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ABSTRACT

Global industrializationwvas developed iresponséo both consumers and manufactsre
demand for loweproductprices and avéability of goods and servicesAs a resultproducts are
transported greatelistances. Shipping constigsthe majority of costs in the export/oart
supply chain. Bippers and buyers commonly attempt to offset thests ¢y maximizing the
capacity of ocean freigltiontaines (cube or weight) Boxes (usually constructed of corrugated
fiberboard) containingansumer grade producsecommonly floor loadedhto containerdo
maximize capacity Boxesthat arenot floor loaded arékely to beunitized on pallets in
containers.Beyond maximizinga containemwith cargo, a defined decision to determine which
method of loading is most efficieint regard to cost antiime does not existFor this research,
field studies were condwsdand questionnaires were distributeddentify thevariables that
influence efficiency A method to make an efficient decisimas developed by incorporating
the variables into a motleThe modetompars the overallexportimport supply chain
efficiencyfor boxesthat arefloor loadedto boxeshat areunitizedon pallets in containersThe
recommendedecision is determined by compariting shipping and handling costsidthe
receving dock door capability for the two loading methods.

The esults of ts research reveal théibor loading boxes caprovide a higher value per
containerdue to increased capacitincreased capacity by floor loading often reduces the
number ofcontainers needed to meet daily demand. Howewer snanual labor is utilized for

the loading/unloadingrocessmoretimeis requiredwhichresults inhigher labor costand



restricted product throughputnitized loxes loaded in containeos palles can limitcontainer
capacity, butllows forfaster loading/unloading timgg no incompatibilities between product
and pallet or pallet anor material handling equipment exist¢duced labocosts, and the
potential fa increased product throughpumporting boxes unitizedn palletscommonly
requires more containers to meet deméuad fewerreceivingdock doors Utilizing fewer dock
doors allowsotherwise occupiedoors to beavailableto receive additional product.

The decisiorto floor load or unitizeexports/inportsneeds to be made on a SKU basis
meeting daily demanahotonly per containecapacity Labor cost, pallet cost, the magnitude of
box variation between loading methpdad the ability of the receiver to procesatamers are
all influencing factors in determining which loading method is most overall effic&ven the
current cost for containerized shipments and considering all costs, most consumer goods are
more efficiently shipped floor loaded. When addiéibcontainers would be needed to meet
demand for produainitized on palletsfloor loading will be more efficient. When there is only
a small difference in box count between floor loading and palletizing, palletizing product will be
more efficient. Thisvill often occur when loads will meet container weight capacity before it

reaches volume capacity. If the product is too heavy to move manually it will be palletized.
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CHAPTER 1. INTRODUCTION

1.1 Introductory Statement

Intercontinentakradehas grown rapidlyhrough the creation and utilization fogight
containes. Containerization allows for mass quantities of goods to be transported long distances
safely,efficiently, and at low costslnitially, containers were introduced reduce theostand
time associated with loading and unloading cargo from ships (DordBonney, 2006).
Containerships are estimated to be 17 times more fuel efficient than transferring goods by air and
10 times more fuel efficient than transferringpgs by truck\(Vorld Shipping Council, 2008)
Containers provide efficient access to raw mateaatsreduced manufacturing and labor costs.
Thebenefits of utilizing containers hagaused an increase in themand fofreight containers
According tothe World Shipping Council (2006), container trade increased an average of 11
percent per year frord000 to 2006 A projection made in 2006 predictedntainetradewould
reach600000perday by year 2014World Shipping Councjl2006)

Like containers, the pallét used asa mediumto efficiently transfer product from one
location to anotherPalletsallow assembled quantities whitizedproducts to be handled and
transported on a single platforiihe pallet was developed to move m@roducts more
efficiently and more cost effective()AIM Position Paper, 2005)Forklift handling of pallets
reduces the labor cost and time needdthtulle and distribute productBwede& Selke,2000.

The World Shipping Counc{R006)reported theimports and exports arrive and depart the
United States from 16 ports. Ten of th#l6 ports handI85 percentbf tradevolume Future
projections suggeshatfreight volumewill double ly 2020 TheU.S.infrastructure is not
capable of handling the expected increagighout capacity expansiomodificatiors (World

Shipping Council, 2006)Thus, pojected increases in trade will force globanufactures,



shippersreceivers, and buyets work moreefficiently. Using pallets toadue the amount of
time to loaddnloadproductin containes can allowincreased throughput, but malgorequire
the use ofmore containerahen annboundfloor loadedcontainer arrivesit an import
distribution center (IDZor athird party logisticsprovider(3PL) and canct be readily unloaded,
time is lost. Through research it was found that containerships often arrive simultaneously.
Unloading product when it arrives all at once can be problematic, especially3Dead 3PL
facilities have a fixed number of receiving dock dooks. current supply chains are nearing
capacity, time idecoming moreritical, not onlyto meet demand, batso tokeepcosts lowmo
customers Increases in product shipmemisl create bottlenecks at receiving dock doors.
Productwill need to be unloaded and stored at much faster rates.

Ocean shipping costsonstitute the majority of coséssociatedvith distributing product
internationally. Because of thisamufactures, shippersandbuyersare faced witlthedilemma
of having to decide wheth&r shipboxed productdloor loadedor unitizedon palletsn
containers It is often assumed, regardlesgiod method of loading/unloadinghatthe IDC or
3PL will be able taneet the desired product demary floor loading,there ispotential to
obtain a higher box count per containdihis can resuih a highemproductvalue per container
Shipping boxes unitizean palletsallows moreefficientloadng/unloadng andcan exceethe
valueof boxesfloor loadedin containergper day Several computgerograms have been
developedo evaluatdox count and cube efficiency for containerailcars,andbr trailers, but

none evaluatbow product should bleadedin relationto costsand time

1.2 Statement of the Need

Boxes unitized on palletre easily haded, stored, and distributed. Howewrough

researchfield studies andquestionnairgit was foundthatmanyconsumer boxed products



imported into the U.\. arriving in containerso IDC and 3PLlfacilities are more likely to be
floor loaded than loaded on pallefEhe criteria to determine Boxedproducts should be floor
loaded omnitizedin containerss vague an@anvary from location to loation and pduct to
product. Boxed poducts are floor loade maximize the container culbe allowablecontainer
weightto obtain a higheproductvalue per container, due to the added capaélgfletsoccupy
space anddd weighin containerghat couldotherwse beoccupied by productAn initial cost
(pallet cosy exists by exprting boxed products on pallets. An additional cost (phytosanitation
cost) is incurred if the export pallet is constructed from wddalkes floor loaded in containers
take longer tainload than if unitizedyhich resultsa higher overall labor cosCommonly, floor
loaded boxeareoffloaded from containers onto palletsIDC and 3PL facilities

IDC and3PL facilities have a fixed number of receiving dock doors. Containers parked at
dock doors prohibit other containers from accessing the doors, unless ample receiving dock
doors exist.Previousstudies predicthat the current infrastructure is not capable of handling
projected containdraffic (World Shipping Council, 2006)IDC and3PL facilitieswill need to
respond to increased container traffic in ordentet increased product demand. Due to the
additional time required to unload floor loadeakbs,throughpu is restricted.According to the
president of a 3PLgontainer cargmust be unloadedithin two hoursto avoidadditional
charges Unlike boxes unitized on pallets is unlikely thatfloor loaded boxes cdpe unloaded
in the allottedwo hourtime frame,and the container must be laftthe facility until it can be
unloadedPresident 3PL, personal communication, 2009)

A methodology was needed to aid manufacturers, shigpeysrs andreceiversa optimize

the decision to export/import boxesdldoaded or unitized on pallets in containers.



1.3 Objectives

The purpose of thisesearchwas todeterminewvhich container cargtnadingmethod ismore
efficientin relation to cost and timfer intercontinental product movemeiitie objectives of
this researclwereto:

e Determinecontainer cargdoadingmethodgor boxed productseceived at IDC
and 3PL facilities

e Evaluateand comparéhe cost andime characteristics of the twamntainer cargo
loadingmethoddor boxed products

e Develop a decision methodologydetermine the optimabadingmethodfor

boxed productbased on a defined set of decision variables

1.4 Scope

Supply chaingan bevariable and higly complex. However, mosexportsshippedn
containes conform tothe sequencédepictedn Figurel-1. Removing prdoading and post
unloading operations focuses tlesearch specifically texportandimport operations. Boxed
products are classified as being able to be handled by one or two individuals and can fit on
common pallet sizes. For this research, palletwasassumed to beompatiblewith the
product,all handlingequipmentand storage facilities

The loading operation consists of floor loadbuxes in container®r loadingunit loadsof
boxesin cortainers. Export drayage is the transport of the container via truck and ¢bdksis
port from amanufacturing, IDCor 3PL facility. The shipping process involves receiving
containers aa port, loading on shigshippingto destined location, and afthding. Import
drayage is the transport of the container via truck and chassis from the polD® @an3PL

facility. The unloading operation consistisremoving floor loaded boxes from containers and



placing on pallets, or removing unit loads freontainersising a forklift Data collection
targetedhe highest volume produdtaportedinto select IDCand 3PL facilities Focusingnly
onthehighest volume import per location provided specific information apagduct attributes

and associatecbsts and time.

[ Load Outbound Containers ]—l

L Dray Containersto Port

@ad Containers on Shi >_l
Gransport Containers >—I-’
@Ioad Containers from Shiy >
]

\

Dray Containers from Port to IDC or 3PL

Unload Inbound Containers ]

Figure 1-1 Export/Import Supply Chain

1.5 Statement of the Limitations

Due to accessibility,iéld studies and the majority tife sample frameere obtained from
Virginia and surroundingegions. Access to IDC and 3PL facilitieisher througlfield studies
or a questionnaire was limitedzor some facilities, @aregarding product information and costs
is confidential andhot easily obtainable. Some respondents did reveal informatiasiaered

confidential. IDC and 3PL facilities commonly handle an array of prodtrois different



sources for various customers. To obtain specific product information, and specific information
regarding costs and time, this research focused on higbleste product received at IDC and

3PL facilities. The highest volume product receigad constitute only a small percentage of

total import products receivedince data was not collected frawersea exportes,

assumptions were matie demonstrate thapplication of the model



CHAPTER 2. LITERATURE REVIEW

2.1 Containerized ShippingIndustry

Importshave growrat overwhelming rates causing congestion and concern.$pbrts
and infrastructure A continuedncreaseof container shipmentsf nine to ten percent per year
was expectednEditorial StaffSCD, 2007). Because of the increase of shipmetits,size of
newcontainership has increasedruture containership sizes are predictecetaltie to @nsport
15,000 twenty fooequivalen units (TEWs) in one shipmenfclassified as a mega shiiich,
2006. Container shipment predictiomgere reviseds the trend began to reverselate 2007
(AEditorial StaffSCD,02007). Fuel priceshit record highsn 2008 followed byan economic
crisis. The ncrease in fuel pricagsulted in an increase in shipping chargssuel constutes
50-60% of shipping cost@Vorld Shipping Council, 2008)Due to the high shippingosts
oversea manufactureriaveconsderedrelocating facilitiego offset the costAeppel, 2008)
Shipping charges can be offset by maximizing the container aubveight ofthe container By
doing sq fewercontainer shipments are needed.

Bonney(2009)reportedthattrade activity hd declined. As a resultapproximatel\200less
containershipsvereneeded Projected container shipments were revjdaat not beforehip
construction project® meet thencreased demand projectiomsaed completion An
additional 100 containershipse expected in the next two yeaihe decrease inednand
caused otherwise occupied space on contdiipr$o be vacant, resulting in reduced shipping
costs(Bonney 2009) However, Maersk, the largest ship limenouncedt was necessary to
increaseshipping rates by $30énd implemenan additional $150 surcharge select routedue

to tradeconditions (Attwood, 2009)Containershipmentvolumes of imports havagainbegun



to increasemonth to monthbut stil remaindown 16% to 21% compared to 200&ongelluzzo,

2009)

2.1.1 Standard Container Sizes

An arrayof containersizesexistedd u r i n g t h eVaryirgicantaide®skzds arsl ship
sizes were problematio regards to ships and handling equipmerarfes)Levinson, 2006.
Thelnternational Organization for Standardization (I3@3¥sincepublished a standard on
container sizesThecurrentstandardonsists of threeontainersizes( 206, 406, and a
cube(HC)). Theexternallength, width, and heightf the ISO containers are shovim Table 21
(Hinkelman,2005) The container standard allowed compatibility for overland transport modes

(Levinson, 200k

Table 2-1 External Standard Container Sizes

External Dimensions 20' 40' 40' HC
Outside Length 20 400 400
Outside Width 8 0 80 8 0
Outside Height 8 6 806 9066

Even though standard container sizes were created by ISO, some variations still exist.

Depending orthe container construction, the interdahensions are variable. An example of

internal di Mm@ idoHE@réddisplayeddndTébja-2 (Hinkelman 2005)
Table 2-2 Internal Standard Container DimensionsExample
Internal Dimensions 20' 40' 40' HC
Inside Length 19'4" 39'53/8" 39'53/8"
Inside Width 7' 81/20 7'81/2" 7'81/2"
Inside Height 7'9 78" 710 8'101/8"




Supply and Demand Chain Exclus§@®07)reported thab 3 6 ¢ s wdreanirodueed in
2007 by APL ship linesA P L ® 3containers aré feet 6 inches high and 102 inches wide.

Utilizihng 53 6 ¢ o n tmareé carga asd fewker IshopmeliEditorial StaffSDCE  2007)

2.1.2 Container Weight Restrictions

Theconstructiorof the contaer has an influence anaximum allowable gross weights
(container tare weigtilusweight of contents). According to IS&88, the maximum gross
weight for a 2006 c o290 poundsand 39,480 Kilogtad@®7,260i | ogr am
pound$f o r ntadn@nrblinkelman 2005. Through dialogue with a 3PL presid¢a009)
it was found thasteamship or vessel lines may dictate the weight restriction further, regardless
of what the container statéBresident 3PLpersonal communicatio2009. A Senior Vice
President of a major ship line (2009) revealed thadtstatesn the U.S havean80,000pound
grosshighwayweightlimit, with the exception of Florida, which has a limitation of 65,000
pounds for a 206 c ofndra icanadnérdheweighsheludldtte pounds
weight of the truckcontainer, chassis, and cargdetermining allowable container weiglss
complex as states regulate cargo weidh¢pending on individual state regulations, overweight
permits may be needed, ewbiough gross vehicle weight is less ti&h000 poundsVariability
of scales along highway runs exists, transporters showdd/aee of such circumstancgenior
Vice PresidenShip Line personal communicatio2009) Depending on the type of truck
pulling the containeman empty 46container and truck averages around 3580000 Ibs
whichleaves 45,000 Ibs. focargo(PresidenBPL, personal communicatio009) The
efficiency of transport is influenced by maximizing the capacity of the taahswde (Ebeling,

1990).



2.1.3 Container Cargo Payment and Responsibility

Hinkelman (2005)ists many different options for payment and responsibility of exports and
imports between the seller and buyer. The process is complex, and a variety of opticist,can e
depending on the agreement made. Simplifying the options to what the buyer is responsible for
is defined by the following characteristics:

e The buyer of the product is responsible for the product at the point it leaves the sellers
facility (export dcumentation, drayage exporter, portighipping charges (export and
import port), import documentatioanddrayage importer).

e The buyer is responsible for the product once arriving at export port or next to transport
ship.

e The buyer is responsible for product after loaded on ship.

e The buyer is responsible once container is offloaded from ship.

e The luyer has no responsibility; the seller is responsible for all costs until container

reaches locatiospecified by the buygHinkelman 2005)
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2.2 Container Cargo Loading Methods

Boxed producarecommonly floor loaded in containers or loaded into containers on pallets.
Figure 21 illustrates two different floor loaded containers. Figw2iustrates boxes unitized
on palletsn a container. A studgonductedy Sahling Maltz, & Speh(2007)found that
imported product from China was likely to be floor loaded; however, some imports were on

pallets. Pallets arriving from China were deemed to be of poor q(@ditfinget al, 2007)

Figure 2-2 Boxes Unitized on Palletsn a Container

2.2.1 Floor Loading

According toBrindley and LeBlan¢2004),floor loading iscommonlyused foimportsinto
the United States. Furthermore, a representative frorAaWsletland JC Penny also stated that

pallets are not primarily usédr imported produc(Brindley & LeBlanc, 2004) Cooke(2004)
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reportedthe decision of Target to open iamport distribution center on the east coast. The

facility has 137 dock doors and is comprised of 190 full time employees plus seasonal labor.
Imported foor loaded productaremanually placed on pallets upon arrival. Outbound trailers

are floor loadeqCooke, 2004) Piasecki2008)noted that floor loading requirése most labor.

When floor loading, considerations should be given to box strength and ensuring the container is
clean and dryPiagdi, 2008) The deciding factors to floor load or palletizea shipper and

SKU based decisiofBrindley & LeBlanc, 2004).Moore (2009)revealedhat floor loading is
oftenutilized because pallesdd weight, a cost, and consume gpiactransport modes

Products take longer to load and unload floor loaded, which results in an additional labor cost.

The additional cost of using manual labor is generally less than the freight d@oars, 2009)

2.2.2 Palletization

Pallets are definedyp t he Encycl opedia of Packaging Teclt
used as a base for assembling, storing, handling, and transporting materials and products in a unit
| o a(Blkker & Eckroth 1986p. 493. According toEbeling (1990)the ®mnsideration®f
using pallets should include compatibility with handling equipmentla@ohode of transportA
benefit of using pallets is that pallets reduce the likelihood of product damage through
distribution anchandling(Ebeling, 1990) Pallets also providerptection to products during
shipment from shocks, vibration, amdpacts (White, 2000).
Pall ets were introduced in the 19306s and ga
(Bakker & Eckroth 1986). Due to thaencreasecefficiency ofusingpallets theamount of time
needed to unload a railcar was reduced from three days tbdats(LeBlanc& Richardson,
2003) Ebeling(1990)offers another example that shows the efficiency per worker hour to

increase drastically by utilizing pallets amdit loads. This example portrays a worker being

12



able to move the equivalent of 8 pallets or #8@es( di mensi ons of 180 x 120
22 Ibs) manually per houcpmpared to mechanical handling which can move 50 pallets or 3000
boxesper workerour(Ebeling, 1990)

According to Mulcahy (1998),gllets vary in material, style, and size. Often, the type of
application the pallet is used for will determine which material, style, and size should be used.
Materialsusedfor manufacturing palks include: wood, wood based (corrugated), various
plastics, metal, as well as combinations and/or compostaléets are most commonly
constructed of woo@ulcahy, 1998) White (2000)stated thamore than 90 percent of pallets
are manufactured fromvood.

Smith, et al2004) conducted a survey to determine if the phytodamteegulation would
deter the use of wood pallets for expdrhport and export pallets manufactufeoim wood are
required to be i n compl i aWaePagkagingiMafel@uin del i nes
Il nt ernati onal.ATadditidnal@alldt tcoS ExMts te t)compliance with ISPM
15. The results from the survey indicdtiat respondents using wood will continue to use wood
for export pallets. Strength andge were provided as influencing factors of material selection
(Smith et al.2004)

The most commopalletdesigns are as follows: blodkuefour-way), leg, solid or slave,
stringer(partial fourway), andflue (Mulcahy, 1998. According to Whitg2000) four-way
pallets arghe best choice for international shipmentising a fourway pallet allows access on
both ends and sides for all forkequipmen{White, 2000) Pallets are available in two types,
limited use or reusable. Often reusabligpmare part of a pallet poot pallet exchange

program In a pallet podexchange progranthe pallets are repairédneeded andeused.
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Clarke(2004)revealed pallet rank and pallet application a®@ff0. Table 23 displays

Cl arkebds

for b.5.palletsa Clarkelso provided pallet sizes used glofsziyke,

2004) Table 24 lists the major global pallet size§he1200mm x 1000mm pallet is

compatible with warehouses and distribution centetBe United States; the 1100nxm

1100mm is not\White, 2004)

Table 2-3 Pallet Size, Rank, and Application

Pallet Size, Lx W | Percent Usage Pallet Rank Pallet Application
1986 1986 2000 2000
480 X 28.5%, 480 X Grocery,
480 42 3.2%, 420 X Telecommunications, Pain
480 X 4.2% 480 X Drums
400 X 4.8% 400 X DOD, Cement
N/A N/A 480 X Chemical, Beverage
400 X 2.9% 400 X Dairy
420 X 5.4% N/A N/A
440 x 1.3% 440 X Drums, Chemical
360 X 2.2% 360 X Beverage
480 X 1.3% 480 X Beverage, Paper stock
360 X 2.45% N/A N/A
480 x N/A 480 X Automotive
Table 2-4 Global Pallet Sizes recognized by ISO
World Region Size in Millimeters Size in Inches
Europe, Asia 1200 x 1000 47.24 x 39.37
Europe 1200 x 800 47.24 x 31.50
North America 1219 x 1016 48 x 40
Australia 1140 x 1140 44.88 x 44.88
Asia 1100 x 1100 43.30 x 43.30
North America, Europe & Asia 1067 x1067 42 x 42
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Shin, White, and Ha(2007)developed a modéb compare costs associated with different
pallet sizes. For products that do not completely utilize the pallet deck, considerations should be
made to use a pallet compaé with destinedupply chaininfluencing factors to determine cost
follows:

e Pallet purchase cost

e Disposal cost

e Revenue of reusable pallet

e Transport ost

Warehousingosts
Transport costs considered:

e Inland transportation costs

Terminal handling charge

Freight transportost

Maximum loading weight

Floor area utilization for the pallet siZ&hin et al.2007)

2.2.3 Combined Shipping

Wong, Chow, and Scul(R006)developed anathematicamodel to assist with contan
loading to minimize costsAssociated costs witttansporting containers are provided as a
shipping line charge, container haulage charge, and the tesinaindling charge. Multiple
shipper use of container is considered. FiguBsaRd 24 were created to display the findings.
The first shipper viséd, referredt@a s t he nAhead Ifadditchral shippessepisti or i t vy
and container space is available, products wi

second shipper, ladshigpeforg,etal.2006)ad o i s t he
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Third shipper, Second shipper First shipper visited,
if space if space available highest priority Container Front
available

Figure 2-3 Primary Placement of Cargo

If space is not available in the container to accommodate products from other shippers,
precedence will be given to those in proceeding containers as shown in Fig(WéoRg, et al.

2006).

Third shipper Second shipper Second shipper
if space Container Front

available

Figure 2-4 Secondary Placement of Cargo
2.3 Container Shipping Process
Research conducted ®ahling, Maltz, and Spg2007)describeshe sequence of events
involved with the container shipping process
1. Containership call on terminal at port
2. Longshoreman unload containers using fixed or mobile gantry cranes
3. Containersareeither stacked or immediately placed anueck chassis/rail
4. Once cleared by customs, drayage companies transport the cotttaner
warehouser yard
The study also emphasizes the impact of uncertainty. Often containevghipake

multiple stops.Delaysfrom factors such aseatheroften caussimutaneous ship arrival
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(Sahling et a].2007) Ship turnaround time is the most important performancesaredorport
terminals(Murty, Liu, Wan, & Linn,2005).The goal is to minimize the time to load/unload
containerdrom ships This measure incorpates the rate of the crane as follows:

QC (Quay craneshate = Numberof containers unloaded, loaded
Total numbenf QC hours of all QCs thatorked (Murty, et al.,2005

2.4 Drayage: Live Load/Unload or Drop

Distributing containers from an export facility to the port or from the port to an import
facility is termed drayageDocumentation frona president of a 3PL warehoy2€09)revealed

once containers are drayed tolB& or 3PL facility, one of two scenars occurs. In the first

scenari o, containers are either | oaded]!| oradwnlo
a ndl i v elnalivd laad/uhloadl, the truck driver will wait for the product to be loaded or

unloaded, and then take the tainer. Generally, two hours is allowed. If the product cannot be
loaded or unloaded in the allotted time, a detention charge will be applied. The charge can range
from $706$90 per hour. In the second scenario, the container and chassis is dropped for
loading/unloading the product. This is known as dropping the contaBearerally, three to five

free days are allotted for this instance. As long as product can be loaded or unload&rdén the
days,no additional chargis acquired Figure 25 is adropped containdiPresidenB8PL,

personal communicatio2009)
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Figure 2-5 Drop Container

2.5 Import Warehousing

Once imported product reaches the countryestination)DCs and3PLs are used for a
number of purposesBartholdi andHackman(2007)use Target and W-a\llart as examples to
definearetail distribution center. High volumes of product are received and distributed to many
retail locations IDCs have similar functions; hower product may be either transferred to retail
distribution centers or the retaileBPL facilities commonly do not serve a single retail customer,
but an array of custome(Bartholdi& Hackman, 2007) Supply Chain Digest2007)reported
the functions and expectations of import warehsu3ée functionsandexpectationsnclude:
transloadhg, distribution, warehousing, and postponemdrransloading involves transferring
contentdrom a container int@ highway trailer or railcarln distribution, products argorted
andprepared for the next destinatiowarehousing involves storing products until needed.
Postponement includes performing value added services to prédtdimrial StaffSCD,0
2007)

Recommendationy were made&o minimize bottlenecks at impodistribution centers.
Recommendations include: having a better understanding of import arrivals, flexibility of

container pickup, and access to temporary workers for demand var{@ahitorial Staff SCD,0
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2007). When poduct arrives to portontainersnust beprocessedh accordance to the
agreement made; otherwise additioctargeswill be applied. Since fcilities have a fixed
number of receivinglockdoors getting product in when it arrivesmultaneouslyan be

problematic

2.5.1 Receiving Dock Doors

Dock doors are an initial layodesignconsideration.Warehousekandling minimal volume
can share the samsbipping and receivingrea; however, warehouses intended for cross docking
shoulduseseparate door@ulcahy, 1999) Bartholdi and Gu¢2004)providea methodo
determine how many receivirpck doors are needed. The number of trailers and the unloading
time are important factorsAn estimatel number of receiving doors can be obtained by
multiplying theexpeded numbenf trailersby the average time needed to unload a trailer

(Bartholdi& Gue, 2004)

2.5.2 Material Handling Equipment

Material handlingequipmengllows productso be moved with minimal manual labor.
Handling equipment is required to move doéds of productilue to the weightPallets allow
for Aefficient | oading, unl oadi ngacksafortliftdel i v e
equipment are locatédLeBlanc& Richardson2003 p. 2). The most common equipment used
to unload, lod, or transfer unitized boxes on pallets in a warehouse facility are pallet jacks and
forklifts. Various version®f the equipmengxist According to Mulcahy1998) the load and
lift mechanism should influence the decisidrorklifts differ from pallet jacksn that multiple
unit loads can be transferred aedime, with the capabilityo lift the load high inter out of

storage in a warehougklulcahy, 1998.
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CHAPTER 3. METHODOLOGY

3.1 Methods to Meet Objectives

The primary objective of this research waglevelop a decision methodologypdelto
determine thenost efficient (cost and timé)ading method for boxed products based on a
defined set of decision variableSo complete the model and meet secondary objectives, it was
necessary to understand thygerations within the shipping industry and in IDCs and 3PLs. An
understanding of the industries was achieved through field studies. Data collected at field

studies aided in the development of a questionnaire.

3.2 Field Studies

Field studiesvere conducte at a port, three IDCs and three 3PThesestudiesconsisted of
interviewing managerial employeeandomly observinghe unloading of containets
determine how various types of products were loaded collecting data on product and
warehousattributes Thesestudies providednunderstanding of the operations, as well as a
determination of obtainable and pertinent data. Field statBeprovided a basis to collect

specificinformation regardindpighest volumemports.

3.2.1 Port Field Study

The shipping process atbw containers arrive at destined locatidregjinsat the ports. Due
to the advanced technologf having the largest reach cranghe United States (2ntainers
wide) and the ability to handle the megaslap,onsite study wasompleted aVirginia Port
Authority. To gain an understanding of the shipping procepsrttour andan interviewwere
conducted with the podirector of business analysis and strataggithe media relations

manager.
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3.2.2 Resultsof Port Field Study

The function of the port is to unload freight and freiginitainers from ships at berth.
Products areot unloa@d from containers at the poforts serve as a didtutor of freight The
majority offreight arrivingat port iscontainerized. Onceship arrives, it is importarthatthe
unloading process is completedickly. Timely unloading is necessary due to the following:

e Costly ship operation, especially at berth

e Meeting demand:h8ps can be at sea for nths, once the ship arrivesthe
United States, it may take seveadditionalweeks for the ship to arrive tite
destined port because many stops can be expected while the ship offloads and
loads containers at various locations

Crane operators have a goal of unloading 45 contaarehour. The average unloading rate
was35-38 containers an houtJpon ship arrivaglcontainers are offloaded onto a truck chassis or
railcar, security screeneandbr sent to ®rage for a later pickup dat@nce unloaded, several
charges may bappied, including additional moveshassis rental and storage (Director of
business analysis and strategy and media relations manag&r, 200

Shipping rategand port chargesere notobtainableduring the port visitShipping rate
informationwascollected from aenior vice president ofraajorship lineagency The average
shipping rategor the specific ship linéor imports into the Unites Statesas$1,500f or 2 0 6
containerend $3, 000 f a the tin® d tis study. Bviemtleougkihe price to ship
and handleontainers fluctuate mostexportersandimporters are on contract. Contracts
generally range from six months to one ye@ine shipping agency revealed that undiemap
sumcontainerate, the weight or contendseirrelevant to the chargeand often port charges are

included in the shipping chargéieavier container weight does cost more fuel to be burned
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moving at sea, but is usually offset by the mix of lighter cangiher containers(Senior Vice
Presidentpersonal communicatio2009) Containers are commontrayedto IDCs and 3Pk

upon exiting the port

3.2.3 IDC & 3PL Field Studies

The only timea container is openeggrior to arrivalatan IDCor 3PL facility is if containers
areinspected prior to leavingport. Information abouhe product and which loading method
was usedannot be obtaineat this point Oncea loadedcontainer leaves ifgoint oforigin, the
first opportunity to viewand obtain information about tleentainercontents is when the seal is
cut atanIDC or 3PLfacility. For this research, it was not feasible to obitsfiormation about
container cargandcargo loadingnethoddrom overseas exporters.hds, the first opportunity
to obtainaccurate container ag@ informationwas at IDC and 3PL facilities.

As products are dispersed within individual supply chatisecomes difficult to obtain
information about how products were loaded into contajmlers to alterations of the arrival
state of productsAlterations to product arrival include:

¢ Floor loadedoxesare floor loaded into an outbound trailer

e Floor loadedoxesare palletized with same SKU products or mixed with different SKU

products, and either are stored or loaded into an outbound trailer

¢ Unit loadsareloaded into an outbound trailer

e Unit loads are dgalletized and rpalletized due to pallet damage, size incompatibilities,

or to change product galletconfiguration

e Unit loads are stored, thelismantled and floor loaded into an outbound trailer
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These changes may occur several times throughout the entire supply chain before the product
reaches its final destination. Receivers of imported product downstream are often unaware of
how products aive in containers to IDC or 3PL facilities.

In order to protect confidentialityDC and 3PLnames and locatiawill not bedisclosed
Access taix facilities (threelDCs and three8PLs) was obtained Five of the sixfield study

locationswere recormended byariousport officials

3.2.4 IDC & 3PL Field Study One

The firstfield study was conducted at3PLexport distributeof frozen food. At this
location dbmesticboxedproducts arriveo the facilitypalletized The loxesaredepalletized
andthenre-palletized to add separator sheets between product.lalj/kesise of separator
sheets allowsir flow between box layelig the blast freezer. Once removed from the freezer,
all boxesarede-palletized again anfiioor loaded intcano u t b o urefrigerate@d (reefer)
container. The general manager (200B8Yicated thatdba to complete this task consstf
three peopland takeshree work hours (nine mdrurg at $15an houreach($135 tota). Itis
important to note that a percentage of this proguatirchased by the U.S. militarfdoxes
destinedor the military areshippedunitized on pallets It wasalsonoted thatlbor loaded
product costs mor® handlehan unitized boxes senttioe military. (General Manager,

personal communicatio2008)

3.2.5 IDC & 3PL Field Study Two

The second field study was performedatmport 3PL thatprimarily handledow value
canned goodand other dry food productsnterviewing the assistant genenahnagef2008)
revealedhatthe majority of imported productsefloor loadedne i t h e r c@nthiders

Labor costper individual to unload imported floor loaded prodwes$15.00an hour including
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benefits On averagdt takestwo employeesix to eightwork hours (12 to 16 man hours, $180
to $240total) to unloadand palletize3,500 floor loaded boxes fromdaldntainer Two
employees unloading floor loadéaxes from aontainerareexpectedo unloadan average of
500boxesan hour. Oncethe productis unloaded, iis palletized, stored, or loadéato an
outbound trailem unitized form Occasionallythe same produetrrivesin unit load form In
this case45 minutess sufficienttimeto unload the containeMVhen the produdrrives
unitized thelabor costo unload the contain@ncreass by one or two dollarper houralthough
less times necessarjor the unloading operatiorAt this field study location,léor loadingwas
preferred, especially for smdibxesfor the pbllowing reasons:
e Additional product per container compareditotized
¢ Unitizedproduct ofterhas to be dealletized and ralletized becauske shipper has
built the pallet configuratioto the wrong specifications.
e Whenunit loads arriven cortainers the pallet is often damaged,isincompatiblein
size. This results the producheedingo be depalletzedand therre-palletized.
It was noted thatome ontents of containe@resupposedo arriveunitizedon pallets but

arrive floor loaded.(Assistant General Managgrersonal communicatio2008)

3.2.6 IDC & 3PL Field Study Three

The third field study was conducted atIBC facility, whichimported productsfor
consumefindustrialconstructiorand remodehg. At this location nearly all impoted products
arefloor loaded. The reasegivenby the operations manag&008)wereto maximize the
containercube allow flexibility in building own pallet configuratigrandprovides &higher

container value Occasionallysomeheavy and awkwardghapedroducts arrive on pallets
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while othersarefloor loaded (240 pound boxes)the container Productsof this nature
constitutea small portion of total products

A lumper service (paid by the container, nothloar, regardless of container contents or
time to unloagigenerallyconsistof two individualsto unloadthefloor loadedboxesfrom
containes. The lumper service chargeas$118p e r coftlirder Most productsareimported
in 400 6 dowewen2roedr) 6 akh@l, caehtaidersarealso utilized. Labor cost to
unl oaatdd4®0 & o n was$7h and $120, respectivelggardless of contents:loor
loaded boxes received at this facility required pallets to offload products. During a pdiied of
months, the cost of pallets at the facility was $867,800. Pallets cost $8.00 each.

Unloading time requirements range from one to seven work hours. The variability in time
was influenced by the product, the number of SKUs per container, and thaneosize.A time
sheet ofelect productinload times was obtained. In theentainer sizework hoursbox count
number of SKI4, number of workergvolved with unload procesand price paids provided
Table3-1 displaysa sample of thdatafor variousimportedproducs. Even though a lumper
servicewasprimarily used for floor loaded boxes, occasionally product aspedletized and a
lumper service unloathe contents using pallet jacké/hen boxes arrive unzedon pallets in
a continerandcamot be unloaded with pallet jacks, a full time employeesaderklift to
unload tle unit loads from the container. One example in the table displays that palletized
products were unloaded by a lumper service from a contaiugrthis casepallet jacks were
usa to unload the containel. t was noted that the facility do
containers need to be unloaded per day until that morning (Operations Manager, personal

communication, 2008).
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Table 3-1 Sample List of Unload Times

Container Size (ft)] Work Hours Box Count #SKU's #Workers Wage Paid $
20' 2 537 12 2 $75.00

40' 1 42 Pallets 1 2 $118.00

40' 4 699 4 2 $118.00

40' 7 1228 15 2 $118.00

40' 6 1405 8 2 $118.00

40' 3 1484 11 3 $118.00

40'HC 5 400 1 2 $118.00

45' 4 875 2 1 $120.00

3.2.7 IDC & 3PL Field Study Four

Field studyfour was an IDC for low value household goodi& productis importedunitized

in containers. fery producis floor loaded. According tomanagemen2008)at the facility,it

takeson averagéwo to three emplages sevework hours(14 to 21 man houygo unload1700

to 1800boxesonto pallets An averagaunload rate 0800boxesper work houiis expected.The

wage for employees unloadibgxesrangesrom $9.00 to §1.00an hour Seventyseven

percentbf products are imported n
reefers, and Spercentn
weighsout the catainer prior to cubing it outSpecific $iipping costs were noeveaéd but an

average cosif $3,000per4 Ocdntainer was providedTwenty footcontaines cost2/3 the price

of a

42,500Ibs. Products are offloaded onto pallets, stored, and sent out via trailer floor loaded.

200

4 0 6 scdpertenin n ¢ 5 6nes Gpereenind 0 0

6. dwenty foatcentainers are used when the product

4 0 0 Foctigtfacibty, mamumallowablecargowe i g h t

f

or a

Floor loading is utilizedor imports and domestighipmentso maximize tha@ransport mode

capacity with product(Managementpersonal communicatio2008)

3.2.8 IDC & 3PL Field Study Five

Field study five was 8PL thatimportedan array of products including industrial grade

chemicalspagged productsndconsumercommodities According to the president of the
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company(2008) mostindustrial productsire imported palletizedvhereasconsumer products
areoftenfloor loadedto maximize container capacityor floor loaded produgca lumper

service is utilized. felumper servicehargeto unloadboxes oftconsumer product ranges from
$100to $150, depending on the pduct and size of the containek.chargeto the customer for

the unloadingserviceranges fron$200to $300. Some produstareimmediately loaded into an
outbound trailer floor loaded, whitehers are palletized, stored, or immediately sent out
palletized It was notedhatfor product arrisng palletizedthelumper sevice will be paid less

if a forklift is usedn the unloading operatior-ull time employees were commonly utilized to
unload palletized products from containers. A reoccurring issue was observed faaslger
arriving on pallets in containers. Tdesacks were intended to be a live unload, but took longer
than the two hours allottetlie to incompatibilitiesresultingin additional chargeslt was also
observed that lumper services worked fast, but often carelessly. Observation revealed improper
product placement on pallets which resulted in restack of produack potential product damage

(PresidenBPL, personal communication2008)

3.2.9 IDC & 3PL Field Study Six

Field study six was alDC handlingready to assem&(RTA) furniture. Unlikethe other
facilities visited,all importedproducts arrivd unitizedon pallets The logisticananagerZ009)
revealed thatfrom shipment to shipmentariousproduct/packagingizes exist. Various pallet
sizes are used to accommodate the varying sRaltets are used becau$e tproduct is heavy
and if producs wereimportedfloor loaded it would take a long time to unloadror ®me
shipments, theroduct would weigh out theontainerby floor loading Unitized goductsallow

forafastunload i me . The ti me contameaioéuhit ldadss 40 mmuteg. a 4 0
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Generally two individuals are involed with theunloading operation. Unload labor is $17.55 an

hour each(Logistics Manager, 2009)

3.3 IDC & 3PL Field Study Container Loading Method Comparisons

Many of theIDC and 3PL field studyacilities emphasized that floor loading was preferred
to obtain more boxgser container.To verify more boxes could fit in a container fldoaded
comparedo on palletsandto determinghe magnitude of the differendeox measuremeniand
box product valuevere neededFurthermorebox weights were collectdd ensure container
weights would not be exceeded fgcing floor loaded boxes on pallets in containéield
study locatiorthreeand fivepermittedbox measurementsveights and product valut® be
recorded Data was collectedt location three andwvie on productsarriving to the facilityduring
the visit A comparisorior the two locationsvas madeising TOPS (Total Optimation

Packaging Software)To make the comparisons, pallets were assumed to weigh 30 pounds each.

3.3.1 ComparisonOne

A productobservedat location thredad boxdimensionof 26 1/ (length)x 1 4  Rwidéhp
x 14 1P gheight) The weight ofeachboxwas79 poundsand was alued at$120. The boxes
were importedloor loaded withdifferentbox countsfor the threecontaines observed The
variation in box count is displayed Trable3-2. Boxes in container one amdo were imported

i n a 4006 HOGxexirocontamathreewere imported n a 4006 container.

Table 3-2 Varying Box Quantity of Same Productper Container

Container Product Quantity Unload Time
1 400 5 work hours
2 339 4 work hours
3 225 3 work hours
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Inputting the dimensions and weights for the specific boxed product into TOPS wiatied
more boxesanbeimported per containdloor loadedcompared to on palletsiith the
exception of containghree The highest actual box count filmor loaded boxesvas 400boxes
per container Figure 31 displaysthe highestactual arrival of floor loaded bogma4 0 6 HC

container

Figure 3-1 TOPS Model Boxes Floor Loadedn Container (400)

The observed floor loaded boxed prodweereunloaded onto pallets and shipped to retail
f our boxes pglaasshdvdin Figuredd.0Due to thanefficientboxfton a 480 X
400 ptei2Petx 420 pal | ferdemsristmton puipasts shéain the bes fit
of boxes to pallets and the highest box count per contaier box fitona 4206 x 420 pal

shown in Figure 3.
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Figure3-2TOPS Model Four Boxes on a 480x 400 Pa

Figure3-3STOPS Model Four Boxes on a 420x 420 Pa

Assuming boxearrivein containerp al | et i zed ox(foutBoresperpdlleth pal | e
only 252 boxeganfitin eithera 4 4@ 60 rHC cPlatihgbet esron 42& x 420

allows 264 boxes per containas showrnn Figure 34.
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Figure 3-4 TOPS Model Boxes Palletized in Container (264)

By receiving 400 boxes in a 406HC container,
compared to on palletsTheadditionall36 boxeger container results in an increased product
arrival value of $16,320 per containérable 33 displaysresults offloor loaded boxeand

boxesunitizedon pallets

Table 3-3 Field Study Floor Loaded to Pdletized Comparisonl

Floor Loaded Actual PalletizedOptimal
Total product/packaging weight 31,600Ibs. 22,8361bs.
ContainerProduct Value $48,000 $31,680
Boxegper vehicle 400 264
Cube Efficiency 81.7%6 73.%%
Area Efficiencypackage to pallet Not Applicable 87.8%

3.3.2 Comparison Two

Theaboveanalysis waslsocompleted for a product observed at location figé¢this
facility, 1848 boxeswith dimension 26 7/8x 6 5/8& x 11 1/& wereimportedfloor loaded. The
productwasvalued at $10@erbox, andweighed12 pounds per boxFigure 35 shows1848

boxes in a container
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Figure 3-5 TOPS Model Boxes Floor Loaded in Container (1,848)

Placing the boxes on a 1200mm x1000getiet providedhe besbox to pallefit and the

highest box count per containdBox fit to pallet is shown in Figurg-6. Figure 37 shows the

1200mm x 1000mm pallets acontainer

Figure 3-6 TOPS Model Boxes to Pallet Fitt200mm x 1000mm
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Figure 3-7 TOPS Model Boxes Palletized in Container (1,320)
A considerable difference of floor loadbdx quantityand valuecompared to palletizelolox
guantity is observed in Tab84.

Table 3-4 Field Study Floor Loaded to Palletized Comparisor

Floor Loaded Actual Palletized
Total product/packaging weight 22,176lbs. 17,1001bs.
ContainerProduct Value $184,800 $132,000
Boxesper vehicle 1,848 1,320
Cube Efficiency 85.2% 75.8%
Area Efficiencypackage to pallet Not Applicable 92.1%

3.3.3 Summary of IDC & 3PL Field Studies

e With the exception of location six, the majoritylmfxedproducts imported into the
facilities were flooloadedin containersipon arrival.

¢ Floor loading was utilized to obtamoreboxespercontainermaximize the container
capacitywith boxed productsand to obtain a higher container value.

e Time to unload and labor cost to unload containers wneeta for floor loaded boxes
compared to boxes unitized on pallets

e Floor loaded boxes were often palletizdDC or 3PL facilities.
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Labor was observed in three types and rates: lumper unloading floor loaded boxes, hourly
manual unloading floor loaded bes; and forklift operators unloading boxastized on

pallets

For floor loaded boxes, regardless of product, or box count, utilizing a lumper service

was cheaper to unload containers compared to hourly wage unloading floor loaded boxes.
Lumper sericesworked fast, but carelesslymproper placement of packages jallets
resultedin the potential foproduct/packaging damage.

Incompatibilities betweethe boxedoroduct andhe palletprohibited efficient unloading
Receiving dock doors were blocked for a longer duration vieloeedproduct arrived

floor loaded, resulting in drop containers rather than a live unload

When forklift handling was used, similar unload time and labor cost was observed, even
whenthe producsectorsveredifferent (except super sacksill locations had several

forklifts and/or pallet jacks idle near receiving docks to move unit lo@u&e

employees offload boxes onto pallets, the palleteeeither taken to storage or loaded

into an outlound transport mode.

Forklifts were the most cost effective method of unloadimgtainer contents

3.3.4 Overall Benefit of Field Studies

From data and information collected through field studies, parameters for the model were

obtained. B floor loading,more boxescouldfit per container, budt higherlaborcosts, greater

unload timesanddock doors being blo@d for a longer durationUnit loads wee able to be

unloaded at fasteates andtlowered pricesrom containers If containers withboxesunitized

on palletscould meet daily demand, thenoductvalueper day othe two loading methods

would be equal. The difference would be derived from costs to meet daily de@amiginers
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thatblockeddoors for a long duration causedncern in termsf maximizing throughpuandthe
ability to unload containers arriving simultaneoudhor thesereasos, receiving dock door
capacity was included in the reseaBhsed on obtainable information regarding costs and time

from the field studies, a questioaire was developed.

3.4 Questionnaire

3.4.1 Questionnaire Development

Collecting data durinfjeld studiesocused on products arriving only at the time of the study.
Randomsampling of containengrovided a general basi$ the arrival ofboxedproducs and a
concept to develop a model, but did not provedeughspecific informationThe purpose of the
guestionnairevas to gather specific information abdlg highest volumeroducs imported A

guestionnairevas developed usingww.survey.vt.edu(See Appendixd for the IRB

(Institutional Review Board approval formppendix 2 fortherecruiting scriptandAppendix3
for the questionnaire) Since datan highest volume imporigas not collected in the field
studes thequestionnairevas pretested utilizing field study participants. In addition tdiéhe
studyparticipants, two other highly knowledgeabidividualsaffiliated with product imports
were asked to participate in theetest Five outof theeight selected preteparticipants

responded

3.4.2 Questionnaire Pretest Results

The following products were identified hgghest volumemports. Theproductsector and
geographiorigin are provided
e 1. FansElectrical DevicesChina

e 2. Consumer CommodasChina
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e 3. FurnitureDenmark

e 4. ProducelLatin America

e 5. Seasonal Products/decoratigdina and Vietham

From the pretest,rdy produce and furniture arrideunitizedon pallets in containersOther
top imported products arrideao facilities floor loadedin containers Productsvere found to
arrvrein4 06, 400HC, ,ah%06 58@dnttaiandreg s c oMthtleeg fr om L
exception of Latin America taking one week to receive products, shippingwieresearly the
same for all otarfacilities, ranging from threto six weeks. The number of containers arriving
per day to be unloaded at the select facilities follows: 25 containers of seasonal items, 16
containers ofansglectrical devices, two containers of consumer commoditiescontainer of
furniture, and 2Mighwaytrailers of produce per day. Othban furniture all shipping and
drayage costs were paid by the bwyarthe product. Théurniture manufacturenitially pays
the shipping and drayage charges for furnihgeause the manufacturer and IDC are the same
company Storageduration for the products identified in the questionnaire pretest rdraged
one day to three months.

Unlike the prodicts observed in the field studiegherecommonly onlyone producbox size
occupied the container, the pretest unveitedtop imported products consist of mixed products
of various sizes and weigher container The averagaumber ofboxes per container, number
of personneinvolved with unloadingontainerstimeto unload containerchargesandthe
number of dock doors grovidedin the following list:

1. FansElectrical Devicesl500boxesper container
A Two personnelfour work hours paid $118lumper)to unload

A No unload charge to customer (same company)
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A 91 dock doors
2. Consumer Commoditiek000boxesper container
A Two to four personnetwo to fourwork hours paid $25 (lumper)to
unload
A $225charged to customén unload
3. Furniture-355boxesper container
A Two personnel0 minutes paid $17.55 ahour each
A No unload charge to customer (same company)
A Four to 10 dock doors
4. Producel500boxesper containefor trailer)
A One persom5 minutes paid $25 an hour,
A cost to customeo unloadnot provided
A 12 dock doors
5. Seasonal Products/decorati®® to 240(boxesper container
A One to five personngivage not provided

A cost to customeo unloadnot provided

A 20 dock doors

3.4.3 Questionnaire Results

Based from the results and comments from the pretest, minor revisions\aeedo the
guestionnaireegardingoox count, and mixed load$he pretest contained pertinent daleut
top importsand was useth addition todatacollected at othemportfacilities. Onesourceto
obtainquestionnaireresponsesa s t hr ough the Center forat Uni t L

Virginia Tech. One respondent wadbtained through this method. @éthersourcewas through
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a directory of 3Pk and warehouses. From the directir$5 facilities 19locationsprovided
regporses Participant feedlek provided: shipping duration, product loading metbbbighest
volume importsattributes of the product (package size, weight, value, number of boxes/products
per container), demand, warelseuattributes, anassociated impocostsand times The

following sections summarizée responses of the questionnsire

3.4.4 Shipping Duration

The amount of timéor IDC and 3PL facilitiedo receive product, once ordered is shown in
Figure 38. A range of one to nine weeks can be obsewigdthe majority between three and
six weeks. The range is based orr&$pondentgwo did not provide a response fitie

shipping duration.

Time to Receive Product
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Figure 3-8 Shipping Duration
3.4.5 Container Cargo Loading Method

Dataobtained from the questionnaire revealed that the majority of prodpotts were
floor loaded or palletized upon arrival to IDC and 3PL faciliseshown in Figure-8. One

guestionnaire respondent indicated that the product commonly apaetized bubccasionally
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on slip sheetgrepresented as palletized/slip sheeE)r thiscase data provided on palletsas

used in the studyOne respondent indicated that the product arrived in Bui@duct that arrives
unpackaged in bulk cannot be palletized and does not share common warehousing attributes as
boxes arriving floor loaded or unitized on pallets. The product imported in bulk was removed

from the study.

Arrival of Imports
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Figure 3-9 Various Loading Methods Identified

Onerespondent indicated that the highest volume importmashinery. Thenachinery
was floor loaded and unloaded with a forklift. Lakeord time taunloadfloor loadedmachinery
with a forklift is not relevant to the study. oMever, warehousattributesarerelevant Boxed
productswerethe focus of the studyput manyimportedboxed products are not palletizeior
comparisorpurposesdata regardingmportedpalletizedcarg, regardless if boxed or netas
consideredor the researchFruit imported from Latin Americavas found to arriven 5 3 6
trailers. Data obtained about fruit was relevant, akading method#or trailers are similar to

containers.

3.4.6 SpecificData onContainer Cargo

Imports from variousounties andegionswere identified thoughthe questionnairesTable

3-5 displays product sectorgountryregionof origin, floor loaded or palletizedontainer size,
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palletsize if applicable, and whether tbentainer consists of sing&ock keeping units (SKU)

(all same dimensi@) or mixedSKU (differentdimensions) For many importsrriving

palletized, respondents indicatealletsize varies from shipment to shipmamid is not

consistent Otherrespothe nt s i ndi cat ed i @RO0Omm g1080mm,iande o0 n
4 0 0 OyalletsOThe majority of respondents indicated that imports ainrve0 6 st andar d
containes. Wine/beer and cosmetics are importediot h 22®M® amdht ai ner s.

importedn53 06 trail ers.
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Table 3-5 Questionnaire Results Regarding Container Cargo

Top Imported Country/Region Floor Loaded Container Mix/Single SKU
Product Origin Palletized Size Container
Fans-Electrical
Devices China Floor Loaded 40' Mixed
Consumer
Commodities China Floor Loaded 40' HC Mixed
Seasonal ltems China, Vietnam Floor Loaded 45'HC Mixed
Seafood-Fish Argentina, China Floor Loaded 40' Single
Cosmetics China Floor Loaded 20' & 40' Mixed
Food China Floor Loaded 40' HC Single
Shrimp Vietnam Floor Loaded 40' HC Single
Household Goods China Floor Loaded 40' Mixed
Peanuts Argentina, China Floor Loaded 40' Single
Molded Plastic
Goods Israel Floor Loaded 40' Single
*Furniture Denmark Palletized 40' HC Mixed
All selections &
(1) Wine and Beer Australia Palletized 20' & 40° Mixed
*Sector Not
Provided Sweden Palletized 40' Mixed
*Forgings/Castings India Palletized 20' Single
*Stone Products China Palletized 20' Mixed
*Spices S.E Asia Palletized 40' Single
*Produce Latin America Palletized 53" Trailer Mixed
**Energy Drink Austria/Switzerland Palletized 40' Single
**Beverages United Kingdom Palletized 40' Single
*Non Hazardous Germany and
Chemicals Brazil Palletized 40' Mixed
***Electric Motors China Palletized 40' Single
***Eood Products Spain Palletized 20'HC Single
****Eiberglass China Palletized 20' HC Single

(1) All selections can be found in Appendxquestion #4respondenalsoindicated product
arrives on pallets and occasionally on slip sheets

*mports arrive on &rious pallet sizes

**I mports arrive on a 480 x400 pallet
**mports arrive on a 1200mm x 1000mm pallet
**** ]I mports arrive on 400x 400 pallet
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3.4.7 Shipping and Drayage Costs

It was found from theuestionaireshatshipping costsangeal from $2,400 tdb4,000.
Through converstation with the senior vice president for a rshjprline (2009)it was found
t hat $1, ScOntaindmaonrd ab 32 0060 0 f owvereaaeragdntés regardiesseof n e r
the weight of the contentdMost shippers operate under a lump sum cha@jten, port charges
areincludedin the shipping cogiSenior Vice President, personal communication, 2009).
Drayage from the port tilve IDC or 3PL facility ranged from $15375 Severalesponses

indicated a fuesurchargealsoexists in addition to the base cost.

3.4.8 Labor Costs

Data collectedegarding laborequired to unload containezan be divided intthree
categories. The categories follow:

e Lumper, paid by the container, utilizedmarily for floor loaded imports

e Full time and part timgaid hourly utilized for floor loaded imports

e Forklift operators utilizedto unloadpalletizedimportswith aforklift

Tables 3-6, 37, and 38 displaythe resultsrespectively. The tables display tto¢éal amount
of work hoursneeded to unload a container, number of workers involved with the unloading
processactualtotal cost for labor to unload a contair(@o proft), and the astomercost(cost +
profit). Unload tmes, costs, and customer charge are also displayethiasum, average, and
maximum. Total unloadocost combines time and laband only considersbor inthe
unloading processPallets,securingdevices such as banding and stretch wrapoamérehouse
services such as storage and/or value added sewaeed result in additional charges.
Customer charge esoportrayedust forlabor inthe unloading process. Like total unloading

costs addtional charges are likely.
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Table 3-6 Lumper Coststo Unload Floor Loaded Boxes

Time Total Unloading Cost Customer
Status (hours) Workers (%) Charge (%)
Lumper (Floor Loaded) 4.00 2 118.00 0.00
Lumper (Floor Loaded) 3.00 3 125.00 225.00
Lumper (Floor Loaded) 2.00 3 150.00 200.00
Lumper (Floor Loaded) 3.00 3 NA 300.00
Lumper (Floor Loaded) 4.00 2 120.00 390.00
Lumper (Floor Loaded)
Minimum 2.00 2 118.00 200.00
Lumper (Floor Loaded)
Average 3.20 129.60 278.75
Lumper (Floor Loaded)
Maximum 4.00 3 150.00 390.00

Table 3-7 Hourly Wage Costs to Unload Floor Loaded Boxes

Time Total Unloadin Customer
Status (hours) Workers Cost (%) ’ Charge ($)
Hourly Wage (Floor Loaded) 4.00 3 132.00 465.00
Hourly Wage (Floor Loaded) 2.00 3 63.00 740.00
Hourly Wage (Floor Loaded) 2.00 3 66.00 312.00
Hourly Wage (Floor Loaded) 3.00 2 54.00 325.00
Hourly Wage (Floor Loaded)
Minimum 2.00 2 54.00 312.00
Hourly Wage (Floor Loaded)
Average 2.75 78.75 460.50
Hourly Wage (Floor Loaded)
Maximum 4.00 3 132.00 740.00
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Table 3-8 Forklift Operator Costs to Unload Boxes in Unitized Form

Time Total Unloading Cost Customer
Status (hours) Workers $ 9 Charge $
Forklift Operator (Palletized) 0.66 2 23.40 0.00
Forklift Operator (Palletized) 0.58 2 16.33 NA
Forklift Operator (Palletized) 0.75 1 18.75 NA
Forklift Operator (Palletized) 0.75 2 22.50 NA
Forklift Operator (Palletized) 0.75 1 7.50 NA
Forklift Operator (Palletized) 0.33 1 5.00 NA
Forklift Operator (Palletized) 0.33 1 4.54 150.00
Forklift Operator (Palletized) 1.00 1 20.00 25.00
Forklift Operator (Palletized) 2.00 1 30.00 150.00
Forklift Operator (Palletized) 0.50 1 5.00 287.00
Forklift Operator (Palletized) 1.00 1 12.65 100.00
Forklift Operator (Palletized) 0.50 2 13.00 125.00
Forklift Operator (Palletized) 0.66 1 6.66 300.00
Forklift Operator
(Palletized) Minimum 0.33 1 454 25.00
Forklift Operator
(Palletized) Average 0.84 14.26 162.43
Forklift Operator
(Palletized) Maximum 2.00 2 30.00 300.00

3.4.9 Containers Demandper Day
Table3-9 displaysthe minimum, average, and maximum number of containersl to
arrive dailyto IDC or 3PL facilities

Table 3-9 Containers Received per Day

Minimum 1 per Day
Average 6 per Day
Maximum 35per Day

3.4.10 Receiving Dock Doors

Thevolumeof producta facility isable toprocessn a dayis regulated by the number of
dock doors a facility hass well aghemethod of labor used to unloadntents from containers
Theminimum, average, and maximunumber of dockloors obtained from the questionnaires

were found to be four, 29, ad®0, respectively
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3.4.11 Storage Duration
Once product is unloaded, storage times vary. In one instance, proddotnéso be

loadedimmediately into an outbound trailer. Otlstorageresults ranged from 24 hours to two

years.

3.4.12 Solutions to a Demand Increase
Themajority ofresponsesdicated that if demand were to increase, a way to accommodate

it would be to increase labor. Figu8€l0 displays the results.

Reduce Variety/Increase Ti t
Cross Dock

Increase Equipment and Labc
Nothing

Options

Acquire More Warehouse Spac

Increase Labor

Frequency of Responst

Figure 3-10 Demand Increase Solutions

3.4.13 Labor Cost Increase
The majority of resposesindicated that if labor charges were to increase, the cost would be

passed onto the customer. Fig8+&l displays the results for an increase in labor charges.
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Increase Productivity
Find Cheaper Labor or Reduce Profit Mar:
Layoffs
Negotiate with Lumping Servic
JIT Logistics
Reduce Variety, Increase Tl
Review Business Pla
Nothing
Increase Customer Charc

Options

012345678 910111213

Frequency of Responsi

Figure 3-11 Labor Cost Increase Solutions

3.4.14 Capacity Utilization

Currentwarehouse andistribution centecapacityutilization was determined and shown
in Figure3-12. Warehouses at or near capacity do not have many sppticake on other

products, oto pracess arncreasen demand of existing products.

14
12
> 10
=
o 8 -
>
5 o
o,
2 -
0 -
Warehouse/DC at Warehouse/DC No Answer
or near Capacity not at capacity

Figure 3-12 Warehouse Capacity Utilization
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CHAPTER 4. MODEL DEVELOPMENT

4.1 Overview of Model

Through this researcthe types of produsthat arefloor loaded or palletizeth containers
wasdetermined More importantlythe influencing variables that need to be considered to make
an efficient (cost and time) decision were identified. iffleencing variablesre:

e Box dimensionsnd volume

e Boxed product weight

¢ Pallet phytosanitationost

e Pallet purchase Cost

e Number of boxes per container

¢ Number of boxes per pallet

e Number of pallets per container

¢ Shipping and handling costs

e Box/containerdemand

e Single SKU omixed SKU container

e Unloadtimes

e Availablereceivingdock doors

By incorporating the variables into a mademethod to makeneefficientdecisionto either
floor load boxes or unitize boxes on pallets in containers was obtained. Through this research, i
was found thaboxeswereoftenfloor loaded to obtaimore boxes per container, which resulted
in a higher container valud-or an efficient decision to be madteis important to consider the
value of containers meeting daily demgndt on a container basjsgjssociated costsme, and

processing capability of the receiver for the wamtainer cargéoading methodsThrough the
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development of the model, several terms are refererigefinitions and/or the origin of these
terms used in the model are provided in AppendiRéfiQitions of the Model).

A cost comparisors madein the modeby determining thealue of containers per dégss
shipping and handling costs for the two loading methods (net value). Comparing the net values
(subtracting net value for boxes unitizedpmallets from the net value of floor loaded boxes)
results a cost benefibet value deltafor one of the two loading method$he model considers
full and partially filled containersin addition to verifying the most cosfficientmethod of
exportirg/importingboxedproducts, the modéhcorporates the ability of the receiver to unload
products from containers, based upon time and receiving dock @aolable It was found that
container traffic israriable due to demand fluctuations dhe uncetainty of container arrival.

Dock door availability needs to be considered for both the distribution centtresmayer, to
ensure product can be unloaded and further distributed in a timely maimdetermine which
loading method is most efficient in terrosthe ability to process the amountaaintainers, the
model considers, number of doatisje to unload containers, time to move a container from a
dock door (if applicable), number of containén be processed, and theilable hours of the
receiving dock doorConsideration is given to the ability to meet demand tomaximize
throughput.

The model provides a method to make a decision for single SKU containers, followed by a

separatenethodto make a decisiofor mixed SKU containers.

4.2 Single SKUModel Sequence

For Sngle SKU containers, the first step to applying the model is to input the box
dimensions antox weight into TOPS or a similar software prograifo determine the proper

containe type and sizehenumber of boxes desired per contaiened productveight, size,
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and other attributeseed tdoe considered. Fdroxesthatare unitized on pallets in a container,
TOPS requirethe useto choose a palledtyle, weight,and size.lt is assurad one will be
selected thatas theproper strength to support thexedproduct,agood fit for theboxed
product(ideally no ovethang and minimal undédrang, andis compatible for the receiveiThe
software allowsa comparisorio be made bthe maximumnumber ofboxes flooloaded tahe
maximumnumber of boxesnitized on pallet¢considering pallet configuratiotat fit in a
container Themaximum number of boxesbtained from TOP®r the two loading methodse
assumedo befull containergunusable space due to box size or weight in containers is likely).
Container weight, including boxed products and pallets (ificgdge) is provided from TOPS.
By determining the number of boxes that fit in a container floor loaded andrii®nof boxes
that fit in a container unitized on pallets, calculations catevelopedor the following:
container value, containers to meet daily demand, value meeting daily demand, costs per
container, cost to meet demanet value, net value deltand dock capacitior the two loading
methods For each calculation, a table is provided defining the associated vaftalites two

loading methodsfollowed by an quatior(s) for each loading method.

4.2.1 Single SKU Container Value

For this model, valuéhas no bearing on tteveralldecision to floor load or unitize boxes
Using equal valuesf the boxed produdbr the two loading methods will provide the same
result, regardless of what the value V&alue provides basis for costs to be subtractemim and
was used to show that the datlyntainewalues for the two loading methods could be equal.
Container value for floor loaded containers is obtained by multiplying the maximum number of
boxes floor loaded that fit in a container, or that maxintizecontainer weight capacity by the

individual box value. For boxes unitized on pallets, the container isatitained by
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multiplying the maximum number of boxes that fit in a container on pallets, or that maximize the
container weight capacity by thedividual box value

Table 4-1 Single SKU Container Value Floor Loaded Defined

Abbreviation Definition
Nfbc Number of Floor Loaded boxes per Full Container
Vb Value of Individual Box
Vfc Value of Floor Loaded Container

Single SKU Container Value Floor Loaded
Nfbc x Vb =Vfc (%) (4-1)

Table 4-2 Single SKU Container Value Palletized Defined

Abbreviation Definition
Nbpc Number of Boxes Palletized per Full Container
Vb Value of Individual Box
Vpc Value of Palletized Container

Single SKU Container Value Palletized
Nbpc x Vb =Vpc ($) (4-2)
4.2.2 Single SKU Containers Meeting Daily Demand

To determinghe number ofontainers requireder day boxdemandoer daymust also be
available. Containers needed to maidily demand will not be the sametlife number of boxes
per containefloor loadeddoesnot equal the number of boxeasitized on palletper container
So a comparison can be made, box demand per day floor loaded needs to equal box demand per
day palletized.The total number of floor containemseded per dag obtained bylividing the
number of boxes per day by the number of boxes per container Foloaaling methodNfbc

andNbpg.
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Table 4-3 Single SKU ContainersMeeting Demand Floor Loaded Defined

Abbreviation Definition
Nbd Number of Boxes needed per Day
Nfbc Number of Floor Loaded Boxes per Full Container
Tfcd Total Number of Floor Loaded Containers needed per Day

Single SKU Containers Meeting Demand Floor Loaded
Nbd + Nfbc = Tfcd (Containers) (4-3)

Table 4-4 Single SKU ContainersMeeting DemandPalletized Defined

Abbreviation Definition
Nbd Number of Boxes needed per Day
Nbpc Number of Boxes Palletized per Full Container
Tpcd Total Number of Palletized Containers needed per Day

Single SKUContainers Meeting Demand Palletized
Nbd + Nbpc = Tpcd (Containers) (4-4)
4.2.3 Single SKU Product Value Meeting Daily Demand

Inputtingthe container value for floor loadéghlletizedboxesandthe number of floor
loadedpalletized containemseeded peday provides thegroduct value per daySince the
number of boxes and individual box values are the same, the product value per day is equal for
both loading methods. Product value is a resultant of multiplying the nurhbexes needed to

meet daily demand by the individual box value.

Table 4-5 Single KU Product Value Floor Loaded Meeting Demand Defined

Abbreviation Definition
Nbd Number of Boxes needed per Day
Vb Value of Individual Box
PVdf Product Value per Day Floor Loaded

Single SKU Product Value Floor Loaded Meeting Demand

Nbd x Vb = PVdf ($) (4-5)
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Table 4-6 Single SKUProduct Value PalletizedMeeting Demand Defined

Abbreviation Definition
Nbd Number of Boxes needed per Day
Vb Value of Individual Box
PVdp Product Value per Day Palletized

Single SKU Product Value Palletized Meeting Demand
Nbd x Vb = PVdp ($) (4-6)
4.2.4 Single SKU Costsper Container

The next step is to determitieetotal shipping and handling costs of the bopes container
The calculatiorfor floor loadedand palletizedoxesassumes contairearefull. Laba costto
load(LCfc, LCpc) and labor costo unload(LCufc,and LCupc) can beeitheractual costgno
profit) or costs to customer (actual + profi) the two loading methodOnce a container
arrives to an IDC or 3PL facility to be unloaded, pallets are likely netedeifload boxes.For
floor loaded containers, the first stepdietermining the cost per full containettasdivide the
maximum number of boxes floor loaded by the number of boxes per pallet. Multiplying the
result by the individual pallet cost result® total pallet cost per floor loaded container. The
total pallet cost per floor loaded container is added to the labor cost to unload a contsdoter
results the cost to unloas shown in Equation41. In Equation 47-2 the total cost per full
floor loaded container is obtained by summing the labor cost to load a corgaput,drayage
cost, shipping cost, import drayage cost, and cost to unload.

For containers arriving to IDCs and 3PLs with contents palletized, the pallet cost is
incorporaed on the loading end. If wood is the choice pallet material, an additional
phytosanitation cost is considered. The costad unit loads in a container obtained by
adding the phytosanitation cost to the individual pallet cost. The result islredityy the

number of pallets needed per container, and added to the labor cost to load a as&oam
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in Equation 48-1. The total cost per full container is obtairfiezm Equation 48-2 by summing
the costo load, export drayage cost, shippingtcamport drayage cost amhloading cost In
certain cases additional pallets mayneeded if the pallet configuration is altered after arrival to
IDC or 3PL facility. In this case, manual labor may be needed-pallieize some boxes and-re
palletize on additional palletsFor this case, anual labor costs and additional pallet csiuld

beincluded in the cost to unload.

Table 4-7 Single SKU Costs Floor Loaded Container Defined

Abbreviation Definition

LCufc Labor Cost to Unload a Floor Loaded Container
Nfbc Number of Floor Loaded boxes per Full Container
Nbpl Number of Boxes per Pallet Importer

pCl Pallet Cost Importer

Cufc Cost (labor and pallets) to Unload a Floor Loaded Container
LCfbc Labor Cost to Floor Load boxes in a Container
DCEc Drayage Cost Exportper Container

SCc Shipping Cost per Container

DCIc Drayage Cost Importer per Container
TCFfc Total (Shipping and Handling) Costs per Full Floor Loaded Container

Single SKU Cost to Unload a Full Floor Loaded Container
LCufc + ((Nfbc + Nbpl) x PCI) = Cufc (%) (4-7-1)
*If Nfbc = Nbpl is not a whole number, roundup to the nearest whole number

Single SKU Total Costper Full Floor Loaded Container

LCfbc + DCEc+ SCc+ DCIc+ Cufc =TCFfc ($) (4-7-2)
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Table 4-8 Single SKU Costs PalletizedContainer Defined

Abbreviation

Definition

LCpc Labor Cost to Load Pallets per Container
pCE Pallet Cost Exporter
pTC Pallet Treatment Cost
Nbpc Number of Boxes Palletized per Full Container
NbpE Number of Boxes per Pallet Exporter
Cpc Cost (labor and pallets) to Load PalletiBzkes in a Container
DCEc Drayage Cost Exportper Container
SCc Shipping Cost per Container
DClIc Drayage Cost Importer per Container
LCupc Labor Cost to Unload Palletized Boxes per Container
pCl Pallet Cost Importer
Tplc Total Number of Pallets needed Importer
TCFpc Total (Shipping and Handling) Costs per Full Palletized Container

LCpc + ((pCE + pTC) x (Nbpc + NbpE)) = Cpc ($)

Single SKU Cost to Load Unit Loads in a Container

*If Nbpc = NbpE is not a whole number, roundup to the nearest whole number.

Cpc + DCEc + SCc + DClc + LCupc + (pCI X Tplc) = TCFpc ($)

Total Cost per Full Container with Contents Palletized

*If additional pallets are needddr importer,thenpCI x Tplc); if no additional pallets are

needed, then (0, O)f manual labor is needed, then add.tupc.

4.2.5 Single SKUPartial Cost for Partially Filled Containers

In some cases, partial containers may exist to meet dentandparing floor loaded boxes
to boxes unitized on pallets, it is likely a pargatessontainer will be needed-or this case,
partial containers are charged only for space utilized in the container for shipping and drayage.
A partial labor cost is agfied, unless a lumper service is utilized. When a partial shipping and

drayage charge is applied, it is assumed that the remaining excess container will be filled with

other products and the remaining costs will be absorbed by other proBacttoorloaded

containersand containers with contents palletizéte labor cost to load excess boxes, dray, ship,
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and unload is proportional to the cost of a full container. Each is dilsgitee number of boxes

per full container, times the number of excessds per containexs shown in Equations@t1

through 49-5 for floor loaded boxes and Equations 410-1 through 410-5 for boxes unitized

on pallets For calculations considering pallets (Equatie®-2 for floor loaded boxes and

Equations 410-1 and4-10-5 for boxes unitized on pallef¢he calculations are similar to full
containers, but the number of excess boxes is considered instead of the number of boxes per full
container.The total cost per excess container charged partial for the two loadihgds is

obtained by summing the loading cost, export drayage cost, shipping cost, import drayage cost,
and unloading cost, shown in Equaticf-6 for boxes floor loaded and Equatioi1@6 for

boxes unitized on pallets.

Table 4-9 Single SKUPartial Container Costs Floor LoadedDefined

Abbreviation Definition
LCfbc Labor Cost to Floor Load Boxes per Container
Nfbc Number of Floor Loaded Boxes per Full Container
efbc Excess Floor Loaded Boxes per Container
LCfebc Labor Cost to Floor Load Excess Boxes per Container
DCEc Drayage Cost Exportper Container
SCc Shipping Cost per Container
DCIc Drayage Cost Importer per Container
DCEebc Drayage Cost Exportésr Excess @&esFloor Loadegber Container
SCebc Shipping Cost fdExcess &esFloor Loadegber Container
DClebc Drayage Cost Importer for Excess Boxes Floor Loaded per Container
LCufc Labor Cost to Unload Floor Loaded Boxes from a Container
Nbpl Number of Boxes per Pallet Importer
pCI Pallet Cost Importer
Cuefc Cost (labor and pallets) to Unload Excess Floor Loaded Boxes per Container
Total (Shipping and Handling) Cost for an Excess Floor Loaded Container (used
TCefc only if a partial container exists to meet demand and is charged partial shipping/
transport costs, and partial labor)

Single SKU Labor Cost to Floor Load Excess Boxes in a Container

(LCfbc + Nfbc) xefbc = LCfebc (%) (4-9-1)
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Single SKUDrayage Cost Exporter for Excess Boxes per Container
(DCEc = Nfbc) x efbc = DCEebc ($) (4-9-2)
Single SKU Shipping Cost for Excess Boxes per Container
(SCc+ Nfbc) X efbc = SCebc ($) (4-9-3)
Single SKU Drayage Cost Importer for Excess Boxdsloor Loaded per Container
(DCIc = Nfbc) x efbc = DClebc ($) (4-9-4)
Single SKU Cost to Unload Excess Floor Loaded Boxes per Container
((LCufc + Nfbc) xefbc) + ((efbc + Nbpl) X pCI) = Cuefc ($) (4-9-5)
*If efbc <~ Nbpl is not a whole number, roundup to the nearest whole number
Single SKU Total Cost for an Excess Floor Loaded ContaindPartial Charged
LCfebc + DCEebc + SCebc + DClebc + Cufec = TCefc ($) (4-9-6)

Table 4-10 Single SKU Partial Container Costs Palletized Defined

Abbreviation Definition
LCpc Labor Cost to Load Palletized Boxes per Container
Nbpc Number of Boxes Palletized per Full Container
ebpc Excess Boxes Palletized per Container
pCE Pallet Cost Exporter
pTC Pallet Treatment Cost
NbpE Number of Boxes per Pallet Exporter
Cpec Cost (Labor and Pallets) to Load Excess Palletized Boxes in a Container
DCEc Drayage Cost Exportper Container
SCc Shipping Cost per Container
DClIc Drayage Cost Importer per Container
DCEepc Drayage Cost Exportéar ExcessPalletizedBoxegper Container
SCepc Shipping Cost fdExcessPalletizedBoxesper Container
DClepc Drayage Cost Importer for Excess Palletized Boxes per Container
LCupc Labor Cost to Unload Palletized Boxes from a Container
pCl Pallet Cost Importer
Teplc Total Number Excess Pallets needed per Import Container
Cuepc Cost (labor and pallets) to Unload Excess Boxes Palletized from Container
Total (Shipping and Handling) Cost for an Excess Palletized Container (used
TCepc only if partial container exists to meet demand and is charged partial shipping and
transport costs, and partial labor)
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Single SKU Cost to Load Excess Boxes Palletized per Container
((LCpc + Nbpc) x ebpc) + ((pCE + pTC) x (ebpc + NbpE)) = Cpec ($)  (4-10-1)
* If ebpc +~ NbpE is not a whole number, roundup to the nearest whole number
Single SKU Drayage Cost Exporter for Excess Palletized Boxes per Container
(DCEc = Nbpc) x ebpc = DCEepc ($) (4-10-2)
Shipping Cost for Excess Palletized Boxes per Container
(8Cc + Nbpc) x ebpc = SCepc ($) (4-10-3)
Drayage Cost Importer for Excess Palletized Boxes per Container
(DCIc + Nbpc) x ebpc = DClepc ($) (4-10-4)
Cost to UnloadExcess Boxes Palletized frora Container
(LCupc + Nbpc) X ebpc + (pCl x TePIc) = Cuepc ($) (4-10-5)
*If additional pallets are needed for importer, tiied1 x Tplc); if no additional pallets are
needed, then (0, 0).
Total Cost for an Excess Palletized Container Partially Charged
Cpec + DCEepc + SCepc + DClepc + Cuepc = TCepc ($) (4-10-6)
4.2.6 Single SKU CostMeeting Daily Demand Full Charged Containers

For shipments that cannot meet demand in full contgiarcess container space exists.
Unlike the previouscalculatiors, thesecalculationsassumeéhat space cannot be utilized by other
products. This scenario results in fstlipping and drayageoss and partial handling cast
When a lumper service (pdny the container, not by the hour) is useflill container labor cost
to load/unloachould be considerednly the last container of the shipment to meet demand
should be considered for this option, and only if excess space and costs cannot be bipsorbed
additional products. Prior containers are assumegaiudl will be charged full transport

shipping and full labocost. Like partial charged containers, the cost to &mabunload is
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proportional to the cost of a full contaires shown in Equatis 411-1 and 411-2 for boxes

floor loaded andan Equations 412-1 and 412-2 for boxes unitized on palletdHowever, export
drayage, shipping and import drayage are full rates. Summing the costs for both loading
methods results a total cost for an essceontainer (* represents excess container charged in full)

shown in Equation-4.1-3 for boxes floor loaded and-3 for boxes unitized on pallets

Table 4-11 Single SKUFull Charged Partial Containers Floor Loaded Defined

Abbreviation Definition
LCfbc Labor Cost to Floor Load Boxes per Container
Nfbc Number of Floor Loaded Boxes per Full Container
efbc Excess Floor Loaded Boxes per Container
LCfebc Labor Cost to Floor Load Excess Boxes Floor Loaded in Container
LCufc Labor Cost to Unload Floor Loaded Boxes from a Container
Nbpl Number of Boxes per Pallet Importer
pCl Pallet Cost Importer
Cuefc Cost (labor and pallets) to Unload Excess Floor Loaded Boxes per Container
DCEc Drayage Cost Exportper Container
SCc Shipping Cost per Container
DCIc Drayage Cost Importer per Container
Total (Shipping and Handling) Costs for an Excess Floor Loaded Container
TCefc™ (used only if a partial container exists to meet demand and is charged full shipping/
transport costs, and partial labor)

Single SKULabor Cost to Floor Load Excess Boxes Floor Loaded in Container

(LCfbc + Nfbc) xefbc = LCfebc (%) (4-11-1)
Single SKU Cost to Unload Excess Floor Loaded Boxes per Container
((LCufc + Nfbc) xefbc) + ((efbc = Nbpl) X pCI) = Cuefc ($) (4-11-2)

*1If efbc = Nbpl is not a whole number, roundup to the nearest whole number
Single SKUTotal Cost for an Excess Floor Loaded Container Full Charged

LCfebc + DCEc + SCc + DCIc + Cufec = TCefc*($) (4-11-3)

58



Table 4-12 Single SKUFull Charged Partial Containers PalletizedDefined

Abbreviation Definition
LCpc Labor Cost to Load Palletized Boxes per Container
Nbpc Number of Boxes Palletized per Full Container
ebpc Excess Boxes Palletized per Container
pCE Pallet Cost Exporter
pTC Pallet Treatment Cost
NbpE Number of Boxes per Pallet Exporter
Cpec Cost (Labor and Pallets) to Load Excess Palletized Boxes in a Container
LCupc Labor Cost to Unload Palletized Boxes from a Container
pCIl Pallet Cost Importer
Teplc Total Number Excess Pallets needed per Import Container
Cuepc Cost (labor and pallets) to Unload Excess Boxes Palletized from Container
DCEc Drayage Cost Exportper Container
SCc Shipping Cost per Container
DCIc Drayage Cost Importgrer Container
Total (Shipping and Handling) Costs for an Excess Palletized Container (used
only if partial container exists to meet demand and is charged full shipping and
TCepc ™ transport costs, and partial labor

Single SKUCost to Load Exces$alletized Boxes in a Container
((LCpc + Nbpc) x ebpc) + ((pCE + pTC) x (ebpc + NbpE)) = Cpec ($)  (4-12-1)
* If ebpc + NbpE is not a whole number, roundup to the nearest whole number
Single SKU Cost to Unload Excess Box&alletized from Container
((LCupc = Nbpc) x ebpc) + (pCI x TePIc) = Cuepc ($) (4-12-2)
*If additional pallets are needed for importer, tliel x Tplc); if no additional pallets are
neededhen (0, 0).

Single SKU Total Costs foran Excess Palletized ContaineFull Charged

Cpec + DCEc + SCc+ DClc + Cuepc = TCepc *($) (4-12-3)

59




4.2.1 Single SKU CostMeeting Daily Demand

Once total shipping and handling costs per container have been calculated, and container
demand is known, costs to meet daily demand for floor loaded boxes and palletized boxes can be
determined.Both partial and full charged excess containers are indliurdehe calculationT otal
cost per full container was determined in EquatiofiZland 48-2 for floor loaded containers
and containers with contents unitized, respectively. From Equati8rad 44 the number of
containers per day was determinedffoor loaded containers and containers with contents
unitized, respectively. From this, the number of full containers is known. For each loading
method the total cost per full container is either added to the cost of an excess carttanged
partial (shown in Equations-43-2 and 414-2 for boxes floor loaded and boxes unitized on
pallets, respectivelypr to the cost of an excess container charged in($hibwn in Equations-4
13-3 and 414-3 for boxes floor loaded and boxes unitized on pallespatively) The result is
the total cost for containers per day for partially charged or fully charged excess containers for
each loadingnethod

Table 4-13 Single SKU CostMeeting Demand Floor Loaded Déined

Abbreviation Definition
TCFfc Total (Shipping and Handling) Costs per Full Floor Loaded Container
NFcfd Number of Full Containers Floor Loaded per Day
TCFcfd Total Cost for Full Containers Floor Loaded per Day
Total (Shipping and Handling) Costs for an Excess Floor Loaded Container
TCefc (used only if a partial container exists to meet demand and is charged partial
shipping/ transport costs, and partial labor)
TCfcd Total (Shipping and Handling) Costs for Floor Loaded Containers per Day
(Excess Containers are charged partial shipping/transport, and partial labor)
Total (Shipping and Handling) Costs for an Excess Floor Loaded Container
TCefc™ (used only if a partial container exists to meet demand and is charged full shipping/
transport costs, and partial labor)
% Total (Shipping and Handling) Costs for Floor Loaded Containers per Day
TCfcd (Excess Containers are charged full shipping/transport, and partial labor)
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Single SKU Total Cost for Full Containers Floor Loaded per Day
TCFfc X NFcfd = TCFcfd ($) (4-13-1)
Single SKU Total Costs for Floor Loaded Containers per Day Partial Charge
TCFcfd + TCefc =TCfcd (%) (4-13-2)
Single SKU Total Costs for Floor LoadedContainers per Day Charged in Full
TCFcfd + TCefc* =TCfcd *($) (4-13-3)

Table 4-14 Single SKU CostMeeting Demand Palletized Defined

Abbreviation Definition
TCFpc Total (Shipping and Handling) Costs per Full Palletized Container
NFcpd Number of Full Containers Palletized per Day
TCFcpd Total Cost for Full Containers Palletized per Day
Total (Shipping and Handling) Costs for an Excess Palletized Container (used
TCepc only if a partial container exists to meet demand and is charged partial shipping/

transport costs, and partial labor)

Total (Shipping and Handling) Costs for Palletized Containers per Day (Excess

TCpcd Containers are charged partial shipping/transport, and partial labor)

Total (Shipping and Handling) Cost for an Excess Palletized Container (used
TCepc™ only if a partial container exists to meet demand and is charged full shipping/
transport costs, and partial labor)

Total (Shipping and Handling) Costs for Palletized Containers per Day (Excess

TCpcd Containers are charged full shipping/transport, and partial labor)

Single SKU Total Cost for Full Containers Palletized per Day
TCFpc X NFcpd = TCFcpd ($) (4-14-1)
Single SKU Total Costs forPalletized Containers per Day Partial Charge
TCFcpd + TCepc = TCpcd (%) (4-14-2)
Single SKU Total Costs for Palletized Containers per Day Charged in Full
TCFcpd + TCepc * = TCpcd *($) (4-14-3)
4.2.2 Single SKU Net Value Meeting Daily Demand
The following equations find the daily net value for floor loaded and palletized contajners

removing the shipping and handling charfiesn each The product values per day for the two

loading methods were determined in Equatiofsahd 46 for floor loaded containers and
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containers with contents unitized, respectivéipr both loading methodsyquuct value per day
is subtracted from the totabsts of containensieeting daily demand (considgrartial and full
charged containers).

Table 4-15 Single SKU Net Value Floor Loaded Meeting Demand Defined

Abbreviation Definition
PVdf Product Value per Day Floor Loaded
TCfcd Total (Shipping and Handling) Costs for Floor Loaded Containers per Day

(Excess Containers are charged partial shipping/transport, and partial labor)

nVf Net Value Floor Loaded

TCfed * Total (Shipping and Handling) Costs for Floor Loaded Containers per Day
fe (Excess Containers are charged full shipping/transport, and partial labor)

Single SKU Net Value Floor Loaded Partial Charge
PVdf — TCfcd =nVf ($) (4-15-1)
If excess container space egiahd costs cannot l@sorbedy other products then
Single SKU Net Value Floor Loaded Charged in Full
PVdf — TCfcd* =nVf (%) (4-15-2)

Table 4-16 Single SKU Net Value Palletized Meeting DemanBefined

Abbreviation Definition

PVdp Product Value per Day Palletized

TCpecd Total (Shipping and Handling) Costs for Palletized Containers per Day (Excess
pc Containers are charged partial shipping/transport, and partial labor)

nVp Net Value Palletized

TCped * Total (Shipping and Handling) Costs for Palletized Containers per Day (Excess
pc Containers are charged full shipping/transport, and partial labor)

Single SKU Net Vale Palletized Partial Charge
PVdp — TCpcd = nVp ($) (4-16-1)
If excess container space esgiahd costs cannot lasorbedy other products then
Single SKU Net Vale Palletized Charged in Full

PVdp — TCpcd* = nVp ($) (4-16-2)
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4.2.3 Single SKU Net Value DeltaMeeting Daily Demand

The net valuelelta (cost savings benefit) is obtained bigtsactingthe net value palletized
from net value floor loaded, whidilows a decision to be made basedr@shipping and
handling costs to meet demarifithe calculatedanswer is positive, eost saving®enefit exists
for floor loadingand not for palletizing. If thealculatedanswer is negative,@st savings
benefit exists for palletizing amibt floor loading. A positive number indicates it isss
expensiveby theamount observed to floor load\ negative number indicates itlsss expensive
by theamount observed to palletize.

Table 4-17 Single SKU Net Value Delta Meeting Demand Defined

Abbreviation Definition
nVf Net Value Floor Loaded
nVp Net Value Palletized
Bfp Benefit of Floor Loading or Palletizing

Single SKU Cost savings Benefit of Floor Loading or Palletizing
nVf —nVp = Bfp (%) (4-17)
4.2.4 Single SKU Dock Door Capacity Meeting Daily Demand

It was found that containershipave unpredictable arrival timef&ssuming containers
arrive all at one timeor the facility unloads an array of products from various impgQréers
calculation to determine the number of receiving dock doors needed to receive demand can be
made. If enaugh doors are avalide thenthe number of containers to be received can be equal to
the doors needed. For certain facilitig® number of doors is limitedlhis resultsa container
to be moved from a dock dg so another can be unloadét determie the number of doors
needed to meet demand, the time to unload a container is added to the time to move a container

(if applicable). The result is multiplied by the number of containers needed to meet demand and
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divided by the available hours per recatyidock dogras shown in Equation48-1 for boxes
floor loaded and Equation#9-1 for boxes unitized on pallets

For fast moving boxed products, the goal may be to get as many boxes in during work hours
(maximize throughput) To determine the maximumumber of containers that can be unloaded
per door when demand is not a consideratiom available hours per receiving dock dor
dividedby the time to unload (including time to move a container if applicas@wn in
Equation 418-2 for boxes flooloaded and Equation#9-2. A product value to cost comparison
can be made when demand is not a consideration by subtracting the total costs per door from the
total value per door for each loading method, which results a net value for each loading method
By comparing the net values for each loading method (subtracting net value palletized from net

value floor loaded) a cost based decision can be made based on the amount of product received.

Table 4-18 Single SKU Dock Door Capacity Floor Loaded Meeting Demand Defined

Abbreviation Definition
utfc Unloading Time for a Floor Loaded Container
tMc Time to Move a Container
Tfcd Total Number of Floor Loaded Containers Needed per Day
AHR Available Hours per Receiving Door
TRAf Total Number of ReceiviBg Doors Needed per Day to Meet Daily Container
emand Floor Loaded
mcdf Maximum Containers per Day per Door Floor Loaded
Vfc Value of Floor Loaded Container
TCfc Total (Shipping and Handling) Costs per Floor Loaded Container
nVf Net Value Floor Loaded

To determine the number of doors required meeting demanddad desired amount of
containers then,

Single SKU Receiving Dock Doors Needed to Meet Demaftbor Loaded

(utfc + (tMc if applicable)) x (Tfcd) +~ AHR = TRdf (Doors) (4-181)
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Previous dock door calculationsnsiderthatdemand must beetandnotexceeded. For
facilities notconcerned with meeting demand, but rathen&ximize throughputhe calculation
can be altered to accommodate this scenario.

Single SKU Maximum Number of Containers per Door Floor Loaded
(AHR = (utfc +tMc)) = mcdf (Containers/Door) (4-18-2)
To determinanet valuewhen demand is not a consideratipn
Single SKU Net Value Floor Loaded Unrestricted Demand
(Vfcxmedf) — (TCfc X medf) = nVf ($) (4-18-3)

Table 4-19 Single SKU Dock Door Capacity Palletized Meeting DemanBefined

Abbreviation Definition
utpc Unloading Time for a Palletized Container
tMc Time to Move Containers
Tpcd Total Number of Palletized Containers Needed per Day
AHR Available Hours per Receiving Dock Door
TRdp Total Number of Receiving Doors Needeq per Day to Meet Daily Container
Demand Palletized
mcdp Maximum Containers per Day per Door Palletized
Vpc Value of Palletized Container
TCpc Total (Shipping and Handling) Costs per Palletized Container
nVp Net Value Palletized

To determine the number of doors requitedneetdemand, then
Single SKU Receiving Dock Doors Needed to Meet Demand Palletized
(utpc + (tMc if applicable)) X (Tpcd) ~ AHR = TRdp (Doors) (4-19-1)
Previousdock door equationsonsiderthatdemand must beetnot exceededFor facilities
not concerned with meeting demand, but rathen&ximizethroughput the calculation can be
altered to accommodate this scenario.

Single SKU Maximum Number of Containers per Door Palletized

(AHR = (utpc + tMc)) = mcdp (Containers/Door) (4-19-2)
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To determinebenefit when demand is not a considerattben,

Single SKU Net Value Palletized Unrestricted Demand
(Vpc x medp) — (TCpc X medp) = nVp ($) (4-19-3)

4.3 Mixed SKU Containers

Figure 41 and 42 werecongructed inMaxLoad(a similar software to TOPS, but allows
various dimension boxes per contairterjlustratemixed SKU containes. In the example,
three SKU$ with varying dimensions and quantétse portrayed To calculate, arrange SKUs
into sections within the container as shown in Figile Determine the totalumberof boxes
needed, or maximum fit per container floor loaded. Pdangge SKU productson best fit pallets,
for product and destined supply chaidomplete for remaining SKUs in the contain€igure4-

2 illustrates palletizethoxesin the container For each SKU, the pallet configuration is the same.

)
Figure 4-1 Mixed SKU Floor Loaded Example
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Figure 4-2 Mixed SKU Palletized Example

4.3.1 Mixed SKU Container Value

Inputting the number of boxes for each SKU floor loaded and palletized obtained from
MaxLoad or a similar software packag&danindividual box value for each SKlallows for
container values to be calculated on a SKU baSmntainer value is calculatehe same for
mixed SKU containers as single SKU containers. However, the value of each SKU needs to be
determined as shown in Equatior2@1 and 420-2 for boxes fbor loaded anth Equations 4
21-1 and 421-2 for boxes unitized on palletisike the results obtained from TOP@axLoad
results are assumed full containers for either floor loaded boxes or palletizedbussble
space due to box size or weight in containers is likely)

Table 4-20 Mixed SKU Container Value Floor Loaded Defined

Abbreviation Definition
Nfbc, Number of Floor Loaded Boxes per Full Container SKU1
Nfbc, Number of Floor Loaded Boxes per Full Container SKU p
Vb, Value of Individual Box SKU1
Vb, Value of Individual Box SKU p
Vfcy Total Value of Floor Loaded Container SKUq
Vfcy, Total Value of Floor Loaded Container SKU p
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SKU,

Mixed SKU Container Value Floor Loaded SKU,

Nfbc; X Vb, =Vfc, ($) (4-20-1)
SKU,
Mixed SKU Container Value Floor Loaded SKU,
Nfbc, X Vb, =Vfc, (%) (4-20-2)
Table 4-21 Mixed SKU Container Value Palletized Defined
Abbreviation Definition
Nbpc, Number of Boxes Palletized per Full Container SKUz
Nbpc, Number of Boxes Palletized per Full Container SKU p
Vb, Value of Individual Box SKU;
Vb, Value of Individual Box SKU p,
Vpcy Value of Palletized Container SKU1
Vpc, Value of Palletized Container SKU p
SKU4
Mixed SKU Container Value Palletized SKU,
Npr1 X Vb1 = VpC1 ($) (4‘21‘1)
SKU,

Mixed SKU Container Value Palletized SKU,
Nbpc,, X Vb, =Vpc, ($) (4-21-2)
4.3.2 Mixed SKU Containers Volume Needed to MeeDaily Demand

To determinghe number otontainers required, balemandoer day needs to be known.
Box demand per day floor loaded needs to equal boxes required per day palletized for each SKU.
SinceeachSKU has varying dimensions;ontainer demand gerived usingzolume.Volume is
considered to prevent higher costs for large quantities of small boxes that occupy less space. The

costs are proportional to the space occupleat. boxes floor loaded, the total box volume per
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containe for each SKU is determined by multiplying timelividual box volume of the specified
SKU by the number of boxes of the specified SKU, as shown in Equat®?4 4nd 422-2.
For boxes unitized on pallets, the total box and pallet volume per contaaetermined by
multiplying the volume of the unit loaaf the specified SKUincluding the palletpy the
number of unit loads (pallets) per full contaioéthe specified SKUas shown in Equations 4
23-1 and 423-2.

By summing the volumes of each SKille useable container volumes are determined for
each loading method, shown in Equatiora243 and 422-4 for boxes floor loadedndin
Equations 43-3 and 423-4 for boxes unitized on pallets.

The total box volume per day for floor loading is obtained by multiplying the box demand
per day by the individual box volume for a specified SKU, as shown in Equati2s 4nd 4
22-7. For boxes unitized on pallefi#st the number of boxes per daydivided by the number
of boxes per pallet for each SKashown in Equations-23-5 and 423-8. The total box
volume per day for boxes unitized on pallets is obtained by multiplying the number of pallets per
day by the unit load volume (including pali®lume). Equations-23-6 and 423-9 display
these calculations.

Dividing the total box volume per day, or the total box and pallet volume per day by the
useable container volume obtained for each loading method results the amount of container
volumeneeded per dajpccupied container volume per day), as displayed in Equati@a@ss4
and 422-8 for floor loaded boxes, and in Equatiorn37 and 423-10 for boxes unitized on
pallets. Summing the occupied container volumes obtained for each SKeadbrloading
method results the number of containers to meet daily demand, as shown in Eg@at®fod

boxes floor loaded and Equatior28-11 for boxes unitized on pallets.
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Table 4-22 Mixed SKU Containersto Meet Demand Floor Loaded Defined

Abbreviation Definition

bv, Box Volume SKU1

bv, Box Volume SKU p,
Nfbc, Number of Floor Loaded Boxes per Full Container SKU1
Nfbc, Number of Floor Loaded Boxes per Full Container SKU
Tbvc, Box Volume per Container SKU1
Tbvc, Total Box Volume per Container SKU p,

Thvc; Sum of Total Box Volumes per Container SKU1 ¢ n
ucvbf Useable Container Volume for Boxes Floor Loaded
Nbd, Number of Boxes Needed per Day SKU1

Nbd,, Number of Boxes Needed per day SKU p,
Tbvd, Total Box Volume Needed per day SKU;
Thvd, Total Box Volume Needed per Day SKU
Ocvbd, Occupied Container Volume of Boxes per day SKU;
Ocvbd,, Occupied Container Volume of Boxes per day SKU p,
Ocvbd; Sum of the Occupied Container Volume of Boxes per day SKU j

SKU, ,

Mixed SKU Total Box Volume per Container Floor Loaded SKUY
bv; X Nfbc; = Thvcy (Volume) (4-22-1)
Mixed SKU Total Box Volume per Container Floor Loaded SKU),
bv, X Nfbc, = Tbvc, (Volume) (4-22-2)
Mixed SKU Total Box Volume per Container Floor Loaded SKUg
Tbhvcy + -+ Thvc, = Y=, Thvc; (Volume) (4-22-3)
Mixed SKU Useable Container Volume ofBoxes Floor Loaded

1 Thvc; = ucvbf (Volume) (4-22-4)

SKU,

Mixed SKU Total Box Volume per DayFloor Loaded SKU;

Nbd, X bvy = Tbvd; (Volume) (4-22-5)
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Mixed SKU Occupied Container Volumeper Day Floor Loaded SKU

Thbvd, + ucvbf = Ocvbd, (Volume%) (4-22-6)
SKU,
Mixed SKU Total Box Volume per DayFloor Loaded SKU,
Nbd,, X bv,, = Tbvd,,(Volume) (4-22-7)
Mixed SKU Occupied Container Volume per Day Floor Loaded SKY
Tbvd,, ~ ucvbf = Ocvbd,, (Volume%) (4-22-8)
SKU, ,
Mixed SKU Number of Containers to Meet Demand Floor Loaded
(4-22-9)

Ocvbd, + -+ Ocvbd, = Y, Ocvbd; (Containers)

Table 4-23 Mixed SKU Containers to Meet Demand Palletized Defined

Abbreviation Definition
pbv, Pallet and Box Volume SKUq
pbv, Pallet and Box Volume SKU ,,
Npcy Number of Pallets per Full Container SKU1
Npc, Number of Pallets per Full Container SKU
Tpbvc, Total Pallet and Box Volume per Container SKU1
Tpbvc, Total Pallet and Box Volume per Container SKU p,
Tpbuc; Sum of Total Pallet and Box Volumes per Container SKU1 ¢ n
ucvpb Useable Container Volume for Palletized Boxes
Nbd, Number of Boxes Needed per Day SKU;
Nbd,, Number of Boxes Needed per day SKU p,
Tpbvd, Total Pallet and Box Volume Needed per Day SKU1
Tpbvd,, Total Pallet and Box Volume Needed per Day SKU p
Ocvpbd, Occupied Container Volume of Pallets and Boxes per day SKU1
Ocvpbd, Occupied Container Volume of Pallets and Boxes per day SKU p,
Ocvpbd; Sum of the Occupied Container Volume of Pallets and Boxes per day SKU
SKU4 ,

Mixed SKU Total Box Volume per Container Palletized SKY

pbv, X Npc, = Tpbvc, (Volume) (4-231)
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Mixed SKU Total Box Volume per Container Palletized SKU}
pbv, X Npc, = Tpbvc, (Volume) (4-23-2)
Mixed SKU Total Box Volume per Container Palletized SKUg ,,
Tpbvcy + -+ Tpbvc, = X, Tpbvc; (Volume) (4-23-3)
Mixed SKU Useable Container Volume of Boxes Palletized
i=1 Tpbvc, = ucvpb (Volume) (4-23-4)
SKU,
Mixed SKU Number of Pallets to Meet Demand SKY
(Nbd; = Nbp,) = Npd, (Pallets) (4-23-5)
*If Nbd, <+ Nbp, is not a whole number, round up to the nearest whole number.
Mixed SKU Total Box Volume per Day Palletized SKUY
Npd, X pbv; = Tpbvd, (Volume) (4-23-6)
Mixed SKU Occupied Container Volume per Day Palletized SKY
Tpbvd, + ucvpb = Ocvpbd, (Volume(%) (4-23-7)
SKU,
Mixed SKU Number of Pallets b Meet Demand SKU)
(Nbd,, = Nbp,,) = Npd,, (Pallets) (4-23-8)
*If Nbd,, = Nbp,, is not a whole number, round up to the nearest whole number.
Mixed SKU Total Box Volume per Day Palletized SKU
Npd,, X pbv, = Tpbvd,,(Volume) (4-239)
Mixed SKU Occupied Container Volume per Day Palletized SKJ
Tpbvd,, + ucvpb = Ocvpbd,, (Volume (%) (4-23-10)
SKU, ,

Mixed SKU Number of Containers to Meet Demand Palletized

Ocvpbd,; + -+ Ocvpbd, = Y-, O0cvpbd; (Containers) (4-23-11)
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4.3.3 Mixed SKU Product Value Meeting Daily Demand

Product value per day for the two loading methods is obtained by multiplying the number of
boxes to meet demand by the individual box value. Equati@4sldand4-24-2 display the
calculations for floor loaded boxes for each SKU. Equatie®2s-2 and 425-2 display the

calculations for boxes unitized on pallets for each SKU.

Table 4-24 Mixed SKU Product Value Floor Loaded Meeting Demand Defined

Abbreviation Definition
Nbd 4 Number of Boxes needed per Day SKU1
Nbd,, Number of Boxes needed per Day SKU p,
Vb, Value of Individual Box SKU;
Vb, Value of Individual Box SKU |,
PVdf; Product Value per Day Floor Loaded SKU;
PVdf, Product Value per Day Floor Loaded SKU

SKU,
Mixed SKU Product Value per Day Floor Loaded SKU
Nbd, x Vb, = PVdf,($) (4-24-1)
SKU,
Mixed SKU Product Value per Day Floor Loaded SKU),
Nbd, x Vb, = PVdf, ($) (4-24-2)

Table 4-25 Mixed SKU Product Value Palletized Meeting Demand Defined

Abbreviation Definition
Nbd 4 Number of Boxes needed per Day SKU1
Nbd,, Number of Boxes needed per Day SKU
Vb, Value of Individual Box SKU;
Vb, Value of Individual Box SKU |,
PVdp, Product Value per Day Palletized SKU;
PVdp, Product Value per Day Palletized SKU p,
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SKU,
Mixed SKU Product Value per Day Palletized SKU
Nbd, X Vb, = PVdp,($) (4-25-1)
SKU,
Mixed SKU Product Value per Day Palletized SKU
Nbd,, X Vb,, = PVdp, ($) (4-25-2)
4.3.4 Mixed SKU Costsper Container

The next step is to determine shipping and handling émsesach SKUper container
Labor cost per SKU to load floor loaded boxes in a container is based off of the labor cost load
all floor loaded boxes in a container. The total number of boxes per container is obtained by
summing the number of boxes for each SKU as shown in Equa26ri4 The labor codor a
floor loaded containds divided by the total number of boxes per contaiaed the result is
multiplied by the number of boxes for the specified SKU, shown in Equati@fs24and 426-9.
Unlike single SKU containers, mex SKU containersonsiderthe number of pallet®
calculate labor cosfer containers with contents palletizeas determined in Equatidn27-1.
Labor to move boxes on pallets is assumed to be thefsamkepallets in a container, regardless
of thebox sizeor box contents The difference in labor cost per SKar boxes unitized on
palletsis determined by the numbef pallets of the specified SKUThecostto load pallets in a
containemper SKU is determined by dividing the labor cost to unload galletizedcontainer
by the number of pallets per container. The result is multiplied by the number of pallets of the
specified SKUand theradded to théotal cost of palletper contaier (including
phytosanitation costs)The calculations for the various SKUs are shown in Equati@7s24

and 427-9.
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Using total box volume per container for floor loaded boxes obtained in Equ&kiaa 4
and 422-2 andtheuseable container volume obstad in Equation 422-4, the occupied
container volume for boxes floor loaded per container is obtained. The calcidatdeiermine
the occupied container volume fitve varying SKUSloor loaded is shown in Equatisd-26-3
and 426-10.

Dividing thetotal pallet and box volume per container for the varying SKUs obtained from
Equations £3-1 and 423-2 by the useable pallet and box container volume determined in
Equation 423-4, results the occupied container volume for boxes unitized on pdiqistions
4-27-3 and 427-10 display the calculations for the varying SKUs.

The export drayage, shipping, and import drayage costs per SKU are obtained by
multiplying the costs and the occupied box volumelierfloor loaded containerEquations 4
26-4 through 426-6 demonstratéhe calculations for SKU Equationgl-26-11 through 426-13
provide the calculation for SKIJContainers with contents palletized use a similar calculation,
but consider both the pallet and box volume. Equatie?is4through4-27-6 provide the
calculations for SKW The additional SKU is demonstrated in EquatiofZ&/4L1 through 427-

13.

The cost of unloading floor loaded boxes from a container is determined the same as loading
labor cost, but including the costdllets as shown ifEquations4-26-7 and 426-14. The
unloading cost for boxes unitized on pallets is the same as the loadirigr dmstes unitized on
pallets without thephytosanitatiorcoss. Additional pallets on the import side are included
the casthat the pallet configuration is changed once unloaded. The calculations for the varying

SKUs are displayed in Equation24-7 and 427-14.
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The total cost per container is obtained by summing the loading cost, export drayage cost,
shipping costimport drayage cost, and unloading cost for the twoihgaghethods on a SKU
basis. The calculations for floor loaded boxes are shown in Equat@®&and 426-15.
Equations4-27-8 and 427-15 demonstrate the total cost per container calculatidnoiogs

unitized on pallets.

Table 4-26 Mixed SKU Costs Floor Loaded Container Defined

Abbreviation Definition

Nfbc, Number of Floor Loaded Boxes per Full Container SKU;
Nfbc, Number of Floor Loaded Boxes per Full Container SKU p
Nfbc; Sum of the Number of Floor Loaded Boxes per Full Container SKU 4 ,,
LCfbc Labor Cost to Floor Load Boxes in a Container
LCfbc, Labor Cost to Floor Load Boxes in a Container SKU;
LCfbcy Labor Cost to Floor Load Boxes in a Container SKU p,

Thvc,y Total Box Volume per Container SKU1

Thvc, Total Box Volume per Container SKU

ucvbf Useable Container Volume for Boxes Floor Loaded

Ocvb, Occupied Container Volume of Boxes SKU1

Ocvb,, Occupied Container Volume of Boxes SKU p

DCEc Drayage Cost Exportper Container

DCEcq Drayage Cost Export&KU

DCEc, Drayage Cost Export&KU,

SCc Shipping Cost per Container

SCcy Shipping Cogter ContaineiSKY

SCc, Shipping Cogper ContainelSKU,

DCIc Drayage Cost Importer per Container

DClcq Drayage Cost Importgrer ContaineiSKY

DClc, Drayage Cost Importgrer ContaineiSKU,
LCufbc Labor Cost to Unload Floor Loaded Boxes from a Container
Nbpl; Number of Boxes per Pallet Importer SKU;

Nbpl, Number of Boxes per Pallet Importer SKU p,

pCly Pallet Cost Importer SKU;

pCL, Pallet Cost Importer SKU j,

Cufcy Costs (labor and pallets) to Unload a Floor Loaded Container SKU1
Cufcy, Costs (labor and pallets) to Unload a Floor Loaded Container SKU p
TCFfcy Total (Shipping and Handling) Costs per Full Floor Loaded Container SKU1
TCFfc, Total (Shipping and Handling) Costs per Full Floor Loaded Container SKU p,
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SKU; n
Mixed SKU Total Number of Boxes Floor Loaded per Full Container
Nfbcy + -+ Nfbc, = Y= Nfbc; (Boxes) (4-26-1)
SKU,
Mixed SKU Loading Costto Floor Load Boxes per Container SKY
(LCfbc = X Nfbc; ) X Nfbcy = LCfbc; ($) (4-26-2)
Mixed SKU Occupied Container Volume for Boxes Floor Loaded SKW
Tbvc; +~ ucvbf = Ocvb; (Volume%) (4-26-3)
Mixed SKU Drayage Cost Exporter Floor Loaded SKU;
DCEc x Ocvb; = DCEc; (%) (4-26-4)
Mixed SKU Shipping Cost Floor Loaded SKY
SCc X Ocvb; = SCcyi($) (4-26-5)
Mixed SKU Drayage Cost Importer Floor Loaded SKU,
DCIc X Ocvb, = DCIc (%) (4-26-6)
Mixed SKU Unloading Cost Floor LoadedSKU,
((LCufbc + X Nfbc;) X Nfbcy) + ((Nfbey + Nbply) X PCLy) = Cufcy($) (4-26-7)
*If Nfbc, + Nbpl, is not a whole number, roundup to the nearest whole number
Mixed SKU Total Cost per Full Floor Loaded Container SKU,
LCfbcy + DCEc; + SCcy + DClcy + Cufc, = TCFfcy($) (4-26-8)
SKU,
Mixed SKU Loading Cost to Floor Load Boxes per Container SKUJ
(LCfbc = Y Nfbc; ) X Nfbc, = LCfbc, ($) (4-26-9)
Occupied Container Volume for Boxes Floor Loaded SKJ

Thvc,, +~ ucvbf = Ocvb,, (Volume%) (4-26-10)
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Drayage Cost Exporter Floor Loaded SKU),

DCEc x Ocvb, = DCEc, ($) (4-26-11)
Shipping Cost Floor Loaded SKU},

SCc X Ocvb, = SCc, (%) (4-26-12)

Drayage Cost Importer Floor Loaded SKU,
DCIc x Ocvb,, = DCIc,($) (4-26-13)

Mixed SKU Unloading Cost Floor LoadedSKU,
((LCufbc + ¥ Nfbc;) x Nfbcy) + ((Nfbc, = Nbpl,) x PCI,) = Cufc,($) (4-26-14)
Mixed SKU Total Cost per Full Floor Loaded Container SKU,

LCfbc,+ DCEc, + SCc,+ DCIc, + Cufc, = TCFfc,($) (4-26-15)
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Table 4-27 Mixed SKU Palletized Costs per Container Defined

Abbreviation

Definition

Npcq Number of Pallets per Full Container SKU1
Npc, Number of Pallets per Full Container SKU p,
Npc; Sum of the Number of Pallets per Full Container SKU 1 ¢,
LCpc Labor Cost to Load Pallets (or to load boxes onto pallets) in a Container
pCE; Pallet Cost Exporter SKUq
pCE, Pallet Cost Exporter SKU p,
pTC Pallet Treatment Cost
Nbpcy Number of Boxes Palletized per Container SKUg
Nbpc, Number of Boxes Palletized per Container SKU p
NbpE, Number of Boxes per Pallet Exporter SKU1
NbpE, Number of Boxes per Pallet Exporter SKU y,
Cpcq Cost (labor and pallets) to Load Palletized Boxes in a Containgr SKU
Cpc, Cost (labor angballets) to Load Palletized Boxes in a Container,SKU
Tpbvc, Total Pallet and Box Volume per Container SKU1
Tpbvc, Total Pallet and Box Volume per Container SKU p
ucvpb Useable Container Volume for Pallets and Boxes
Ocvpb, Occupied Container Volume of Pallets and Boxes SKU1
Ocvpb, Occupied Container Volume of Pallets and Boxes SKU
DCEc Drayage Cost Exportper Container
DCEc, Drayage Cost Export&KY
DCEc, Drayage Cost Export&KU,
SCc Shipping Cost per Container
SCcq Shipping Cost SKper Container
SCc, Shipping Cost SKilper Container
DCIc Drayage Cost Importer per Container
DClcq Drayage Cost Importer SKper Container
DClIc, Drayage Cost Importer Skier Container
pCl, Pallet Cost Importer SKU1
pCL, Pallet Cost Importer SKU p
Tplcy Total Number of Pallets needed Importer per Container SKU1
Tplc, Total Number of Pallets needed Importer per Container SKU p,
Cupcy Costs (labor and pallets) to Unload a Palletized Container SKU1
Cupc, Costs (labor and pallets) to Unload a Palletized Container SKU p
TCFpcy Total Cost for Full Containers Palletized SKU1
TCFpc, Total Cost for Full Containers Palletized SKU p,
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SKU; n
Mixed SKU Total Number of Pallets per Full Container
Npcy + -+ Npc,, = Y= Npc; (Pallets) (4-27-1)
SKU,
Mixed SKU Loading Cost for Pallets per Container SKU
((LCpc + ¥, Npcy) X Npcy) + ((pCEy + pTC) x (Nbpc, + NbpEy)) = Cpcy($)  (4-27-2)
*If Nbpc, = NbpE, is not a whole number, roundup to the nearest whole number
Mixed SKU Occupied Container Volume of Pallets and Boxes SKU
Tpbvc, + ucvpb = Ocvpb; (Volume%) (4-27-3)
Mixed SKU Drayage Cost Exporter Palletized SKY
DCEc x Ocvpb, = DCEc; ($) (4-27-4)
Mixed SKU Shipping Cost Palletized SKY
SCc X Ocvpby = SCcy(9$) (4-27-5)
Mixed SKU Drayage Cost Importer Palletized SKY
DCIc X Ocvpb; = DCIc,($) (4-27-6)
Mixed SKU Unloading Cost Palletized SKUY
((LCupc + Y, Npc;) % Npcl) + (pCl; X Tplcy) = Cupcy ($)  (4-27-7)
*If additional pallets are needed fttveimporter,thenpCI; X Tplc,); if no additional pallets are
needed, substitu{@®, 0)
Mixed SKU Total Cost per Full Palletized Container SKUY
Cpcy + DCEcy + SCcy + DClcy; + Cupcy = TCFpcy($) (4-27-8)
SKU,
Mixed SKU Cost to Load Pallets per Container SKU

((LCpc + X1 Npcy) X Npcy) + (pCE, + pTC) x (Nbpc, + NbpE,)) = Cpc,($) (4-27-9)

80



*If Nbpc,, ~ NbpE,, is not a whole number, roundup to the nearest whole number
Mixed SKU Occupied Container Volume of Pallets and Boxes SKU
Tpbvc,, + ucvpb = Ocvpb,, (Volume%) (4-27-10)
Mixed SKU Drayage Cost Exporter Palletized SKY
DCEc x Ocvpb,, = DCEc, ($) (4-27-11)
Mixed SKU Shipping Cost Palletized SKU
SCc X Ocvpb, = SCc, (%) (4-27-12)
Mixed SKU Drayage Cost Importer Palletized SKU),
DCIc x Ocvpb,, = DCIc, ($) (4-27-13)
Mixed SKU Unloading Cost Palletized SK{

((LCpc + ¥, Npcy) X Npcy) + ((pCI, x Tplcy) X PCI,) = Cupcy, ($) (4-27-14)

*|f additional pallets are needed for importeenpCI,, X Tplc,); if no additional pallets are

needed, substitute (0, 0)
Mixed SKU Total Cost per Full Palletized Container SKU,
Cpc, + DCEc,, + SCc,, + DClc, + Cupc, = TCFpc,($) (4-27-15)
4.3.1 Mixed SKU Partial Cost for Partially Filled Containers

Partialcontainers exist when demand cannot be met in full ctara An excessontainer
is likely when comparing boxes to meet demand floor loaded to boxes maetiagd unitized

on pallets. The cost of loading and unloading is similar to full containesselicess boxeasnd
excess palletand boxesre consideredThe loading cost for excess boxes is proportional to a
full container. The loading cost of loading pallets is proportional to the cost of loading a full

container with palletsEquations4-28-1 and 428-8 display the calculations for floor loaded

boxes. The calculations to determine the cost of loading boxes unitized on pallets are shown in

Equations4-29-1 and 429-8. The pallet cost is considered for the number of excess pallets.
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Theoccupied container volunfer excess boxe#oor loadeds determined by multiplying
the number of excess boxes by the individual box volume for the specified SKU. The result is
divided by the useable container volume, as shown in Equatid824nd4-28-9. The
occupied container volume fexcess pallets arlabxes is obtained by multiplying the number of
excess pallets by the unit load volume (inatgdoallet volume) The result iglivided by the
useable container volume obtained for pallets, ag/sho Equations €9-2 and 429-9.
Theobtained occupied container volume for either excess boxes or excess pallets and boxes
is multiplied by theexport drayage, shipping and import drayagsts to determine thpartial
costs assigned to each SKUhe calculationdor floor loaded boxeare demonstrated in
Equations 48-3 through 428-5 for SKU; and 428-10 through 428-12 for SKU,. For boxes
unitized on palletghe calculations are demonstrated in Equatie88-3 through 429-5 for
SKU; and inEquations 429-10 through 429-12 for SKU,.
The unloading cost considers pallets for both loading methods. Additional pallets may be
needed for the importer, even if product arrives palletizéalvever, phytosanitation costs are
not included for the impdoer. For boxes floor loaded, the unloading cost calculationsharen
in Equations £8-6 for SKU, and 428-13 for SKU,. Equations £9-6 and 429-13 provide the
unloading cost calculaticior boxes unitized on pallet$he total cost for a partially charged
container is determined by summiting loading cost, drayage costs, shipping cost, and
unloading cost for boxes floor loaded and boxes unitized on pateshown in Equatios28-
7 and 428-14 for boxes floor loagk, andin Equations 4297 and 429-14 for boxes unitized on

pallets.
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Table 4-28 Mixed SKU Partial Container Costs Floor Loaded Defined

Abbreviation

Definition

LCfbc Labor Cost to Floor Load Boxes per Container
Nfbc; Sum of the Number of Floor Loaded Boxes per Full Container SKU ;
efbcy Excess Floor Loaded Boxes per Container SKUg
efbc, Excess Floor Loaded Boxes per Container SKU
LCfebcy Labor Cost to Floor Load Excess Boxes in Container SKU1
LCfebc, Labor Cost to Floor Load Excess Boxes in Container SKU p,
bv, Box Volume SKUq
bv, Box Volume SKU
ucvbf Useable Container Volume for Boxes Floor Loaded
DCEc Drayage Cost Exportper Container
Ocveb, Occupied Container Volume of Excess Boxes SKUq
Ocveb, Occupied Container Volume of Excess Boxes SKU
DCEebc, Drayage Cost Exportésr Excess Boxes per Contaisétu
DCEebc, Drayage Cost Exportéar Excess Boxes per Contais&u ,
SCc Shipping Cost per Container
SCebcy Shipping Cost for Excess Boxes per Cont&Kker;
SCebc, Shipping Cost for Excess Boxes per Cont&ker,,
DCIc Drayage Cost Importer per Container
DClebc, Drayage Cost Importer for Excess Boxes per Contakier;
DClebc, Drayage Cost Importer for Excess Boxes per Contakigr,
LCufbc Labor Cost to Unload Floor Loaded Boxes from a Container
Nbpl, Number of Boxes per Pallet Importer SKU1
Nbpl, Number of Boxes per Pallet Importer SKU p
pCly Pallet Cost Importer SKU;
pCl, Pallet Cost Importer SKU p,
Cuefcy Costs (labor and pallets) to Unload Excess Floor Loaded Boxes per Container SKU1
Cuefc, Costs (labor and pallets) to Unload Excess Floor Loaded Boxes per Container SKU p,
TCefcy Total (Shipping and Handling) Cost for an Excess Floor Loaded Container SKU1 (
TCefc, Total (Shipping and Handling) Cost for an Excess Floor Loaded Container SKU p,
SKU,

Mixed SKU Loading Cost for Excess Boxes Floor Loaded SKU
(LCfbc + X7 Nfbc; ) X efbcy = LCfebci($) (4-28-1)
Mixed SKU Occupied Container Volume Floor Loaded Boxes SKU

(efbcy; X bvy) + ucvbf = Ocveb; (Volume%) (4-28-2)
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Mixed SKU Drayage Cost Exporter Exces$loor Loaded BoxesSKU,
DCEc X Ocveb; = DCEebc,($) (4-28-3)
Mixed SKU Shipping Cost Exces8oxes Floor LoadedSKU,
SCc X Ocveb; = SCebc,($) (4-28-4)
Mixed SKU Drayage Cost Importer Excess Boxes Floor Loaded SKU
DCIc X Ocveb, = DCIebc,($) (4-28-5)
Mixed SKU Unloading Cost Excess Boxes Floor Loaded SKU
((LCufbc + ¥ Nfbc;) x efbcy)+ ((efbcy + Nbply) X PCI;) = Cuefcy($) (4-286)
Mixed SKU Total Cost Excess Boxes Floor Loaded SKU
LCfebc; + DCEebc; + SCebc, + DClebcy + Cuefc; =TCefcy ($) (4-287)
SKU,
Mixed SKU Loading Cost for Excess Boxes Floor Loaded SKJ
(LCfbc = X Nfbc; ) Xefbc, = LCfebc ,($) (4-28-8)
Mixed SKU Occupied Container Volume Floor Loaded Boxes SK|J
(efbc, X bv,) +ucvbf = Ocveb,, (Volume%) (4-28-9)
Mixed SKU Drayage Cost Exporter Excess Boxes Floor Loaded SKU
DCEc x Ocveb,, = DCEebc, ($) (4-28-10)
Mixed SKU Shipping Cost Excess Boxes Floor Loaded SKU
SCc x= Ocveb,, = SCebc,($) (4-28-11)
Mixed SKU Drayage Cost Importer Excess Boxes Floor Loaded SKU
DCIc X Ocveb,, = DClebc,, ($) (4-28-12)
Mixed SKU Unloading Cost Excess Boxes Floor Loaded SKU
((LCufbc + ¥ Nfbc;) X efbcy,) + ((efbc, = Nbpl,) X PCI,) = Cuefcn($) (4-28-13)
Mixed SKU Total Cost Excess Boxes Floor Loaded SKU

LCfebc , + DCEebc,, + SCebc,, + DClebc, + Cuefc, = TCefc,($) (4-2814)
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Table 4-29 Mixed SKU Partial Container Costs Palletized Defined

Abbreviation

Definition

Labor Cost to Load Palletized Boxes per Container

LCpc
Npcq Number of Pallets per Full Container SKU 1
Npc, Number of Pallets per Full Container SKU
Npc; Sum of the Number of Pallets per Full Container SKU j
epcyq Excess Pallets per Container SKU1
epc, Excess Pallets per Container SKU p
pCE; Pallet Cost Exporter SKUq
pCE, Pallet Cost Exporter SKU y,
pTC Pallet Treatment Cost
Nbpq Number of Boxes Palletized per Container SKU1
Nbpc, Number of Boxes Palletized per Container SKU p,
NbpE, Number of Boxes per Pallet Exporter SKUq
NbpE, Number of Boxes per Pallet Exporter SKU y,
Cepcy Costs (labor and pallets) to Load Excess Palletized Boxes per Container SKU1
Cepc, Costs (labor and pallets) to Load Excess Palletized Boxes per Container SKU p,
pbvy Pallet and Box Volume SKU;
pbv, Pallet and Box Volume SKU
ucvpb Useable Container Volume for Pallets and Boxes
Ocvepb; Occupied Container Volume of Excess Pallets and Boxes SKU1
Ocvepb, Occupied Container Volume of Excess Pallets and Boxes SKU p
DCEc Drayage Cost Exportper Container
DCEepc, Drayage Cost Exportéar Excess Pallets and Boxes per Contadiner
DCEepc, Drayage Cost Exportéar Excess Pallets and Boxes per Containers ,,
SCc Shipping Cost per Container
SCepcq Shipping Cost for Excess Pallets and Boxes per Consiber
SCepcy Shipping Cost for Excess Pallets and Boxes per Consiibef
DCIc Drayage Cost Importer per Container
DClepcy Drayage Cost Importer for Excess Pallets and Boxes per Corgglngr
DClepc, Drayage Cost Importer for Excess Pallets and Boxes per Corgglngr
LCupc Labor Cost to Unload Palletized Boxes from a Container
pCly Pallet Cost Importer SKU1
pClI, Pallet Cost Importer SKU p,
TePlc, Total Excess Pallets needed per Import Container SKU1
TePlc, Total Excess Pallets needed per Import Container SKU p,
Cuepcy Costs (labor and pallets) to Unload Excess Palletized Boxes per Container SKU1
Cuepc, Costs (labor and pallets) to Unload Excess Palletized Boxes per Container SKU p,
TCepcy Total (Shipping and Handling) Cost for an Excess Palletized Container SKU; (Partial)
TCepc, Total (Shipping and Handling) Cost for an Excess Palletized Container SKU p, (Partial)
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SKU,
Mixed SKU Loading Cost for Excess Pallets SKU
((LCpc + Mt Npc;) X epcl) + ((pCE; + pTC) X (Nbpc, +~ NbpE,)) = Cepc,($) (4-29-1)
Mixed SKU Occupied Container Volume of Excess Pallets and Boxes SKU
(epcy X pbvy) = ucvpb = Ocvepb, (Volume%) (4-29-2)
Mixed SKU Drayage Cost Exporter Excess Pallets and Boxes SKU
DCEc x Ocvepb, = DCEepc,($) (4-29-3)
Mixed SKU Shipping Cost Excess Pallets and Boxes SKU
SCc x= Ocvepb,; = SCepc,($) (4-29-4)
Mixed SKU Drayage Cost Importer Excess Pallets and Boxes SKU
DCIc x Ocvepb,; = DClepc, ($) (4-29-5)
Mixed SKU Unloading Cost Excess Pallets and Boxes SKU
((LCupc + T, Npcy) x epcy) + (pCly X TePlcy) = Cuepcy($) (4-29-6)
*If additional pallets are needed for importer, tliedl; X Tpl,); if no additional pallets are
needed, substitute (0, 0)
Mixed SKU Total Cost Excesdallets andBoxes Palletized SKUY
Cepc 1 + DCEepcy + SCepcy + DClepcy + Cuepcy = TCepcy ($)  (4-29-7)
SKU,
Mixed SKU Loading Cost for Excess Pallets SKLJ
((LCpc + ¥1iNpcy) X epcn) + ((pCE,, + pTC) X (Nbpc,, + NbpE,)) = Cepc,($) (4-29-8)
Mixed SKU Occupied Container Volume of Excess Pallets and Boxes SKU
(epc,, X pbv,) + ucvpf = Ocvepb,, (Volume%) (4-29-9)
Mixed SKU Drayage Cost Exporter Excess Pallets and Boxes SKU

DCEc x Ocvepb,, = DCEepc,($) (4-29-10)
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