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Abstract: This research aimed to enhance the value of recycled polypropylene (PP) by incorporating oil palm
biomass, namely palm kernel shell (PM) and oil palm fiber (OPF), to develop composite materials for wood
substitute applications in furniture manufacturing. The composites were prepared using an internal mixer at 170
°C and 60 rpm, followed by hot-press molding at 170 °C for 20 min. The effects of biomass type and content
on the physical and mechanical properties of the composites were investigated, including density, water
absorption, thickness swelling, modulus of rupture (MOR), modulus of elasticity (MOE), and screw withdrawal
strength. The results showed that increasing PM and OPF contents led to higher composite density and water
absorption. The PP60PMA0 formulation exhibited the highest density of 1.03 g¢/cm? and the highest MOR among
the composite formulations at 43.81 MPa. The PP60PM200OPF20 formulation showed the highest thickness
swelling of 1.799%. Nevertheless, all composite formulations exhibited water absorption below 0.35% and
thickness swelling below 2%, indicating excellent dimensional stability. Comparison with Thai Industrial Standard
TIS 966-2547 and Japanese Industrial Standard JIS A 5905 revealed that most formulations satisfied the
requirements of JISA5905 in terms of density, thickness swelling, MOR, and MOE. The findings demonstrate
that recycled polypropylene reinforced with oil palm biomass has considerable potential for the development
of sustainable wood substitute materials, while simultaneously adding value to agricultural residues and
supporting circular economy practices.

Key words: Recycled Polypropylene, Qil Palm Fiber, Palm Kernel Shell, Polymer Composites
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Feimlnn warsnetm daduianiiiviinasnn sieneh
thwninun uerennsngesameldnussnand Tanwenil
Famnzdmsuldduianas uusdudand wsznou
Prefisa s uasudusuasisyarlyiuTanmio
famnamanemsifeensiivsydvam [2), (3], [
Ussmeilnendunil slugnd TS aves
Tan dwmalfiAnTanuioisnnssumssdasud
Gudmnuann Wi @uleundanigiu (O Palm Fioer: OPF)
wagneanuna U uy°’1 1’4 (Palm Kemel Shell Mesh; PM)
Fauandlunmdl 1 Tanwid oft asnarangmitluld
Uselonfluganien wu iemasiana vegnnosidu
Huilsanu FomrelhiAadgmiumsdamsvende
waznansznuReAndesluszezen e wlsfionu e
Udaninsuflesusneundnduragloauasiefivagloa

VI A uEud @A UNSET UL A Vaue neanU1du

1%
o v

Ui vsinadniuguasiidnuasdueumeunds 3o
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Anenwlun1sil uanuud swazaunuUYeL TR

walsznau [3), [5]

@)

A 1 veadsanlssnudnduingiu (n) @ileundy
vty (1) nvanUndungy (UsEm anavis

Susarng $1i9)
mASeTH g A sl duleundudsunie
neadnisudutanesusdhmeduesvaein wu
wedeiau wedlnsiay uariandwsesnaunatannlyl
(Wood-Plastic Composites; WPCs) lagnui13an 8 3u7a
ndaniuensodedfiueaud WIUATARR YU
msudald agslsiony muddednlvgjindnunian
Funaumazaslauenandu w3 eadunsnela i
WORWIDS SPTIEILNEY WATNTTUIMIKA AT UANATL
dwalimsusuiieudviswaveaduled i wiuuay

nea1Una uu g us eau U A vesian 1 sUseneuyinla

a

o1t wonand Semuinddeyai eafunsly
woRlnsaEluda \usvEndswiutaniunarisaos
gilanelianemsndnseiuaeud1iey lnsane
maUssdluaifvesianiisuduinasguian il
nuesinesuasnunnusianelu

Fafu U3 Tei 3 i nvmavessiauarUS s Tan
Frnaangeamnssstduiei dud dlleudaminiy
wewnaUdaniniiu deausRmemean muazasifina
Yoeian g sUsznauainwed insna uslada neld
nszUUM AR BT U W eUsEl udnen e ian
dmunslidutanvewmds! Suasduumdumsdia
war i uveudeanmagravnssulayd e unsly
NINENNIINAARIFTYEN AV WAE (Circular Economy)
uonwnil asifivesianfiianiud S oudioy
AUtaMyUATRNATEUNAAS 9T gAEMNTTY LN, 966-
2547 widlelsidnnunuduunans (Medium Density
Fiberboards: MDF) [5] Wazamsgnue mammimij YuJSA
5905:2014 Fiberboards [6] 4 a1 uanmsg i 14/ fmun
AasELURveTan wH U WS UNUNES RS LAY LRNUAS
melusgraunsvany Weuszdiuanduldlalunsh
Fanidsszneuiiwannd uluuszy ndfldluowan v sl
mAdeaiumsussiivaussourvesTanlage 198 anasl
WPTHIUA NG T A ATOUAGUNNTIBNLUY MIHER 13D

MIAEBURAN e B Dnas AuwuUlRUm TS

2. IQusTasAm Ty

2.1 AnwransynuvessiiauarUsinasian Taaidly
IdanhsuusenvahduoaR Tandwsenou

2.2 ot Tan deseneuanueznanainuas

1Y

Tanunadmiunumestiaes

3. VBULIANISIY
3.1 liwealnsiaws @ annuesnanadnussnvid u
Fanilony wagldnanzahdmiduiuduleuid g

Wuansias wuse Inadulound uinalus suk 1ungunss
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WA 40 mesh uaznzanUdani T ouE PRI SR
80 mesh

3.2 Anwigasian il wsenoudnuau 10 4as laeus
SinamedlnsiausloAatosay 60-100 lneuiwiin ua
SanTanaosar 0-40 aeviwnin vidluzuresmadsm
neamhdanigiu Eleundaniiu uarmaRs s

33 193 vuian 7 sUsznoud doia3 ssnauuuule
flgamndl 170 °C uavrmmi3258U 60 rpm N ug U
W uR 2nsEUILNIS T oudl g amgdl 170 CL unan
20 U

3.4 vedauanUAnunMenmuasd na laun Ay
sy MageFani MaeKeTLAY VAN Frs YL
U599 wog dabaveju Ansuduuuresd uasusdamilen
VNG NS eUTUBURUNE AT Nen. 966-2547
ua JS A 5905:2014 it eusziludnenwlun Sl uian

nalEld S unUmes iwes

4. A IUNTIY

4.1 wigawad InsausluRauazianauna ey
Waafng LA auid alwd TwsW A u (Polypropylene PP)
= % o ] Yal < )
BenltnnuezUsunviih imsusgsslvitivunsan e

MeNUare Azt lUUNRZL 8R9 28RS BIUAE DYE 1D

2. nzanauunai
159U

1. wiuleunauunaiu

3. IA5a4UAtiaY
159U

tﬂl =) ¥ (3 901 U 13 iol U
a3 mamssuduleudnusiular neaUauTngy

GRINDER MACHINE 35950 34,000 s/l vimindi
Duaming (Matrix) v el wian il efulumsuauian

WAEAR NS LN DULALYR FURNE DULERAIA NN 2

WINANARA

Hunwarain LASOIUA

a a a ad A a
AN 2 mnmsmwaaiwawauﬂsmﬂa

Y @

wuleundudnsTukasneanudusngiu Alsdu

anseuuslumATeld Sunnus I maviTsusansd
¥ TnerirTanvieeesiinunund eedaeied esuation
nus suRARENTUIAR 184AS 093 DU ol L ue
sumATiaiaLeuavNzausomsHEnTanIdwsenou
Tneduleduitusowrinunzunsewunn 40 mesh wa
vl s euusnsug 80 mesh W
10 wi AeuhlUlfduansiasuussswivaming
wedlnsfizuTluda viall tumeunmawieutandina
Saust TmnAuidusiu mauages MeteudnuonLN uay

(9

TanMHIUNMIWEEULAT WARIRINING 3

6. Hanzalnay
(R GED)]

5. Wulgthdu
(wS3euEsa)

4. \A58458U
ARLENTLIN
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g o a al ada
4.2 nauuasd ugudan g usznau wedlnsiau
Flada gniuwansuiudulevduigu (Oil Palm
Fiber; OPF) 115 aanganUnduungiu (Palm Kernel Shell;
PM) anudnduiimvuakanfwnsen 1 lngldinges
Hauwuula (intemal mixer) A gund 170 °Cuay

< =l ¥y a
AVIHISITBU 60 rpm wIahumskay 5wl auladands
Usznauninsnszangdivesasiiuusseg el aue

MnUuTangWazneun e ldaduwifiunuasdugy

soia3 esdaToud gamgdl 170 °C1uan 20 Wil
WSIRUSA 1,500 psi- Ipeviinsnasadninau 3 ¥s afeaz
3 il W etheldenmauasiiiunnuaiaueveusy
Yan vésniudedlnduneldiusnadunm 10 u
Aputhoenanuafasiiil elvldusiuian 13 sUsznou
dmsuldlumsdntunnaeunasAnuand s 4 sely

AILLAAINING 4

‘:I g L a
2N 4 MskENLazvUIUIERTUTNeU

A5 1 ansnskaiazdndLUTInTanWUseney

dadauusunns (wt%)

Sample PP PM OPF
PP100 100 - -
PP80 PM20 80 20 -
PP70 PM30 70 30 -
PP60 PM40 60 40 -
PP80 OPF20 80 - 20
PP70 OPF30 70 - 30
PP60 OPF40 60 - 40
PP80 PM10 OPF10 80 10 10
PP70 PM15 OPF15 70 15 15
PP60 PM20 OPF20 60 20 20

e PP Ao wadlnsiiau PM e nzanU1du OPF Ao

uleundusingy

4.3 NAFUANUANINIYATWLAZNING NTNADY

audfvimennvesian@eUsenaudsenaumieg N15in
AUV LU LA NTNDIA IMNUAUNUIN NN TTIY
JIS A 5905 LLazmimaa‘ummm‘?uﬁwmummgm
ASTM D570 dauaudfnianausenaunie n1svagey
ANUATUNTUUSIAALAZHBN R A8 AviE] W (MOR Wag MOE)
ABNASEIL ASTM D790 Wagmsnaae uLssdaimilen
YBIANFALUIATFIU ASTM D1037 NMvindoun il
LLUU%@%QB@?LG}@E‘ (Shore Durometer) AMUU1ATIIY
ASTM D2240 Lt aUseLd uA g auvesian 1
Ussnaudmsunsldanudutannawnuls

4.3.1 MINAABUANNNUILUY (Density) Au
1193514 JIS A 5905:2014 Tngin s unadoun g
i Samindeeosiaidauandeon 0.01 niy

LALINAINUNI N ANNETI WAZAIUNUIVDIT UNAEDU
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MU ULAIaRaEUS U Awaadla la1ay

MNLUUTBTIARANLEINT (1)
. M 6
Density =3 X 10® (1)

Toe?
Density Wy mwmmuﬁuﬁuaﬁa@ (kg/m?3)
M LU 3NaYRRUNeEDU (Q)

v Y USHnnsuasunegday (mm?3)

432 N1SNAADUNITNBIA INTUAITUNUN
(Thickness Swelling) nag@suMINUIANTFIU JIS A
5905:2014 1agLA3 9UT UNARBUAUIUIAT MR TA
AU NS UAUVRT WAy (t,) andutiluualuin

& A a v < ) = o &
naungamgiivieatunm 24 Talan deasunavy
NAFDUAUINUT FUUIEILAUVURIDDN LazInAINY
WUMRINITUYUN (1) LAIRIUINAINITNBIRINUATNL

NUNPINENNT ()

Thickness Swelling = tzt;tl
2

e
Thickness Swelling U4 NMIWBIAWNUANRU (%)
t, WU AUWUNUDSTUNARRUN DU (Mm)

t, WU AUWUNUDITUNAFRUNALSUET (mm)

433 n1InadaaunITn AT iU Water
absorption) NAABUANLNIATFIU ASTM D570 Lneisen
UMAZBUIUIN 50 x 50 x 4 mm 1T unaaeuloud
gamnfl 50 °Cidunan 24 9lus il oAy
nnuFiminGuduweunadey (W,) udahluly

S & A ay g 1Y) 41' °
mﬂaqummumuﬂunm 24 §3la9 Weasunani

v [
a 3

FUNARDUY UIINUI FUUIFIUA UUURIDDN WAL DI
UmindnAse (W,) N uAwInAINIsaaduuIny

auns (3)

2-w1
X

. w
Water absorption =

e
Water absorption WU ﬂ’li@ﬂ%&lﬁ’l (%)
w1 WU UInYeuvndeunaulai (g)

W2 WU UINU0 W UVARUTE S (9)

4.3.4 NA@BUAMNA TUNIULTIAA (Modulus of
Rupture; MOR) Wazaa a @8 avig W (Modulus of
Flasticity; MOE) sinslun1sensanmsg e ASTM D790 lng
¥ n1svagousIi ALULAINYA (Three-point bending
test) Gz‘?yumaauq AIULLY U509T ULAZ S ULSINAT
Aananwwest unuaunsERaRamswantn antutei
IpanumAR IR UUL SR ALAYeg d At AV

AUENNNT (4) ag (5)

MOR = 2o @)
MOE = =5 o 5)
4wt3§
e

MOR U ANUATUNTULISA (MPa)

MOE  unu uegdatiavigu (MPa)

F b1 LLiﬂQﬂEj@ﬁ@u%ﬂ%mﬁaULLmﬂﬁﬂ (N)

L WU SEUEANTEINNIUTNSU (mm)

w WU PSR UMAEEU (M)

t WU AAVILNYOTUMAEDU (mim)

S wny Anslassvestunadeuiiuse F (mm

435 naaeunsNaaeULTIE At s1vesans
(Screw Withdrawal Strength) ansisnasg i ASTM D1037
T et unaaounuuuaiismun uasduansliiss
anfiuiiag unaey Tnsfmuaarwdnuesnisiisang
USEI04 2/3 YBIATMUNT UNAdBY 9N UAAR Y
VIRABUULLAS DIVIAABUSIA9ANa (Universal Testing
Machine; UTM) uagfsangoonluuussainiuiiatan
FednsEWNA 2 mm/min TuiinAussasganeusns
qRERNINTUYAAEY WazsnAuINA LB amTlen

VOIANFANLEANNT (6)
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Screw Withdrawal Strength = % ............. (6)

e
Screw Withdrawal Strength W LL’Ngﬂmﬁm
Va3eng (MPa)
F uni useieasganouansvigneenain
Funeou (N)
W dushuAugnansvesang (mm)

L Wy ANLANYeINsReang (mm)

4.3.6 NINAFOUAVIUMIIVIAFBUAINLATFIY
ASTM D2240 Tagl4ied asvaaeuaaud auuresqls-
fiwesyila Shore D %umaaugmwuuﬁuﬂaﬁawaz
wis mifunainsueariedidmniuitunadoua
Fuiaduiui uaveuAirund mdsanduady
nedey 1 3unit vnsTaegnados 5 fumls vudy
NAFBU LAgLA asuL 9 viat ulayi19aInveu
Funuldtesnin 6 mm udnhAadi lgumaaas

Wionenuduaeuudwesian

5. NAN1SIY
5.1 AnwNansenuvaIvtakazUsuaNEn %198

a

ulound uvsiunaznzanund ue aaud @ 4ag
WBesznau fdi

5.1.1 ANUVIWIU HANSNARBUAYIHLLLY
YosTanaUsznoulansdisnnil 5 wuin mafumngan
Undsniafu (PM) uasiduloundaninu (OPF) dewals
Akt uvesTan i wszneuunlrudud widle
USnauansiadunsafiatu Tnegns PP60/PMA0 T
AUV SAUSEINN 1.03 ¢/cm? Yuziinanadn
woAlnsRAuuIavs (PP100) FArAmumuwiusaR
Usganad 0.90 g/em? dnUTen 13 9UsENDURUUNES
539719 PM WAy OPF wudnmsifiuSanaensiedause
swdwaliarumuduiu usudety laogas

PP60/PM20/OPF20 ﬁﬁhmﬂmmuﬁuqqqﬂuﬂejuﬁ

Density (g/em®)
=
z

PPLOD PPS0 PFTO PPGO PPEO PPTD PPSD PO PPT0 PPSD

PM20 PM30 PMMO OPF20 OFF 30 OPF4D FPML0 PMIS PM20

OFFL0 OPFIS OPF20

P | ) a aa
AINN 5 AMURUILLUUYDI ﬁﬂL%QUi%ﬂ@‘U‘W 1N1suUs

YSunanzanUraukasidulgurautingu

5.1.2 NM139AFt Nan1IMAADUNIIRTHLN
nautni 24 Falus wanadanndt 6 NUINSLFAUTER
Funannwiadwalingaduiifsdudeifeuy
PP100 Tnegns PP60/PMA0 fAnsgadutingegn
38989117ABENT PP60/OPFA0 Uavans PP60/PM20/
OPF20

i

PPS0 PPT0 P60

‘Water absorption (%)

L ollm

PPLOD PO PPTO PPSO PPED PPTD PPRO

PM20 PMBD PMAO OPF20 OPF 30 OPF40 EMI0 PMIS PM2O

OPFI0 OPFIS OPF2D

a ~ % ) a a
AINN 6 mi@J@%ﬁJU’mm’JaQL‘UQUiSﬂa‘U‘VliJmiLLﬂi

YSunaunzanurdukasiauleourautingu

5.1.3 N1INBIHINUAIIUNUT NANITNAFDY
mswesi LALLMt 24 Fal9 wansamm
fi 7 wuiremwesiavesianideseneudnilvg ey
Tugaainndn 1% egndlsfina gns PPE0/PM20/OPF20
uansFnnINeIgsTian 1.8% luvarignsdudains

NOIAINNNINDY WTALIU
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Thickness Swelling (%)

f
Mm’ ‘

PPLOD PPBO  PPTD  PPSO PPEO FFI0 PPSU

PPE)  PPTE PPGD

= ||||I|I"'\

PMZO P30 PO OFPF20 OPF 30 OPF40 PMI10 PMIS PMI0

OPFL0 OPF15 OPF20

AW 7 MswesnueIvNYes iR ssenaunil
MsuwUs Usunangardrduwasiduleundy

131U

5.1.4 AMUAUNULTIAA (MOR) NansVnaaU
ANUAUNULSITALAAITINNT 8 U371 PP100 fei
ANFIUMULSIRAESEA 50 MPa 1T aiiuansiaBause
ANAMHATUULS IR AT wlanas agelsianu s
W UUS 18 PM 10 20% Iy 40% dsnaliannany
FrumuLsaF A 42 u9nn 35 MPa Wy 43 MPa vaued]

Aa = | a  a 1 A4 a =a
’sjf”]ﬁ‘ﬂll OPF tWeNa8 19 el LLu’)Iu@JaﬂaQLﬂJE]LWNUi@J']ﬂJ

H

PrIon PRS0 PPT0 PPSO PP80 PPTO PPSO PPEG PPTD PRSI

wuley

Modulus of Rupture (MPg)

PMZ0 PM3D PMAD OPF20 OFF 30 OPF40 PMI0 PMIS PM20

OPFLO OPFIS OPF20

= v o ) a Aa
AN 8 ANUATUNIULLIIN AV E‘W]' WWaUTENRUNNANT

w5 USunaunganunauwazsduleudusngdu

5.1.5 wondadang W (MOE) Han1snagey
uenaad aviguuansfaguil 9 wudn PP100 fidn MOE

29am 1,030 MPa dwiSunguilliis PM f1 MOE amasile

Wi U3 e PM Taeigms PPE0/PMAO 1A MOE singn
821 MPa #1ung OPF uazng unay PM/OPF fiAneg
w23 770-890 MPa

1600

1400 4

1200

1000 ‘

500 ; | .. s
a0 |
400
200

PPIOD PPR0 PPTO0 PPED

Modulus of Elasticity (MPa)

PPED PPT0 PPEO PPED PPTO PPSD

PM2O PMID PM40 OPFL0 OPF 30 OPF40 PMID PMIS PMZO

OPF10 OPFIS OPF20

] oA | Y} a a
AN 9 N@@jaaﬂﬂﬂqum@ﬂjﬁﬂLﬁﬂﬂigﬂaumﬂﬂqiuﬂi

Ysunaunzanurdusasiduleurautingu

5.1.6 wssBawileivesang namsnaasULsIER
mil pavesanguansdanmd 10 wuiwngasiiaieg
TusasUszanas 37-43 MPa Tae PP100 fiAnussBamilen
49an 43 MPa yauzi gasvl i uansias uusadandlyt
Aused o vreg Tuseaulnd 1A ety wansds

1Y a

mmmmm’[,umi%meaﬂgﬁﬁﬁuamammﬂszﬂau

9

Screw Withdrawal Strength (MPa)

PPIOD PP80 PFT0 PPEOD PPEO PPT0 PPEO FPED PPTO PPSD

PM20 PM3D PM4O OPFI0 OPF 30 OPF40 PMIO PMIS PMZO

OFF10 OPFIS OPF20

AT 10 usag il eaangveeian ¥ elsenauidl

MsuUs USunaunganundunazsduleuray

v
o o

WU
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5.1.7 ANULTS HANSNAABUAINULD SUARIA S
Ul 11 wudn FaniBsUszneunngmsiiainnuudsed
Tuiaa 72-77 Shore D Tnensiiunsnzard sy
(PM) Sluwaldfailiaeaud afiad wdnies Wi
U3anas PM 910 20 10U 40 witd% gns PP6OPMAO sk
AvnNuT sl gnustanas 77 Shore D wauzdinsiiy
Fulourdurisiu (OPF) wazmsiia PM $auiu OPF
dwalimemuudavdsuasiisadntoad eiieuiu
wodlnsfidusluda (PP100) IneAnAuuTsvengns
fansegTuseaulndideeiu uandiviuinnaduian
Fanalur e ussnaudidnuns shidsmanannuuds

o w

YoeTanieUsynaust1illud Aty

Hardness (Shore D)
8
L

PP100 PP80  PP70  PP6O PP80  PP70  PP60 PP80  PP70 PP60

PM20 PM30 PM40 OPF20 OPF 30 OPF40 PMI0 PMI5S PM20

OPF10 OPF15 OPF20

=b.

< ) a P
AN 11 AUUTIVOI AR LTIUTENDUN U NITUUST

Ysunaunzanudusasiauleurdutingu

5.2 WA EQIUTENBUNVESNANERANNEL Y5
Fanadmivanumasines
5.2.1 MmawlSeumguantivesiandelsenau
AUNINTZIU W8N, 966-2547 Uag JIS A 5905 HaN1s
WisuiguandAvesianidausenauiuannigiu uen.
966-2507 UARIHIANTIET 2 WUT M NFRTHILNAIFY
NSHOIAIANUAILNAU (TSW) msawﬁmﬁﬁ (WA) Lag
ALATUNIULTIA A (MOR) wouel bad i ninaust o1
1109 §a8 ey (MOE) wagAnumu Ly (Density) 1ile
Wisuisuiuanasgiu Jis A 5905 Fauandlunssdi 3

WuINdangaUseneuad g NN N MvUARIUNS

WRFIMNUANUTU (TSW) ANUATUNILUTIAR (MOR)
wazaienAaB Al (MOE) Ineilifiesgns PP7TOOPF30 713
A1 MOE #innInausiannsg I vasedivngnss uinaust
A IUAIUNUILY UATNUINTFIY JIS A 5905 HANT
Wisuwisusana 1uanalifiiuindan @ swUsznay
fiauiuiiafrenndasiutoimuavesnnsg JIS
A 5905

a9edt 2 MaFeuiisuandivestandeszney

AUNINIFIUREAS I gRaIMNTTY LB,

966-2547

qns Density WA TSW MOR MOE
PP100 X Vv v v X
PP8OPM20 X v v v X
PP70PM30 X v v v X
PP60PMA0 X v v v X
PP8OOPF20 X v v v X
PP700PF30 X v v v X
PP60OPF40 X v v v X
PP8OPM100PF10 X v v v X
PP7OPM150PF15 X v v v X
PP60PM200PF20 X v v v X

winews: V' = shunasinnsgy,

X = ladshunasinasgiu

A135197 3 MsSeuisuaudRvesiandelseney

AuNIRsgIUNEndaignamnIsy JIS A

5905

gns Density TSW MOR MOE
PP100 v v v Y
PP8OPM20 v v v Y
PP7OPM30 v v v Y
PP60PMA40 v v v Y
PP8OOPF20 v v v Y
PP700OPF30 v v v X
PP60OPF40 v v v Y
PP8OPM100PF10 v v v Y
PPTOPM150PF15 v v v Y
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gns Density TSW MOR MOE

v /

PP60PM200PF20 v V4

6. d5UNaLaYaiUIELNE

@ =

6.1 a3Unan13338 MIdelAnwnsldneding-

v
o o

fausladasuiumangardudngy (PM) wazidule
Undanitu (OPF) il et Tand sUssnaudingu
Uszenalfduiagmaunulilunumesiives

6.1.1 HavasilawarUSinaTanduasdedauR
YBa¥ARLTIUTENBY MSLAY PM Uay OPF danalvininy
snutusaynagadutinvesiansUsenauiuuiliy
diunaFnatandaua Taeges PPEOPMAO Toin
ANUVLMUUGEAWINTU 1.03 ¢/cm? LagdlAnsnaTy
51@&1‘71'63@ agnalsinu JandszneunngmsiiAinisen
Furheinnn 0.35% wandlidiuinTandenedauann
Tunsfumunisnafaildd drniswesiamuan
yunvesianidsuszneudnilngjogluszdudinii 1%
Tneigers PP6OPM200PF20 Tridngagavinity 1.79% siail
FanyngasiirnnsmesiamuanamuiAingy 2% uans
ThdiudsmsnssUseiiavdanmausinduna 24 $alus

o [ wa

ArsuanURdana wuin PP100 TAAANLA LU

(%

AngagaUsya 50 MPa lilaiiuiandiuia Ay

FumunssalaeTmiivultianas ogdlsin Tungu

ade

anieUsENaY gns PP6OPMA0 THA1AIMUATIN LSS

@

fingaaawintfu 4381 MPa uaglingsningnsfiiiu OPF
iesilafenagasiiia PM 32U OPF Aegda
gave uvesianidsUsenavd ulvgy ag Tuyauseuna
770-890 MPa warfiwuliuanaud oul uudunatan
Fna vz ussdami svesanguea ngnsiiao
Turasuszanas 37-43 MPa B4lndiAeaiu PP100 uandlsf
Wdn1sinTan Taunalldwanszvueg 19daause
AnuEnansaluMsBamileivesany

6.1.2 MW TENLTIUTENOUNNVYLNAGRN
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Abstract: Pile load testing is commonly conducted using test piles to evaluate pile behavior under
actual soil conditions. In practice, these tests are often performed only up to a specified proof load
level at which the ultimate failure point is not clearly observed, thereby requiring interpretation
methods to estimate the ultimate bearing capacity. This study aims to assess and compare methods
for estimating the ultimate bearing capacity of driven piles and to propose an approach for joint
interpretation of the results. Field data from five test piles in the Highway No. 4-Sadao Border
Checkpoint 2 Interchange Project (Section 1), Songkhla Province, were analyzed. The dataset
comprised soil investigation results, pile driving records, and field static pile load test results.
The evaluation comprised four approaches: (1) static method, (2) interpretation of static load test
results using various methods, (3) a proposed combined method based on selected interpretation
methods, and (4) dynamic method. The results indicated that the estimated ultimate bearing
capacities varied according to the analytical principles and input data of each approach. The static
analytical method generally produced relatively low and conservative estimates, ranging from 122.75
to 142.95 tons. The proposed combined method produced intermediate estimates ranging from 132.46
to 177.84 tons serving as a complementary approach when used with other methods. Dynamic
methods yielded higher estimates, reflecting the influence of energy assumptions and pile driving
conditions. the Hiley formula produced values ranging from 206.54 to 273.67 tons, whereas the
Engineering news formula yielded values ranging from 181.82 to 210.53 tons. These findings indicate
that the ultimate bearing capacity of driven piles should not be evaluated using a single method
alone. Instead, multiple methods should be considered together to support engineering judgment
under the limitations of field data.

Keywords: Driven Piles, Static Pile Load Test, Static Method, Ultimate Bearing Capacity
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NAa U 93 v nwuvad aluauiy 4 uans

ANUFUNUS T8I MTNUTIV NHAENITNTAG VRS
<

GRIKIEY

A5 1 Teeudunvaiendivegey 5 A

Enamageu 1 TP2 TP3 TP4 TP5
dmingndu@y 6 6 6 6 6
SN () 100 100 100 100 100

sepzalufy (ams) 730 453 655 670 900
SpEvan 10 A%

AAYINY WA i) 8 4 4 35 5

A3: U369 12 18 W Irnssy 311, 2564

Mt 2 astmiwesflidmiuitainemans
W151390% Hoyanwal Wig

AnuAnvet AU Depth m
aﬁmucﬂ%@mimaﬂlﬁalsﬁ SPT-N blows/ft
Wusvllnuuwiuvesiu
mhewiinvashu Y ton/m?
idudounuuliszuneth Su ton/m?
Andaszavisdang a -

v = °

i :?NEJLSEJULSEN%’]ﬂi’]EN’]‘LJBJaﬂ’]iL"D’]%ﬁ’]i’Jfﬂau‘U’e]\ﬂﬂiﬂﬂ’ﬁ
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ANSI9T 3 S18ALLBUANANITNAADUVDILATY

M3AFaUsvaIENTY @aduns)

YaLRYN

TP-1 TP-2 TP3 TP4 TP5
A svgeRa
60 Fiu 076 165 147 224 193
AR
120 fiu 376 662 661 776 14.19
ANNSAUA 139 365 380 285 787
AIMINIARN
a9 237 297 281 491 632

AU 3785 yuT e nTeuMImageua1Ma s uumn

usmnienda vedlasins

v

4.2 N153A1LY A 28T S di mednans (Static

a

Method) MTiATEaeIdeinermansandunsing
T doyarnnanedset uiuiasamaiinasms
A FINTIUVBR UAIUATIT 2 TABUSIR IUNIURAIURA
andumung 1635 wean (Omethod) &afiansean
AnudTus sErna s eulilsyunethweshiutuuss
Sameszminnuuasduandy dmsuidsutmin
U539 NUTZE 83010 LATUINIINKATINVBILTI
FruvumuAvanduuarussduniui Vansandy

WAWINPEUITNUBUENDN FIFunNT

Qu[t = Qf + Qe - VVp .......................... (1)
Qf = NASUAS...coooviecriccecece, (2)
Qo = NCSUAD. oo (3)

Tnedi
Quie WU ﬁﬁé’a%’uﬁmﬁﬂmmﬂUixé’amaaLmLﬁﬁu
QF  WIU WSS IUVNURNURIELDY
0, WU wsuuiivaneedy
W, unu drovesandy
a  wnu AdulsEansnstanie
(Adhesion Factor)

S, Wi Aussdeuluullssuied

Ag WU

v
o ¥ w o

N, unu duuszansidesuilminivaneandy

A, iy Nuivtdiaventmerndy

vennis i Sl Aasans s waves Pile setup
UssnoumsdesesisaeiSetnemans ownendumen
Tud uR ui enenefl g sYuri i d ususs e
W8 IMInen nainrnglua LB LTI WMULR AE T
ot dlsf a3 Teil 1A T en amavaaeus mane
Frnam§imsnen SeTsanMsHuAuTE woaEd
TudnunedaBoudiou Tnesmusadnseav maiamy
VDISIA W TUAIR AED N UdenldUSuAa S
v NUIT NUTER BN S Al AEAansLag Ageryp =
1.00 n36381984 (Base Case), 1.25 nsdiisndnilos
(Conservative) waz 1.50 nsdhiislusziuuiunans

(Moderate) §isaumsi a

Qult,setup = Asetup stin + Qend - VVp -------- (4)

4.3 A153LATITRHNANITNAFBUNIAISUUININ

WUUan® (Static Pile Load Test) nan1snadeau

1%
[ o

massuimidnuuuainveuanduudazsiugniiu
dovindunsinanuduiusseminaiminussmnues
Mg NnTuAmINAAGudmdnusIynUsEay

ad |1 3

A875719 9 91UU 9 35 e Davisson Offset

Limit, Brinch Hansen, Mazurkiewicz, Chin-
Kondner, De Beer, Decourt, Van der Veen, Fuller
and Hoy uag Butler and Hoy [22-31] nsldnaneis
Py & A a a | | Ay v
fingusrasdioToudisuanunansgwasaile
Y] a = ' Y Al
ANNNBNNITAAIUN ANFANU LagLanIENIMANg
msmaaué’ﬂhjLLamqm%ﬁaﬁuaqL,ml,%uaeiwﬁ’mw

AN519N 4 ITRANUNANITNAFBULUUADA

dl ada 1 ac =
YIFAAINU ﬂi'!il'lﬁi‘l«lﬂ'ﬁﬂﬂ')’m

Davisson Offset Limit NOEINMIARYATUE B

Brinch Hansen 80% wUasgUdeya/Usanen
Criterion

Chin—Kondner wuasgUteya/Usvanuen
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LRPGELRRH nauAs lumshnu

Decourt wuasgutoya/Uszanauin

Van der Veen wuasgutoya/Uszanaun
Mazurkiewicz Wanswn
De Beer Wanswnanns i log-log
Fuller and Hoy WA UA LN

Butler and Hoy Fansiin/adudulianazgasn

4.4 N1531A5129R2835 uUUNEYN (Combined
Method for Estimating Ultimate Pile Capacity)

a 6

AMFILATIEIRIEITwUURANL T U1 SEINAN1SRALAN

[ '
(9 [ N a

mMassudmdnussnnusedsanisndanumunyas
WR9saNTINiL Woannsiena1an3sladsnile
WeaI5Aen lneiansuIAnEan3o9InAUIRLNE
YBINAFNS AIUADAAR DINUNGANTIUNITNTAG
wagauasatumsldianudeyanismaaeuras
1ASINSANN

4.4.1 LNAUNTNISARMLADNID ALNIT bR WY

& aaa

nMsAaLdeanIs 7 U lglun1sItasiguuuna
AT 4 A1 baun 1) Ansnunvauiu
nydiinanaaousaliifegeaivd 2) mnuaenadeaiy
NOANTTUNITNIAA91NNI TN Load-settlement
3) ANULEDUTUBINAANS Lay 4) ANUTALUYBInI N
V30ANUMINEANTDINTHUaIT UL Wiazinaa
fvunAzLUuRIus 1 895 1AL LUUEILAAITIAINL
WNEENINNNTT NTULTATILUSIYB LR A R LY
Amnandunimtindnduldlumsiesisiuuneay

= o

nanlalidurUssuadwuSsuisud sy

a

USENaUNITNAITUIAIULRNEEUYBIIDILATIEN

melddeyavadlasansfine lagldaunisi 5

= 2?:1 WiQi ........................ (5)

Qu,CM
Tnefi

Qucm WU Arfassuiminusydeveaady

AT LUUNEL

Qi wny AmassudviInussnUseaeues
< aaa
LE@NININISN 1
W, unu Audntineesisn I
n unu Prwaadsihunlglunisieseiua

v 1%
7

adl Anvinvewmarisirunnelakeuly

Walinismnuaa g ndivenasessud el
adq

AZLUUTINVDILA AT LA TuAN TN

APATUVDIALLUUSTINTINRUA AIAUNITNA 7

Score;

W. _— ———
i — Tn ]
iz, Score;

‘s'
lned
Score; WU ATWUUTINUDGION L
Y. Score; WU NATINAZMUUYBINITNUILN

BIGEREA)

4.5 11531A1ER A 2835 naA1dns (Dynamic
Method) n15LAsIERAEIsNaransaiunslag
Iddayanisnenianduvesandunagaunsassiu
oA fmﬂ’ﬂqﬂé’u SYELUN LATSLULINVDUALTY
31NN15ABNY V18 1 DUIIUTTUIUAIE IS
dminusmnuszdsvesandudisgasnanans
TunsAnwdld Hiley Formula Lﬁuqmﬁﬁmim
UseAVBNMUaeszUUnon Nsagidendsanu wazn1s
quéhL‘Tj@@ﬁ&jwaﬁwummmL?Juu,az Engineering
news formula AA1TUIIINNAIIUYDIQNH LAY
svezauvenaduiensmeniinds

Hiley formula

ey WH W+n?p
Qu = l(5+CCh+C7p+Cq)l [ WP ] ................... (8)

) 2
Tagn

Qqy Wnu MasTuiminUsyduvesenids

e, unu Uszansanussnounsn
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n  wnu Coefficient of Restitution

C. wny Elastic Compression of Cap
Block and Pile Cap

Cp wnu Elastic Compression of Pile

Cq wnu Elastic Compression of Soil

s wnu szegfivanduausenis
penuiensdneAnaasan
n1smen 10 adsgatie

W unu hwiinmesgnda

H unu ssyzen

P unu dwidniandy

A w Nufindhdnendy

L unu anugnady

Engineering news formula

Qu = (G P — )
Tail
Qq Wy Sl minUsedevonanidu
W unu ﬁmﬁfﬂmaaqﬂé}:u
h  unu szevenvesgney
s unu seegdivanduguisionisnen

< & a 4 ¢
nilipsalagAnasnisnen 10 AT

gaving

=) N v o v v o o
aun1siliinaziunienldnsiaasuidasudmidn
< A = o Ay Y1 Ay &

Yo dullienanisszAuneanisudiriliasdy
AlagUsyan

| Ay v s Yo a a

AT bR INgAsNAAIans1abA SUdnEnaan
AUNAFTIUAUNGIU UsednFainaasssuunen
FzAUTBRANTY Uazan nn1snanluauy Jadeq
ulUiSsuifisuiudnmanes

4.6 nMswguLiisuuazaIuNan1sAAIIER 910

v
v v <

nsAwuAfiaesuimtnusnUsEduvaady

NITADMBFAIEAT ITAANUNANISNAFDUNDISU

v a

NMUNBUUED R ISHUUNAL LaLISNamIadnswan

ﬁcf

o Y

378UNNAT LA ANLAAEIS LIS sUT B UTENI 9

X

@S unadeusaziu Wi el 915t eAUTEI
WUALDUAIUUANANY LATANUADAAR DIVDINAANS
Inusazds a1ndudwhwanisiddeudiouanld
UsnNoun1TNa15an U Laue s UssunalAn1assu
Umifnussnuszdevonandunennielddeya

AAFUNINYBILATINITANEN

5. NAN1538
5.1 nan1magaumd s utminuuuain
(Static Pile Load Test) n1snaaouidasuiviin
UﬁﬂqﬂﬁuaqmwﬁuquaﬁmﬁﬂLﬁumimu%umauﬁizy
Tusisnumsmeaaouveslasenis Famsaussyin
91989 ASTM 1143-83 uagldi5 Standard load test
Tneuistdinusimaidudduduaueiosas 200
maquy"mu‘”ﬂminﬂaamwu w5e 120 fu viail
119537 ASTM 7 1A 2t asludaquude ASTM
D1143/D1143M-26 [32]
Han1snadeaugnyIn1d avind unsav
mmﬁmﬁuﬁ‘iwdmﬁmﬁﬂuii‘vlﬂLLasmimmé’fﬂu
AWl 2 wazaguased 3 eldRansannginssu
ms%uﬁmﬁﬂsuaﬂLmL%u%"'qLﬂusﬁaaﬂaﬁugmﬁm%’umi

AANL
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LOAD-SETTLEMENT CURVE
80 100

0] 20 40

120

Load (tons)

=TP-1 Loading
= TP-1 Unloading

TP-2 Loading

==TP-3 Loading
TP-2 Unloading = TP-3 Unloading

TP-4 Loading ==TP-5 Loading
TP-4 Unloading = TP-5 Unloading

Ml 2 namlpuduiusseninsdvilnussynuasn1sninsa (Load-Settlement Curve) vadia@dunagou

TP-1 §14 TP-5 kgAY i utn (@) wasyenautinin (@udsy)

NMA 2 uansgAnssuniImgaiaveaiy
npdau TP-1 89 TP-5 sislugraufisimin (Loading
Phase) uag®29nauu1minussnn (Unloading
Phase) Imaﬁlizmwuu%mu”ﬂwmaauqaqm 120 ¢y
@ndy TP-1 fannsngadaeni gamindy 3.76
fadwns TP-2, TP-3 Ay TP-4 TAIN1INTAR 8¢
Tur29 6.61-7.76 fiaduns vaus? TP-5 TArnnINgA
fhgeflagauintu 14.19 Sadwns uandliiiuiiandy
WA AEA UTNGANTTUNITADUAUBIABLITIUTTNN
uangsfuaINan T uRuuAz sy AUANENT H
p813l5Mnu N3 Load-settlement Tuag Loading
geliusngaadsnuuiiuansianisitiegasudn
siatl Tunsihdoyaluussfiuuasinuaifidai
wdnusnnusededaeisens q lumsfnund ald
Law'13%’@33ammé’uﬁuéswiwﬁ:’mﬁﬂuiﬁﬁqﬂLLaxms
ygafalugraiismidn (Loading phase) tluman

AUTEUEUITIATIEN

5.2 N153LASIZUA WIS daneA1ans (Static
Method) LaznN15Wa15841 Pile Setup Wan1s
AR RdeITainemaninuin Arfndesusimin
ussnnUsedsvanandunngeuaylugi 122.75-
142.95 du Tne TP-3 TiAngefian witdu 142.95 fu
vauzdl TP-a TieAaudesindu 122.75 fu uans
THduianmiuiuasmnudnilweaaduusas
fumisiinasermduimindmuiald

A5 5 MIeuIuf&dssuivTnvesaduseds

ahnurans

N Qs Q. W, Quit

@ ) ) @)
TP-1 9449 49.92 2.80 141.60
TP-2 8688 55.45 174 140.59
TP-3 8878 56.69 252 142.95
P4 7577 49.55 257 122.75
TP-5 8834 51.19 346 136.08

a3 waves Pile setup luldauSsuiisu
1A8AINUAA T Ageryp = 1.00 1.25 48 1.50 WU

ArassuminusnUssdevosadun nfuiuy
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A1UAT A 11 9991051 NAH DLTIA MWNIUAIUA NANT Y

Wundn ag1alsiany nasanarndunisiwmsgi

A159991 6 AMAITUU NI NUIINNUIEaEAINTS

aneransuaznISRaIUN Pile Setup

FeanuAgiuieiinsanunlduvesnsiufAumawes  wdn A=1.00 A-1.25 A=1.50
ey windu Wldanilsanmmeasunsilufuigs  waseu (#) (#) G
YenaSalagnse TP-1 141.60 165.22 188.85
P2 14059 16231 184.03
-3 14295 165.15 187.34
P-4 12275 141.69 160.64
-5 136.08 158.17 180.25
~ ~ 1 PR .
n1siSeuliigual Qult nelar Pile setup factor
7 200 188.85 184.03 187.34 180,95
L 180 1652 16231 165.15 160.64 15817
£ 190 140.59 142.95 141.69 136.08
O 140 122.75
% 120
2 100
-
& 80
o
o 60
»E 40
=
oG 20
aa 0
YA TP-1 TP-2 -3 P-4 TP-5
G
°c i@ ndunageu

EA=1.00 mA=1.25

A=1.50

A 3 WisuiiguAmassuiminussynUsedennisateemansneldan Pile Setup Factor

5.3 nan1sUszanaAIidssuminusImn
Uszd8andTAAIIY Static Pile Load Test 9 35
mﬂmimaauﬁwé’q%’uﬁémﬁﬂmmﬂLLuuaﬁmLas
N3 Load - settlement curve N3N AINFUNUS
wmwﬁﬂwﬂfﬂmmﬂLLasmswgﬂﬁwaqLmlfﬁmﬁﬁm
USZUIUAIAI8AIBTEANN 9 97UU 9 35 WU
ArfdssuiminusnUsedeildinnuunnsiet
MUNENNISAAUYEALTS wWilldlayan1snadey

YaLReiu Inenan1Tiasekanslunisen 7

A151991 7 AmaefudandnusInnuseaeaInis

AMI1UNA Static Pile Load Test 9 35

3BAANU TP-1  TP2 TP3  TP4  TP5
@) @Gw  Gw  Gw G
Davisson
Offset Limit 266.67 15097 160.23 141.38 105.83
Brinch Hansen  130.14 N/A 15535 N/A 146.49
Mazurkiewicz 143,00 14400 142,00 148.00 130.00
Chin-Kondner 13055 14377 13432 166.56 132.18
De Beer 66.03 7450 6087 2883  59.36
Decourt 165.65 186.52 174.63 21490 138.38
Van der Veen 15350 16450 156.00 181.00 129.50
Fullerand Hoy 119.83 12283 120.75 12893 118.60
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A5AAN TP-1  TP2 TP3 TP4 TP-5
(G IR (%) NN (- 19) B (1) B (-))
Butlerand Hoy 117.91 11949 11752 12456 112.29

9119197 7 WUIIBRMNLHaN AR UR&sTy
ihainuuuadausazislianmaasudminusmn
Usgaguana i unIumrann1TIA 18 v0uay3s
3% Davisson liAnAout19g i o1 suiuisdu
.flos9 039l Load-settlement vadiandunadey
dlngdalinisngadalufwnaeiniuis Davisson
yilielddosedunisioidussdaludaduns
NSNIARI G'Tfﬂmﬂﬁmﬁﬁa%’uﬁmﬁfﬂmmﬂﬂwé’aqq
nimgAnssuaseeaandy Tnsanzlunsdfingw
§eliuananginssudvidaiau agrelsinig dmsu
TP-5 Faildnisngadareutsgandulirridasy
thwdnussmnuszdemnindudu esnniamgadh

2 a

LWARUUTINNSWAUNUNNITAINTAN

v aa

#1%15U3% Brinch Hansen Iﬁlﬂlﬁﬂ"e}uﬁlﬁmwmju
AUNA135 webilanusanalaty TP-2 way TP-4

Wesnnudassunamudaduwiliuautuduay

a

vl ulusuidoulevesds F9ldarunsadainy
NalARIULNUIANIIUA @135 De Beer TAANAAISU
Ymdnussmnusgagaininisouiesnnisaenadn

91dun1sIvuAYAdAveIL L duaasglauu

@

ASINANUAUNUS TENIN9A18BN1S T UYBIUI NN

(%

UssynuarnInganansvageuanduluaidel

g9liusingnisiud sundasninudueg19audn

Tnonswasuslasanududuldegrsdaiiios dana

Ay v °

TAadad laa1nnsAnuaLLI LY 19 uLaL Y
UaneindunseauivinussynAeudew luuaed
aa | oA a PP
3% Fuller and Hoy Wag Butler and Hoy A7 #i aaale 8l
wllilndiAesiuseauiminnaaevasan 120 Ay
melaanewauensin Load-settlement 7Adelywans
IURRETALU

@7u35 Mazurkiewicz, Chin-Kondner, Decourt
waz Van der Veen luAiinisnquiulugidndifies
AU LAAIDIAINUFBAAADIVDILUILUUNAANTDINTIT
A o a v A
No1AEN13RA1INAINTUNTINLAZNITLUAITBYALND

mAmMassuminussnUseaumunige

A UUNATINUITYNVDUENININNTUTZUTURANYAT

Butler and Hoy | ——
I ——

Fuller and Hoy
I —

De Beer

L]
Brinch GEN . ]
1

Davisson Offset Limit‘

0 50 100

ETP-5 (tons) MTP-4 (tons)

B TP-3 (tons)

150 200 250 300

TP-2 (tons) M TP-1 (tons)

AN 4 WiguguAmMassumiinusTNUsedeannisiaiy Static pile load test 9 35

(NG 1 Aszananssuininussnnusedeiuruanteyalasanig)
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AassuiuilinussnvasEduINNsUsTUIMMAaNY3E

Van der Veen

Decourt

Chin-Kondner

Mazurkiewicz

o

50 100

B TP-5 (tons) MTP-4 (tons)

aada

A 5 WiguiguAMass U TiinUTIYNUsedennisin iy

B TP-3 (tons)

150 200 250

TP-2 (tons) MW TP-1 (tons)

Static pile load test 9 75

(ngud 2 ArdszanaumssudminussynusedeausailuUssiiuIsuuuna)

5.4 HAN19IATIEIAEITUUUNEL (Combined
Method for Estimating Ultimate Pile Capacity)
Tusuideiaauonisiinsginaanuans s
aelduufn 3BUssmaaiidssuiminusmmn
UszaeeuanduuuuNay w3e Combined Method
for Estimating Ultimate Pile Capacity 1 a & &
Fngusrasdifiolilirussanadiasvioununliuves
Tayan1AaUINLazandeINiAIINNITRITUINAATY
Wlassnils dnfunsnnesiualunuided 134
firsudonisiannsalimmassudminusmn
Uszaeldnsudiu dinnuaenndssiudoya Load-
settlement waglasuidaninunldlunisiwaea
Tawn 35 Mazurkiewicz, 7§ Chin-Kondner, 35
Decourt uaz35 Van der Veen Amdssutiniin
UsTYNUsEdIMUATLUUNANALINIINAA BT
ihninvesisidaiden Tasfiansmnatiminain
AnumINzaNvesusazismeldoulvvesdoyaly
yAdell 9ngestl 5 8 7 wasiinasinziuuuasan

Y1INAINI$199 8

AN 8 LNUNALLUULAS AU NNV N LY AT

BUUNAN
WwAsIR 1 2 3 4 Azmuuy M
s v
Mazurkiewicz 4 4 4 3 15 0.2239
Chin-Kondner 5 4 4 5 18 0.2687
Decourt 4 4 3 5 16 0.2388
VanderVeen 5 4 4 5 18 0.2687
3724 67 1.00

NUIBA: TATUNNNI 4 61w Taun 1) Ammsnzas
Funsdl i nanaasudeludsgaiva 2) A
A0AARDIAUNYANTIUNITNTAMIINNTIN Load-
settlement 3) AI1ULAT YTVDIHAG NG LAy
4) ANUTALILYDINTINVTDANLMLLANYBINTS
wasgudeya sieilaniiuanslunisenaiinag

AAAAADUANTREAINNTUALAENATEY

WladunAuINsuduAIId S udniln
UTINNUTEaEAINUAaEIS wudnAidesuiamin
UssnUsEdeauIsuuunaniiategluyae 132.46-

177.84 sy fauanslumsneii 9
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M15197 9 HANITIATILUAINIFITUUMTNUITINN

UszduaaadumIe s wuuNal

At 1 2 3 4 Qucm
Gw  Gw Gw Gw W
TP-1 32.01 35.07 39.55 41.24 147.89
TP-2 32.24 38.63 44.54 44.20 159.61
TP-3 31.79 36.09 41.70 41.92 151.50
TP-4 33.13 44.75 51.31 48.63 177.84
TP5 2010 3551 3304 3479 13246

wUYLUAN: 1) Mazurkiewicz,2) Chin-Kondner, 3) Decourt,
4) Van der Veen A9 w@nahun151981938 A%
Aa1ALAE uULd N R8N T ALAynAT ey

2 AU

MNM97 9 Aridssumdnussynusedy
vasandunuIsuvunandaiogluyie 132.46-
177.84 ¢u lny TP-a liegaiigaivindy 177.84 fu
dau TP-5 Tiafigawindy 13246 fu wadanan
axviounuiliulagsiuvesisi dodenuldlunis
Aaszsing TnglailouBeslunmeigaiesfiauna
1 EleTEniadeAtiien

FSuvunaviiauelunuideiannsalfidy
LmewﬁﬂumsUizLﬁumﬁﬂﬁn%’uﬁmﬁﬂmmﬂ
Uszdovesianifuanndeya Static pile load test 718
Liwansgpivhogredaiau laseniildasiannandy
Aszananddimnsandiothluysuldneldieuly
vostoyalasansine dldrunmsgumluiianunse
UlUldununisnaaeunIAauINnIon1sIAIEY

LNILlATINSULA AN

%

5.5 HAN15ILATIZYR8ITNaA1ERS (Dynamic
Method) WaN153LATIZYALTDNAANERITIN Hiley
Formula tLaig Engineering News Formula uanalu
M99 11 wudn Hiley Formula Tenindssuthmin
UsINNUseagay luyle 206.54-273.67 du a1y

Engineering News Formula lvifeagluye 181.82-

210.53 6iu TaA7 LA 310 Hiley Formula g4n91
Engineering News Formula ‘Lmawﬁuméfu
A15197 10 W55weIA I lun1sAIMENNIT Hiley

formula

2 TP TP2 TP3 TP4  TP5

wus
W 5886kN 5886 kN 5886 kN 58.86 kN 58.86 kN
H 1.00 m

1.00m 1.00m 1.00m 1.00m

s 0.0080 m 0.0040 m 0.0040 m 0.0035 m 0.0050 m
e 0.75 0.75 0.75 0.75 0.75
0.50

n 0.50 0.50 0.50
P 2750KkN 16.95kN 24.49 kN 25.24 kN 33.90 kN
Cp

0.50

0.0033 m 0.0044 m 0.0037 m 0.0039 m 0.0033 m
0.0025 m 0.0025 m 0.0025 m 0.0025 m 0.0025 m

D

0.0114 m 0.0125m 0.0125m 0.0125m 0.0125m

)
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TP-2 273.67 206.90
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Abstract: This study aimed to compare the time-domain vibration signatures of a mini-CNC spindle under
different wood-carving tool paths and to investigate the effect of signal smoothing on preserving the
characteristics of the original vibration signal. Hopea wood was used as a workpiece, and a 3 mm two-flute
HSS cutter was employed. The cutting parameters were fixed at a spindle speed of 10,000 rpm, a feed rate
of 150 mm/min, and a cutting depth of 5 mm. Three carving tool paths were investigated: straight line, circle,
and triangle. Acceleration vibration signals were measured at the spindle separately in the axial, horizontal,
and vertical directions. Each experimental condition consisted of 2,048 data points acquired over 0.080 s. The
signals were analyzed using RMS, Peak, Peak-to-Peak, and coefficient of variation (CV). Signal smoothing was
performed using Moving Average (MA) and Simple Exponential Smoothing (SES), while MAE, RMSE, and NRMSE
were used to quantify the differences between the raw and smoothed signals. The results showed that the
straight-line tool path produced the highest RMS values in all three measurement directions, with values of
7.875, 8.120, and 8.644 ¢ in the axial, horizontal, and vertical directions, respectively. Its CV values were
relatively low, ranging from 3.701% to 11.532%, indicating a high but comparatively stable response to
vibration. In contrast, the circular tool path exhibited greater signal variability, with CV values ranging from
46.778% to 72.974%. The triangular tool path showed relatively stable vibration in the axial and horizontal
directions but high variability in the vertical direction, with a CV of 58.617%. The smoothing-error metrics
reflected the degree of deviation introduced by signal smoothing and were therefore interpreted as measures
of signal distortion rather than as sole criteria for selecting an optimal smoothing method. The results
demonstrate that different tool paths and measurement directions produce distinguishable time-domain
vibration characteristics in the mini-CNC spindle.

Keywords: Vibration, Time Domain, Mini CNC Machine, Carving Tool Path
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Abstract: This study investigated the basic characteristics of water hyacinth and cattle manure and compared
the composition and volumetric heating value of biogas obtained from different co-digestion ratios. The
results were intended to provide preliminary laboratory-scale information for subsequent pilot-scale
development and validation. Experiments were conducted using 5-L anaerobic digesters with five water-
hyacinth-to-cattle-manure ratios on a dry-weight basis: 100:0, 75:25, 50:50, 25:75, and 0:100. The resulting
biogas was analyzed for methane (CHy), carbon dioxide (CO,), oxygen (O,), and hydrogen sulfide (H,S). Based
on three gas-composition measurements, the 50:50 ratio produced the highest mean methane fraction under
the conditions investigated, at 60.80 + 0.66%, whereas the corresponding mean CO,, O,, and H,S values were
36.50 + 0.46%, 1.90 + 0.10%, and 141.00 + 3.61 ppm, respectively. Based on its methane fraction, the
calculated volumetric heating value of biogas from the 50:50 treatment was 21.77 MJ/m?3, the highest among
the investigated ratios. A separate scenario-based energy and economic assessment was also performed by
assuming a future application-scale biogas production rate of 1.00 m3/day; this value was not measured from
the 5-L laboratory digesters. Under assumptions of an initial investment of 18,000 THB, annual operating and
maintenance costs of 1,000 THB, and gross annual energy savings of 4,701.20 THB, the annual net cash flow
was 3,701.20 THB and the simple payback period was approximately 4.86 years. These laboratory-scale results
indicate that the 50:50 ratio provided a comparatively high methane fraction and volumetric heating value
under the conditions tested. Measurements of cumulative biogas production, specific methane yield, process
stability, and pilot-scale performance are required before conclusions regarding household- or community-
scale applicability can be made.
Key words: Biogas, Water hyacinth, Cattle manure, Co-digestion
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2.30-2.46% (w/Av) 3 aAaLdu 78-82% was TS ANl
dnauvesingiu

A5 1 dnsauvinandneuynsuiuyain

ansnEumn Uniningiu

KNAUY @ Yaia HNAUYN @ Y&

(% Tneniwiinusie) (nsw)
100: 0 120:0
75:25 90: 30
50: 50 60 : 60
25:75 30:90
0:100 0:120

Aewdunsnin Ueehdsuwaznsinaeumssaduues
Yortauazviodeiny antuldenmeuii headspace
§e N, Usvanay 3 Wil dewdnnda iead1sanezisy
Funuuldldoendiau demsdnd waas o0 anelu
viosUFvRnsfigamgiiustana 30 + 2°C uagvinidy
J38Ea 30 W

A1 pH vesduHaNE IR e luT s TEIN 66-7.2
warasanialutudl 0, 10, 20 uag 30 vasnswsin lay
Lifinsldssuuauau pH saluiuaylifinisdunsa
varnaufieUsuAn pH seninsmsnnaes evdnides
Hadesumuanansndifiudia welfanssunszane
AILazanNIIINAENY fasinuwsazdegniugnigile
g o Wunauszaina 117 Suas 1 ads Tugas
nalndiAesiunaennI A

4.2.3 MyIAUTIRsazesRUsENOUAMTIN N
ﬁ”w%amwﬁLﬁW?J'yuqﬂdqmuviaﬁwﬁnﬂﬁmuwmﬁq
Tifmafiuing Uinastneiidatufnemalaeis unil
‘131 (water displacement method) Toeldnauemeiidl
ana waztufinUSnesn 24 4alus Tutananlngifes
i YeyausumsielddmivAnniunisinauias
Sudumaiinfevessvuu sglsfinnu msdneniiiu
nMsSeuiisy 0sAUsENaUTesiglazAIALSOURD
wdlgUsines waglilaldvayadinanauunands
Aadimesiomite VS ieAuansvesnaminuil 30
Wuseg i ganusazdsadlugafudegafinsuay
Jeiesnuseneu lawA CHy CO,, O, lay H,S Ae
15 09T1AT1ZY A 19T 30 MUUUNNIT BIOGAS 5000
(Geotech, United Kingdom) Tneis18971u CH,, CO, uag
0, WusesarlneUsuns wavsneau HS Wi pom

Aounsiaseviluudagiu 1a3 osifogn
psvdRULarAsUT BUMLTuRDuTasHAR Taeviins
AyRARURAUEY (zero check) Mmefiglulnsiau dwsu
WULEDS CH, kag CO, ATIFABUA VA 1WUINTFIU
Fnsuarududu dusuees 0, avedeuiuainia

VTSN ANTpaNTLauUTEaNM 20.9% Waswueas H,S
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MFIVADUALANUINTFIU H,S ANUTUTRUsEU
200 pprn flowE W3 AT 20814 Lﬁamuqumm
g]ﬂé}’amasm’maﬁwLamamaqmﬁm

4.3 A153ATzvidey aneaia n1sveaesld
gnMaNnaUYIFeyaiIvINI 5 §nsdI neuday
dasrdaulddmdn 1 duduniuennaes Taya
paAUsENaUR 19T lawn CH,, CO,, O, hag H,S
AR5z 18I 3 ASeandreg e 1vvaed ol
Wearu wassernunaiiuaieds + dand sauy
1113374 (mean + SD) M BULARAIA 1NATINAZ A
wsUsuwesnsiagn Wemnmsiana 3 afadunis
Fomud aseianmiteneas i iy flywioe
naaesdase eliladeyaumageunIuwANAg
FEMT TNV WA WA ALT10UUIY NANTITANY
5 shaueludnssau lnowssufisuaied sues
23AUsTNOUN WY INMNLaE A INNS BUABNUIEUS RS
Yeausavsmsdunelddeulunmmeasst

4.4 N5UsZIEUAIAUS DU aUL 28U U NSV
fdan1n(Volumetric Heating Value Assessment)
ANANUTBUR BYUIEUSINASTRIR T I NU ST WA
dndau CH, 1 a52a7abe o oaarnded muduy
ssrUsznaundnilimdsnilufedanm Tngldann
$oug e (Higher Heating Value; HHY) w84 194 1nu
Wiy 35.8 My/m? @il fwnadld fividaedu M/ms
biogas LazuansdsAaLseuvesinedanIng evnila
wieUsms Tldndaausiud dmsnwanld Wai
msAnnma Ul udeddteyauininsieg
Fanmi ndala s ua1nudous ovyeUsuns

Feaumsi 1
Energy = Vpipgas X CHy X HHV ........... (1)

Tnei
Energ uwu Usinamasnuilaanninedann (MJ)
Vhiogas WNU U3 W05 198 30 mi wdi ale (m?)

CH, unu dndivesiediviluinagdnin ()

HHV 41U AAusauueanigiln (35.8 MJ/m?)
AMAINUNAMUIA AR BUDAFNENINUD

TrnAUTIIRUNMIHEANT ALY

TunsAnenildansisumimdanulneyssana
77 A19T0N 1 §NUIAA IATANNITONARNUA 1Y
Vasideuvan (LPG) Teuszana 0.46 Alansy dadu
Al lunsUssdiudnaawnnsaunuLE ouwa eves
syuuRedanm (18] sefu SauSunafedanm
indalduuvaniuuing LPG Wisuwin wieuszdiu
Anganlunisnaununasanulussauasag eu

Tpganunsarualadanmsi 2
LPG equivalent = Vp;pgqs X 0.46 ........ )

e
LPG equivalent unu Usunaing LPG fidnanse

naunule (Kg)

4.5 11531A512% LB LATYEAEAS (Economic
Analysis) MIAATIEATUATUIAMANTVRITEUUNAAT Y
Fanmanninnurnsiuduyaiidunsieusydiy
AVIUANAINGATYEANERS vaanTld et an il
nasunauniluszauassou lngmsiuTeuiiiey
AU UNSWIUAINABT I NAUAUY UNG $1UINA %
Ulnsidenwan (Liquefied Petroleum Gas; LPG) Fadu
domAadandudfiinmsliosaunsuagluninFeu
dmsunmaduwazn1sUsENaUeIMIS NSIATIEN
sanandl TagUszasd il eUsziludnenmlunisan
AldanedundsuveIndaeu v eusedi
ersdulldlumsiissuundnine@anwlUldlussau
yurumaynsUszgndldludonded Tunsfnuing
Ussdiuamswgransiiansandinusddsy laun

4.5.1 1aAINsUTENGARUNUNEIY NS

Tofatinwanunsarunalefsaunsh 3

Cost saving = LPGeqyivatent X Prpg --(3)
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Toeil

Cost saving unu 4af1MsUsEndaRuuna sy
(®)

LPGequipatent W4 U380 LPG fianunsamn
unulsl (Kg)

P pg WU 91P1% LPG (B/Kg)

452 SRFINITVARNUNG Y 17 aUsZATY
ANYAINANTNALNUNEG $91U28 90 198 10 1T UuTEUU
WA HUAS AT U @1N150A1INULANLUUTIABINTS
NAUNUNE 19U (Energy substitution model) Aeauns

na
Energy substitution = Epjogqs X Enousenota - (4)

Toefi
Energy substitution Wy RTINTNALNY
WA (%)
Epiogas WU nEsuindsldanfiedanm ()
Enousenowa "4 ANADINISNAINUVBIATITOU

(Y))

aunsaenanlglunmsussdiuinssuunaning
PINNENLINTBITUANIUADININA 1N UVBIAT AT DULA
Tudnduwinla §aduiad Taddalunisusyiu
ANUANYBITLUUNS SUT 1NN IUSEAUATILS DULLAY
Yy [19]

453 SzuzanAuyu (Payback period) Lilo
‘U'izLﬁummﬁm'waamsamuﬁw’i’jﬁswwﬁmﬁw
Famw FamsAnnussezmAu (Payback period)

FeanunsauIlefIEunIsn 5

Payback Period = <install (5)

annual

e
Payback Period Unu S¥88L3a1AUYLYed
Tasens @)

Cinstau "t Alga8lun1shnnssyuundning
P (V)
Sannuar WM NIERaRuangvisael (LMA)

(W mwial)

454 n133es1eviyan a3 uand (Net
Present Value; NPV) 1 9 U540 ua2116 16 1114
\ATYgAEns vaIlATIM N 19T I M NAUYN
swiuyailussezen ladmsiuwnyardagtugvs
(Net Present Value; NPV) @adlushd iamaasugemans
flduszdiueududvedlasinsamu Tnefiansan
yaAdagUuvenssualuansuuaznIrualuana g
ARoABYLATINNT vNA1 NPV SiA13nnndnAug wanei
1ASINFHANUAUAIMNAATYFANERS WALENLTOAT
NARDULNLT N aANATaT U anansaduInil

o lﬂl
ANAUNITN 6

Tnei
NPV uwnu yardagtugnsvedasins (um)
B, wnu naUstlemivienesuludi ¢ (um)
Ce  umu suyudorldaeludi ¢ wm)

WY BRsIARan (Discount rate)

=<

Na o a
LU UV]mLquﬂiﬂmi

o~

n i oglasins @)

455 N193AT1EV dnTHanauLnualy
(Internal Rate of Return; IRR) uaﬂmﬂms"“almflzﬁaﬂam
Ja9Tuaniuda nsdnund el used udmne
wanauknunieluvoslasanis 4 aduiad Tanns
wswgrandililunmsUssdudnananouunuanms
awmu lag IRR AedmsAnaniivilifyarnilagiugvisves
Tnsamsfidwintugus mnA R genddnsnenid
viesnAnandiimuaaziioinlasansiieuduamig

isygAansannsaAIlaAsauNSh 7
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L (7
tho (1+IRR)*

IRR w1 dpmanausnuneluradasinig (%)

Tnei

B, wnu wauszleyivsesnesulula t (L)
C,  wnu suuseAliTeludn t (uwm)
t  unu Inedulasang

n  wmeglasims @)

NTIATIBTILT SLATHgAanT A ana 1id swalv
anunsauszluAuMINTaNTeIN S UlusT UURER
gdnnaninaurnsiuyaitlussauadiseuls
pgradusyuu Tnenansinsisiazasyiauiadnanw
TumsanAld s eaund s uueIndaEeu suvaudnd
Wsudsanudululalumsimalulagd nmswénd e
Fanmiluuszgndldluseduyuru naenaunsveena
Tudmislousslenilu@ondedlumanuasnssuias

geamnssuATIseuluewAn

5. Nan15I38
5.1 wamsdsadaawaslinnamanensiuyuyy
wamsdTtanmasldmamanuasludiuil sune
Feslvg) Jrinuaseisssuy wuingusuil Tanmae
Timananuasiasianaifntusgweiowmaonied
MnRanssuMENYHay A ssdailussduaiadeu
waziBamdled W uildwlngdSnvasdui mugu
fundsisssmiuazaaesalssy dwalifnta
witeldsrniimuasdniluEmag
Fanudeldfidnanuuszneuse dnauen
10¥1 W i uay TanwdeRannunduingu
Tnenauynuazyaiaduianiinumniigauasiinng
Antuetsaiiaue Arrurmunsvasedlunnesuas
uvdstanstsnvesmy Ineduinaufisgetulugas
f el %mzﬁ@gja’hLﬁW\]']ﬂﬂﬁiLgﬂﬂIﬂiuizﬁUﬂ%J’JL%@u

I3 <
LAz HYUIALAN

UoyaNMTANTIMUMTIANsTanwmaold
s Snevsndulvglgnidalasnafuiunnuds
uaenosidliluiiuilndifes dauyatagmitlulddu
Jononifissundiu Mvdedslifinsdnnsesaduy

v (Y]

seuv W anasanAaaud Al e uvesian i old

o salal '

wuinianvsaesuiladuiandunsdniiauminzaus

1Y a

nmathlUldduingivlunmsmeaemdninednin Fagn
AndenduingRundndmsunms@nundneninnisudn
MWW

5.2 wamsAnTziauantRil ssfuvasinauyn
WAZLAD HANSWIEUAIRE NN NAUYINUT Ydans
a19MANLEraIAkaTanTUIA T AN 1IUTEIN
1-3 Iufims Aneuynildnuazaiiaeuaziangas
semsthluusuanm nisanaud ulaenisd suan
Uszanad 6 F2lus SrwanUFinanindauiu vidlstannsn
PruAUS IR s umani T nu sl ae 1 sualugh
vdsmsuiuan dnpurnilasaiadulofigousag
dawaliduualiug el enst ovaanvesyfunse
lunszurumsninuuuldldeandiau Tudiuvesnis
wieyat? wuiyahanfiiumsdauendulanuaey
waznaufuazeraludmsd i fvusanan oo
Wuansazaneyada (slurry) 7

Fnwazifudoidoatu A1 pHogludas

IndiAsadunansd amnzausonsinnuvesgAuvse
minansaraeyaneuldeutiensyduianTsives
Qaurie vilyatafianumdeulumsvimd il us
NS AU ALY E LR A MU SRR Y
I
M99l 2 HamslieTsinuaLT R peuTesnAUYY

warya iR BRI W

y . Total Volatile
ANWAUSNINNIATNKE
Solids  Solids pH

(TS, %) (VS, %TS)

ARy -
Y

NNAUYI dUasden um 1-3 9. 125 820 65

NUANTARAILYY
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. . Total Volatile
v . ANUUSNNNBATNARY
Ay - Solids  Solids pH
(RLEY
(TS, %) (VS, %TS)
wadl  amazangilowien 16.0 780 72

(slurry)

MNP 2 WUin Fnauruazyaiiu
nsnF suieg1ad A TS, VS waz pH oy luyasdl
WinngausanszuIunsy spaansuuulildeand o
wansliiuinTmgAuisaesilafanundeudmiuns

hldlglunsmeassaninedinnludunsusialy

5.3 HAN1331AT1ZY 89A Usznaud 198 20w
mMsleziesrUszneufedanmdud uneud @y
Tunsuszfiunanminauazdnenmnisiluldidu
WUy Wesndadiuves CH, st Sandn
YOIAINE Y Yzl CO,, O, waz H,S duane
UsgAvBnmmslinuuasmausulssammwiog fady
msfnuidshmsiesgiesiussnoufnednnitls
Mnmamindnaurngmivyadlusnsdiusng 9 e
Wisuiigunavesdndingausionanminedinm
uazilonsuisunlthesduszneuuazaua A

YN vBIMaLdnTIAILMElFENITNTNAaBIL

A5 3 AnadgerusEnauietInmaInMindnaurnswiugaTludnsasing

gndusinauy : yada CH, (%) CO, (%) 0, (%) H,S (ppm)
100:0 48.47 +0.51 46.03 £ 0.51 353 +0.15 180.00 + 4.58
75:25 54.20 + 0.66 41.53 + 0.50 277 +0.15 161.00 + 3.61
50:50 60.80 + 0.66 36.50 + 0.46 1.90 £ 0.10 141.00 = 3.61
25:75 58.60 + 0.56 38.17 +0.38 2.10+0.10 149.67 + 2.52
0:100 55.07 +0.61 40.03 + 0.51 250 +0.10 171.00 + 3.61

Y ' = | =i v o a ¢o 1) v o A L2 !
‘Mu’]EJL‘VW!: maHaLLaﬂQLﬂuﬂqLﬂaﬂ + ﬁ’]uLUENL‘lJmﬂGli;ﬁs’mﬁ]’mﬂ’ﬁ’mmL%ﬁ’]mﬂ%ﬂmu’m 3 ATINAINUNLAIYINUVDILLA DS

DNINEIU

PR 3 manTiesgesdUszneufing
Frnmanusasdasan eesiensiuau 3 ade
INFA08 WA 1LUDIT IR LA B2 U WU RTIE I
Aneusioyats 50:50 Wiriededndu CH, gaiian
meldidevlanmaaest] Wiy 60.80 + 0.66% vaui
ANRAE CO,, O, Uz H,S WU 36.50 + 0.46%, 1.90 +
0.10% waz 141.00 +3.61 ppm ANAIAU Wil ua
aanarfumsuSsuisudamssauniaslilduandds
ANANUANENSDE WA YN WD AT INERTIEI

i oW 1sWanIIAaewie 3 Ave wudl
Shdudineuyn : yata Wit 50 : 50 % laeniwiin
W) Idnauieiimugsiigalungusnsduidnw
TneflAadewintu 60.80% Liesoinyaiwimiiidu

a

waagauvs duazlulasiau saeiidnaurriduuas

ANS UBY kUL UAINA1I91960 870 8IA UNTHEAN

A a 13

ﬁﬂmwmuax:ga’?a Yo usInlsENaURENTBUNSE

a A

A1591M13 Uag AUV IMIN eIt uNTEUIUNITANI
luada ludwvaafigasuaulaoanled wuindl
wnliuanasdlodndrufefimudiutu ladasdan
50 : 50 ddmau CO, méwﬁqmi'amﬁ’ué’ﬂﬁau CH, ﬁqq
fian uansdsnnuuandvwesesdUsznaUR T 1AM
sersdamdniaaumeldannzmmeansl vaued
fgpendauntluunasingi 4% luynyamanaaed
wansliiiuinszuund ndanzlng @ vsuuululyd
PanFLaupg 1Ay d1msu HyS wuindiaegluy
Uszanns 138-185 ppm lnednsndud dyaiage
fulialien H,S gt wdnteon Wesmnmsaaed

vosansUszneufuzduluyadn egralsinuenfing
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feogluthsfiannsadamslddenszuiumsuiuss
Aaunningneunsthivldnuesa

Tngasy manmsiaseiesduszneufitgdanin
wanaliiumsuindnaurnswiuyaausonds
Fednmittinummmnzassemsilulfidundsnu
AN IAglan1gsnIduRnAuYI : yadd Wiy
50 : 50 (%) Tagtwiinuis) Gsliaadsdaduiiny

gananmeldeulummaaesil

5.4 wan19UssLid uA neATWWE 9914 (Energy
Potential Analysis) 91nRANTILATIZYBIAUTENBU
A19T20IM WUIINALRE oA UsEnauf 1T anmn
NUIE AT NV ey ada 50:50 TR ade
dndufeiinugsiignmelidoulsmveaest winty
60.80% F0989NIADENINEIU 25:75, 0:100, 75:25 Way
100:0 MUEIR U hana i uIwulldus anan1e1a
1A 879 89 UAULANA 19 8983A UsTNauaSB UNS §
A1591MN5 kAR UNIETENINGATIEININAI NS
oo A uld 92 lun1sdsefudneainndsany
TagmnuAAT HHY U0l nuvnAu 35.8 MJ/m? Lans
Famsnadl 4
A15199 4 ArauSeusonieUSINASTeIR BTN

MNIRTIETIQAUTUANFNT

dnsndw CH, CO, O, H2,  AnAnu
Aneuyn  wle  whe  whe  whe  Souse
ya (% (%) (%) (%) (ppm) Wl

ULLLIA) Usuns

(MJ/m?

biogas)

100:0 4847 46.03 353 180.00 17.35
75:25 5420 4153 277 161.00 19.40
50:50 60.80 3650 190 141.00 21.77
25:75 58,60 38.17 210 149.67 20.98
0:100 55.07 40.03 250 171.00 19.72

NANTWA 4 WU SaTdILENeUwRYaT:

50:50 T &nd 118 hazAIAINS UM BVULY

USumsinedanimgsiiganield R eulunimeassil

Tneddna 1Ll wea enU 60.80% WazAIAINUS BU

=

fONUIBUTUINTYVINAY 21.77 MJ/m? biogas Uy
9R5187U 100:0 TiAAMuSoumrlIgUsNRsYINAU
17.35 MJ/m? biogas 194 Adisnarfiudaudouste
vil amieUsinsfinedanim wagliaansaldaguin
Fasndu 50:50 Wiwdsausiugaiigels Wosmnns
Usziduna sarusaudnd ud oam ansuUsunsg

AN NIUNNARAUBIA AL DN IAIUTIUA I

55 N15U52LT UNITNAUNUNE 991UATH
datunisa duuf (Scenario-Based Energy
Substitution Assessment) N15USZLIT UNIINALNU
wdrnulueddeiunsieseimeldaaunisel
auud Inermuslvissuundainedinmwluseaudszend
gnunsand an 19g1a1nla 1.00 m¥/day @1145U
nnnsauingiv il oldidugrudoadulunig
WIBUEUANENTWATUNS 9911
A15199 5 n15UszLl un1smawnund seun oy

ANUNTUENLR N NPUAUSLUALTININ

1.00 m3/day
anEu WA FRIINTNAUNY
HNaUYdn : 4adl  anmunsalaus®d WA (%)
(MJ/day)
100: 0 17.35 57.83
75:25 19.40 64.67
50:50 21.77 12.57
25:75 20.98 69.93
0:100 19.72 65.73

nM57 5 wudaeldaaunisal auud
FifmuaUsaf1gian mmvafu 1.00 m3/day d1msu
NNATIEI SP91dM 50:50 TAMENUR Al
WINAU 21.77 MJ/day Lagil 8 ns1n19MALNUAINY
FoInsndsurasnsaSaudimunaldviafu 72.57%
SO9MNADEATIAI 25:75 Wag 0:100 WNAU 69.93%

Lae 65.73% $UaGU

Academic Journal of Industrial Technology Innovation Vol. 4 No. 2 May - August 2026




60 Academic Journal of Industrial Technology Innovation Vol.4 No.2 (May - August 2026)

5.6 NM13UsZE UL LATEFAIANST AUFAIUN1T0]
dUUA (Scenario-Based Economic Assessment)
nsUszfiudaasvgmansludnd dudunsneld
anuNsalaNud Ineivualiseuuaasananiie
Fanwild 1.00 m¥/day Adanaiduausfiguiimue
Judeldlumssnmmsvaunu LPG yasnsUszndn

v
§ v o

NS 991U LLawvﬁyi’mmammgmam Al UHANNS
Ainneimaasvgmansviamaluiat e usanna
anunsalaunduarasldidud oy aid ssdudmsu
MIDONUUUKALYINABUTEUUIYAULBdluaNAR

56.1 4aA1N15UTENG AR UNUNT WU 270
ANUAURUS VBINTNAWVUNG 991U WU TN
1.00 m3/day annsenaunuing LPG lauszuna 0.46
ke/day 1l afMuATIAA Y LPG Wiy 28 Uvde
Alansu danaliAnNISUTENG AAUNUNS Y kans
Fapn91971 6

= a ' v o v
A159 6 MIUszdluyaANsUsErdanganunels

AUNTIELLR
8A15 yann
Us a9 a0 i mvualy 1.0 m¥day
ANUNTIALNA
LPG Liguwin 0.46 kg/day
TIPA LPG @ 28.00 Uwkg
yarmsUsendaseiu 12.88 vw/day

yaAMsUsyvdanafau

U

386.40 u/month

yaAmsUsevdasded 4,701.20 UW/year

NANISILATIER Az aulR i U1 SEuUd %
I nausnannseA g IeR NS sNUluATIS U
19 Tnemglununisuunid ingRudunamdeld 1w

HNAUYUAZLAT

5.6.2 szgghaAumn U (Payback Period) 18
TSR U UNTAM WS UAUVDITZUUAN TR IR

svarAUNUle uanadensed 7

M990 7 MR TEELIAIAUN UVBITEUUA 1Y

Fanm
8NS5 yae
RuasyuiFasiy 18,000 UM
nIzwaRuanaSmel 3,701.20 VAl
eI 4.86 U

meldantunsalanud Fuawuis uiuves
SYUUWINAU 18,000 U YaAINTUTENE ANG 9914
Fuguvinfu 4,701.20 v/U wazAldanelunng
AltukasUnesnwWINY 1,000 U1/ danali
nszwalIuana sy 3,701.20 van/d oAty

JeUEOAAW UL 1 EYRIsE UL UUSYINM 4.86 U

563481033 duans (NPV) uag IRR N3

a

Aaswyar1agduans (NPY) uagdniaanauuny
melu (RR) Tonseualuanansannnisusendanegsnu
nolvine g1l ngandunuwaringasne wang
o dl

AIRNTWA 8

M1TNN 8 NANITIATIBNAIIUANAMNIUATEFANANT

VYBITEUUNARN T IN T

RS Yaf
RuasyuiFasiy 18,000 UM
nagsaRuangyisnet 3,701.20 UwA)
2elAsIns 109
SnTIAAER 8%

NPV Usvanad 6,840 U
IRR Usvanad 15.8%

et 8 meldanumsniuazanufsm
fifmua wansiasiginuin NPV fiawnnningud
wag IRR ganIdnsAnan Jeagviewitlasansiaiiy
Fuamnaasvgmanslunsddnuni nandensamu

luszuundai 19810 M naugIns wiuy ada
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TunluylinanausuRmINzanlus Len) Lagand

wnlduenudulldmaasugenans

6. ayUnaLazanUsena
6.1 a3UNaN133IY NMSANIANENINNITNEAR 1Y
Faamanmsgessmvesinaurasyaiuilody
N IUNAUNUTEAUYUBY ansoagUnalidonnd o9
fuinguazassmeiseldd
6.1.1 NaN15d19UALA NWIA NYNINV

Anauruazyatdnsuliiduingavlunsndnaiie

9

& A
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Abstract: This research aims to determine the relative weights of key decision criteria and prioritize alternative
suppliers for processed chicken parts in a case study of XYZ Company. The organization currently lacks a
systematic evaluation system for processed chicken suppliers, leading to uncertainties in quality and raw
material costs. To address this, The Analytic Hierarchy Process (AHP) was applied in conjunction with the
expert judgments of five key informants within the organization. The evaluation of five main criteria revealed
that product quality holds the highest priority weight (0.462), accounting for nearly half of the total decision
weight and being twice as important as price (0.216), which ranked second. Meanwhile, delivery, reliability,
and service exhibited comparatively similar levels of importance in the subsequent rankings, the results
indicated that Supplier A is the most strategically optimal alternative, achieving the highest composite weight
of 0.561, followed by Supplier B (0.276) and Supplier C (0.163). The findings of this study provide the case
company with a standard decision-making tool for procurement, that reduces operational risks, but also offer
a scalable model adaptable for the procurement of other raw materials to ensure long-term efficiency.

Keywords: Analytic Hierarchy Process, Supplier Selection, Multi-Criteria Decision Making, Frozen Food Industry
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Abstract: The objectives of this research were to: 1) develop a modular electrical system training kit for internal
combustion engine vehicle air conditioning for vocational certificate students; 2) evaluate the appropriateness of
the developed training kit; 3) compare student learning achievement in the automotive air conditioning course
between the group taught using the modular training kit and the group taught via the conventional method; and
4) study student satisfaction with the learning process. The sample consisted of 40 third-year vocational certificate
students from the Auto Mechanics Department at Phetchaburi Technical College during the first semester of the
2025 academic year, divided into an experimental group of 20 students and a control group of 20 students,
obtained through cluster sampling via drawing lots. The research instruments comprised the modular electrical
system training kit with four learning stations, active leaming lesson plans, job sheets, a leaming achievement test,
and a satisfaction questionnaire. Statistics used for data analysis were percentage, mean, standard deviation,
dependent samples StS-test, independent samples $tS-test, and effect size calculation. The results revealed that
the developed training kit and instructional packages possessed appropriateness at the highest level as rated by
experts (Mean = 4.69, S.D. = 0.36). The training kit achieved an overall efficiency of 79.25/82.00, exceeding the pre-
established 75/75 standard threshold. The experimental group obtained a post-test mean score of 16.40 (SD. =
1.35), which was significantly higher than their pre-test mean score of 9.15 (S.D. = 1.42) at the .05 level (t = 22.48,
df = 19, p < .001). Furthermore, the between-group comparison demonstrated that the post-test mean
achievement score of the experimental group was significantly higher than that of the control group (Mean = 12.10,
SD. = 1.62) at the .05 level (t = 9.11, df = 38, p < .001), with a very large effect size (Cohen's d = 2.88, 95% (J [2.05,
3.71]). Overall satisfaction of the experimental group across all dimensions was at the highest level (Mean = 4.74,
S.D. = 0.30). Additionally, the educational economic evaluation indicated that the kit required a low fabrication
cost of only 28,500 Baht per unit, reducing equipment procurement budget costs by 76.25%, with a cost-
effectiveness ratio of 196.55 Baht per score gain, and reducing absenteeism and dropout rates to 0.00%, effectively
enhancing access to practical training tools and systematically optimizing budget expenditure.

Keywords: Modular Training Kit, Air Conditioning Electrical System, Internal Combustion Engine Vehicle,

Learning Achievement
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Abstract: This study aimed to (1) design and develop a digital service system via LINE Official Account for
community enterprises and (2) evaluate user acceptance of the system based on the Technology Acceptance
Model (TAM). A contextual review of the target community enterprises indicated that information regarding
products, services, tourism, news, and contact channels was fragmented across disparate communication
channels. Consequently, this study sought to develop a digital service system that consolidated these services
into a single platform. The study employed Design and Development Research (DDR) and applied the System
Development Life Cycle (SDLC) as the development framework, systematically encompassing requirements
analysis, system design, development, testing, and refinement, while the TAM framework was utilized to
assess user perceptions and system acceptance following implementation. The investigation focused on two
community enterprises as case studies, comprising 17 key informants for requirements analysis, 3 information

technology experts for system quality evaluation, and 60 end users for technology acceptance evaluation.
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Qualitative data were analyzed using content analysis, while quantitative data were analyzed using descriptive
statistics, including the mean (X) and standard deviation (S.D.). The findings revealed that the developed
system effectively integrated and presented enterprise information, products and services, tourism data,
news, contact channels, and external digital services through LINE Official Account within a unified service
structure. The overall system quality evaluated by the experts was at the highest level (X = 4.59, SD. = 0.17).
Overall user technology acceptance was likewise at the highest level (X = 4.64, SD. = 0.48). Among the TAM
dimensions, Perceived Usefulness yielded the highest mean score (X = 4.70, SD. = 0.46), followed by
Perceived Ease of Use (X = 4.67, SD. = 0.48), Behavioral Intention to Use (X = 4.62, SD. = 0.49), and Attitude
Toward Using (X = 4.57, S.D. = 0.50), respectively, demonstrating that the system effectively met user needs
and achieved high acceptance. The key contribution of this research is an integrated design and development
framework for LINE Official Account-based digital service systems that connects requirements analysis, SDLC-
based development, and TAM-based acceptance evaluation. This framework serves as a practical model for
developing and evaluating digital service systems in commmunity enterprises with diverse operational contexts,
adaptable to the specific context and user requirements of each area.

Keywords: Digital Service Platform, Community Enterprise, LINE Official Account, Technology Acceptance

Model
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