11581539 MN5AEmMALULaERE1MNTIY

UNNINY1AYI1YNNA1UN9
Industrial Technology

Lampang Rajabhat University Journal

2583nguR 1 grudeya TCI
A1 Thai-Journal Impact Factors (T-JTF)
U 2561 : 0.043

Uil 12 auil 2 n3nIAY - Suraw 2562
ISSN: 1906-5337 / E-ISSN: 2672-9539






%
Wvas
AusSnwn

UIIUBNIH RN

TSNS
K{U28UTIUNENS

AMZVINURAZNDIUITIAUNDANT 213815391015

AnznAluladanannssy anINg1desvigaIune

AzmAlLUlagRRaIMNTIY A Inedueigaing

85n15UR
sasa8n1sUREgdIvINg

ANUA AzmAlulaganavnssy

FRINANTIATEUYTR RN

HeAanTINIENIYaTan 81u1aidng

HY8ManI1138551 AeAE

NBIUTIUIENT : (FNT9AAN1BUBN Peer Review)

ALfsAAM EENANA
.09, Aoann
71.75. pINA
71.915. NULAYSA
71.75. sUISNY
f.93. USayan
fes.  HAsdnA
AAs.  gna
71.75. T
A.A3 9%y
.05 NIU
AT Tede
sAns. YR
.05 A6
AR Q139
seps.  S3Aad
AR5 UNAA
AR NG
3A.AT. TS
sAns.  Ugdna
.03 NIzl
AR5 WA
AR WUAS
505 Tauned
AT ATy
MA@
393, 1ON3g
561, TaTanl
5. tu
561, e
561, Ay
5. anvnY
IngUszasA
ANUABENITENT :
uledangans :

¢
o &£

UIAY?
warvan
WANASNYNBY
\NesAAsLsal
Ssusiuns
JumUsziesy
Saunle
Py
UM
f3ssing
auSiyy
DUUALATYY
TUFY
TuAzY
#5Ing
1IN

2YUAY
Indayayuum
Tyegd

ane
HITIUTUNS

7#INA
A3USpy U

Sndidis
WATLLNYS
21030

yeyhTes
ounss
1199990
LGECRPRERG
fnugIVn
Futaunlseds

wInedefauIng
LIS UNEATANERS
UMINYNRBETTUAERT
WIS gl
UMINYIRBETTUAERT
UAIVUIAVOULAY
UMINYNRBETTUAERNT
1Sl
wniverdemeluladasuns
UAIVUIAIVOULAY
UAINEEBULTADT
1Sl

U ANV e ue iU
URINEIRBUNH A
UAINEEBULTADT
wnInesemalulad
Tvmasaulnduns

UM INY1SETTUAERS
wnInenaeudly
INEFYNERIUNAUNUY
URINeaBULIlY
UNINYIFITVAAIUaTUNI
unInenaewmaluladnsgaonindl
WAunInIaIan Iz
UNINYIFIVIYNTEUAT
unInenaewmaluladnsgaonindl
wsruAswile
UMINYIRENLLYN
UNINYIR VAN NITEUAT
UAINYIEENRAR

U IneaeLdedlun
UNINYIFBTVAE1U4
UIINYFBNYATAERNS
UMINYIRBVOULNY
UAINEAEULTADT
WA 51847 9n 5514

5. FUNIY
561, andunt
361, qund

S61. Gk

3. Rt
NAAS.  IN3EednA
HA.AS. TR
NA.AS.  AWud
neLAs. Ui
NA.AS.  ARASS
NA.AS.  FnAna
NALAS.  @uYY
HALAT D
NA.AS.  DAYIN
HALAT. WY
NBIUITEUIZANT ¢
f dudes
AT tuny
s6.05.  ARRANA
sas.  ofigay
B, wadavan
Mr. Richard

drgaduayunIsanliun1siningnseans

Wl SN

a fa 4
NeLAs. AR
W U315
TaN 2ugtiuni
UWENT  NUATUN

QLA
uNnsIs
UM

[t

20 D,

UATEIIIN
GEANAG)
Feata
Ny Taulnea
A0
Pouuy
AUNY

Wi uLe
ughsTal
TuuAsY
w1
NIV

nsanainnely)

Tunfan
yasiony
AuvMssng
uglussIu
1UN9ARNS

Lawrence Mann

@mam@'q
\WREnR
296ty

g sleduy
UM

UINEFE BTl
UGS TIWAYNYTYT
wmIneaemalulad
NITADUNANTEUATILD
LNINYIRBNYATATERS
UMINGNFETIVAYAHIANYT
UNINGIRYYTN

1 Iedeie sl
UNINGIRBULTADT
WnIngdesvi)iuaansim
UMNINYNTYTIVAYNILUAT
1 Iedeide sl
UNINGIRBULTADT
UWANINEFIUNTAMED
LNINYIRBNYATAERS

U INYIABULIAIT

fheuszanuanuily
fhgeanuuusudad
fhensansesulay
H18gINTTHarn1I_Y
AednlasauauaTy

WawmeswnskazUszrduiusnauinnis aninemaniuasinalulaanaimnssy Ineviinsinuiunanyidouazunainy
Fyn1svall Aslszivguazuinnssy avdvunalulad Imnssueans wazanineinsiuingimansiazmalulad

= o A o A ' A a o A ' A v
Uag 2 20U A9 aUUN 1 58MIN00A0U UNSIAN — AQUIBU WAS QUUN 2 JENINADUY NINHIAN — SUINALU

http://www journal.itech.lpru.ac.th






213010 a5MsUANTINANENHa1ha

fremsguLazamRlaresnmzalulaBgnaingsy uine 1§y
g0 Tunsindiunsdnyinnsansivinis iewesuwsuazUsznduiusnanuivnig
sAneImansuazmaluladonavnsy lnsmsafiuiunanideuagunauivnisily
AlseRvsuazuinngsy anvivimalulad Amnssumans uazanineinisiuingimany
uazmalulad wazldsunssusesnunm naudiviinisdrsdansansine (TC) (ngui 1)
d191aneAansuaznAlulad A1 Thai-Journal Impact Factors (T-JTF) U 2561 : 0.043
BUARITINNTFIULAZA 0N NTBIINTANTIBING TauTadinisadiadetisanusaudie
gINIstusEauNmInede Tun1siausaisivinishidusdsazilunisaiuayy
MSHBUNINAIILATING WWeimutesdaImLiiuingimansuazinaluladgnainnsy
fiysannsiinfiuatigiitiya viesiunazidunisaiisassnanulel wagiitewaunosdamug
puIneImansiazmalulaggnavinssy sunslviiinUsslevisenisimuiyssinesaly
og9dsdu

Tuloniail YPUBUAMLNTINNAILALNDIUTTUIBNS NTINFUNTBILALANATT
NELAITANAIM SR nz Uy uiifidusannisdudunisdavisasivinisi
WazYeeNT13138157391n15 AMgAluladanannIsy Un1AIne1desyagaiuns
UszauamALSauagin gl 13 sghaiunianfiflerdenaunmuaiduilioly

i)

J99M1ANI19158 AT.ANAANA auNEISNY
a5N15UR WM INeFeT1vAga1UN



@13210 UIINTMT

N1353A1131381338 N1 5AUENAlUlagRN 1N TN ANINE1FEI1BA)a1UN
Ui 12 atfuil 2 nIngIem 2562 - Suneu 2562 TingUszasdilowmouns uayUszanduiug
HAIINIYINITAIUIN AN Shavinalulad wazkanIsAndusIuvesanusmalulad
QAAMNTTA NAIMEIRBTIAY AU Belddfunisedsieiilos auldiunsiusesnunin
ngudfiingse19891sensine (TC) (nquil 1) @rwrInermanivazinalulad
3iA1 Thai-Journal Impact Factors (T-JTF) U 2561 : 0.043 agalsAniuamgyinauiiniig
sisdfu uagsala Hogimuinninmsanslildumsgiuresnsansitlénisseusulusesy
9 eusialy

FINHANITALUUANTVDIINTANTIVINTANEALULATRNEIMNTTU W INeTde
s19Aa1U19 naenszeziaat 12 U Midudenardlunisifius weunsunaiiuise
LAZUNAIINIFINIT VBIUNTVINTT AMI915E warlinIde Tuaiansaiuineaians
uazinalulad auduiisdnuageensu luadivnsiuinemansuazmalulad savieding
d519A38U18ANNT DN N5 TusTAvININeds Tunisiaunsansivnmsiidund
vilvanzaudimdsls Tunsiuuauninnsanivnsliisduegdeiios ielvian
Uslestidemsianmaliladuosszinalnel s duegiedsdn

WWANANSIANTIMIWAVAR DIUNANANT

B

Y
UTTUIDANT ITENTIVINNT

AEINALULATRNANTIN UM NS 1Ua1UNS



#1508y

@1591N95N15UA
A1591NUIIUITNT

mseenuuukazadsaliudwnsiUelulsmenuatundeuiiaueweslni

NSTLANTILT UL INEUALES I TRaNUNa
Todus laygan

N15DONLUULALASILAIBIAULUUE NS UNE AN LA
53asH dugws, werd Inemaiigns, 359509 giluy, Wusinsal BuFTIe usvgsunsINg F9lve

Havesgungia1suslutrenmauTRnINIeA1NLaEN9ANNTOUYDLTBLNG WYY

nmnUaNangindisesudusiteuszanu
W dusy, §3uen lade uazivgms ndunade

wuuAuduAtUaanielun1sUsEIaNALUUARIRA IS UBIANISN1AST
gnawa Noaiser, Ugnad gutew, gual ANIssousna uazIsims Insinss

NMIRNLUUKAzATILATEINALHUTIIYY nTdlfnwInguenInduiieens
QN U8

MemuanAvonandunguisessuiielavanvualvgluiiuivensavmumunas
aams Untey

N199DNLUVAIUNENYDITIRaLNaNAR NN nsdlfne : 1sslwinTuna
FIMIAUTEIUATTUS
(a5 [donsead uazmIgAng asnw

Effects of Foaming Agent Contents and Firing Temperatures
on Porosity and Density of Granulated Foam Glass Prepared

from Waste Glass
Suthee Wattanasiriwech, Hilmee Yanya, Chuleeporn Thanomsilp,

Panate Manomaivibool and Darunee Wattanasiriwech

Comparative Study of H350R and E8016 Electrode in Surface Hard-Facing
Welding of 100 pound/yard Railway by Shielded Metal Arc Welding

Arawan Chanpahol and Budsabakorn Kongruang

ANAKUIN
VMUANINTIIUINTANTIVING

13

25

36

49

62

73

84

96

106
107






Industrial Technology Lampang Rajabhat University Journal 1

nseenuuULazassiudsansgiaeTulsmenunaduindeu
areuanasniInszuanselaTulsangunatdsNaNImnInaI1UIs
A Design and Construction of Patient Food Trolley
for using in the Hospital Driven by DC Motor

in the Sermngam Lampang Hospital
Fodud laygan'
Chaiyun Jaiboonma"
Favniimnsseiena anrimnssumansuazanidaonssumans wninendowaluladsvusnagissaigi um
60 3] 3 Fua AT BUNBNTEUATASEYSE JMTANTEUATATDYSET 13000 InTdni 0 3570 9101
0515 0 3570 9105 E-mail: Chaiyun_engineer@hotmail.co.th, E-mail: Chaiyun.J@RMUTSB.ac.th
"Department of Mechanical Engineering Faculty of Engineering and architecture Rajamangala University of
Technology Suvarnabhumi Huntra 60 Moo 3 Asian Highway, Phranakhon Si Ayutthaya 13000
Tel. +66 3570 9103 Fax. +66 3570 9105

Fuiifuunaanu 2 wquniau 2562 Auiifuudlounanu 26 Aonen 2562 ufineuiuunadu 17 Sunau 2562
Received: May. 2, 2019 Revised: Aug. 26, 2019 Accepted: Dec. 17, 2019

UNANED
a o ‘:’lj < v @ | Yo 1Y &
NuITeilidunisesnuuukazasissalfudsomisguiaslulsmetuiaduiniiou
PeuaLmasNiINTLwanse NMTenLUUAS s TUTUNIAAILNANY 0.8 LUAS g1IMATEe 1.2
WAS @U1SOLENINDIMITEAINUIU 32 a19 Undnsanluiie 200 Alansy Tassasnaazsii
I3 o v [ [} a ¥ o w [YE '3
souime Tanauauaa Juindeunisueawnes iiinseuansuaingw ey 500 106 24 Tiad
N158987°87189928@18N UINTT9 ANLTUNITAS 1WA ENAADUNIITIVLALNITY 15 B9AN
AINUINTFIUNNANTY Han1svegdeusaiudsomsiulsmenuiatuindoumeusinas i
a1unsaduindeun1anukasunstulitesndn 15 a9 audunianisvudse syt
Tulsaneruiaidnsniagean 2.88 Alawasdadaludliiduedned szezainisldau
YDILUALADINTM M UADLLDIARVINAU 2 FA1U9 WAENTM I UIUAIDINRITAULAUNIS
ANSYUAIDIMNTIULSINYIUIALEIUINN BILNBLETUINY FIKIAANUN SLEENE 660 LWATADIUY
aunsaldauld 5 Jusren15v15e 1 Ase nsdluunneitng 918n1slENUlneTINYBIRUALNDS
lnginfendndivseansnimnisldaulafogluyis 8 - 10 wieu
ArdAey: 5010y, soiludsemsithe, lsaeua, wewestiiinssuansy, wunwmes

Abstract
The aim of this research was to design and construct a hospital patient food
trolley driven by DC motor. The study was carried out at Sermngam Hospital,
Lampang. The design dimensions of the trolley had a width of 0.8 meters, a length

and height of 1.2 meters, and could accommodate 32 trays of food with a total
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weight of not more than 200 kilograms. The structure and body of the trolley were
made of stainless steel. Power was transmitted using a DC Motor via conveyor belts
with a power rating of 500 watts, 24 volts. Having performed standard test drives
on a horizontal level and a slope of 15 degrees, results showed that the trolley
could drive on slopes not more than 15 degrees at a maximum speed of 2.88
kilometers per hour. The duration of battery usage in the case of continuous use was
2 hours. In the case of food transportation along the Sermngam Lampang hospital
route, the trolley covered a distance of 660 meters per day. The battery can be used
for 5 days per single charge and has an average lifetime of 8-10 months.

Keywords: trolley, patient food trolley, hospital, DC motor, battery
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AMSIMANAMYBAATETA N 0.82 FeagluinasifiimunliTsnanldinedosiunuy
dnsuneentuiieadfiadrstuannsah Ul nuazannsoannaimsrhauld
fddny: fudliead, nsveen, Usyansniw, nsUsudiuannm, desiuluudmiuvgen

Abstract
The objective of this research was to design and construct a summy jelly
drop prototype machine and examine its efficiency and quality compared with
the manual process. The assumption was that the prototype machine could reduce
the working time of gummy jelly drop fabrication and increase production capacity.
The gummy jelly drop prototype machine is semi-automatic involving work by a user.

The machine consists of two parts: the machine structure and the ingredients frame.
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The results showed that the use of the prototype machine could increase working
efficiency by 83.33 percent compared with the manual process. The standard
working time was reduced from 16.08 min to 2.69 min. The physical properties of the
gummy jelly drops from the drop prototype machine and the manual process had a
diameter and thickness with a significant difference (p<0.05). A specialist carried out
an estimation of the prototype machine’s I0C. The overall quality of the machine
was estimated at 0.82, the level that the research was set to achieve. Therefore, it is
considered that the gummy jelly drop prototype machine can be used practically
with a reduced working time.

keywords: summy jelly, drops, efficiency, quality assessment, drop prototype machine
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Abstract
The aim of this research was to investicate the effect of carbonized
temperature, ranging from 300 to 500°C, and glycerin content, in ratios of 0, 20, 40,
and 60% of weight, on the physical and thermal properties of briquette fuel made
from sago palm residue. It was found that the physical properties, in terms of shatter

index and durability, were enhanced when both the carbonized temperature
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and glycerin content increased. Moreover, the carbonized temperature and glycerin
content directly affected the carbon content of the briquette fuel. Improvement
of the thermal property, in relation to the heating value, resulted from increased
carbon content. The heating value increased as the carbon content increased due to
its combustible component giving energy during the combustion process. It was
found that the optimum carbonized temperature for converting sago palm residue to
briquette fuel was at 400°C, whilst the optimum glycerin content for briquette fuel
producing the best physical and thermal properties was at 60% weight.

Keywords: physical property, thermal property, briquette fuel, carbonized temperature,

sago palm residue, slycerin
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2.2 fdeudszauildlunuided Ae ndlwedu annszuunisnaminiululenwa
YOINYINUNAITUNAUNY UANINERIUULY

2.3 Snsduvenaleiuiidne Ao Sevay 0 20 40 waz 60 Taetimiin

3. W/ANTUNTIVY
3.1 MssENNINUIENER
mnUrdnagildlusuideilfainaiueisge duaniuryu sunsausyL
Frfasings dinnrduanaildninaeliuauaniiiondnanutuuaginduna 7 fu
MnduhnnUdumauisaavuadseiostiy mnduiludarad seazunssdnuun
60 19 aldnsnnunduang uazilufvlulagaeudunowilulfony
3.2 miwﬁﬂumnﬂﬁmm@L‘fJuL%aLwaa
nMswdsuninUrduanaduidomdsiudunisdmsninurduaafiiiung
ARYUIANILATINTIAAYUIA 60 LY IWNElAan1IEdineINIA o gunnil 300 400 wax
500 aerniwaldea wiu 1 4alus Bend1 nssuaunsasuelud agldnadomamomnindida
apfifidnvaundunanBendiimaunsauidiituegfugungiinisueulud arnduting
Lﬁ'gaLwéwmﬂ1mJﬁémmqﬁlﬁlﬂmaaummﬁﬂizﬂauLLUUU'%mm (Proximate analysis)
mummgmmawizLMﬂ%uiuﬂWie;meﬁuuw%mmﬁuaqL%@LW?&LL%& (GB/T28731-2012)
mm%u’umauﬁszﬁlumuiﬁsﬂ'awﬁ’l (Yunbo, A, et al., 2018)
3.3 nsWAnTaINAIYS
msudndemauaiunninademdwesninuduaaiigungianduelud
300 400 uay 500 psrigaldea naudunfiweiuludnadusswinedesas 0 - 60 lnsvwin
SowTeudrunansevitmadomasiundiwoiuasunndnadiundrazinlusatugy
feoiadesdnlensedn m usefu 20 wnzdrania Wegludnvauzuriansinszuen
fildurngudnans 30 fades (mm) wagdaumu 9 Sadwns (Mwil 1)
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3.4 msmaauqmauﬂ'amamamwuazwmﬂ'nu%au%mLﬁ?’fatwﬁuwiq

AMaNUANIIN18AN (Physical properties) yeudomdwiadunmaindomas
whsThmTeuldumaaaunisunnsau (Shatter capability) A37uuUN1Y (Durability, D,)
AuLuYe A WAe (Densification) wazsnsdrunaldiintnveudemanis (Mass
yield ratio, Mw) mm"?%mmgmmiwmaam%aL‘WS@LLsﬁaﬁiﬁisqlﬂmm%%’aﬂ'au‘mﬁw
(Gendek, A., et al., 2018; Qian, W., et al., 2017; Yunbo, Z., et al., 2018) d@1ufnuauUf
n19m1u5eu (Thermal properties) 18918 atmauriaiuaznagauA1AILSou (Heating
value) éhaLﬂ%wmaauﬁwmm%aumau%mwﬁa (IKA® Calorimeter System C5000
control, Germany) $astdunaldnd e Ldomauvs (Energy yield ratio, Ne) kazAIy
NUMUUNA1U (Energy density) mu%%mmgmmﬁmaa‘uL%@LwﬁqL.Lsﬁﬁié’izqii‘lumu%’a
Apuning (Qian, W., et al,, 2017: Yunbo, Z., et al., 2018) lunisnaaeuauauds
NIINBANUAEN9ANSouTe T oA st ua s HiTemaswriatanun 5 ureso
1 M3vgou sio 1 gamgiimsuslud wagse 1 Snsndnmendwe’u Insanmedililummeasy
QmamﬁamqmamwLLasmqmm%awaaL%@LWEQLLmLﬂuamwmmgm GRIERIEH
30 serwaLlTud uazANLTUdITLESaeaY 60 - 65 iumu‘iﬁ'mfmmqmmmm?iausuaﬁaaga
é’w"‘ﬁmwmm@LﬂﬁaumBQéauLﬁaqLuummigmﬁmmL.%ﬁﬁ@ﬂﬁz 95

(n) () (m) ©)

A9 1 () wisnnUrdaaneunszuiun1sAIsuelug waziomdwrismnseulaain
s s a = =
nszuIun1IAsuelud o gumgil (1) 300 eeAlwalTea (A) 400 BIANTALTYE
wag (1) 500 DeALATYE

4. Han1338uazn1sefUTIENa
4.1 @mauﬁ’amamamw“vamﬁaLwﬁal,wia
1) MIWANTILLALANUNUNY

amﬁ’aL%aﬂamaaL%aLwﬁmviwzmeﬂugﬂé’%ﬁmumﬂﬁ"m (Shatter index)
wazAununIL Ineddnisuansruuazanununiuazidudiulsivenimiuasi
voadomduisnaeiinisvudssuluiinnunudeusanssunniitiaainnisoudie
iensdaifiu (Yunbo, Z, Et al., 2018) Fuin1suansauuazaumumuoudowdu
fFoulunuiseidatudesnmoiafueludifintu

o
) v v o

ANVSUAYUNITANTIULAEANUNUNIUY DT DLNAILVIININSAUNBLDT UL

a [ a

fuwdlduuiferiuaungiinsuelud ApAvlnITANIIULALAIUNUNIUVBLYBLNES
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FowmdwraiuiudleUsuiundweIuiuiu Asnsidiundweiuiiuinnindesas 40
Tngthuein avlddemdaumaiifidvinsuanirutazanumuniuannnirdesas 98 (1 2
(M) waz (@) Fadudevasfivensulimiosnnilamuinnindeiinisuansiu wasAm NNy
YOS ARTSTIvI8ALTBIRNATR (FYTNITUANTIU LATAUNUNIUTDIEUS AR sTivTe
AIUYBIRATN AD Soaz 90 Lag 80 MIUA1AU (Antwi-Boasiako, C., & Acheampong, B.B.,
2016)) drudemAwianguiidnadiy uaglifiundiwoiunuindomduvisitlaiinady
nawoIuariidvinisunnsruduandliifiuindemdwiaianuud s Aelidnwuziiy
LLazLLG]ﬂﬂi%fMEJLﬁ@QﬂUﬁBHIULLUQaQﬁis‘a%W7\‘1 1 10A5 VuURUADUNSA WAL 1.5 LuAs
vuiiulave wandiifiuindemawviainnuudassi egralsAnuiietnisfiunawesu
Tudnsrdiumg 9 ﬁ]zLﬁujﬂL%@L‘V\IaﬂLLViQﬁﬂ’J’]@JLL"?NLLNLLazﬁﬂﬂmm’gUM’]ﬂ“ﬁu Feaenndaaiiu
MsfinTuresfudinisuansIuLaTLaTANANUNMIY (AT 2 (1) wag (1) Msunaeiy
wifuidenUsvanludemauviailinisdaiu uasnsindouiodemdnvduanie
Posduiatunasaandulugmeruazanipgliiinanudenie eswnndweTuduaans
ﬁﬁ'«qmLﬁamLasmwwﬁmmmﬂﬁﬁw (Satpathy, P., et al., 2014) 3sldiinn958mesEning
Msdnifunazmsruddnidnnnanifvesmaduiifeouusvania Fonisilieyne
asusuvsadamAwsndnfuldAuasiinundutiy
2) AYULUY

mmLLﬁusuau%aLwaaLwiaL‘ﬁluﬂmauﬁ’aﬁﬁmmaaﬂﬂﬁaﬂmmaﬁ’uﬁ’%ﬁ
NTUANSIULAZAIIUNUNIU ﬁaL%@LwaaLu/im‘?iﬁé’ﬁuﬁmﬂmm'WLLazmmmumquﬂﬁm
ATIILLLES (il 2 (A) Bnveuuiureadoimauriadanad onrmashianoveanaing
Tushislownlulden Tnodemduvsitinnuudummdeiinumuuduiiazdsnsinsita
%’aumﬁLLaziﬁwé’amumm%@uquﬁmmﬂLs??aLwaaLwiﬁﬁmmLLﬂuﬁqazﬁmuwmﬂiaqd'}q
sewinseymanfueulngdmalininnlniidulusgaifuidosnuiuuoinaildly
msunlndannsownsnidlunisludesiseniseuniamiveuldun Suilidomau
Annswnludfesanysal Aevdanisliaufeutuuiademdaiediniliiionfigungd
100 psmnwaifoa udazhifnsanivoumasegdeduiusfulinasigedunnaindvoud
wdrnmsnlsiviatemdmas i lunageulssavsnmnnsliauieuiiseuasaindsm
Hudmn (1ndl 3 (@) (Qian, W, et al, 2017) usegslsimuszozinanlunislinnudou
YoeunadomafiinnnunuutusasdunInduius fuUsuaan fusunias (ANs19d 1)
wnlunirdudewduvisiiaslddanumnwiueglurag 600 - 800 Alansusiagnuiarisns
wezfurunnnindemdsumsiindnanldonmisiiaeinnlutuwasmnimaduside s
UszanuniludesavUsvana 8.11 - 33.33 deaunuiuiuszdsmaneUsinanisididomas
widlunmsfunhlfidenunnnindsezedusielusely

mi‘wmﬁﬁmmiLwﬂlﬁﬁﬁauyjﬂjﬂmﬁ@maﬁLLViQﬁ]’]ﬂﬂ’]iﬂmimﬂﬁﬂJmL%’@L‘Wﬁx‘iLL‘Vifl
(1 3 (1) fuBvesnadmdsainnisnadeulssandamnislianinudou (i 3 (2))
LAYAYDIHLEMEINTTUIUNTIATIEILUUUS IR (MWF] 3 (A) WuTnAnadve o auris
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fifinruuusiidndifestu Ao Awndeuntanansdeniswnindvoswiadoma siduly
pgwanysal Tunsmssfudrudvesnadianidemduiediiarundugeasddnudy
nmadmiin e el Somnefmdnislieueuwiaiemaiennaey
Uszdnsnmnislianuiousdidliouninasueuuivdiulignunlug Jevinluneanidy
Fefusannsnasuldudemdurisiifinnuudusiagiinmamindifauysainiuiademas
TP QHIRNIGE
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L
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glycerine content (% weight) glycerine content (% weight)

AN 2 () ARTRAITHANTIU (V) AUNUNIY (A) AIULUY kAT (1) FATINITTUNIUUN
Yaugaindauriaanninurauanangungiaisuelud 300 - 500 aeAaLTYd
Toeiindwesuiduditoulseay

3) Saaumaldtmiin

Sandnmaldiminvomadomasdaanauieguvgiaifueludiiuiy
(il 3) Wosnninrduanadutananiueaglaafiflesdusznauiiugiu Aesdiwaglad
waglaa wardniiu egamgilunisasveludiedsuninurduaigunademas
wansineiudeanalidnsinisaaednisninuieuvesudazesnusznaulunindiduans
LﬁaLU?%WL%S']@@]’]%U%J?MWLmﬂ@mﬁ’ué’w (Qian, W, et al., 2017) Lﬁammﬁmqmmﬁ
Tunisaaneiivedwmaresrusenauinnuwananeny (Liu, Z., et al., 2018) St o RRIVRE
msueluden A 300 ssmwaiea Snsnisaateiimsauouvesiiwaglaa lwaglaa
wagdnfulunmnuiduagsdmalidemausiilaiddniauns (amil 1) wandfifiui
u gamgianfueludmisfiesdusznevvensiiwaglas lwaglaa wardnduunsdrudiia
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nsaatedldanysaluaznaandeny Juduannsribidiusuiamisusuasiinazsosas
194519A1 U (1151971 1) Fawnndrsanidoindeunisiingn a guvgianiueludys
fo Wowdwielaiafdutunnddmaduauivisuiomndanmsaaesimeanuion
vaawiazasrUsznovlunniduainas wilviielwaglaa waglaa wavdntuluninulay
anpaaeildauysaifedu wasvinliinesiusenaugniudsudusgaiueuldossauyal
fuudiuiinuansuaunsiaiiiiugetudogungiimiveuludifiuiu (msed 1)

300 °C 400 °C 500 °C

(n)
)
HAvasnadviag
ASUAUNNSIATITALUUUS U
(m)

AN 3 dU99 (N) LWBINAILYIY (V) NWDIVAIINNITNAFBUUSEANTAINANTIIAINUS DU

-1 a. a
Fvssuriavaindsdouia

FAvasradmasannnisvagau
Jsgansannsiianudou

WAz (A) HLEMAINTEUIUNTIATIBRLUUYSINN Nigaumgiiaisuslug 300 - 500
NGAREIGEE

5) BR3NAIUNALAYBINAIIY

Snsdrunaléindanuduanuduiussenindsnuiitegluniadomas
naINTEUINNITASUB UG AUAIAINTEUYRIYIaNINUIANAIARBUNTEUIUNITAITUD LU
Sndunalindsnurendomdusisiunltumiloutudnndunaldimin Ao feanas
dlegamgiiensusludifiutu (nnil 4) drunaisseninedndiunalindsnuiusngdu
waldimindududsivaveniiannefivmnzalunsimuininunduanadud o
frenszurun1sasueluddelenudienl EMC (enerey-mass co-benefit index) (Ke-Miao,
L., et al, 2012) A1 EMCI fandintudegungiaisueludiiniuain 300 Wy 400
osraldea uafigumglinisusluduinnit 400 esriwaia A1 EMCI Sr1anas f1 EMCI
fannitgawuiigaungiaiuslud 400 esreaidoa (1wl 4) uansliiuinanneimanzas
sonsimuininUrduagliidudemaua Ao an1az a gumgliaisuelud 400
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pergalded LAy anemuizaudaldiemdwaniinuatdi nisnigansiian
dmsunaantAniseuioutivasyinisfinwsely

400
63.48
46.21 38.94
| 5
200 A
g ]
5 , 60.43
g 1= %\%3;0'69 52535
o 0
> T
2 T
2 -
© —O— mass yield rtatio T
g —B— energy yield ratio
° C— EMCI 15.52
13.59

-

L

3.20

250 300 350 400 450 500 550

carbonization temperature (°C)

AN 4 9R51dUNALAVIUIIN DRNTIAIUNALAVDINGIIUY kaE AT EMC] YD BL ALY
& = a & & =~

nMnUaNaagamiiasuslug 300 - 500 aerLgALTYd

200

% energy yeild ratio, ne

A1519%1 1 29AUTENAULUUUSU kazIAUSENURUUALLDEAUDINALYDS UL DLNAILYIRNN
nnUrduaanguniimsiaundgetulayliliniswuniigeiu

carbonized glycerine proximate analysis ultimate analysis Heating
temperature content % % % % % % % % % value
Q) (%weight) | MC VM | ASH | FC C o H N S (MJ/kg)
» 324 | 8707 | 385 | 584 | 3749 | 5577 | 649 | 0190 | 0061 | 1315
- 11.47 85.17 3.36 N/A 46.39 | 3848 | 960 | <0.01 | <001 21.87
300 466 | 7624 | 586 | 1324 | 4779 | 3285 | 414 | 0566 | 0104 | 1606
400 217 37.14 | 10.37 | 50.32 | 58.48 | 40.77 | 3.89 0.704 0.156 18.63
500 227 | 2980 | 1297 | 54.96 | 5452 | 2335 | 271 | 0621 | 0129 | 1894
300 60 1146 | 8382 | 348 | 124 | 4192 | 4092 | 665 | 0210 | <001 | 1713
400 60 3.18 62.14 | 844 | 26.24 | 56.39 | 2393 | 5.05 0.390 <0.01 22.15
500 60 398 | 7991 | 11.04 | 507 | 5389 | 2339 | 472 | 0390 | 007 | 21.00
newmg ¢ mMndiauangneuunszuIunsasuelud * ndwesu
%MC  FB SevavAIINTY %C fio FPUALTINAITUBY
%VM  fio FewavansBunIdssiviedis %H fie Sevavsnlalasiau
%ASH fB FpEazLAn %0 f9 398AL5INOBNTLAY
%FC  fip TPUATANTUBUAIR %N fio Seuazsnlulasiau
%S fie Sevarswdalnes
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4.2 Qmauﬁ'ﬁmamm?awaaL%al,wﬁal,wia

Iumi‘maa‘u@mamﬁ’amamm%amau%aLwéawiqﬁ?uwﬁ%%amﬁﬂLwiq
fifusinundweiulusndiugean Ao Sovas 60 Tnsthwidndunguiogrmanidasan
L.UuwaLwaqmeﬂmmauummamamwwam Fetfulunsinuamauifnisaudeu
Judunsmeasussnidemdaursiinaiundiseiulutiuaiesas 60 lngtmiin
wazliiundieetusinty tnelnansinudieluil

FawourentemAviiiunar lifundiweTu w annreuvniaivelud
300 400 waz 500 psanealdoa wudfigungiansueludiferfuuiadomaaiidnsdy
nAweTuarliidnnufouginindomduisilifininfundwetu Wosnuiadomnas
Ansdundweiuaziiesdusznavveninanasdadiduasotunidnlalimdsamadeldom
Femsthuviadomadlusntvg (nsedl 1) lusnefindwoiuilosdusenauvesansdunis
smalé’qﬁaﬁalé’dmﬁLszja%‘uLﬁuaqﬁﬂﬁsﬂauﬁiﬁwé’wm (Asavatesanupap, C. and Malee,
S., 2010) FaiuiFeinAauviviiosdusznauvesndiwetu aglirarmougenindomaus
flaifinsfundiweiuninluniidfu Wemaureiiinnduniweuaziinnuaiunin
lun1syadialigeavselinuaiuisatunisyadalilaieduiusiuiiuiuesesduseney
wuuUsHednansunsdsemeligs (131eil 1) Geansdunidsumeld Aearsuszney
lelnsanfuouiuiegluidomduraagimdiiluinarsi lfidomawnisinlal
fowdansulnsiaiveuiifogluuviatomas Tasasdundsumeldtulsenoudae S
B T Sy Hudu fenaushiduufaidomas
dmiuiRemdsuvisiiinaifundigeTuluuiinuiiviify asdiui u guvgd

Y
[

Asusludfiiingstuain 300 1 400 samwaidea Arrwsouvesdoimasusisdafindy
Tnerranudouiiiivgatuiidunanannafisduressinusnavouuazaisusunsii
FsmafiutuvesUiinusmavevdmaliuiadomddszesnatlunisyaialieniuiy
n¥annszuaunswindesanysaliasoduuandiifuiuiadomasanmsafvazan
anufoulilufuedlduuiuasnndostuanuvuuiundanugeduinduiesay 23.28
(AusuLtundsuventomauns o gaumadansualud 300 ssnsadea Ao 10,421
MJ/m?) (Bo-Jhih, Lin., et al., 2017) asJNliﬁmmﬁqmmﬁm%mdusﬁqqﬂ'jﬁ 400 eAaLTud
Aauiouvendamduvisdsananiomniniowusznovvasduililindsnufiuannty
Mnnmageunsldnuemdusisinsiuiiuiieg 10 Saddes Ihien
U il 100 B9ANYATYE INQUNNAVDIUULYIINTANYY Ao 30 A LUaLTLE WU
USinademduvisildlunmsvinliiufeaunndreiu ndmie Uununslidomaunisings
u gaumginisaniuelud 400 esrwaldua deedian Ao 8.48 n3u dlndlAsafuyIuin
Fouwdauvisiingn o gamglinsensuelud 500 ssmiwadoa luvaeiivsuunsldidomas
uisfindn o gauvnfinsasuelud 300 ssrwaidoa funnndn e 12.83 n3u uandliifiudi
nslidemaussluuiunadesdmunsiliiuiung 10 Saddns enfiguuad
100 oA @alded Uavenisarnuaiuisalunisiivazauanuieuliludiesniends
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nwmummwiwﬁaa'wauuﬂsaha%éu FeaenndoetunIIUILLLYB WA ST AIAY
%’amau%améqLwiaﬁt,ﬁmqﬂ%u (Tantisattayakul, T., et al., 2015) INANNAINITOIUNT
winlivestemdurisidnfundiwedu wdiuiidemdusdinruanusalunisialal
I¢ine Feaenndosiuuiinuasdunidsemeligs luvaziiszoznanlunslvianudous
Feszezinalunslinudounaaeuldanmslianudeutuidomauns sudanisul
HunpAuaznmsauvssandaliuuwiadowdninty Sunarsunseitieynianiveuslng
munasfuldisvosnailunisiarusourendemduns ifasdunissameldluuiun
gevdadiusunaansuaunsii Ao 11.13 wiit Faduszeznailunisliaiuiouduni
HounAawiaiiuiinansuaunsiageUszana 2,65 i

5. #3UNaN1599Y

nswdndoimduisainninuduaiglaslindiweiudusiidoutssarunazda
Thduwissheiniesdnlensedn u usefu 20 wnzhama andadevesgamaiinsuslud
s¥wing 300 f1 500 earwalTua dsnadonmauTinisnignmuagauautAinIsauiou
mmmaqﬂléﬁwLs?jyal,wﬁawaﬁmﬁm o qmwgﬁm%valuéﬁﬁ 400 paraLTea wazdluTunn
ndweTufosas 60 lnsdminasfinuantivisnienmuarguantinieanuieudian
wansluguvesdudinisunniruLazaNunumIugean SsaenadesiuainnuutuNIniige
SnisdsléitemAisiifiannnufougs unlundrduanefivansanvesnszuiunis
asueludlunmsBsuniniiduangiudemasdnng foannefigamgl 400 esrisaded
waznslindiweTuduiudond srarudiiisUsul uauaudAnianienin wazauadd
yaenSouvantenaauniadndas

6. NARNTIUNUTZNA

{AdevoveunszamneuLiioduaiun1seuin¥ndsny uazanzinmans
wIngdewlld Smialeddul lunisafuayunuide veveunuvangnTIe rmansUndin
awiviaiignamnssuuazinaluladdme anzinermans uniinendousild Alinns
atuayugunanl uanidesdolumansainsuiianuilunsiide uasveveunmaiues
28 AIUAATUINY DUNBATUYIYU JINIATNRQI 1’7iLgal,ﬁyamﬂmémm@jﬁm%’umaﬁﬁ%’aﬂ%’j@ﬁ
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Abstract

The objectives of this study were to 1) survey, analyze and evaluate risk factors
of Cloud computing systems of government organizations in Thailand, 2) design
and develop a Cloud computing security model for government organizations, and
3) evaluate the efficiency of the model. The findings were as follows. The survey,
analysis, and evaluation of risk of using Cloud computing systems revealed that usage
patterns differed from organization to organization; meanwhile, no differences in Cloud
computing among these organizations were found. Moreover, the level of risk was found
to be very low, in spite of the high stakes, because Cloud computing systems were
served and supervised by the Digital Government Development Agency (DGA). As for
a security model of Cloud computing for government organizations, the researcher
designed and constructed a security model according to three international standards
(ISO, COBIT, ITIL) and criteria for selected items. This model was evaluated by experts
whose opinions were solicited via a focus group. This model, featuring a security policy,
consisted of 4 domains, 26 objectives and 109 sub-terms. The evaluation conducted
by three experts according to qualitative rubrics showed that the overall security
of the existing practice was at a moderate level, of which the mean was 3. After
the security policy was introduced, its efficiency increased to a very high level of which
the mean was 5, an increase of 66.67 percent. Our model can be applied in any
government organization in Thailand in order to assess the risk of Cloud computing.

Keywords: risk assessment, security, cloud computing, government organization
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nan1siiuteyadinnsddnwinquendndiuiisstmudn Yagiuldussnuay
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a

AnluSosaz 79.18 uazandununisndnasld 2.74 umsegs Anluiosaz 19.18

o o e ¥

AdAgY: 91104, 1ATINALKUTILYY, PBNLUULAZAT AT

Abstract
This research was a case study of the Ban Huay Yang Occupational Class, Huai
Thalaeng Nakonratchasima. It focused on the design and construction of a press

machine that could increase the production capacity of rice crackers (khao pong).
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It used a pneumatic and PLC system that could control the aluminum rotation tray
when inputting and pressing the flour mix into the mold, and included rotation
of the tray using a rotary cylinder for inputting new dough. Data collection was based
on the pressing of rice crackers using 3 workers. Results showed that it took 46.30
seconds/ cracker/ person = 77.70 crackers/hour/person. Therefore, the total production
capacity of the workers was 233.10 crackers/hour. Performance testing of the rice
cracker press machine resulted in 8.61 seconds/ cracker, with a total production
capacity of 417.68 crackers/hour. This represented an increase of 184.58 crackers/hour
(+79.18%), and a reduced production cost 2.74 baht/bag (-19.18%).

Keywords: rice crackers, khao pong pressing machine, design and construction
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Fr = pwsaduaniu 10% laswde

P - mwsuaudaldnuilivlussuuiuindussang 4 Ke/cm?

LA Y o a v o
wiumduidagnau = A (mhedu wufweg) lanaunisi 1

mxD?2
A =

4
LYIUAT

3.14x82
A = —

4
A = 50.26 cm?

ﬂ’ﬁ‘VI’]LLiﬂ%@ﬂﬂﬁ%U@ﬂQU%m%Laaua@ﬂﬂﬂﬂ%ﬂ@ﬁﬁ]’]ﬂﬁiﬂﬂ?ﬁﬁ 3

Ft - PxA (3)
LVIUAN
Ft = 4 x 50.26
Ft = 201.06 Kg

FIIWBINTTUBNFUVLLFOURDNNNU URAINaNNTN 4

F = Ft—Fr (4)
UNUAT

F = 201.06 — 10%

F = 180.95 Kg
LLsaﬁumﬂizuaﬂqwmzL?‘{awﬂ’ﬂ A’ mﬂqmﬁuﬁgmmmu

A = —x(D?*-d?)
WIIUA

A - 22X (82-25%)

A’ = 4533 cm®
LmsuaqﬂszuaﬂQummm?{auﬁwmqmwi NAUNTT

Ft = PxA-Fr
WIIUA

Ft = 4 x4533 - 10%

Ft = 163.20 Kg
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NANIAUIAMILSIYBINTEUBNgUYMI ARt Mg uld 163.20 Kg Taefivunn
usihgudnarsnelunszuenguauin 80 mm flasnsaliusddunisnngsnituseiidosnns
nautednnlts ffudaiueesnssuenguiiduummguiludaieuainaiseun
LAl IIVRINTTUDNTIUUANE

(3) MIFWIMYNINATLAN NENANST 5 (Tanchewawong, N., 2004)

(A;+A3)XLX(P+1.03)xn

V. = 5
a 1000 ©)
=
o
1A = Usunadeuiild (Bns/uni)
L = adnveINTTUBngU
& .
A4 = NUNZNFUAUANGU
o 'q.l Y Y Y
A, = NuNanguAIUAIUgU
Y Y Y
P = AuRual (kef /cm?)
° J A cs' = Y} ! =
n = PuIuATIgnguafounly - ndu deuni

FITUANNNTOANUIUIIAUADINT I AN AN TR U LARaT

(50.24+45.36)x70x(4+1.03)x10
1000

V, =
Va

336.81 L/min

Frumsidenlituauiiannsanananlildodnation 336.81 L/min
(4) M320NLUULUIUATUAIUANNITYINY
nsviuresedsduusutiteszuuiauufing PLC droniuauiazdans
TAAsosmunafinvualaeiinsivunoulusng 9 Fail (Tanchewawong, N., 2004)

1) mstvuadeule
(1) nady Start (x2) Tnefi Reed (X7) ON, X1 OFF 3399
(2) Co 197U X6 ON
(3) C1 ¥191UA9 3 U191 X1 ON
(4) C1 OFF
(5) nAYy Start (x2) wileuds 1
(6) Co ¥11971U Xo ON
(7) wilouts 3, 4
(8) vluides 1

2) thideulvni@eufuunuginnunugivhufeulsunsumuey
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3.3 n1sNAEIUUSEANSANLAZEY
MIneaouUsEans A maIadlusuauaunsalunsnauEudlUs Tnatiuds
uilsfifiunssurunsautaauasdenuniulfduteunaulilgdminuseana 40 nfusefeu
niuthieuuddldasluninnauding Switches iiteliadomsuniasuudanaudslmduusdy
Aufigiaanis sanmil 5

AN 5 (N) NMSWTIUNDULTILAZLATIINALELILUS (1) N15Na@aunaklar1IlUenIeLATaY

4. NanN15IY
4.1 Han1MAaNLATaINALHUY1LU
dy 1 v 1 v d' i v 1 = Y o v =
NNINAaeuFULHLt Ui IgIATRINARKUY1ILY Galavinnisandudin
Toyan1sfunial Wemiantunisudaseundy (Guii) Bulinvasidearansad 2

A15197 2 LERIRNS1INIsTRTNnAaIluNIINAGDY

Sruaunde - niq,msﬁ, Sruaundy - niq,ﬁw, Suaundy - niq,m%,
(U BDNY) (UVINDLNY) (UVIABDLNY)

1 7.59 11 8.75 21 8.80
2 8.91 12 8.75 22 8.81
3 8.81 13 8.69 23 8.88
4 8.44 14 7.88 24 8.75
5 9.85 15 8.50 25 8.69
6 8.65 16 8.65 26 8.50
7 8.26 17 8.26 27 8.62
8 8.78 18 8.40 28 8.69
9 8.80 19 8.41 29 8.88
10 8.88 20 8.81 30 7.88
X 8.61

SD 0.39
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2) nsdifnwdesmsmuidesiuvesteyasosas 95 uazteyaiirnnueraaedeu
$ovay + 5 fuiulassnmsiafudeganaimsinusiuin 30 aft wasthdeyaumday
afsiifosfunaniolflidrsanudosiuiismun arunsadiuanldainaunisi 6
(KanjanapanyaKom, R., 2010)

40><n ZX - Zix )2In) ©)
n_

40 % 30 Z 2,233.25 — ((258.57) ?/30)
BEED 57 30-1

- 344 ~ 4 pdq

sty mﬂmaﬁ’m’smﬁwmuﬂ%mmmﬁuLammiﬁﬁugmmwﬁniﬂqLL‘U‘UL@M
N = 4 g Felsuaunfanisiunan (N) Tesnirsiuiuadweanainisiunaisediana
(a) Fafusuauafaveaiainisiunal degriinnudesiudonas 95 uazdayaiian
ALPaRLAAeUSasaY + 5

A a ¢ ! ::1' a = ! a
91NM15N 2 N1TIATIZIMIALRRELETANN (X) wazd1uleuuulInggIu (S)

aunsaumlanadl
nsmIALRAsIaYAs (X) USunan1snas 8.61 Jundideuny wnleannaunisi 7
_ Yitq Xi
X = === (7)
. n
=1
Wi
X; = Joyadli
Y
n = Fwnudeys

7.59+8.91+8.81+8.44+9.85+8.65+........ +7.88
30

X =

8.61 UV BLHY

ALUUANRAYVBINIAINITNAADIATDINALNUINIULRAY 8.61 TUNVIADLNY
NsAEITENULLINIEIY (S) VosUSIUNSNEALRUTILYY mlaainaunisi 8

N INUIUASIVDINITNARD
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X = palunsHankEuTUaLsaEATe
wnuAluaunsh 7

(7.59-8.61)%2+(8.91-8.61)%+.....+(7.88—8.61)2
30—-1

SD

= 0.39
azﬁ'?whahuﬁmmummg’m (5) veaamIneansAIasnaLkuillaads
8.619 Junfireusiu Inefldrudouuumnasgmuiniu 039
4.2 WIgUMBUNaN1INAGaY
NN IMaaeuazanakiuills aunsalTouifisulseaninamueaied
nAUKUTIYS 9nmns1edt 2 LLaWQLaawiuﬂﬂiﬁugﬂLqu 46.30 317 Andudnsinsudn
sodaluasindu 77.70 wiusedalussonu dagtuldau 3 auluniswdadaiuidanisuan
yeangunsdiAnwIamsondnld 1,800 wiusetu Faniosnaunudiildgnosnuuulily
au 3 au Tunawdn uAiinussavsamlunsanldfnsi 3

d' =l a a a :9; 1 1% ] 1 4‘ 1 v
15190 3 memamimia‘um&mﬂizammwmiwgﬂummmim SEMINLATBINALNUYD
Tetumstuguusiudnldawuuiay

AINISHAALHUT1 U ranlunisnauaut1lUe
(weiustadialuq) (Aunil)
woudy | wuulval | viadu | Seeay | wuudu |wuulvei| anas Sovay
233.10 417.68 184.58 79.18 46.30 8.62 37.68 81.38

a a a a 1 2 1 U Ql' 1 1
NNV IULABUUTEANT ANV INITNALNUTIINUIAINTITIN 3 WUIINITAA LY
IV U UL I AUS U UHNANARUBINITNALKULYINAU 417.68 LHUABDYILLT NAIUTBIU
=1

¥V

N508az 95 (WAAIAIAITIN 2) hAZIINLATDINALNUTIIIUY AN ITanadnas 8.61 U
AOASY
I1NHANITANHIAIUAMAIMN IAeN1TNADUTIHUTILYINUINTNTINITNBIVBIUNY

717109 lANAN991INASHAALUULAL

5. dunauazn15aaUsena

5.1 agunanisindunulunisesnuuunazaiiuaiosnausiudinlls nguendndu
oo Muaiiuaa sunevownas Siminuassviin faguszasdiilewaminszuiuns
nanuHuT1210s Tnenseonuuuiadedlialuisasinau ldgndeaniundniaingsu
Asugenaniuagisnmihnunsedouluing 4

HaNIVAFBUNUIIATsEIIaLiNUsEAVEAIRIn ST UHu T DU ULy

Fenrniiuanansandald 233.10 uiusiodalus uarldindosnausudnildsfiadatuanunen
nALKug12 10 417,68 wiusadalus Rudu 184.58 wiusiodalus Inglddruaunua
WAy 3 au Aewdudesay 79.18
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sunamusaLkudnldaivunkazauui iUy nuHuaInmMsldaTaans
Weu1LYe Toedivwnn 18 wudwng vl 2 Jadwes lnedauy 1.92 UnseuHy anauyu
nsBugUusuld 0.46 vindausu Aedudosas 19.19 Funuasiidmiuiedonausiudin
Tesguuiluudng 31,164 U 8r3INSHANGERdIURNUTIUANIAY 3,240 wiusiadu
UssTlAns ey 6 iy Fetfuanansondeld 540 g9 sTEznMAUUYeNAIesIzeyTl 21 Tu
5.2 pAUTIBHA AINNsadeUIiassiuInstuutdR Sudouiilonsasuunsfus
ya9lAToIna nussuauTedududosinisvauiniossioniegunsallunisviuds
T dufeudetoudiguifuivenniasna tofiuusyansnmlunstugusilduniy

6. VDLAUDLUY
1. PNRANSANYIANNNTNILLUAUMUALATIAS19UBUATBINALNUYIIIUY 1583IN1T
AadsangnIua s lin1sinuNTInS89Tu

(% L3

= o [ [ Y a =
2. nuani1sanwiraiusadr luidunuanislunisiaunldiundnduadu 9

[

Pidnwurn1vinuAaenaaiule

7. inAnssuUsEANA

YBYDUANNFUDIFNUIUNILEIT FUAAUAIN §UNDMILLAAY TINTAUATIIFEN
fleyiasnziingiviunisnaass naonaudeyasie q uagdaduayuyunisideain
uAnede v Aguasiediuazdtinnunesmuativayunside (@na) Alvinisatuayu
Tumsvhauitesuidaiauonus (iTevevounszaunnyuiitduielinuideiauss
aalulasied
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The P-multipliers of Pile Groups Supported Large Billboard Signs
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unAnga

nsiteadalitnguazasdiiio 1) afuuuusiaondsinas lunisAnvinginasunss
funufuiifidegiusnianiundu isesiulaneatistelavanvuialngluniud
NIVNUMIUAT ez 2) Anwidgaana (p-multipliers) vedaiuusassunielunguanels
annensfuiminiiiAaanussaudinsgsimnadiuding leadauusiassdieslnlus
dawusiwuvanlia uazUszananalagldynmdsninsgiuveslusunsa ABAQUS/CAE
fimuaunanAeusduivssenieiugiusn wsandusemadanssasstudiaiou
Afenuunadufivny vinaduiusey 1 wdiliivuesinfutesas 10 vesdurnaudnans

“UENLﬂ']L%lI AINNANTITIYNUIN 1) LLi\‘ié]jWUVl’IUVI’Nﬁ’]u%/N?JEN@L!I@IEEEJ‘ULﬁ’]L%ﬂJﬁULﬁ@%u

7
7

geannuInalnarIAuAY vIeNTERuANUENINgATITEEEAUENUTELIN 2 1veTYeY
Ineigavenandy aeldaniizilassadieiesuniiousauganniud w.s.u.auay
91157 MUALY LAzl uNARAIIULAILINILANNUIBLTINTLALTUUTII UNFI19UINAT
< (% % 1 < . a1 [
ndulunaIvds wag 2) fananAIve a1 dukaIwsn (Leading row) fiAwwinfu 0.884
wazla ULy (Trailing row) Ay 0.772 Wlesandunsisenseninaandumeiy
aelunguuazAugiusinlagseu (Pile-soil-pile interaction) IHANTENUIINATULNUS
Yosandunslungy uazfiavnswesenssinisnuindisnssidegusneandy

o o o

ANEAEY: usaEUYUINUTIeIRl, finmann), widungy, Tnelavan

Abstract
The purposes of this research were 1) to numerically investigate the soil
resistance against the pile group supporting a large billboard sign in the Bangkok area,
and 2) to study the p-multipliers for a laterally-loaded pile in a group subjected to wind
load. The three-dimensional finite element analysis was performed and created
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graphically using a standard set of commands in the ABAQUS/CAE package. To simulate
the behaviors of soil and pile foundations subjected to wind load acting on a large
billboard sign, the virtual interface element technique was employed to relatively
control and monitor the pile-soil-pile interaction when the lateral movement was
induced. The effective interface element thickness was assigned to be 10% of the pile
diameter. The research results revealed two findings. First, the lateral soil resistance
against the piles was found to be at its ultimate value at the topmost layer near the
existing ground, the so-called critical depth at about 2 times of the pile diameter at its
widest part, when considering the maximum wind loads applied to the billboard sign
according to Building Control Acts. It was found that piles installed in the leading row
resisted larger lateral stress distribution than those in the trailing row. Second, the
p-multipliers of piles in the leading and trailing row were equal to 0.884 and 0.772,
respectively. This is due to the fact that the pile-soil-pile interaction induced among piles
within @ group and surrounding soil, are dependent on the position of each pile
in a group and also the direction of the lateral load applied to the pile foundation.

Keywords: lateral soil resistance, p-multiplier, pile group, billboard signs

1. UNUN

o o/

1.1 NUIALANEIAY

[
v

GLWUI’N‘ﬁILﬁﬂ‘il\ﬁ&gi]ﬂﬁauLLazanﬂSSISUﬂLLiﬂiuﬁuﬁLﬂJmLﬁaﬂﬁaj Ygunsivhves
Tnswasathelavanuunanaisdauninginintulesnds wasdmwansenusemulaonde
vesiinuasnindauvasUssauluiiui nsnsavaeuielawanlyogluanmsiunaudauss
T,mjLawwﬂwimwmwﬁam&gw%nmﬁqmu 3uauu Uue1ANT Wioniue481A"3gs 39814
gnussansinyilitelavanduvivtuitou uagneliiAnsunsefugiiegluinalndifes
s Rerfuteyaldsaiiivesnsitivesormslussmalnelugag 25 T (n..2532
-2556) Ui MmeitAvesemsluszitssneaiageieiesay 40 sesannfeenasiitony
THarunnnin 5 O uaiitlymazauunannisieadeililininsgu Andudadiuiosas
27.2 e JgmiliAatuainnugiusinvesenns Andufesar 23.6 winfinnsaniane
ﬂﬁﬁﬁﬁLﬁﬂﬁumﬂﬁ@mmaqgwuﬁm TNUI Lmvﬁmﬁaaﬂu:umfulaimmm%’uﬁmﬁﬂusmﬂ
ves0ero1msld waznsdifiaanmsnseriduiilaedivgasinnnusay Andudeuay
73 9nnsdiAinu 11 nsdivesthelewan vieemsgamanstuagiiruguiu 2 wimosdu
LAUVDIAIDIAT ﬁu'qfijl,wsmmamxLfJumLmiﬁlﬁmimLuuﬁﬁmimmﬁmLLasz%”’ufm ‘
¥9981A15 (Chainuwat, W., et al., 2015)

aunamdnvesnsivivedassaisussiantediimnsiideivglinaasy
Weeku wudd uammﬂﬂuumﬂ'gwqumwaqauwwﬁLﬁmmmmamﬁ?u 9199%LAUTN
ANAIITalunTAunIuLSanTeslassas e lavanvuialugnas Jyninisesnuuy
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A a

grusnadniieduusinseimsiuig (Laterally loaded piles) waglumddaiiiinain
wsaaundldiingnsznsas wazdommuaniimnssuuisesiu sulududagiudslul
MenuMIaniangAnsmwesgusnandunguiiiuusmisiiudisluniaauns nisaia
WUUA1aDUTIAaY (Numerical modeling) mLﬂuam/mLaaﬂwuﬂuﬂﬁmnqummw
vaagrusnandungy leenuvvuniiesesfutminussnnainlassadiedelavun
yuelvgwdnd szannsadassanmmthsusiindulugiusn sunvesnisided
Youandy uazluudean nasaaueveuaniy lngldnadanisinszideiavdieds
IWIumaLmumwuamm miaamwuimaaﬁwua £IUTINDY mawmaa (Strength)
uaziafiosnIw (Stability) fgafissweiazanansadumunssan viesansenuiosanussan
lpeg1aUaendy Imeﬂ,mLﬂmmﬂmaamaimaiammaimqaimm waveasagnainslndides
fionvaldSunansenuainnsivivedlassadramand (Department of Public Works and
Town & Country Planning, 2007)
1.2 WeRnIsUENTUNGY

fausfinslfiandunguiiiofunsenseimnsinudng Tngldfadudaszninedu
grusnlasseunazianduudaziu awisaasuiidsdunisiuusinseialiuiniy
WAAINAINNSAIUNIAIUULSINTEYIA U1 e AL TNLAs AUz NanTToN e A& A
dowssuifisusuanduiier Weswnannenisdeuriuremuisuss (Shadowing effect)
wardnansznunen1siumdsvasandungy (Group effect) annisnageuluninauiy
wandlidiudn wwnduluwaamidn (Leading row) a25uusenuviuniesdudnefinssvindediu
srusnlagsevuiniiganazianduluunade q launseieieuningds (trailing row)
azfiauanusalunsduniunsansgimisinudisanas Wesainanensdeuiy
YDIVUILWTIV AU (Brown, DA, et al,, 1988; Ruesta, P.F. and Townsend, F.C., 1997; Rollins,
KM, et al,, 1998). fviu nseenuuuiaduludufumiendisuusinseyilubnsu awdesan
Usgansam Tnennsquiigaanings (p-multiplien) Auussnszviflunuisiuiadosiosy
%J@dLﬁ?L%ﬂJﬂﬂﬂiUﬂﬁjm (Pimanmas, A., et al., 2016)

1.3 KUUTNRDINGANTTUVDAAWINFULIINTZIINATUENS

LUUTIA09ANFNRUSTENINANNAURAEANNLATEAYRAY Tutagiuienly
wuudanalananadn (elasto-plastic models) lngasurenginssuvesianniegliniizainy
Lﬁuﬁagimﬂuﬁuﬁamsﬂmﬂ (vield surface) waziflonnzanuduiadeulanisaain (yvield
criteria) el tanazuanmginssudatalananain msafanuuiasadiuaviieaniym
Tunsdnnunnuedsananain Audnuaeysuidewnnnanuibiveilowewuuuiiass
Tnslanzuuuinassdmsulymsyuvamdidlunsinsginginssuvesdanduiuusnsyy
magutne fefunisidenlduuusiass Drucker-Prager (extended von Mises) fisinuuasan
1mouluBa (von Mises model) Fsgunuuiidnuaizadiondafiuuuuitassveses-gaouy
uiAndnsrarunuduluaniugingd (critical state stress ratio) Ald1nn1snAaoULIISA
ANUUNULUUTZUNEY (CD Test) fidasii uaﬂmm‘jm3m?{auﬁaé’uﬁm‘sw”jmaugmmﬂ
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fulassadranieldusensesi asdesegludouluanudeidesiimunzay fadunisadis
wuudaesiileTanfnuautfseiniu Wy vinusesdessuitshutuady oadnay
lisarlaslusgnitninasundassuin viowdsudumisld waiianissiasduday
wfloufifinnuunafivey (virtual interface elements) fil§en3n contact pair concept taglw
n1stAADUTIYBsAse (nodal displacement) vuduidduiavewandy dsivunlmndy
Fudundn (master elements) annsndsugirand luunuiitudiuses (slave elements)
vuindufavesdiugiusn feazannsnanszoznanlunisuszananadie S nluyiddinils
SERUNTIRE (Katzenbach, R. and Pokpong, S., 2005)

2. IUTTaIAYaIN1TIY

2.1 ieaanvuitasudsiaiay eAnwimgAnssuussnumuiuvesgusniady
nauiiinsauuuAinas fisessulassadeielavanuelngluwaiuiinganmumuns

2.2 \ilefnwdgauand (p-multipliers) vesanduusazdunelunguaieldaniie
mssuimdnfiAnanussauiinssrhmeinudig

3. BANTUNTIVY

nsAnwINgAnsIuLTIRunuiurenaniunduiifuusanseimiadiuteiy
annsnligidisaunisadaeanidugs Jinsgannisnsiaiadlumudluaui
Ainsgiidae3slugdanisdiuusinavestufiu (Subgrade modulus) niedias1evidae
LUUSIRRIUUR S MYeINg ¥ vesaImBaAng (Theory of Elasticity) Faudasagdnasy
fifodnfnlunisesurenginssuvesnguianduiidssoevinsszninnandudoniiosain
Usngn1sal Shadowing effects niodunsisenszninuanduieiunislunquuasiugiu
51nlaesau (Pile-soil-pile interaction) n1stdonldiuudnanateiaulaeistwluidamun
wuvaufia Fadudnaniadennislunisldiingesd uazosurenginssuvonuandy
uarmawieniusaddlutuiugunnlpeseuldiduesnad

3.1 ia3asilaildlunsise

dufuasddsznaunuudiass (Constitutive models) vosiandulunuiteadsd

ag}':wm“lé’famuﬁgwumwmiaﬁaq (Continuurn approach) vasuIaRukazianLdy wieliauise
Anseidufuvaty 1 %us?fqﬁ@mamﬁamﬁmﬂﬁmLLmﬂﬁiNﬁ’u"LéfLLaﬂ%Lmﬁﬂ Interface
elements \Juduuns 4 USmsessoseriaandy uashugiusn dmfunmsdszananals
Fonldyndsmnsgiuvestusunsy ABAQUS/CAE Tasaunalhanfunsuninegluaniie
danafia wavAugusnegluaniig Elasto-plastic UuUITHIAgIUAITAAIN (Yield criterion)
auelng Drucker-Prager (Sandhya, R.R., et al., 2014)
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3.2 YAULUAYDINTTIRY
Fuiuniulglunisiegey fe FuAumieiseuveingunny dwmeTusen

IS [

Fefiaumuvesdufumisgeufveoumnnviiiy 10 m. Sahdsiuusadeunuuliszune
hiszanas 113 kN/m? dwisuiandurounindnddafindenauin 0.50x0.50 m? ArueT
200 m. Fadumnusnaduiieenuuudmiveamsmluluwansannuvnuas Avaeads
wegludufumisndaiunarmiesind Tnsdnidsauugufimdsy (box arangement)
Fpszzing 3 wihmeswuamunsesandy dmfumsaiauuuiaesesthelavantdy
Guihelawaniideatsegwiessduiiuiu uasianlassaissesiu thelavanduuuuiand
Tneimustisesusiangsga Ansevirdeuduthelavandifinimuning b=32 m. gs c=13 m.
w1 t=2.5 m. wagaguilofiuiu h=30 m. fudussesfiuniian awiseyliludorivun
yomszuUygiRinuauenans @Uufl 3) w.a.2543 Tageenifungnszmssindenisniuny
el w2558 Fauandunind 1 dwiunsaiavudaenandulunisitendsd
Fenadwuudiassdudrwaioufiianuuiadufivay (Virtual interface elements)
uinalngsouiandy f3enin Contact pair concept (Reul, 0., 2000) Fauanslunmi 2
Uinasesrevenaniimniuiuiuiusiusniaesey fearuuadufiay wiriu 0.10 wih
yeaszazninegavesandy viewindu 0.04 m. iesanenainawlldeideduszniig
msmﬁ'auLLUaﬂgﬂ'ﬁwmaiﬁLLsaﬂiz'v‘hmauaﬂ wagfmuAYeULA (Boundary) ve3dufiu
FIUTINVUIN 50x125x40 m. Fauandlunind 3

Interface elements thickness =

&l g
/_‘7 s h=30 m l/

a ° 1 o ° 2 = Aa a
AN 1 LLUUR]’]ﬁ@ﬂﬂ’]EJI?JHmTUm@IWQ ATNN 2 NNV UATULAUDUNUAITUUNNWLAY
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4.2 ANUANINGAVDAANTUTULTINIIA1UTS
91NN1SANBILAZTATIZANIVUIATOILTIRIUNIUN AU vosaTungy
USnahugIusnineseu feslnluddwuduuuaudia wuln usnadndifuduasiianig
duvesthensaiumumeiiudaganituinadu lnsenizisefuaudn 1.0 was
MnfRuAY vioUsrna 2 wihwesduriguinaraandy §1 a aawdnid fo erwdningd
vouaduunsmiaiudng (Critical depth) stsilimszussdruniuiunieiudneiifise
mawndeusiveaaduivinanniiagn Weflusaunszssihmsuinannszsivetelawan

Lateral soil resistance (kPa) Lateral soil resistance (kPa)
0 15 30 45 60 75 90 0 15 30 45 60 75

wind loads

wind loads

—— 20 kg/sg.m.
—O— 50 kg/sg.m.
—&— 100 kg/sq.m.

—— 20 kg/sq.m.
—O0— 50 kg/sg.m.

—aA— 100 kg/sq.m.

Nondimensional depth z/D
Nondimensional depth z/D

5 —8— 140 kg/sq.m. —8— 140 kg/sq.m.
—&— 180 kg/sq.m. —&— 180 kg/sq.m.
6 —e— 220 kg/sq.m. 6 —— 220 kg/sq.m.
—o— 280 kg/sg.m. —— 280 kg/sg.m.
7 7
< < [}
(M) WENYULDLLTA (V) L@ UVULDINRY

ANA 5 usadumuAuaudennseiseEdunseAuANNENANg q USMRIAUAL

AT 6 2TULEIN WSIFIUMIUNIIFIUTsve IR UTd N YT AN F U LS
Fladidudunsadadusunisinmdewmdsusivenandy Tutiwsnfinsindeudvonady
flaurntes R399 UIARTIFIUN1uTURUISIVTD IR UL IINDE1959A159
LaziSuanategrenetiemioiovarasi Wenisiadeusvesanduilvuinuiniy
mﬂmsﬁﬂmwudflmﬂLLiqamﬁu'nhwnm’haimwmﬁﬁsuumqqqmmmﬁﬂgﬁmaﬂfmﬂumms
ANUALTIFIUNIUN A1 UT19v0 P uTinse1met@ gy SvutnUssuin 60 kN/m?
LLazmim?{aué]’memL%mm%gﬁﬁaﬂaz 10 vaAduRIAUINa 1B NANTY Feoraazdina
ThAnwlslung WiawResnmvedlassaiddaesauls

I1NNANITITENUIT AszrumuEnUssanm 2 WirvesiduiAudnaluandy
vie aruAningAvesandusuusimeiudsiidadiduduiumier Wugaiiaduasfuuss
éfmmuiuLLu’mUSUaaaugwuﬁﬂqmﬁwﬁssﬁummﬁﬂﬁlu q NTUALTIEIUNUTINET
sriluwaldunedt vdedidanandndeos duiuluniseenwuuiasuuseanduluduiumien
ngane Fisunsensevhdiudne enstinsaduusdidemedonisiumuluuddaiiiniy
 3¥AUANNANTINGH
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4.3 AIANAAAILIIFIUURUYBUENTUNGY

PNRaNIsANEIALEIRUSSEnIedeufimainudsvenandy wasuss
FumuAnlulusy nuiissduanudnuszana 1.0 m. SAgeninfiszduaiudndu 9
Fauszansamlunsiumuusansgyinsdudiswesandundgy fszduaudni Tagld
F3nsuuulauiaiiienin p-multiplier concept tniUSouiisufunanis@nensdianda
Lﬁa’ﬂu%’uﬁumﬁméauﬂgqL‘1/1‘1N°1 (Katzenbach, R. and Pokpong, S., 2005) wagidenldszyy
A9iAABufINIIE1uT1981983 (Reference deflection) fiszernisindeudiniednadieds
Wi 0.02D TagUszanas (Scott, V.M., 1995)

90

at depth z

—8—00m

—=—05m

Lateral Soil Resistance, p (kN/m.)

—&—1.0m
—o—15m

—4—3.0m

0 T T T T

0.00 10.00 20.00 30.00 40.00 50.00
Normalised deflection, y/D x 102

(n) L@ NTULAILTA

90

at depth z
—&—00m
—8—05m

—A—1.0m
—e—15m

Lateral Soil Resistance, p (kN/m.)

—&—3.0m

0 T T T T

0.00 10.00 20.00 30.00 40.00 50.00
Normalised deflection, y/D x 102

() LENTULDINA
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ynnTkansAUdITUS I uassevesadunguuazianduie Tunmil 7
WU SnTdnvessIuuRusuislunsdliadungy Welsuiunsdidiluineniu
fiAndndiuviniu 0.884 dmsulandunaausn waswiiu 0.772 dmSuanduuwaIvas

60

50 r

40 |

30

20 r

Lateral resistance, p (kN/m)

——single pile
10 ¢ —@— pile in leading row

—aA— pile in trailing row

1
1
1
1
i
1
1
4

0
0.00 2.00 4.00 6.00 8.00 10.00
y/D x 102 at Depth z = 1.0 m

a a a ) aa o ! 2 o
AN 7 ﬂ’ﬁLTJﬁ'EJ"UWlSU@umiﬂiﬂqu@\iLﬁqLGUlIﬂQlILLagLa']LSUNLWEJ’J

5. dgunauasn1saAuena
91NN15ANBINAZIATITNBUAIAIEITTMIIaTunguuazAugiusinlaeseu
meslnluiledmuiuuuaindfinudl mudningfvesanduiuusimisinudng Aeaaudn
uinalndifuiy Jaazilvuinvesduniiionganituinadu lnsaniziisziuaudn
1 a3 MNRIRWAY WUz 2 wiveadurAudnata iy NG LNURY
masudeiifidenisndeudivenanduivuiauiniige Weiussaunszrimisiiudig
unszvivethelavuiainamd 6 aediulddn Sunsitersenitauaniunasusinuniy
naiudsvesfulidnvugauduiudilidudunsadadu ludrausniinisindeusa
yesadufivunntes snnisiiinvesuansumuluuTuresRuaziinegIng)
LwazSuanasetwaiiios niaiieuiidiadl Wenisindeusveuandudvuiauinty
MNMsAnwINUIInussauuUsnzhelavanilvunngsganufing mineaiuaLeas
fvuanisiedeuinveaaiuetagsisiosas 10 voudusirgudnatsveaandy deo1adema
TiAnemwilaiiuag vioiadesnmuedlassaialasauld
dmsunsdinsfndaandungudiuiu 4 fu AnFeauvudniey Aldhnisine
Tuafaiinuin nisdouivveminsussnielunguandulidanuin Wefsusugiusn
andunguifivnalngnind Fanduiienfuwnsndursfemhousnszeduuina
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nhsnnianduluuamds SsaziAniliussiumuinseseuldiand sondiluandy
uonusnidntles WlevhmsAaFeufisussansnm viefguanAvoalssiunuAy
fudng agnud lulenduunmdaasdauszana 0.772 Jsinidnguandvosads
Tuuoausn dumneaaritlunsdiendunguussansanlunmsimmuiunsiudisesia
anasiantosdmiuiaidunamas lnoandulutousnaziinginssuadneadsiunsaliandy
REININNTNOIDY wazdundsanandunslungy Aflauddysodunsisenszning
@duseiuniglunguuaziugiusinlagseu Fedulunsoonuuuianduiuusingyiims
Frudnaiidasdlutuiunien Tsanslifauandvonanduunmdsgn lnediAmnmanss
nszvhdutafianduudagdusuimin faglddminnsgiiivaeafudmiuniseeniuy
dnlidanuduuwssnssiuwns sy
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UNANED
a o ‘&J v ] = 4‘ a v v v Ya
ns3deillaeanuuudiunauvestiaiiondalnii Tnsldyensnirnanduldan

o

FeiAdvlddmunguuuunsrandinaly 6 wuu dndrunsaanszningouzniniulddn
d8ell 1.1, 102, 1:3, 2:1, 3:2 uazd: 1 wiazwuvlUldnaasndanseualiinguivuas
24 Fu9 119NTIATIERSNTINAN BUUNUATATNY LAZTTEZLIANAUYY HANITNARDS
nudneindaia 6 wuu asaliarufeunazaiisussduiifissnotuaudesnns
Tumsudanszualaiindomasguuuuil 3 Tidmdanueuiougean uazinasisvasen
Hownds wazannseualnihiivngld Sovay 68.07 ilesainldeuenin 1 dausiolddn 3 daw
JeldArauiougegn uagylidunuvondomdsgedudinasonanisuosandoinas
wazanszudlatiinfiungld fedufifeTenumuioioudouiuny wasinesianudue
ymalAsuganans LUUTl 4 Tenndunanouunuionisamu (B/0) Wiy 1.33 uazsreziaa
n13AUNY (Payback Period) iU 3.93 U laefignsidiunanveneusning wazldan
2 : 1 dhw Jadunuuivnzaniign

AEARY: NMINERINTIN TR, dINNENYDITINIG, NMTIATIEAANUANAIMINATYAIENS

Abstract
This research designed a mixture of biomass to generate electricity using
coconut husk mixed with wood chips. The biomass mixing model took 6 forms, with
the proportion of mixing between coconut flakes and wood chips as follows: 1:1, 1:2,

1:3, 2:1, 3:2 and 4:1. Each model was tested for electricity production for a period of

NITIvINMIesAluladanavnsse I IngduTvaga1U
Y 12 adunn 2 nIngrAu 2562 - Sumu 2562



74 Industrial Technology Lampang Rajabhat University Journal

24 hours. To analyze the return on investment and payback period, the results showed
which of the 6 types of fuel mixture were able to generate sufficient heat and pressure
to meet the demand for electricity. The model 3 fuel mixture provided the maximum
heat energy with fuel that can be sold at a level of 68.07%. The use of 1 part coconut
husk and 3 parts wood chips increases the cost of fuel leading to a difference in fuel
cost and electricity that can be sold. When calculating the costs and analyzing the
economic value, the researcher determined that model 4 has a return on investment
(B / Q) of 1.33, with a payback period of 3.93 years. Therefore, the proportion of
coconut husk and wood chips (model 2:1) is considered to be the most appropriate.

Keywords: biomass power generation, biomass mix, economic value analysis

1. uni

Usendlneldidemadumananliidufisssumaniosas 70 uiiilesainaniu
Fosnslindsnuressemafiiuladunniu sunisvetefmiaasugia Taensensas
NAINUTUN N AaIWER TN (Council to reform the country, 2017) 31l 20 Ut
ururindandnliieglutag 2558 - 2579 sathllilindsnumadoniistufosay 25 (Wongsa,
K, 2014) neluszeziaan 20 U Jagtuillsslihanaietunaisuds uazdaulnady
Lsalwfingauna Tdngaredian Tudndy dudidn neanuiran wnau tewlll n1euening
nzamend W1et sudes yadnd Wudewds ananntanmielinnanisinunsisy
aunau eisnelunsudsliihanidemdsdnanielul wa. 2579 vesUsznalne
Baldimuaiidanisudaliiiiaindauna 138 5,570 wneind Sanmznssumsuloune
wFuwAmRiinsimunsasasudelniiaindanaluwuy AT 13ud wilgmndn
Ao vinuAauEoEdauaa vinstdountsiuie vinlilseiindamaasud srauilym
Frudeindslunisudnnszualui fadessunulunisdnniingiviaunaluiudiu
Hudeimdadses tieannismauaau uwazandunulumandnnszualid (Saennil, S. and
Kantangkun, P., 2015) ¥ngRusgnszdanszareninfiusiusanein fhiadnanetuagiy
gana WewmdstnaiinuduriliniswnndldauysabilfAnfsansususouenled
waznannszualniiianas dududeadinsuimsianisingiuiiieliiinaududnnnige
lneldiAsugA1ansunTATIERNIAUBATINANDULIY LALTZEZLIAIAUNUTRILATINIG
(Arjharn, W. et al., 2009)

mfeilfeenuuudunanvesiunandaliil WeAnwiessimaasugaans
yosmslidonadunsuannseualnih lngldyeuendridudomdmanidosninluiiuf
fnandnugniIeenuvIeIUIVIINLAZETIAIgN N1sidyeuenieginfgIUTEaNSaA N

o
v =

Tunsvianusouiionannseualviluifisme daiudedesmausulidngdadudamasnian
UaaX =

AUSauuInnIYN AU AN A nlunsi lul 183y a1nn1sAnwilselrdnsaidnw
lawmduremdmanildnsndanszualiil wazgeuendrududomdmay Weowssuiiiay

NINTIVINMIesAluladana NIt IinInedeTuagaU
U 12 adul 2 nIngnAu 2562 - SuNAY 2562



Industrial Technology Lampang Rajabhat University Journal 75

Frusandemdmdnazdsaiginitegiosar 52.38 uagindeaueiaruiousiafiu
oefSoray 42.74 fAdomuumdlunsdnsmsldidemasdunandnlunisdanseuali
snfunslfidomdauuunamilondnlnihivilslddunuiin

SedugitelFeenuuudunaussringliiintuyeusndriemdndiuiimnzauiian
Tunsudanszualifinlnenaassadnnszualninlundaziuy uvay 24 lus Wemuinm
i indale udwhnsFeufisunasiinmesinnudusmaasusaans

2. I1QUsLaAYaINITITY
2.1 iadnwzuwuunmsléidematuialunisudnlnih
2.2 9ANKUUAIUNANYDITRINGITING WAEIATIZVAIUANAININATESAENS

3. 35ATUUNNTIY

neifeilfidemdsTina 2 9da Ao 1dTn uazyeuendn lunsudaliih auufgiu
yoamsideiiflemdndiuvesdemastunafivnyauiivilfsnsdunansuunusienisamu
(B/O) gegn uazsrermAunu (Payback Period) tasfian ffeddunsunmsdniumsisedad

3.1 nsfnwuazdrsiatayanisuanluiinsaifne

TssuwdalwihdunansdAnulfieiosdudaliindideniuda 9.9 M/

las 50 Hz 1.5 kv Taslwilh@analdssuunmaunindasnsa (Direct-Fired) Tnevidoinds
Fawna Youzndn warli¥ninauiulusnsdmiimun uddndsshuameniundsiea
wlndl wdamsmanufeuiiAatulisuinlunsieleth (Boiler) aunanaiiuletnfisoudn
wardinaudugs lodiliAnduazdeludufoiuloiriidosgfuindessudnluiin
iWendnnszualniin delunisnanyeuznindvliFnaunsandnluildgeanmiidu
177.5 MW/fu 91nn1sAnsiuasifusivsinteya nisldideindmannssualali
nurtagtuluiuiiinisldidemaanisudnliin 2 vda Ao 1En dAmdsuaiuiou
7,650 Kcal/kg wagyausnin Amasuauiou 4,380 Kealkg (salnihdunansdlidng)
dusandoundusiazuia anmsdunivalid1vesuden geuznin s1a0 500 Um/Fu
wagldl@n 910 1,050 /iy wagsiaueliin 2.5 vin/Aladed (31AuevesusEnenyy)

3.2 MIDDNUUUAIUNFLTDUTBLNAS

(Kaiwan, Y., 2016) N1590NLUUNITNAGDY WUUADINGUUSOUINNTNTULAUNTS

NARDINTNSHIVUALIUNTNARBININAT 1 WUU uazIananIsnaaes elTeuiisumen
wan1avaaes lun1seenuuudlunanvenlemansglddnsdiunans sniteUunw
yongnifuliinananty felunsmandifeldtmuadadl ifilfe gouzninn 1
AulifEm 1 daw udnilunaaesawdalninlaginismaass 24 $alus wdnAvdoyanladi
fldndemdsdang mndufifeldfmusdadalaoifiuuimamedlsidnlu 3dlddunan
YosyeuznsiuliImly 1:2 waz 1:3 audiu waziwualaiuadadiulaenisldldiam
1dau wazyougning 2 dau udlunaaeswanlifinlngsiinisnaass 24 §2lu9
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waiudeyamlninldeningivdmia anduiideldmnvuedadiulaeiind3unames
YEULNII AUAIRU ANadeveIUsuIpeNen1d waslidn AlElunisvaass Auans
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M19197 1 9n3dIUNANTEINI YTy Ns N U LN

o . ARaBUSINATaIWE S (Fu/du)

SULUU INTIEIUNEN > = ”
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1 1:1 86.87 85.66 172.54
2 1:2 58.12 114.65 172.78
3 1:3 45.10 133.45 178.56
4 2:1 126.25 62.23 188.49
5 3:2 105.43 69.30 174.74
6 4:1 140.68 38.69 175.38

3.3 nansnAasuihdunFLYB Nt AT aalUNEAN TN
MNLUUSATEUNANYRLToIWE ileldluntsvnassnannseualniiiusuna
engni1AUliEndld uandumsed 1 Tasthuiinudemdsindslnihsefusuid
waauaLfou anuannsalunsudsiniiwazaldseaudomasely
FeuAAugeure NS eInAld 9N NSNAL Y LT BINE N dndIuT
wiarFULUY YeueniaiiaInusey 4,380 Keal/Kg wagld@nly A1minuseu 7,650 Kcal/Kg
IﬂEJﬁﬁWﬂ’JW%J%JEJUIUﬂWiVlﬂamﬂﬂJﬁgﬂ‘wmmeLLGiaBEULL‘U‘U Sauanslunind 1

MCal

1,400,000
1,200,000
1,000,000
800,000
600,000
400,000
200,000

0

1,131,637

1,035,789

1,218,475

1,029,034 991,928

912,156

JULUUT 1 JULUUR 2 guuuudl 3 gUluun 4 SULUUR 5 gULUUn 6

AN 1 LENIAIAINUSOUVDILYDNAINY 6 U

O aranuseu
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Tun1seonuuudIunaNrenTandsis 6 WUy awsamfunuvendeinds

Anszudlifinfinanld waglwihdinneld ddl

1) wuvdl 1 funswamdomndsseninegeuendig 1 dau delddn 1 dau
fdunuidondsosmeusnin 43,435 vin uarliin 89,943 um ansnsondanseualinly
161.5 MW/3u wazaeludnle 403,750 um

2) uwuudt 2 1 8unisuandendsseninayeuzniin 1 dru selidn 2 day
fdunuidondsesmeuznin 29,060 U waglidn 120,382 v anwnsondanszualndl
19 170.5 MW/3u wazweladinle 426,250 un

3) wuuil 3 Huniswamdendeseninsgeusndn 1 du delddn 3 du
ffunudemdsoseugnin 22,550 v uazldidn 140,122 U aansonEanszuali
19 177.5 MW/3u wazweladinle 443,750 uwn

a) wuud 4 18unisuandendsseninseuzninn 2 dau selidn 1 doy
ffunuidemaswesgauendn 63,125 v wagld@n 65,341 v aunsondanszualnihld
168.5 MW/3u wazaeludnle 421,250 un

5) wuud 51 8unisuandendssenitsgeuzninn 3 dau selidn 2 day
funuidemdswosgeuendn 52,715 v wagliBn 72,765 v annsandanszualniile
158.5 MW/3u uagangluihle 396,250 um

6) uuuil 6 \uniswamdeindeseninsgougndn 4 dwu delddn 1dw
ffunuidemdswesgeuenin 70,340 v wagliBn 32,224 v annsardanszualwiile
152.4 MW/ wazanglninle 381,000 v

3.4 malSsuifisudunuvestfomdsguuuungg

Tumsisuifisunfnsanandunuandomnasildlulunsudnnssuali
wagldnszualiiniiinlumeivessialuih sl ioldmmasiisuesnisadnnszualndii
Fauanslumsneil 2

M13199 2 AUVUYBATRLNES wazAnssualiihiuela

UL Andlamdsu) | welwildwm | wadas Gowag)
1 133,378 403,750 66.97
2 145,348 426,250 65.90
3 141,672 443,750 68.07
4 128,466 421,250 69.50
5 124,940 396,250 68.47
6 102,564 381,000 73.08

AT 2 WEAAIHARINNISHANNTEWALNHNVDIANTDINGS LazAINTLua lANER
Lavie 6 wuull wuuiiAnasinwIngn fie wuudl 6 Tnasneseninaunuendaiuen i
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fluneld fovaz 73.08 s0%aaude wuud 4 fuasssenitsdunuideimastualifinfivels
Joag 69.50 MUY
3.5 M193ATIZRANMNMNNZENlAEATNINIATEEANENS

nMsliesgimeiuassgmandiiieldlunisdnduladendenisnimanlui
Tneldidemaslunislfiannuiou uagdnsmanouwnuvesnisasmundanszualili
N1TIATIANNAULATYTAIAA ST AUIUMIAUUNISHEANTEualill (SuanSawat, R,,
2016) wisUszandunu 4 Ussian Toun 1) fuyuiuuys (Variable Costs) 2) fuyuasii
(Fixed Costs) 3) fiuvuiaaadl (Semi - fixed Costs) uag 4) FunuuaundafuyuAaiuLyS
(Mixed Cost #38 Semi-variable Costs) wag (Urajiraphongphan, S., 2014) LL‘U'W’T“LWWH’W
wameanidu 3 Uszian leun Fmgauniense (Direct Material) AM45997UN19A59 (Direct
Labor) wazaldd1en1swan (Manufacturing Overhead) wilonuldlunisAunadnsdu
HARBULNURDAUNY (B/C) WarTeeslianAunu (Yaemphuan, P., 2013)

1) mydnnesialdienmandslniilaelddemameuzninn uagliin lHan

(1) funuasivesmsudnliii (Fo) 1iun andousavoundssinslssliin

ﬂ'wLﬁ@MﬂﬂWLﬂ%awﬁmﬁ’]U%qw‘é Andeusinlsaieusang uazAdensIAYesTn (36N
sodBest)

- Andousiaiveaniosdnslsaluila wiafu 27,000,000 urn/Y
Tnefinnsanainsaveaadesdnsudanszualufiniidu 300,000,000 uin 8 1gnnslday
yoamzesdnslsdlulih Andl 10 U wazyarmnAniifevas 10 vesAATEaTNS

- ﬂlﬁL%@Ni?ﬂ?Lﬂ%@ﬂNﬁ@ﬁ’]U%@%é Wiy 90,000 U1n/U Taefiansanain
sndunuvesgUnsaiitlilumandmiiuiavsvindy 1,000,000 v ergnslduresgunsal
wami Anfl 10 U waryarienAniidosay 10 vesAAdnadng

- AndousiailsaFousias iy 90,000 v/ D Tnefinrsanainsian
dunuvedlsadoundnnszualii lsadoundni uaslsaFoufuidowds Wiy 10,000,000
um ongmsldaumeddsadou And 10 U uavyadwinAniidosay 10 vesalsadou

- AdeusIAve9sn (506N LaYIOSUABIUEN) Wiy 180,000 U9/
Ingfian5an9In51A1FUNUYDITD AU 1,000,000 UM 918n15lHuvessa Andl 5T
LazyaAeINAndiToBa: 10 Y8951AN5A

- ASIURARnTERalHN 1,200,000 U1n/U TRERANTUIRINAUIIY
Tunsiiweiedlsslifidiman 6 au uvadu 2 ng nzag 3 Au nih 2 Au A1use 480,000
U/ LheU LLazWﬁﬂmuLﬁum’%aq 4 AY ALY 720,000 UIN/LAaU

- An1® launeluayyn 10 U wirriu 3,000,000 um

Fatfu wasaudunuasiivity 344,370,000 v/ lEnkaTInvesAden
51 A-iaTesdnandnt Alsadeu A1sn AL wazAnE
(2) funurnLUTveINsHARNSERalNT (Vo)
- AndfomnAdliBn uasgeugndT Wity (1,050, + (500X,) Um/d
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- ehdauthgadnuilunswannszualaiinedsiyiniu 100,000 VAl
- ansflunisansesiiiusuaasviniu 48,000 v/l
- andsfufimasasnadestianads 20 85U Wi 252,000 U/
- anlwilutasiisdailgduedesiudalni winfu 1,800,000 vn/d
_ anmEneld 129% Anannasueliiiilaiaun [0.12(2.5%5)] U /Al
Sty AunNuURuLUS Wiy [(1,050X,) + (500X2)] + 100,000 + 48,000 +
252,000 + 1,800,000 + [0.12(2.5X3)]
(3) FunuTINVBINITHAANTZUabNTN
U (To) = Fuyuasd (FO) + Fuyuiuiys (Vo)
= 344,370,000 + [(1,050X;) + (500X,)] + [0.12(2.5X3)] + 2,200,000
e
X, = Usunauoslaidndils
X, = USnaoseznindld
X5 = USunaunseualnlfindinanle

M13199 3 wan1sAIUAUYUNIHER e LAz dTuNEY

Wondswaalnin | nszualiia Y 5 | Aunuudsiiu | dunusay
1 o s a a 4 ﬁunUﬂ\TVI 6 6
R TAGEY (AW/) TGREI 2 (x10° UM ( x10
o oo ” (x10° un)
f Idgw | veuzwd1n | (MW/24Hr) O ) ymA)
C
(Xy) (X2 (X3) (Vo) (To)
1 85.66 86.87 161.50 68.567 412937
2 114.56 58.12 170.50 75.382 419.752
3 133.45 45.10 177.50 34437 81.012 425.382
q 62.23 126.25 168.50 ' 67.541 411.911
5 69.30 105.43 158.50 65.356 409.726
6 30.69 140.68 152.40 56.324 400.694

6

2) MITRTEREnTIEILNaRR UL BAWNU (Benefit Cost Ratio, B/C) Wannszua i

N153LATITVIONTNAIUNANDULNUABNITAINY TITUIIIN NTBLARUANTIY

LY a

nszualuaniu yaArdagtunszualuandne wazyad1dagtunsruaiuansu unldm

9

9NTIAIUHANDUUVIUAITAU Al
(1) M3namaTuyardagiuveinssuatuansu (B) uandsaunsi 1

By

B = Z’?:l (10t (1)
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vual
B = war1atuvenseuatuansuvewsazy
r = Snmneniusunans Anfifesas 8
t = Vildlunisfionsan

(2) MmsrmwmraTInyar1agiuvenselatuandney () wandnaaunIsi 2

Ct
C=2t Gy @
Al
Ce = yaA1agtuvesnseuatuaningvetuiazy
r = Snmnenidusunans Aniifenas 8
t = Vildlunsfiansan

(3) MIAUWINMNTATIFIUNANDULNURDAUNY (B/C) UARIAIANNITN 3

naTmyardatiuvesnsvuaduansu (8)

B/C= (3)

naTmyardagtiuvesnsvuaiuandie (C)

(4) MIMUINMTEELLIAAUNU (Payback Period) wanasaaunisin 4

- . . nsTuaduanTvED
SY8LIANAUNY = NUINTNBUALNU + ——
! ’ nsTLaliuaAY

- ASNRITUNINTELANURRNDNY

o = AUNUAIN + Al
U7 1,2,3,4,5,7,89,10 = AUNUWUIHRY — Al
oy a v Y] |
e = AUNULUINY + A0
- NSRS UNNTELANURASU
Un 5 = selaarnnisuelil + Aennsa
A A | A )
Un 10 = NAMDULVUUY 10 + T1AIYAAIEINVDILATOIINT +

YaANYDIID

MnaNnsT 1 way 2 1WunsduamaAmasuyadagiuvsenssuaiuan
$u (B) waznanuyaragtiuveinssuaiuandne (O) wethluldlumsAmnamednsdan
NamBULMUsBAIYU (B/C) WAy syazanmuyu (Payback Period) fsaun1sil 3 ua 4 faegng
MsAmnauandumsei 4
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M15199 4 fMegmsiuiumeyandagiuresnsziaiuaning Ruansu uazszezia
AU VBIEIUNANTULUUT 1

U © | nssualu | nsswalu | nszud | nssua unm yaAn LY
dn3ngy dnu Rudn | WKuda | 093 UJagiu | Uaatu
x10° (C) | x10°(BY) | &w3 s | MYaAT | NITUERU | NITUERY
x10° | Jagdu | @ndny ansu
(@) | x10°(C) | x10° (By
0 346.170 0 -346.170 | -346.170 1 346.170 0
1 66.767 147.369 80.602 | -265.568 | 0.926 61.822 136.453
2 66.767 147.369 80.602 | -184.967 | 0.857 57.242 126.345
3 66.767 147.369 80.602 | -104.365 | 0.794 53.002 116.986
q 66.767 147.369 80.602 | -23.764 0.735 49.071 108.320
5 66.767 147.469 80.702 56.938 0.681 45.441 100.365
6 67.767 147.369 79.602 | 136.539 0.630 42.705 92.867
7 66.767 147.369 80.602 | 217.141 0.583 38.958 85.988
8 66.767 147.369 80.602 | 297.742 | 0.540 36.072 79.619
9 66.767 147.369 80.602 | 378.344 | 0.500 33.400 73.721
10 66.767 177.469 | 110.702 | 489.045 | 0.463 30.926 82.202
Wasu | 1,014.842 | 1,503.887 | 489.045 - - 794.814 | 1,002.867

HaTIlaaINN1sAUINIAIYaA1TATUYRIN STLARUANTNY RUAATU UALTYEELIATAY

& a o v o I ] ~ =~ Y a
VJUGU@QLGU@LWG\TWQ 6 EULLU‘U@QW’J@EJ'NFL'UGH?W\‘W] 4 QJ’]LLaWQL‘UﬁﬂULVIﬂU@NLLﬁ@QIUG]']TNVI 5

A135199 5 dnsrduNanauLnufani1sadu (B/C) warszugliatAuyu (Payback Period)

N LN GGGV AR

Founaud INTFIUNFNVRY | dnTIdIUNARBULNY | SEEzarAuny (V)
\Womas Aan1sasu (B/C) | (Payback Period)
(guuzwin : ldaw)

1 1:1 1.26 4.29

2 1:2 1.25 4.22

3 1:3 1.25 4a.14

q 2:1 1.33 3.93

5 3:2 1.27 a.27

6 4:1 1.32 4.08
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5. d3UNaLAZRAUTIENANTIVY

neideedailadnunisliidemas ilosanuuvdiunanvontomas wazmiuny
msudnliiingalagldnisiesgiaududmia (Ajharm, W. et al, 2009) lasanis
flsivanzauuinsamulaefinsananszegnansauyuiisnnnit 10 Y lassnshiamnsa
fiaudululalunisasudeldaiuisafunuldnasnszezinaivedlasanis 30 Y
wazlassnsfiuneanfollEnsmanauLLAYEn Loy srErnaALYUALAR 21NNNTBENLUY
drunauTaLdoInaIta 6 LUV wazvinasuRulATessULUAY 24 Falus LarTauianue
Tumsnaaoafurdomanlnih 144 dalus sUuuL 3 Wowddamdnueuiougean
1,218,475 Keal @nansananlnilala 177.5 Mw/3u waguieliinlaindu 443,750 uin
ffunuAntemaainiu 141,672 v udlisverdunu 4.14 U Woidsufisufuuuuil 4
firmdanuauseutaunit wanlwihlatdesndi uwidnsidiunanauunumanisawu (8/0)
geninudouiniu 1.33 uarszozinainisfunu (Payback Period) dugaviewiniu 3.93
idesaniAnmnuunnsamasnuUiinudunaivesyoueni AUl vl USInunslY
wannszualniirldvinfusandunuingduildndnliindsiamediudmaldguuuui 4
s manouuwny wassvozaAuiivanzauiigrlunmshdunaiesdoinadlulduanld

6. inANTIUUITZNA

iAdsidnsendldfisanueyeneinnn audspass wWasnans wazidmihi
wifnau veslsalwihdamnaildlideyasiie 4 lunsdaiiitendall veveunmumine1ds
FUSs wazAnizY maenaundngaTIimnssumans Alvmsatuayy (iTeniegndainnside
adaiinsandudselowd wanduwmdumshlvldiulsdwihdamasu 9 deld
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Effects of Foaming Agent Contents and Firing Temperatures
on Porosity and Density of Granulated Foam Glass Prepared
from Waste Glass
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Abstract

The purpose of this research work was to analyze production of granulated foam
glass (GFG), a lightweight aggregate used in cement concrete, using mixed waste glass
as the main ingredient. The effects of foaming agent content and firing temperature
on density and porosity of the GFG were studied. Dolomite mineral
and tapioca gel were selected as the foaming agent and the binding agent respectively.
Dolomite content was varied from 1-4 wt % while the tapioca gel was fixed at 35 wt %.
Firing temperatures used were 750 °C and 800 °C for 10 min. It was found that firing at
750 °C was more suitable than at 800 °C as the latter temperature led to non-uniform
porosity due to bloating. When increasing the dolomite content, the bulk density of
the GFG decreased while the porosity increased. The best condition obtained from this
current research was 3% dolomite and 750 °C firing as the GFG showed a desirable
bulk density of 0.54 g/cm’ and a porosity of 76% with a uniform pore structure. The
pore size of this GFG was mostly found to be in the 10 im range.
Keywords: waste ¢lass, granulated foam glass, density, foaming agent content, firing

temperature

1. Introduction
Waste glass has become an urgent environmental problem all over the world
due to its landfill spaces occupancy. The waste glass was regarded as “dangerous waste”

in Thailand so the elimination of this waste needs budgeting from local municipality.
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In practice, glass recycling occurs at a lower percentage than expected due to
limitation of the recycling process.In order to solve this problem, the use of waste
glass in other applications especially in construction has been proposed by many
researchers (Serpa et al., 2013, 489, Corinaldesi et al., 2005, 197, Rashad et al., 2014,
340). Waste glass may be crushed into desired size and added into the concrete recipe
directly in order to reduce the amount of fine aggregate used (Islam, et al., 2017, 38).
Another approach of the utilisation of waste glass was to use as the aggregate in
concrete for a more advanced purpose of thermal efficiency as well as thermal
insulation (Konig et al., 2018, 11143). In the method, waste glass was prepared as
“granulated foam”. Granulated foamed glass (GFG) has a lifespan equal to that of construction
materials, e.g., bricks and concrete (Kaz’ mina et al., 2011, 371).Foamed glass
is becoming increasingly common as an effective thermal insulation material.

Foam glass is a heterogeneous phase system consisting of the solid and gaseous
phases with low density, low thermal conductivity, low vapor impermeability, no water
absorption, incombustibility, good chemical resistance so | can be used as lightweight
(Chen et al., 2012,264).

The types of common foaming agents such as carbon, calcium carbonate
(CaC0s), dolomite and silicon carbide determine the composition of released gases
(Souza et al., 2017, 61). The amount of foaming agents used is dependent on the amount
of gases released and viscosity of the melting materials. Examples of the foaming agent
used are such as eggshell (1 - 30%) (Souza et al., 2017,60) to foam waste glass bottle
or 1% CaCOs; to foam waste glass cullet (Stiti et al,, 2011, 3384).

The foaming agent must decompose at the desired temperature, making
retention of the foamed structure possible. In order to achieve low density and uniform
pore structure, it is necessary to avoid collapses through coarsening of individually
created bubbles. Coarsening of bubbles occurs to reduce free surface energy.
To improve properties especially strength of the GFG, many raw materials such as fly
ash, rice husk ash, may be used as axillary materials in preparations (Chen et al.,
2012, 263, da Silva Fernandes et al., 2019, 77, Wang et al., 2018, 13681).

Naturally occurring dolomite-a double carbonate of Ca and Mg-CaMg (CO3); is
typically sedimentary rock associated with calcite, widely scattered in nature
(Gunasekarn and Anmalagan, 2007). The decomposition of dolomite started around
584 K and ended around 1119 K with multi-step reactions (Olszak- Humienik and
Jablonski, 2015) so it was suitable to use as the foaming agent for the mixed glass

types which sintering could occur at a various temperature range. The amount of
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dolomite used as the foaming agent in transparent waste glass reported was up to 5%
(Pokorny et al., 2011, 174)

In the present study, mixed waste glass from local municipals was used
as the main material for the preparation of GFG. Natural dolomite was used as the foaming
agent. Tapioca gel, because of its low price, was used as the binder for shape forming.

Preparation and characterization of the GFG are addressed in this paper.

2. Objectives

2.1 To study the potential use of mixed waste glass as the raw material
for the preparation of granulated foam glass.

2.2 To study the effects of foaming agent content and firing temperature

on porosity and density of the GFG.

3. Materials and Methods
3.1 Materials Characterisation and Preparation

The mixed waste glass was collected from Sansai municipality, Majan
District, Chiang Rai. Dangerous glass such as CRT tubes or fluorescent lamp envelopes
was separated, so mainly soda- lime glass was used as main starting material.
The collected glass was first clean and handed crush using a solid bar. After that coarse
grinding of the crushed g¢lass was done using a Hammer milling, followed
by ball milling for different lengths of time to obtain the desired particle size.
The ¢lass powder preparation steps are schematically displayed in Figure 1.
The particle size of the milled glass was analyzed using sieve analysis method,
the result is graphically shown in Figure 2 (a) and an example of glass powder particles

taken by an optical microscope is also shown (b). From the literature, GFGs with a

density of <150 kg m™> were obtained when the particle size is <33 Jlm (D50) (Konig
et al. 2016, 190). The milling time selected was thus 8 hrs.

1) Hand
crushing _ Ball milling
- Crushed glass >
Glass powder
(~2 mm)

2) Hammer

milling Sieve l
Glass powder

<44 ym

Figure 1 A schematic diagram showing glass powder preparation
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70 -

a M 4hr

Volume (%)

<38 37-43 44-100 101-150 150<

Particle Diameter (um)

Figure 2 (a) Sieve analysis result of the glass as a function of ball milling time, (b) OM
picture of the glass particles passed through the sieve #325 mesh-sieve after
ball milling for 8 hrs.

Dolomite clay which decomposes and gives out CO, gas was chosen as the foaming
agent. Chemical compositions (wt. %) of the waste glass and dolomite clay were
analyzed using X-ray fluorescence (XRF) and are shown in Table 1. X-ray diffraction
of the dolomite clay in Figure 3 indicated the existence of dolomite (JCPDS: 83-150)
with some calcite mineral (JCPDS:5-586). Decomposition of dolomite is shown in Equation 1
(Olszak-Humienik and Jablonski, 2015, 2239):

(CaMg(CO3),) —> Ca0(s) + MaO(s) + 2CO4(g) (1)
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Table 1 XRF chemical compositions (wt.%) of waste glass and dolomite.
Raw material SiOz | CaO | NaO | MgO | ALOs | KO | FeOs | TiO, | SOs | ZrO, | SrO
Waste glass 7210 1235| 929 | 374 | 1.23 | 044 | 042 | 0.1 [ 020 | 0.04 -
Dolomite clay | 0.71 | 80.05| - | 19.01| - - 0.19 - - - 0.04
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Figure 3 X-ray diffraction analysis of dolomite clay indicating the dominant mineral of

dolomite with some calcite coexistence.

3.2 Granulated Foam Glass Preparation and Their Property Testing

In order to select the proper preparation condition, dolomite was first
mixed at 1, 2 and 3% to the waste glass to make up the total weight of 100 sg.
The raw materials were mixed using a mixing machine for 3 min before being
compacted using uniaxial dry-pressing at 10 MPa into disks with a diameter of 5 mm.
From our previous studies, waste glass could be sintered at around 750 °C
(Wattanasiriwech et al., 2019, 012008) while some literature reported the sintering
temperature of 800 - 900 °C (Stiti et al., 2011, 3384) (Souza et al., 2017, 61).
The samples were thus sintered at 750 and 800 °C with a heating rate of 5 °C/min, 10 min
dwell time and a natural cooling.

Granulated foam glass (GFG) was prepared with the aids of tapioca gel
as the binding agent to suit the commercial manufacturing process. Glass powder was
first mixed with 1 - 4 wt% dolomite using a mixing machine. Tapioca gel was later
mixed 35 wt% to the mixture before granulating to spheres of around 5 mm.
in diameter. The granulated glass was fired at 750 °C with a heating rate of 5 °C/min

and 10 min dwell time.
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Bulk density (P) and true density (Q) of GFGs were measured based on 10
samples, following 1SO 5016:1997 (Shaped insulating refractory products - Determination

of bulk density and true porosity). Bulk density was calculated according to Equation 2:

P = M/Verg (2)

Where: m is mass of each GFG, Vgrg is the volume of the GFG determined
using water displacement when GFG was added to the water. Vgeg is the volume
difference between the immersed water and original water measure in the 10 mL
cylinder.

True density (Q) of the GFGs was measured using a Pycnometer with

a capacity of 25 ml. The true density was calculated according to Equation 3:

mq

Q= e—— Qiiq (3)

Where: Q is true density, Qg is the density of the liquid, my is initial mass
of test material, m; is mass of the pycnometer filled with a quantity of the test material
and with test liquid, ms is the mass of the pycnometer filled with the liquid used.
True density of the GFGs averaged from 3 samplings was 2.29 g/cm?.

The porosity of the glass foam was measured following the same standard
above. Porosity, TU; is the ratio of the total volume of the open pores and the closed
pores in porous body to its bulk volume. Percent true porosity, T,
is given by Equation 4 (Chen et al., 2012, 264):

m, = % X 100% (a)

where: P¢ are the true density of the foam glass (g/cm?), Pp are bulk
density of the foam glass (g/cm?)

4. Results and Discussion
3.1 Effects of the dolomite content and firing temperature
Figure 4 shows GFGs prepared with different dolomite clay amounts
(denoted as GFG1, 2, 3) and two firing temperatures of 750 °C and 800 °C (denoted as
GFGx-750 and GFGx-800 respectively where x represents the amount of dolomite clay

addition). The GFG was compacted without any binder. The result suggested that firing
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at 750 °C was more suitable than at 800 °C as the porosity was more uniform and
bloating was not yet observed. At 750 °C, foaming was more progressive with increasing
the dolomite contents, as it was suggested by the size change and also by the thinner
crust thickness. Glass expansion was caused by the release of decomposition gas from
the pore-forming agents when it showed suitable viscosity (da Silva Fernandes, 2019,
80)

GFG1-750 GFG2-750 GFG3-750

Figure 4 Effects of dolomite clay content and firing temperature on foaming characters

of the GFG prepared by compaction.

Figure 5 shows GFGs prepared with different dolomite clay amounts (denoted
as GFG1, 2, 3, 4) and with 35% tapioca gel. The GFGs were fired at 750 °C At 1%
dolomite clay, foaming had only slightly occurred. With Increasing the dolomite clay
content to 2 or 3%, foaming became more uniform, but when further increasing
the dolomite clay content to 4%, some bloating could be seen.

Bulk density as a function of dolomite content in the GFGs prepared with
tapioca gel binder is graphically displayed in Figure 6. The result shows that with
increasing dolomite contents from 1 to 2%, bulk density was dramatically reduced
from 1.55 g/cm? to 0.87 g/cm? and continuously decreased to 0.58 g/cm? and further

to 0.39 g/cm’ at 3 and 4% dolomite content respectively.
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Figure 5 Effects of dolomite clay content on foaming characters of the GFGs prepared

with tapioca gel binder and granulation by hand.

These GFGs were compared to those reported in the literature. The bulk density
values of our GFGs produced with 3 and 4% dolomite clay conforms to the foam definition
and are close to those reported previously (Konig, 2018, 11146, Arcaro, 2016, 1067).
However, the use of 3% dolomite clay for the GFGs preparation gave a better uniform

pore structure so it was more desirable.
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1 .
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Figure 6 Effects of dolomite content on the bulk density of the GFGs prepared 35%
tapioca gel and 750 °C firing.
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The effect of dolomite content on true porosity, calculated according
to the Eq. 3, of the GFGs prepared with tapioca gel binder is graphically displayed
in Figure 7. It was shown that the only GFGs prepared with 2 - 4% dolomite clay were

suitable because they exhibited porosity greater than 50%.

=
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Figure 7 Effects of dolomite content on true porosity, calculated according to Eqgn. 3,
of the GFGs prepared 35% tapioca gel and 750 °C firing.

The pore size distribution of the GFGs prepared with 3% dolomite clay
was further analyzed using Image-J software equipped to an optical microscope
and its result is graphically shown in Figure 8. The main distribution of size was
between 10-100 Wm, with the highest number of size fell at 10 llm. This result showed
that most pores were small in size and its distribution was narrow, suggesting possible
use as the foamed materials. The work by Konig et al. showed that particle size of the
glass cullet had a deep effect on pore size of the glass foam (Konig, 2016). The foaming
was mainly caused by the reduction of manganese. When particle size of the cullet
was <33 Mm, foam glass showed a homogeneous pore distribution and a major
fraction of the pores were smaller than 0.5 mm. Only when using the smallest particles
(13 \m) did the pore size increase to 1 - 3 mm. due to a faster coalescence process
(Konig, 2018, 11146).
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Figure 8 Pore size distribution of GFGs, as analyzed using Image J software. The GFGs

were prepared with 3% dolomite clay, 35% tapioca gel and 750 °C firing.

5. Conclusions

This research showed that mixed waste glass could be used for preparation
of GFGs. The proper amount of dolomite used was found to be 3% at 750 °C firing for
10 min. With this amount of the foaming agent used, GFGs had a bulk density
of 0.54 ¢/m> and true porosity of 76%. Further testing of mechanical and thermal
properties will be needed in order to assess quality of the prepared GFG and to
incorporate it as lightweight filler in mortars. However, from literature, when the
granule size was less than 10 mm, mechanical property test became difficult
and was omitted (da Silva Fernandes 2019, 79). Bulk density and porosity of the GFGs
reported in the literature were ranged from 0.27 g/cm3 (Bai et al., 2014, 52),
0.46 g/cm?’ (Zhu et al., 2016, 398), 0.59-0.87 g/cm? (Chen et al., 2012, 3). The reported
porosity values were 81.55-%(Bai et al., 2014, 52), 60-95% (Souza et al., 2017, 60),
52-62% (Chen et al., 2012, 3). The porosity and density of the GFGs prepared in this
research were thus comparable to the reported values so the use as lightweight
aggregates could be possible. The use of mixed waste glass to create the GFGs will not
only reduce the negative environmental impact but will also create a useful material
as fire-proof insulation.
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Abstract

This research was a comparative study of H350R and E8016 electrodes
in surface hardfacing welding of 100 pound/yard railway made from shielded metal
arc welding. The penetrant testing to examine the surface found a 5 - 8 millimeter
crack from welding with electrode H350R, but no crack or porosity from welding
with electrode E8016. From the macrostructure examination, there was no recognizable
crack or porosity. The microstructure examination showed that welding with both
electrodes produced pearlite structures. The crack width from welding with electrode
H350R was around 500 - 1,200 microns. However, microstructure testing of the heat-
affected zone showed that there was no crack from welding with either electrode.
The microstructure consisted of ferrite mixed with a martensite structure evenly
dispersed. However, in the welding with electrode H350R, the martensite structure
was smoother than in the welding with E8016. This was because E8016 contained
a large amount of silicon and manganese giving it a rougher grain, directly affecting
friction resistance, tensile strength and vibration. It can be concluded from the study,
therefore, that the H350R welding electrode is not suitable for 100 pound/ yard
railway surface hardfacing welding.
Keywords: surface hardfacing welding, type of welding electrode, shielded metal arc

welding
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1. Introduction

Logistics management in both national and international level is currently
trendy and continuously developed. Due to the analysis, choosing appropriated
transportation for products and business need is a way for making the most effective
cost with various major systems: water, land and air transportation. However, when
discussing popular logistics in the country that is able to carry a large amount
of products and passengers, it is definitely a railway system. Its wide range of beneficial
characteristics includes engine, containers, a lower portion, and a railway system
which has to receive the weight of the train (Parighatprecha, R. Suthasupradit, S.
Paoleng, P., 2014). The loss of railway’s usability mostly occurred in welding line and
rail’s surface where wheels connected to rail’s surface while moving. This research
focuses to study the trail-like damaged surface which occurred from the rubbing
between wheels and rail’s surface.

Information from the Khon Kean Permanent Way Maintenance Division, State
Railway of Thailand mentions problems of wear and tear on the surface of railway
that occur from accelerated speed of train while moving from a station or up a hill
that uses traction of the whole train procession. Although there is a regulation
for speed acceleration while moving out of a station, it is impossible to obey since some
train processions gain more weight than usual, and with that regulated speed, they
are not being able to move out of the station. Consequently, speed acceleration
beyond regulation is necessary and this causes wheel-spin condition while it is in
motion. This problem directly affects wheel and surface (Correa, N. Vadillo, E. G.
Santamaria, J. Herreros, J., 2016). After that, the Permanent Way Maintenance Division
has to change the rail because it contains trails from erosion and cracks from
inconsistent vibration. Accordingly, this fundamental study proposes the idea
to solve this problem with railway hard-surfacing welding with Shielded Metal Arc
Welding. Surface hard-facing welding is a process of filling the material from welding
electrode to cover flaws on rail’ s surface. Meanwhile, during the welding period,
there is a limitation on heating before and after welding. Heating while welding
and cooling down with contraction of welding joint could cause crack after welding.
The welding that the Maintenance Division of Khon Kaen Province uses is the shielded
metal arc welding with H350 electrode which affects cracking after welding.
Therefore, selecting appropriate welding electrode is also an important role
in surfacing hard-facing welding. Because the H350R electrode has good wear resistance,

and E8016 electrode has a high tensile strength, they are chosen for this research.

NITIvINMIeuseluladana sy I Ing1aesvigaU
Y 12 adunn 2 nIngrAu 2562 - Sumu 2562



98 Industrial Technology Lampang Rajabhat University Journal

2. Objective

2.1 To study suitability of H350R and E8016 electrodes for surface hard-facing
welding that does not produce crack

2.2 To compare results from variables of surface hard-facing welding in metallurgy

structure of 100 pound/yard railway by Shielded Metal Arc Welding

3. Methods
3.1 Materials

The materials in this experiment was standard railways UIC 100A (Railway
size 100 pound/yard) with chemical composition as shown in Table 1. As the steel
railway has high level of carbon and manganese, it directly affects the capability
of welding in relation to heating process in before-midst-after welding. Selecting
a wrong welding process or inappropriate variables may produce crack in the surface
of railway. Moreover, this railway steel has high tensile strength of 880 N/mm? with 10%
Elongation and hardness of 309 HV. It is definitely significant to select the type
of electrode with chemical composition as specified in Table 1 and similar mechanical
properties as the railway material. Since the component of welding electrode mostly
affects mechanical properties, the hardness after welding must not exceed
the hardness of wheel ring of the train at 350 HV (Herbst, B. 1998) in order to protect
the wheel ring from erosion while rubbing. Hence, this research prepared the experimental

working piece of 200 millimeter in length.

Table 1 Chemical composition and filler metal (wt%)

Material C Si Mn P S
UIC 100A 0.60 - 0.80 | 0.10 - 0.50 | 0.80 - 1.30 <0.04 <0.04

AWS E 8016 0.08 0.52 1.20 0.016 0.010
H 350R 0.14 0.45 0.54 - -

3.2 Welding parameter
1) Shielded Metal Arc Welding.
2) Welding Wire with tensile strength AWS E8016, 4 millimeter.
3) Hard surface welding wire GEMINI grade H 350R, 4 millimeter.
4) The experiment was repeated 3 times.
5) Welder with Skill Development Standard Level 1.
6) Examine the top welding surface with penetrant testing (PT).
)

7) Examine the cross-section surface with penetrant testing (PT).
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8) Examine the macrostructure and microstructure of welding with optical

microscope (OM).
3.3 Surface hard-facing

This research used surface hard-facing welding of 100 pound/yard railway
by Shielded Metal Arc Welding as shown in Figure 1 (oval) which based on arc
welding between welding electrode and working material (Railway’s surface). In arc
welding, metal component from the electrode will be filled in the railway’s surface
covering 1 layer of welding line not over 80 millimeter. This is based on an examination
of the impairment of surface with not over 60 millimeter length and not over
3 millimeter depth - fundamental information gained from the Khon Kean Permanent
Way Maintenance Division. Flat welding (PA) by ISO standard used arc spacing
of 2 millimeter, tile angle of welding electrode of 60 - 75 degree for metal filling
and dispersing in the direction of welding line, welding with electric current
of 130 Ampere, DCEP welding current, and invariant welding speed of 200 millimeter
/minute. Warming the working piece before welding at 250 °C for 10 minute (Zerbst, U.
Lund, R. Edel, K.O. Smith, R.A., 2009) with oxygen-acetylene gas (Carburizing flame)
was recommended to disperse the heat in the surface area of railway. Temperature

was tested with K Type Infrared Thermometer.

Figure 1 Surface hard-facing welding of 100 pound/yard railway

3.4 Preparation of test pieces after welding
The working piece preparation according to ASTM standard was examined
as shown in Figure 2. The working piece A was examined by penetrant testing (PT),
preparing by rubbing with sandpaper no. 150 - 1,200. Then the welding surface on top
and cross section was examined. The working piece B was examined for metallurgical
structure with 6 spots in weld zone (WZ) and Heat affected zone (HAZ), preparing
by rubbing with sandpaper no. 150 - 1,200 and rubbing the surface with alumina
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oxide 1 micron. After that, abrade the surface of working piece with 2 ml Fluor-hydric
acid diluted solution concentration, 5 ml of Nitric acid and 200 ml of distilled water.

Then wash with alcohol and water, as well as dry blowing.

((((((((((((((((((C:

(e,
e,

Piece A Cut Piece B

Figure 2 Preparation of test pieces after welding

4. Results

4.1 Examining surface of the top welding zone with penetrant testing found
that there was 5 - 8 millimeter long crack in welding zone from welding with
electrode H350R, but no crack in the welding zone from welding with electrode
E8016.

4.2 Examining surface of the cross section welding zone with penetrant testing
found that there was 1 - 2 millimeter long crack in welding zone from welding with
electrode H350R occurred while welding. However, there was no crack or porosity
in the welding zone from welding with electrode E8016.

4.3 The macrostructure examination found that there was no recognizable
crack or porosity. However, in welding with electrode H350R, the heat-affected zone
(HAZ) was narrower than welding with E8016 electrode. This was because
the chemical property of H350R electrode has more carbon than E8016. This caused
the low melting point which affected the capability of welding.

4.4 Examining the welding zone found that both electrodes consisted
of Pearlite structure. From welding with electrode H350R, there was crack around
500-1,000 micron. Hence, the electrode H350R was not proper for surface hard-facing
of 100 pound/yard railway. The microstructure in heat-affected zone showed no crack
from welding with both electrodes. The microstructure consisted of ferrite mixed
with martensite structure evenly dispersing. From welding with electrode H350R,

the martensite structure was more smoothly than welding with E8016, which
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has much more amount of silicon and manganese and its grain was rougher than
welding with H350R.

5. Conclusion and Discussion
5.1 Examine the top welding surface with penetrant testing (PT)

From examining the top welding surface with penetrant testing in welding
with H350R, there was 5 - 8 millimeter long crack in welding zone as shown in Figure
3 (oval) because of residual stress from cooling after welding. This caused contraction
in welding zone and became crack (Poznyakov, V.D. Kiriakov, V.M. Gajvoronsky, A.A.
Klapatyuk, A.V. Shishkevich, O.S., 2010). Later, this crack affected vibration while
the train was moving with faticue and increased cracks throughout the railway.
On the other hand, there was no error in welding surface while welding with
electrode E8016.

Welding electrode of H 350R Welding electrode of E 8016

10

Figure 3 Examine the top welding surface with penetrant testing (PT)

5.2 Examine the cross-section surface with penetrant testing (PT)

Welding electrode of H 350R Welding electrode of E 8016

Figure 4 Examine the cross-section surface with penetrant testing (PT)
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From examining the cross-section surface with penetrant testing in welding
with H350R, 1 - 2 millimeter long crack was found in welding zone as shown in Figure
4 (oval) which occurred while welding in each line and the crack was on top surface
of the welding zone. Because heating level in welding space was definitely different
(Hee-jin, L.Hae-woo, L., 2015) and the property of electrode with high amount
of carbon caused contraction of welding substance, it was less flexible than E8016.
From welding with electrode E8016, the welding line was more harmonious
and there was no crack or porosity. This was because of mechanical property of high
tensile strength and flexibility of the electrode.

5.3 Macrostructure examination

From the macrostructure examination shown in Figure 5, there was no
noticeable crack or porosity. However, the heat-affected zone (HAZ) in welding
with electrode H305R was narrower than welding with E8016. This is because
the chemical property of the H305R electrode had more carbon than E8016. Its melting
point directly affected heating while welding (Hee-jin, L. Hae-woo, L., 2015) that also
decreased the capability of welding. However, from examining welding zone
and heat-affected zone in welding with both electrodes, there was no crack line in both

areas.

Welding electrode of H 350R Welding electrode of E 8016

WZ

Figure 5 Macrostructure examining in welding zone (WZ) and heat-affected zone (HAZ)

5.4 Microstructure examination
Figure 6 showed the microstructure examination of base metal of railway
steel 100 pound/yard which primarily consisted of Pearlite structure (black and white)
which related to shape and space. The black area was Cementite (FesC) and the white
area was Ferrite (Q) (Allie, A. Aglan, H. Fateh, M., 2010). Since the microstructure
consisted of Pearlite structure around 85 - 95% , this railway steel had high mechanical

properties in both hardness and tensile stress.
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Cementite (Fe:C)

Figure 6 Microstructure examining of base metal (BM)

Figure 7 was the microstructure examination of welding zone. The structure
of welding with both electrodes consisted of Pearlite structure (black and white).
This occurred from slow cooling mixed with Banite structure (Black) (Wetscher, F.
Leoben., 2007). Some parts might cool speedily due to the amount of carbon from
railway material and electrodes. In addition, in welding with E8016 which contained
high amount of silicon (Si), the grain was rougher than welding with H350R. However,
welding with H350R caused 500 - 1,200 micron wide crack (oval) in welding zone
which correlated to results from the investigation of welding surface with penetrant
testing. As a result, it could be seen that welding with H350R electrode was

not suitable for surface hard-facing welding of railway steel 100 pound/yard.

Welding electrode of H 350R Welding electrode of E 8016

Figure 7 Microstructure examining in welding zone (WZ)

Figure 8 showed the microstructure examination in heat-affected zone.
There was no crack from welding with both electrodes. The microstructure consisted
of Ferrite (white) mixed with Martensite (black) evenly dispersing. This occurred
because of the rapid cooling down (Amini, K. Bahrami, A. Sabet, H., 2015). On the other
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hand, Martensite structure in welding with H350R was more thoroughly than with ES016.
This is because the amount of carbon in the electrode affected phase change
of heating process to be more Martensite. However, in welding with E8016 with a large
amount of silicon (Si) and manganese (Mg), the grain was rougher than welding

with H350R. It also positively affected friction resistance, tensile strength and vibration.

Welding electrode of H 350R Welding electrode of E 8016

Figure 8 Microstructure examining in heat-affected zone (HAZ)
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