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Abstract

Pummelo from Wiang Kaen District is an important exporting agricultural product of
Chiang Rai Province. Currently, exporters face problem on collapse of the box during
transportation and storage by sea because transportation take over time and confront
environment at high percentage of relative humidity. The objective of this research is to
design transporting package for Thong Dee Pummelo to solve the mentioned problem by
designing the structure of double wall corrugated box (flute B/C) for pummel transportation
and creating prototype of packaging by sample cutters. There were 7 designed box styles
which were BC (bliss case boxes without corner and column), BCC (bliss case boxes with 4
corners), WC (wrap around boxes without corner and column), WC4 (wrap around boxes with
4 corners), WC6 (wrap around corner with 4 corners and 2 columns) WC8 (wrap around
corner with 4 corners and 4 columns) and newly developed boxes (NDB, the body is WC8
style and the cover is BC style) and each packaging model were analyzed laboratory testing
with to seek optimum packaging model for pummelo transportation. The result from
analysis show that the BCC and NDB box styles were the most suitability to transport of
pummelo because they had the highest compression strength (CS) and stacking strength (SS)
at 1,623-7,476 Kgf and at 0.5-1.0 cm. respectively, high efficiency on product temperature
decreasing at 14.24-15.15 hours of 7/8 half time, low the cost criterion that was acceptable

by exporters and high ability to protect pummelo from mechanical strength.

Key words: pummelo, packaging for transportation, corrugated box, compression strength,

stacking strength
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Rutaceae wwamiawﬂanaa‘luﬂi%m‘lwawmawuﬁ wiugdulefiugniienisdn lmm NBIA
YNNI LBELET Uay mfamwaT,ﬂaLawuaaﬂawuﬁwamnaLUuwuﬁmumiaaaaﬂmmnaman'tn:uw vy
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A9 1 Iesguresdulonunsgiududiinunsiaravswieni (se)

Warn  WiEuinas dwhdudna WuIBUN WHUTOUN
(i) (mm) (i) (mm)

5 > 5.30 4 5.60 > 135 fig 143 > 16.6 14 17.5 > 422 14 445

6 > 4.90 3 5.30 > 126 014 135 > 15.0 04 16.6 > 396 f19 422

7 > 4.60 04 4.90 > 117 84 126 > 14.5 013 15.0 > 368 4 396

8 3.90 i1 4.60 100 94 117 123 il 14.5 313 019 368

2.3 ussefmueiitenisaudedulawusvosi
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Audussgiivvielne (amv) Tamuazuunibildly ammnemaussytos aduil 8 Sesndes
nszAEgNYNUITRdulodeanniuie (nsamw deAlUs) wuu Aun.1 Fuushlilduuundesnszany
International case code 0320 fanwil 1 way mwawmaﬂmwmw 1 wagiwusliussydulelay
MN9Ges 2 dunsfuumnaSoaduiuaralasliiuunense VI'J’N‘UU@'H]Uﬂurv]’JEJLLNUﬂ‘iuﬂ’mﬂﬂ“’eJ’]ﬂ
u,avum'muﬂawﬁﬂnaaauiaiuumaunamlumu 18 ﬂiani:u s,;.avmsﬁml,nun'muﬂimﬁaLiﬂwaunam"Lu
Wy 10 du sosinisiuniseaviBuadieuazanuiivedwioiniaamnenisd uvdsiuia deorh
VUATBIRAANATUNTANTUANATN LaYTUTR FUUBNATUBUSTY

AW 1 wuundesnsga1y International case code 0320 dwSundsanszanwussedule

AN 2 AUENYULYBINEDINTEAY International case code 0320

d1nu 1UNTVIAADU ARANYIY
1 FanUIIY QEELRITLIN)
Hnase aau U-8 (WL 170/3CA 125/KA 230)
fanaes aou U-4 (WL 230/3CA 125/KA 230)
HRn1eun 500%400*250 adung

fnnelu 470%375*220 Haduing
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RITNN 2 AMANYEYDINGBINTEAY International case code 0320 (M9)

61U S18MSedaU ARANYME

4 Unmg 39 An3

5 FoeszUIeINA 4% vasiuiindadnudng

6 AU IULSIAUNER fngdes 15.4 Alandu / ase.
AInaes 1.4 Alaniu / sy,

7 m‘:g}ﬂﬁuﬁ"l'uamsiunszﬁw 100 n3u/ma.u

8 AFTUUSINAVDINED 860 NLaN3y U39

uregnlshrannisdsateyaidosdiulunisdisenduleviuinesion sunedsaununuin
nsdseandanat fedltiduma Besse - vays - Ju Ssdisspznamsvudaiisnuiundt nMsvuds
dulodseenmaiFe sl aun.1 wushild Saienisviannudmnudilavesiusenaunislu
nsussyduletitemsdeesn nstugundesililiannsadanisanwuedenliianmngas
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iy ShwusanudeinisvesiomaiauazderimusluiFosmnssaiedud Sumseainda
windeuiieraifistuldluszwinenisvuds dunu dsandousuiouusines The US. EPA Tudes
m3an (reduce) Mslde (reuse) uazmsvyuisunavanidli (recycle) Fmsussgilduaznisla
wilnfwmnzau (the proper closure) Wufu Fanevdaniseoniuussuunwuryssgitensvudsd
loWugnesindiagiin1ImAgeuaNs TN MUas U UAUIMNIZENTBINITBONLUUTEUUAIYUE
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Tassmsiduiluvilasimsidedu 3 ssevmameaes svesusn Wunsfnwszuunivuzussy
ensvudsdulewugvosd
maveResszezi 1 (uusesnanwided wa 2551) laeiinguszasdlunsiasnwuarsausu
doyaiildluniseenuuuuagesnuuuimutszuua1vuzussyiiina
wangaudensvuddulowuivos

N1INARBITLELN 2 QuUsgNINUIIeT WA 2552) ANSUTEHIUAMUMNIZANTDITSUUNIYUL

(distribution test) ﬁ’hﬂmm"waﬂ&ﬁﬂﬂzﬂ'}ﬁé’uamﬁau’luﬁa\ﬁIﬁfj’ﬁmsﬁw
\nsBsiiavingau vibration tester ANNIMSEIU ASTM D999-01 (2000)
NINAABING 3 Syey In15578azBenIsITERI

N1MARRITTELH 1
Wumsfinwmusandeyauaresnuuussuunvugussgildlunisvudsdulonugesiiie
Msdseenilseasdunisidensll

3.1 Anwuazsausiudeyanszurunsuaaduletivenisdesan
TnsAnwuazsavsadeyaiiieidesiumsdieandulonuinesinnauinumsns
odsauiy 2809570 TaeAnvuanivteyaipmesnssuaunisuandous dilodufona n1siiu
ey msdinues inusinaunm M3AnAMAIN N13819 N13UT3Y Msangumiilesiu (pre-cooling)
mM3vudeaunsy Wadlegfuslnn

o arey s 3
3.2 Anwdnwuzauauliviasznisvesdulenuinesd
nmvaaesiildnadulovnuuasluaiudulediosn Tnalduasndudulon
= < o v o = ¢ o - @
pgRdsUsyanm 10 U wazAndonduleilisvozanuuiysal 75% w300y 7.5 ifou ndmenuiu
lagdnansuiivuinveswiu auavewa uasdlndifesiu Unmanlse uazuuawdesossmillag
lagnansfnwnauauiiuissenisvesduleviugnesiuanifeyaitewiuildazinnldluniseen
WUUSTUUNMTUEUSTIRENM suudsdulanugnasinelu fadl
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3.2.1 auauaziUsn Jaiminaavesnauaztuiinaunsunnuniig (a)
AUE1 (b) AL (o) wazdanuenilagseu (d) vesdulourazua fie vemier caliper fanm

MR 2 sumdsnsinvuindulalumuninuniae MNe ANURL LaLAINETISOURE

3.2.2 size uag sphericity n9@pUAILITN15994 Subramanyam WarAe.
(2001) Tegtheansianmundng (@) aamens (b) AUl (©) wazaruemlaesau(d) vewa lude
2.1.1 MUIUAIENNIST 1 WAL 2 NedausuIY 100 Ka

/3
)

size £ (axbxc (1)

sphericity = b/d (2)

3.2.4 Vinameudaiiazanelémua (soluble Solid: SS) naasulagldth
furniledule sruswUasidus Tuudassatn 3 o1

3.2.5 USinaunseniaviun (titratable acidity; TA ) naaauniuis AOAC
(2000)

3.2.6 dadu SS/TA neasulagiuan1syy Usunad SS waz Usina TA
WA dndu SS/TA aumsd (1)

dod1u SS/TA = SS/TA (1)

3.2.7 Usinanssaueanetn dauasmaizues AOAC (2000) Tasldtiauain
lonadule Usunes 2 faddns udaduans metaphosphoric acid - acetic acid f#3eu91n HPO,
15 n5u azaelu acetic acids 40 fadans uazBud Wnsu 500 Seaaes adtus iy 5 Tadans ¥
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dﬂd

mslamsneie dye solution (2,6-dichloro indolphenol) aul# end point iiFvuyeg1aion 5
Fundl wdnhadildundnnadmiiug Wwheoduliadnduse 100 Tadansveniau
3.2.8 Awdendule TndlUdendein3eaind chroma meter model minolta

CR - 300 luszuu Hunter lab s1eaunadue L, a uas b luduit 0 uag 5 Tnefana 3 Funis fe
danans waziane

- @ L Anmanuadng dledaus 0 @) auiia 100 @)

- f1 a e Adunadiedud (+) madeadiedue O

- @1 b fie mAmdssdiodium (+) edunEudloduen O

3.2.9 aruuuile Wiedredule Tasumeaeuinmuutiuiiovesadule
U3 1 nans uavUanedule Taeiausanadeindes  universal testometer lagld spherical
probe wuadusuguinats 8 fadmsanuialunisiedeud 20 fadwas/ uit wansluviedn
s (N) Tuusiasuayinisie 2 41

3.2.10 mssumsnavasdule (compression strength, CS) fauUaInwis
999 ASTM  D-642  (2000) waasvlnenwadulolunuiseuasinusenasieintes universal
testometer lngld fixed platen Yu1aN319 30 WURWAS 817 30 WURALING W1 5 TadwRsAIE)
Tumsiedeuil 20 fiadwns/ Wit wanslumiaeiiafu (N) Tuusazsarinsia 10 feea

3.211 maaum’mﬁmmumnmwnaeiNﬁaiu (free fall drop test) Uaag
aummmnaqamaaaiv aqawumumqmvmummm 10 mumum mﬂuumummawaﬁmumﬁ
pnnsenululsay ﬂ'i\‘l‘] az 10 wunsevi dule I seiumugn (degree of bruising) aﬂ‘lusuﬂumu
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o = 2 o o 8 U a S
ATENU W ammﬁlﬁ'ﬂﬁmmm AIY 'nqﬂ wivilidulefiarnue narildlumsannszunn was

ig
3212 msUivLﬁummmﬂaamsmmmumuuianmmnaaa (Require
compression  strength) MNHaN1sANwILAzTIUTINTBYANsTU UM sHARdulaIaNTAs08NLAY
AuzUsIYIY waznamsinundnuurguantivicsynsvesdulenugnesmiunldlunsusadu
ANAFBINITAUAIUNIUUTINAYDINABINIETE box retention factors TifAUUAIIN Burgess
(1999) Asaunns

Require compression strength = [NW * (N =1)] * [H*T*PP*PO*V]
N = fwsutulunisinadesdau NW = ﬁwunawﬁ
H = {9adgluduminutuy T = {adgludunan
PP = Uadelusmuzuuuumsnadesdou v o = desdeludunisduasiiteu
PO = Uadglusunms  NEusanu 19 nuius osdue
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ussy Insnssenuuuaglinszmugnyinassiu Tnsmsesnuuuarldifauuuuinnsguvesnsnis
dvoandulofuusliil ffnsuanvunaniie 500 adiwns o1 400 Taduns uwazgs 250 adiums
waziifiineluruianing 470 fadas o1 375 Gadwns uwasge 220 dadwns laefiv3unnsussy
39 &ns sanNUUUMYULUTIINGBINIEAY 2 wuulealdlusunsu corel draw version 11 wagdnnaes
Tneldinsasianassan madrumaluladnisussgumive dododl uasuson Sia asiu S1dn
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AU MPULUTIY NWENEBY
1 B naeswu Bliss casesial
2 BC4 NABILUU Bliss case a3y ag:unaaam 4
3 wWC naRLuL Wrap around Y
4 wCd NABILUY Wrap around issituiassis 4
5 W6 nABILUY Wrap around WRariuiiania 4 yuuaseadind 2 aedinl
6  WC8 NABILUY Wrap around (fsituiiyasia 4 WuazAedi 4 AeduY
7 NDB WWunde 2 Fu Mndeafiuuuy Wes ehndsudiuuuy BC

o as o
lasan53duszesh 2
lagUspliuanumngauyessuunrurussyisanuuun o 3.3 senisvudedulanus
VedRlaevinN1sVaaey

3.4 nﬂiﬂﬁmﬁumwmmzamaaszvunﬁﬂuwﬁ‘«gﬂ'amwudaé’uiaﬁ'ué:waaﬁ

Imijﬂaauauﬁ’ﬁtﬁmﬁwaqmzqunwuﬂﬁ‘l%‘lum'saammu WasUTLILUAUANNZ ALY DY
mwvm'ifaﬁaaﬂusuu’[mawﬂaaummﬁmmwmnmmmwzmm wﬂaaumsaﬂammﬁaﬁa&ﬁu
wmaa‘umsafgLaam'mmmLstmm‘uuwuswﬂaaaﬂ'ivmis}anwﬂﬁlﬁussaauialuumauamaumaau
ma'lmamfa.,mwuawmmwanwmmm ‘Wﬂa'e)'Uﬂ’J'13.1Ll,‘ll\'iLL'N‘UE‘JQﬂ’I“U‘IJ“'Uﬁﬁ]ﬂamﬂi“ﬁ’]‘ﬁaﬂﬂﬂﬂ
ldussydulesionismasestouluaneing 39882109 ININITUTTY mmmmwumsmsﬁ] way
VAABUNTIVUAINUNINTEIU 318AIVIAABY ASTM D 4169 — 01 fin1svnasusail

3.4.1 nsvedevauRlUsswuvenseagniniildlunisesniuy
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n) ANUMNYBIIARUTIY AUITURY TAPPI T411 Tnegudnianussylunsas
dnTIENAdBUYLIN NI 2.54 [GURIAT WAy 8717 10 WURWAT Fog19as 5 0 IAAuNUIEIY
Lﬂiaﬂﬂﬁ'mmm (thickness tester model 79-72 TMI) A401ANUWIN U

) MAADUANAINFUNUBLSIRUMZAURIYARUSTY (mullen  bursting
strength) Iﬂawmaumaﬁ% TAPPI T 810 1ngv0@auA1A U@ UM ULSIRITInLaY mwmmmamaﬂ
UIY AT BIMARDUATUA UYL IAITALAENNTE A (LLOYD; USA) Tnevnaaousiuau 5 91y
WiazanN1ITVIAgeUy

ar

= §__Gdad o, , o, g POl
A) gammage YadNILATY (NIX/FNTINUAT) WEL9I0 ASTM D 646 | IBEIA5IP
Qs

@ 14 a

ﬂ@lU'i‘i‘i}‘llu’lﬂ g 5 L’ﬁ‘LlG]Lum‘i 817 5 LYURLUANT @l'&ﬂﬂ’lx‘laz 5 Q@
\3) moisture content ¥83n9¢A

UTIY WWINAN 5 Wuiiuns 817 5 wufins fiegea 5 90

3.4.2 UYSEiuaNIL NS AR N NUEUS $968N73 sULAILAZIALY |§1|T'1ﬁu=?waaﬁ
TngnagouAuulausudenag Ui»ﬁﬂﬁmw‘l,umaamammuL'uaamwuae
ﬂ']‘ﬂuuflJi?"{] Saaa‘f‘uadﬂimmﬂ'ﬁmﬂ Llﬁwﬁuqﬂu‘llﬁ]\?ﬂ’l‘ﬁu UiﬁﬂiﬂLL@lﬁvﬂﬂ'\'ﬂ”ﬂﬂﬂaUﬂ\ﬁu
)] Viﬂaa‘Uﬂ’J"IﬂJ‘F]']U'ﬂ']ULL'iQﬂﬂ‘U@ﬁﬂ"I‘ﬁU%‘U575?’ IﬂUﬂﬂaaUﬂ'ﬁCﬂWUﬂ'ﬁﬂﬂ‘Uﬂq

AMYUrUIIY  (package strength, CS) mudSwes ASTM D-642 weaaulasinusinadieinios
universal testometer lagld fixed platen fdanmizvaaou gamgil 27 + 2 ssrueaidva AWy
dnins 65 1 2 % uandumiieiafu (V) luusazravhnisin 10 Mt

v) nedeuMsanguMiiiowy

angaumgilidosiuvesdlafiusselumeusussyluwsiazanizvnaeu Tag
38 room cooling # gamgdl 10 sariwailiea udh Tnelddhes medeuma A1s1ail 1 Tuiingaumgdl
1nglY (data trekker) uazdrwiey 7 / 8 cooling time (Hyg)

A) naaoumsgndummuudausevesmuuzussynasinsemvgnyniliuse
é’nia’[utwiaxaﬂﬂzmaaun1&1’19’1’&3'113ﬂﬁwdqﬁmm%ué'uﬁ’wﬁ'vhm

B o

LVIEJ‘VWIG‘IEJ‘UH 198l QLE‘}E.IP"]J li.ILL‘YJ\'ILD\'I“(JrJ\'lJI l‘{]UuU?ﬁ‘\]HﬂU\‘H‘I'&uW IBGH‘Q‘:TWI (%]

o

ussdilanevdsnisadeusudiast nu’luwmwwaquu 10 ssmwaidea Wuszezian 2 Jud

“e

)
5 ndulINT MRESUAIINAIUMINLIINATAINTUTLTST 1ne
maaumsﬁwumsnmﬂaamﬁiuwii'i] (compressive strength, CS) a335u83 ASTM D-642 nadau
Toenusanafieinias universal testometer Tngld fixed platen wandlumiieAlandiuss (Kgf) Tu
usazNaYinnisin 10 freea

1) vaaeummudusireinvurusIndsanssagninildussyduless
nMINaseweuluanyingd

vAaBUMINAITBIdauLsaran1Iy Inedaudadisauinnsgiu 1ISO 2234
(2000) Tmemaaeumelueadu figuval 10 sswusaidoa wasarududuiniievay 95 (Ju
svgzIan 48 MlussenuszeznIsyUiveInaes

3) VAABUTRLALYBIUTIINNITUSTY
i



Ingfnumuiumsnassluusazanznagou uazysuinsvewmadule
Mmeiussgaslundes Mntudwiamnssearyesinansussensasnsi (1)

Sovazvainunisussy = [USnesvewadule / USinsndes ] * 100 — [1]

2) AUIUAUNUTBINITUL U
nageulagminuivesndaslundazannevagey sntumuinmduyuendes
P~
ANFNNTTN [2]

v & 4 ¥ &
PULTBINTULUIITY = [WUNUBINGDI * 3R ReNuT] ——— [2]
lasans3de sz 3

3.5 AgaUNITYUEHS
Uiymuﬂfnummmam111u~us=sa]maﬂﬁ°zsuﬁqauia lAenAa8UN1391a898N1IENTS
é’uaumaﬂwamgumms mmsmammsaummauuuumw (fixed vibration frequency) ®u
WIMIFU ASTM D999-01 LLauﬁmammﬁauavmauLL‘U‘uau (random vibration testing) MuuIAT§ 1Y
ASTM 4728 Twaaﬂgummi LLasmtmmmwmaaumwuaam‘uaaﬂauaum*uu.,m'swwmaaumi
YUY JLU‘V{U\‘ILEJUTIGLIJWJIM 10 o iL‘ﬂdL‘(]EJd 4 muuw 171 ITVIMmJUmUJ] IW‘LIEJ\‘ileLt]WUD‘VItJ\'lﬂ luwAay
zmwquwﬂaavmwaan'ﬁwmaaumwuaa'lu #0 10 20 30 40 uaz 50 Fu uagnadouNsELAY

o

MsaTIdumMTmn1adey lnensivdaumusdasasn (visual
quality) Treutspusresndiu 3 seaulaun

JEAUAINT DY (slight) WUHUANONA19ANET < 1 LwuRInS
EAUAMETIUNENN (moderate)  dutiuguinaIsm g 12 wufiams
TEAUATIMTITULS (sever) WUNTUALENa AN > 2 LouiRg

mamsgiummtasAnifieuiuesidudlunsassyiuvessunudulefily
'LumsmaaumwmiﬂﬂsvﬁwmummunaNu,a.,s..m'umwmmuu,imamuivmwmuﬂ.ﬂﬂluaamu
3.5.2 U'sm;umsl.aamaemnwja'ﬂauwseﬂmmﬂﬂﬁmmﬂ'ﬁmammmn
maﬂaumaLﬂEjmimawummuauLawummauLamuaamﬂwmawsa lnsutssedunsidoude
vosduleaonidu 4 seiu mudesavnisidondsuuiuiinaveduleldun
SEUT 1 nMs\doudsuuiuiiig 0-25 %
) nsdendsuuiuiiig 25-50 %

42-



syl 3 nadeudsuuiuiiin 50-75 %
seeu 4 msdesdsuuiuiifa 75-100 %
Anszdumsidendsuuiuiiinvesdulafiuefifudvesssdumsdendennidogiunsd
luusiaeninmud
A. magaidedmin daimdnnadulonounsvadey faniestainin
i pwaziBoameiion 4 sumis sanstahudnldldhumunsgydaniminlasinngns

magadedmn %) = Ghwinduladusiy - ihwingavielunaidivue) x 100

v '
o

yvtnuesdulasunu

1. Uunamewdefiavaneldoun (Soluble Solid; 59) naaeulaeldhay
nniffedule durnvesifus luusasuain 3 41

9. YStnansasavae (Titratable ~acidity; TA ) vaaauniuis AOAC
(2000)9]ineTndulenounadauie ndmeaeusevieTagussguarililivie

3.6 AATIZWNANIINAFDU

Anszvnanismadaulneldaiin Analysis of varience (ANOVA) TngiSeuiisumnuunneng

FEMINIINLURRIEIT Duncan © s new multiple — range test (DMRT) fiszAuay Watusovas
95
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unna
HANISIY

NANISNAARISTEEN 1

-4 a W = 1
4.1 wamsAnsazTIuTadayansrusumndnadulaiianisdeaan
NNMIIUTINYeyansdenduledieaningunaiiswny 2.138951e wuin dulefideesn
' e W a ot o w al a v v 3
dlvgiuiugnesd Falvuaduseuisszann 15-18 §1 fwesdulenzdssnaniniestiuay
wmilAneq Inelinnavesaduleluusiaztununin Avualinuuinsguduminensiage s
A 1. 0013-2550 Tnarmundusiaresuiasmsned 4

M50 4 vuaveswadulaluusaztunanm

AU urRgudnans wurgudnana L@ usaU @usouN
() {iadums) (i) (Hadues)
| >7 > 170 >21.10 > 536
2 > 6.20 £ 7.00 > 159 fi3 170 >194 092110 > 49319 536
3 > 5.90 f14 6.20 > 151 §11 159 > 18.5 §i3 19.4 > 470 §i4 493
4 > 5.60 13 5.90 > 143 i3 151 >17.5 83 185 > 445 §3 470
5 > 5.30 f4 5.60 > 135 919 143 >16.6 D4 17.5 > 422 §i4 445
6 > 4.90 §13 5.30 > 126 14 135 > 15.0 4 16.6 > 396 f14 422
7 > 4.60 63 4.90 > 117 94 126 > 14.5 949 15.0 > 368 013 396
8 3.90 013 4.60 100 99 117 12.3 09 14.5 313 04 368

nszvIumsHanduleiilomsdiosnazdesdl wininasisnsiindmiunmsudn wse GMP
(Good Manufacturing Practice) aflumsianisanneuindoutuiiuguvenszuiunmndn Wy
NsMIUANgUENYTEINYAARR MIMUANLLAAEARINTIA NseanuuulasIEseInITHEn Saudl
insesdnsgunsaiitldlunisndn Wudu Futunistdesfumnnnitnisudly Wuszuunsdanisany
ﬂaaﬂﬁwaqmmi{?uﬁugm (Food Safety Management System) fia nsdanisiiieldlyemisae
HANTENUNNAUSBEUILAA
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mMsuandulaianisaseaniinseuiunisuansall

v s ol & o v o e = cv
dulewugvesnniiogmaiuinemadilendsseranuuiysaiiovas 75
W398 7.5 1hiau wdsnanuu

ArvuIRTBIdulevsdaIlsmInTRLTnazsvila1e laelivunvewaduloluudas

FUANN I MUUsALINNgNAE TR
|

msfawiatIRaliliuRneg e ign

'
e Tare =

38 NPTIBAREIUAD TN 200 ppm AL

|
v

UIaNgARuMTULILDS

v
]
= -

angumiitUswiu (pre-cooling) Mgaungil 10 seriwaldua

Tnsafuduan

ANALNANSTDINENNTUUAMNUTE

nnmMsAnvuarsvTadayanuhamddiviiiAnn sy uFvenaesfinadsaouiy
Tusswinwudwazmsiaifudnanifinnnmsiindesmnaniwnsiusssdadunamnaniadeae
Tuwaztladomevendslivansauranisvudsuasnsdaifiudd
1.U938aely

wuihduledeniiisnisussqlasmsnedesdiou 2 du fimsiaduenslulaensduuuady
fuduanalngliutiuned Femnssusadeyaismaussanuinddeenarussy auiignddsdalag
szuansnefiugenauusazsuavemafinised 1 Tnensruaunisussgdananan erafindgmilu
GewrawrnypaardouvemueiliiminvesnIsuss LAz AL ILNYasn U aasuae
vndesiiirnumnuiilumsussunnlasihliasuveindesnseasgninifamsinidomeuay

o
A \

N N . d :

P9, = L | Qwaa | _as  w St w_ & 4 e
ANHALNASIAEAINHLTILTIL 'L!.'E—JHQP”I'L!Tl'I?U:IJUWV]LEJEJT|'JU€U€J\3I7‘~J;'CTQU' fIFNLOH N3N UNaadiuatvn
@ M aa & ' P o a ° b,

gallsussgluanmadianudugs msinudssdousendsadarfiunifuluvildasuresnsea

9

= O ‘af\ =89 ‘:QI l"\ :nn.'g\,'\ SNy ISy QI ‘:$ 3=k LY Iﬂ‘."\ o CEIQFIQ 9
H ANNSE I NN 1 agqnlq D QY ItAavasqlael < = 91 (151

& eqlllldL{Ulﬁd lduuauﬂabv b dd hi d ﬂ b N

] o

AIEATHUAITULTILIIANA
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A15199 5 Fnnunaduleftldussqlunsasdunmnm

Pumadulalunisussy Sruuaildussgluusazdunma
8 sVErUIR 1 97U7U 8 WA
12 IVETUIN 2 91U 12 WA
14 saTUIA 3 91U 14 N
15 WiEUIa 4 970U 15 W
16 sHavuIR 3 U 16 WA
17 SWATUIR 5 419U 15 KA, SHaTuR 4 §1UU 2 WA
18 IETUIN 4 97U 18 KA
22 IVATUIN 5 I 22 WA
2 Jadwnreuen

miL‘Ll?iauu,ﬂaammf*ﬁmawisEmﬂﬁmLazqmwgﬁ‘i‘uismwmwudmazmsé’ﬂLﬁuﬁmaﬁﬂﬁ'
muudausslunsnuiedeuvesndeanas Ssanmssivsadeyanuinddeenhifinisussidiu
AUFUNIUYBINABINTEATHTL L%mueiaﬁuiaa'qa'anrsiamiLﬁuﬁwmmm%ﬂmsmwm‘smudw?a
iy uaﬂmnﬁiumsussawmwaqaaﬂau‘[auﬂﬁmi%‘lmalmlﬂﬁﬂmmsmam safety factor
anzn1srudeiiuese uaﬂmﬂuwm'\amwLaumqmwumauLamaanmﬂannanamﬂurﬂ
wjms'\ﬂ mawua:ﬂﬂtjms%ﬂaaaauia'lumuaaaummqLia‘zm'm 20 v lneldsnussynaude e

“Uw,w ‘“i“lL‘éEJ"VlaiiQU\i 9.7 ﬂ“uu 'ﬂmﬂ l“ﬂLm‘Uw NEULA n‘]tfdfm IULN“UGU?U wuﬂawun n‘inﬂ\ia"“tja«iﬁa

naesnszAEgniln uavdwalindesnszaugniinlianunsnfuuseielulisn Snszezinanluns

afl
@
- 5&%
prcit |
cRe
—
aJ
D
)
>
—
]
£o
n
o
W
wn
ad
52
"
>
b))
3_ €
2
s
S0
)
)

cﬂn

LYILINVDINABINTEATYARNE

4.2 nansAneanuzanaNiRUIssENsve sdulewusVash
HamsvadBUANwrANANTAUIsEMsvesdulofugnes  Taeldnadulenilony 7.5 Wou

wdanenuu lasdaandunfivuiavesiy surnvewa uardlndifissiuusia 91nlsauazuamie

seusmille 9 Lwammamawmmuwlﬂa“muﬂ%‘lun'ﬁaaﬂwmvuunwuvmﬂLwam&‘uuaaau‘ia

wuﬁwmmmalﬂ il

317l 6 dnwamenenmuissmstesdulewuvesdneniuie 225 Sundsmenuy

AMANYNTaIdulo LI HANIVNAADY
Aaae dulBauuannsg1u (SD)
1. vwitn (nd) 945.4 95.0
2. AUNIN (a) Tadlums) 131.5 0.45
3. Aue13 (b) (ladwms) 13.03 0.44
4. auviu (Radies) 12.47 0.79
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= Y 1% o & o 2 o Y v J
P51 6 AnvaEIMewUIsUsEMTYesdIlavuineasRnoneiufen 225 Jundananuiu (se)

AANBUzYRIdloN TN HANINAEDY
Anade dudivauuannsgu (SD)
5. ANUEMITBURA (adumnsg) 44.46 1.44
6. Y3ums (adans) 1329 136
1. size 12.87 0.39
8. sphericity 0.29 0.17

o Y] P v Y ot & o ) o
M1N 7 ﬂﬂﬂmgwqdLﬂﬂJU"IQUSﬂﬂ'ﬁ‘Uﬂ\‘lﬁﬂﬂ;BWUQ“ﬂ@ﬂmaqE{LﬂULﬂﬁn 225 1UVaNRanNUIU

I AT R MGG TRR) HANTNAABY
Anade duidsauunnsgiu (SD)
1. Ginawewdeiiazang ldvioue (55) Gavay) Souay 8.2 0.21
2. Usnaunsesiaviun (TA) (Joaz) 8.69 0.85
3. dndau SS/TA 0.94 0.13
4. USunaunsauaanaiin 65.66 10.12

5. Adendule

- AE L* 56.18 4.86
- d a* -5.96 1.25
- @d b* 38.76 4.68
6. ANULUULLD 74.68 5.94
7. S¥AUANNGITBINTNAGRUANNTENY Fivinlox 18.0 0.0

WAASEAUAINTGT WINNTT 1 LOURLLRS

4.3 HAN1TBNUUUTTUUNBUSUTIANDN I SVUd i lowugvasd

Mnmsineuazdnateyadesiulude 4.1 uas #o 4.2 tunlfifudoyalunmsusadiuen
AURBINITAIUATUNIULIINATDINGSY (Require compression strength) Med5 Box retention
factors igiaulasan Burgess (1999) Tﬂaﬁmsmmﬂﬁaﬁ’aﬁwTv"{"l,ﬁmﬂwamsﬁﬂmu,aasi':m'm
foyanszuiunsuandulaiionisdiesnuaznivusussyiilFuasnansinumanuuramaudiuig
Usznsvedulewugnesd wuiniinansussiiiuuanafansne 8

o a1 v '
A1319N 8 AsUTELLUAAN '?llﬁaﬁﬂrﬁ AU IUNIUUTINAVDINA DY

Jaselunsnaisan NanNIsUTELIU

FugulunisIaSesdou (N) 20 AU
Uvingms (NW) 15.6 Nlansu

A7



a a v ' '
#1579 8 ﬂﬁiﬂixuuuﬂﬂﬂ?ﬂumaﬁﬂﬁSﬂﬁﬂuﬁﬁuwﬁuuiﬁﬂﬂ%aﬂﬂaaﬁ(m@)

Uadslunisiansan Nan1suUszIiiu

AuTudunS (H) Souaz 95
Lalunsyuds (1) 60 Ju
sUMuUMSINSEsdeu  (PP) Interlocking
AsIsBuBNININWYILTBELAN (PO) 0.5 i
msduaziiteulusewinamsvuds (V) Sovaz 67
dwninlunsnadssdeusianun (Load) 296.4 Alansy

[NW * (N -1)]

Retention factors [H*T*PP*PO*V] 0.042
ANFDINTIA I TUNIULSINATDINE B 7136.73 Alansuuse

[NW * (N ~1)] * [H*T*PP*PO*V|

mseesnuuuRnsanndatendnludesemuuduseensiseWeounasnsldiuilunsda
Melupdsdum IﬂEJI‘Uﬂ’ﬁ@?JﬂLLUUﬁ]ﬂ‘Ffﬂ‘i:ﬁﬂ’mQﬂﬂﬂaa\‘l%u WaIIARINLUUNINTFIUTBINTTENDBN
dulafirualid HRnreuensuianine 500 fadwns 812 400 Hedwns Wz 250 fiafumns uavd
finmeluruianiig 470 fafuns o1 375 faduns wazge 220 fadwns laefiusuinsussy 39 dns
TaeildnwargUuuundesmunsiel 7 suuuundesusiazanaznagevesnuunlaglilusunsy Corel
DRAW version 11 wassinnasslagldinsesinnaassiiogns (Sample Cutter) menssmugninvile
wuuauduasutuarasud (triple wall) LLazﬁuguﬁmmauﬁa‘[ms’l‘t'fmm%’au(hot melt glue) uans
fanIwil 2 -15
Ml 9 audnvaurlusiazannevaaeuililunsmaaeunisuuds

ANIZYINOY AnwIENEDY
BC naBIuwuY Bliss case ¥aly
BCC NaBaLuY Bliss case La‘%mqméaﬁ‘% 4 s
WC N&BILUY Wrap around Waly
WCa nABILUY Wrap around isdiufiyusts 4 yu
WC6 NABILUY Wrap around tRuidiania 4 yuuazAaduY 2 redul
wes NABILUY Wrap around (s 4 yuuazeedind 4 pedil
NDB napsUVaBstuiwmuTul (newly developed box) fnaeadeuiuy

naoe WC8 wazdhnasadudeunuu naos BC
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220 mm.

187.5 mm.

250 mm.

200 mm.
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220 mm.

187.5 mm.

250 mm.

200 mm.

210 mm.
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156.67 mun.

130 mm, 250 mm. 375 mm.

313.34 mm.
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AT 8 NABIRUY Wrap around Wit (WC)

o 130mm. 250 mm. i 470 mm. ; 250 mm. . 130mm.
i t i i i I
i T .
| E
| ; k
| | | T
i i
| AT = r
| | =
[ { { 3 . |
| | k
! | | |
! | i
— | |
: -
| n
| |
? ':'/n‘ Y } | [
| | ! BE
{ i 1 !
| i ! L)
| " o
! |
| |
i i
| |
L | ! i | A U
| ' [ i |
| | | |
1 | ~ | |
| | A | |
S y 1 | 8
; | &
! T | 8
f‘ | |
| |
V-

AW 9 S9NABINUY Wrap around (WC4) Liiaiuiiyuma 4 yu

W

i . | ' a & 4 )
29 10 AU Wrap around (WC4) tRUIWUTLNYIY 4 33
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250 mm.

 130mm.
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P ' o & o & YA v &
A 12 NERILUU Wrap around WNWLTRLYI 4 yuuazredut 2 Aedud (WCE)
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130 mm. | 250 mm. i 470 mm.
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251 mm.

440 mm.

251 mm.
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4.4 HaN1SUSTEUAMUMINSHNYDITEUUNMBULUT SRR T TLdsdulanugnash
veasvanTAloiduvainszavgnyn wavaulAveandsanssawgniinilesnuuulvsiiuiey
Wieufiunaesnsyanugnunildegiiu (BC) Tnsvnasugdunasinssmwanyinuinuvas 5 feguay
viedeusiil
4.4.1 maveasuantiilasiurainszaegniiniildluniseenuuy
ASPBAMUUSEUUABULUSSUesvudsduleviugnasiidentdnssanugninydinaouil/d &
NaNIVAAB VAR 10
p319ft 10 autiidasuvesnszevgnyinillélunseenuuy

audRvaInIEAHaNiin 7 HANSNAADY
L. Armviunvesianusy @adums) 6.25
2. ANUAMUULIWIUNERURYTaRUSTY (Alandu/msusufiumns) 14.73
3. Gammage Y841aAUT5Y (N3W/M51981R7) 91.78
4. Moisture Content 1813a9U55q (3ouay) 4.13
5. Edge crush (Flandu us9) 54.41
6. Flat crush (flansu us9) 947.20

4.4.2 Ussiliuauvanyauyean1wusussyien1svuduaydaudnlenugve s
f) Nﬂﬂ’ﬁ"ﬂﬂﬁﬂ‘llﬁﬂﬂﬂﬁ?u‘m’\uuﬁsﬁﬂﬂqlﬂﬂﬂ'T‘TlUﬁ“ll'ﬁ"ﬁ"ﬂ
LAgvARBUMIATUNNINAYDINITULUSIY (package strength, CS) muiBusd
ASTM D-642 Tagld fixed platen uanssiamnsnsdi 7
MFI9T 11 ANFIUMULTINATINBUE LTI UMAaY AN 1D YIAdEY

anmevngday MIFMUNITNATBINITULUSSY (Alandu wse (Kef)
BC 6823d

BCC 7476b

wC 5102f

wcCa 6288e

WC6 6576de

WC8 7161c

NDB 9728a

F-test ®

* . URNANYNSADATISEAUAULTRIIUS PRAY 95
v w - - a 1l P oa o - P ] = ad 5 -
a: monwiimdouiululiauuenarsiudiaSeuiisuanaiaelags Duncan’ s Multiple Range

ar < LY 7

Y- J AR SR 7N S
Test VIRERUAINUlTulUIauas Y5
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Alandu use vauziindeauuy BCC fimusumuusinavesnuugusssesasing 7476 Alanu use
waznasuuy WC danufuniuusinaveaniaurusigiesiigail 5102 Alanfu use 91nuants
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AINABIUVY bliss  case yialy Srafunuy W8 Aifinsiaiuvis 4 yundeuay 4 aedul iusin
Awnansveandeausiasiuvaandaauuy wiap around sgiikavilinaasiieuudeusafiutugeand
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7/8 cooling time #iaan 15.29 Falus useghelsirnuinnarildlunisan amqdl
L?IP G611 %ﬂﬂﬂ'\")b’mﬁﬂ’)‘llw ’1"IFﬁ.uLﬂﬂJ‘YI‘IﬂFIﬂlISUl@‘H\hJLﬂu . 'ﬁ’)T.l!\f] ﬂTl/‘i"S‘Ui“’FI“‘L')a’ﬂﬂﬂ FUA
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3T 12 nmﬂ%’tumiamqmwn‘,ﬁ 7 / 8 cooling time (Hy5)
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Treatment 7/8 half time (hour)

BC 15.29

BCC 14.24

WC 12.61

WC4 9.13

WC6 11.47

WC8 11.04

NBD 15.15
F-test *

* L UANANNNARANTERUAITBLIUTRYAY 95
) oS - Y = [ . | = a ' o aa s g
a: smsnwsiwmilaudubifinnuuansnsiulisiUisuiisuaiaislagis Duncan’s Multiple Range
test MszRUAIMLTBNUSBAE 95
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—&—BC —*— BCC —=—WwC 7 WC4 —*— WC6 —*— WCB —+— NDB

AW 17 MIUBEULUaW IR ANFMUN SNATEIN UL USTTIULsazan MzaaauTiaLTY
dnivnsTeway 50 65 80 uax 95 uavgnmgll 10 svmiwaldua

NaMSYRFBUNU TN NdsuALTudMSSopar 50 uavaamnil 10 swiwaIua
NUIINEBINAANENARDUITLAUAUNIUABNTNITNATBINIBULUTIUREINDRDN TN BItoY
15 fu wewvhidlodummtudmvsveansmadeusnniy vnannEneAsUILinsIUAsULYAs
ATUFIUNINSNSNATBINTYUEUSSTanAT InewuTiiannsvadeumsiudnivsgaaiiosas 95
naowWnANIENAEDUILIATILNINIMINATBINTULUSIIanaTARLALIENIZNEBILUY WC 9¥
fifdumenismsnavesmuusussesigndl 1225 Alanduuse anwfindesiuu NDB asfidndiu
YINSMSNATRINTUEUSIIINAYigRTl 3587  Alanduuss  uwasideiSeuiisunnudesmsmu
umuusInasgavesnasdlunnadssiouioma 15 suitidmnmssuaiminlumsnades
dounarmsiilen safety factor fifnAILRBINIATIFUMLLSINARgATeINEBY 3380 Alan3u
W39 LLam'iﬁLﬁudwﬁamfam’mudmazmﬁﬂtﬁuﬁﬁmm%uqamﬂ ni1sesas 80 luvieadugamad
10 swnwaldua naswuu NDB audundesilafienditiniuds uswensnuSesdeusnniige
pdeusglilnuliiinnisguiivesndeslusswindnfvuasmsvuds

4.4.3 vageumnuuduswasyuzussynasnsemegnnilsussydulesenmnaies
Mnuansvaasdluaed 13 uansmsvadeuaruudussiomsnauiseuresndasluus
avanmznaaeuluangingd igumndl 10 esrwaldea wazaududuivsienas 95 laenis
VABUNNTINIS BB ULSaTANEIAABUA LT IRALUATTSRINIATEIY ISO 2238 nndeun iy
vouduilgumail 10 sswaldea fanzaududuivsingidusresinan 48 dalumudndes
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#1ia bliss case WUy BC wagnaasiln wrap around wuy WC WC4 WC6 uay W8 fissesnisyusn
yaenaennin 2 wuitms waziinsyuiluwsiasiuesndeseinunndandunmit 18 v
naoewiln bliss case wuu BCC was nasauuy NDB iundesifinudnunsiiveuiuldnendanis
neaou lagwuitnaseis 2 wuuiiszerueansguiivesndesussyinsiluusagdiu deendia 2
wudas lnendeauuy BCC fissuswansguiitaenaadil 1.0 iwuflums uaznadsauuu NDB &
LOYIBINTHUMITOINGDIN 0.5 Loufilumns muddy

HANTVAABUAINGT? uam’(ﬁlﬁudméamuu BCC uaz nasswuy NDB Fefinisiaiuiiudi
msdudminiigunassiis 4 fusasaduiuivsreduinasnniueiseunaessstaoiiia
Us ﬁw“mwmaqnam’tumiﬂizmaq fumtinlunynedesdeuvesndas(distribution of load-
earing ability) { Burgess, 1999) Fsfinaviliindasuuy BCC way nasswuy NDB Lﬁuﬂaau.um’m
FunususINAUINY maamﬁmummwﬂmiwumumam's'm{%'ﬂw u (stacking strength) v®

ﬂﬁﬂﬂluaﬂ’!'w‘lﬂilﬂ’liﬂﬁ 1AzINDUIIAUNTNAVIU (live load) Tuszwinsmsauds LLa‘i’iWyﬂ’TﬁJlW!\‘liﬁ\‘l
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1 a] =l - 1 s (3 d‘ ] LY ’B’ s = b 74 1
nassldlatinsiasuyunasnazaedumiiedslunisSudhminlumsnaSesdaurasnaasmuig
UNEBY

A15197 13 WaNIeaaUAILLTILIwanIsT NS saurenasslulrazanenaday luaniie
= = al' =Y < 4’ @’ L¥] a8 e'4
IngR Ngaumall 10 asmwadiva wasemdiuduivsseuay 95 Wusyezinan 48 dalus

ANNENAFDY IYHTUBINTYUAIYBINGDY
(Hadwuns)
BC Lo
BCC 10b
WC 33a
wcd 27a
WCé 29a
WC8 34a
NDB be
F-test *

* o uendveadansesuAnudeusasay 95
a : fmdnwsnmilsunuliicuwensiudiawssuiisuaaaslagds Duncan’ s Multiple
=i ) 4 & ow
Range test NTeAUANULTDUUIDEAY 95
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MIMEEgauluanMeIngd naoswda bliss case wuu BC [A] nasdwuu BCC [B] nasq
%iin wrap around wuu WC [C] naadwuu WC4 [D] nasauuu WC6 [F] naaawuu WC6
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) NAABUUITZANTAINVBINITUTIY

mam3?3”1mzumﬁmrsu5msﬂ,waaﬂwusmsaj’fwmiumasaqumaau
WUIINEBINTEATBULLY Bliss case wiliprarassiinasiinmelumyusussguinninnasnseany
WUV wrap around WazUBNANLEMUTINABINTEATEYiln WCS uay NDB aiisasarunsiotazyas
Usnmsiiinamelumsugussyifesiian wansdiifiuinnisussinadulesiui 15 nalundeswiia
WC8 uaz NDB vwilnavhlvianlamaiidulofiegaelundeainnisduasiiiou nsvunnuandondly
ssijwaﬁuiaﬁU5si}mdluﬂeiaﬁﬁ?'aand’lm'wi'sﬁﬂﬂsfl‘?fﬂdawﬁﬂgu‘] famns1ait 10

R 14 UInmseemausUIsTiitnues fosas v inmafiing AEUATUSUTIY
annzvadey U‘%uwwmm‘uuxmmﬁg&mﬂ JovarvaIliung
@rurmieuiiuns) i g luMYuE Uy
BC 38775.00 48.58
BCC 37767.00 47.21
WC 35145.00 43.27
wcC4 35113.00 43.22
wCe 35093.64 43.19
WC8 35074.28 43.16
NDB 35074.26 43.16

9 AMUIUAUNUYBINIYULUTITY
nagaulaeAnuRuYLYeIndssluusiazaneegau laeuinain
fuiimeiidedidandssenssaugninasu 0-8 dldvidngasila WL 170/3CA 125/KA 230
uay nszenwanyinasy U Mldvindanaeawiin KA 230/3CA 125/KA 230 WagaInKANSAMAN
WUINABILUY wrap around %ﬁﬁunu’lumimﬁmﬁaﬂéaw?m:i'mziaquuu bliss case usagalsin
WUl naesnanmzvaaeuiiduulunisudseglunasivgdesnseuiuldiisnigina 55 vimse

naes
11971 15 KON STV IR YT BNNE BN AS AN TISVInAB
ANMENAFY ﬁuﬁmamwgnﬁﬂﬁ’l iamuaviavan AUUNISHEnRBNdDd*
(@nurafisumimng) (uw)
BC 18010 45.03
BCC 19018 a7.55
e 13899 34.75
wca 13899 34.75
WC6 14268 35.67
WC8 15990 39.98
NDB 18010 45.03

* IINFUNUARIINTIPVBINSEAYNYN aou -8 vealausuinny 2552
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MAaNwIN n BAezviaunmvesdulonuinesd

1. Ysunansavisvium (Titratable acidity; TA ; in@suniads  AOAC (2000)
a2 iaddns lamsemeansazanesnlaieulansenlemdudu 0.1 N Tngld
phenolphthalein 1 % T indicator theFinmasasatesefildunduinm % nsadndn

N base X u@. base X meq.wt ¥93n30@n3n X 100

% NIAYNSN =
13, YaRIAUALY

lng Nbase A8 Normality 9esa1sazalesig
1a. base A8 USunavesaisazaie NaOH Alglunislawse

meqg.wt ¥8INIAFA3IN (anhydrous form)  fa 0.06404

2. MIUTBLUAAILABINITAINAUVIULSINATBINABY (Require compression strength)

ad o s B Se a o .
15 Box retention factors vininikusasan Burgess (1999) naaun s

]

Require compression strength [NW * (N =1)] * [H*T*PP*PO*V]

N = swoudulumsnaSosdeu

NW = ﬁwﬁ'ﬂqw%

H = Yedeludummniu

T = Usdslumunan

PP = Tadelusnuzuuuunisnasestou

v = Usdulusunisduandiou (SF = 0.67)

PO = Uaduludmunisiniiuseninainuyiusesduan



AIANUIN ¥
nsimuaAiasiivesladeniinavinlvquaiwndesanas



AARUIN ¥ ASAMUAAAsTivasladefitinarinliaun nngdasanas

3

1. Yadeduiilonnandnumrmsndeundes
am:}cuvﬂﬁ':'mau%qnaaﬁmmanwmvmaawwﬁﬂéammw‘h 9ziiA safety factor ¥e9

Hadusil

ANTHUINT U1 1 safety factor Baatladuandnvaiznisndeundss

ANWUZNITINTHITOU % BCT 7o safety factor (PP)
linsuunsguy \SeagausuIUi 85 0.85
lainsuunszus Sesgaulyinu 60 0.60
TNUUNSEVE \SEBUTUIUA 75 0.75
THUUNTEUE Sestaulyinu 50 0.50

2 YadeduiiinsnnuSunuamnuauluainig
o =)
WiB9InNnTeR mduaﬁﬁmmvm iU as sl

1 A
9IMATIAINYUANINS (Relative Humidity) getu U-smmmm%u’l' N3z

1 U 8r = o o ' s =] L
nanmudensinaldtesarddinmuasivesiladadoninauiudsl

UNGSI 1 1did iviterit uli

100
d o w o
! ATUYUSUNNS safety factor
(508ay) (H)
g, N 0 1.25
! 2% 25 1.10
82, 50 1.00
v @
g2 55 0.96
£ .% 50|
& = 60 0.91
YR
F o 55 56
10 70 0.81
75 0.75
0
80 0.68
96 moisture content o S
85 0.60
d' Qs ar L3 1 v 1 90 0.48
AIWHUINY V2 AUFUNUTTEUINNAMUSIUN U BT
95 0.29

NAYBINTEATENAINTULUUTTEINIARIE
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3. Uadvduilionnainssezinatnaaiunass
311 safety factor veatadunail

< ' v ow oA '
ASNNUINT 93 A1 safety factor Y9938 lDINIIINTEEZIAINDUNUNEDY

(381 AR a0 AT 1an AR
0 B 1.00 39U 0.68 90 u 0.55
1 . 0.87 4 Ju 0.67 120 Ju 0.52
6 . 0.79 59U 0.66 13 0.50
12 2. 0.76 10 Ju 0.64 2U 0.46
19 0.73 30 Ju 0.60

2 U 0.70 60 Tu 0.57

4. Ya38auLiinananIuIuUNSIARauE Y
TIUIUNSIAADUEENADINADATLHLIAINS IHITUYBINADY VLIINE WAINEIIELLAITNY

' 1 v v U o e .3
Aausenanaas (BCT) leiviowas laedien safety factor vostladedisil

A 1 ar a’ dl o d‘
PSNHWINY ¥4 A1 safety factor U998 HULLBINIINTILIUNISIAGOUENY

\waouiny % BCT #nde safety factor
2 95 0.95
5 80 0.80
10 64 0.64

5. JUWUUNTIeEUDBNAINLYIUTBRAUM
ﬂ' 1 = ¥ o ot U ‘2‘"
NMSINNEIURRNAINUNUSASAUAINRY safety factor aastladaasll
ATNHUINA U5 A1 safety factor U99U3788UEBINTINFULUUNITINEUDINIINUVIUTOIEUAT

iwwadms'mﬁlu 0 0.5 1 5 2.0 25 3.0
(1)

Safety factor (PO) 1.0 0.75 0.65 0.60 0.55 0.53 0.51
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AMAKUIN A HANSANYIANBEAMENURAUIIUSENSvesduTanudvash

o Y a v w & o al d o w a
AT NNUINK Al u’l‘lﬁuﬂaﬂLLﬁﬁU’iuﬂﬁliﬂaﬁﬁﬂBWU'@ﬂaﬂﬂ Wa‘)fﬂﬂutﬂﬂ? 225 U viaemanuiu

deiu vwiinan Usumswadule
(Alansu) @ruAniguRiuns)
1 1028.900 1500.00
2 814.110 1232.00
3 812.720 1288.00
q 905.220 1200.00
5 944.840 1449.00
6 1090.130 1639.00
T 875.110 1250.00
8 868.130 1350.00
9 1124140 1575.00
10 1031.780 1617.00
11 947.830 1368.00
12 926.560 1150.00
13 728.300 1094.00
14 956.164 1408.00
15 878.660 1128.00
i6 875.620 1250.00
17 960.470 1350.00
18 915.810 12Y7.00
19 947.490 1250.00
20 944.230 1150.00
21 824.610 1121.00
22 953.080 1350.00
23 961.050 1279.00
24 1007.900 1427.00
25 981.600 1450.00
26 1011.230 1230.00
27 891.390 115000
28 1034.720 1447.00
29 1027.010 1385.00

30 918.520 1228.00




MINUNT Al dmdnanuazUlinnsvasdulewugvnesd fievafiuifer 225 Yu wdmenuiu

d19u Ywiinas Ysnmsuadule
(Alansu) (@nuAiEuRLRs)

31 947.050 1381.00
32 923.990 1258.00
33 961.080 1400.00
34 926.010 1328.00
35 1108.980 1400.00
36 1057.390 1372.00
37 931.770 1225.00
38 021.410 1291.00
39 896.800 1362.00
40 1032.010 1420.00
41 903.680 1333.00
42 838.600 1105.00
43 930.510 1358.00
44 g71.610 1437.00
45 1294.820 1684.00
46 S47.240 1372.060
47 780.490 1235.00
48 866.300 1288.00
49 982.820 1430.00
50 860.690 1244.00
Aade 945371 1329.18
S.D. 95.290 136.21

SD : @ulBauuingsgu (standard deviation)

MINNLINT A2 AN (@) M (b) AMuvu (o) waveueleeseu (d) vwauazgUa
vosdulawugvess iegiiuies 225 Tu nawmanuiu

Ay PIAUAZFUIN Size Sphericity
a b c d (@*b*c) (b/d)
1 13.1150 13.8500 13.2550 45.000 13.4029 0.3078
2 13.4100 13.0850 12.1650 43.500 12.8757 0.3008
3 12.8800 12.2050 13.1250 42.200 12.7307 0.2890
4 12.8450 12.5750 12.2450 43.000 12.5526 0.2920
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MINHWINT A2 AR () Aue (b) AT (o) wazanuemlaeseu (d) sunauazsUia
vasdulowugnesd No1iuines 225 Ju wdwnanuiu

A TIAUATFUIN Size Sphericity
a b & d (@*b*c) (b/d)

5 123350 12.7250 12.6450 46.000 12.8980 0.2766
6 13.7350 13.5950 13.5800 47.600 13.6360 0.2856
i 13.8450 13.2550 13.2550 42.500 15.3312 0.5119
8 12.7950 12.7150 12.6150 43.500 12.7080 0.2923
9 13.8750 13.5150 13.2150 47.100 13.5825 0.2869
10 13.2850 13.9350 13.6350 46.600 156157 0.29%90
11 12.7450 12.6550 12.6750 44.600 12.6916 0.2837
12 12,8150 12,6350 11.3650Q 44.000 12,2543 0.2870
13 12.1500 11.9850 11.8650 40.700 11.9990 0.2945
14 13.3150 13.4500 12.8650 45.800 13.2076 0.2937
15 13.4850 12.3750 11.0750 44.300 12.2719 0.2790
16 13.4450 12,7950 11.8250 43.600 12.6707 0.2955
17 134100  13.3250 12,6200 44.500  13.1135 0.2990
18 13.5000 13.0750 11.3100 44.000 12.5916 0.2972
19 13.7500 15.0950 11.5350 45.200 12.7588 0.2897
20 12.6350 13.1150 10.9350 44.700 12.1914 0.2934
21 12.7250 12.385¢ 11.6550 43.000 12.2303 0.2869
22 139250 13.2650 12.7450 45.000 13.3029 0.2948
23 13.1550 13.6500 12.3150 44.000 13.0280 0.3100
24 13.5650 13.3150 13.4650 44.800 13.4479 0.2970
25 13.1450 12.9150 13.9950 45.000 13.3437 0.2870
26 13.2250 13.3750 12.3950 45.500 129911 0.2940
27 13.5650 12.5350 11.8450 43.000 12.6290 0.2915
28 13.7850 12.9650 14.3750 45.200 13.6960 0.2868
29 13.5150 13.0750 12.2850 46.000 12.9480 0.2800
20 13.3150 13.0150 10.9750 44.500 12.3898 0.2924
31 12.6450 12.5650 13.1650 44.500 12.7889 0.2824
52 13.0150 13.3450 12.2750 43.800 12.8705 0.3047
33 13.1850 12.7250 13.5450 44.400 13.1474 0.2866
34 13.6650 13.5850 11.7350 45.000 12.9634 0.3019

35 13.4450 12.7150 12.6450 45.000 12.9300 0.2826
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AITNNLINT A2 AN (a) A1 (b) A () wazamemlpeseu (d) vuakarsusng
vasdulowugnesd Aogiiuies 225 Ju ndmenuiu

a1y PWIALATIUIN Size Sphericity
a b C d (@*b*c) (b/d)
36 13.1250 13.4750 11.7350) 46.500 12.7560 0.2898
37 125150 12.6750 12.4450 43.700 12.5450 0.2900
38 12.7150 12.7850 12.3850 43.000 12.6270 02913
39 12.5150 12.4850 13.6550 43.000 12.8944 0.2903
40 13.2250 13.6550 12.4750 46.500 13.1090 0.2937
41 12.4350 12.9650 12.4850 43.500 12.6260 0.2980
42 12.6350 12.9550 11.7450 42.300 12.4300 0.3063
43 12.6250 13,1250 13.1358 44.500 12.9600 0.2949
a4 12.7350 13.5350 12.2550 45.900 12.8310 0.2949
45 13.7250 13.9250 12.2450 48.000 13.2760 0.2901
a6 12.2250 131750 12.7650 44.500 12.7160 0.2961
a7 12.7650 12.6650 11.7450 43.200 12.3830 0.2932
48 13.1150 13.1350 11.8950 44.500 12.7000 0.2952
49 13.3450 12.8150 13.2650 44.000 13.1400 0.2913
50 13.3750 13.0150 12.0350 43.000 12.8000 0.3027
Aady 13.1464 13.0345 12.4697 44.464 12.8707 0.2931
5.0. 0.452% 0.4492 0.7973 1.4444 0.3593 0.0076

SD : @ulsauuinnsgiu (standard deviation)

MINNLINT A3 VSN SS TA war dndau SS/TA vesdulewusvesd fiongifiuiien 225 Tu nds

ABNUY
d19u AuMmMLAlivasdulenugnesd
TSS TA

(°brix) (@adn3u/ans)
1 8.00 9.90
2 8.00 8.80
3 8.40 8.80
4 8.60 6.80
5 8.20 8.70
6 8.00 8.60
T 8.00 9.70




TTNNIINT A3 YT SS TA uag dndiu SS/TA vasdulewudvesd fiengiiuifen 225 Su nds

ABNUIU
aeiu AN aATivesdulaRuivasd
TSS TA
(®brix) (Hadnsu/ans)
8.10 8.80
8.10 8.00
10 8.40 8.80
Aade 8.18 8.69
S.D. 0.21 0.86

SD . zhul.ﬁmwumwsg'm (standard deviation)
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AAKNUIN wamsﬂmﬁumwmmzam'aaszuumwwssqeiamwudaé’u‘[aﬁ'ui
N9
MIHUINT 91 MInaaeuamaniivasnszawaninitldlunisesnuuy

a1 Burst Edge crush  Flat crush A Grammage
Strength Strength Strength (Govay)  ("SW/ms1uung)
(Kgf) (Kef) (Kgf)
1 13.32 51.18 948.00 4.14126 91.75
2 13.35 52,10 946.00 4.24448 91.63
3 15.31 54.84 944.89 4.18416 91.65
4 15.86 55.62 953.46 4.01460 91.98
5 15.82 ST 12 943.63 4.06148 91.90
Average 14.73 54.41 947.20 4.12920 91.78
dudsavunnsgu 1.29 255 3.85 0.09243 0.15

a & v A
VAFBUNIIANYUNNULUBINU (Pre — cooling Test)

30
25
20 AN
15
A4 /)

10 !

UULLLINLERRRERRRN ! l
5
0 I J ! i 1 !

0 200 400 600 800 1000 1200 1400
— BC e ELL WC
— WC4 — WC6 — 'WC8
—— NDB — Control —— Room cooling
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~
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S
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Amnni 92 mMsvadeunaiiltlunsangamgii 7/8 coolin
gamgil 10 esmueaivavesdulofugnesiviogiuie: 225 Tundwenuluus

adanNMEngay
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AANUIN A NANISNAFIUNITVUEN

mM3mNg 91 Usinuevesdilenuinesd fieniiuiies 225 Su ndwmenuny mevdans
vaasunsYUdtluanIEvadey BCC uay NDB mevdmsifiuinwniigamaiivies
(gaumqfivady 25.5 £ 0.5 sswwaidea) Wuan 0 Fu 5 $u 10 Fu 15 $u 20 Fu
25 U uay 30 Ju

GHUPRAL LN 21ENSLAUNENAT URinmaah drudsavuinnsgiu
NIAABUYLE (J1) (fiadiums) (SD.)
BCC 0 2.67 4.62
5 3.56 2.78
10 4.00 133
15 4.00 1.33
20 4.00 1.33
25 4.00 1.35
30 4.00 1.53
NDB 0 1.78 2.04
o 1.78 D77
10 2.67 1.33
13 2.67 1.35
20 R.6f 1.35
25 2.67 1.55
30 2.67 1.53

MIEUINT 92 USana TA vosdulowuinosd forefiuiies 225 Sundinenuiu mendanns
negeunsvudsluanevedau BCC  uwaz NDB Ltaﬂuam’wmuau (control)
mendimsifiuinuniigumail vies @ungiiede 25.5 + 0.5 swriwaidea) Hu
Va1 0 T 5 Ju 10 Ju 15 Fu 20 Ju 25 U way 30 T

anmzveageuy GREIUEANTHREIER USinaunsaviave dudsauy
NINAABUVUEN (@adniu / Alansw) AT
(1) (SD.)
anzAIUAY 0 0.40 0.02
5 0.43 0.01

10 0.38 0.02
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MIELINT 92 VS TA vesdalewugnosi fingiiuiies 225 Sundsmenuru mevdanis
nadsunsvudsluanzveasu BCC  uay NDB uaﬂuam’asmwu (control)
memdsnsifivinwitgamgd e (aaumgiitade 255 + 0.5 ssmuwaidea) 1y
131 0w 5 T 10 u 15 u 20 Fu 25 T wag 30 Ju

dannynnaay YNAUNENAS Uinaunsavivan drnudsauy
NIVIRERUYLEI(TU) (Hadn3u / Alansu) AT
dnnsAIuAL 15 0.39 0.02
20 0.37 0.01
25 0.33 0.03
30 0.32 0.03
BCC 0 0.40 0.02
5 0.35 0.04
10 0.40 0.03
15 0.34 0.03
20 0.33 0.03
23 0.32 0.04
30 0.30 0.03
NDB 0 0.40 0.02
5 0.39 0.04
10 0.35 0.03
15 0.34 0.03
20 0.36 0.03
23 0.32 0.04
30 0.31 0.03

MINUINT 93 nnaBsuuasune: S vesdulowugnosd Mogiiuiien 225 Ju ndwenu
MevaimsvaaeunsyudsluanIznadey BCC uay NDB uagluanmzaiunu
(control) mevdnsiiuinwiitgamaiivies (gumgiiads 255 + 05 s
wawdea) Wulian 0 3u 5 Ju 10 Fu 15 Tu 20 Su 25 Fu uae 30 Ju

anmsvedey pgnEifiumends  USinavesaudmivuad duleuuy
NSNAABUYLEN avangulel WNIFIY
() (%) (SD.)

ANMEAIUAY 0 8.20 0.20
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AI5IRIINT 93 MIwBsuacium 5S vesdulewudnesd fiogiuiien 225 Ju wdamenuty
Menasnmsvaasunsyudsluanevagey BCC uas NDB wasluaniizaiuny
(control) nmemdsmsifiuinwiiguugiivies (aumgiitads 255 + 05 e
waidua) 1Wua 0 Ju 5 Tu 10 Fu 15 Fu 20 Yu 25 Tu uag 30 Yu

dnmnadey 2gMRAUNMENd Uhinameaudaisund dudeauy
N1INAABUYUEN azaeld UATFI
() (%) (SD.)
dnneAIuAY 8 .80 0.10
10 8.40 0.20
15 8.10 0.24
20 8.70 0.10
25 8.80 0.30
30 ) 8.90 0.30
BCC 0 8.20 0.20
5 8.20 0.40
10 8.50 0.30
15 8.40 0.30
20 8.70 0.30
25 8.90 0.40
30 9.00 0.30
NDB 0 8.20 0.20
3 8.30 0.40
10 8.40 0.30
1% 8.20 0.30
20 8.65 0.30
25 8.80 0.40

30 9.10 0.30
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MR.Damrongpol kamhangwong
2. WaunsUsEasTYIvY
3 2103 00655 25 1
3. auvdstaguu 819136 USEIANINIVIQNAMNT TN BAS
wisnuileghandeldazaan ANMTIRRANNTTUNYAT
UV TN 171879
333wy 1 9. viae 0. Wiea 2. 1Wessiy 57100

3wl 0-5391-6751 Insans 0-5391-6739
Email: damrongpoll234@hotmail.com
4. UszianmsAnen
- YT mu. (eilignavnsiy) aaumaluladnszaouindmszuasivile
- USgln . (weluladnisussy) imivendeinunseans (uiau)

5. UsgARnsnieu

1. Charoen Pokphand Petrochemical. Ltd Industrial Training /
1. Quality control
2. VPS Industry Thailand, Ltd. Analysis /

1. Corrosion Testing
2. Quality control
3. Food Technology 2 Sub-Division, Biological — Scientist 4 /

Science Division, Department of Science 1. Analyzing/testing of food packaging
Services, Ministry of Science and materials and food containers
Technology cspecially on tin coating weight

metallic chromium, chromium
oxide.

2. Providing technical training on
analyzing /testing of food packaging to
scientists in both government and

private sectors.



3. Food Technology 2 Sub-Division, Biological 3. Maintaining of the equipments

Science Division, Department of Science (Potentiostate /Galvanostat , Gas
Services, Ministry of Science and Chromatography, Oven, Muffle)
Technology 4. In-service training on ISO/IEC Guide 25

5. Participating in Chromium Oxide
interlaboratory comparision program.
6. Participating in Over-all Migration in

Lraaime e o~ v
Food PaCl\asuls Proficie aim

7. Participating in Oliver Oil Migration in
Food Packaging Proficiency program
8. Analysis of corrosion in canned food by
electrochemistry testing
4. Bereau of laboratory accreditation , Scientist 5 /
Department of science services, Ministry 1. Technical Assessor for ISO/IEC 17025
of Science and Technology 2. Assessor for ISO/IEC 17025
3. Case officer
4. Providing training ISO/IEC 17025 to
scientists in both government and
private sectors.
5. Mae Fah Luang University Thailand Lectur /
1. Teach in Program Postharvest
Technology and Package

2. Research in field packaging for fresh

produce

6. svivmsiifianudnngiiee (Wndengdinsfine) ssysandvins
- avunaluladvdanisiiuien
- awnsvudiazladading

7. UsziAnminauenanuidenslusasneuansang
1. Damrongpol Kamhangwong, Phunsiri Suthiluk, and Saroat Rawdkuen, 2011.Effect of
catechin and lysozyme combination on properties of gelatin based film. TSB 2011
conference, Mahidol university.
2.Phunsiri Suthiluk, Saroat Rawdkuen, and Damrongpol Kamhangwong, 2011 Antimicrobial
properties of synthetic and natural compounds against food spoilage microorganisms TSB
2011 conference, Mahidol university.
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3. Saroat Rawdkuen, Phunsiri Suthiluk, and Damrongpol Kamhangwong 201 1. Antimicrobial
properties of gelatin based film incorporated with catechin and lysozyme combination TSB
2011 conference, Mahidol university.

4. Sasanatayart, R and Kamhangwong, D, 2010, Effect of plastic film on quality and shelf-life
of mixed fresh-cut broccoli, caulifitower and carrot , 2010, Book of abstract, International
conference on agriculture and Agro- industry (ICAAI 2010) November 19 -20.
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