UM

FUAVDIH

wluunaa

(3neaaguaan 4-8 lu)

£ A Ay &
FRINYUNHNTDI UTU 8 "]f’JIlN

)

I—— |

4 o s v &
ﬂ?ﬂ?ﬂ!ﬂ%@ﬂﬂ"llm’ﬂ LPG (1%11@!:@@514341&’0\1?1’3)

guNgIian 250-280°C 111 8 i

| P

Y 4 =
UIAAWIATOIUIA UIU 8 UM

) 4

Y 4 ] v
DUAYAITDIDUVLUNILVUVANIDU

gangioimadou 120-130°C wiv 30 il

3)

4)

A 4

AnuaauIY 10 519

v

mmoniesauuuity (1uemed T

‘DE
De.

2) ganiidana 250-280°C 11y 8 il

) 4

o A A Y >
ﬂﬂllﬂﬂﬁ\ilﬁ]@ﬂuﬂ?ﬂlliﬁﬁ?uﬂu -

y

PWFTINT DU

U 1 umugimeulsgln@enszay SME Tudaninesse

a9 U

I it A v s
NITUIAY nJumwaiu%uwaimmamma

d' 4 o Y 1 q'
Weomaduanvziinliasszneuaie o Neg
4 4 ]
luad lnasenuuenwaduazindouegyy
' ' ¥ ¢ ¥ o
arua1e 9 vosluw 1 oulasl vaziiidu
nouTZIMBIZRONUINEUDN 1T auTnan
{ s X o 4
anuru a5 @unazi ldens iinausaves
YA 3 v
yazang laneioraluinfou
¥ g o w A A
msouutia Wlumsnvannuasululuyuie
Hosunsniganlavesgaunid uazns

a aaa a < o Y I @
Lﬂﬂﬂgﬂﬁﬂ?ﬂﬂﬂ%iﬂ“ﬁu mldaunsanusnen

134

Y H v
gy Taslinsalasuuilasvesd nau
a gy d'
uazsaAosiga
3.2 andAvesrmaimsnlssy
~ 9 @ ] v
i ldnasnindiunszurumsulsyduding
° a Pl wa x ' wa
M1IATITHAANTAN NN Faanuauiave
FIVIVONIAUNTHUDIH
3.2.1 ANNTUGAT I8V IV IHAINIUNTZUIUNS
IER?
dy 9 a @ I'd Y 9 A
ANUTUgANI0YDIHAAT BN IR I9zABITIA
1 a 9 %,‘ @ A Y
litnudesay 8 Tasvimiin e liassnuuiasgiu

YoIHAASURYUBU UNs. 120/2558 [12] nadon



3 41 wu’jmam%mjﬂﬁ’mmawu%ﬂudauﬁm
6.66+ 0.26%w.b. druvearuierluuniinn 2.24+
0.13%w.b. taasimnnaaeriafinnuaush (i
8%w.b.) @mJmmgmﬁumwﬁﬁﬁmw‘fqmuﬁmuﬂ

a ~

2 A v oqw ! A X ¢
SHINITNBUN 1/]']Gh’iﬂ1ﬂﬂﬂﬂ1il%iiym63l%@ﬂauﬂ i)

U YA % U A :
3.2.2 aﬂtnmi"lﬂﬂwum‘mumuazeﬂﬂmigﬂﬂum
[ YA = U =
031013 laauvesredluseuuazluuniian
o W a I o 1
Fovay 21.85 uaz 33.54 awdiau aadludadiu
Maano IR 5:1 1ag 3:1 MuAIRy dIUNgANITTY
A @ = [ 1 ~
mMsfuavesrverluesuuay luunnaaslugli 2

o o X 2 Y 3 1 1 A Y o
uag 3 guaay “]NTIﬁLWu’]']Glu‘]f'NﬁﬂJﬁu@@ﬁ'lﬂ'lﬁﬂﬂ
3

Aunihdimgadinee 9 asasauiinu Iduasiaiunan

Y

ra A é‘ Y d'
Tumsusniuvy Tasuaaadoyaluaisian 1

Y 3 T = 1 Y A o
°i GUGIWLﬂu’Jﬂ‘U"]ﬂL‘UfJ’J!!,a$1U%1!Lﬂllﬁﬂuﬂﬁ§1ﬂﬁﬁ]ﬂ

i 248.18 wag 247.68 awa1au uamﬁa

Y
Le

= o ¥

AuTesaz
o v I Sy v A3y o~
dunadreavziiunlunilaoinmsgaauimgdai
anvazlndifesnulumaaneunseuuia (U0 4
o A3 v 2o fq 9
wag 5) ensmsganuiveslumuialuauivenly
NAWINAI NI BUNUEATINITAAUIIYDINBNAD
dyw 1w YA =
[13] o InHFINLI16A31015 I LY IBUT 87
lugeunaz luunisasdiuasaiiunusasimsganu
Y ] ) v W ¥
W IFWREINUM IO VU IAZANYULAUNINUD D
Yaniialduisdareanuseuainlulasnenmadou
9
[14] aauu ﬂszmummﬂigﬂqﬂﬁlmua:@munmm
£
Tsenuiitenesnuguamaudveslun1la wazi

PR

v A o AA
BAITINITANUUINA

Engng.J.CMU.(2020) 27 (1)

2 o A v o A
m31en 1 @ﬁﬁ']ﬂ']iulﬂﬂuﬂlﬂ@“]f’luﬂ%lazaﬁi’]ﬂ’]i@‘ﬂﬂu

y - . :
vesnerlusouvaz luun

Mnes nlueon  mluun
vhmingnaa (kg) 108 12.67
vhminauda (kg) 2.36 4.25
o YA 4
80313 lan eI 9185  33.54
(%)
minrudaigy (g) 3.03 1.51
vhminanudandaahi (2) 10.55 5.25
6’@151mig}ﬂﬂﬁu1§1 (%) 248.18  247.68

300 T
§ 200 1
& ]
E;wo -
0 Y
0 10 20 30 40 50
1381 (W)

d‘ v I H S ' A
517 2 sasimsaanauihvesyuiienluoouin

G U

' % !
szoznmMIuaigy 10-40 wi

300

(%)

¥

200

gnImsgadu

100

30
1981 (1)

€

a a3 ~ 1A
3‘].]‘7]3 ﬁ31fnﬁ@ﬂﬂﬁuinsuf‘)\ﬂfﬂﬂ]ﬂ'ﬂﬂuﬂﬂﬁﬁiﬂﬁimaW

3
M3uigu 10-40 w1

4

' 3

FUVIINAILAUN

a a v
BUVYITA FUVYILH

4

a o = ' E4 [ 1 o
51U 4 anvazves@erluseuniuaziawrii

a

= o =S
wieufeunusdedda

135



a. UM D.nMsnd u.dwovan s.MeyouUsdisa lla: a.iBoussas:na

FUVSINAILAUN

IR FUVIHA

511 5 drvazvosn@erlunAuraas ndauai

u

= v =
wieufeunuseIda

3.2.3 samlszneumaniiveaim
deidredrasuierluseuuazluuni
ArunszurunisulsgdudroinTseaues 15
noahda 13 zeeslszneumaniinanniumn
YN1INedeuLNIale ar1ea2835 1SO 14502-
2:2005 Idnadanansluaisni 2 #4317 Ru
SinuesisezneuInaluea (Phenolic compounds)

F¥49'ldun Epigallocatechin (EGC), Catechin
(C), Epigallocatechin gallate (EGCQG),
Caffeine (CF), Epicatechin (EC) 4 a ¢
Epictechin gallate (ECG) Tusudorluoouiai
winnMluruderluun geandeInIIUITEUD
Ratanamarno and Surbkar [15] #d@nsimuiwly
munllugeuiiinm¥u (Catechines) wioaslsznou
Twalueauinnnlunuluun WenfSewfeuny
MUITeue9 Yung-Sheng Lin et al. [16] Adnw1
SmnaaisseneuInaduealum@eorluasisudy
W (18n3u) wun BunamsdszaeuInailuealu
yudgrluseuiilSurmars ECG gaiga awdae
EC, EGC, CF, EGCG uaz C awaiay aiulumn
@Werluunialsumars EC gaiga awdie EGC,
CF, ECG, C waz EGCG mwdey dea15lsenay
as " A g Y Aa < o
Tnadveamaiduarsvanlulumnnlgnsmundy
a Y < A o
e lumsaulsanzize Isavasamoniale uag
o ¥ = Y1 o ] =~
Tsanu aaiudsansoaglldndrederiion
' 2 v I A~ = A A
vinlsrmeahmadusnnlguniwdmszilsu
' = §
a1slszneuInadlueags uasuniumnigaunin

: v a an PSR {
ﬂ@um?ﬂ@@ﬂ!WiwgﬂﬁWSﬂjgﬂﬂﬂIwawu@a9’]] NIU

136

=y Y
Wuaasdszneu Inaiuealulurmezinvselss
Y
NN UANINDINIA gan1a NswIzlgne uay

Wi [17]

a J = 1 = '
13199 2 ﬂﬂﬂﬂizﬂﬂ‘ﬂ‘ﬂﬁlﬂMﬂl@\ﬂﬂﬂﬂﬁlﬂﬁiﬂﬂﬂu

wagluun
¥1Av04 catechins ¥ luoou wluun

Epigallocatechin 035+
(EGC) (g/100g dry  2.22+0.00 )
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Catechin (C) 0.26 =
(2/100g dry basis) 12000 500
Epigallocatechin 0.17 +
gallate (EGCG) 1.95 +0.00 0 00
(g/100g dry basis) ’
Caffeine (CF) 0.34 +
(g/100g dry basis) 202000 54
Epicatechin (EC) 0.58 =
(2/100g dry basis) 2> =001 g0
Epictechin gallate 0.30 +
(ECG) (g/100g dry  3.59+0.01

. 0.01
basis)
Total polyphenol 17.50 = 9.78 +
(g/100g dry basis) 0.02 0.01
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ma9i 3 anwauildemdsnulumssdnnidierlueeu nmihwinega 10.8 kg v¢ldrure 2.36 kg

, 14 o o ndanild | wdanuild
30eing | umaendany | swazideandanu |00 e (kJ/2.36 kg (k) /1 kg
(min) (W) dried tea) dried tea)
P LPG** 0.1 kg 8 10,462.50 5,022.00 2,127.97
GEGNG!
vt 380 V5 A* 8 2,632.72 1,263.70 535.47
Lﬂ%mm Tvlvth 380 V5 A* 8 2,632.72 1,263.70 535.47
4 LPG** 0.2 kg 30 2,790.00 10,044.00 4,255.93
1A3940Y
vt 198.00V 5.0 A 30 990.00 1,782.00 755.08
37U 19,507.93 19,375.41 8,209.92

* Gaalszansmwuowes 0.8
**Fannuiou 50,220 ki/kg [7]

3.2.2 wasauilglunszuaumsuilsgsudaaluun
wasaunlFlunszurunsmlsgdun ldan
(2 @ 54 dy a [
waa T wasounnufddomas uasndeny
& o d' & o o
vinilu danaaaluaised 4 Fansmiuiundainn

T aldTaonSeanraamiioununisulsgy

¥1luseu TAgn1TAIFIMAIUIARIGATDIAILY
@ 1 4 o 1 o
T¥iuaz ldndaanuunnInasesnInouuIAa BN

(R < 2] ' 3
LPG usiog1alsnawsiamna LPG fiarganniuann

v

Yy
N umimﬂﬁu%Lﬁaﬂﬂfumam%mmﬁ’mwmmwﬁq
F) )
AUNUAIY

msai 4 waaa b uda LPG nag@mwraildlumsulsplsideonlunn

1 [ d' 9 U y %
4 . Lyas L PN . 818y waanunly | wasnuily
[ATBONAINT o FNYALIDYANAINTU (kJ/4 25 kg (kJ /1 ke dried
NAINU (min) (W) . g
dried tea) tea)
A pIRa PLG** 0.1 kg 8 10,462.50 5,022.00 2,127.97
AOUUIN Tt 380 V 5 A* 8 2,632.72 1,263.70 535.47
939U Tt 380 V 5.68 A 8 3,738.46 1,794.46 760.36
SR TR 3.07 kg 8 102,269.38 49,036.00 20,777.97
HAIUIN Tivh 1924743 A 8 827.62 397.26 168.33
593 119,930.67 57,513.42 24,370.09

* fanlszanimmuemes 0.8
#* faannuion 50,220 ki/kg [7]
#+% Gaainnuiou 15,990 ki/kg [7]
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ABSTRACT
Palm bunch (PB) is waste biomass from palm oil production and has good potential as a
renewable energy resource. However, PB has poor fuel properties. The main problems result from the
high moisture and volatile organic content of the material and the low fixed carbon content. These
properties contribute to the low calorific values of PB. Nevertheless, techniques exist that improve the fuel
quality of biomass and the most suitable is thermochemical treatment by torrefaction, a procedure that is
carried out in a temperature range from 200 to 320°C in the absence of oxygen. This research applied

143 Received 10 April 2019
Revised 2 March 2020
Accepted 29 October 2019



B.IKJouwA U.Bunsan 11a: s.dau

response surface methodology (RSM) based on central composite design (CCD) to study the influence of
operational factors affecting the torrefaction process. The investigated parameters included temperature
(200-320°C) and time (5—50 min) of torrefaction and the response variables were moisture content (MC),
volatile organic content (VC), ash content (AC), fixed carbon content (FC) and heating value (HV). By
improving these fuel properties, this research aims to enhance the fuel quality of the biomass. The
statistical results showed that both temperature and time significantly influenced the qualities of torrefied
PB. MC and VC were reduced by 90.22% (wet basis, w.b.) and 31.26% (w.b.), respectively and FC and
HV were increased by 1,363.2% (w.b.) and 26.69% (w.b.), respectively. In conclusion, torrefaction has
the potential to be an efficient technique for improving the fuel properties of PB.
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A21un1l51 521 (analysis of variance, ANOVA)
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MY (%w.b.) =39.00 — 9.06 X; — 8.02X, +
1.58X,X, —0.14X? +3.91X2  (6)

MC (%w.b.) =0.84 —0.93X; — 0.33X, +
0.056X,X, +0.57X?+0.23X7 (7)

VC (%w.b.) =62.01 —15.02X; — 8.46X, —
2.07X.X, +2.14X2 + 4.29X2  (8)

AC (%w.b.) =6.04 +2.44X; +1.53X, +
0.72X, X, + 0.56X% —0.27X2 9)

FC (%w.b.) =+31.12 + 13.51X, + 7.26X, +
1.29X, X, —3.27X% —4.25X2  (10)

HV (cal/g) = 5551.00 + 543.99X; + 358.19X, —
199.73X, X, — 254.05X2 — 191.05X2 (11)
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ABSTRACT

This study was an investigation on the carbonation depth of pedestrian bridge structures (PDS)
in community area of Nakhonpathom province. Cover thickness of PDS, carbon dioxide (CO,)
concentration and relative humidity (RH) of the environment and carbonation depth of PDS were
measured. In this study, the PDS were selected in 3 districts of Nakhonpathom province, namely
Kamphaengsaen district, Mueang district and Nakhon Chai Si district. The study results were analyzed
the occurrence and the effect on the carbonation depth of PDS. The predict for free service life of PDS
in both by Fick's first law of diffusion equation and durability design of carbonation structure of
Department of Public Works and Town & Country Planning were considered. The results indicated
that the average of the cover thickness of PDS, the average of the carbonation depth of PDS and the
average of the carbonation coefficient of PDS were 49.75-55.73 mm, 19.20-31.40 mm and 4.93-8.39
mm/year’®, respectively. Nakhonpathom community area having a high amount of CO, and RH of the
environment was at risk of severe deterioration due to carbonation. Moreover, the rate of carbonation
depth of PDS located in Mueang district was higher than that of Kamphaengsaen district and Nakhon
Chai Si district, respectively. Finally, the proposed method to Fick's first law of diffusion equation and
durability design of carbonation structure of Department of Public Works and Town & Country
Planning can predict and calculate the free service life of the PDS exposed to CO-, the result can be
used in the design, planning and maintenance of reinforced concrete structures faced by the
carbonation environment as well as preventing damage that will occur in the future.
Keywords: Pedestrian bridge, Reinforced concrete, Carbon dioxide, Carbonation, Service life
prediction
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ABSTRACT
The objective of this research was to investigate the behavior of interlocking lightweight
infilled masonry wall in reinforced concrete frame under cyclic loading. In this study, a prototype
frame was chosen from a three-story reinforced concrete building that was not designed for seismic
load. The evaluation of three samples .ie., the reinforced concrete bare frame (BF), the frame with
interlocking lightweight infilled masonry wall which block made from diatomite (W1) and the frame
with interlocking lightweight infilled masonry wall which block made from bagasse ash (W2).
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The evaluation of masonry infilled frame under cyclic loading of three types are diagonal compression
resistance, sliding shear resistance and upper corner compression resistance. It was found that, the
masonry infilled by interlocking lightweight cement block exhibited the higher seismic capacity than
the reinforced concrete bare frame. An analytical model was under cyclic loading by the use of
program, RUAUMOKO. The result revealed that, the evaluation of masonry infilled frame under
cyclic loading of three types was failure for diagonal compression resistance and comparison of the
samples of reinforced concrete frame W1 and W2 enhaned the seismic capacity similar on the

evaluation for diagonal compression resistance.

Keywords: interlocking, masonry wall, seismic sapacity, cyclic loading

1. umn
9 1 o A ya
uiinludagiuil Talingvuisatugueinis
muilszmangnizngnmiy we. 2550 Muuanui
9
MAMTD NIAAZTUAN SIUNINTINNUHIUATUAL
2 < A 44 o 1A ~
Ysvama Wuaiuiidessouduauln oinsneg
Ugnasnluiszdsedimsosnuunliawisadiuniu
] a Y ld' ay A o U
uruaulua 1@ uaiiiossinermsluwaiiuiainan
daulvg lildimseenuuuldannsadumiuuse

2 @

T a 9 ) A ' a o
Llwuﬂuhlqulﬂ DIANTINATUIIUANUITYIADNYN U

)

o w

A 1A v o ¥ a
Luﬂﬂﬁnﬂllﬁﬂllwuﬂuqﬁjqﬂ ANUHU NITLFIUNIAN
9

N9

de

A 1 a I A o d A
Tassadwermsnloganduiudesuiluedieas
A v @ a A a ,3 [
!W@"ﬂgulﬂﬂ'ﬂﬂﬂUﬂ'J']ﬂJlﬁﬂﬁmﬂﬂ’]%iﬂﬂﬂluﬂ‘u@’]ﬂ’]i

¥
maiae 11/

IARaN1T9eNrIuN Gates [1], Sugano [2]

. 3 A o w
galdaninnudlu 18 lumsasuiaelaseada

Y a 9 T 1 o w 1 a [

13 lugumaiia 1dun ardias Araaiue Annwy
Wile) Aa0AIUITAITIMNULALIIAIAINEFIY 1IN
Uszuramaldin mslsmismumaasusiidalagsiu
Y
Y3015 NIz d U TasaaseenIsv eI e

a 1

4 o =3 A <
iHennnavesntisagnelulnssnounsadsmuan
v , o
wZsuaiiounsmiunoInsie1n1snii1n 1nsae1nsil
o o Y o Yy v yA 2 o 2
e unuusanszimaa ldmuay daiu
= dy = o0 Aad a o w v Aa =
Tumsfnyil 3ismaedTumaslumisegunanu
a 1% 1T A 4 o o
wpAnssumMssuusaauanlng e lllszgnaly
= o w 1A o [ A 1 g
asumawmumuuruau lvadmsvernsitegiu
swumnnlulsamalnouazlinnudnyaeasisug

Y v v
UONINTUITININGITOINUMTANBIVDINIT

a F) < ~ a I a o v 9
aguamﬂuimwmzmﬂauﬂsmﬁmmamﬁmmmma

174

o

3 A =3 a a o Y o
azunsuvanan [3] saudunaiamaasumasliny

@

misdgnoiorielianuauisnvesnisdgnelings

' a Y AaX Y a
wazmaaiuavolasadiNnay hlﬂll!ﬁﬂﬂuﬂﬂ?i

a 1

rsumdanisdgnenatsgluuuimorielunissuns

£

1T A ] 9 a a o w Y '
weuau 1y i mslematiamsasumaaTae o
Fagasuoulviwes [4-6] msldimaiiamsasuiias

TaolFuniuiaq lvwes [7-8] matiamsaiuidalae

1Huruman [9] matinmsldmanasulumidgne

9

[10] m3lFFaquuune [11] 52udams 1vanazunsg

I o 4 U 1
Taglurasvazdeatudarouszninalaseaiiaiy

v o

v o a o a = 4
aaddq [12] msasumasiaaaon Indanansuua

Yo a 1< 1 Y ax o ~ o w
[13] nazm3 15 Iaq@a3 unannuA18I550ANTANIE

Yo v oa 1 % ' A o9 Yo o
galvnumisagne [14] Faupazmaiamlrmases
a ' d'

miisdgnen lasumaasuniasiuuse aadrue

De

= Y oA A an
mmﬂuumwmunm‘ﬁmi
o & a0 P o v Y
ﬂﬁuu1uﬂ1iaﬂﬂﬂﬁqﬂﬁﬂy1ﬂ1aﬁ@1uﬂ1u
1A v Aa < Y
!LW‘H@‘HUlﬁ'JGU'E_]QW‘HQ@@U@ﬂﬂﬂizﬁ’]u%?alﬂ’lﬂ’]ﬂ!ﬂ’]
Py a = a <
%WME)E]ULLazﬂuLmGluTﬂiﬂﬂﬂuﬂimﬁ’imwaﬂ

a

ad o =
2. IBAUUUNTANY

9
ﬁmiumumuﬁuuumiﬁﬂyﬂ,mmmallﬁ’um
Fd

= < 2 o X
ﬂlu@]ﬂuﬁﬂﬂ]@@ﬂlﬂu 3 YUADUANU

2.1

a <

9svaendszaumlawianauazneuilsziman

o8

¥ v
(%3

YJuadUMIsHITIUNa NN IzanlunIsia

e OV LENCTRNY
o A I = 14
lumssdguaendszauuanlaunuduud
feaunznouilszil ludasiaiudesas 20, 30, 40,

50, 60, 70 uaz 80 maqmaﬂu%muﬁiﬂaﬁwﬁw



[ %

P a A o q A
'J‘LlW'ﬁllllﬂ“ﬂ"Iﬂﬂﬂiiﬂm‘ﬂﬂflﬁﬂ']"lllrﬂﬁ'flﬂ

Q.

Tu
S Y A
UoIA1T YN

¥1m3g1u ASTM C305-14 [15] AFnaaounainis

A1slvaud 110+£5 35n1sHauiinu

Tvaurveawesd1s n1svae uazisni1sii aw
11935311 ASTM C349-18 [16] e 1&sas1dmves
maunuiifudmuddsiuazneudszihfivaneau'ld
Wau 1§ udes uazidunan unuiludiues
auaznouilszih LﬁaiﬁaguﬁaﬂﬂszmuﬁmaﬁLmﬂ%u
Taeldsasidiunsunuiifesas 10 vesauaznow
sz1h Tasdensasidruiimnzay fAansananmd
%Vumaé”ﬂ‘ﬁw'mmmgmwaﬁﬁmcvi'ﬁlgumuuazma
Funast

a <

2.2 Yumeumsyugudgudentdszanvuiamn

£
Y

Y v
drsuduasuil Idiaunaunmuizayu

%ugiJSg‘uﬁaﬂﬂﬁ:ﬁmmamﬂ%?ﬁgmmwm%ﬁg
viendszaudsgtuansluil 1 Feflvia 12.5 x 25
x 10 cm uazlasinsnadeniiaeiunsidavedy
AuuIasgIuw ASTM C170-17 [17] wagvnadoy

MaeiuusisalSFuvesdgnenwuinigiu ASTM
C1314-18 [18]

51 1 Uuudgudentszanu

a o

2.3 duasumsissiiumasniadguasniszaiu
lulnseneunin@3umian

= g I = =

2.3.1 s lumsaneiitlueimsiseunaunia

a I v @ = a g’/ - " Y

sumanludenansznsaednesmage 3 su nlild
d‘ Y " A [ d'

ponuuuUiea MUz wruau nadwaaslugln 2
9 o 9 Y < = A

A1MTUNTA5191ATIVOUVIA ULV UADUNITALAT N

<1 a o v 9 1T a Y
man“lumi‘ﬂizmummmummmuﬂuvlw’g ulﬂ!,lﬁﬂﬁ

175

Engng.J.CMU.(2020) 27 (1)

{ % <
Tugi 3 Felasedoudalivuiannuniie 4.35 was
=] a 3 A
HazANge 3.8 WA @InoUNIAEINNANNYUIA
NINAamMIAY 0.35%0.45 a3 19AITITIUVDINT
a I3 T @ @ [
WwIuman Py Ny 2.49% (,Og ADOATIAIUVDY
dy ~ < a 1 d" A Y ]
NUNMHANATUADNUNHUIAAVDIAOUNITA) AU
=y I o T W
ARUNT AL WM ANTVUIAKIIdAMAY 0.20%0.40
o 1 a <3 <3 [
WAT ONIITIUVRINIATMHAN O 1HANVNINDY

0.44% uaziana1unny 0.66%

514 2 emnsiFeunldlumsanm [3]

u

‘}ﬁi{ »B
—H E LTI I T
2= I i
Em H| Trseoutemounineduminds [T 3.40
] | | 3.80
alcEl A alEl A A || A
X rox X X X
EE O] Tos
‘ 100 )] ‘ \ 4.00 \
l« 1
L 140 435
N <o
= e 7
N] [\ -7

13
S

|

\ [

.
311 3 Tnsadeudenouniama3uman [3]

L1l

) [ 1

Yy I ~ a 2 A
Fm5ual0d19InaTavBuIIARUNT AL AN
lifimiadgne selidnyazueua g azAIuoou

£

(strong column and weak beam) Tagiis1oazidoa



0.80UUdANGAS Na: 2.]waduns

a 8 o { . <
yoamsasuanaauaasluzln 4 Felasedouds

Tdasasumaadiumuusasuan v 1d iiesnn
E] a 3 A <3 A
e UATAIEIIIManszezveuranldaonnyig
a - 1o o < 9
aunu llsrudanish liviimsdaasemanidasnl
3 Y o A A o
Auldamnasgiunaznihdaaiudioounuan
=} <3 o o o v o o =
Fvwraan dmsumassuusidavedlasanaunia
a I 2 [ A o v w =
wiwman f, minu 21 Mpa nagiimaesunsag
< <
UDIUAN fymmmamﬁ’uﬂamum 25,15 uaz 6

Nadas 1y 274, 246 waz 237 Mpa audau

ninaa A-A e B-B

8RB
2-RB () 6mm @0.2 m

040 m

25mm

2RB ( 15mm

0.45m

RB @ 6mm @0.2 m

3RB O 15mm
‘ 0.35m 0.20 m
d‘ Y o a <3 Y <3
E‘IJ‘YI 4 'ViuW]ﬂﬂl@Qﬂﬁl,ffillmaﬂgll@\ﬂﬂi\i‘ll@!lﬂl\i

AouRIAEIIMAD [3]

a o v w Y o 9
2.3.2 matlsziiiumasiunsaaudnng lanqug

a wva v a ' 9 < S
mm‘umaqwmagﬂamaiuIﬂswammﬂaun'm

]
2 o A

a < o 9 Y 1 o o Y
suman 3 dnvag usemguinly 1dun Mdeduniu
nsanadaluuuanues (Diagonal Compression

. o o Y A A
Resistance) f1asaiumiuusudounvuiouloa
(Sliding Shear Resistance) 1agf1a4f1UNIUI5
naoaNyuMIa (Corner Compression Resistance)

2.3.3 myadanuuiiassmisdgudentdszau
a <3 o v v
TuTassneunsadsumanmeldusanssimunipging
Tael# 115105 RUAUMOKO [19]

3. nquillumsfnm

¥ v
o w A

3.1 nuudaansImIguR T M UMULTINAD AN
a Al Y & = a =3
dgnolulassdoudenounina3uman
H = 1}
mMyaF1uUTaea ldus UM R VNI

(Equivalent Strut) dauanslugili 5 Fauilumssw

176

Y Y 1 v a ' @ Y < U
lLSQﬂ?uﬂl?ﬂigﬁ31ﬂwuﬂﬂiﬂﬂﬂﬂI‘ﬂﬁ\i"llﬂusllxﬂﬂﬂ1

a do o 9 o v Y
TAgmMsAATIZHAMAIAIUNMIUIINIZLINATAIATUNIY

A 1

< ' o o {
oomilu 2 au ﬂﬂﬁ’JuLliﬂﬂ1ﬁ051uﬂ1uﬁll€fiﬂﬂﬂﬁ

Aa o o v v v oa 1 <
1]53!1!14!ﬂTﬁ\iLl‘U‘U’JQ%ﬂi"llfNNuQ@iﬂ@ﬂ?ﬂiuiﬂﬂsﬁlﬂlﬂl\i

' o o 9

G a < v
ADUNTALATUIVAN 3 anHAUY "lﬁ'uﬂ NIAIATUNTU

'
A A

llﬁﬂﬂﬂﬁﬂiulluﬂﬂllﬂﬂ ﬂ°1ﬁw\1i§ljﬂ!VI1ULL§QL€!@HLLUUL@@‘H
o o ¥ o A o =
llﬂﬁ UAZNIAIATUNIULITINABANYNHNUI FIUN 2

I a o o 9 Y <3 1
Wumsdsziumasaiuniuvedlaseveudailan

v 9

A Yo [ o o A @ o o
mﬂ‘lﬂmmmumum 2 mmmunummﬂumm

a J

AMUNIUTIWNNANNMAIAIUNIUVDINTTIDFNOIAY
o w = a I 1
MaamumuveaInsaneunsaas uvanla
ANSUMITFWUUTIA0IVD T I U SN
4 o 1 3’, o ~ o a3
naouAszHINGU danaaslugli 6 suiludean
1 a Jd A I ay 4
A mesa1e el unugiulunisaii
o é 9 1 a ]
nuudiaralseneudle aradiualusiausn

(initial stiffness) k, usadounganiin V, nazd

s 1
2=t

mﬁmﬁauéfaszwa'wmumamm

) Ay, udiforitu
o Y a A 1
yansnvzi liinausudougega V,, uazainis
& o ' H 2 d VoA Y a
maouAITEHINTUgIga A, Fuilugieimiliing

maaniandigansin (post-yield stiffness) ak,

d’ o ?)I 4 =1 \J
51U 5 Tuaadiae s guLUINILESNEUINT

b1}



usanszimud e (1)

> A

1 v o &
31N 6 ANuFuRusITId T

b1}

1 9
uazmﬁmﬁaumnmnw

4
msadrupudiaeslunsanuiil 1d1dadds
(2 [ a KR a 1 ~ Y
FuussoalSFuvnsdgned laainnisnadon
Tuweulfiiams Taouaaslugdanuduiusszning
Y o ~ . 2 g o
AMWAUNUANNIATEA (stress-strain) Fuiuniih
VoA 4 o @ J o ' Y
a1 ldvnanuduwusasnanurldlunisnn
1 a o A ' y
Awes lugln 6 Tasunualuaumsnauelae
. . % < 4 1
Saneinejad [20] FuiluaunisiiugiunounIsadg
° Y @ v Aa ' Y < =
nuudaedlvnumisognelulasedeudenounia
a <} o v w o a a ' J
w3wman TagmiassuusedaliFuvedgnonazan

AnwaToasz 1¥lumsdiudun Vs Vins A uag

X g ' P s °
A, guiluaimisiiimeslunisadsunudiasa
ANMUFURUTIZHIUTINTERIN AUV 1AL AT
) Y
IAADUAITLHIIFU
FHMTVUNIAVINITIVANNAANTIVAUD VLT
o ' A a
NAOA TUILINUE ANTAMIAMITAROUNYAATIN Vy

Tasmsiszgndaunsiiauelag Saneinejad [20]

il lumsmuaannimesnaaumsi (1)

V, =R, :2x/5thftcos0 (1)

i e f,=0254f, (MPa), ¢=0.65
(ns@imisnedgimasinusalunuadiduiennia
uuziiilae Saneinejad [20]), R, fAof1dvsuusg

@

A v = a
mammﬂﬁﬂuummm, t A9 ANUUUIVDINUIDT

177

Engng.J.CMU.(2020) 27 (1)

@ @

' A a ! A o
no, h a0 ANNGIVOINUIDIND LA fm AONI1aN
[ v A =R a 1
5‘1JlL§QE]ﬂ°IJi°1ﬁJGIJENE]§;ﬂE]
A a J

AIMTUAITURDUGIGAVOINUIDFN

a9

Vm
o Y v o @
annsadunldlasldanudminsvewsedalumm
nuguisumadwaalugln 5 Feaunsafiuow

' a s =
MWITWNDTNANNITN (2)

v g, - O,

2

cos O

e f.=0.64f", $=065, uaz 0 fe

yuluuInusaveImiegne

a w

FMTUNTAVINITIVANNAINNITIUALVY

Masdumuusudounnwaou loa (Sliding Shear

v a

. A A oA o ¥
Res1stance) Luﬂﬂfl]']ﬂ!ﬁ\nﬂﬂuqluWuﬂﬂ‘ﬁﬂ@‘ﬂqxi ANUY

= 1 Y a A v a 1
ﬁN’cNNasl“HLﬂﬂmimauvlﬂaﬁumwumfﬁﬂ’EJ q7INTD

a9

@ 1

Murausuneugigalumidyne

3

V. ldenaumsh

Vm e T yvrl' !
1-0.45tan 6

3)

e y e dMgudmiuidwsuioudssde,
v flo MAawsInouveIniiog

dmsunsdiveans3vannavinn1siva
HuURIEIR NN usInagaf Y (Corner

Compression Resistance) 11999101159nA0 A7 31

s
v v [

misdgnefge aaiudedamaliinamsnadanieniie
usuIgyUVeINIIBgNege ausamuINL IR oY

EY
o

gagelumissgne 7, ldvinaumsh (4)

a9

(1-a,)a.tho, +aytlz,

V,=R.= 4)

cosf
d' 1 a o d' o
e AR es luaunsh 3 amnsanIuIN

IR inaumsi (4.1) — (4.5)

1 M, +2.M .

a

= 4.1
< h ot D



0.80UUdANGAS Na: 2.]waduns

o, =-— 4.2
b= ort (4.2)
f’
o, =—F—2L— (4.3)
J1+43%*
S
o T — (4.4)
\/1+3,u2
T, = UOY, 4.5)

U a o J J
ijﬁa ANAIAAN TUINUARINIITZH I

d‘ A 1 a
M, vaz M, Tavi M., M, de mmandan
TuudvesauazmumudIay, 4 fe mdulszans

< o o o
ﬂaml?mﬂmwumTﬂﬂ%ummawﬁ’wanwmmwm

()}

' @ J <]
gne, 7 Aedandiuveslasaends (r=~h/l),
A 1 - o w
B, By e awrlaweidiguaaiasvesauazaiu
A1ud1e Y 9 Saneinejad [20] nuzi11¥n 0.2,
U a 4 A Y ] 4 =2
Amisiiimes A/ fde szezidudiugudnalada
] J
WURIUgUINa19YBIA NGz ANE1IVDI 1A

Yy 3 o
VBLUIATUATIAL

=

dmSunssinmansanszidiudagegaiioann
MIALDUMARIUNIULTINABANYNEITY (Corner

. . < (3 a wa
Compression Resistance) 1ua2n10auM1321/0104

]
o v w =

AI0INNATOY NMINIAMAITULTINGANTINTNADIN

]
= @

AR IumuLsInasanyuAle @wsniiaunisi

(4) ulszgndlasldmmasiunssdalliFuuesdgne

lugaegaasinunuluguns Faild 1daunislua

aagaslugumsi (5)

vo_p (I-e, )acthayc + oyt )
cos

e Animesluaunisi (5) vl

TTIREL] (5.1)-(5.3)

fym
Gyc:—“ (51)

1+3u°r

178

Typ = HOyp (5:2)

Sym

e J143442

! A s ' o o 2 |
ATNITINRND T O-ycﬁﬂ Wujﬂlliﬂﬁﬂﬂﬁﬁﬂﬂ1ﬂﬁ

(5.3)

AATINVOINUIBUTINADANYUVYD LA, Oy Uaz
v '
Typ o NS IFURAAIRINNIYAATINY BT INADA

' ' Y
wmuuawumuiuﬁaumﬂﬂﬁﬁusluwﬁ’mmmmu

MUY

]
o A

1 a o A o A =2
ATNITTULIADT ym £19 ﬂ1ﬁ\iﬂﬁ!ﬂﬂ§1ﬂﬂi“ﬁuﬂl®\i

o

8900 Falumavia £, wil&onanuduiug
3 ym

FTUINAANUAUAUMANUIAIBAN IRDInNTNATEY

vAa o W o v A= a ] A oA
auiamasiunsiealssuvesagne luresliiams

]
=

v 9 @ o o
aaaaslusdan 7 FIHIUNITHIANNUAUNUDTUDIYA

L1l

asniAaulusaduldavesnsl vlasiins
muunduasadudaiuuuandu Ifaseninannuiy
nazadunden Tagldndnnisiauolae
Panyakapo [21] 4 1§uaasnisnundunsaile
duiaiuiduIfeluyavesnsmmaariuasiausn
(initial stiffness) Faii3En1slumsadiennudusiug

2 dolaun 1) maawiuasisn (initial stiffness)

v £ Yo o

voudududanuduTasannsonild lasasldiaan

60% voIni1aIngansINveslisudgn

a

Y 9 o v Y Y 1
“lmauﬁsmuwamuuuuazmuan I

2
0
2
0
Indifeany

° o A o ' y A

dmsumandeudiszninguiigansn A

T v

HATMIINAOUAITENINTUGIgA A vonIiiDgne

annsafmulalaninaumsn (6.1) uaz (6.2)



AIAY . Lo
A waauduiiimaadeln
I — 1fuia
Jom
0.6 |-
) idunaialni
1duasa
kO
2
gy Em AUIATYA

a ¥ @ & ' Y o
Tllﬂ 7 UAAANUTUNUTICHINANUAUNDY

9

Gl =R a 1
ﬂ?WNLﬂiUﬂﬂl@Qlﬁ“ﬁNﬂiﬂfJ

gL
d
A, =— (6.1)
cost
& L
A, =Znd (6.2)
cosd
A A ' a A
e £,,&, 1o MANWIATEATNIARTINLAY

a 1

1 ~ S =2 A
mMANNAIEAgIgavefIasudgne, L, Av Ame1n

@9

9 2o A ' o ¥
GluLlu'JLffuT]LLENﬂWEJuWIfJUWH ﬁWlJ1i€lﬂ1u'Jﬂlhlﬂﬂ”lﬂ

aunsi (6.3)

L =\(-a, ) h"+1" (6.3)

LﬁENi]1ﬂuiQﬂﬁ%ﬁ”l‘ﬂﬁﬁﬁuﬂj}%iL!ﬁ%ﬂﬁmﬁ’ﬁlu{ﬁ/ﬁ

v i
sEHINFUNYansInazgagega awisoiw 1y

MIfmIIUKIA1 aawiuasIusn (initial stiffness)

k

0

k

sec

pavmaavhuassFuaud (secant stiffness)
druaraaniuanaIgansin (post-yield
stiffness) ak,uazuamoivesnunduass
(bilinear factor) ¢ @113 IUIUAINITITIADSTAY

waaslugumsii (7.1) - (7.4)

(7.1)

179

Engng.J.CMU.(2020) 27 (1)

v
k. =—" 7.2
sec Am ( )
V=V,
ak,=-—"—2 (7.3)
A, —A,
V=V, A
a=—"—2>. .2 (7.4)
A,—=A, V,

3.2 ng@Anssuveslnssdeudsneunsamanmanilar

v 9

3 9 < '
MasaIunuvedInsestoudsoinisilar (bare

g a o Y Y &
frame) L‘]J‘L!‘Wi]ﬁﬂiiu"’llf]\il!ﬁ\?ﬂié‘iﬂ"lﬂ'l\iﬂ'll!"’ll"l\i“]f\i"l]%

a o 3 @ %’ @ Y @ 3’; = A
Tutimiuiludamduvealnseadie asin 39lulins
S =
W95 IHaYeINsITaNe 3 dnyazidiuuneveq
o =R =K ! J a
vgAiadImaveIn Inwuanaraanluen auuaz
7 ' ' @ 1
TuwuanyadesenNuawazauauaadluglin 8
o @ o w 9 Y < 1
dirsumasdiuniuvealasadoudaeinisnlal

aagunn (8)

| Rpp Bare Frames Resistant

RBF7

K |

v Y

y o < '
sU7 8 Masmumuveslnssdondseraisila

_2M . +M )

P (®)

BF

1o M, Ao A luudnaraanniyeenii
1 9 1 A 1 4
senaw M, M, nazioas M Ao AT ud
wara@nvea uaz A Ao A1TTELIEHINUTUHIY
4 = 9 ] o
AUINANDUTURIUFUINANVDIAINGIVDI AT

]
UBLLUN



0.80UUdANGAS Na: 2.]waduns

3.3 uyydrasslasanaunsmasumanalaldsunsy
RUAUMOKO
MsadanuusiasdlasanounIaasNIHAN

Tumsanyil 1814 715unsy RUAUMOKO #ailu
a o T Aa ) [ <
Tsunsyanszvuuy limady dmsulasatouda
& a <3 1 °
aounsatasuantlal msaduusiassazlans
110931 Modified Takeda danaaalugzin 9n
1 I3 v Aa 1 a ]
dyulnsaveudamisdgnegduuvvesadany
a Y = o o [
wadu daihnlelumssiasswmnunsadalunuinues

a J

eumivesmisegne Tagldzluunnssiasauun
SINA degrading tri-linear [19] @Tmﬁﬂﬂugﬂ‘ﬁ 9
Famasraeana 2 upuduwginssumsfuusuy
19903 (hysteretic)

Member

<]

® ®

(n) uuusaeslasedondanlan

@

Member
L]

SPRING

&

Node

@I

® ®

o 9 < v a
(V) uuuT1a0eInT9UoUUIHITIBTND

a9

y o <
511 9 uudranalnsatouds

b1}

180

=
4. WaMIANY
4.1 wamsnaaaumasiuusidadguaeniszaiu
a U
wananaunzneuilszihwanTaglealrau
HAMIANYINDIIHANTNATOURIAUTITAVDI

Y (3 1 1 = o 4 JI1_a
ﬂ’e)uﬁ’J’ot’mizw’mﬂ“ummuﬁﬂﬂimmuﬂmﬂummu

@

sz alddasarunmuzan 30:70 Tagldmids

12 @ ]

Sunsssaminy 9.88 Mpa 9 1uNIATIUAIHUA

a 4

¥ 1 v
pyvaenlszauriaiviiviinminy 7.35 Mpa

a9

F v
WA U uInMsunun luaiuvesauaznoulszil
Y o

g’/ a 9 " Aa 9 Y
ﬂ’JEl’JﬁEI’iJ’E]"]fI“BGWNVN 3 Gvuﬂ"lmm AU D1 FT1UDDY

s A

v g s o VoA
taziownay Assaz 10 wesisua en19as1dIun

a <

mazaulumsii lwaadudgudentszauuiann

a9

nauaznoulszil mamsnaaeunaIsULIIOn

g1t 10

fuan
m dhanudan

dunay

Compressive strength (Mpa)

30:60:10  30:50:20

30:40:30  30:30:40  30:20:50  30:10:60  30:00:70

Cement : Sludge ash : Pozzolan

sUN 10 wamsnlSeumeumassunsoa

L)

@

4 2 -
nwandagilesTraiune 3 wila

ya

nnmsIselaiasannieuifeudensasaiui
M ANVOIUARLSATIEIUNAY FaT SATId I
Yudwuaesauaud : auazneutlsza : dunn
WTuden ons1aIu 30:30:40 dmSudasiaiu
Yududlofauaud : auaznoulszah : idwudes
W15 aen onsialIu 30:30:40 uasnsiaIu
Yudwudlosauaua : auazneuilszi - idwnau

1A A A o w o o W oy
TuNasaudeniiosnnmadenssunsoalulday

= '] I o
13T c]f\jllljJW']uLﬂmmWﬂ']wuﬂ



a K a ' 9
NﬁﬂTﬁ'ﬂﬂﬁﬂ‘Uﬂi“ﬁllﬂlﬂﬂﬂﬁﬂﬂllﬂuﬁﬂﬂ

o @ 4 Y o ! a <
ANUTUNUTIZHINANUAUNLANNIAT oAV T

@

' v = s o '
gﬂ?)llﬂ maﬂﬂugﬂm 11 1M IUANULANAIUD I

()

o a o v w

MAIF VT UDIDFAOUAL AT VNTIBAYS FUVD

E:)

dgnelumsnaaeumasiunsedavesdgnoaz19ns

v o ' Y 3 1o o (A
NATOUNANDUAIBYY 1 ﬂ@ummmmmmuﬂﬁn

a a A @

' 9 ' ) Y @ 9
ﬂl@ﬂ@fﬁﬂ@ﬂgi"]ﬂﬂ1iﬂﬂ@§ﬂﬁﬂﬂﬂu 3 ﬂﬂuw5@llﬂuﬂ1ﬁsl"])'

a9 a9

YUNoFIAI1981992 T UIATATIAIUAIINGIAD
9

Y [ v 9 o v o U
AN NN 2:1 nuuazlsanudunusainan

Mmmsdsziumadsdimuusuau lae 11

——¢—— Prism test from bagasse ash

1 ——+——Prism test from diatomite

o+
0 0.00050.001 0.0015 0.002 0.0025 0.003 0.0035 0.004

Strain [mm/mm)]

4 @ v d 1 Y o
sUN 11 ANUFURUTIZHINIANUAUNY

u

= =®R A
ﬂ’ﬂmﬂiﬁlﬂ‘llﬂ\ﬂﬁ"]ﬂl@@ﬂ@

o v Y

4.2 wansUsziiumasiiumunsanuanlvives
TnsavoudInoUNIAEINTAaN

o v w

4.2.1 wanisisziiuniasSunssvealasavoud

a <

= \l
nauNIAE I Mvanian
o o 9 1 o Y
faeduniuTasaeraisnardiuaa ldan
1 'd a o
A Tuuudnaraganluar (Mpe) 910MTAIUIUAIY
1 4 a 1T W
Tsunsy CSI-Column 1da Tumuanaradnminy
U o 1
101.37 kN-m taga1 Ty uAve99aaovauainiug
(M) 101 24.93 kKN-m a4 1515081499114
£ =] Y1 o o Y
duniuIaseeorasalarwaldaaisidediuniulagg

omsiar Rer imny 74.29 kN

Engng.J.CMU.(2020) 27 (1)

422 wanisdsziiiuniaaSunsaveslasavonda

a 24

AIUNIAIEINNBAITIIBDgUAN sz UNIAIN
mslsziumaaldngugmsiiavesmisdgne
Y < = a < [
molulassdondanounia@sumian 3 dnvae
Y 1 o o 9 @ .
laun Masduniunsanadalunuinues (Diagonal
Compression Resistance) #1898 1un1uLsufou
suuideuloa (Sliding Shear Resistance) 1az
fraediuniunsanasanyuwniia (Corner
Compression Resistance) lanaagimstlseidiumga
Y = a oa v Aa 1 o
melangumsdiavesnivagne 3 danvuz Taglasa
9 < = a I~ v g A o
JouvInounIAIUIMannermivaedgudonilszau
@ 1 = o o 4 a
wannludasiain Yusmuallesauand : Auaznou
dsz1h : 1dudes 30:30:40 (wl) aaaaslumsig
A ) [ ) < = a < ' v 9
7 1 dmisuTasaveu9ApUNI AlA3 UIKANNDHITIAIY

a 2

v v J
aguaendszaruurawnludasidiu Judiuud

8

I 4 a Y k2
Uosauaue : auaznoulszii 101 1u00E

30:30:40 (w2) dadadlumsiei 2

i 1 ajwansdsziuhaeioussdudieves
Tasestoudenouniaasumannoniiadiedgudasn
Usgamurannludasiaiu Yudwudlesauaus
auaznoulizih : @ 30:30:40 (W1)

JUuUDMINIa | usanssiime | usansziinm

Y Y Y Y v

AMudagaga | A9NmnY

1namsilszdiu | ussvealasg

(kN) Foudala

(kN)
MaadIunIu
1539nAoa 1

478.03 552.32
HUINLEN
(awms (2))
MaadIUNIU
USUROULUIY

N 551.03 625.32
wou'laa
(arums (3))




0.80UUdANGAS Na: 2.]waduns

Y ' A o v w Y 9
M31ai 1 (a9) a3iwanisdsslumaasunssaudng

Y < ) A < 1 v 9 a I3
"II’E'NIﬂi\ﬁlmﬁl\iﬂﬂuﬂiﬂlﬁiﬂlﬁaﬂﬂﬂwuﬂﬂﬂﬂﬂﬁ’ﬂﬁﬂﬂ

o ' - s s 7
dszmunrannlusanaiu Yummudlesanaud :

auaznoulszih : A 30:30:40 (W1)

y : A o o w Yy v
319N 2 (\i0) agUran1ssziumMaIT NI IR
9 < =l a < 1 v 9 a "
Vo4 lATIToNTIADUNTATMNANNONIIAIBD T UADN
@ 1 = o J s
Uszmunramnluganaiu Yumuudlosanaud :

Auaznaulsza : idnudes 30:30:40 (W2)

JUuUMNIA | usangEine | usangsinm
Y Y Y 9 @
AMudgIga | AU
nMslszdu | usvedlng
(kN) Houdanla
(kN)
masdumu
HIINABATYN
. 545.60 619.90
19
(erums (4))

a o w < G
vinnstsziiumideveslasedouinounia
a < 1 v 9 a [4
WimannenAlgaguaendszauuIam
Y v J J J a
aas1a Yudmualesauaud : Auazneuilszi
Auw1 30:30:40 MasdumuiinuaaleaIfIGa
P A9 A a ¢ ¥ o w ¥ I
AMUMUNToeNgAIINMTIATIEHNINAINUNG 3
A o v Y o Y <

uuUD ABMAIRIUN I I INUEINAD TATITOLAS

1wawny 552.32 kN

msai 2 agdwamsiszdiumasiunssdudiaues

a [

Y < a < ' v 9
TAT9UUUINDUNTALASUIANNONIIA28DTUADN

a9

Uszenuwannludandiu Yudwudiesanaud :
Auazneulszah : idnudes 30:30:40 (W2)

sUuuuMs HIINTEIME | 13INTTIINIG
Aa wa 9 £ k% 2 9
Nia Audagaga | @mdesuny
a 9
1amMssziiy | usavealaseie
3 1
(kN) udanlar (kN)
M@
usanaealy
766.4 840.69
HUINLEY
(awms (2))

suuums HFINTTINNN | UIINTLTIING
a wa Y 9 9 b3 g
1A AmdNgage | Amdesuny
a 9
1NAMsUszy | usavealaseio
<3 1
(kN) udanlar (kN)
e
HTUNOULLI
4 563.03 637.32
wouloa
(erums (3))
MA@ NI
HIINABATIYN
. 419.01 493 .30
W1Tg
(awms (4))

nmstszdiumadiveslnsatoudenaunia
isumanneniadredgudaentszaiuylamn
Tudasidin YuFwudlesanaud : Auaznou
dsz1h :idnudes 30:30:40 Masdiumuiivua

v 9

v H 9
Farmdeaduniuiitesiiganinnisimsiziing

o

Y 4 A

MAIRIUNT 31Uy AoMAIAIUNIULTINABATNYUHITY
@ < 1 T oW

520y Tnsatoudatlanniny 493.30 kN

4.2.3 wanisysziuniasSunsavealasavonda
= a \J v Y a [<4

AOUNIAIA3NNBNTIIN BB UABNSzaNUNIaN

o @

f“hWﬁWﬁm’é]g‘U6Qﬂ”Iiﬁ%}”NLLUUﬁnﬁ@QﬂTﬁULLiQ

a 1 o

upuigans (hysteretic) voanisdgnodiuimTagld
aumsnldnanfudrdedu dmsudlredialngg
9 <3 v Aa [ @ 1

Toudamiiedgudontszauuiawlusasidiu
Yudwualesauaud : auaznoutlsza @ dunn

@ ] I v a

30:30:40 uazmamﬂﬂsq%’mmwuqagufﬂ”aﬂ
Usgamurannludasiaiu Yudwudlofauaus
Auaznouilszih : id1udes 30:30:40 usadiuda

fiyansn V, uazusandgega ¥V, veamnidgne



° ' a Y ¥ Yo o A
ﬂTL!’JmﬂWWWiﬁJmail‘lﬂiﬂﬂsl"lfﬂ1ﬁ\i‘|/li]ﬂﬂ‘i1ﬂ1uuu3

a

a ua Y v

Ed
NUBIVDINTILAAIBUTI0A TULUINEU Rt HagniaN

Y ¥
Fuusegalunuinueamdu R - awdan 1iesn
a o v < a oA o w @
mssziumauilumsiiianmaidiunuusinasa
lunuinuead1msuatodta W1 nazdmsuaiodd

a 4

3 A wa o w
W2 Nﬂ?lﬂi1$ﬁlﬂuﬂ1i’3'ﬂ@LLUUﬂWﬁQ@TWH‘W1HLL§Q

v

v @

v A =3 1 a 14 9
ﬂﬂf’)ﬂ'ﬂullﬂﬂuui]\iﬁ?ﬂﬂ?WWiWﬂLﬁ@iiuﬂWﬁﬁﬁWﬂ

° Yo =
LL‘lJU%Waﬂﬂllﬂ@\'iuﬁﬂﬂsluﬁTiNW 3

1 ' a s o v
ﬂ'li'lx‘]ﬁ 3 ATNITTINIADINTITIVUITILYUININT

(hysteretic) voaniisdgned 1 nsunIsasng
uuutansInseaing
Tasa| V, | Ay | V| Ay | K a
ﬁlsjj’g] (kN) (mm) (kN) (mm) (kN/mm)
<
N
W1 | 338.99| 5.88 | 552.32] 17.64| 57.65| 0.3
W2 | 300.79] 490 | 493.30| 25.61 | 61.38 | 0.2

A Y < ' v 9 a 23
Mg Wi felasesdendenenisdledguaenitszaiu
o U = g 14 7 a
wanmnlusasidiy Yudmualesauaua : Auaznouilszih :

a 23

a < v o
AUILT 30:30:40 / W2 Ao Tnsadoudanoniisniedguaon

o U o 4 I a
sgamannlugaidi Jusmudilesanaua - Auaznou

521l ;181w udes 30:30:40

TumsIusansziveslnsetoutanlar (BF)
de%wﬁwﬁﬁgﬁa (W1) uaﬂﬂia%u%mﬁﬁgﬁa
isuhas (W2) Tasmssiassnganssuazldgiuun

4 o oY =
MIAAOUAITENINTUAW AR TUUN 12

254
2
1.5
17
® 05
e 07
5 05
-1 b
1.5
.2—7
2.5

-3 I \ \ \

5 10 15 20

Number of Cycle

d' ¥ o J 4 A (9 ' ]
5UM 12 ANuduiusIEHnINMSAAUAITEHINTY

b}

183

Engng.J.CMU.(2020) 27 (1)

AUT VUV VT I00INHANTIUMTTULTINTZI

v o < ' o {
wuuinIns veslasedoudalar (BF) awdaslugli
13 dMSUHUUTIA0INgANTINNITTUUTINTE

(W1) daaaslugin 14n

o v w < @ oa
!Lﬁzllﬁﬂﬁﬂ'laﬂi’ﬂuiﬁi’HJ"U’ENIﬂiQ"l’J}’E)LL"INNuQ?Jiﬂﬂ

a 1

HYVININT VBINIIBTND

a9

(W1) naInfiaasunsaueniiaognenumadsy

usavesInsaveuduladaanslugii 144

Drift (%)
25 -2 -15 -1 05 0 05 1 15 2 25

200
150
100

50| —
o] /

50 —

-100

-150
-200

Horizontal force [kN]

-75‘-60‘-45‘-30‘»15‘ 0 ‘ 15 ‘ 30 ‘ 45 ‘ 60 ‘ 75
Displacement [mm]
d‘ a o Y ]
51N 13 wadnsznveenlngs BF

u

Drift (%)
25 -2 -15 -1 05 0 05 1 15 2 25
L L L L P L L L

6254

2

<75 60 -45 -30 -15 0 15 30 45 60 75
Displacement [mm]

(n) nuuSeewoImisdgne (W1)

500
-625

Drift (%)
25 -2 -15 -1 05 0 05 1 15 2 25
L L L L L P L L L

7y

625
500
375
250
125

o

-125-

250

375

500

625

Horizontal force [kN]

Y

LA
=75 -60 -45 -30 -15 0 15 30 45 60 75
Displacement [mm]

(v) nuusaesveslasetoudamisdgae (W1)

1 a P Yy o '
sUN 14 wadnsizrvealnsaveudavesdlngls Wi

a4



0.80UUdANGAS Na: 2.]waduns

AUT VUV UTIA0INGANTTUMITTULTINTZI
wpuInins (hysteresis loop) veamadgnoLaTY
Mida (W2) danaaalugilii 150 vasuaasdidsiuuss

(W2) fifia

INMAITUUTIVDINITIBFNONUMIAITUITIUD AT

@ a @

samvedInsedoudsmisdgaeaiuma

Foudulawaanlugii 159

Drift (%)
25 2 -15 -1 05 0 05 1 15 2 25
L L L L T - L L L

/

5004
375
250
125
]
125
250
375
500

Horizontal force [kN]

Z

-75 -60 -45 -30 -15 0 15 30 45 60 75
Displacement [mm]

(n) uuusaeoINisegne (W2)

Drift (%)
25 2 415 -1 05 0 05 1

/7

15 2 25

500
375
250
125

g

125

250

375

500

Horizontal force [kN]

é‘_

<75 -60 -45 -30 -15 0 15 30 45 60 75
Displacement [mm]

(v) nuusaesveslasetoudamisdgne (W2)

y a 7 ¥ @
5'1]ﬁ 15 Nﬁ'JLﬂ5'l%ﬁ"llﬂﬂiﬂiﬂﬂlﬁllﬂl\ﬁlﬂﬁﬁjﬂﬂ'lﬁ w2

u

dmsuwamsnfseumeunnuIiasaazavos
M3szluManINNgERNIsILA 3 anbue 1aAdag
597 14-15 awnnsansmandlfifungdnssuns
FUusInIzimuuinans (hysteresis loop) Tasain

o @ ] < 1
MI91209U09870819 1ATAToLTI W1 naz W2 ldan

o

ad

@

vusanszsmedudgegaminy 505.42 kN

]
v A

ez 546.72 kN #aldaimaanldnanulndifeany

AUNQUHMIINA 3 anvay

184

5. asy

Q

' iy a W °
1. ﬂﬁﬂﬂwuﬂﬁ/’lﬂﬂﬁﬂaﬂﬂﬂizﬁWUNiﬁmWﬂﬂﬁ}

£

o v 9 1

mm’mmaa“luma%’ummmumuuwuﬁu%’Jgﬁmm

d? J Y < = a I oA 12 '
ﬂJuﬂ’ﬂIﬂ’N“llf)LLﬂJQﬂ@uﬂimﬁiML‘H’dﬂLﬂﬁWﬂVlllllﬂﬁﬂi’)

@

WU

o w

a < =
2. ﬂﬁ'ﬂi$!Nuﬂ?ﬁ\iﬂl@ﬁiﬂiﬁﬁlﬁljﬂllﬂl\iﬂ@uﬂiﬁ

a <3 o_w a (9
wsuvan W1 maq?ﬁumuLﬂﬂ“luummmmunu

11 552.32 kN naas1didiuan

aln

]
a vaa

Iuan

Tagaveudanl
ANHUTNIG eIt lidguden
UszauuiaInnduansasumdsldediady
anuaTe uadmiulaseteudaneuniaas uman
W2 Sadaduminusanasaiiyumissuiuing
Fouda)awnny 493.30 kN uaaalififiudamsinia

1u

A a 4 o y & o Y a a wad
mnatluanyuzadugsgilinansitdanlase

=)
BUN

@ a

dnuazveImsnausinasanyuanaliusnu

Yy =
UBDLLUN

@ = Y

ANUUINDADINTT

a oa v a

o A v Y
33U@]§]1ﬂﬂuﬁ@§ﬂﬁ'ﬂﬂﬂﬂﬁu!ﬂ?‘iﬂuﬂ@ﬂ

-

ee

a @ o [ <
1Finan1ssusiaediuanalfiay
= 9

a a a o w [ 4 =\
Uszansmmdadesimstasumaalasadoudaive 195

A 2

Mdaduns diiiuiu

3.01991009NQANTINNITTUUITINT L
wuuigins (hysteresis loop) a20Tdsunsu
RUAUMOKO nnmssiassvesdioneInsatouda
W1 waz W2 IWamdadunsenszshmedmdaei g
HawlndiReenunumslsziiudidsainngufnig
20 3 anyue

a A

6. naAnssnlszma
AMZAIVOVBUOUNTZAY WHIINGIGINIA
v = A a v =
aziueemReunile ¥n1Inerdeasny uag
PnasnsainiIneds Alimsaivayulumsmive

¥y 2
Tunsall



Engng.J.CMU.(2020) 27 (1)

Y a
9Na13913943

[1] Gates, W. E., Nester, M. R. and Whitby. T. R. Managing Seismic Risk: A Case History of
Seismic Retrofit for a Non-Ductile Reinforced Concrete Frame High Rise Office Building.
Proceedings of the Tenth World Conference on Earthquake Engineering, Madrid, Spain,
1992.

[2] Sugano, S. Seismic Strengthening of Existing Reinforced Concrete Buildings in Japan. Bulletin of
the New Zealand National Society for Earthquake Engineering, 1981; 14(4): 209-222.

[3] Leeanansaksiri, A., Panyakapo, P. and Ruangrassamee, A. Seismic Capacity of Masonry Infilled
RC Frame Strengthening with Expanded Metal Ferrocement. Engineering Structures, 2018;
159: 110-127.

[4] Hamid, A., Wael, W., Zeyad, H. R. and Elgaaly, M. Behavior of Composite Unreinforced
Masonry-Fiber-Reinforced Polymer Wall Assemblages Under In-Plane Loading. Journal of
Composites for Construction, 2005; 9(1): 73-83.

[5] Altin, S., Anil, O., Emin, K. M. and Kaya, M. An Experimental Study on Strengthening of
Masonry Infilled RC Frames Using Diagonal CFRP Strips. Composites Part B: engineering,
2008; 39(4): 680-693.

[6] Akin, E. and Ozcebe, G. CFRP Strengthening of Reinforced Concrete Frames with Masonry Infill
Walls: A Numerical and Parametric Study. Advanced Materials Research, 2013; 747: 51-54.

[7] Elgawady, M. A, Lestuzzi, P. and Badoux, M. A Seismic Retrofitting of Unreinforced Masonry
Walls Using FRP. Composites Part B engineering, 2006; 37: 48-62.

[8] Hernan, S. M., and Pablo, A. Repair of In-Plane Shear Damaged Masonry Walls with External
FRP. Construction and Building Materials, 2011; 25(3): 1172-1180.

[9] Taghdi, M., Bruneau, M. and Saatcioglu, M. Seismic Retrofittting of Low-Rise Masonry and
Concrete Walls Using Steel Strips. Journal of Composites for Construction, 2000; 126(9):
1017-1025.

[10] Ismail, N., Petersen, R., Masia, M. and Ingham, J. Diagonal Shear Behaviour of Unreinforced
Masonry Wallettes Strengthened Using Twisted Steel Bars. Construction and Building
Materials, 2011; 25(12): 4386-4393.

[11] Harajli, M., ElKhatib, H., and Tomas San-Jose, J. Static and Cyclic Out-of-Plane Response of
Masonry Walls Strengthened Using Textile-Mortar System. Journal of Composites for
Construction, 2010; 22(11): 1171-1180.

[12] Kazemi, M. T. and Morshed, R. Seismic Shear Strengthening of R/C Columns with Ferrocement
Jacket. Cement & Concrete Composites, 2005; 27(7-8): 834-842.

[13] Dehghani, A., Nateghi-Alahi, F. and Fischer, G. Engineered Cementitious Composites for
Strengthening Masonry Infilled Reinforced Concrete Frames. Engineering Structures, 2015;
105(15): 197-208.

[14] Altoubat, S., Maalej, M., Kazad, A. S. and Eatephane, P. Rapid Strengthening of Unreinforced
Masonry Walls for Out-of-Plane Actions using Fiber Reinforced Shotcrete. 3rd RN Raikar
Memorial Intl. Conference & Gettu-Kodur Intl. Symposium on ADVANCES IN SCIENCE
& TECHNOLOGY OF CONCRETE, 14-15 December, India, 2018; 382-389.

[15] American Society for Testing and Materials. ASTM C305-14:2014. Standard practice for
mechanical mixing of hydraulic cement pastes and mortars of plastic consistency.
U.S.:ASTM, 2014.

[16] American Society for Testing and Materials. ASTM (C349-18:2018. Standard practice for
compressive strength of hydraulic-cement mortars. U.S.:ASTM, 2018.

[17] American Society for Testing and Materials. ASTM C170-17:2017. Standard test method for
compressive strength of dimension stone. U.S.:ASTM, 2017.

[18] American Society for Testing and Materials. ASTM C1314-18:2018. Standard test method for
compressive strength of masonry prisms. U.S.:ASTM, 2018.

[19] Carr AJ. RUAUMOKO computer program. University of Canterbury, Christchurch, New
Zealand, 2006.

185



0.80UUdANAAS 1a: 2.]lwsvuns

[20] Saneinejad, A. and Hobbs, B. Inelastic Design of Infilled Frames. Journal of Structural
Engineering, 1995; 121(4): 634—-650.

[21] Panyakapo, P. Cyclic Pushover Analysis Procedure to Estimate Seismic Demands for Buildings.
Engineering Structure, 2014; 66: 10-23.

186



Engng.J.CMU.(2020) 27 (1), 187-197 0188187 AONSSUAANS

UK1oNe1de1Baviny
) Engineering Journal
Chiang Mai University

Analysis on a Vibration Character of a Hollow Fiber
Membrane for MBR using a High-Speed Camera
and an Accelerometer

Prattakorn Sittisom' and Tomoaki Itayama'*
!Graduate School of Engineering, Nagasaki University, Nagasaki 852-8131, Japan.
*Corresponding Author: E-mail address: itayama(@nagasaki-u.ac.jp

ABSTRACT

The dynamical character of the membrane vibration, which relates to membrane fouling
phenomena in membrane bioreactors (MBRs), had not been well analyzed by the direct
measurement for the motion of the hollow fiber membrane (HFM) in the MBR system. In this study,
we aimed to develop the membrane vibration measurement method using an accelerometer (ACM)
attached on an HFM to apply the measurement in an invisible MBR tank due to high turbidity. A
single string HFM of 80cm length with different looseness (0%, 1%, 2% and 3%) was set in a
transparent plastic tank, in which turbulence jet flow was induced from a submerged pump, to
compare the vibration data using a high-speed camera (HSC) and ACM. Each obtained time series
data of the membrane displacement by the HSC was sequentially processed by a low-pass digital
filter and a derivative digital filter to obtain each velocity data and each acceleration data. And it
was found that the membrane with the larger looseness showed the smaller value in the standard
deviation (SD) of acceleration data, which means the average amplitude of acceleration in the
random vibration, though the SD of the displacement and that of the velocity was larger. Moreover,
the relation between the looseness of the membrane and the SD of the acceleration obtained by the
ACM was just the same as the relation obtained by the HSC. Also, both power spectrums of the
acceleration in the frequency domain by the ACM and the HSC presented a similar tendency in the
relation with the looseness.
Keywords: MBR, membrane fouling, membrane vibration, high-speed camera, accelerometer

1. INTRODUCTION

Membrane bioreactor (MBR) technology,
consisted with the membrane filtration technology
and the biological reactor technology, have
successfully spread to wastewater treatment [1].
The MBRs represent a steady way to provide
enough long biomass retention and high MLVSS
of sludge for high quality treated water [1,2].
However, the membrane fouling remains a
significant problem in MBR technologies [3].
Thus, many studies have focused on addressing
the membrane fouling problems [4, 5].

It is well known that aeration plays a vital
role in the operation of MBR, not only to
provide oxygen for the sludge microorganisms
but also to prevent the membrane from fouling
[3]. The crossflow induced by the air bubbles on
the membrane surface prevents the particles
from accumulating. Air bubbles itself can scrub
the membrane surface when the bubbles touch

on the surface of the membrane [3]. In addition,
the vibration of the membrane by the air bubbles
has to be considered as one of the major
parameters on the filtration performance,
because the continuous collisions of air bubbles
to the membrane and the turbulent jet flow
induced by the ascending bubbles cause the
random vibration of the membrane [4, 6, 7, 8].

The vibration membrane filtration methods
had been studied before researching the
vibration of the membrane of MBR [9, 10, 11].
The disk membrane filter was vibrated by the
oscillating twisted shaft or torsion spring. The
shear flow on the surface of the membrane by
the vibration effectively made increase the
permeate rate [11]. It was discussed on the effect
of the vibration amplitude for the filtration [10,
11]. However, the frequency was set around the
range between 50 Hz and 70 Hz in the
experiments [10, 11].
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The effect of the vibration for the hollow
fiber membranes using MBRs was examined
using the vertical oscillation mechanism [6].
They found that the clear relation between the
critical flux for the membrane fouling and the
vibration frequency changed from 0 Hz to10 Hz
[6]. Furthermore, the vibration of the membrane
in the practical membrane module was installed
in a model MBR tank made of transparent acryl
plates, because the motion of the hollow fiber
bundles was measured using high-speed camera
[12]. Video image was captured by a high-speed
camera with 50 frames per second (fps), then it
was manually processed by a video editing
software in the study to obtain the motion data
of the membrane. They examined a new design
of a hollow fiber membrane module, which
showed a higher amplitude of the vibration
under the same aeration rate than that of the
previous design. They succeeded to mitigate the
fouling property of the membrane by the new
configuration of the hollow fiber membrane
module in the MBR based on the vibration data
[12]. In the study, it was, of course, guessed that
the air bubbles were disgusting obstacles for the
video image processing though they didn’t
mention on the detail.

A laser displacement meter was applied to
monitor the vibration of the flat sheet membrane
as an alternative optical measurement method of
motion [13, 14]. The laser displacement meter
can measure the distance between the sensor
(laser light source) and the light reflection point
on the target [13]. Hence, the vibration of the
front and back direction was only measured.
They succeeded to remove the effect of bubbles
to interfere with the data collection of the
movement. According to these studies, the
standard deviation of the displacement of the flat
sheet membrane was 0.2~0.7mm in the vibration
[14]. They found the major two peaks of the
normal mode vibration at 4.4Hz and 2.2Hz in
the power spectrum [14]. However, it is thought
that the laser displacement meter is not adequate
for measuring the motion of the hollow fiber
membrane, because the hollow fiber membrane
can move both left-right direction and front-
back direction, unlike the sheet type membrane.

The measurement of the membrane
vibration of MBRs had been conducted in clear
water tank as a model system, because it was
impossible to optically observe the motion in
practical MBRs with high turbidity by the
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sludge [12, 13, 14]. Considering that the
development of a new MBR system is the final
goal of the study, the membrane vibration
should be measured in a practical MBR system.
It is thought that the use of accelerometer
(ACM) is an alternative method to measure the
motion of the membrane because several kinds
of ACM with small size and lightweight has
been available in electric parts markets. If we
succeed to attach the small ACM on a hollow
fiber membrane, the motion of the membrane
can be directly measured. The ACM can help to
understand the vibration characteristic under the
high turbidity condition where high-speed
camera and other optical methods cannot be
applied. When vibration in working condition
can be understood, the better arrangement of a
membrane module in the MBR system can be
designed, and fouling can be reduced effectively
and extend maintenance operation. Therefore,
we examined the measurement method of the
vibration of a hollow fiber membrane using a
small size ACM. This study performed a direct
comparison between the results by the ACM and
the results by a high-speed camera, to confirm
the reliability of vibration measurement by the
ACM.

2. MATERIALS AND METHODS
2.1 Experimental set-up of a hollow fiber
membrane

The experimental set-up for measuring the
vibration of a single string hollow fiber
membrane (HFM) is illustrated in Figure 1. A
PVDF HFM of 0.4 pm nominal pore diameter,
2.8 mm fiber diameter (Mitsubishi Chemical Co.
Ltd., JAPAN) was set to the stainless steel frame
which was tightly fixed at the bottom of the
transparent plastic (acryl) water tank (100cm
widthx100cm lengthx100cm height) as shown
Figure 1. Both ends of HFM were sealed with
the PVC tubes (I.D.=8 mm) using the epoxy
glue. Then the PVC tubes were tightly fixed on
the upper and lower horizontal stainless-steel
beams which were attached tightly to both
vertical stainless beams of the frame structure.
The distance between the upper-end point of
HFM and the lower endpoint was able to be
adjusted between 80 cm to 76 cm (=Dpame) in
length using a screw mechanism. When each
HEM of looseness of 0%, 1%, 2%, and 3% was
set, the actual length of HFM was kept to



80.0cm (=Lyrm). The looseness is defined as
follows.

L _—D
looseness(%) = ——"—2" % 100 (D

frame

, where Lyry is the length of HEM, Djame is the
distance between the upper and lower fixed
points on the stainless-steel beams.
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A small submerged pump (YS-15, SENDAK
Co., Japan) was tightly set at the bottom 2 cm
below from the lower PVC tube, as shown in
Figure 1(a). The water flow was jetted from the
pump nozzle with a velocity of 0.50 m/s on
average at the nozzle point. The simple DC12
volt power supply of the half-wave rectifier
circuit from AC (60Hz) was used for driving the

pump.

1000 mm 1000 mm
a.
.
_____________________ ¥ |
500 mm - 500 mm
High-speed
Camera = g
_________ é g HFM with| | E
= = ACM| 5]
=] <) o0
(=21 -
g
=
=
[ .
Submerged || i s i
20 mm =
Pump ‘ I Motat. _3‘ 100 mm
. . Sucker .
Side View Front View
50 mm
b. I—i c.
]
«—X—»
=
=
= g
n = 8 o
= S v A i ACM 5x5x1 mm
rd i Weight 0.049 g
i
—» g
© 2.8 mm
20 mm :: 100 mm
-

Figure 1 Experiment Set-up
a. Side-Front view of MBR

b. Stainless steel frame wit ACM-attached HFM
c. ACM and axis references

2.2 Measurement of the membrane motion by
a high-speed camera (HSC)

Digital camera (SONY, RX10iii) was used
as a high-speed (video) camera to measure the
vibration of HFM, as shown in Figure 1. The
maximum recording speed and the maximum

recording time of the camera are 960 frames per

second (fps) and 2 seconds at the resolution of
19201080 pixels. The measurement was
repeated three times for each experimental
condition. The exact time interval for capturing
each frame was calibrated using a LED flashing
light driven by a square signal (duty cycle =
50%) from a wave generator (Model 3390,
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Agilent Technologies, Inc., USA), where the
square waves with exact frequency (35.000 Hz,
70.000 Hz, 100.000 Hz, 150.000 Hz, and
170.000 Hz) were used for the calibration. The
exact time interval was 0.00105 second.

The displacement of the marker point was
analyzed by tracking software, “Tracker”
(Tracker Software Products, Ltd.). The
accelerometer, which was mentioned in the next,
was used as the target marker for tracking. The
displacement data was obtained as a time-series
data of the position with the unit of meter-scale
by use of a standard scale of 5mm in the frame.
2.3 Measurement of the membrane motion by
an accelerometer

An accelerometer KXP84 (Kinonix, Inc.,
USA) with a weight of 0.049 g, the size of 5Smm
X Smm x 1.2 mm (thickness) was used for the
membrane motion measurement. The ACM
measured the acceleration for the three directions
(X, y, z), as shown in Figure 1(c).

The ACM was attached on HFM surface at
40cm below from the top end of the HFM with
UV resin of 0.1 g. The X, Y and Z directions of
the ACM for the sensing was defined as shown
Figure 1(c). The ACM transmitted the acceleration
data converted to each analog voltage of 660
mV/G. Polyurethane coated copper wires (0.06
mm diameter, 450 mm length) were connected
to the ACM including three data lines, a positive
power supply (6 V), ground and the logic line
for data acquisition enable. The 6 wires were
passed through inside the hollow fiber membrane.
The total weight of the 6 wires was 0.08 g. Thus,
the total weight of the assembled ACM was
0.229 g. It was attached on the HFM of 2.03 g
weight. The accelerometer data line for X-
direction was connected to data logger of 12bit
ADC (DS1M12, Company name), where each
data line from the ACM was also connected to
the ground through a capacitance of 0.033uF
according to the company’s instruction manual
for the high-frequency noise reduction. The time
interval for data collection of the data logger
was set with 0.00100 seconds period for 60
seconds, where the time interval was tested by
the same wave generator as the calibration of the
HSC. The measurement was repeated three times
for each experimental condition.

Before the experiment for HFM vibration
measurement, the response of the ACM was
tested in different frequency from 0 to 500 Hz
by vertical and horizontal vibration testing
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machine (LABTONE, Labtone Test Equipment,
Co., Ltd.) at Nagasaki Industrial Technology
Center.

2.4 Data Processing

The position data in the x-direction (Figure
1) obtained by the tracking software was saved
as text files of numeric data of the unit of meter.
At first, the average position during each total
measurement time was subtracted from the raw
data (mean centering). Then the processed data
was through the low pass digital filter (6th order
Butterworth filter) with the cut off frequency
150Hz [15]. It was designed by the software
package “Signal (ver.0.6-7)” in R (ver. 3.6.0),
where R is a language and environment for
statistical computing. Then the processed data
was through the low pass digital filter (6" order
Butterworth filter) with the cut off frequency
150Hz designed by the software package
“Signal (ver.0.6-7)” in a free software R (ver.
3.6.0) [15]. The filtered displacement (position)
data was passed through a derivative digital
filter of the 17" order FIR filter to obtain the
velocity data [15]. To obtain the acceleration
data expressed that the same derivative digital
filter was again used for the velocity data
subtracted from the average velocity in the
whole measurement time.

Instead of the histogram showing the
distribution of the displacement data, the
probability density function (PDF) of the
displacement was estimated for all data points of
three repeating measurement data using the
function “density” in the R software. The
probability density functions of the velocity and
the acceleration were also estimated using the
same function. Root mean square value as an
indicator of the strength of the random vibration
corresponds to the standard deviation of the
estimated probability density function.

The acceleration time series a(k) from the
HSC and the ACM were Fourier transformed,
where the following equation was used as the
definition of the discrete Fourier transform
(DFT) in a finite measurement time 7 [16].

Fa(f:T)= Z_:a(k)e"iz”"‘/NAt f= %,T =NAt (2)

k=0

, where At is the sampling period (second), N is
the total data number, fis the discrete frequency
and T is the total measurement time. The DFT



was calculated by “fft” command with the
hamming window in the package “Signal
(ver.0.6-7)” in a statistical software R (ver.
3.6.0), where fast Fourier transformation (FFT)
is calculated by “fft” command [16]. Then the
power spectrum density was calculated by use of
the following formula [16].

P(f)=IFa(f:T)[" /T

Then the power spectrum densities for three
repeating measurements were averaged to one
power spectrum density. The averaged power
spectrum density was smoothed by using
“ksmooth” function in the R software (ver.
3.6.0) to present distinct peaks in the spectrum.
Furthermore, in order to test the numerical error
of the FFT calculation and the power spectrum
density calculation, Parseval’s identity was
tested between the frequency domain data and
the original time-domain data [16]. Both
calculation results for sinusoidal time-series test
data matched in all 7 digits on the R software.

3)

3. RESULTS AND DISCUSSION
3.1 HSC measurement for the membrane
vibration

The membrane motion was captured by the
HSC under the condition of the still water,
which was realized by waiting for around one
day after filling tap water to the tank. The water
temperature in everywhere was 25°C (room
temperature) in this measurement. It means that
no thermal convection was induced. In addition,
no significant airflow in the room caused the
water surface wave. However, the slight
displacement of the marker object, which the
ACM was used for, was detected as shown in
Figure 2. Because the order of the amplitude
was micrometer, it was impossible to confirm
the motion by our eye. The noise level gave the
minimum  detection  threshold of  the
displacement. The noise level of velocity was
estimated at 0.001 m/s from the derivative of
displacement data. Then the noise level of
acceleration was estimated as 0.25 m/s from the
derivative of the velocity data. Before the
derivative calculation, the original data was
passed through the low-pass filter (the cutoff
frequency = 150 Hz), because the noise was
extremely amplified in the higher frequency part
by the derivative operation [15].
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The fiber movement was analyzed using 80
cm fiber lengths at 4 different looseness, at 0, 1,
2 and 3%. The lateral displacement (x-direction)
of the HFM induced by the turbulent water jet
was measured for periods up to two seconds by
the HSC. The results showed that fiber
displacement has a summation of harmonic
vibrations with different frequencies, as shown
in Figure 3(a). It was apparent that the amplitude
of displacement increased as the looseness
increased. The velocity and the acceleration
showed harder fluctuation than the displacement
as shown in Figure 3(b), (c) respectively.
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Figure 2 The time series of displacement of
HFM (looseness = 0%) in the still water
measured by the high-speed camera

The results were qualitatively consistent
with the results of Wicaksana, Chang, and Fane
who used hollow fibers for microfiltration using
different airflow rates [13]. Their results also
suggested that the higher airflow rate was more
effective for fiber movement with a higher
amplitude.

Figure 4 (a), (b) and (c) show estimated
each PDF of the displacement, the velocity, and
the acceleration from each time-series data,
respectively. Each shape of each probability
density for different looseness is like a normal
distribution. The width of PDF of the
displacement and the velocity increases as the
looseness increases. On the other hand, as the
looseness increases, the width of each PDF of
the acceleration decreases. The width of the
PDF corresponds to the standard deviation (SD).
To clarify the relations between the looseness
and these SDs, the plots were shown in Figure 5.
It was obvious that the SDs of the displacement
and the velocity increased as the looseness
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increased. However, the SD of the acceleration
decreased. The motion of the HFM induces the
shear flow on the surface of the membrane. In
particular, the shear flow by the acceleration
motion may give the strong force to particles
causing clogging or fouling for the membrane.
Therefore, the 0% looseness may be a suitable
condition in terms of the antifouling character of
HFM. In the previous study on the vibration of a
hollow fiber membrane, it did not mention about
the relations between the vibration character and
looseness [12].
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Figure 3 Examples of time series of the
displacement (a), the velocity (b) and the
acceleration (c¢) of the motion of HFM.

The data was obtained by the HSC for each
looseness (0%, 1%, 2% and 3%) in the turbulent
jet flow.
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Figure 3 (cont.) Examples of time series of the
displacement (a), the velocity (b) and the
acceleration (c) of the motion of HFM.

The data was obtained by the HSC for each
looseness (0%, 1%, 2% and 3%) in the turbulent
jet flow.
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Figure 4 Probability density of the measured
values of the displacement (a), the velocity(b)
the acceleration (c).

The data was obtained by the HSC for each

looseness (0%, 1%, 2% and 3%) in the turbulent

jet flow.
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Figure 4 (cont.) Probability density of the
measured values of the displacement (a), the
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The data was obtained by the HSC for each
looseness (0%, 1%, 2% and 3%) in the turbulent
jet flow.
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Therefore, the results were new findings to
provide the idea for a new design of an MBR.

Figure 6 shows the power spectrum density
of the acceleration for each looseness. Every
looseness shows the same major peak at around
120 Hz. We will discuss the detail of each
spectra including this point later succeeded to
elucidate several characters of the HFM
vibration.
3.2 Measurement of membrane vibration
using ACM

Before the use of the ACM in the
experiment for the membrane vibration, the
frequency response data was obtained by the
vertical and horizontal vibration testing machine,
from O to 500 Hz. The frequency responses for
three-axis presented the flat character with 90%
efficiency comparing to the reference
accelerometer of the testing machine until
around 150 Hz since the beginning of 0 Hz as
shown in Figure 7. The value of the ACM was
compensated using the efficiency factor in this
experiment. Then the response curve starts to
decrease the efficiency from 150 Hz. Therefore,
in this study, we focused on the vibration with a
lower frequency than 150 Hz. It was thought
that the frequency region was reasonable
because the frequency of the membrane
vibration was mainly lower than 100 Hz in the
previous studies [12, 13,14].
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Figure 7 Efficiency performance of ACM in
horizontal axis from vibration testing machine
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Figure 8 Acceleration time series measured by
ACM under the condition without turbulent
water jet flow

When the measurement was performed by
the HSC method, the signal of the acceleration
in the X-direction (Figure 1(c)) from the ACM
was simultaneously recorded. Moreover, the
data sampling period of the data logger was
1.00 ms, which was almost the same as the
frame rate in the HSC measurement.

The periodic noise in the signal from the
measurement for the still water condition
without the water jet was detected as shown in
Figure 8. After converting the data to the power
spectrum density, a peak at 60 Hz. It was clear
that the noise was originated from the electric
power line was found. However, as the power
spectrum density shows deficient value in
Figure 8, the noise was neglected in the
vibration analysis of the HFM.

Figure 10 shows each PDF estimated from
the time series of the acceleration of each
different looseness condition. The shapes of the
PDFs are like the plots in Figure 4(c). In
addition, the foot of each PDF was wider as the
looseness increased as well as the PDF of the
HSC method. The plot of the change of the SD
of the acceleration for the increment of the
looseness entirely coincident for the plot in
Figure 5. It resulted that the less looseness
provided the higher acceleration of the motion
of the HFM.

Power spectral densities of the acceleration
of the HFM vibration with different looseness
were presented in Figure 12. A remarkable peak
at 120 Hz appeared in the power spectrum
density for each looseness as well as the result
by the HSC measurement. It was already
confirmed that the electric noise from the AC

power line (60 Hz) was low enough (Figure 8).
Moreover, the peak at 120 Hz was also observed
in the power spectrum density using the HSC.
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Hence, we speculated the following reason.
The submersible pump used was driven by
12VDC supplied by a half-wave rectifier circuit
without a capacitor to smooth the ripple. Thus,
the waveform is an absolute value function of
the sine function with 60 Hz, and the main
periodicity of the function is 120 Hz. Therefore,
the velocity of the water jet was modulated by
the frequency of the change in the motor speed
of the pump, resulting in the water jet shaking
the HFM at120 Hz.

Second, the external vibration of 120 Hz
could excite the normal mode vibration of the
HFM. Assuming that the vibration of the HFM
with 0% looseness is an elastic beam vibration
with the fixed boundary at the both ends, it is
calculated that the frequency ratio between the
first mode and the second mode is f,/f; =2.76,
and the ratio between the third mode and the
first mode f3/f; = 5.40, where the frequency ratio
is independent of the material constants such as
Young’s modulus [17]. Table 1 shows the top 5
peaks in height using the results of the power
spectral densities of the acceleration from the
HSC and ACM methods. Assuming the peak at
29 Hz is as the first mode peak, a small peak at
80 Hz could be recognized the second mode

peak because the ratio of 80Hz and 29Hz is 2.76.

In Table 1, the other combinations satisfying the
frequency ratios cannot be found. For example,
though the third mode peak must be estimated at
157 Hz, we cannot identify the peak in Table 1
and Figure 12. Moreover, although the general
peak pattern is similar, the spectrum of the ACM
method shows a different peak pattern in detail
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than the HSC method as shown in Table 1. In
particular, there is no peak at 120 Hz in the data
of the 3% looseness by the HSC method though
the peak at 120Hz by the ACM method can be
found at 120 Hz as shown in Table 1. The
exactitude of the power spectra estimation
depends on the length of the time series [16].
The length (data number) of time series by the
HCM method was 1,500, and that by the ACM
was 40,000. Thus, the spectra from the data of
the ACM method is more reliable than the HSC
method. However, observing Figure 6, Figure 12
and Table 1, it seems that those present the
similar tendency that the frequency of some
major peaks could shift to the lower frequency
part as the larger looseness of the HFM. When
the looseness of the HFM was increased, the
axial compression force along the fiber of the
HFM increased. As a result, the fiber bent with
the arc shape. It is a kind of buckling
phenomena. According to some research reports,
a frequency of a normal mode vibration
decreased as increasing an axial compression
force for an elastic beam [18, 19]. The material
of the HFM is a polymer which does not show
the simple linear elasticity.

Moreover, the HFM has consisted of the
complex porous layers which may show the
nonlinear viscoelasticity. Therefore, we have to
expect the development of material mechanics
for the accurate analysis. In the aim of water
engineering, the developed new method using
the ACM could clarify the exciting character of
the HFM vibration in the model experiment as
well as the HSC method. In future work, we will
apply the ACM to analyze the vibration
phenomena and the relation to the fouling effect
in real MBR in which the membrane motion
cannot be observed due to the high turbidity.

4. CONCLUSIONS

This study approach was succeeded to
measure the vibration of a hollow fiber
membrane using a high-speed camera. The
measured displacement data of the vibration was
converted to the velocity and the acceleration.
The displacement and the velocity of the
membrane motion increased as the looseness of
the membrane increased. And the acceleration
of the membrane was directly measured by an
accelerometer. It was obtained the just same
relation between the acceleration and the
looseness as the relation by the high-speed
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camera. Both power spectrum densities of the
acceleration by the high-speed camera and the
accelerometer presented a similar tendency in
relation with the looseness. Finally, this study
suggested that the accelerometer is a suitable
option to measure the membrane vibration in a
practical MBR system with high turbidity.
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Table 1 Major peaks from the power spectrum densities from Figure 6 and Figure 12

High-speed camera (Figure 6)

Looseness 0 % Looseness 1%

Looseness 2% Looseness 3%

Frequency Peak Frequency Peak Frequency Peak Frequency Peak
(Hz) height (Hz) height (Hz) height (Hz) height
(m?%/sec?) (m?%/sec?) (m?%/sec?) (m?%/sec?)
119 1.42 119 0.399 119 0.247 153 0.058
72 0.15 103 0.181 44 0.051 152 0.047
69 0.07 53 0.114 43 0.051 101 0.049
22 0.14 16 0.100 39 0.051 10 0.075
20 0.41 13 0.109 10 0.164 5 0.042

Accelerometer (Figure 12)

Looseness 0 %

Looseness 1%

Looseness 2%

Looseness 3%

[6]

[7]
(8]

Frequency Peak Frequency Peak Frequency Peak Frequency Peak
(Hz) height (Hz) height (Hz) height (Hz) height
(m?/sec?) (m?/sec®) (m?/sec?) (m?/sec?)

120 3.679 120 0.443 120 0.267 120 0.472

80 0.114 52 0.129 33 0.143 31 0.108

29 1.291 20 0.780 26 0.047 26 0.058

24 0.094 15 0.150 16 0.032 25 0.061

19 0.298 13 0.314 10 0.333 8 0.314
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ABSTRACT

In the current design method of a geogrid-reinforced soil structure, only the tensile strength
(Tur) is taken into account for stability analysis. In fact, the geogrid is also characterised by covering
ratio (CR) (i.e., the ratio of the area covered by geogrid on a plane to the area of that plane). A soil
structure reinforced with the geogrids having the same Ty but different CRs would behave differently.
In the present study, various prototype biaxial geogrids having different CRs were produced by a 3D
printer. The source material was Polyethylene Terephthalate with a Glycol modification (PETG). The
strands were arranged in four different patterns such that four different CR values, i.e., 14%, 25%,
50%, and 100%, were achieved. In so doing, the width of each strand was kept constant, while the
thickness of each strand was varied so that the geogrids with different CR values had similar rupture
tensile strength. A series of triaxial compression tests were performed on uniform air-dried sand
specimens, either unreinforced or reinforced with three or six layers of geogrid having the same CR
value. The followings were found: i) the peak stress ratio (Rpex) of sand specimens reinforced with
three geogrid layers were controlled by failure of backfill without tensile rupture of reinforcement,
while the Rpeax of sand specimens reinforced with six geogrid layers by tensile rupture of
reinforcement; ii) increasing in the number of geogrid layers increases the Ryea; and iii) Rpeak generally
increases with an increase in CR until the optimum value, depending on the number of layer, beyond
which Rpeak decreases with an increase in CR. An approximate isotropic perfectly plastic solution was
used to predict the Rpeax. It was found that Ry is well predicted if relevant equivalent angle of friction
() is used.

1. unin %"mmﬁeqqqmnﬂsﬁu Tﬂﬂﬁﬁw'ﬁwamﬂﬁmﬁauﬂﬂﬂqn
PJagiiu amreasuiigs (Geogrid) gnihwnle Tanmdhdgannndimimdsunsdegega
nuedunIrateluuIINISIMALASIA 15U 113 msfndandinaadlifiiiuediedainud v
AoaramunaTua st sy susuacuiiga ns AedsumamMaasunsfageganazmaaiue
Ysnljuadesnmvesaaay fudu amodiumde 0w idssavomnomiuiidassiduniuie
cﬁNa@eﬁum@qw@%fﬁjmwgmmwﬁméﬁué’waﬁ ﬁwaﬁ”ﬁmdauﬂﬂﬂquﬁﬁuﬁn%u 614 15AA 1 M3
Taeia1uda quauiafi didyvesnshoaiuiid danan Ifszav§aeaiumas Tasmsdauasan
o 1) Arfidefuusafiagaga (Ultimate tensile maaiasumdaiiivelutesnanlunaniy Taens
strength) uag 2) maaviua (Tensile stiffness) W30 Anveregeuila (Aperture) ieanmimidiiuns e
finvznansdemusefeiineandeiummuioads  Gedauazaamdandulaaqy wielfmamiuaiy
A vua 0819155070 v1nn1s3nutlueaanu i wumiomusiauveudulag (Strand) ¥e401918
fa31d2u1nAgu (Covering ratio, CR) #aiiowIng s uias emumsdas uns i geqauaz/vi i
sandiusznheiuiiidnaquitsmeduidde misasdalnaquTaoms Foudaunaind i1
fufianuna Tensnademdsuusdavemnuaiy  dINadeamaiuauevesnwaiuideiild
fdaededidn [1] nd e 1innisnageuidesa wonantl msivAvesmsuaiudainylumsane
D52 UIAMUIAT oA (Plane strain compression, vana1 lu'ldmavinmsinviavesaiieauigaag
PSC) fuses s umdadasmiisaiuidaii il erwrifounanFinmsiouamhodiuidadai 14
: »
msandannagquunzmmasiunsifiagegaiiuandg naddiady Tufuiinvesaniteh

o v w A o

1% 1 o A A d? A Y
AUNWDI MAIDAVDINTBET UM A NN LU 19

@ 1 [

AT UMAINIAIaTIdINlnAgUIAZAINIEY

199



a.aalo Ia: o0.fovnona

M3199 1 aiameneuazaniinnsivednsie

SpeC} fic Coef ﬁ01ept of Coefficient of Max. void Min. void . Mean
gravity, uniformity, . . ) diameter, Dso
curvature, Cc ratio, €max ratio, €min
Gs Cu (mm)
2.64 1.87 0.94 1.033 0.678 0.285
M0 2 paauAveIn eI una
Covering Thickness of Str?nd Tensile Measureq mass
Shape ratio, CR (%) each strand, t spacing, s strength, Tun of geogrid, m
’ (mm) (mm) (kN/m) (g/sheet)
Biaxial 14 7.6 52.50 10.42 12.21
Biaxial 25 3.7 26.25 10.15 12.12
Biaxial 50 1.8 11.67 11.11 12.17
Full sheet 100 0.4 - 9.60 12.06
NuITedlarimsAarINanIENUEAIIaIU 2.1 n5e

9
1Jﬂﬂ@“JJ‘IJE]WH‘IHEJLﬁﬁZJﬁWﬂQLLﬂZﬁZfJZT’Tﬁigﬂ’JN“]S‘WUEN

]
v AR 1 o v W o

AIVULETUMAINNADN 1T ULUTIDAVOINT 1015 U

o w

fideTaoldnisnadeunssdaaiuuny (Triaxial

]
o o A

. [l a I
compression test) @ 1u1ota3 i1 0 1518 wuu

. . a 2 4 a 3 aa
#04n14 (Biaxial) nantuainnsesiiuweauia Tagly

Tndeidu musdnuan lnalaludaila vy
(Polyethylene Terephthalate with a Glycol
modification, PETG) iflufaaduniia d10351l
v @ =2

NTULUIIAN

o

e WTaNaAAII BT UAIaIN AN

= o 1

gaganazaaaiuamiouny ualiamonsdIunagu

@ Y o [l

uanaanu1d dred1amsieazgnidiumdaidieninig

a o o A a dﬁf 4 an o T o g’l A
IHTUNIAINANAAVUAIYITAINATINIUIU 3 FUKVTO
3 Y =2 o o v w o A '
6 ¥U Lla')i]\iu’l"lﬂﬂﬂﬁﬂuﬁ']ﬂ’]aQiﬂ!Liﬁﬂﬂ!waﬁ1ﬂ1

4
v A

v ] Y
as1aulnaauiuizasian wena1nll MUY

q a

(L v o a

o Y Y o 1o
thﬂ‘]JiSﬂﬂﬂ‘l“]fﬁllﬂ?iﬂ?ﬁﬂ?u?ﬂﬂ?ﬂ?ﬂﬂ@ﬂﬂ]@ﬂﬂu

a

a o w

w3 uiasnnauidtelueda [2] ulgviuieaidigs

$UHTIOAAITAVDIAIDI NI BIAT UAAIDNAE

Y a

2. Jaghl¥lumsnaaeu
Tumsnagevusssanuuauunuldiiediai

ATONINNT BN (Air-dried) wans@if hia3 ua

ez uise audAvesiagi ldlumsntoudiesie

Y
R LRSI

200

4
Aav A

Aq Y I v Y [}
nswi g luamatetiilunswninuiininas
151915 newinnldauldiwidiunszuiumsdis
4 1 '
aoninlsziuievinoynndusoniudzein ouliiuta
A @ a S J Y K o 1 [ 1 ~
o sounsd udrvai llseuruazunse aaun
o Y = ' A J
wnldau@enuimwmzdiuimiuazunsauues 40
1 J
(0.424 wu.) uan1eazunsauues 100 (0.150 uw.)
1 s
nswi ldaniuneuganielinisnizaievuineynin
wuyainane (Uniform graded) 135199 1 udaq

@

AUTANINILAZ AN AABLUDINT 1IN 181 69
ATZVIUMIAALADN
2.2 mangtasumas

maneasumaan ledmsumseiondlIognaniie
Y

Y
A a K

s umaaluauIteiinaavuesnnIosiuwauiia
(3D printer) 8% o Flashforge ju Creator Pro 3D
Printer Tag 14 Indofiau tmisnuaa Inalalua-
a ) I [ o A o a -

Windsu (PETG) Wuiagauduiia faauiiaiiiiniw
A l @ YA = dﬂf k4
gargug asosuusenszunn 1da milen yuglla

' [l £
310 Al [3] Feauidmaiinnuaenndandny
vAa ] a o [ d' a tg d' 9 a

AVTAVDINIVIUATUAAINHAA T UIND THI1U1F
Waiydegas e 1INMINATo VT IRINUAI9618 PETG
aunsgie ASTM D638 [4] (3U0 1) Taadasi

159RANgIgaIINY 24 MPa



40 T T T T T

% Stress 24.04 MPa ]
T 30F Percentage Strain 2.40% ]
o
= 251 l i
" 2ol N\ i
@ P
- A
151 N\ i
@ \\
w 10r _
= e \
< 5 yd \ .
/ \
0t 7 \ i
\\\_‘
.5 1 1 1 1 1
0 1 2 3 4 5

Axial strain, ¢_ (%)

v o

310 1 Midasuusedsves PETG

a o

51 2 oS uihdaindnniniag PETG dag

1w J

A A o Aada o Y
lﬂi@\joJWﬁ“JjJﬂﬂllﬂ']@ﬂj']ﬁjuﬂﬂﬂqulw']ﬂj_]j@ﬂag

(n) 14, (v) 25, () 50, wag (1) 100

lumsnaanmeasuiadldeonuun1dian
gasiaulnaquuana ey 4 A1 nanfe oeay 14,

25, 50 uaz 100 awd 16y uaa M85 unsRIgega

o w ]

(Tuy) VvoINEs uMaInuAuiiar lndidesnu nio

finwna (m) IndiAssiudauansluaisiai 2 avie

[l
v AA 1 o 1

wiumaeniniensidiulnaguiosas 100 921

v I 3 A A A a ]
ﬁﬂHmZIJJuLL‘]J‘]JmlJWNﬁSOUliJiJ"]ﬁ‘JQL‘]Jﬂ A1VY

201

Engng.J.CMU.(2020) 27 (1)

a o o ' oA ' 3 A = v @
Latmmmnmazuwungﬂimﬂuﬁmaﬂmmamum

a

120 mm aauaasluzln 2 anundevoudulasoa

] a o o d'd ! v 1 ) 1 v A
e utdaniasasidiulnaguliminuien
"W A ' Y] a2 '
MIAU 9 1 3 mm duaNunIveudu Insaliav ey
Y : Ay 9o ' Yy A q9
numoasdiulnagui lddmuaalanidn1dime 14
M DuTIRIgegavesm e uiaInliaeas 1aIu

Unaguuanarnuiimlndifoanudauaaslumsien 2

=
3. AIEMsnagev
d o o
3.1 isaanamvenanazluan3uNn e
a o dy Y o 4 o ]
Tuauddeil ldwaunwadnadiegrauaz Tua

% 1 H g L}
wienda0613 (504 3) Vumnlwiidumsmniz lums

]
@ [} =

Yo =R =K < [
E]ﬁlﬂLl‘]J‘]JllﬂﬂTL!\m\1"UuWﬂﬁ’JﬂﬂN‘ﬂﬁHﬂﬁﬂLﬂu@’JLm‘Ll

9 a a o w A1 Y a &
vodlaseadnauasumainneai1erseluaun a9

Y
Aa X

@ L Aa 2 ~ < @
maa1qﬂnﬂ1u1ﬂ1wmumuﬂznmwmﬂumuwumﬁuu ae

A A A ] Y a wa =
ﬂ'JHJﬁ”IiJ”Iiﬂﬂlﬂﬁlﬂﬁ@\iﬂﬂﬂﬂ\l@ﬂiuw’EN‘]JQ‘]JGIﬂ”Iﬁ B

£

v o

megrntvuialvginulieniidhaiuusdauinnn
A ao Ao yoa v
ANV IWITDVOUATEINA MUITeRT IaiaenTd
dred1931ns 5 Funtvuantdda 120 mm x 120
s
mm ¢4 240 mm N131AT81AI0619929111A8N15AY
4 @ ]
Tuaasuug v (Pedestal) ¥0915aanAd10819 1¥aaNA
o ] =\ A a 2’, ] FY A Y
AredzlyagnYuAnnIegnIIaLUMenuAN T
NANVDTINABY IUUUNABINUADNANIINANVDY
CRLIANE!
3.2 3 mam3ene0e1s
MRS INAIDEIUTHIINNITHABAU VT IUN

F198198 1M VU UAZAIUE1NA1871T N5 DT TAU

FUNINA

oo

(High-vacuum silicone grease) ¥iu1 50
luaseuasuurrvesdruu (Top cap)uazgiu
(Pedestal) 1d22191W U 819w151 (Latex rubber
v 9
sheet) NiA1U¥U1 0.3 mm asuuE915T [5] 11N
2 o Y @ J o ] Y <
vl su llduiuguveusadnadiediaudlde
v
i Tualiszneudensen mmindauidnlaieiisves

9 a 9 Y =X Y
mm‘uiuiﬂ‘rju‘ﬂ1ﬂhl’€’|UiL’JmmmJuLLaﬂiNleuﬁﬂﬂﬂ



a.aalo Ia: o0.fovnona

Vo ' § o g ya A o A
mnny -40 kPamTaJa Lﬁamﬂlwmmmmumﬂum

Muluveslua

Ties rod

20
Tt

40

40

ded

/
120

e I
(M)

Unit : mm

] Y
5UN 4 52825 NINFUVRINNIBETUANEA

£

n)3 u 10z (v) 6 Fu

yas ]
Myussyneadluluass 149503 Tl sensronu
A a . Y .
IN30900IDUMIUAZLNT VAT Y (Multiple-sieving
pluviating machine) ilonauaudnsIN15 1)501AY
' 4
anuaNuauevoInie [6] Tunulssiinunainny
] @ o 4 @ 1 a G YA
numdudunsvesdieg1siesonlanalszuin
fovaz 90-95 s lsonsieez Tlseruszauims o

v Ay 3 9 Y X J A
UNADINITLANUDY LLIAIIIPANITIYTIUNDY

k1)

RLIRREE

]
v A

A v 2y ' VoA
!ﬁuﬂigﬂﬂeﬂ@]ﬂ\?ﬂqiuﬂ'JfJﬂ'ﬁﬂﬂﬂﬂﬂW']uﬂﬂwﬂ'JnﬂiJ

@ ' v o Ay an g
izﬂ']Jﬂ’JHJ?N‘IJ1ﬂ‘1/'lf)i]u'1ﬂ§§5ﬂ°ﬂ‘1/lﬁf]\1ﬂ']§ ITNITUILS

a

202

o q v ¥ Aaa yy o A . .
1/111?1‘lﬂ%uVISWEJVIMN’J'lmszLmzummwumuufmn

9

guuaue [7] Ma99InuuINnInEs uiaIaIuu
a A Y A Y Y KX o A @
Ao lawson 13 udaveihms llsensetlanunun
Y o Yy 9 Y @
dszuim 1 cmudeiinisnizfedrodousny
' Yo ¥ A o o =
nou ldduau 25 ase ieutansvaludIveans i
agn1elurouilaveinivie@Iumas navInuy
~ Z A v & v °
wsouguae q lmideunusuusnldasuausiuau

¥ Ay
FUNADINT

4
au A

Tuaidoil ldw3sudledunseaiumaiaie

L Ao w o PR A 4

MU INMEITINIU 3 FunIe 6 Fuawaaslugln
v s

4 gadiszozrinsznIngumsiasuias (h) wminu 80

mm iag 40 mm audIdy ANUATIIVD I Y

@

v 9
Mad (d) NIaeINANINANNINY 120 mm AU

AOATIAIUANUHUUUMTIATURES (d/h) 1Py

o o y ¥ <
1.5 uaz 3.0 aday emssunsesuganiomso

(2 ] 9

Y _ o o P
uaaninsdsenudivunudiediandldiedaie

1 9
wusuduidiuurazFadied1s 1niuiean
d' o < ¢
usegan IinuTuaasvudugud ndrvadvusagadn 1y
o ' ' P A A Yt
meludregrariumanenusnahuuuazgu Idim
1y -30 kPa dagnaruguliasiaasamsnado
2 =
viniudaung Tuasen
3.335msnaaen

& = @ " Y S =2 o J @ [l
BIATYIUAIDYNULUAUTTY WU ULAANAAIDYI

Ea )
nioudl0619 llaadanunIoenaudIMInemaIves

=

J @ i o 4 @
L“]f’s’lﬁﬂﬂﬁ’J’E)EJNLGITWﬂ‘]_I!Wﬁﬁ]@QLﬂ%’t‘NﬂﬂﬂQ!Lﬁﬂﬂiugﬂ

9
@

Ao 2q 7o Y A
5Tuamideil laadiause (Load cell) He@nana
a = d' g cs' o 1 % [
PInaUe1UUINeIALTINANNIER190A 10814

'z 9 . =
U0 InTeaenIzan (Displacement sensor) a4

£
a o

Annanuma1veusaanadlIed e Tan1sIdog Ve
dr0619lunulAs naznIIuANse s TauTIAY

2 a & o A '
(Pressure transducer) ¥3AAAINUNODINANITON Y

g ) tﬁ' 3 v @ tﬂ' o
meludlegrunedauseau leusa (Lﬁ\‘i@ﬂ) WUDNINII

4
@

a g’/ A 2 a & A v A J
aanstazaimlsuimeunsoauaianiunna1Iu
9 Y, Y

F19AUNA A5 TININ1TNARI0819818989T 1015



A A 1o A a ' = Y '
AADUNININDY 0.3 VAAUATADUINIUNTENIAIBDYY

Load cell

Soil specimen

-

~ ~ o ' A & A A
31U 5 MawisendIed1aaLAnANIAT 031D
a d 4 a d =
3.4 1151305 NNAUUATWITINNDSANNIAFEA
Y
NUIIUUUFUDAINAITUUTIOAVDINT 181ET U
o v ¥ A S o ' ) =
MAINIINITINADITOATITIUANNIAUIRAY (Average

stress ratio, R) smuialaninaunsi (1)

RS
(6]

:Gc+q:6c+(F/A0)

(¢} (&)

3 c c

(1)

A

A Yy A .
D qAANUIAUIVIID U (Dev1ator stress,

{ o I
kPa) F Aoussnanialdninad iaunse (kN) Agfe

Fa
A A g oo A

unnihdaGuauvesdaed1e (0.12 x 0.12 m?) uay

o, Aoussaulousanlinudiedia (30 kPa)
druamadeglvesddediagninauslay

J a J = A

AN 0TANNIATEALUIINUIRGY (Average

axial strain, &,) Fadualaanaunsn (2)

e, =-AH/H, 2)
o AH Aemsnlasun)ainnugauesniodada

@ Y J v o =

Jaldamuaesiaszoznszin naz Ho Aonuga

FUAUUDIA20613 (240 mm)

203

Engng.J.CMU.(2020) 27 (1)

a d
4. gansnaaautazIAIIZH
4.1 MasSuusvavaIns e a3umas

317 6 A NUFURUTTLHINBATIAIUAY

a4
]

Wunae (R) AUAMUIATIAUUILAUINADY (1) VDI
o ' Ay 1 A o o o ' <3 Y1
aeg1ansen liasumas sngiasnanezmiulan
! L X ' d
A1 RINUTUAINAT €, VUNTENIAGIFA HIDUAAY
a [ 2 . .
NYANTTUUTIUURIBANNIATEA (Strain-hardening)
A dy v ' Y A
NYAGIFAU 0AINTIUANUAURAIFITA (Rpear)
S
MR 6.70 tazal & MnuTeeaz 4.69 11n1iu A1 R
12AAAIAIUAT & IUNTENIYIAAIGA HIOUTAAL
NOANIIUBBUAIAIRIBAIINIAT A (Strain-

i) Y H
softening) tiotasgaii Tudaa1 R azliuurTduagih

v
@ o

4 X2 ' = 1 a ' 3|
UNMTINHIYUUVDIAT Ea NYAGTTAUISUIIUA R 1w

a

ABATIEIUANAUANNED (Rees) HAUNINY 4.49

£
A 1

' 4 v 9
Haza g, NMYANTA NS peaz 8.57

a

-
o

o Unreinforced
o _ _
° gl R =6.70, €, =469 % ;
o R _=4.49
= res
g 6l €, =857% |
5 ,
2 |
O 4t .
gj’ s =30kPa
o 20 e,=07020 |
(0]
z D = 93.20 %
O 1 1 1 1 1 1
0 2 4 6 8 10 12

Average axial strain, ¢_ (%)
y v o J o 1Y ]
‘Jﬂﬁ 6 ANUFUNUTILHIN R AU &, 1NA19819N51Y

a4

Au1 A o o
N SUGEP TR

d' a Y d‘ ' .

Weduua AN NuFeuILY (Cohesion) ¥4

Aq ¥ A 1w 4 =
nenlEnaaoanumnugud yudsanunelu ()

eI 1d91na R sauaadannisn 3

3)



a.aalo Ia: o0.fovnona

1015171 Rpea 1182 Ryes MR WITIAN Y
moluaaumsi 3 921831 dpeak = 47.8° 102 dres =
39.5° muadn i ¢ 7t Idwandniimdeandestuiy
yindeaniunieluveansis Toyoura Afina1u

] o v A o =
RUMHUTUNNTAGINUIINNITANYIVDI Wu et al.
(2008) [8]

o g | o o 4 <
U 6 U (3UN 49) muday ngnidesazmiu

P

1é
A o o a <z X 9
1. N510@TuMaaaINgaAnTINLIIUUAY
~ @ ' Y K
ANVIATIAIUNIZTNIUAAIAT R gaganaing
LAAINDANTTUBRUAIAIAIIANNIAT oA TU

o A v =2 o A1 A o o
ﬂﬂ‘]&lﬂ!%ﬂﬂﬁ?ﬁlﬂﬁﬂﬂﬂﬂE"IEWIlliJLﬁillfﬂﬁ\i

20— - - - - - @15199 3 A1 Rpeak, Eapeak 1182 SR ¥03A2081905107
L Three layers KMUTT sand , o 9 . Ao
o (d/h = 1.5) @ o, =30 kPa lieFumdaaznas umaediemieasuidaniian

15 = . D e
Dé CR ugngnenu
® Peak Axial
10t i No. .
@ stress strain at Strength
3 Test name of . .
e 0 ratio, | peak, €apeak | ratio, SR
> RPeak g, at peak (%) layer R .
e st (1) B-CR14 13.08 440 peak (%0)
@ (2) B-CR25 15.25 4.80 Unreinforced - 6.70 4.69 1.00
:?’ Eji ggégo 1‘3‘22 i‘z‘g B-CR14-3L 3 | 13.08 4.40 1.95
oF . . . . ' . '. g B-CR25-3L 3 15.25 4.80 2.28
0 2 4 6 8 10 12 B-CR50-3L 3 14.86 5.43 2.22
Average axial strain, ¢_ (%) CR100-3L 3 | 13.66 423 2.04
) B-CR14-6L 6 | 17.64 435 2.63
- B-CR25-6L 6 | 21.05 4.20 3.14
o Six layers KMUTT sand B-CR50-6L 6 | 23.70 4.10 3.54
6 30| (dh=30) (4 _ . CR100-6L 6 |27.22 3.07 4.06
h } o, =30 kPa
X 25} .
-g T c!. =) o v A 1 1]
T 20t . 2. A1 Rpeak ¥0INT1ONATUNIAINAIZINIIVO
(/2] H [ a o w o {
S 15F - 1 ns1en laSusidudusuuin a1s199 3
"‘T) . 0, [ 1 o ]
o 10F Case Name — Ryuay e, at peak (%) ] TR 0UAT Rpeas 11AZAT £, 1INA20619
o (1) B-CR14 . 4.35 i .
S gl (2) B-CR25 21.05 420 syt a0 v oA s o o ¥ '
:% ) BORSD 2370 210 naen s umdaznasumaintea1vie
4 CR100 27.22 3.07 A o @ o H H Y '
or | , “ , , , , ] IETUMANIIUIU 3 FULAZ 6 FU ANDATITIU
0 2 4 6 8 10 12 o ) 4 4
Average axial strain, ¢_ (%) a4 (Strength ratio, SR) Audasluaisgn
) 318109100 TITIUTEHINA Rpeak Y04
M v o ' o o f ~ a o w 1 1 A
510 7 Amduiussznane R 11 g, 110@20619M310 NIYMATUNIAIADAT Rpeak YOINT 10N

MasumaIdemneEsuMaIs U

m3 %u uag (V) 6 Gi?u

4.2 MaasuusvaveINIeNaINMaa
{ o o & ' '
JUN 70 uaz 7v naaannuduiuIzr e R
o U A Y @ ] ~ a o o 9 '
AU g N 181069819 NI 18NS UAIFIA8A 1018
A o o oAA o ' ' o ¥
IumaIniaeasiaIulnaguuanaany (Jevaz

14, 25, 50 uaz 100) 91147 3 1 (gﬂ‘ﬁ 4n) uae

204

lieuias (innu 6.70) 91nHanInadeon
HAZINTIEHNDD A Rpeu Ngafigaveanse
fasumdedion v umdas o 3 ¥
Hauniny 15.25 (SR = 2.28)
ile CR i 25uaz 27.22 (SR =

4.06) iife CR M uZesaz 100 aruddu

2
uay 6 ¥u

v
3990

@
@

v @

R LRI et R R R R PR RIS R R LR



]
oy A 1 A

A a 2 2 o v
n1eMAIUAISINAUN NV W USUNIn 1A
mIzesuusIsanseilunulfg d10819

nsrgvzversaInIuT1alunulsiy

]
o w A

(Poisson’s effect) i1 arvoaTuidah

=3

Foedreglunurssunugadioon Juna

v
LLiQﬁQiuiuﬁWﬂﬂLﬁiMﬁ?ﬁ/ﬂ Tunrenaunu

4
o v A

= A a X ] a S @
usanannavnluamisasumastinaenay
' : o q.¥ o v A o 1
Tilgnsresazildussaulonsannsziiae

@

Y i
n1ela NI (Acs Tugli 8) Tk limdd

'
a

) @ A A 2 < o
Funseoa luuulaalauNyY W uouNIn
A A < VW
(Ao Tuzili 8) 9z 8 vziiuldq1 6asn
A 2 ' ~ ] 3
MIVVUVDIAT AT VAININAIA Acs iy
o ] Y I 1 a o a
UM Fauaad Iy luay

usoium&eea ldegaiilszansawun

Ao, Ao, =KpAcs3
K, = (1+sing)/(1-sing)

(¢: angle of internal friction)

5UN 8 HANMTMFINNMAIBAVDINIBIET WA

L)

) v Y
111999 INMINVUVUVDITIAU ToUTADINITIA

1 Y
T]Lﬂﬂ"ﬁﬂiﬂ@lﬁﬂﬂlﬁiﬂﬁ?ﬁﬂ

'
1A

De

@

3. A1 Rpeax Y0 9N TW0MATUMAINANNDIUAIY

Pl
o v A A K

v
IUIUTUVDINVIYLAT UL HIDWHUUA N
v A
1 = o w 9] I
ANNHUIUUNITIE@TUN1DY (d/h) natilu
T ] 3
ms1zenl d/h minvu 9211 1. msane

useneInaItedsuiae lalgnisiaun

205

Engng.J.CMU.(2020) 27 (1)

=

usasu Tougasensioiilszansamany uaz
2. yuavesdnalunsefing dannaie
s usda sy Tousa (V5w
A"lugﬂﬁ' 9, [7]) 1@naq vinaiieninua
91319 (Deterministic zone) Tunquj

naaan

A o ' A A o o ' Y
. LURAIDY NI YN TUNIAIULTAIA Rpeak 1an

< a a ' o
ﬂ"l]&’Lﬂﬂ‘Wi]@'lﬂiillﬂﬂuﬂ’lﬁﬂ@gljlﬂﬂ’ﬂlllﬂdﬁﬂﬂ

9
) 12 @

i SunIdred NS unIdaR189191e

2
v v

9 v
WIUAAINUY 3 Fuuazuuy 6 ¥u ua

= U
nseuu vinSeumeunisanasesnl R a1n

U
yagega llgyanal R Imneinuanuason
Y
=2

MABAULdIENUI MIanasueen R (AR)

TuF N ANTTUOOUAIAIAIIANULATHAVD

o w

#19819NTeNE T URAIAea1 BT UAIE

@

Ed
U 3 %uﬁ)ﬂﬂﬂ’ﬂ gNAIBYIUFUT T

A

nsali CRmINUYosay 100 A1 Rpeu 1A

10U 13.66 1ag 27.22 1182 A1 Rees AN
MRy 12.09 naz 1230 §11 funs i
ERUAMET Y 3 1A 6 31 Ade fati
A1 AR agiinminuiesas 19.5 nag 54.0

o w 1

H ' = o
18190 A1 AR Nuanaranuiusuuin

Ea v
M FUAIIINT AT UANAIAITIUIUTUN

@

Y v
HANANNAUY HARHUZAIUNITIUANUANAI

]
] ~

A1 NN 1N VAIDE1INTIINIATUAIGS
¥ Y v
3111 3 Funu maniamnevuluusnan
I A 1w A
Wuns1elae3u1nNITNEAIVUB D INDY
(Shear band) Nusalatoda1udigsues
' A o o ¥ X < VA 2
AT NMad natienvdlumsiznusnail
agluvadunasie (U9 9) elildsvus e
Tousaaruiinainussasluaviaasusiga
HAFINTUAIBENNIT1ONATUAIAITIUIY
Ea Y
6 %1 WY1 N1FITARATUIINAITRAVIA
(Rupture) ¥99M19181@3UMEI ANULANATI

Y
v A

VDINYANTIUMTIVAVOINT 1WA T UG



a.aalo Ia: o0.fovnona

dawalidoaldaunisnissiiuieluisnig

1o o o 4 ' v o Y]
ﬂigu1mﬂ1ﬂ1ﬁﬂ@ﬂq@q@]ﬁuﬁﬂ@ﬂﬂﬂu ﬂﬂ"l]gvlﬂ

9311890 1
_’ ”"‘v,'
O, — A { Reinforcement layers
—> \
— \
P \45° 2
2
311 9 1vaduaste (Deterministic zone)

lunsrasumag

' o v o

4.3 3nswavesdnnaIulnnguaenada

g

£

o w

\ = ' a ! =
fﬂiEﬂfJLlﬁ\iﬂQ%Wﬂﬂ?"lﬂﬂ!ﬁiﬂﬂ?ﬁﬂﬂQVIi1EJ§JE]

2 @3u nafAe 1. usuFAMUNAIFURITZHINNT Y
Neguunsearudulassvesarviodsuiiaeny

mneasuias (Interface friction) ag 2. Ms¥on

@

Uszaunusznianaeginedluyeuilavesnuieny

@

gmanea3umas (Interlocking) a3 umasniian

De

CR uana i1z in1soeusaaanuIaInasaa uil
Tudadiun limidy drauaivieniial CR mIn Y
A = 4 =2 A 1 1 Z’,
Joeay 100 92UNITDIUTIAINUINNTIULT AN IUY
sz hifgeuila 3R 10 naasnnuduiuszning
A1 Rpeak 1A CR 9107136208190310185 U 189420
[ a o W o g}/ gIJ dy <3
MU INMEITIUIY 3 B wag 6 Fu 1ngiteziy

Y

18N

206

peak

Peak stress ratio, R

51

35

30 -

251+

20 |

10

KMUTT sand
S.= 30 kPa Rpeakz 27.22,
CR, = 100% |
Six layers o
(d/h = 3.0) -
//,77,4[F/,,,,,
R =15.76,

peak

CR_=33.54%
opt

e

Three layers
(d/h =1.5)

e ]

v
=

N

20 40 60 80 100

Covering ratio, CR (%)

120

v v d 1 ' v
10 ANVANNUTIZHINAT Rpeax NUA1 CR v09

f19819N e UMEIRIBAV B UIE

1.

v v
U 3 FU LAy 6 FU

9
FMTUATAATNAIDI9IUIU 3 FU A1 Rpeak
1 Y 1
veliaunuiyuaiual CRoulddsganiing
Rpeak 110N GAMIAY 15.76 a1 CR 1101
9
@ @ 1 < 1
$o0az 33.54 1a99INUU A1 Rpeak NIZADY
a' 1 A é‘ Y 19
aaaulon1 CR muvdawgiosas 100
NOANTINAINaAINT0eT U 1A laes199e
AuuuIAanuaasgln 11n nanne Wea1 CR
A 2 ' = il A o o '
WNIY MIDIELTIRIINAeE T uia lg
4
n319910 Interface friction 93 M1NYUINT 1Y
dy Aa o o 1 v Y
WUNAIFURaIEH NN e d U TATIv03
Y
LR R AR TR ETAY (mizu‘ﬁ’qﬂ ()
Tugdd 11n) TuBnnianila dnswasin
. A A 2 T < o 1
Interlocking ¥AUNNIUBYINTIALTINUA
CR lTugausnaunszninaganiilszansam
H 9 £
gaNga Na1 Ny ansnadiutiozanadan
I 4 1 Y o
gﬂug{ueﬁﬁam CR imnusesaz 100 (A5

#u (2) Tugdii 11n)



peak | (2) Effects of interlocking

‘ (1) Effects of interface fricti

Unreinforced 100 CR

(M
1(2) Rpeak —CR relationship by
accounting for interlocking which is
Rpeak assumed not affected by tensile rupture
\ (4) AR that would be
S expected by

interlocking if tensile
rupture does not occur

(1) Rpeak —CR relationship by
interface friction only (also
affected by tensile rupture)

r / (3) Rpeak-CR relationship by interface
J friction and inter!ocking with tensile
~— Unreinforced/ rupture of geogrid

(5) Actual AR, by interlocking which is | 100 CR

controlled by tensile rupture of geogrid

(¥)

5UN 11 ONFnavousATIAMUNNITUA

L)

(Interface friction) tagmaFouszaiunu
(Interlocking) 3¢ WINNTWAVANBIATUAAIN
ulsAunuA1 CR d1msunsal (n) Rpeak §NAILAN

v
A20mMsIa luaIuveansie (niaiasuma 3 $u)
Y = [l
182 (V) Rpeak §NAIVANAIINIRAVIAVDINUIY

s o o a o oo 2
TNNAY (NTALETUNIAN 6 FU)

o @ = a o @ o g‘/ \

2. AIMIUNTUATUNIAIIUIU 6 BU A1 Rpear
= A ds! 1 1 d' U 9
UAUNHUUBENABIUDIRNINAT CR 91nT080e

E4
14 lg3esaz 100 nganssuiiuana1ain

o v o

a A y A '
ATAUETUNIAIVIUIU 3 BU 1UDIDINA Rpeak

9NAIUANAIINITITAVINNITANVIAVD

o w a

MUBIET UG WOANTTUANUE SNl

a [

9
A3UA89911IU 6 Fuasoesuelalae

o—

Y a o

a A A =
ﬂ?ﬁﬂﬂﬂﬂl!u%ﬂﬂ‘ﬂllﬁﬂigﬂ‘ﬂ 11w na1ne

v ' = 3§ Yy a a
ﬂ?ﬂﬁﬂwuﬂﬂﬁvlﬂiﬂ@‘ﬂﬁwa°’1]1ﬂ Interface

v Y
friction 1Mo90819UA87 A Rpeak WANRVAUNY

207

Engng.J.CMU.(2020) 27 (1)

A

A1 CR 08149901 939un5zNe CR MmN Y

Sovaz 100 (Faszydae (1) Tugil 119) lu

ada a

AIAUNNIITUIDNTWAIN Interlocking 37

v 4 '
#20 A1 Rpea W1NUAUNDAT CR 2UN5ZNID

A~ A a A Y R A
anNlszanTmmgangauaiveinianas
v )
(®a5zyAae (2) Tugii 11v) uanaeninan
¥
Interface friction uae Interlocking Huae

TasumansznUINMIRNUIAUDIAIVBLET U

@

o Yy o ¥ v o 7 Ay v
ARG AIUUANUTUNUT Rpesx — CR 118
a o o v

253991NMINADDIEAAN (AT YAY (3)

= : < o '

Tugdi 119) Fezmiulai Awnunanaig
Y09 Rpeak (ARpea) N1ATUBNTWADIN
Interlocking w1n lai'1dSudnInaninns
Anv1rv0IA1189 A 1gINIn (R9521YA10

(4) 1ugﬂﬁ 119) eg1a 158010 o vz

v o [l

o g’l a =
ARpeak NANNAIUIDYUN LNANITRNVIAVD

o w

D4 2 5y 2 :
AT UMY FIT9HAIANAT Rpeak
YoINF WA NI (Fe52yaae (5) Tugih
11%)

5. MIMNINLAMAIDAVDINTENFINAAY
Tatsuoka (2004) [2] iaupyaaumsdImiumg

MUIIAEI0AVDIAIATUAIAIINAIYNITEAN Y

o w

Melureean (¢) YUFsANIUIZHINAINIBTUAET

v a @

nuau (8) ANunUIUMIEINMAT (d/h) naznas

@

[ = ] Y ' o ' o
Fuu39R9v03A19e (Tuy) Taelautemsiuieamas

v 3 1% a oA a a o W
aﬂnJuﬁmgﬂmemaﬂymzmmmmammﬁmmm

" o 1

Muananiy nafe 1. nsdinmaiwagnaIuguaie

a wvaa A Ao Y =
MIIVAAULLDY 2. DTAUNNIDY AYNAIUANAIYNITRN

a o w

VIAVDINIVNIULET UGS

5.1 nSANMAWDAANAIVANA LM TIVAHAY

u Q

Y
@ [

1 { o I
Tunstitl MoasaIuANUANNTIUIBE ol

A Rinax 1 Faansamuna ldanaumsi 4



a.aalo Ia: o0.fovnona

_P [1-(h/d)tang]+1

4n
max. 1 (tana)z ( )
exp(B)-1
P = — 5 -1 (4v)
B=23, (@j tanf (% —tansj (4n)
cos
1 ind
9, =—| otarc & (49)
2 sing
n ¢
ge=—-= 449
4 2 (#9)

Peng et al. (2000) [1] 1dvmsinsizinans

' 9
A A o %

Naaoy PSC Masundad18a1v18N U911 IU ¥y

1 U = [ Y] as o a
A1 CR uazA Tue n'1m1nu 428935 1ol Turie idud
nuvaesiia (2D FEM) lun1ssiaesdie 2D FEM

Y o o ' Y = 9 o o '
"lﬂmmiwuuﬂsm O LUAIVWFTWANUANNUTTEH I

o w

faevaniiiuieldain 2D FEM fuai & 1d2394

a1
M lnZeunensunaminaas ietdenfSsume

@

AR

@

AvUDANIBIAT UMEIA RSN 92 18A1 CR

=Dh.

AVAUDINANANINABDIALAT & ADVAUDINN 2D
Y 2y o o o & ' ' o
FEM 101139 laWananudusiuiszriem & nu
Y
1 o a L4 [ @
A1 CR Tumisdanwii 1diimsdiasizianudunus
5-CR iaualag Peng et al. (2000) [1] Tagwa15an
Tuguvuduilseansusudsaniu (Coefficient of
friction, p) nd1iuausnuFuRUTIzH 1981

BN Wpcr-100% NUAT CR aaaaalugln 12

208

100%

T
p‘/“cR:mo% = 10
when CR = 100%

-
N

1.0

0.8 |-

0.6 4

04} X -

Average relationship:
WHgro00, = [1:16901x(CR)] / [17.19883+(CR)]

02r CRin percentage )

0.0 | B
L L L L L L L L L L

0 10 20 30 40 50 60 70 80 90 100 110
Covering ratio, CR (%)

Normalised cofficient of friction, ],L/HCR

a o o & Lo '
gﬂ‘n 12 ANUFNNUTTEHINA8ATIEIY W/ erm100%
Y] o a o
fua1 CR Naaudlasnnmanisdiniizyiats 2D FEM

Tao Peng et al. (2000) [1]

nnMInadeunsuRouase (Direct shear test)

A 1 ! ) a o @ tﬂ'd !
BHIAT O SEHINNI WAV TumMaanua1 CR

v
= =

imAusosag 100 (Scr-00) TuMsdnyIliny e
[ % ) I J [ Y
MRy 33.5° uS e uaaniluan per-ioos 1AMIAY
0.662 @11 5ua1vrgasuRIaen a1 CR o

J A o Y '
vzensnra piie lelumssine ldninmsunuam
N =
CR a4luanuduius wcr-100% - CR Tugia 12
s
LAZAT PerR-100% 110D 0.662 DINTUTIATUIUTIAT
yudeanulann § = tan”' ()
A o o 1 1 @
31U 13 naanNuduiuT21 3191 Ryax 1 11
a1 8 nldnmsiueTaomsununl ¢ 1Ry 47.8°,
44.0° uaz 39.5° FalA UM uyuIFoan1ugaga
(Bpeak) AITTUINNANYAGIGALAZAIANNAD LAY
= A o v Ayy
HOANUAUNAD (Pres) AWAIRY N1 IAINMITNATD
@ L o ) d' ) a o @ 4‘
sIBAEMINUNUAIDE 1IN 187 a5 uihds (U9 6)
asluaumsi 4 vazyimsfFouieunua Rpex 18
o o X 2
nnMsnadeuussaduunulunsdnyIl 9ngli
< ' ' A o 4§ 1
wiiu1aa a1 ¢ "1Hihuneie 1901 Ruw, doandos
o a A 2q 9o A
nuransnageuisiaaauien § #lgihuie (nsom
4
CR v03a10101a5ui1a9) da1mnaiu uua Tduves

a 3 J a g d‘ g 4 dy
wqmnimmﬂanmﬂmmumm%mﬂ%amu



45 T T T T
Three layers — o
s 40 (dh=15) pmars 1
i3 ine : i
x 35| Line : Prled|cteq 4
N Symbol : Experiment
o $=44.0°
“é 30
3 25
=
? 20} ]
% =39.5°
£ 15} ) o o 3%
@ Unreinforced - 25%
> 4o / __CR=14% 100%
< 51 1
ol L y y

0 10 20 30
Interface friction angle, & (deg.)

40

$ v o ' 1 o iy ¥
UM 13 ANUdUWUFIEH 31981 Runas 10A1 S 113070

MIMUeReA7 ¢ 19N 47.8°, 44.0° ag 39.5°
5ouReunUnT Ry 1 1a01nmsnagonlumsnm,
9 Ed 9
A7 AIAATUUTINAINUIU 3 FU (d/h = 1.5)

IS

1. A1 dpvoansrvanauionsiaulousaiing

4
WNTUIUGUNUNIIAINGA [9] useauTousa
) Y
ApNI LRI UAAIR10A 1B TA g
A a a o Aa X '
B9 NTNaINUTIAInavu luauie
£ v Y
isumas nazussan Teusatozlingeay
1 = 1 a o Q/
AMUAT Rinax 1512005900 Tuaunoas unas
A é‘ A I 1 dy 1 o T
UAWNAY oIt uil A1 d YoIA10819
NIUETUMES W vUzNIZNAMTIVAE T
a3 [2]
MIIVAVOIAI0INNTINATUMAINANH UL
1 = dil L} 1 d' d' 1
A0y 1NATUDH1NADIHOITABN AT Ppeak 11
A v
niuaiuiaeey lildinavuedeaiuaue
M9 MiledetanTeaTuMaanamMs 1A
[2] M352UAVD9A210819NT1OLATUA A0
Y '
mavuilounuinouinga (Critical shear
X Qo "o o o
band) Fuuarn1UguAITIAI0AYDINT 1Y

@

a o Y a ,%I té 1
iwsumasldmatu a1 ¢ veansreluunay

a

A a dyd 1 1 [ (Rl
MoUINYANNAIIAAAIDINAT Ppeak 19 11/ gAT

Y

Ores 1102
4 { < Y1 4 Y1 {y ¥
atie 91317 13 aziin1dn e 1da1 Ruect 114

13 v [ 1 d' 9
AINNITNIUYADAAADINURNANITNAADI AN (I) nld

209

Engng.J.CMU.(2020) 27 (1)

o Y A [ A ' Aa =
Mngazdedinanasnuai 8 wiea CR Alm Ny
v ' PR
110 ¢ = 44.0° 1A dres = 39.5° W30019NA1 AN
a a o o 1 Y Y A 2 o
answantade 1. uaz 2. Anandiedu muuium
§ visea1 CR
5.2 n3ANMABAgNAIVANAIIIMIANVIAVB IV Y
a2 o w
@3UMA
= d’ a va a a o v A dy
TunstinnmsiifvesdwaiumaunayvuaInms
a 1 A o w = @ ' Yy A
ANVIATEIANILITUMAY 9F8NSATIAIUANMAUT

o < ' % o {
mnedum Rinax2 %Qﬁ?hﬁﬂﬂ?u’)ﬂﬂﬁ%?ﬂﬁﬂﬂﬁﬁ 5

(2]

- E (1+sing)exp(d, 2tang)

max2 . .
d singsin2d,
&)
X Tult _Tconnection + 1
ho, tang

TagN Ty ABAIRIAITVIITIAIGIGATDIN1UY

o R A

isumMaIFaialszuauminy 10 kN/m (a13130 2)

=

Teonnection ADAINIAINYAFOUAD I M 19 a1801918

a

=

Y '
wsuianuamd e lumsdnui hilddonilate
] Y =KX A " v 4
MUV TUTITA Teomection IMINUFUE AL

A 1 @ [ d' Y o @ ] é s T W
o AeamssauTousanlinudededatiauniny 30
kPa
y @ o o 1 1 o
31N 14 uaaaanuduius5e 1119071 Ryax2 N1
A1 8 N ldannsiiuiealent ¢ 1niny 47.8°, 44.0°
waz 39.5° asluawmsn 9 uazshmafSoumeunuan
Ay v o = 2
Runax 1 18010Msna@eunsssaauunulumsdnuiil
1 < o 4 o y !
vingUiazmiulaan a1 ¢ N1Fieme 1¥aA1 Ruae
A0ANADINANITNANDINA INAIRBINUAT res = 39.5°
N I da
npAnssuieIunaTweIaIn o vz Aman1TANYIA

]
Aa A

P 9
VoI UMAUTY AIuYeINTIeNITAA LI
= [ a o w Y I @
nnmsannavesmeEsumas Indegilusuuin
nnanuduou a1 1da ¢ TaWauagan g =
v v
39.5° ud2 aaiu Wennanlan lunsainnmsdtaves

4
NIWAATUIINMTANVIAVDIAIUVIATUTIET AT ¢



a.aalo Ia: o0.fovnona

d' 9 g o d' A 1
MHVZANTIUIUNTNUWHAAIUAUNITN 5 AD AN (I)

= A
NADTULAUNAD

50 T T T T T T T
Six layers
(d/h=3.0)
\ Line : Predicted
40 + \ Symbol : Experiment -

max

$=47.8°

ol ¢=44.0]

20

CR=14%

Average max. stress ratio, R

0 5 10 15 20 25 30 35 40
Interface friction angle, & (deg.)
d‘ o v J 1 [ o 1 ~ 3
5U% 14 aNuduiut 321191901 Rinax 2 0UA1 8 11 1d010

b1}

MIMUBRBAT ¢ 1A 47.8°, 44.0° Ay 39.5°
S aUMeVAUAT Ry N 18910300700 Tumsdnm

9 Y 9
AFIU NIAUATUUTINAIIUIU 6 FU (d/h = 3.0)

=
6. ayuwamsann
a o o Y asy
INMINAADY NMIAATIZH 1AZMIINUIEAIETT
v Y
nuadiamaas mivaueluunanuil awnsoaglna
Y
msanu laaane l1/i

o ' { a o o ¥ ' A o o
1. GI’JE]EJN‘VI51817]Lﬁﬁilﬂ1ﬁﬁﬂ?ﬂ@ﬂﬁlﬂmﬁiilﬂ1ﬁ\1

v @ =

UAIMIAITVUTIOANFINIIFI0819N 318

4
=

1A o v & [ =2 A a
'lmﬁwmmaﬂuaumn LWITSUIINNINAUU

@ J

' a o I 1% o
Tuaviaasumas szaratluuseauleusa

v A U A A [ 12
naufiu llgamiilunsie ieussauTousa

A o 1 3 o o o v & A
NNTLIINONITIIUINTY AIFITVLITIDANINY
2

PINVUATY

2. B NANUHUIHUMTETUAET AMaasy
HFIDAVDIAIBENNT LA WA UAINN
Y
VU NI1ZIINMTIBUTIAIDINAVILATUAE
Tdgnmiswaussauleuiaaonsiol
PszanTanalunazyuInveIuI Ui
a a =3 ] a o o {
ansnannusaaa luaaasumaaszaielil

[P
lydadnas

210

1w 1

3. AATaIUANWARUFITA (Rpea) 118910

@ ]

LR R TG EP RS A B S URCTG EETR R
dat o e
nuagasdIvilnagquuanalanuiian
uanANNUegTied1AYy N15010159R 991N
avdsuiasllgnsiell 2 v na1nfie
1. Interface friction uag 2. Interlocking
A o 1 A J @ o Y
Wodasdiulnaguiiamanaanu szl
dadIunINauAuIzHINgIUN 1 uag 2
uanany Mlvamidiiuusdavenie
2 Y

EETUAMAINAIANANNY NIUBNTHAIN
9

nagedue1n IdsUNansTNUMINMTANUIA

YOI UAAIDNAIY

. TunsaiinsIiaveanl10819N5 1915 U184

QNAILAVAIBNITINA TUNT 18 gaauNITH
i@ uo Tae Tatsuoka (2004) [2] @150
o ' 9y Y @ A
WMU8A1 Rinax 1AT0AA0INUHANTNARDIN
Y =2 2 A PR =

1dvinmsanuil e ldammadsaniunielu
4 2 .

MAMNZANBINAITENINAGIFA (Ppeak) 110
ANTDIULAUNDD (Pres) tHO991D 1. A7 ¢

1 Y
Yoanswanaulonsiau Tousalinmnuauy
FUAUNNAINGA Uaz 2. M3ITAVBIAI0E1
Y

NSEATUA NN ULADYY) LAATY
pd19A0IH0Y 1A TuNTANMIITAVIAI0819

o w Y

NIYATUMEIGNAIVAVAIENITANVIAVD
AT UAAY duMs g e lae Tatsuoka
(2004) [2] @301l R laaoandos
o Ay v = A A g9

AUHANINABDIN Ia1nNTANEI e lda

yudeamuNanIuLAUNGID

7. dadnssuilszma
Y
el lasumseduayuSunuidenas
ImIauIRunagniieian1AINIenT Ty Ton

495, (CE-KMUTT 5908)



Engng.J.CMU.(2020) 27 (1)

1PNA1301999

Peng, F., Kotake, N., Tatsuoka, F., Hirakawa, D. and Tanaka, T. Plane Strain Compression
Behavior of Geogrid-Reinforced Sand and Its Numerical Analysis. Soils and Foundations,
2000; 40(3): 55-74.

Tatsuoka, F. An Approximate Isotropic Perfectly Plastic Solution for Compressive Strength of
Geosynthetic-Reinforced Soil. Geosynthetics International, 2004; 11(5): 390-405.

Szykiedans, K., Credo, W. and Osinski, D. Selected Mechanical Properties of PETG
3-D prints. The XXI International Polish-Slovak Conference, Machine and Simulations
2016, 6-8 August, Warsaw, Poland, 2016; 455-461.

ASTM D638. Standard Test Method for Tensile Properties of Plastics. ASTM International, West
Conshohocken, PA.

Tatsuoka, F. and Haibara, O. Shear Resistance Between Sand and Smooth or Lubricated Surfaces.
Soils and Foundations, 1985; 25(1): 89-98.

Miura, S. and Toki, S. A Sample Preparation Method and Its Effect on Static and Cyclic
Deformation-Strength Properties of Sand. Soils and Foundations, 1982; 22(1): 61-77.
Kongkitkul, W., Tatsuoka, F. and Hirakawa, D. Effects of Reinforcement Type and Loading
History on the Deformation of Reinforced Sand in Plane Strain Compression. Soils and

Foundations, 2007; 47(2): 395-414.

Wu, P.K., Matsushima, K. and Tatsuoka, F. Effect of Specimen Size and Some Other Factors on
the Strength and Deformation of Granular Soil in Direct Shear Tests. Geotechnical testing
journal, 2008; 31(1): 45-64.

Tatsuoka, F., Okahara, M., Tanaka, T., Tani, K., Morimoto, T. and Siddiquee, M. S. A.
Progressive Failure and Particle Size Effect in Bearing Capacity of a Footing on Sand.
ASCE Geotechnical Special Publication, 1991; 27: 788-802.

211



212



