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Abstract. The casestudycompanyaceghelimitedspacesituationThus,thecompanydecideso uninstall
thar temporarywarehouseand re-locateproductsin two permanentvarehoused he objectiveof this
researcls to desigrthelayoutf thetwo permanenivarehousesothatthe spacecanbeefficientlyused
andthetotalpickingdistances low. The pastdata|nvoices andStockDatg areusedor developindayouts
designingrocessedhisresearcinvolveghecollectingf ProductSizeDatato calculatéherequiredspace
for the productsTherearetwo phasein layoutdesigningrocessThefirst phasas the productcategaes
grouping.This phasecategorizeproductcategoriegto two groupsfor the two warehoused:he second
phasds the layous designingln this phasethe layous of the two warehouseandthe locatiors of the
productsare designedAccordingto the companyrequiremerst and policies,the AdaptedClassBased
TurnoverAssignments adoptedin orderto designthe layoutsfor the two warehoused.ayoutsof the
warehousesire designedanalyed, and evaluatedThe best layoutsgive the best tradeoff between
guantitativeresultsj.e.,the total pickingdistanceand the remainingspaceand qualitativeresultsj.e.,the
usabilityand the product suitability.The designedayoutsare appliedin the casestudy company.This
researcllevelopssystematiandpracticalayoutdesigningnethodwhichis flexibleandcanbeadoptedn
otherwarehouses
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1. Introduction

Warehousgplayanimportantrolefor the companies Thailandautomotivendustry whichis oneof the
majorsource of ¢ 0 u n GDPY1§. Shis researchlesigs the warehouséayoutfor a raw materialsand
equipmensupplietin anautomotivendustry The coreactivityof the casestudycompanys sellingheraw
material¢o the customersvho aremanufacturersm anautomotivendustry Mostof the rawmaterialsare
importedfrom othercountrieswhilesomeof themarein-houseproducedThecompanylassifieproducts
into manyproductcategoriebasedn thar characteristig€omponentghysicaappearanspandchemical
characteristgr or application Therearevariousformsandpackagesf the productsin the sameproduct
categoryAlthoughthe productsarein the sameproductcategorieshe productformsandpackagesight
be different.EachwarehousstoresseveraproductcategorieandWarehous@ is the mainwarehousef
the companywhichstoreghe higheshumberof productcategories.

Accordingto thehistoricakalesthec o0 mp amarkethasbeenincreasingl'he highemumberof sold
productsresultsin the higherneededstoragespace in the warehouse Therefore Warehousé\ facesa
limited spacesituationasshownin Fig. 1. The companynanagemertéamalsodecideso stopusingsome
of theirtemporarywarehouseandbuild a newpermanentvarehousaNarehous®8. Figure?2 illustratesa
temporarywarehousef the companyFigure3 illustrateghe storageareaof WarhouseB. The company
plansto moveproductdrom thetemporarywarehouse® Warehous& andWarehousB. Thesesituations
leadto thefollowingproblemghatwill beanswereth thisresearch

1) Whichproductsshouldbelocatedn theexistingvarehous@WVarehous@) andthe newwarehouse
(WarehousB)?

2) Whatarethesuitablevarehousayoutdor Warehous@ andWarehous8?

Fig.2. A temporaryarehouseurrentlyusedn thiscompany
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Fig.3. NewWarehousB.

Thisresearclaimsto desigrthe layous of Warehousé& andWarehous8. The meaningf layoutin
thispapeiisto assigithelocationdor allrelatedproductsusinghistoricatlatato analyetherequiredspaces
for eachof them Wemeasur¢he layoutperformancéy the qualitativaneasuremeifthe suitabilityof the
locdions for eachproductcategoryand guantitativeneasuremer{the sumof the total pickingdistane
from thedesignedayout)

In orderto assigrthe locationof productswe consideip r o d charactergsticsequiredspacesand
the companydesigningnethodconstraintsThe companynanagemerneamhasdecidedhatthe producs
in thesamecategorvill bestoredn thesamevarehousé hisresearckdevelopshesystematiandpractical
methodto designwarehouséayouts The objectiveis to designthe layoutsof the existingwarehouse
(WarehousA) andthe newwarehous@VarehousB) sothatthe spacesanbeefficientlyusedandthetotal
pickingdistancdrom allinvoicess low. Thereare5 mainstepdn thisresearch.e.:

1) LiteratureReviewin@f relatedesearcin thisarea

2) Collectingherequireddatafor thisresearch(Productinformation storagenformationwarehouse
information stockdatajnvoicedataandproductsizedataarerequiredn thisresearch.)

3) Grouping product categoriesnto 2 groupsand designingthe layoutsfor WarehouseA and
WarehousB. After the productcategoriearegroupedandthe layoutsor both warehouseareconcluded,
weanalyze¢he candidatéayoutsThebestlayoutfor eachof thewarehousesill bechoserin thisstep.

4) Validatingimplementingandevaluatinghe layoutsWeadjusthe bestlayoutsandimplementhe
layoutsn both warehouse3he newlayoutsarecomparedvith the existingayouts.

5) Concludingandrecommendinthefuturework.

2. Literature Review

Warehousdesigmroblemwasdefinedandgroupedo threedecisiorlevels(1) Strategitevel(2) Tactical
leveland (3) Operationalevel. Ashayerand Gelderd1] provideda comprehensiveeviewof warehouse
desigrandconcludedhatapureanalyticahpproactor apuresimulatiorapproactdid not generalljeadto
apracticalesignTheysuggestedcombinatiorof analyticahndsimulatiorapproache®uveandBocker
[2] developedh stepwisedesignmethodand proposedseverakxamplesisingthat methodin warehouse
designHassar{3] proposedl4 stepsframeworkfor designinga warehousdayout.They concludedhat
warehouseinformation, the operating policies the product classificatios the space requirement
determinatiorandthespacescalculatiomrerequiredn orderto desigrwarehouskyout PanditandPalekar
[4] proposedanalyticamodelsand simulationto explorethe impactof the layoutof a conventional
warehousentheresponséme.

Accodingto BartholdiandHackmar{5|, therearetwo mainstoragestrategies.e. thededicatedtorage
andthe sharedstoragestrategiesThe conceptof dedicatedtorageor fixed positionstoragés to locatea
productin onespecifidocation.The morepopularproducs areassigneth moreconvenientocatiors. In
contrastsharedstoragés oppositeto dedicatedtoragen whichproducs in sharedstorageanbelocated
in morethanonelocation A Classhasedstorages adedicatedtoragevhichisrelatedo ABC analysisnd
it isusuallyusedo inaease¢heoveralthroughputs Theproductsn aclasshasedtorageanbecategorized
into threegroups,Group A, Group B, and Group C. Productscategorizeés Group A arethe most
frequentlypicked products while Group C is the leastfrequentlypicked. The most frequentlypicked
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producs, about20percentof overallproduct Group A, will beassignetb the mostconvenientocatiors
of thewarehousédoweverthe percentagfor eachgroupis usuallydepend®n the companypolicieq6].

Hausmaretal.[7] proposedhreestorageolicies:

1) RandomStorageAssignmentstore a product closestto the I/0O  without any concernon the

turnover.

2) TurnoverBased Assignment; store the higheabver pallets closest to the I/O.

3) ClassBased Turnover Assignment; the policy aims to the products from turnover into classes and

store a product within its class location.

Theyfound that TurnoverbasedAssignmenhadthe lowestthe travelingtime, whilethe ClassBased
Turnoverassignmentoud resultin the lowestoveralltime. Theysuggestethis ClassBasednethodwas
alsomore practicathanthe TurnoverBasedassignmentrazelleand Sharp[8] found that the corrdated
assignmergolicywhichaimedo storethe orderedtogetheprodictsin thesamestorageareacouldreduce
theretrievatime, comparedo thetypicaktoraggoliciesMuppaniandAdil [9] developetiranchandbound
algorithm(BBA) anddynamigprogranmingalgorithm(DPA) to minimiz the traveleddistanceof class
basegolicyandcompareheresultto theturnoverbasegolicy Theyfoundthatthe classhasegolicycan
yieldlowertravded distancethanthe turnoverbasedoolicy Theirresearchievelopedhe keepingoolicies
basedon automatiovarehouseystem Battistaet al. [10] comparedstoragepoliciesi.e.,randomstorage
assignmerandturnoverbasedssignmentheyfoundthattheturnoverbasedtrategygouldreduce37.8%
of travellingimeascomparedo the originallayout

Eachbusinessasdifferentcharacteristic3he solutionof the warehoustyoutdesigninglepend on
the productcharacteristicandthe companypolicies For examplein the papereelbusinesin Chinathe
turnoverbasedssignmeris efficientandeffectivefor developinghe warehoustayout Becausenestack
canbe storal more thanonetypeof sameproductcategoryso LinearProgramminglP) is developedo
solvethisproblem[11].Amaras¢lZ designednewlayoutof aplastiaesindgradingcompanyHe designed
the layoutof the warehouséy dividingthe layoutinto 2 areasi.e.,front ard back.The popularproducts
werelocatedn thefront areawhilethe otherproductsvereassignetb the backarea

For the pickingpolicy,therearemanymethod proposedn the literature Amaras¢12] measurethe
pickingdistancef eachproductfrom its locationto the prepamg area(distancén X andY axe}in order
to develoghepickingpolicyof theplasic resingradingwvarehousd<osterandPoort[13] compareaptimal
solutionpolynomiahlgorithmand Sshapéheuristicso minimiz thetotal pickingtime. TheyfoundthatS
shapéheuristicperformwellin the narrowaislehigh-baypalletwith manyitemsscenarioRoodbergeand
Koster[14] useddynamigrogrammingo formulatethe shortestravelingpathfor awarelousewith three
crossaislesOtherresearchelatedo desigrandplanningof warehousingystemsanbefoundin Cormier
andGunn[15], Cormief16], VandenBergandZijm [17] andRouwenhorsttal.[1§. Otherissue#n design
andcontrolof orderpickingprocesses particularlyverediscusaedin GoetschalckandAshayerjil9, Choe
[20], RoodbergeandMeller[21] andWaschef22].

Unlike the previousresearchmentionedabove this paperaimsto developa practicaland systematic
approachfor warehousdayoutdesigningnethodthat takesaccountof both productcharacteristicand
guantitativaneasuremerih orderto developthe layoutthat canbe efficientlyappliedto our casestudied
automotivesupplierundertheirbusinessequirementll detailof theproposednethodologwreprovided,
e.g.,how ¢ o0 mp adata éres analyzed,each step of layout designingprocess,layout validation,
implementatioandevaluation.

3. CompanyData and Analysis

The first stepfor warehouséayoutdesignis gettingwarehousstoraganformationaswellaspr oduct s 0
characteristicand their flows. The casestudycompang§ historicalinvoicedata productsizedata,and
historicalinventorydataarecollectedand analyzedEachtype of datausedin this researclaredescried

below

1) ProductData

Thereare198productsand17 productcategoriemvolvedin thisresarch.ProductcategorieareFoundry

SandRefractoriegining,CoatingskxothermicSleeve& PowerMicaProducts& Insulation,Temperature
& CE Products& ServiceSpeciallloy-Inoculant/ MagnesiunE-luxes AdhesiveProduct,Non-Ferrous
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Product& OtherFluxesCeramidroduct SandSlagRefractoiCastableRefractoiPlastic& Others, Other
Chemica Parting& ReleasinggentandRawMateriafor RefractoryProductionThenumberof products
in eachproductcategorys shownin Tablel.

Tablel. Productcategorieandthe numberof productsn eachproductcategory.

CID Product Category Number of Products
2 FoundrySand 3
3 Refractoriekining 22
6 Coatings 4
7 ExothermicSleeve& Powder 57
8 MicaProducts Insulation 18
9 Temperatur& CE Products& Service 7
12  Speciahlloysinoculant/ Magnesium 10
13  Fluxes 1
14  AdhesiveéProduct 6
17  Non-FerrousProduct& OtherFluxes 13
18 Ceramidroduct 21
20 SandSlag 3
21  RefractoCastable 6
22  RefractoPlastic& Othef 21
23  OtherChemical 3
25  Parting& Releasagent 2
26  RawMateriafor RefractoryProduction 1

Total 198

Theformsandpackagesf productsaffectthe storagdocationsThisresearcBummarizethe package
typesof all studiedproductcategoriesSomeproductcategoriebaveonly one packagaype,while some
productcaegorieshavetwo packageypes.Table2 summarizethe productpackagefor everystudied
productcategoriest he differencesn productcharacteristiaandpackageaffectthe appropriatdocations
for theproductsfor instanceproductson palletboxeson apallet smallplastiadrumson apalletandplastic
gallonon apalletshouldbe storedon therack,whilethe otherpackageshouldbe storedon thefloor. We
will usethe informationof productcharacteristicand packages orderto assigrthe locationsto each
product.

2) Typesof Racks

Therewill bethreetypesof storageacksn Warehous@ andWarehousB8, i.e. floor stackingsingledeep
selectiveack,andflow rack.Typesof rackshavealreadypeenselectethy companynanagementherewill

be floor stackingand singledeepselectiveacksin Warehose A. For Warehousé, therewill be floor

stackingandflow racks.

3) Warehouses

WarehousA isthemainwarehousef thecompanyTherearetwo storagareasn Warehous#, thesingle
deepselectiveackareaandthe floor stackareaThe pink areasn Fig.4 representhefloor stackareasf
the warehouseWe separatehe floor stackareasnto threezones,Zone A, Zone B1, and Zone B2 as
presenteth Fig.4.

Thenumbermresentedh eachzonein Fig.4 is the maximunmcapacityf stackgfor floor stackzones)
andlocation(for selectiveackzone)in thezonesZoneA canstorel7rowsof 7-palletsdeepstackor 119
stacksZoneB1andZoneB2 canstore20rowsof 6-palletdeepstackor 120stacksindividuallyTheblue
arean Fig.4istheselectiveackareawhichconsist®f 7 racks Thenumberabovesachrackrepresentthe
numberof locationgn eachrack.The maximuncapacityf selectiveackareas 694locations.
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Table2. Productpackageof all productcategori

Abig Small Big  Small  Mepal  Plastic

Boxes  plastic plastic

bag bags Products drums gallons

¢ib Product Category ona ona onpallet 1 drums drums 5 ona
pallet pallets pallet ona ona pallet  pallet
pallet  pallet
2 Foundry Sand v
3 Refractories Lining N V
6 Coatings v
7 Exothermic Sleeves & Powder \ \
8 Mica Products & Insulation y N
9 Temperature & CE Products & Service N
12 Special Alloys-Inoculant / Magnesium R
13 Fluxes Y
14 Adhesive Product N
17 Non-Ferrous Product & Other Fluxes N N
18 Ceramic Product v
20 SandSlag V
21 Refractor Castable \
22 Refractor Plastic & Other N v
23 Other Chemical N R
25  Parting & Release Agent v
26 Raw Material for Refractory Production \

Total

Fig.4. Thestoragarea®f Warehousa.
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Therearetwo storageareasn Warehous®, floor stackareaandflow rackareaFor the stackareawe
separat¢he areainto two zonesZone A andZone B aspresentedn Fig. 5. Flow rackareais definedas
zoneC asshownin Fig.5. The maximumcapacitiesf Zone A, Zone B, andZone C are147stacks161
stacksand36palletsrespectivelygspresentedh Fig.5.

Others

161

IN

ou

147 36

Fig.5. Thestoragarea®f Warehous8.

4) Invoice Data

Invoicedatarecordthe purchasingnformation,i.e.,CategoryD (CID), CategoryName CustomeiName

ProductID (PID), ProductName,InvoiceID, dateof purchasingthe numberof purchasegroducts,
product unit, and pack size.Table 3 illustrate the exampleof invoice data.The columnspresentthe

informationof invoicesasmentioned.

Table3. Invoicedata

CID Product Customer PID Product Invoice Date of Quantity Unit Pack

Category Name ID Purchasing Sze
20 SandSlag Customerl 0001 Productl 10001 03/10/2014 100  kgs 28;8/
20 SandSlag Customer2 0001 Productl 10002  04/10/2014 200 kgs zggg/
06 Coating Customer2 0002 Product2 10002 04/10/2014 90 kgs %?E%/
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5) StockData

The companychecksstocksat the endof everymonth. The measuremenf productsis demonstrateh
manyunits, i.e.,weight(ton), quantity(piece))ength(metre) volume(litre) andset. Table4 illustratesan
examplef stockdatafor Product3

Tabled4. StockData

CID Product PID Product Unit Month
Category Name

10 11 12

Adhesive

14 Product

0003 Product3 Piece

LTSV |
08G¢ |nv
GVZeE |w
LEST |n
LG89 |u»n
€GTC |
TETE |o
L1€¢C

670

G9ET

6) ProductSizeData

Currentlythe companyhasrecordednformationaboutpackquantity productunits, andpacksizefor only
109productsout of 198productsin additionthereareno recordof product&@imensiongalletdimension,
the numberof productsperpalletthe maximurmumberof palletgperstackandthe maximummumberof
palletsper retrieving.The dimension®f the productsarerequiredin orderto designthe spacedor the
products.Thereforethis researchievelopgproductsizecollectingform for the warehoussupervisorso
collectthe productsizedataof the studiedproductsaspresentedh Fig 6. The productsizedataconsisiof
packquantity productunit, packagingpieceger packagedimensiorof products palletsize,numberof
productsper pallet,the maximumnumberof palletsper stack,andthe maximumnumberof palletsper
retrieving

Thewaehouseupervisorsollectthe ProductSizedataby countingthe numberof productsperpallet,
measurindhe sizeof the products, measuringhe sizeof the pallets humberingunits per picking,and
identifyinghemaximunmumberof palletgperstack Figure7 presentsinexamplef collectedProductSze
data.

Produd Pallet M
PID | ProductName |PackQty| Unit | Padking | PackSize ) ) ) ) Unit/Pallet | Max Overlay .ax
Width | Length | Height | Width | Length | Height retrieve
Fig.6. Productsizecollectingorm.
Product Pallet Max
PID | Product Name | Pack Unit | Packing| Pack Size Unit/Pallet | Max Overla .

QY 9 Width [ Length| Height| Width | Length| Height Y retrieve

1 SKU-1 40 PCS BOX |40 PCS/BOX 26 39 21 100 | 100 150 2240 1 2240

2 SKU-2 20 PCS BOX |20 PCS/BOX 30 36 26 110 | 110 150 600 1 600

3 SKU-3 12 PCS BOX |12PCS/BOX15.5| 20 24.5 | 100 [ 100 150 2592 1 2592

4 SKU-4 30 KGS BOX |30 KGS/BOX 29 40 27 80 120 120 960 1 960

5 SKU-5 8 PCS BOX | 8PCS/BOK 35 35 26 110 | 110 160 320 1 320

6 SKU-6 24 PCS BOX |24 PCS/BOX 30 40 29 110 | 110 160 960 1 960

Fig.7. Exampleof productszedata
4. ResearchMethodology

There are 2 main processesn researchmethodologyi.e., Product categoriegrouping processand
Warehouséayoutsdesigningrocessin thefirst processthe productcategoriewill be groupednto two
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groups for Warehousé andWarehous®, then,the productswill be assignetb theirlocationsTable5

summariestheworkflowsof the 2 mainprocesses.

Table5. Workflowof researcimethodology

1.Product categoriesgrouping process

2. Warehousedayoutsdesigning process

1. Company requirement identification for
groupingproductcategories

2. Productcategorgrouping

3. Firstgroupingplan

4. Finalgroupingplan

1. Companyrequirementdentificationfor layout
design

2. Thenumberof pickingcalculation

3. Productandproductcategoryanking

4. Desigringlayoutfor Warehous8

5. Evaluatingthedayoutsand choosingthe best
layoutfor Warehous8

6. Desiging the layout of stack zone for
Warehousé

7. Evaluatingthe layoutsand choosingthe best
layoutfor stackzonefor Warehousé

8. Desiging the layout of singledeepselective
rackzonefor Warehousé

9. Evaluatingthe layouts and choosingthe best
layoutof selectiveackzonefor Warehousé

4.1. Product Categories Grouping

Thereare4 processem productcategorgroupingj.e. identifyingcompanyequirementlividingproduct
categorieslevelopinghefirst groupingplan,anddevebpingthefinal groupingplan.Thefirst stepaimsto
understanthe companyequirementandnatureof the productsThen,wedevelopgroupirg logic.After
that,wecomparahegroupingplango thew a r e h capasitesh&ProductSizedatais analyadin order
to calculatehe spacdor eachproductcategorylNext, the membersn the groupsareadjustedFinally the
final groupingplanis developedThe final partis the conclusiorof the productcategongroupingprocess

for Warehous@ andWaréouseB.

Sincghecompanyequirego storethesameproductcategoryn thesamevarehousayegroupproduct
categoriefor Warehous@& andWarehous®. The companyequirementfor productcategongrouping
areidentifiedto understandhe productscharacteristic3.-hereare three companyrequirements,e., (1)
productsarestoredin safelocations(2) in-houseproductsarein Warehousé\, and (3) Warehous@ is
requiredo storeasmanyproductcategorieaspossible

In orderto groupproductcategoriefor the two warehousesye categorizeroductcategoriegto 4
groupsbasedn the productcharacteristicproductpackagesndthe companyrequirements,e.,Fragile
Product)n-housdProduct Sellin-pieceProductandSeHin-bulk Product Productcategdesin eachgroup

aresummarizeth Table6.
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Table6. FourGroupsof ProductCategories

Fragile Products In-House Products  Seltin-PieceProducts  Seltin-Bulk Products

ExothermicSleeve&  RefractoiCastable AdhesiveProducts FoundrySand

Powder

MicaProducts& RefractoryPlastic Parting& Release Refractoriegining

Insulation Other Agent

Temperatur& CE Coatings

Productsk Service

Non-FerrousProduct Speciahlloysinoculant

& OtherFluxes / Magnesium

CeramidProduct SandSlag
OtherChemical
RawMateriafor

RefractoryProduction

Fluxes

Then,thefirst groupingplanis developedrragileProductsandSelin-pieceProducs shouldbelocated
on the racksfor the safetyreasonsSinceWarehous@ is closeto the productionwarehousdn-house
Producs shouldbe locatedin Warehous@. FragileProducs, and Selin-pieceProducs shouldalsobe
storedin selectiveacksn Warehous@.

In order to locateas many productsas possiblein Warehouseéd, we comparethe spaceof the
warehouse® the requiredspacedor the productsthe capacityof the warehouseis measurecandthe
requiredspacesf eachproductis calculatedr hetotalrequiredspacesf eaclproductcategoraresummed
up. Finally the groupingplanis determined

Wecalculatéherequiredspacesor allproductdy usingthemaximunstockdataastherepresentatives.
Thecalculationfor seltin-bulk productsandnon-seltin-bulk productsaredifferent.The constrainbf nor-
seltin-bulkproductisthenumberof units/palletwhiletheconstrainbf seltin-bulkproductisthemaximum
numberof units/retrievingTable7 summarizetherequiredspacefor thetwo typesof products.

Table7. SpaceCalculation

Non-selkin-bulk Product Seltin-bulk Product
Maxi mt mlak a Maxi mt mak a
#otinits/ pal #ofini ts/ st a

After the requiredspace®f all productshavebeencalculatedwe sumup the space®f all product
categories-or sellin-bulk productsaftercalculatinghe numberof requiredralletsywechangehe number
of requiredpalletsinto the number of requiredrows. The requiredspacesare then comparedo the
wa r e h capasiteesigure8 summarizetheflow chartof productcategorgroupingorocesandTable
8 presentproductcategoriefor Warehous@ andWarehous8.
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Understand company’s requirement for grouping
and nature of the products

A

Grouping product categories

I
v

> Develop a grouping logic <«

Check the capacity of the warchouses to Product Size
the capacity from the plan Data

Is Warehouse A
overcapacity?

Does Warehouse A have
space left?

Can more product categories be
added to Warehouse AP

Include more product categories

A 4

Sum up the product categories for

Warehouse A and Warehouse B

No

A 4

Fig.8. Flowprocesghartof productcategorgrouping
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Table8. Theproductcategoriefor Warehous@ andWarehous8.

WarehouseA WarehouseB
CID Product Category CID Product Category
7 ExothermicSleeve 20 SandSlag
3 Refractoriekining 6 Coating
22 RefractoryPlastic 26 RawMateriafor Refractories
25 Parting& ReleasinggentProduct 12 Speciahlloy
8 Mica 2 FoundrySand

14 AdhesiveProduct

9 Temperatur& CE Product
18 CeramidProduct

17 Non-ferrousProduct

21 RefractoiCastable

23 OtherChemical

13 Fluxes

4.2. Warehouselayouts Designing

After dividingproductcategoriesto two groupsfor Warehous@ andWarehousB, thesecongrocesss
designinghelayoutof WarehousA andWarehousB. ThemethodologgtartSromidentifyingc o mpany 6 s
layout requirementd hen,thenumberof pickingof productcategorieandproductsarerankedAfter that,
we designthe layoutsof Warehousé@ and Warehous®, evaluatehem qualitativelyand quantitativiy.
Finally,the bestlayoutsaredeterminedFigure9 presentshe flow processhartof designindayoutfor
Warehous@& andWarehous8

The locationsof productswill be identifiedin this processWe startfrom identifyingthe company
requirementgor productlocationsThefirst requiremenis storingthe sameproductcategoryn the same
areaso we separatéocationsof all productcategoriefto 3 locationsj.e.,Warehous®, stackzone of
Warehous@, andsingledeepselectiveackzoneof Warehous@é. The secondequiremenis determining
thep r o d locattosddy the frequencyof picking.The lastrequirements minimizingwarehousspace
utilization.The spaceautilizationrequiregproductsto be locatedaccordingo their constraintsaandspace
savingdocations.

Productcategorieand productsof everyproductcategoriearerankedfrom the highestnumberof
pickingfrequencyto the lowestnumberof pickingfrequencyWe needto changehe informationin the
invoiceto thenumberof picking.Thenumberof pickingcalculatioproceduref non-seltin-bulk products
and seltin-bulk productsare different. The constraintof nonsellin-bulk productsis the number of
units/pallet,while the constraintof seltin-bulk productis the maximumnumberof units/retrieving,as
summarizeth Table9.
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Understand company’s requirement for

layout design

v

Calculate the number of picking of all

products
I
Rank the product categories and products Invoice
according to the number of picking data
Y

Design layouts for Warehouse B

\ 4

Evaluate the layouts and choose the best
layout for Warehouse B

v

Design the layout of slack zone of
Warehouse A

A4

Evaluate the layouts and choose the best
layout for Warehouse A’s slack zone

A4

Design the layout of selective rack zone

of Warehouse A

Evaluate the layouts and choose the best
layout for Warehouse A’s selective rack zone

Fig.9. Flowprocesghartof warehouskayoutsesigning
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Table9. Thenumberof pickingcalculatiorprocedure

Non-selkin-bulk Product Seltin-bulk Product
#01f hper o dfurce@mic hv oi c ¢ #01f hpe o dfurcemic hvoi c¢
#otinits/ pall et Ma#¥oftinits/retrie

We calculatéhe numberof pickingof everyproductin everyproductcategoryrom the historicadata
occurredn year2015 Alsothe companynanagemementionedhattheyexpectaledo growabout10%
for thefollowingyearThus,the forecasinformationis alsousedn thisresearchAfter thatwesumup the
numberof pickingof everyproductin thesameproductcategoried.ablelOandTablellshowthenumber
of pickingof everyproductcategorie WarehousA andWarehousB, respectivelytheproductcategories
in bothwarehousearerankedrom the higheshumberof pickingto theleasihumberof picking.

Tablel0. Numberof pickingof all productcategoriem Warehousa in year2015

WarehouseA
CID Category # of Invoices # of picking
7 ExothermicSleeve 1,683 1,699
3  Refractoriesining 988 1,661
22 RefractoryPlastic 1,290 1,559
25 Parting& ReleasinggentProduct 1,015 1,119
8 Mica 580 832
14  AdhesiveProduct 766 782
9  Temperatur& CE Product 610 610
18 Ceramidroduct 359 360
17 Non-ferrousProduct 340 343
21 RefractoiCastable 206 207
23  OtherChemical 61 95
13 Fluxes 75 75

Tablell Numberof pickingof all productcategories Warehous8 in year2015

WarehouseB
CID Category # of Invoices # of picking
20 SandSlag 1,255 1,405
6 Coating 586 693
26 RawMateriafor Refractories 189 649
12 Speciahlloyl(Non-Pack) 455 535
2 FoundrySand 119 321

4.2.1.Layoutof Warehous8
Sincewe havealreadyalculatethe numberof required-owsfor eachproductcategoy in the lastprocess,

next, we designthe locationsof the productcategoriesn Warehous®. The forms and packagesf the
productsaredifferent.ThereforeTheClassBased urnoverAssignmentoncepisadoptedn thisresearch.
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Theproductsandtheproductcategoriewith highemumberof pickingwill belocatectlosetto theshipping
areahanthe productsandproductcategoriewith lowernumberof picking.

We sstartfrom developind.ayout#1of Warehous®. Then,wefind analternativavayto improvethe
layoutsThus,Layout#2,Layout#3, andLayout#4of Warehous® aredevelopedThen,all of themare
evaluatebyconsideringheleft spacehetotalpickingdistanceandthenumbetof location®f eactproduct
categoryfinally the bestlayoutfor Warehous8 is chosenFigure 10 presentshe stepsf layoutdesigning
for WarehousB.

2. Evaluate the 3. Choose the

1. Develop

candidate layouts

*Develop logics

layouts

*Calculate the

best layout

stradeoff

for each total picking between total

candidte distance picking

layout. *Evaluate total distance, left
picking space, and
distance, left number of
space, and locations of
number of each product
locations of categories.
each product
category.

J/

Fig.10 Layoutdesigrprocessor Warehous8.
Thereare4 candidatéayoutof WarehousB from the processlescribedbove
1) Layout#l

The designconcepof this layoutis to locatethe lowestnumberof pickingproductsto the flow rackand
considerthe spacesavingconditionat the sametime. We considerfrom the lowestnumberof product
categoryickingto the higheshumberof productcategorypicking.If the productscanbeoverlaidoy more
than3 palletswewill locatehemin the stackarea.

2) Layout#2

Thedesigrconcepof thislayoutisto locatgproductshavingow numberof palletperstack2 and3 pallets)
in theflow rack,andthenconsidethe spacesavingconditionin the stackarea.

3) Layout#3
The designconceptof this layoutis similarto the conceptof Layout#2.We assigrthe sameproductsas
Layout#2in the flow rack,sincethis decisionresultsin maximumavailablespace(asmentionedn the

previas layoutdesigningprocess)SandSlagSKU-1 arelocatedin Zone A, while SandSlagSKU-2 are
locatedn ZoneB.

4) Layout#4

The designconceptof this layoutis similarto the conceptof Layout#2.We assigrthe sameproductsas

Layout#2in the flow rack,sincethis decisionresultsin maximumavailablespace(asmentionedn the

previoudayoutdesigningrrocessWelocateSandSlagSKU-1in Zone B andSandSlagSKU-2in ZoneA.
After the 4 candidatdayoutsaredevelopedthe total pickingdistancesyacantspacesandnumberof

locationsof productcategoriesf the 4 layoutsarecomparedThe total pickingdistances calculatedby
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multiplyingthe numberof pickingto the distancdrom the productto the gate We measur¢he distancef
eachproductfrom the centroidof the locationto the gate,sinceall productsin WarehouseB will be
transferredut viathe gate Next, we sumup the horizontalandverticalditanceandthen multiplyit by 2
agan ( gobackandfourth).Figure1lillustrate anexamplef thetotal pickingdistancealculation.

COATING Foundry Sand
I ¥ =
. ; Ll 1.40m
g RASTE
1 Special Alloy (non-pack) - 1.40m
T 5 |
16
| 7| The average height of Coatingis 1.40m
Sand Slag 19 |
10
1 112 3|8

Distance = 715 + 615 + 1.4 =147
The total picking distance = 14.7 x 2 x 643 = 9.687.3m

» {5 fromtravelling back and fourth
o 043 is the number of picking of Coating

Fig.11 An exampleof thetotal pickingdistancealculation

The bestlayoutis the layoutwhich hasthe besttradeoff betweerthe distancespaceand usability We
comparethe 4 layouts.Table 12 presentghe total picking distanceleft spaceand numberof product
categoriecatedn morethanl locationof all4 candidatéayouts.

Tablel2 Candidatéayoutsf Warehous8.

Layout Total picking Left space # of product categorieswith more
distance (km) than llocation in stack area
5rowsandl

#1 189.18 lane 1
#2

(Best_ayout) 213.56 7rows 1
#3 21396 7rows 2
#4 209.51 4rows 1

Whenwe compardayout#2to Layout#4 L ayout#4givesthe lowertotal pickingdistancebut thereis
not a significantifferenceHowever Layout#2givesbettertradeoff andthe highernumberof remaining
spaceswhichis moreimportant.

Whenwe comparelLayout#2to Layout#3,Layout#2 giveslower total pickingdistancewnhile both
layoutshave7 rowsof stacKeft. Howeverl ayout#2givesettertradeoff thanLayout#3 andLayout#2is
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alsomorepracticalMoreoverLayout#2stores highermumberof productcategoriealtogethem the stack
areawhileLayout#3locateshighemumberof productcategorieseparateliy the stackarea.

Comparind.ayout#2to Layout#1 Layout#lgivegheshortestotal pickingdistancelHowever s rows
of stackand1 laneof flow rackareremainedThelaneof flow rackis not practicakincewe canlocateust
1 productfor thatlane.So,having7 vacantowsis betterthanhavingé vacanrowswith 1 lane.Thetotal
pickingdistanceof Layout#landLayout#2arenot significanthydifferentandLayout#2gives the highest
numberof remainingows.

Forthesereasond_ayout#2is the mostsuitabldayoutof WarehousB aspresenteih Fig.12.

Foundfy Sand

INLa[2[ 3[4 1 2| 4 3|3
& Special Alloy (nopack)
O 5
U | 6| BLACK SILICON CARR
T | 7 |
Sand Slag 1 9 | Sand Slag
10
1 2 8

Fig.12 Themostsuitabldayoutof WarehousB.
4.2.2. Layoutof floor stackarean Warehousé

We startfrom calculatinghe numberof requiredrows of eachproductanddivide the storageareainto 3

zonesZoneA, ZoneB1,andZone B2. Then,we developLayout#1andothercandidatéayoutsor stack
basedntheproductcategorgonstraintsifter that,allthe candidatéayoutsareevaluatedrhetotalpicking
distancethe vacantspacs, andthe zones of the vacantspacs areconsideredrinally,the bestlayoutis

chosenFigure 13 presentshe stepof layoutdesignindor stackarean Warehousa.

Each product categoryrequiresdifferent numberof rows. Refractoried.ining requiresthe highest
numberof rows,soeitherZoneA, ZoneB1,or ZoneB2alones not enougtfor locatinghewholeproduct
categonyocatingRefractoriekiningin ZoneA andZoneB2or ZoneBlandZoneB2arealsonot practical
sincethe sameproductcategorwvill be pickedfrom differentaisle. Thecapacitiesf ZoneA andZoneB1

aresufficientandpracticalsothislocationis themostsuitabldocationfor Refractoriekining. Thenumber
of rowscalculationomethodis presenteéh Tablel3.

1. Develop
candidate layouts

2. Evaluate the
layouts

3. Choose the
best layout
*Calculate the

*Calculate the *tradeoff

storage areaa

number of total picking between the
required rows distance total picking
of each sEvaluate the distance, the
product total pickjng vacant space,
*Divide the distance, the and the zone

vacant space,

of the vacant

into 3 zone and the zone space.
*Develop logics of the vacant
for each space.
candidte
layout.
~— N —

Fig.13 Designindayoutfor stackarean Warehous@.
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Tablel3 Thenumberof rowscalculatioomethodfor Warehousa.

# Rows

#of hpeal | et s
#opall efgobtacks/r

Thereare7 candidatéayoutdor the stackzoneof Warehous@ andLayout#2is the mostsuitable
layout Layout#2concepisto gatheithe vacantowsin only Zone B2 whichis thefurthestfrom the
packingarean Warehous@ andto locatehigherfrequentlypickedRefractoryiningproductsn Zone A
beforefulfilling Zone B1.For otherproductcategorieshe highemumberof pickingproductcategories
arelocatectloserto the preparingarea.

Therearevacantowsin zoneB1,A, andB1for Layout#1,Layout#3,andLayout#4 respectively.
Layout#6andLayout#7havevacantowsin Zone B2, similarto Layout#2 butthelocationsof produd
categoriearedifferent.Both Layout#6andLayout#7locateFluxesn zoneB1,whileLayout#2locates
Fluxesin zoneB2.Thetotal pickingdistancef Layout#2is lesghanthetotal pickingdistancefrom
Layout#6andLayout#7.Tablel4 presentshetotal pickingdistanceleft spaceandzonesof theleft space
of all 7 candidatéayouts.

Consideingthetotal pickingdistancethe vacanspacs andthe zones of the vacanspacs, themost
suitabldayoutof thestackarean Warehous@ is Layout#2.It canbeseerin Tablel4thatLayout#2has
the higheswvacanspaceén bestzone(zoneB1)andgivesheshortestotal pickingdistaweunderthis
condition.Figure 14 preserd the mostsuitabldayoutof floor stackarean Warehous@.

Tablel4 Candidatéayous of floor stackarean Warehous@a.

. . Left space
Layout Total picking distance(km)
Zone A Zone B1 Zone B2

#1 135.19 0 4 0
#2

(Mostsuitablg 132.87 0 0 4
#3 133.45 2 0 1
#4 134.80 1 3 0
#5 132.87 1 0 3
#6 133.50 0 0 4
#Hi 131.25 0 1 3
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@
Prepafing
IN ouT

Fig.14 Themostsuitabldayoutof stackarean Warehous@.

4.2.3. Layoutof selectiveacksarean Warehousé

We start from developingthe candidatdayoutsfor WarehouseéA. Then, we evaluatethe layoutsby
consideringhe total pickingdistancethe productrequirementsand the numberof productc at egor i e s i
locationsFigure 15presentshe stepsof layoutdesigningdor selectiveackarean Warehous@.

1. Develop 2. Evaluate the 3. Choose the

candidate layouts layouts best layout

*Develop logics *Calculate the stradeoff

for each total picking between total

candidte distance picking

layout. eExvaluate total distance, the
picking prod:uct
distance, the requirements,
product and the
requirements, number of
and the product
number of categories
product locations.
categories
locations.

A J A J A J

Fig.15 Designindayoutfor selectiveackarean Warehousé

Thereare7 racksaspresenteth Fig.16. RackG is closesto thepreparingreawhilerackA isfurthest
from the preparingareaRackG, F, E, andD havemaximumcapacityat 100pallets/rackRackC andB
havemaximuncapacityt 92 pallets/rackRackA hasmaximuncapacityat 110pallets/rack.
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L
Preparing

Area

Fig.16 Singledeepselectiveacksn Warehousa.

Fourlayoutsaredesignedor the selectiveackzoneof Warehous@. Wefirstly desigri_ayou#1, then
this layoutis improvedby addingmore constraintsnto the layouts Conceptof Layout#lis to locatethe
mostfrequentlypickedproductcategoriesloserto the preparingareaWetry to locatethe productsfrom
thesameproductcategoryn thesameack.Concepbf Layout#2is similarto theconcepbf Layout#1 but
wefix Refractorie®lastidn rackC. Concepbf Layout#3is similarto concepbf Layout#2 but welocate
ExothermicSleev@roductsn 3racksrackG, rackF, andrackE.L a y o udortepi® similarto concept
of Layout#3,but we separatéhe locationof ExothermicSleeveype A, into 2 locations.The product
constraintaregradualladdedasthelayoutsaredesigned

Thetotal pickingdistancesf eachayous andvacantspacerecomparedor 4 layoutsAs wedevelop
the candidatéayouts] ayout#4givesthe besttradeoff betweerusabilityandthe total distancel ayout#4
givestheleastotal picking distanceandlocatemostof ExothermicSleevgroductsn thefirst floor to the
fourth floor of the racks.Figure 17 presentshe most suitabldayoutof rackareain Warehous@. The
numberin eachrackrepresentthe numberof requiredocationdor eachproductcategoryThe colourin
eachrackrepresentthe productcategonaspresenteth Tablel5.For Exothemic Sleevehereare6 types:
TypeF, TypeA, TypeP, TypeFO, andTypeEC.

GF ED CB A
A A q
2 2 3
(8 | 8 3 =

F 1
[¢]
2
0 L

F 4
P 3

8

4? E
0 C 4

51

4
5 1
9

Fig.17. Themostsuitabldayoutof rackarean Warehous@a.
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Tablel5 ProductCategoriefor SelectivikackZoneof Warehous@é aspresenteih Fig.17.

Product Category colour

ExothermicSleeve
PartingReleasinggents
Refractorie®lastic
Mica
AdhesiveProducts
Temperatur®roducts

Ceramidroduct

Non-FerrousProduct

RefractonLining

Wecomparahetotalpickingdistancethe productrequirementgndthe numberof productcategories
locations Layout#4 givesthe besttradeoff betweenthe total pickingdistancethe numberof product
categorylocations,and product requirementsTable 16 preserg the total picking distanceand the
disadvantagés term of productrequirementandnumberof productcategoriekcationof all candidate
layouts.

Tablel6. Candidatéayoutof rackarean Warehous@.

Layout Disadvantages Total DistanceCkm)

#1 SleevéO islocatedn rackD, whileotherExothermicSleeve

productsarelocatedn rackG, E, andF

} ) 7 3743
Thereare2 locatiors of RefractoPlastic 3
#2 Sleeve is locatedn rackC, while other ExothermicSleeve
productsarelocatedn rackG, E, andF 742.14
#3 SomeExothermicSleeveproductsare assignedo the fifth
floor of therack. 748.60
#4 .
(Mostsuitablp SleevéA hasto bestoredin 2 locations 609.55

5. ResultsValidation and Implementation

After layoutdor bothwarehousearedesignedheyneedo bevalidatdandimplementedAfterimplement
thenewdesigrin theactualvarehousetelayoutareevaluatetly comparindo theold layoutsandlayouts
designettythewarehousdepartmenfT helayoutresultis validatedn orderto responséo thecurrentstock
volume For both Warehousethe demands basen the companyorecastingConsguentlytheassigned
spacewill be validatedhat thereareenoughspacedor the stocks.Table17 presentghe total picking
distanceandleft spacefrom allcandidatéayoutsaccordingo themostrecentdatalLayout#landLayout#4
haveesdeft spacecompard to Layout#2andLayout#3 sowewill compargustLayout#2andLayout#3.
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The total picking distance®f Layout#3 and Layout#2 are not significantlydifferent, while Layout#3
separategroductcategoriesr manylocationsaspresentedh Fig.18 andFig. 19 Conseguentlyl ayout#2
performthebest

Tablel7. Validatedayoutsof Warehous8.

Layout Total picking distance(km) Left space
#1 187.83 2rowsandl lane
#2 (BestLayout) 220.98 4rows
#3 219.87 4rows
#4 210.75 1rows
Foundry Sarld
IN
& L0 38114 1 2| 4
O | Special Alloy (non-pack)
U
T 13 |
[ 6] BLACK SILICON CARBIDF
7
SandSlag 9] Coating  Sand Slag
10
1 2 2

Fig.18 Validated-ayout#2of Warehous8.

Foundry $and
I
2 2| 114 1 2 4
N
& Special Alloy (nopack)
O = _
. | 6 | Coating BLACK SILICON CARB
U Z
T Sand Slag 1 9 | Sand Slag
1 0 318]10

Fig.19 Validated-ayout#3of Warehous8.

For Warehousd, wehaveto adjusthelocationof the productsin singledeepselectiveacksThe spaces
of stackegbroductsrom thisresearclresufficientfor thecurrentsituationSincevehaveocatedgroducts
to everyrackthereareremainingpace thetop levelof all selectiveacks Someproductsrequirespaces
morethantheforecasting20.7%of all products)Theproductscanbelocatedaccordingo theplanandthe
additionaproductsarelocatedn thetop levelof the seletiveracksFor instancewelocatesomeproducts
from ExothermicSleevaypeF in rackG on thetop floor of therackG. Figure20 presentsackG before
validationwhile Fig. 21 presentsack G aftervalidation.The final validatedayoutfor Warehousé\ is
presenteth Fig.22.
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G Exothermic Sleeve Type F

Fig.20 RackG (beforevalidation)

G Exothermic Sleeve Type F

Fig.21 RackG (aftervalidation)

L ]

+factc ylining

i

Fig.22 Validatedayoutfor Warehous@.

For Warehous®, the productsarelocatedaccordingo the plan.The space for eachproductis enough.
Figure23presergthe changes Warehous8 for eachzone

ENGINEERING JOURNAL Volume21lssue?7, ISSN 0128281 [ittp://www. engj.org/) 383



DOI:10.4186/eR017217.361

Zone

ZoneA

ZoneB

ZoneC

Fig 23.Implementatiomf Warehous8.
For Warehousd\, we havelocatedthe productsaccordingo the plans,Layout#2of stackzoneand

Layout#4of the selectiveackzone.The spacdor productsin both the stackzoneandthe rackzoneare
sufficient Figure24 presentshe changes Warehous@ for eactzone
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Zone Before After

ZoneA

ZoneB2

SelectivRack

Fig 24.Implementatiommf Warehous@.
First,layoutof Warehous@ areevaluatedlhereis nofix locationin theold layoutof warehous@, andthe

productsn the sameproductcategoryrelocatedseparately-heproductscanbelocatedn anyspacesoit
takegimeto find the productsFromthisresearchthe proposedayoutof Warehous@ provides thefixed
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