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Abstract

At present, waste collection is a routine and one of the major municipal functions
that needs to improve efficiency. Tha Ruea Subdistrict of Phra Nakhon Si Ayutthaya
Province aims to improve efficiency of the vehicle routing of garbage trucks. Therefore, the
objective of this research is to suggest the optimal route by dividing this study into two
scenarios: Scenario 1: re-route based on four original route zones (A - D zone) and
Scenario 2: combining into 2 route zones (E and F zone) before re-routing. This research
compared the original transport routes with the Nearest neighbor algorithm, Saving
algorithm, Evolutionary algorithm, and Linear programming method. The results concluded
that in the first scenario, the Linear programming approach provides the shortest routes in
all zones and shows the same route based on Evolutionary algorithm for C zone by
reducing the total distance by 0.25, 1.67, 0.72, and 0.7 kilometers, respectively. For
Scenario 2, use routing zone integration by merging zones A and B into route E zone and
combining zones C and D into route F zone. The study found that the Linear programming
approach results in the shortest route in both zones, which can be reduced from the
original route by 16.51 kilometers and 15.39 kilometers, or by 43.54% and 38.15%
respectively. The total distance was reduced from 78.27 kilometers to 46.37 kilometers

per day or decreased by 40.76%.

Keywords: Vehicle routing, Saving algorithm, Nearest neighbor algorithm, Evolutionary algorithm, Linear

programming method
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JUT 4. Funmaiuveedia 4 oy

M15:97 1. doyan1sdnidumuusaussnnuesyadeslulagiu

Twdung Ag (AN.) F1WIUIN 538NN () whwiin (an.)
A 6,000 12 17.40 2,261
B 6,000 12 20.52 2,434
C 6,000 14 20.35 2,232
D 3,000 4 20.00 1,136
37 42 78.27 8,063
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unadagiuain 20.35 Alawns wide 19.63 Alawns @a1anas 0.72 Alawns niefAaly
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A157°99 2. HaN15In LﬁumamiLﬁumﬁxmqmﬂsﬁuﬁmmwaﬁmumﬁﬁm

Twu Wumaiusanle s28gn (ha.) [Unuiln (An.)

o

ad a o/
q5anasnuLUUUsEhREn

A 0-AT-A8-A6-A9-A10-A12-A2-A11-A5-A1-Ad-A3-Usueg-0 19.23 2,261
B 0-B5-B6-B7-B9-B4-B8-B3-B11-B12-B1-B2-B10-Usuez-0 21.94 2,434
C 0-C8-C11-C10-C12-C13-C9-C14-C7-C6-C5-C3-C4-C2-C1-Unuez-0 21.05 2,232
D 0-D2-D3-D1-D4-Upveiz-0 19.85 1,136

39 82.07 8,063

aa o o yal
Winoudulndian

9

A 0-A1-A4-A5-A6-AT-A8-A9-A10-A11-A12-A2-A3-UpU8-0 17.15 2,261
B 0-B1-B10-B2-B3-B4-B8-B7-B6-B5-B9-B11-B12-Uaue)y-0 19.64 2,434
@ 0-C1-C2-C3-C4-C5-C7-C8-C11-C10-C9-C14-C13-C12-C6-Unves-0 19.86 2,232
D 0-D1-D4-D3-D2-Upv8s-0 20.1 1,136

3 77.75 8,063

AT AITRAUINTG

A 0-A1-A5-A6-AT-A8-A9-A10-A11-A12-A2-A3-Upez-0 17.41 2,261
B 0-B1-B10-B2-B3-B8-B7-B9-B4-B6-B5-B11-B12-Uavez-0 19.80 2,434
C 0-C1-C2-C3-C4-C5-C6-C7-C8-C11-C10-C12-C13-C9-C1a-Upuag-0 19.63 2,232
D 0-D1-D4-D3-D2-Uavez-0 20.1 1,136

34 76.94 8,063

WUsunsudadu

A 0-Ad-A1-A5-A6-AT-A8-A9-A11-A10-A12-A2-A3-Upuez-0 17.15 2,261
B 0-B1-B10-B2-B3-B8-B4-B5-B6-B7-B9-B11-B12-Uav8s-0 18.85 2,434
C 0-C1-C2-C3-C4-C5-C6-CT-C8-C11-C10-C12-C13-C9-C14-Uavgz-0 19.63 2,232
D 0-D2-D1-D3-D4-Uavez-0 19.30 1,136

374 74.93 8,063

94



NIANTIMEIEanTaInsEds U0 33 atuil 1 Wweuunsiau - Tquieu 2567

Journal of Science Ladkrabang Vol. 33 No. 1 January - June 2024

3.3 Han15nLEUN1aAu U uNnI9ivg

PINEUNNNTINTIATIEALU DY 4 Tounaunting nunundnvessiuwiaslsuduni

ganirdmidngeaaisousiazauussnala Mef3desldiausuuiminisulsuieandiuiu

sausINNTeral uwardutunsansseznanazaldiiglunsiaivueglidndie §iderinisine
nesleuieglndidssiudrlidetu 99ngud 4 wudn Tvu A waslou B dfuivudoutuuas
winzaufiaziinsamty vlidsvesnedagiuny 37.92 Alawes @30 2 fu) dndhaeze
4,695 Alanfu wazSendelmiinleu E antanhnssaleu C waslou D W idefudedissoyma
Uaqiusiu 40.35 Alawns Lariwtinueysan 3,368 Alandu uazFundeluulvaiin Ty F enns
sullewhlisinuuesiidesusmmnniuuddslifuanuguessaussnd 6,000 Alandu a1ntu
Foihnsdadumislusilou £ uaz Tou F de 4 Bdnandnads uansmaniaufoudioufmaed

3 uargui 10 lawan1sAnydsil

A19197 3. KaNTFIAEUNIIMSIAUTETRUUT I

o - Ty seavng | vmiiin
T wunnaiusala
(nw.) (nn.)
5danasiunuuUsEndn
E 0-B5-B6-B7-B9-B4-B8-B3-A7-A8-A6-B11-B12-A12-A10-A9-A11-A2-A3-A1-B1-B10-
, 2557 4,695
A5-Ad-Uaee-0
F | 0-C10-D2-D4-D3-D1-C11-C8-C7-C6-C5-C4-C12-C13-C9-C3-C2-CL-Uae-0 2679 | 3368
39U 52.36 8,063
Wiwaudulndiga
E 0-A1-Ad4-B1-B10-B2-B3-B4-B8-B7-B6-B5-B9-A6-A7-A8-A9-A10-A11-A12-A2-A3-
, 23.66 4,695
A5-B11-B12-uawez-0
F 0-C1-C2-C3-C4-C5-C7-C8-C11-C10-C9-C14-C13-C12-C6-D1-D3-DA-D2-Unv8g-0 26.79 3,368
374 54.45 8,063
ABNSVIIIAUING
E 0-A1-Ad4-B1-B10-A6-A7-A8-A9-A11-A10-A12-A2-A3-A5-B2-B3-B9-B4-B8-B7-B6-
) 24.79 4,695
B5-B11-B12-Uaweg-0
F 0-C1-C2-C3-C4-C5-C6-C7-C8-C11-C12-C10-C13-C9-C14-D1-D2-D3-DaA-Uaueg-0 25.03 3,368
39U 49.82 8,063
FBWsunsuBadu
E 0-A4-A1-A11-A10-A12-A2-B12-B11-A9-A5-A6-AT7-A8-B9-B7-B6-B5-B4-B8-B3-B2-
) 21.41 4,695
B10-B1-A3-Uav8e-0
F 0-C1-C2-C3-C4-C5-C6-C7-C8-C11-C10-C12-C13-C9-C14-D1-D2-D4-D3-Unv8g-0 24.96 3,368
39U 46.37 8,063

95




NsaFIneranianansys 7 33 atuil 1 ifeunnsia - Sguneu 2567
Journal of Science Ladkrabang Vol. 33 No. 1 January - June 2024

4760 40.35
40 :
—~ 30 0557 26.79  26.79
= 2366 2479 25.03 24.96
c 21.41
z
< 20
39
ol
?rz
10
0
9 a @ E A o A o F aa A Y Al oa
dwmadusndagin Jteanasnuuuulsznga B Sewunlndfige
H imadeiiamns B 35mslUsunsuiBadu

JUT 10. Wisuisusssgmenaifusalureanisyanlaulasudadu 2 lsudums

'
a

ofimsantulsudums £ alvu A waglou B) aansauanadumsnisiivues sy
11 uaznuiislusunsudadulinasuszosmaiidnfiane 21.41 Alawns sesaqnfeififiou
ﬁwuiﬂé'ﬁqﬂ 5n19@TwUINS wazdSdanasnuwuuUTEndn Andy 23.66, 24.79 waz 25.57
Alawuns pudnsy fadusennsldisiusunsudadunnldlunsiadumsdulsy £ Ssamnsaan
S¥HEN199n 37.92 Alawns e 21.41 Alawns Anduszozmsiianals 16.51 Alawns Amdu
Sovay 43.54

dmsunavesn1sdatdunsiudliuanloy F (5aulou C waglyu D) wuln olusunsudaduln
NaTINTTEEMeTsAgauieIiuley E lnsuanadunsnsiivuesldsgud 12 Tnedszozsma
Wy 24.96 Alalwns s8aNABNTTAEUNIEEIENSTI S Andy 25.03 Alawns dw
Fiileuthulndfianuazissanasfunuuussndaldsvormaviniu 26.79 Alawns dafuFeansliis
TUsunsu@sdumndnEumsiulou F uagaiunsnanssezn1eann 40.35 Alauns (sauleu C Lay
T D) asnde 24.96 Alawns Andusseznafianadld 15.39 Alawns Andudesas 38.15

96



NsaFIneranianansys 7 33 atuil 1 ifeunnsia - Sguneu 2567
Journal of Science Ladkrabang Vol. 33 No. 1 January - June 2024

UM 12, @une F (dums C saafuldunie D) e slusunsudaduy

97



NsaFIneranianansys 7 33 atuil 1 ifeunnsia - Sguneu 2567
Journal of Science Ladkrabang Vol. 33 No. 1 January - June 2024

4. a5Unan1TIeuazlalauBLUL
MNNsANINITIAdUNINsivvezyalosveunauaiuanise sunevinie Ywmin
wizuAsAIeyse asunaninTeuiieuisnsdaduneninfuresis 4 35 eseneudaei’
Sane3Tuuuudszndn Wieuthulndiian Bmaddiiauns uaisTusunsudadu aguldded
nsdlil 1 etidumsiagtuiimanaunaiinisdalivi 4 lwuaisufsusudunisd
mafiToiauafudumadminnusazlsuduns nuindumaeildannisTusunsudadulina
Anmsdadumalutiagtulunaleuduma lusasiTssanesiuuuusendnlinaininisdagiu
nnzleu D Fiiteuthulndiigauasitnisidedsamnnslinadniisdeqtuamslvu Alvu B
uay Ty C 3dlddoasuilusunsudaduivisimnzaniian uonanddmuiinmsdadumly
Tou D Winansdnidunsudazislinalndidssiutuidumsilieglutagtu iosnidulsuid
Funugarveriosuazidumslidudou luuueiloudu 4 madadumafieiiiiaueaunsn
Tnadnddumaildogagiu
nsdlfl 2 Wordumatingtiuis 4 ey saulsulvindeidios 2 lou dewhnsdadumaln
Fedsnseng 1 finanandunudt nnisliuansdiadundeesuiszesmedesnindumaly
Jaqtuindadu 4 Tou Ineisnsiliassosmeiignuesis 2 Teulvl Foislusunsudadu 39
aonndestunadnsililunsinuinsdlil 1 Tnelinasiussesnsiiduiian Andu 4637 Alawms
FoaAe 3519393 Tmuins Andu 49.82 Alawns 35danesfiuuuulssnda Andu 52.36
Alawas uazdiugevinedoTsiieutulndiian Andu 54.45 Alawns
definsanmsiadummdsannssaleudulou £ uazlou F fe3lusunsudadus
ldlumsyalsuanansoanssesnansanifuiifssesmenuiomn 78.27 Alawns wie
Wi 31.90 Alawnssiedy @1ndunialey £ 16.51 Alawns wavanduniseu F 15.39 Alawns)
LLaswmf-ﬁ’m’ammmLﬂmﬁﬁmm§uL‘Ufﬂ'aﬂﬁwﬁwuaqsaminﬂmaz‘ﬁ‘w&wﬁu 3 Alaluns/ans isan
insfufiea 32.44 vinaedns Wuszeznan 1 1oy azannsaUsendaainfud omasld
10,348.36 U1 AntdunsusEnsaa1d onaslaae 40.76% vl galisiunisanaLd euves
grunvLg A1Ugeine wazsuuninnuiiufoiviiitanas
TugsfuRdmnisdadunisnisifiveesveanauiasng o dnfinismuumdunislunis
Wusanuuszaunsalvesninaudusalaglufinnsdadunienannaiiaisniseng o il
anuzansldiduneiliiduduneivangauudviold Snisnsdafuresyadendunui
maweuatesfusnniy Fetmnaansadadumefivansasfosilimmaesnsoussvdn
sarnhudomas uaznarldegrannlusrzen Muideidansadusmidunsdiy
UsgavBamlunmsdudunilifunmsiannsdadummansiafvesslifumaunadu q dely
uenINMTLaeN st sEAE i siadunsnl wagdaiuumnanisifiud s ansaw
nsdafvsezdemsiadumamdinmsauiuiinmsiaiuiest 4 lou vienmsanseunisdnuiv
yozvirliand1uiusausmnues wazdnnuwinnudidegidy Fedumamauiaaningnnaumy

98



NsaFIneranianansys 7 33 atuil 1 ifeunnsia - Sguneu 2567
Journal of Science Ladkrabang Vol. 33 No. 1 January - June 2024

UIMTIANIS anduIusauTIM N anmiAmI eUsuiladdunisldaruvessalua néeu
USudsumthfininaudieliluuRateunusudu q deluld
Tudmguianmsfnuniunsdadummsdafvesslunuidednuh 3sunsds
Wuduasnsiiliussansaimgeninissanesfiuuuulsendn Fiileutulndiige wayisn1sds
Fannms Geaenndesiunguiituduinisnsuiunssiiussavsamgsnivisnslunausidaing
MnuamsAnwmMsindumaniaiveszsemanaualuaisiidositadesnsfivnan
amzdouluroniminvenifiesedaien fuliverusnanveryadesluaiafousiafisuuuy
SUNSIar VIR sTiunansnefu winsgsaiivuesusasduiiedosundauey shlieadedidaild
ihdeulvvesusuasdunidudeulrlunsfnwiaded egnalsfammndunisdaduned
fualiininueruiazaalined vieiusinamesmesiifidnuusuarsuuuuiunndediu viell
annsadudald enadesinsinuifindulaefinuiinsvezdundudeullunsdnusioly
oghdlsfimumnnisimuagUuuuresdymnafvresiiguuuuiidudouwnniu fesiaunntu
i fnsivuataanailunafivvesiiunndaiy wagidermuafunamaivegidun iy
dunilslunisdadunis enavinisfinunsdmduniadaeds Hybrid Genetic algorithm A
nsANWIYEY Kamsopa wazame [18] wiemnidunisdndumnenisiidedadeduanudes
Tuusazidumadundudnlunisdndulad niunisidenidunsiivunzas Wy 11514 Model
BWM-MARCOS 1nUszgnisaniunisdnidunisilimnz aumiunis@nwives Koohathongsumri
uay Chankham [20] fssugftaulaanunsntnfuuumdunsuiusnsindumsnisfuoesd
mmzammmaﬂwmxﬁzgmmﬂfmmwaumﬂmaﬂumlﬂim

1Na1581984 (References)

[1]  nsuAIUANNATY. 2566. ToyaaniunisalvevyadesueUseina. unasdoya :
https://thaimsw.pcd.go.th/reportl.php?year=2565. duiioTudi 1 Lquiey 2566.

2]  ddnaddneinsal @ninuadfuieeid. 2566. Iruaulszrinsannziiou 1y el
TIMUNAINTINTA D1UADUALLYANITUNATOL W.M.2562-2565. unasveya :
http://statbbi.nso.go.th/staticreport/page/sector/th/01.aspx. Auiledd 1 Aguneu

2566.

3] ups lvensddne wavame. 2558, Msdadunianisudsingldion sdanes iuwariauuy
Ugynisaunigesnidnaueng nsainwlssuiindy. 15575 MemsIsean T, 3(1),
51-61. [Nakorn Chaiwongsakda et al. 2015. Vehicle routing by using a saving algorithm
and the traveling salesman problem: A case study of a drinking water factory. Thai
Journal of Operations Research. 3(1), 51-61. (in Thai)]

4] AnRs g, YRy INg @dan, 1sanwal asany Lazganinsal Yaned. 2558. TUsuAsuNITin
Wumsmsyudsianneadns nsalfinuuien dmhetagieadrauimis. lassnuiitay

99



NsaFIneranianansys 7 33 atuil 1 ifeunnsia - Sguneu 2567
Journal of Science Ladkrabang Vol. 33 No. 1 January - June 2024

Ingrmansiudia, arv3vaiausegnd, an1dumalulagwszaeunandnumnis
a1mnIzUs. [Kitrawee Sukka, Chanwit Sawasdee, Woraluk Daengsai and Supaporn
Buathong. 2015. Program for scheduling the delivery routes of construction
materials case study of a construction company. B.Sc. Special Project, Applied
Statistics Program, King Mongkut’s Institute of Technology Ladkrabang. (in Thai)]
alngnIud wwandl, d3ns slns, 3 edlual wAZeNIA" Foudndiannus. 2558. TUsunsy
FodunanSTLEDIUSIN a.811ns N9 uaUedn. Tassnuiiringeanstadio, @1an
atfusznd, anduwalulagnszasunaidinunmsainnszys. [Nutthagan Ploamee,
Siriporn Ampo, Sivinee Srimai and Anutida Chunjidsaowakon. 2015. The study of
vehicle routing program of S. Ampo Transportation Co, Ltd. B.Sc. Special Project.
Applied Statistics Program, King Mongkut’s Institute of Technology Ladkrabang. (in
Thai)]

algalyn 39lsaudYa, Bunes A3AIN wargaAINeY AW, 2559. n1sussandlidym
mM3dndunnsiusadmiunmsiivrutesyadesnsdfnwunineduaivaiuaiuns
Inenwanialne. 275975 nen15798atTu9IU, 4(2), 18-31. [Nutnicha
Rungrodchatchaval, Intuon Sriswang and Wanatchapong Kongkaew. Application of
the vehicle routing problem for solid waste collection: a case study of Prince of
Songkla University, Hat Yai Campus. Thai Journal of Operations Research. 4(2). 18-31.
(in Thai)

sziius Umegla. 2554. nswmndssafnitendlotdymnisnununisudawaznns
sansladannd. Runasedt 1, ddniunauaudwasumnalulad ("Lwa—aj‘lﬂq u),
NIRNNUNIUAT. [Rapeepan Pitakaso. 2011. A Metaheuristic Approach to Solving
Production Planning and Logistics Management Problems. 1* ed., Technology
Promotion Association (Thailand-Japan), Bangkok. (in Thai)]

23Wa 9736, NMyNed ndugua, AUUnT nWus, sufns Sauuuiades, uazdsiAniany
dis. 2565. Maudtaymnsdadumemsuuss: nsdidne VST it $1ie. 275879
LATYFAIANTUAYUTYITTINT UNITNYIaeYnTal. 14(3), 1-23. [Worapon Arree,
Phanuphong Klinaubon, Sippakorn Kornphan, Thanapat Rattananonsatien and
Chirattikan Khotchasit. 2022. Solving Vehicle Routing Problem: A Case Study of ABC
Drinking Water Company Limited. Economics and Business Administration Journal,
Thaksin University. 14(3), 1-23. (in Thai)]

Clark, G. and Wright, J.W. 1967. Scheduling of vehicles from a central depot to a
number of delivery points. Operation Research. 12(4), 568-581,
https://doi.org/10.1287/opre.12.4.568.

100



NsaFIneranianansys 7 33 atuil 1 ifeunnsia - Sguneu 2567
Journal of Science Ladkrabang Vol. 33 No. 1 January - June 2024

Hurkens, C.A.J. and Woeginger, G.J. 2004. On the nearest neighbor rule for the
traveling salesman problem. Operation Research Letters, 32(1), 1-4,
https://doi.org/10.1016/50167-6377(03)00093-2.

Charlie Young, P.E. Excel Solver: Which solver method should | choose?. Available
at: https://engineerexcel.com/excel-solver-solving-method-choose/. Retrieved 3
October 2022.

Kosasih, W., and Salomon, L.L. 2020. Comparison study between nearest neighbor
and farthest insert algorithms for solving VRP model using heuristic method
approach. IOP Conference Series: Materials Science and Engineering, 852(1), 1-8,
https://doi.org/10.1088/1757-899X/852/1/012090.

\nAT Aeodl. 2563. nsdaidumenisvudsdudnlaenisiusuifisuseninanisTEis s
Sanesfiunazisduneuismaieutwlndfiandaneasiu. 1smsasvemansuas
USn159 909 un1Ineragvingal. 12(2), 1-14. [Kesinee Sueni. 2020. The Routes
Transportation by Comparison between Using the Saving Algorithm and the Nearest
Neighbor Algorithm, Economics and Business Administration Journal Thaksin
University, 12(2), 1-14. (in Thai)]

Mve) WUSAWY UazlUsuns wuneal. 2562 N15IALEUNNNITVUEIVDITAUTINNVUIN
Tngydmsvaudussinninneduaznsvasunsal@nwusendliusnisvuds. Imanssuars
inwdadln. 9(1), 136-151. [Pitch Phanphiphat and Premporn Khemavuk. 2019.
Vehicle routing arrangement of heavy trucks for bulk and sack products: A case
study of transporta‘uon Kasem Bundit Engineering Journal, 9(1), 136- 151 (in Thal)]
aumw ﬂiﬂL‘V]EJ\‘l LLa‘“’ﬁ‘u‘Vﬁ ’N‘Ullm 2559. ﬂ’]ﬁ’J’NLLN‘L!Lﬂ‘HV]Nﬂ’]SL@UV]’NV]L‘1/11I’1‘“E?13JL‘WE‘J
LW@JU?%&WSJ’H‘Wﬂ’]iLﬂumﬁﬂlﬂmi’Jf\]ﬁaUﬁﬁu’Jﬂmaﬁlﬂﬁ]uﬂiﬁl. ﬂ’]iﬂi%‘gllﬁllllﬂ?L‘lN’J‘lﬂﬂ’]ifﬂ’Wu
n1sdnnsladafnduazleguniy, adadl 16, N3IMNLMIUAS, 1-11. [Sanphob Krudthieng
and Varin Vongmanee. 2016. The appropriate travel route planning to improve
efficiency of the concrete monitoring unit. The 16" Thai Value Chain Management
and Logistics Conference, Bangkok, 1-11. (in Thai)]

NI3ENTT ASHUNITIOL, WAMN LAY wazdlyn vueend. 2566. Msuilulgyminisdn
dunmssafivuezyaies smeisnsaiauuudiasaiiensdadulasislilaserisnwa
lwanes: nsdldnwesdnisuimsdiudiuanueiny sunetulds Yminsvys. 275979
Ineragladadnauazdwnalegiyy. 8(1), 62-73. [Kannika Sripanamvan, Pongtep
Phudetch and Chanicha Moryadee. 2022. Solving the problem of garbage truck
routing by modeling method for decision making using microsoft excel solver: a

case study of Nong Kob Subdistrict Administrative Organization, Ban Pong District,

101



NsaFIneranianansys 7 33 atuil 1 ifeunnsia - Sguneu 2567
Journal of Science Ladkrabang Vol. 33 No. 1 January - June 2024

Ratchaburi Province. Journal of Logistics and Supply Chain College. 8(1), 62-73. (in
Thai)]

AANS WINBY. 2561, M3Nausuduensruataglfienianesfiunsdifinuidunianis
YA FUNBUINTIY FMTAUUNYT (51891UN15I38). UMINeFYTIINGNY, UUNYT.
[Pakaporn Phongthong. 2018. Wastes transportation routing by using a saving
algorithm: A case of Bang-Krui District Nonthaburi Province, Rajapruk University,
Nonthaburi. (in Thai)]

Kamsopa, K., Sethanan, K., Jamrus, T., and Czwajda, L. 2021. Hybrid genetic
algorithm for multi-period vehicle routing problem with mixed pickup and delivery
with time window, heterogeneous fleet, duration time and rest area. Engineering
Journal, 25(10), 71-86, https://doi.org/10.4186/ej.2021.25.10.71.

Bell, J.E., and McMullen, P.R. 2004. Ant colony optimization techniques for the
vehicle routing problem. Advanced engineering informatics, 18(1), 41-48,
https://doi.org/10.1016/j.aei.2004.07.001.

Koohathongsumrit, N., and Chankham, W. 2023. Route selection in multimodal
supply chains: A fuzzy risk assessment model-BWM-MARCOS framework. Applied
Soft Computing, 137, 1-19, https://doi.org/10.1016/j.as0c.2023.110167.

102



