
CHAPTER II
RELATED LITERATURE STUDY

2.1 Definition of warehousing
Tompkins (1988 a: 3-14) described the word ‘warehousing’ is used to 

denote both the physical processes of material handling and keeping, and the 
methodology underlying this process. It is the storage and retrieval of goods. The true 
value of warehousing lies in having the right product in the right place at the right 
time. Thus, warehousing provides the time-and-place utility necessary for the 
company’s prospered.

Material handling in the production and distribution areas is a key element 
in current economic and industrial system, with its ever-changing requirement and 
technologies. The underlying factor of industrial success is efficient and economical 
movement of goods and materials. Warehouse management, inventory control and 
production control are major factors affecting profit. These can be enhanced by the 
proper warehousing methodology.

Warehousing methodology concerns the orderly execution of physical 
storage and retrieval activities and the processing of information needed about the 
good stored. The right methodology implies in itself the choice of efficient media, but 
basically it is information-oriented. It focuses on the correct evaluation, identification, 
classification and quantification of the goods to be stored and retrieved -  and on the 
ways and means of handling information. Warehouse methodology must ensure that 
the company always has been available at the correct stock level the goods it needs; 
that the warehousing capacity is both economic and efficient; and that the goods are 
properly kept. Then, the functions performed by a warehouse are:

1. Receiving the goods from a source
2. Storing the good until they are required
3. Shipping the goods to the appropriate user

The fact is, however, that the functions performed in a finished good 
warehouse, receive-store-pick-ship, are identical to the function performed in a raw 
material storeroom. Consequently, both are warehouse. The only true distinctions 
between the two are the source from which the goods are received and the user to



8whom the goods are shipped. A raw material storeroom receives goods from an 
outside source, stores the goods, picks the goods, and ships the goods to an inside 
user. A finished goods warehouse receives goods from an inside source, stores the 
goods, picks the goods, and ships the goods to an outside user.

The differences among these various warehouses are restricted to the 
perspectives of the sources, management, and users of the warehouses. If the primary 
functions of an activity are receive-store-pick-ship, then the activity is a warehouse, 
regardless of its position in a company’s logistics.

Normally, there are 3 types of stock in Warehouse:
1 .Raw materials that have been purchased for use in the operation of the

business
2 .Semi-finished parts or partly processed raw materials waiting further 

processing.
3.Finished products that are in transit or awaiting distribution to customers 

in warehouses at the production site or at the some location a distance from it.

2.2 Objective of warehousing
Chorafas (1974 a: 3-18) described that the resources of a warehouse are 

space, equipment, and personnel. The cost of space not only includes the cost of 
building or leasing the space, but also the cost of maintaining the space. A company 
which is ineffectively using its available cubic space is incurring excessive operating 
costs.

The equipment resources of a warehouse include data processing equipment, 
dock equipment, unit load equipment, material handling equipment, and storage 
equipment, all of which combine to represent a sizable capital investment in the 
warehouse. To obtain an acceptable rate of return on this investment, the proper 
equipment must be selected and used properly.

Oftentimes, the personnel resource of the warehouse is the most neglected, 
even though its cost is usually the greatest. Approximately 50 percent of the costs of a 
typical warehouse are labor-related. Reducing the amount of labor and pursuing 
higher labor productivity, good labor relations, and worker satisfaction will 
significantly reduce warehouse operating costs.



9Customer requirement are simply the demand to have the right product in 
good condition at the right place at the right time. Therefore, the product must be 
accessible and protected. If a warehouse cannot meet these requirements adequately, 
the warehouse does not add value to the product and, in fact, very likely subtracts 
value from the product.

Therefore, the following objectives must be met for a warehouse to be 
successful:

1. Maximize the effective use of space.
2. Maximize effective use of equipment.
3. Maximize effective use of labor.
4. Maximize accessibility of all items.
5. Maximize protection of all items.
For a warehouse to accomplish its objectives, we must consider the variable 

warehouse resources and mold them into an effective plan. A successful warehouse 
maximizes the effective use of the warehouse resources while satisfying customer 
requirements.

2.2.1 M ajor warehousing functions
Chorafas (1974 a: 12-25) described the six major elements constitute the 

throughput activities of the typical warehouse.

2.2.1.1 Transfer: This includes the functions, m ech an ica l o r  m anual, fro m  
the reception  o f  goo d s to their storage an dfrom  the re trieva l o f  g o o d s to  their  
delivery  a t a  p o in t w here the expedition p ro cess  s ta rts  to their destination .

The term  ‘ Transfer devices ' covers m echanism s f o r  the loading, 
position in g  an d  unloading o f  goods, as w ell a s f o r  th eir m ovem ent fro m  one s to ra g e  
p la ce  to another. M echanical transfer functions are p e rfo rm ed  by  conveyors, lifts, 
trucks a n d  cranes. In a  warehouse, such devices contribu te to  the efficiency o f  the 
in ternal tran sport ph ase  o f  m aterials handling. M echanisation  so lu tion s m ust be cost-  
effective an d  not haphazard. Transfer activities are p e rfo rm ed  to a n d  fro m  the  
receiving/expediting a rea  o f  the warehouse. R eceiving/expediting  is the in terface o f  
the warehouse w ith  the factories, the m arket a n d  the business environ m en t in general.



102.2.1.2. Receiving: In the receiv in g  area, replenishm ent item s a rrive  a t  
the w arehouse usually by  ra il o r  in trucks. The m ajor functions p e rfo rm ed  in th is a rea  
are the unloading o f  stock  unpacking (unbundling), verification o f  the u n loaded  
quantities aga in st the sh ipp ing  invoice, inspection o f  the rece ived  m ateria l f o r  
dam age, a n d  en tering the receivin g  m ateria l into w arehouse inventory.

R eceivin g  is one continuous p ro cess  in every  w arehousing operation . H ow  
efficiently the j o b  is done depends not on ly on the equipm ent o f  the w arehouse an d  
the tra in ing o f  the men perform in g  this function, but also on the w a y  the g o o d s have  
been p a c k a g ed  a n d  the b ill o f  goo d s organ ized  a t the expediting po in t.

2.2.1.3. Storage: Identifies the location  w here g o o d s are  d ep o s ited  an d  
h eld  there f o r  a  certa in  p e r io d  o f  time, until they are d em a n d ed fo r  usage o r  
expedition purposes. This is the main line o f  warehousing activities.

The design  o f  the storage a rea  is a  fa ir ly  com plex task, since item s o f  
m any different sh apes an d  sizes are involved. Storage can be a ffec ted  b y  the sim ple  
p ro cess  o fp illin g  up goo d s in boxes o r  p a lle ts  one on top o f  another or, b e tter  s till  
through the p ro v is io n  o f  m echanized storage equipm ent, such as racks, a n d  the 
organization  o f  the p ro p e r  identification system  to a id  in storage  a n d  retrieval.

A uto-storage is a  modern, efficient solution to m ateria ls handling  
problem s, including inventory m anagem ent an d  accountability. A uto-Storage  
represents a  com puter-run storage an d  distribu tion  system  w ith  built-in  flex ib ility . Its  
objectives are to  m eet changing industrial storage an d  re tr ieva l requ irem ent fro m  
raw  m ateria ls to  f in ish ed  p rodu cts  an d  branch office sa les  warehouses.

2.2.1.4. Handling: I t concerns the opera tions d irec tly  r e la te d  to the 
storage p la ce  a n d  those linking one p a r t o f  the sto rage  system  to an o th er in the 
p ro cess  o f  explo iting  the warehouse facilities.

Item s in the warehouse which have the highest tu rn over sh o u ld  be lo c a te d  
nearest the sh ipp ing  area, thus m inim izing the am ount o f  tim e ex p en d ed  in re tr iev in g  
orders. Slow  m oving item s sh ou ld  defin itely be kept in a  unique loca tion  a t a  cen tra l 
warehouse. This is a  g o o d  rule which, however, m ay not f i t  a ll  s to ra g e  system s in a ll  
situations. H igh -tu m over item s account f o r  a  large p ro p o rtio n  o f  the re la te d  handlin g  
activ ities a n d  the w arehouse requirem ents f o r  replen ishm ent m aterial.
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The correc t organization  w ou ld  w ant to m inim ize (a) the tim e requ ired  

f o r  handling high volum e items; (b) the n eed  to  sp lit stocks by  loca tin g  the sam e item  
in m ore than one p la ce ; an d  (c) the risk  o f  errors in s to rage  a n d  re tr ieva l o fg o o d s.  
Such requirem ents seem  to be obvious, but the solutions req u ired  in m ost w arehouses  
are com plex a n d  ca ll f o r  a  significant am ount o f  m anagem ent research. It has often  
p ro v e d  to be true that a  warehouse cannot m inim ize both sto rage  a n d  re tr ieva l tim es  
sim ultaneously. In the last fe w  years, considerable effort has been expen ded  in 
develop in g  a lgorithm s f o r  the p u rpose  o f  op tim izing the s to rage  a n d  re tr ieva l times. 
This is one area  o f  m aterials handling that p ro m ises su bstan tia lly  to increase the 
throughput capab ility  o f  a  w arehouse in the y e a rs  to com e.

2.2.1.5 Expediting: The activ ities invo lved  in expeditin g  f a l l  into tw o  
b reed  ca tegories:

(a) Expediting, in a  m aterials handling sense, fro m  the w arehouse to  the 
business environm ent

(b) The prepara tion  o f  a ll inform ation docum ents co n n ected  w ith
expediting.

A t the expediting o r  sh ipping area, orders are  re c e iv e d  w hich dem an d  
item re trieva l fro m  the storage system . The handling elem ent fro m  sto rage  to 
shopping has severa l functions a ssoc ia ted  w ith  it:

The rem oval o f  the p a lle t (or box) from  its s to rage  loca tion  a n d  its 
transfer to a  depalletisa tion  operation  (unless fu ll p a lle ts  are  sh ipped)

The depalletisa tion  p ro p e r  (w hether m anual o r  au tom atic) rem ovin g  the 
requ ired  num ber o f  item s from  the p a lle t a n d  depositin g  them in the p ro p e r  receiver.

The returning o f  the p a rtia lly  unloaded p a lle t  to its p ro p e r  location. The 
dep a lle tised  item s o r  cases p ro ceed s either d irec tly  to  the exped itin g  a rea  f o r  loadin g  
into trucks, o r  to  an order consolidation section, w here an en tire o rd e r  is 
accum ulated  p r io r  to  m ovem ent into the expediting (shipping) area. This is a  transfer  
linkage, such as the one connecting the receivin g  a rea  to  m ain storage.

The functions o f  the shipping area  include checking o f  qu an tities f o r  each  
item against the sh ipping invoice as they a re  d e liv e red fro m  the sto ra g e  system ;  
inspecting the m ateria l to be sh ipped  f o r  p o ss ib le  dam age th a t m ay have occu rred



within the handling com ponents o f  the warehouse; ensuring that no erro r in 
shipm ent occu rs; a n d  verifying that the o rder has been loa d ed  into the trucks f o r  
shipment.
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2.2.1.6. Packing: P ackaging is an im portant elem ent o f  the expediting  
functions. A lthough it is not d irec tly  connected  to warehouse operations, in m ost 
w arehouses it is fo u n d  to be an in tegra l p a r t  o f  the responsibilities a ssign ed  to 
warehousing.

L iterally, pack a g in g  is a  w ay o f  containing m erchandise that w ou ld  
otherw ise break  o r  spill. H ow ever, package is often used as a  medium f o r  expla in ing  
contents, app lica tion  an d  p repara tion  to the user. Quite often, a  package is seen  as a  
device f o r  tem ptin g  a  purchaser. H owever, such approaches to packag in g  a re  o f  no 
pa rticu la r in terest to a  w arehouse operation. W arehousing looks a t p a ck a g in g  as a  
rela tively  econom ic aw ay when the contents are deposited  elsew here o r u sed  up.

The im portance o f  packing  an d  unpacking operations in a  w arehouse w ill  
increase in the com ing years, as the use o f  containers is elim inating p a lle t  u tiliza tion  
outside w arehouse transporta tion  purposes. The warehouse m ust assum e the 
respon sib ility  o f  linking containerization, which helps im prove the tran sporta tion  
linkages in term s o f  co s t effectiveness, an d  palletisa tion , being necessary f o r  in ternal 
storage pu rposes, in a  m echanized warehouse.

2.3 Basic warehouse Activities.
Smith and Peters (1988: a 91-113) had described about the warehouse space 

and layout planning that in order to plan for the schedule in a warehouse, it is 
necessary to  identify a n d  establish  standards f o r  the tasks to be p e rfo rm ed  a n d  the 
am ount o f  tim e each task  sh ou ld  take. This includes each an d  every  fu n c tio n . fro m  
receiving  to shipping. A s the activities g row  in size, the standards o f  a  d epartm en t or  
activ ity  m ay m ultip ly  an d  becom e m ore com plex, but certain  standards are  b a sic  in 
each o f  the w arehouse activities.

A  w arehouse has 10 basic activities that m ust be execu ted  to m ove an item  
accurately  a n d  expeditiou sly  fro m  receivin g  to shipping, an d  a ll fu n ction s m ust be  
availab le on site  a t each warehouse. These activities are as fo llo w s:

1. R eceiv in g
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2. Inspection
3. Inventory con tro l
4. S torage
5. Replenishm ent
6. O rder-picking
7. Checking
8. P acking a n d  m arking
9. S taging a n d  con solidating
10. Shipping

2.3.1 Receiving
The basic fu n ction  o f  the rece iver is to  unload the incom ing m ateria l: count 

the m aterial: an d  re c o rd  any overage, shortage, o r  dam age on the receiv in g  ticket 
and driver ’ร copy  o f  the fre ig h t bill. The rece iver a lso  records on a  rece iv in g  fo rm  the 
name and address o f  the supplier, date, name o f  item received, p a r t  number, quantity  
received, pu rch ase o rd er  sh ip p ed  against, d iscrepancies in quantity, an d /or notation  
o fp o ssib le  dam age. P urchasing a n d  Inventory C ontrol receive docum ents o f  this 
receipt.

2.3.2 Inspection
The p u rpose  o f  the inspection is to determ ine i f  the p ro d u c t m eets the  

specifications an d  draw in g  requirem ents o f  the purchase order. D ocum ents are  
p rep a red  to notify Purchasing an d  Inventory C ontrol as to  the sta tus o f  the m aterial. 
Some businesses elim inate incom ing warehouse inspection by  having source  
inspection. H owever, a  sam ple check o f  the inventory sh ou ld  s till  take p la c e  du rin g  
order fu lfillm ent to d iscover in-house dam age. The degree o f  inspection is re la tive  to  
the m ethods an d freq u en cy  o f  handling in the warehouse.

2.3.3 Inventory Control
M ateria ls are  m o ved from  the inspection area  to  one o f  tw o p o in ts: ( I j  the 

picking location  (in the case o f  a  p ick in g  outage) o r  (2) a  s to rage  loca tion  (i.e., a  bin, 
shelf, o r  rack). To con tro l the location  a n d  quantities o f  m ateria ls on hand, it is



im portant that the respon sib ility  f o r  routing m ateria ls to the p ro p e r  locations be  
assigned. This is a  c lerica l function.

2.3.4 Storage
The p h ysica l act o f  m oving m ateria ls fro m  inspection  a n d  p la c in g  them in 

storage is g en era lly  a  lift truck m ight be u se d fo r  the h orizon ta l m ove, then the 
produ ct hand-tran sferredfrom  the p a lle t to the s to ra g e  shelf.

2.3.5 Replenishment
When warehouse m anagem ent assigns a  sp ec ia l a rea  f o r  p ick in g  stock, it is 

necessary to m ove cartons stock  fro m  gen era l s to rage  to  the p r im e  p ick in g  area. This 
is the replenishm ent function.

2.3.6 Order-picking
With an invoice o r  custom er o rd er  ticket, the o rd er  p ic k e r  g o es  about 

selecting the item s in the quantity req u ested  a n d  unitizing them  in a  container, on a  
pallet, o r  a t a  station. The m ost critica l p a r t  to th is fu n ction  is  the docum ent on which  
the order is written. The docum ent m ust be leg ib le  copy: p re fe ra b ly  a  typ ed  original, 
well-spaced, an d  o f  characters large enough to see  under w arehouse lighting  
conditions.

2.3.7 Checking
Each order shou ld  be ch ecked  f o r  accu racy  o f  item s, quantity, an d  condition. 

I f  experience dictates, a  sam pling checking p la n  can  be p u t  into effect. The leve l o f  
sam pling is determ ined by the incidence o f  dam age.

2.3.8 Packing and M arking
Less than fu ll-carton  quantities o f  p ro d u c t have to  be p a c k a g e d  an d  p a c k e d  

fo r  shipment. In som e w arehouse operations, sp lit-ca se  handlin g is a vo id ed  by  
shipping the next fu ll case i f  the o rder f o r  a  broken ca se  lo t is 50%  o r  m ore o f  a  
carton o r  by  sh ipping short i f  the o rder f o r  a  broken  case  lo t is le ss  than 50%  o f  a  
carton. This technique is gen era lly  p ra c tic e d  w ith in  the sam e firm , a s  when a  cen tra l 
warehouse sh ips stock  to a  reg ional w arehouse. The m arking  o r  labelin g  o f  a

14
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container m ust contain  the consignor, consignee, invoice number, pu rch ase order, 
account number, quantity, an d  description. There are varia tion s o f  th is data, such as  
bar code labeling, industry m arking practices, govern m en ta l m arking requirem ents, 
an d  in ternational zym ology.

2.3.9 Staging and Consolidation
This fu n ction  is necessary f o r  gathering togeth er the variou s orders f o r  a  

single custom er. The orders m ay have en tered  the cycle  a t different tim es; or, i f  
en tered  into the cyc le  as a  group, m ay ha\’e been h e ld  up w ith in  the cycle f o r  severa l 
legitim ate reasons. O rders are also s ta g ed  by  carriers th a t serv ice  different regions 
o f  the distribution area  that the w arehouse serves.

2.3.10 Shipping
The actu a l loading o f  the carrier is g en era lly  a ccom plish ed  by  one o ffo u r  

m ethods o r  a  com bination th e re o f  hand-pallet truck; fo rk lif t truck; m obile containers.
With the 10 basic warehouse fu n ction s described, the next s tep  in 

establish ing stan dards is to determ ine the tasks p e rfo rm ed  w ith in  a  g iven  function. 
Som e are p erfo rm ed  w ith  a  degree o f  frequency during an y g iven  w ork  p e r io d  o r  shift. 
O ther tasks are p erfo rm ed  on ly a fe w  tim es p e r  day  o r  week. When estab lish ed  w ork  
standards f o r  a  g iven  function, the frequ en tly  p e rfo rm ed  tasks sh ou ld  have a  time 
value assigned, express as an am ount o f  tim e p e r  unit o r  cycle, o r  a  num ber o f  units 
p e r  hour. The infrequently p erfo rm ed  duties can be su m m arized  a s  a  to ta l am ount o f  
tim e p e r  d a y  o r  week. Such non-routine tasks fo u n d  in a  w arehouse co u ld  include:

1. O btaining supplies, such as carton  tape
2. T otalizing receiving reports
3. W riting inspection summaries.
4. R eplacing m issing o r  d a m aged  m erchandise on ord er

2.4 Warehouse operation system
Chorafas (1974 a: 37-52) had described about a basic systems model for an 

overall warehousing planning and control system. The requ irem ents o f  a  w arehouse  
opera ting  system  vary. What constitutes the optim um  system  depen ds on the sp ec ia l



16circumstances within each organization. Factors such as organization style, 
economic needs, and materials characteristics are also influenced by environmental 
considerations. The above and other factors are in a state of continuing change.

A warehousing operating system must satisfy the operating objectives 
established by management, of which three are generally acceptedfor a typical 
marketing system.

1. Minimize the time requiredfrom sales order to its final execution: 
expediting to customer.

2. Utilize men effectively, as well as mechanism, storage capacity and time 
resources.

3. Provide warehousing management with the information needed to 
guarantee a timely, orderly and continuous flow of incoming and outgoing goods.

The decision regarding which functions are included in warehouse 
operations is an organizational one. There is a tendency to include functions within 
the warehousing management scope over and above that of just storekeeping. This is 
consistent with the total materials cycle concept.

From Pongpat Phetrungrueng (1996), there are 10 sequential steps involved 
in effective warehouse operation system. Not all are needed in every situation, but all 
of them should be considered. Warehouse operations include the following:

1 .Receiving
2.1dentifying and Sorting
3. Dispatching to Storage ะ Put away
4. Storage
5.Order picking
6. Packing
7. Staging
8. Loading and Shipping
9. Physical inventory
10. Reporting

2.4.1. Receiving System
Apple (1988: a 561-579) described that receiving can be defined as that 

activity concerned with the orderly receipt of all materials coming into the warehouse,



17the necessary activities to ensure that the disbursement of the materials to the 
organizational functions required them. The primary objectives of a receiving system 
are:

■  Safe and efficient unloading carriers
■  Prompt and accurate processing of receipts 
• Maintaining accurate records of activities
■  Disbursing receipts to appropriate locations for subsequent use 
Accomplishing the objectives of a receiving system required concentration

on an efficient procedure to complete each of the following basic functions:
1. Analysis of documents for planning purpose.
2. Unloading carriers and clearing bills of lading or carrier responsibility
3. Unpacking goods as necessary
4. Identifying and sorting goods
5. Checking receipts against packing slips and other documentation
6. Marking records to call attention to unusual actions to be taken
7.  Recording receipts on receiving slip or equivalent
8. Noting overages, shortages, and damaged goods
9. Disbursing goods received to appropriate location for subsequent use
10. Maintaining adequate and accurate records of all receiving activities

2.4.L I. Receiving system design principles
To provide effective designs for both the physical layout and equipment 

for receiving and the information control system, the following basic principles 
should be observed:

1. Utilize carrier driver for unloading function.
2. Concentrate as many functions as possible at one work station
3. Balance carrier load at dock.
4. Arrange activities to permit straight-through flow.
5. Minimize or eliminate walking.
6. Schedule manpower for peaks to keep material moving.
7. Provide efficient flow for exceptions.
8. Consider returnable container staging.
9. Provide easy access to receiving data.



1810. Plan for small vehicles and small receipts.
11. Except when using the carrier’s vehicle as an operating storage 

location, turn trucks around quickly.
12. Redistribute (cross docking) whenever possible to eliminate 

unnecessary’ materials handling and storage between receiving and shipping.
The collection of important data on the receiving operation is essential to 

a design that will meet the objectives most efficiently. In order to segregate the most 
important data required, several factors must be considered. The following list 
provides a starting point for factors to be considered in a receiving system design 
process.

A. Material received: Category, Characteristics, and Receipts.
B. Space: External, Internal
c. Building Characteristics
D. Space Layout
E. Equipment
F. Operations

2.4.2. Identifying and sorting system
The purpose of identifying and sorting is to quickly and easily identify and 

group a product, in order to identify the assigned warehouse keeping location. This 
ease of recognition reduces errors and time required for either stock selection of put- 
away.

Before the implementation of the product identification system, the 
information that appears on the tag or label must be selected. Typically this includes 
the following: storage position, quantity received, pick position, product description 
and weight of the product are needed.

Ackerman (1997: a 51-61) described that identifying method can be done in 
several ways

1 .No identification method that relies on the suppliers markings on the
exterior

2.Manual handwritten label method, where a receiving operators handwrites 
the product number on a self-adhesive label method that is placed onto the product 
exterior.



193. Machine-printed human- and machine-readable label method, in which 
a computer-controlled machine-printed label is place on the product exterior.

4. Machine-printed human- and machine-readable label method, in which 
alphanumeric characters and a bar code appear on the surface. The label is placed 
onto the product exterior.

2.4.3. Dispatching to storage: put away
The physical act of moving items from inspection and placing them in 

storage is generally a lift truck might be used for the horizontal move. The purpose of 
this operation is to move a product from receiving area to its storage area. Moving a 
product to its storage area could be done in both manpower and machine to handle it 
to the storage area but selection depends on product and width of aisle to storage area. 
The physical attributes of a product or stock-keeping-unit influence the selection of 
appropriate material handling method.

2.4.4. Storage
The physical act of hand-transferred the product from the pallet to the 

storage shelf. The purpose of storage system is to:
■ Flexible in quantity for storage
■ Maximize use of storage space
■ Accessibility to all product being store
■ Protection from damage
■ Easy to count and check
■ Ability to locate an item
Storage operation requires many support systems to achieve its objective. 

Following this are the systems that need to be considered in storage operation

2.4.4.1 Stock Locator system
The stock location system is the system that allows us to track product 

movement throughout the facility. The locator system that suit to each warehouse, 
depend on consideration such as space available, dimension of product, weight of 
items, storage methods, equipment and labor availability.



Mulcahy (1994: a 12.1-12.38) explained several types of locator systems 
and evaluate the strengths and weaknesses of each type.

(A) Memory systems
Basic Concept -  Memory systems are solely dependent on human 

recall. Often they are little more than someone saying, “ I think it ’ร over there. ”
The foundations of this locator system are simplicity, relative freedom 

from paperwork or data entry, and maximum utilization of all available space. 
Memory systems depend directly on people and only work if several or all of the 
conditions in following this exist at the same time.

■  Storage locations are limited in number.
■  Storage locations are limited in size.
■  The variety of items stored in a location is limited.
■  The size, shape, or unitization of items allows for easy visual 

identification work within the storage areas.
■  Operators within the storage area do not have duties that require 

them to be away from those locations.
• The basic types of items making up the inventory do not radically 

change within short time periods.
■  There is not a lot of stock movement.

Impact on Physical space
Because no item has a dedicated location that would prevent other 

Stock-keeping-units from occupying that same stock location position if it were empty. 
Advantage of Memory systems
■  Simple to understand
■  Little or no ongoing paper-based or computer-based tracking 

required
• Full utilization of space
■  No requirement for tying a particular stocking location. identifier, 

to a specific Stock-keeping-unit.
■  Requirements of single item facilities can be met.
Disadvantage of Memory systems
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■  The organization ’ร ability to function must strongly rely on the 

memory, health, availability, and attitude of a single individual.
■  Significant and immediate decreases in accuracy result from 

changes in the warehouse conditions.
■  Once an item is lost to call, it is lost to the system.

(B) Fixed Location Systems
Basic Concept- In pure fixed location systems, every item has a home 

and nothing else can live there. Some fixed systems allow two or more items to be 
assigned to the same location, with only those items being stored there.

Impact on Physical space
If quantities of any given Stock-keeping-unit are large, then its 

“home ” may consist of two or more storage positions. However, collectively all of 
these positions are the only places where this item may exist within the facility, and 
no other item may reside there. Basically, everything has a home and nothing else 
can live there.

Fixed location systems require large amounts of space. There are two 
reasons for this:

■  Honeycombing
*  Planning around the largest quantity of an item that will be in the 
facility at one time.

Honeycombing is the warehousing situation where there is storage 
space available but not being fully utilized due to product shape, product put away, 
location system rules and poor housekeeping.

Honeycombing is unavoidable given location system tradeoffs, product 
shape, and so on. The goal of a careful layout is to minimize how oflen and to what 
extent this happens.

Honeycombing occurs both horizontally (side-to-side) and vertically 
(up-and-down), robbing US of both square feet and cubic space.

There are two simple methods of determining the level of 
honeycombing within our own facility. One deals with a simple ratio analysis, the 
other with cubic space.



22The other thing that causes the fixed system to require significant 
space is the necessity ofplanning around the largest quantity of an item that will be 
in the facility at one time. Each item will have an assigned location. Their storage 
location must be large enough to contain the total cubic space the item will fill-up at 
the time the largest quantity of that item will be in the facility at one time. Therefore, 
the total space requiredfor all items in a fixed system will be the total cubic space of 
one hundred percent of all Stock-keeping-units as though the maximum quantity of 
each of them was in the facility at one time.

Advantage of Fixed location systems
■  Immediate knowledge of where all items are located. This system 
feature dramatically reduces confusion as to where “ to put it, ”
“where to find it, ” which increases efficiency and productivity, 
while reducing errors in both stocking and order fulfillment.

■  Training time for new hires and temporary workers reduced.
■  Simplifies and expedites both receiving and stock replenishment 

because predeterminedput-away instructions can be generated.
■  Allows for controlled routing of order fillers. It can assist an 

organization in fulfilling an order quickly.
■  Allow product to be aligned sequentially
■  Allow for strong control of individual lots, facilitating first in first 

out (“FIFO ”) control, if that is desired. Lot control can also be 
accomplished under a random location system. However simpler, 
more definitive control is possible using the dedicated location 
concept.

■  Allows product to be positioned close to its ultimate point-of-use.
■  Allows product to be placed in a location most suitable to an 

item ’ร size, weight, toxic nature, flammability, or other similar 
characteristics.

Disadvantage of Fixed location systems
■  Contributes to honeycombing within storage areas.
■  Space planning must allow for the total cubic volume of all 

products likely to be in a facility within a defined period of time.
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■  Dedicated systems are somewhat inflexible. If you have aligned 

product by sequential numbering and then add a subpart or delete 
a numbered item, then you must move all products to allow for 
add-in or collapse out location to fill-in the gap.

Basically, fixed or dedicated location system allow for strong control 
over items without the need to constantly update location records. That control must 
be counterbalanced by the amount of physical space required by this system.

(C ) Zoning Systems
Basic Concept -  Zoning is centered on an item ’ร characteristics. Like 

a fixed system, only items with certain characteristics can live in a particular area. 
Items with different attributes can’t live there.

An item ’ร characteristics would cause the item to be placed within a 
certain area of the stockroom or at a particular level within a section of shelving or 
rack section. For example, irregular shaped items might be placed in lower levels lO  

ease handling, or all items requiring the use of a forklift for put away or retrieval 
might be located in a specific area and on pallets.

Impact on Physical Space
As with fixed location system, the more it is tightly controlled where a 

particular item will be stored, the more it is contributed to honeycombing or to the 
need to plan around maximum quantities.

Advantage of Zoning systems
■  Allow for the isolation of items according to such characteristics 

as size, variety, flammability, toxicity, weight, lot control, private 
labeling, and so on.

■  Allows for flexibility moving items from one zone to another 
quickly or in creating different zones efficiently.

■  Allows for the additions of items within a zone without having to 
move significant amount of product to create room within an 
assigned location or within a sequentially numbered group of 
items. It also does not require the collapsing of space if an item is 
deleted.



■  Allows for flexibility in planning: Although items are assigned to 
a general zone, because they do not have a specific position they 
must reside in, there is no need to plan around one hundred 
percent of any given item ’ร cubic requirements.

Disadvantage of Zoning systems
■  Zoning is not always required for efficient product handling. You 

may be adding needless administrative complexity by utilizing 
zoning.

■  Zoning may contribute to honeycombing.
■  Zoning requires updating of stock movement information.

Basically zoning allows for control of item placement based on
whatever characteristics the stock-keeper feels are important.

(D)Random Location systems
Basic Concept- In a random system nothing has a home, but it knows 

where everything is. Pure random location systems allow for the maximization of 
space since no item has a fixed home and may be placed wherever there is space.
This allows items to be placed above or in front of one another andfor multiple items 
to occupy a single bin/slot/position/rack. The primary characteristic of a random 
locator system that makes it different from a memory system is that each item 
identifier is tied to whatever location address it is in while it is there. In other words, 
memory systems tie nothing together, except in the mind of the stock-keeper. Random 
systems have the flexibility of a memory system coupled with the control of a fixed or 
zone system. Essentially an item can be placed anywhere so long as its location is 
accurately noted in a computer database or a manually maintained paper-based card 
file system. When the item moves, it is deletedfrom that location. Therefore, an item ’ร 
address id the location it is in while it is there.

Impact on Physical Space
Because items may be placed wherever there is space for them, 

random locator systems provide US with the best use of space and maximum flexibility 
while still allowing control over where an item can be found.

Planning space around a random locator system is generally based on 
the cubic system space required for the average numbers of items on-hand at any one
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time. Therefore, in planning space requirements around a random locator system, it 
needs to discern from inventory records what average inventory levels are and what 
products are generally present within that average. By multiplying the cubic footage 
of each of those items by the quantity of each usually on hand, a space required can 
be determined.

Advantage of Random Location systems
■  Maximization of space
■  Control of where all items are at any given time.

Disadvantage of Random Location systems
■  Constant updating of information is necessary to track where each 

item is at any given time. Updating must be accomplished through 
manual paper-based recording, bar code scanning, or data entry 
intensive updating.

■  May be unnecessarily complicated if organization has a small 
number of items.

Basically, random location systems force a tradeoff between 
maximization of administration.

(E) Combination Systems
Basic Concept -  Combination systems enable US to assign specific 

locations to those items requiring special consideration, while the bulk of the product 
mix will be randomly located. Very few systems are purely fixed or purely random.

Conceptually the best features of the fixed and random systems can be 
combined at the same time. It can be achieved by assigning only selected items to 
fixed home but not all items. Therefore, it needs to plan around the maximum space 
required by the selected items instead of that required by all items. For the items not 
in fixed homes, it can be planned around the average quantities on a daily, ongoing 
basis. So, the fixed system is used for the selected items and the random system for 
everything else.

A common application of the combination system approach is where 
certain items are an organization ’ร primary product or raw materials line and must 
be placed as close as possible to a packing/shipping area. Those items are assigned a
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f i x e d  position , w hile the rem ainder o f  the p ro d u c t line is random ly p o s itio n e d  
elsew here.

2 6

2AA.2 Item placement system
Stock location systems provide a broad overview of where items will be 

found within a facility. Item placement system is the system that manages where a 
particular item should be physically positioned. Most approaches fall into one of three 
concepts: inventory stratification, family grouping, and special considerations. 
Mulcahy (1994: a 12.50-12.55) explained the item placement system as following this:

(A ) Inventory Stratification: In ven to ry  S tra tifica tion  consists  o f  two
p a rts:

A -B -C  categoriza tion  o f  S tock-keep ing-un its: This item  p la cem en t  
approach  is b a sed  on  “P areto  ’ร Law  The co n cep t s ta n d s  f o r  the p ro p o s itio n  th a t 
w ith in  a n y  g iven  p o p u la tio n  o f  things, a pproxim a te ly  20  p e rc e n t o f  them  80  p e rc e n t 
o f  the “value ” o f  a ll o f  the item s concen tra ted  w ith in  them , a n d  th a t the  o th er  80  
p e rc e n t on ly  have 20  p e rc e n t o f  the value co n cen tra ted  w ith in  them . I f  the crite r io n  is  
usage rate, then 20  p e rcen t o f  a ll item s represen t the  80  p e rc e n t o f  the item s m o st 
o ften  used/sold.

A ccord ing ly, f o r  e ffic ient p h y s ic a l inven tory  control, u sing  p o p u la r ity  
(sp eed  o f  m ovem ent into a n d  through the fa c ility )  a s  the  criterion, the m ost 
p ro d u c tive  overa ll loca tion  f o r  an item  is a  s to rage  p o s itio n  c lo se t to  th a t item  ’ร 
po in t-o f-use . Item s are separa ted  into A -B -C  ca tegories, w ith  “A  ” rep resen tin g  the  
m ost popu lar, fa s te s t  m oving  items, “B  ” represen ting  the n ex t m o st active, a n d  “C  ” 
the show -m overs.
__ In  order to separate an inven tory  into A -B -C  ca tegories, i t  is
necessary  to create a  so rted  m atrix  tha t p re sen ts  a ll item s in  d escen d in g  o rd e r  o f  
im portance a n d  allow s f o r  the calcu la tion  o f  those  item s rep resen tin g  the g rea te s t 
concen tra tion  o f  value.

U tilizing  a  S tock-keep ing-un it ’ร u n lo ad ing /load ing  ra tio : E ven  m ore  
effic iency  in p h ys ica l inven tory contro l can  be a ch ie v e d  th rough  p la c in g  item s w ith in  
the A -B -C  zo n es accord ing  to that item  ’ร u n load ing  to  lo a d in g  ratio. The  
unload ing /load ing  ratio  reflects the num ber o f  trip  n ecessa ry  to  b r in g  a n  item  to a
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Storage location co m p a red  w ith  the  n u m b er o f  trips req u ired  to  transport it fr o m  a  
storage p o in t to  a  po in t-o f-u se . I f  one trip  w as req u ired  to b rin g  in  a n d  store  a  case  o f  
product, but 10 trips w ere  req u ired  to a c tua lly  take it  co n ten t to a  po in t-o f-u se , the  
unloading/loading ra tio  w o u ld  be 1 to 10 (1:10). S u b sta n tia l reductions in h a nd ling  
tim es can be a ch ieved  th rough  app lica tion  o f  th is p rinc ip le . The c lo ser  the  
unloading/loading ra tio  is to 1:1, the less  it m a tters w here  an  item  is s to re d  w ith in  an  
A -B -C  zone because the tra ve l tim e is the sam e on  e ith er  s ide  o f  the  storage  location. 
The m ore critica l it is to p la c e  an  item  c lo ser  to its po in t-o f-u se .

(B) Family Grouping: A n  a lterna tive  to the A -B -C  approach  is the  
fa m ily  grouping/like p ro d u c t approach. This approach  to  item  p la c e m e n t p o s itio n s  
item s with s im ila r characteristics together. Theoretically, s im ila r  ch a racteristics w ill 
lea d  to a na tura l g ro u p in g  o f  items, w h ich  w ill be rece ived /sto red /p icked /sh ip p ed  
together.

G roup ing  can  be b a sed  on:
9 L ike  characteristics
9 Item s th a t are regu larly  s o ld  together-parts n eed ed  to  tune-up  a  
car.
9 Item s th a t are regu larly  u sed  together.

A dva n ta g e  o f  F am ily  G roup ing
■ E ase  o f  storage  a n d  re trieva l u sing  s im ila r  techn iques a n d  
equipm ent.
9E ase o f  recogn ition  o fp r o d u c t groupings.
9 E ase o f  u sing  zo n in g  loca tion  system s.

D isadvan tage  o f  F a m ily  G roup ing  
9 Som e item s are so  s im ila r  they  becom e su b s titu ted  one f o r  the  
o ther such  as e lec tron ics parts.
9 D a n g er  o f  p ro p erly  p o s itio n in g  an  ac tive  item  close  to its p o in t-o f-  

use b u t co n su m in g  va luable space c lo se  to th a t a rea  by  h o u s in g  f a r  
less ac tive  “fa m ily  m e m b e r” item s w ith  th e ir  p o p u la r  relative.

■  D a n g er  o f  h ousing  a n  ac tive  p ro d u c t w ith  its  inactive  re la tives f a r  
fr o m  the p o p u la r  item  ’ร p o in t-o f-u se , a ll  f o r  the  sake  o f  keep in g  
like item s together.



28■ A n  item  can  be u sed  in  m ore than one fa m ily .
E ffec tive  item  p la cem en t can  o ften  be a ch ieved  through  ty in g  bo th  the  

inventory s tra tifica tion  a n d fa m ily  g ro u p in g  approaches together. The e n d  resu lt is a  
m ore e ffic ien t o vera ll layout.

A  p ro d u c t ’ร characteristics m a y  fo rc e  w arehouse to 
receive/store/p ick/sh ip  it in a  p a r tic u la r  m anner. The p ro d u c t m ay be ex trem ely  heavy  
o r light, toxic o r  fla m m a b le , fro zen , o d d  in shape, a n d  so  on. E ven  w ith  item s  
requiring  specia l h a n d ling  o r  s to rage  such  as fro ze n  fo o d  s to re d  in a  freezer , the 
inventory stra tifica tion  a n d  fa m ily  g ro u p in g  concep t can  a n d  sh o u ld  be em p lo yed  to 
ensure e ffic ien t inven tory  layout.

2.4A.3 Locations addresses and'item identifiers system
This system is veiy important ̂ because it is not possible to control what it 

can’t be found. Apple (198& a: 56l-579)'4escribed that in order to keep track of 
where items'are at any given time, it is necessary to:

(A) Clearly mark items with an items identifier. Clearly mark items 
with a unit of measure such as pack size: I T h e ite m  iden tifier is g en era lly  an  
organiza tion  ’ร in terna l iden tify ing .code f o r  the item  ra th e r  than  a  m anu fa c tu rer ’ร o r  
custom er ’ร num ber.fo r th a ti te m s :  A lth o u g h  th e i te m  num ber i ts e l f  is o ften  adequa te  
f o r  identification  purposes,' in  m a n u fa c tu r in g  i tm a y  be necessary  to a lso  include lot 
a n d  seria l n u m b ers  to a id  inequality control. L o t a n d  seria l num bers m ake it p o ss ib le  
to track m anufacturing  batch, date, location, a n d  inspector. M arkings re la ted  to  un it 
o f  m easure (such  as eac IT pa ir/dozen /barre i/ounce/pound /cy linder/ barre l/casej

(B) Clearly mark location addresses on bins/slots/shelves/racks/floor 
locations/drawers/and so on: T h e  a ddressing  o r  loca tion  system  th a t is se le c te d  
sh o u ld  have an  underly ing  log ic  th a t .is ea sy  to  understand. A d d resses  sh o u ld  be as  
short a s  possib le; ye t'they t should c o n v e y  a ll n eed ed  inform ation.

The f i r s t  c o n sid era tio n  is  w h e th er  the  system  w ill be a ll  num eric, a ll 
alphabetic  (alpha), o r  a lpha-inum eric idnd e c id in g  w h ich  system  to adopt, co n sid er  
the fo llow ing:. .. yosc.s. i ll unchfi-c.nri-,: เ . . . .
ะ ท.!. .■ .•1::. ,,•1-:/m »  Adl num eriçt sy s te m s’req u ire  su ff ic ie n td ig it  p o s itio n s  to  a llo w  f o r  

fu tu re  grow th. B eca u se  ea ch m u n te r icp o s itio n  o n ly  a llow s f o r  10 varia tions(0-9),
. -ViVt ’] L..-: i c/CVi. püh'.'iioicil L c i f i f l i / C i i l i C *  .̂.— . .. :

.โ.i V t-T '4 i  S iU ii'tx iO C i i t iO i l  ร:t . i s i ’w■ .̂ พ่^ -v.c .

•;.«w cn /ih tJ .SO on: The luhlrcx ะ,/.-.''-: i .

. . .  L



num eric system s som etim es becom e too lengthy. In  o th er w ords, since  a  single a  
sing le  num eric p o sitio n  on ly  a llow s f o r  10 variations, i f  it re q u ired  100  d ifferen t 
variations, y o u  w o u ld  n eed  2 d ig it positions, represen ting  00 th rough  99  (10x10).
One th o u sa n d  varia tions w o u ld  require three num eric po sitio n s, 000  through  999, 
a n d  so  on.

■ System s th a t is com plete ly  a lphabetic  f o r  2 6  varia tions p e r  position , 
A through  z  (assum ing  on ly cap ita l letters). Two a lphas together, A A  through  z z  
(26x26), a llow  f o r  676 variations. Three alphas, A A A  through  z z z ,  a llow  f o r  17 ,576  
variations. A lthough  alphas p ro v id e  num erous varia tions in  a  sh o r t address, system s  
th a t are com plete ly  a lphabetic  are v isua lly  confusing.

■ A lpha-num eric  system s o ften  p ro v id e  f o r  v isu a l d ifferen tia tion  
w hile a llow ing  su ffic ien t varia tions in a short address.

* While a lpha  system s require fe w e r  ch aracters to h o ld  the sam e  
num ber o f  variations, they are m ore error prone.

(C) Tie item numbers and location addresses together either in a 
manual card file system or within a computerized database: The p la cem en t o f  
iden tifiers on  both  p ro d u c t a n d  p h ys ica l locations crea tes an  in frastruc ture  b y  w hich  
p ro d u c t a n d  it m ove can  be tracked. The n ex t step  is bo n d in g  to g e th er  an  item  
num ber a n d  the location(s) w here tha t item is located. This ca n  be ea sily  
a ccom plished  by  using a  s im ple c a rd  f i le  system .

(D) Update product moves: A  f in a l  s tep  in m a n a g in g  inven tory  is 
tracking  it a s it is a d d ed  to, deleted, o r  m oved. This cha llenge  ex ists  f o r  any  
organiza tion  w hether o r  no t the com pany uses m anua l tracking , co m p u ter ized  
approaches, o r  bar coding.

The best genera lly  ava ilab le approach  f o r  rea l-tim e tra ck in g  o f  item s  
as they  m ove is using  b ar cod ing  m obile scanners w ith  rad io  fr e q u e n c y  capability . I f  
radio  fre q u e n c y  bar cod ing  is n o t available, then  upda ting  ca n  be a cco m p lish ed  as 

fo llo w s:
■  P ortab le  bar code  scanners tha t cap ture  the  in fo rm a tion  w ith in  

the scanner m echanism  o r  on  a  d isk  in the scanner. The in fo rm a tion  is  then  u p lo a d ed

2 9



30
in to  the com pu terized  da tabase e ith er through  the com m un ica tions p o r ts  on  the 
scanner a n d  com puter, o r  by  load ing  the sca n n er d isk  into the com puter.

■ M anua lly  captured, p a p e r-b a se d  in form ation  is e n te red  into the  
database through key ing  by human.

■ M anua lly  captured, p a p e r-b a se d  in form ation  is m anually  w ritten
onto  f i le  cards.

No matter what method is used, it is imperative that information 
relative to inventory additions, deletions, or movement be inputted into the system as 
soon as possible. To the greatest extent possible, the shelf count should match the 
record count. The longer the time lag between inventory movement and information 
capture and updating of the record count, the greater the chance for the error, lost 
product, and increased costs.

2.4.5. Order picking
Huffman (1988: a 595-617) described that the accurate order-picking is 

typically the most important warehouse operating responsibility. In many warehouses, 
order-picking is the largest single expense category in the operations. G o o d  o rd er
p ick in g  dem ands h igh  levels o f  m anagem en t in p la nn ing , the o rder-p ick ing  system  
consists o fp ic k in g  loca tions w here the item  is ava ilab le  f o r  se lec tion  in  the q u a n tity  
ca lled  f o r  on the p ic k in g  docum ent. The p ic k in g  loca tion  d epends on  the system , b u t 
they  m ust a lw ays p ro v id e  the necessary  p ic k in g  iden tifica tion  a n d  be p h ys ica lly  
conductive to low  fa tig u e  a n d  error-free p ick ing . In  o th er w ords, p u t  the m o st p o p u la r  
item s betw een w aist a n d  eye level.

O rder-picking is rarely  done by  on ly  one m ethod. V ariances in p a cka g es  
size a n d  configuration, p ic k in g  quantities, s to ck in g  quantities, a n d  inven tory  
requirem ents often  necessita te  m ore than  one system . M o s t o rd er-p ick in g  o pera tions  
are hybrids o f  three order-p icking  m ethods, lis ted  here  in  o rd er  o f  system  com plex ity : ~

1. U nit-load p ic k in g  is done w hen  a  p a lle t lo a d  o fp r o d u c t  is p u lle d fr o m  
stock. A n  exam ple o f  u n it-load  p ic k in g  is a  m a jo r  a pp lia n ce  w arehouse.

2 . C ase-lo t p ic k in g  is the se lection  o f fu l l  ca ses o f  a  p ro d u c t. H ow ever, the  
order is less than  a  fu ll-p a lle t unit-load. C a se-lo t p ic k in g  is  best done  by  s ta g in g  a  
unit lo a d  in a  p ic k  line a n d  p u llin g  case qu a n titie s  u n til th e  un it lo a d  is depleted .



31
3.B roken-case  p ic k in g  is done  w hen  less than  fu l l  cases are c a lle d fo r  b y  

the custom er ’ร order. This k in d  o f  p ic k in g  m ay be done fr o m  sh e lv in g  o r f lo w  rack, 
depending  o n  the size  a n d  vo lum e o f  orders.

A n  ord er-p ick in g  system  consists  of:
1. A  p h y s ic a l subsystem  co m p rised  o f  order-p ick ing  p e rso n n e l o r  m ech a n ica l 

p ick in g  equ ipm ent a n d  the re la ted  m a teria l hand ling  equ ipm en t req u ired  to p ick , 
check, p a c k  a n d  sh ip  an  order.

2. D a ta  p ro cess in g  sub system s tha t p ro v id e  the in form ation  req u ired  to 
operate the p h y s ic a l system

In  m any  w arehouses, there  are  add itiona l d a ta  p ro cess in g  su bsystem s th a t 
assist w arehouse superv ision  to p la n  a n d  con tro l operations.

2.4.5.1 Physical Subsystems
W arehouses in w h ich  the p ic k in g  opera tion  is p e r fo rm e d  by  an  order, 

f i l le r  are ca lled  “m a n u a l w arehouses ”. P ick in g  p e rso n n e l w a lk  o r ride a  veh icle;  
p ick in g  instructions are p ro v id e d  to  them  by  docum ents o r  v isu a l displays.

M echan ica l system s release  m erchandise  fr o m  each  p ic k in g  p o s itio n  in  the  
quantity  a n d  a t the tim es sp e c ifie d  by  a  com puter execu ting  s to re d  p ic k in g  
instructions. The ba lance o f  the o rd er-p ick in g  system , in e ither case, consists  o f  the  
workstations, m ethods a n d  procedures, a n d  m ateria l a n d  in form ation  h a n d ling  
equipm ent req u ired  to check, pack , a n d  sh ip  an order.

2.4.5.2 Data Processing Subsystems
(A) The primary data processing subsystem
The p r im a ry  da ta  p ro cess in g  subsystem  p ro cesse s  o rders a g a in st the  

custom er a n d  item  file s . I ts  ou tp u ts  are:
1. In stru c tio n s to o rd er f i l le r s  o r  m ech a n ica l o rd er-fillin g  

equipm ent, checkers, packers, a n d  sh ip p in g  d o ck  personnel.
2. In fo rm a tio n  to  the custom er a b o u t item s ordered, bu t n o t  

picked, o r  p a r tia lly  p icked .
3. In fo rm a tio n  f o r  invo icing
4. C o st a n d / o r  se llin g  p r ic e  in form ation  to the custom er, w h en

necessary
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5. A  separa te p a ck in g  list, w hen  n ecessary
6. Sh ipp ing  labels, w hen  necessa ry

Since order p ro cess in g  updates item  inventories, it a lso  p ro v id e s  
in form ation f o r  p u rch a sin g  a n d  inven tory control.

(B) Picking Position Replenishment subsystems
W hen orders are p ic k e d  m echan ica lly  o r  p ic k in g  p o s itio n s  are  

co n fin ed  to f lo w  rack, shelving, o r  p a lle t-ra ck  p o s itio n s  reachab le  by  a  w a lk ing  
picker, the order-p icking  system  includes an  in fo rm a l o r  fo r m a l  subsystem  fo r  
rep len ish ing  p ic k in g  p o sitio n  inventories fr o m  reserve  stock. The o u tpu t o f  a  fo r m a l  
rep len ishm ent subsystem  is usually  one o r m ore p ic k in g  docum ents, bu t m ay include  
displays; it m ay also  include random  p ic k in g  p o s itio n  assignm ents.

(C) Operations Planning and Control subsystems
The in form ation requ ired  to p rep a re  the  o u tp u ts  o f  the p r im a ry  da ta  

p ro cess in g  subsystem  can  be u sed  by o th er d a ta  p ro c e ss in g  su b system s w hich:
1. D eterm ine the m ode o f  sh ipm ent: co m m o n  ca rr ie r  o r  cap tive  tru ck
2. P lan  deliveries by captive trucks
3. E stim ate p icking, packing , checking, sh ipp ing , a n d  rep len ishm en t 

sta ffing  requirem ents by  sh ift
4. P repare a daily, short-in terva l schedu le  f o r  these  o pera tions a n d  

estim ate the sta ffing  req u ired  b y  ea ch  one d u rin g  each  schedu le  
p e r io d

The ou tputs o f  these subsystem s are d o cu m en ts  n o t req u ired  to p ic k  
orders; the subsystem s are usually  interactive.

2.4.5.1 Order-picking system design
The design o f  an  order-p icking  system  d ep en d s p r im a r ily  upon  the m an n er  

in w hich order in tegrity  is trea ted  during  p ic k in g  a n d  su b seq u en t o pera tions. O rder  
in tegrity  m ay be:

1. M a in ta in ed  during  the p ick ing , checking , p a ck in g , a n d  s ta g in g  o f  an  
order f o r  sh ipm ent
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2. D estroyed  during  p ick ing , bu t res to red  d u rin g  o rd er a ssem bly  on  the  

sh ipp ing  dock
W hen order in tegrity  is m aintained, there is one order-p ick ing  system . It 

usually  consists o f  m obile equipm ent, such  a s  p ic k in g  cart, a n d  a  loca tion-sequenced  
p ick in g  list. A s  the order is p icked , it is a ssem b led  f o r  p a cking , checking, a n d  
shipping. The com puter m ain ta ins one inven tory  a n d  one p ic k in g  p o sitio n  p e r  item. I t 
freq u en tly  does not d istinguish  be tw een  rep a ck  a n d fu ll-c a se  p ic k s  o f  the sam e item.

W hen order in tegrity  is d e s tro yed  a n d  restored, the w arehouse layout 
includes severa l o rder-p icking  system s th a t o ccupy  separa te  areas. A n  ord er is p ic k e d  
sim ultaneously  in each  area  by the o rd er  f i l le r s  a ss ig n ed  to it. Typically, one g ro u p  o f  
order fil le r s  p ick s  repack w ith  a  p ic k in g  list, an o th er p ic k s  conveyab le  cases w ith  
labels, a n d  a  th ird  uses m obile  eq u ip m en t a n d  labels to p ic k  non-conveyable  
m erchandise. M echanica l o rder-filling  equ ipm en t m ay rep lace the repack  p icker, the 
conveyable cases to the sh ip p in g  dock, w here  they  are  so r te d  a n d  m erg ed  w ith  any  
non-conveyable to order integrity.

When order in tegrity  is d es tro yed  a n d  restored, the com puter  
distinguishes broken-case p ic k s  fr o m  fu ll-c a se  p ic k s  o f  the sam e item. I t  m a in ta ins  
separate p ick in g  p o sitio n s a n d  p ic k in g  inven tories a n d  p ro v id e s  d ifferen t docum ents  
f o r  p ick in g  fro m  them. The p h y s ic a l a n d  d a ta  p ro c e ss in g  su bsystem s a n d  the  
opera ting  m ethods a n d  p ro ced u res o f  the o rd er-p ick in g  system  m ust be d esig n ed  
sim ultaneously to p rov ide  the d esired  w arehouse th ro u g h p u t a n d  leve l o f  custom er  
service.

2.4.S.2 Four methods of order-picking
The jo b  o f  se lec ting  orders can  be d iv id ed  into a t least fo u r  categories: 

single-order-picking, batch p icking , zone p icking , a n d  w ave p icking .
S ing le-order-p icking  is the  m ost com m on  m ean  o f  se lec tin g  an  order. One 

order p icke r  takes a  single o rd er a n d fi l ls  it fr o m  s ta r t to fin ish .
In  batch p icking , the o rd er p ic k e r  takes a  g ro u p  o f  orders, p erh a p s  a  

dozen. A  batch list is p re p a re d  th a t con ta in s the to ta l q u a n tity  o f  each  s tock-keep in g  
unit fo u n d  in the w hole group. The o rd er  p ic k e r  th en  co llec ts  the  ba tch  a n d  takes it to 
a  stag ing  area  where it is sep a ra ted  into sing le  orders.



Zone p ic k in g  is the a ssignm ent o f  each  order se lec to r to  a  g iven  zo n e  o f  
the w arehouse. U nder a  zone  p ic k in g  p lan , one o rder p ic k e r  se lec t a ll p a r ts  o f  the  
order tha t are fo u n d , f o r  exam ple, in a isle  12, a n d  the o rder is then  p a s se d  to an o th er  
p icke r  w ho se lec t a ll  o f  the item  in a isle 13. U nder th is  system , the order is a lw ays  
hand led  by  m ore than  one individual.

W ave p ic k in g  is the d iv ision  o f  sh ipm ents by  a  g iven  characteristic , such  
as com m on carrier.

2.4.5.3 Quality in order-picking
Q uality  m eans p erfo rm a n ce  to standards a n d  no th ing  m ore. W arehouse  

m anagem ent m ust design, im plem ent, a n d  then  insist upon standards o f  o rder-p ick ing  
tha t are error-free. A n y  o rder-p ick ing  e rror c o u ld  be a  custom er lost, never to be 
regained.

3 4

2.4.5.4 Order-picking forms
A g o o d  ord er-p ick in g  fo rm  is one tha t has on ly  e ssen tia l in form ation  on  it, 

tha t is, custom er identifica tion , order num ber o r  date, loca tion  o f  item s to be p icked .
The use o f  co lo r  cod in g  in the order-p ick ing  opera tion  w ill reduce errors. 

C olor cod ing  sh o u ld  be u sed  in  any  operation  w here it can  be applied.
To reduce errors, be sure tha t the sam e term ino logy is u s e d fo r  the sam e  

items throughout the system  in the w arehouse.

2.4.6. Packing
The purpose of packing operation is to protect and contain product by 

package while it is delivered. The suit package to the product should provide 
protection against the common hazards of warehousing and distribution. These 
include stacking compression; shock and vibration in transit and handling; and 
protection against temperature extremes and changes, moisture, and infestion.

Sometime packing operation is required because some products have the 
same destination and if they are packed at the same container or package, it will be 
easier and cheaper for shipping operation.

There are several ways to pack item but the popular methods are using 
container and using box or carton to contain the product while they are shipped to



destination. But beware of using the wrong size and strength of the package can 
cause damages to the products.

2.4.7 Stacking
One of the critical activities in the receiving and shipping area is the 

inbound-outbound product stacking activity. To have productive employees with 
minimal product damage and accurate inventory control, space of stacking area must 
be sufficient directly behind the dock doors to accommodate the inbound and 
outbound capacity for a full delivery truck. The stacking area requires vehicular 
traffic aisles that connect the dock area to the storage area.

2.4.8. Loading and shipping
Footik (1988: a 638-647) described that the ideal shipping routine is roughly 

the opposite of that just described for receiving. If an order destined for shipping is 
pulled from inventory by one employee and checked and loaded by another, the 
likelihood of discovering errors is greatly increased. Insisting on a shipping schedule 
will do a great deal to prevent unexpected peaks in workload or unpleasant surprises. 
A specified count of shipping labels or tags is a good way to create a double check of 
quantities in shipping. The shipping dock is also the last chance to discover mistakes 
made by order pickers.

The first step is the determination of the common carriers or private carriage 
means by which goods will be shipped. There is a vast menu of available shipping 
methods. From this vast menu, a selection must be made based on the physical 
characteristics of the products, the quantities to be shipped, the quatity of service 
desired and, of course, the costs. An examination of service must include such factors 
as the speed of delivery, scheduling flexibility, consistency of service, reliability, and 
cooperation,

After the shipping method has been selected, the next area to look at is how 
these products will be loaded. In part this will be dictates by quantity, physical 
characteristics, and distance the product will be moved. Materials that are delivered 
from one side of town to the other, every single day, and always between point A and 
point B should be palletized, unitized, or on some type of transfer vehicle. One-way 
shipments for long distances, however, may require an entirely different method of
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vehicle loading. Therefore, these determinations are made on a case-by-case basis 
with a large measure of common sense.

2.4.9 Physical inventory
The purpose of this operation is to count the real quantity of stock-keeping- 

units and compare it to the number in the report. The other benefit of this operation is 
to check the quality of stock-keeping-units then, both quantity and quality of stock
keeping-units in storage area are supposed to be checked at this operation.

There are 2 methods to operate physical inventory:
1. P eriod ic  P h ysica l Inventory. Usually, this method has been done once a 

year and its main purpose is to check quantity of stock-keeping-units. To do this 
operation, most of other functions in warehouse should be stopped until it is finished. 
Many errors in warehouse operation that have been overlooked for a whole year will 
be unveiled by this operation. It means that it is difficult to identify the causes of 
these errors.

2. C ycle counting. This method can overcome disadvantages of periodic 
physical inventory. It needs operators who have to do this operation regularly as their 
routine job. It can find errors immediately so it is easy to track back to the root cause 
of the errors.

2.4.10 Reporting
The last activity of storage function is a paper work or record keeping of all 

activities in warehouse. In the modem day, most warehouses operate this activity 
through computer system and warehouse software.

2.5 Warehouse space and layout planning
Smith and Peters (1994: a 91-113) described that space is a primary, finite 

resource common to all warehouses. The am ount o f  space  available, the p h ysica l  
nature o f  the space, a n d  the arrangem ent, o r  layout, o f  the space is critica l to the 
operating efficiency a n d  effectiveness o f  the w arehouse. Consequently, p ro p e r  
planning o f  w arehouse space an d  layout requirem ents is n eed ed  to  ensure that a ll the 
objectives o f  the w arehouse are adequ ately  met. This ch ap ter addresses p ro p e r  space  
planning and layout p lan n in g  f o r  the w arehouse.
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2.5.1 W arehouse space p lanning
Space p lan n in g  is the p a r t  o f  the science o f  warehousing concerned  with  

m aking a quantitative assessm ent o f  w arehouse space requirem ents. A s is true o f  any  
science, space p lan n in g  p o sse sse s  a  very  specific  m ethodology, an d  it consists o f  the 
fo llo w in g  gen era l steps:

1. D eterm ine w hat is to be accom plished.
2. D eterm ine how to accom plish  it.
3. D eterm ine space a llow an ces f o r  each elem ent requ ired  to 

accom plish the activity.
4. C alcu late the to ta l space requirem ents.

The f ir s t  tw o steps o f  the space p lan n in g  p ro cess  define the ac tiv ity  an d  the 
techniques, equipm ent, information, an d  so  on, to be u sed  in perform ing that activity. 
Step three involves determ ining the space requirem ents o f  each elem ent that g oes into  
perform ing the activity. In warehousing, these elem ents m ight include p erson n el an d  
person n el services, a n d  utilities. Finally, s tep  fo u r  com bines the space requirem ents  
o f  the individual e lem ents to obtain  to ta l space requirem ents.

Two m ajor ac tiv ities in a  w arehouse require space planning: rece iv in g  an d  
shipping activities. The fo llo w in g  sections o f  this chapter transform  the gen era l space  
plannin g m ethodology ou tlin ed  above into very  specific  m ethodologies f o r  the 
receiving an d  sh ipp ing  activities, an d  f o r  the storage activities.

2.5.1.2 Space planning fo r  receiving and shipping
The m ost im portant functions o f  a  w arehouse occur on the receiv in g  an d  

shipping docks. Unfortunately, these are  a lso  the m ost neg lected  areas o f  a  
warehouse. The transfer o f  con tro l o f  m erchandise fro m  the source o r  ca rrier  o f  the 
m erchandise to the w arehouse usually takes p la c e  on the receiving  dock. On the 
shipping dock, the transfer o f  con tro l o f  m erchandise fro m  the w arehouse to the user  
o r carrier o f  the m erchandise usually takes p lace. I f  these transfers o f  con tro l are  not 
accom plished efficiently, safe, an d  accurate receiv in g  an d  sh ipp ing  a c tiv itie s  is 
enough space in which to perform  them. The fo llo w in g  m ethodology sh o u ld  be 
fo llo w e d  to determ ine the space  requirem ents o f  rece iv in g  a n d  sh ipp ing  activities.



(A) D efine the materials received and shipped: The f i r s t  s tep  in 
space p lan n in g  f o r  rece iv in g  a n d  shipping operations is to  define w hat is to  be  
accom plished, that is to  define the m aterials to be rece ived  o r  sh ipped. A n  excellen t 
to o l f o r  this is the receiv in g  a n d  sh ipping analysis ch art ((RSAC). A  co m p le ted  R SAC  
appears in fig u re  2.1. The f ir s t  f iv e  columns o f  the RSA C  define w h a t is to  be rece ived  
o r  sh ipped  a n d  colum n 7 sh ow s when the receip ts an d  sh ipm ents w ill occur. F o r an 
existing warehouse, the inform ation fo r  the f ir s t  seven  colum ns o f  the R SAC can  be 
ob ta in ed  by  reading o ld  receiv in g  reports o r  sh ipping release  to  determ ine w h at has 
actually  been rece ived  o r  sh ipped  in the past. This h istorica l d a ta  can  be tem pered, 
b a sed  on p ro jec tion s o f  fu ture business activity. F or a  new  fa c ility , h isto rica l d a ta  is 
not ava ilable; consequently, base the information requ irem ents o f  the f ir s t  seven  
columns o f  the RSAC on fo reca s ts  o f  the types an d  volum es o f  m a teria ls that w ill be 
rece ived  o r shipped.

It is seldom practical to have a separate entry on the RSAC for each 
individual stock-keeping unit, and, in fact, it is usually undesirable to do so. It is 
impractical because most warehouses store thousands of different stock-keeping units 
and completing the RSAC for each would be an extremely time-consuming job. It is 
undesirable because the forecasts from which the information is obtained are 
inevitably wrong. Consequently, planning a warehouse based on specific item 
requirements will result in an inaccurate warehouse plan.

A much b etter  s tra tegy  fo r  com pleting the R SA C  is to estab lish  gen eric  
categories o f  item s an d  then to com plete the RSAC f o r  each  g en eric  ca tegory. The 
item s in a  given  gen eric  ca tegory  shou ld  have sim ilar ch a ra c teris tics  w ith  resp ec t to 
type o f  item an d  unit lo a d  received, stored, o r  shipped. D eve lo p in g  gen eric  ca teg o ries  
reduces the num ber o f  en tries on the RSAC to a  m anageable level. A n o th er advan tage  
is that fluctuations in requirem ents f o r  individual stock-keep in g  units w ill have less  
im pact because they w ill affect a  generic category, not ju s t  one unit.

Column 8 and 9 of the RSAC list the types of carriers that might 
handle each generic category of material. The important characteristics include the 
length, width, height of the carrier bed off the road-way, and the clearance height of 
the top of the carrier. This information can be readily obtained for an existing 
warehouse contacting the freight carriers used in the past or, for a new warehouse, 
by contacting the carriers projected for use in the future. The freight carriers should
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be able to p re d ic t the types an d  characteristics o f  ca rriers  th a t w ill be u sed  o ver the 
next 5 to 10 years, f o r  the types an d  quantities o f  m ateria ls that w ill be w arehoused.

The la st tw o columns o f  the RSA C  d e a l w ith  the m ethods a n d  time 
requ ired  to unload the carrier on the receivin g  dock  o r  to lo a d  the ca rr ie r  on the 
shipping dock. This information w ill p ro ve  va luable in determ in ing labor an d  
m aterial handling equipm ent requirem ents to perform  the receiv in g  a n d  sh ipping  
activities.

(B) Determine dock requirements: A fter the m ateria ls to  be rece ived  
o r sh ipped  have been defined, the next step  is to determ ine the requirem ents f o r  the 
receiving o r  sh ipping dock  bays. Two questions m ust be addressed: (1) H ow  m any  
dock bays are required? A n d  (2) H ow sh ou ld  the dock  bays be configured.?

The num ber i f  dock bays requ ired  is a  fu n ction  o f  the tim e in tervals  
between carrier  a rriva ls a t the dock an d  the tim e req u ired  to serv ice  the carriers  
upon arrival, an d  sim ulation is the p ro p e r  too l f o r  determ in ing  th is requirem ent. 
(Refer to C hapter 9 f o r  m ore information on the use o f  sim ulation  in the w arehouse.)

Two basic dock  configurations exist: 9 0 °  docks a n d  f in g e r  docks. With 
a  9 0 °  docks, the truck is p o sitio n ed  a t the dock  so  th a t the angle betw een  the truck  
and the dock is 90°. A t a  f in g er  dock, the angle betw een  the truck a n d  the dock  less  
than 90°. F or exam ple, f o r  a  4 5 °  f in g er  docks, the angle betw een  the truck a n d  the 
dock is 45°. The difference between 9 0 °  docks an d  f in g e r  docks lie in the am ount o f  
space requ ired  f o r  dock operations inside an d  ou tside  the w arehouse. A 9 0 °  docks  
requires less w idth  (the distance p a ra lle l to  the building) than a  f in g e r  dock. 
Therefore, a  9 0 °  docks requires less inside w arehouse space  a n d  m ore outside space  
than does a  f in g e r  dock. The amount o f  inside sp a ce  req u ired  by  f in g e r  dock  
decreases as the angle o f  the fin g er dock increases, bu t it is a lw a ys g rea te r  than the 
space requ ired  by  a  9 0 °  docks. A s the angle o f  the f in g e r  d o ck  increases, the outside  
space requ ired  a lso  increases, but it a lw ays less than the space  req u ired  by  a  9 0 °  
docks.
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C om pany A  R C., Inc. D a te  M arch  8 ,1986 R aw  M ate ria ls F in ish
เท- ed

P rocess G ood
P repared by J. Sm ith S he e t 1 o f 1 P lan t S upp lies G oods ร

U n it Loads S ize  o f  
sh ipm en t 

(U n it 
Loads) 

(6)

F requency T ranspo rta tio n M a te ria l H and lina
D escrip tion

( 1 ) Type
( 2 )

C apa c ity  (3 ) S ize
(4)

W e ig h t
(5 )

o f
S h ipm en t

(7)
M ode

(8) Specs (9) M e thod
(10 )

T im e ,
h r

( 1 1 )

S tee l p ipe  
p lug , 1.00  
เท d iam e te r  
X 0 .50  in.

W ooden
cra te 3200  pcs. 2  ft X  2 

f t  X  4 ft 825  lb 12 cra tes Q ua rte rly T ru ck 34 ft X  8 ft  
X  7 ft

Food
tru ck 0 .75

A lum in ium  
ba r 2 .75  in, 
X  250  in X 
16 ft

Bund les 25  ba rs
12 .5  in 
X  14 in 
X  6 ft

1625
lb 25  bund les Q ua rte rly

O pen -
bed
tru ck

34 f t  X  8 ft C rane 5.00

S ta in less  
S tee l ba r 
0 .875  in, X 
1 2 ft

Bund les 36  ba rs
6  in X 6  
in X 12 
ft

9 00  lb 7  bund les Sem iannua l
O pen -
bed
truck

34 f t  X 8 ft C rane 1.00

R ubbe r 0  
ring 0 .75  in 
d iam e te r

C artons 4 0 ,00 0  0  
rings

12 เท X 
18 in X 
3 ft

1251b 2  ca rtons Sem iannua l T ru ck 20  ft X  8 ft  
X  7  ft

Hand
tru ck 0 .25

B rass bar, 
0.75  in 
d iam e te r X 
1 2 ft

Bund les 36  ba rs
6  in X 6  
in X 12 
ft

7201b 14 bund les Sem iannua l
O pen -
bed
truck

34  f t  X  8 ft C rane 2 .00

Figure 2.1-Receiving and shipping analysis chart

Typically, space inside a  w arehouse is m ore expensive than space  
outside a  warehouse; 9 0 °  docks are m ore p o p u la r  than fin g e r  docks because they  
require less inside space. When outside space is a t a  prem ium , however, because o f  
the shape o f  the w arehouse site  o r  n eed  to expand, f in g e r  docks are a  much m ore 
attractive dock configuration.

(C)Determine m aneuvering allowances inside the warehouse: The
m aneuvering space requ ired  on a  rece iv in g  o r  sh ipp ing  dock  consists o f  the space  
needed to en ter a n d  exit the ca rr ie r  a n d  to trave l betw een  the ca rrier an d  the buffer 
area, into which incom ing m ateria l is deposited , o r  the stag in g  area, fro m  which  
outgoing m ateria l is retrieved. The f ir s t  com ponent o f  the receivin g  o r  sh ipp ing  dock



m aneuvering space is the a rea  o ccu p ied  by  the dock  leveling device used. G enerally, 
tem porary inside dock  levelin g  devices w ill occupy 3 to 7 fee t, m easured  fro m  the 
dock face , while perm an en t inside dock  leveling  devices w ill require 4 to 10 f e e t  o f  
inside warehouse space. O ther types o f  dock  leveling devices are in sta lled  ou tside the 
warehouse o r  on the truck i ts e lf  a n d  require no inside warehouse space allow ances.

The seco n d  com ponent o f  the receiving o r  sh ipping dock  m aneuvering  
space is an aisle lo ca ted  betw een  the back edge o f  the inside dock levelin g  device  an d  
the receiving buffer a rea  o r sh ipping stag ing  area. This a isle  a llow s  
unloading/loading p erso n n e l a n d  equipm ent to  en ter a n d  exit the ca rrier  a n d  to  trave l  
to the appropria te buffer o r  s tag in g  area. The dock m aneuvering a isle  sh ou ld  not be a  
main warehouse a isle; trave l in this a isle  shou ld  be restr ic ted  to dock  p erso n n el an d  
equipm ent ac tive ly  servic in g  carriers. The existence o f  o ther traffic w ithin the dock  
m aneuvering a isle  w ill inevitab ly result in injuries to both dock  p erso n n el a n d  the 
other traffic. The req u ired  w idth  o f  the dock m aneuvering a isle  depends on the type o f  
m aterial handling equipm ent u sed  to service the carriers. G enerally, 6  to  8  f e e t  are  
recom m ended f o r  m anual handling an d  non -pow ered  m ateria l handling equipm ent, 
whereas 8 to 12 f e e t  a re  sufficient f o r  p o w e re d  m ateria l handling equipm ent.

(D) D eterm ine buffer and staging area requirements: A buffer a rea  
fo r  a shipping dock  sh ou ld  be lo ca ted  behind the dock  m aneuvering aisle. The 
receiving buffer a rea  serves as a  depository  f o r  the m ateria ls u n loaded  fro m  the 
carriers. The receiv in g  buffer area  a llow s the dock  person n el to concen trate on  
unloading the ca rrier  f o r  f a s t  receiving  “th rough put”. F ast receiv in g  throughput is 
essential f o r  com panies w ith  large investm ents in their ow n trucking flee ts . F or  
com panies w ithout their own trucking fleets, it avo ids dem urrage, o r  detention, 
charges. Once their ca rr ie r  is unloaded an d  released, a  m ore through check-in  a n d  
inspection o f  the m erchandise can be perfo rm ed  within the receiv in g  buffer area.

The sh ipp in g  stag in g  area  serves as an accum ulation p o in t f o r  the 
m erchandise th a t com prises a  shipment. Various levels o f  accum ulation m ay be  
estab lished  w ithin the sh ipp in g  buffer area. F or exam ple, individual line item s that 
make up a  custom er order, the custom er orders that com prise a  shipm ent, o r  the  
shipm ents f o r  a  p a r ticu la r  region  can be accum ulated. A c tiv itie s  p erfo rm ed  w ith in  the
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Staging area  m ight include packing. Unitizing, o r  verifying  th a t the entire custom er  
order o r  shipm ent is ready  f o r  loading onto the carrier.

Specifying accurately  the optim um  am ount o f  receivin g  buffer space or  
sh ipping stag ing  space is very  difficult task. Unfortunately, an incorrect am ount o f  
space w ill reduce g rea tly  the efficiency an d  effectiveness o f  the receiv in g  o r  sh ipping  
operation. The im pact w ill be p a rticu la rly  severe  i f  too  little  buffer space o r  stag in g  
space is p rovided . Too little  buffer o r  stag in g  space w ill le a d  to  c lock  congestion  that 
w ill inevitably co st lost m aterial, dam aged  m aterial, sp lit shipm ents, a n d  erroneous  
shipments. D eterm ining the am ount o f  buffer o r  s tag in g  sp a ce  requ ired  is la rgely  a  
m atter o f  the degree o f  con tro l which exists o ver the w o rk  lo a d  is throughout the day, 
the m ore flex ib le  the receiving buffer area  o r  the sh ipp in g  s ta g in g  area  m ust be. F or  
example, i f  a  warehouse has the a b ility  to  schedule ca rr ie r  arrivals, a n d  i f  that 
schedule is adh ered  to, then chances are g o o d  th a t the receiv in g  buffer a rea  o r  
shipping stag in g  area  can be lim ited  to one tru ck load  o f  m ateria l p e r  dock  bay. 
H owever, i f  carrier  a rriva ls are not controlled, a n d  i f  they are ex trem ely heavy  
during certain  p a r ts  o f  the d a y  an d  extrem ely light du rin g  o th er p a r ts  o f  the day, the 
am ount o f  buffer o r stag in g  a rea  must be b a sed  on how  m uch a rea  is req u ired  during  
the surge p e r io d s  o f  the day. Requirem ents f o r  buffer a rea  o r  stag in g  are in existing  
w arehouses shou ld  be determ in ed  by analyzing h isto rica l sh ipp in g  p a tte rn s  to 
identify the surge p erio d s  an d  volumes. F or new fa c ilitie s , the a n tic ip a ted  su pp liers  
an d  users o f  the warehouse shou ld  be a sked  f o r  estim a tes o f  when a n d  in w hat 
quantities their m ateria ls w ill be rece ived  o r  sh ipped; then, the buffet a n d  stag in g  
area  a llocations can be b a sed  on the an tic ipa ted  surge in activity.

A isle  space m ust be p ro v id e d  within the buffet o r  s tag in g  area. This 
aisle space is not in tended f o r  use in p la c in g  m ateria ls in o r  taking them ou t o f  the 
buffer o r stag ing  area. Instead, it p ro v id es  access to a n d  eg ress  fro m  the dock  a rea  to 
other p a r ts  o f  the warehouse. M ateria ls sh ou ld  be p la c e d  in the buffer a n d  stag in g  
areas fro m  one en d  an d  taken out fro m  the o ther end; therefore, in tra buffer-area an d  
intra staging-are a isles sh ou ld  be kept a t a  minimum. The w id th  o f  a  buffer o r  stag in g  
area  aisle depends on the type o f  traffic that w ill use the aisle. P o w e re d  equipm ent 
traffic w ill require a  w id er a isle than predom in an tly  p ed es tr ia n  traffic. L ikew ise, 
aisles w ith  b id irectional trave l n eed  to  be w id er  than f o r  sin g le-d irec tion  travel.
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(E) Determine dock-related space requirements
Several dock-rela ted  space requirem ents exists which su pport the 

receiving and  shipping functions. These include;
1. Office space
2. R eceiving h o ld  area
3. Trash d isposa l
4. E m pty p a lle t storage
5. Trucker ’ร lounge

Office space m ust be p ro v id e d  f o r  receiv in g  an d  sh ipp ing  supervision  
an d  fo r  c lerical activities. A pproxim ately 125 square f e e t  o f  office space sh ou ld  be 
p ro v id e d  f o r  each dock em ployee who w ill regu larly  w ork  in the office. Oftentimes, 
the su p erv iso r’s  office space w ill be lo ca ted  w ithin the dock  area, a n d  m any o f  the 
receiving an d  shipping c lerica l an d  da ta  p ro cess in g  ac tiv ities w ill be com bin ed  with 
sim ilar activities in the rem ainder o f  the warehouse.

A receiving h o ld  area  is essen tia l f o r  accum ulating rece ived  m aterial 
that has been re jec ted  during a  receivin g  o r  qu ality-con tro l inspection a n d  that is 
aw aiting either return to the vendor o r  som e oth er fo rm  o f  disposition . R ejec ted  
m aterial should never be a llo w ed  to  accum ulate in the rece iv in g  buffer area. To do so  
w ill surely cause unsatisfactory m erchandise to  be a ccep ted  by  the w arehouse. A 
separate and  distinct receiving h o ld  a rea  m ust be a llocated . The am ount o f  space  
requ ired fo r  the receiving h o ld  a rea  depends on the type o f  m ateria l likely  to be 
rejected, the specific inspection p ro cess  fo llo w ed , a n d  the tim eliness o f  d isposition  o f  
the re jec ted  merchandise.

D ock  operations, p a rticu la rly  receiv in g  functions, gen era te  a  
trem endous amount o f  trash, including co rru g a ted  boxes, b inding m aterials, broken  
an d  disposable pallets, bracing, an d  pa ck in g  m aterials. S pace m ust be a llo ca ted  
within the receiving an d  sh ipping areas f o r  d isp o sa l o f  these items. F ailure to do  so  
w ill result in p o o r  housekeeping, congestion, unsafe w orkin g  conditions, a n d  a  loss o f  
productivity. Oftentimes, receiv in g  an d  sh ipp in g  fu n ction s are  p la n n e d  w ithout 
concern f o r  trash d isposa l an d  so  m ust sacrifice  sp a ce  a llo ca ted  f o r  som e oth er  
function to hold  the trash. D ock  opera tions g en era te  trash; therefore, be p repared .



In m ost warehouses, loads often arrive unpalletized  o r  on p a lle ts  
with o d d  dim ensions a n d  require pa lle tiz in g  o r  repalletizing. S tore o f  em pty  p a lle ts  
must be readily  ava ilab le  to  the dock  area  so that this activ ity  can be accom plished.

A truckers ’ lounge is an area  to  which truck drivers are con fin ed  when  
not servicing their trucks. The trucker ’ lounge sh ou ld  include seating, m agazines, and, 
ideally, refreshm ent fa c ilitie s , telephones, an d  p riva te  to ile t fa c ilitie s  to p ro v id e  
everything the trucker needs w hile w aiting f i r  his o r her truck to be serviced. G en era l 
space requirem ents f o r  a  basic  tru ck er’s  lounge are approxim ately 125 squ are f e e t  
f o r  the f ir s t  trucker, a n d  an additional 25  square fe e t  f o r  each add ition a l trucker  
expected  in the lounge a t the sam e time. Consequently, a  tru ck er’s  lounge d esig n ed  
fo r  an average o f  three truckers w ou ld  require approxim ately 175 square fee t.

The pu rp o se  o f  the tru ck ers’ lounge is to effectively con tro l the 
m ovem ents o f  the trucker w hile on site. D oin g  so w ill elim inate m any p o te n tia l  
problem s re la ted  to trucker safety, theft an d  pilferage, labor-union cam paigning, a n d  
warehouse em ployee productivity .

2.5.1.2 Space planning fo r  storage activities
The seco n d  m ajor area  in a  warehouse that requires space p lan n in g  is the 

storage activity. S torage space  p lannin g is particu larly  critica l because the s to rage  
activity accounts f o r  the bulk o f  the space requirem ents o f  a warehouse. Inadequate  
storage space p lan n in g  can easily  result in a  warehouse that is sign ificantly la rg er  o r  
sm aller than required. Too little  storage space w ill resu lt in a  w o r ld  o f  o p era tio n a l  
problem s, including lo st stock, inaccessible m aterial, p o o r  housekeeping, d a m a g ed  
material, safely  problem , a n d  low  productivity. Too much storage space w ill b reed  
p o o r  use o f  space so  that it appears that a ll the available space is rea lly  needed. The 
result w ill be high space costs in the fo rm  o f  lan d  construction, equipm ent, a n d  
energy.

To a v o id  these problem s, storage space p lannin g  m ust be a p p ro a ch ed  
from  a quantitative v iew poin t as o p p o sed  to a  quantitative assessm en t o f  
requirements. The fo llo w in g  sections p resen t the scientific m ethodology o f  s to ra g e  
space planning, that, when fo llow ed , w ill genera te a  quantitative a n d  defen sib le  
assessm ent o f  s to rage  space  requirem ents.
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(A) D efine the materials to be stored: The f ir s t  s tep  in storage  space  
planning, as in receiv in g  an d  sh ipping planning, is to define w hat is to  be  
accom plished, th a t is, to define the m ateria ls to be stored. A useful to o l in defining  
the m aterials to be s to re d  is the storage  analysis chart (SAC) given  in fig u re  2.2. The 

f ir s t  f iv e  colum ns o f  the SA C  define w hat m aterials are to be stored, colum ns 6  
through 8  specify  how much is to be stored, an d  colum ns 9 through 12 define how  the 
m aterials are to be stored.

I f  a  receiv in g  an d  sh ipping analysis ch art (Figure 2.1) has been  
com pleted, the inform ation in the f ir s t  f iv e  columns can likely be u sed  in the f i r s t  f iv e  
columns o f  the SAC. C hanges m ight be necessary on ly i f  the unit lo a d  to be s to re d  is 
different from  the unit lo a d  rece ived  o r  shipped. H owever, the generic ca teg o ries  o f  
m aterials that are on the RSA C  sh ou ld  a lso  be recorded  on the SAC. I f  an R SA C  has 
not been com ple ted  (which m ight be true i f  one is analyzing the storage  space  
requirem ents is an ex isting fa c ility  where the dock  requirem ents are  not under  
investigation), the inform ation requirem ents f o r  colum ns 1 through 5 o f  the SA C  can  
be obtain b y  p h ysica lly  su rveyin g  the existing storage areas. The su rvey  w o u ld  
p ro ceed  by  identifying. G en erica lly  classifying, measuring, an d  w eigh in g  the unit 
loads presen tly  in the s to rage  areas.

Colum ns 6  an d  7 o f  the SA C  list the maximum an d  average  num ber o f  
unit loads o f  each ca teg o ry  o f  m ateria l that sh ou ld  be on hand. In m ost firm s, 
determ ination o f  inventory p o lic y  fa lls  outside the con tro l o f  w arehouse m anagem ent 
an d  into the realm  o f  produ ction  a n d  inventory control. Consequently, the inventory  
control departm ent sh ou ld  be qu eried  f o r  the maximum an d  average inventory leve ls  
fo r  each ca tegory o f  m ateria l lis ted  in colum n 1 o f  the SAC.

Colum n 8  o f  the SA C  c ites the p lan n ed  inventory leve l o f  each  type o f  
m aterial f o r  which sto rage  a rea  w ill be planned. D eterm ining the p ro p e r  inventory  
level is d irectly  re la ted  to the sto rage  ph ilosoph y that w ill be u sed  f o r  each  ca teg o ry  
o f  materials. The different s to rage  ph ilosoph ies an d  the decision  p ro c e ss  one sh o u ld  
use to determ ine the p ro p e r  p la n n ed  inventory leve l w ill be d iscu ssed  in the next 
section as this chapter.

The la st fo u r  colum ns o f  the SAC define the p h ys ica l ch a ra c teris tics  o f  
the storage a rea  being  planned . These p h ysica l characteristics include the m eth o d  o f  
storage an d  the space requirem ents o f  that method.
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(B) Determine Storage Philosophy: Once the maximum and average 
inventory levels have been recorded, the inventory level that will be used as a basis 
for planning required storage space must be determined. The planned inventory 
levels depend on the philosophy followed in assigning material to storage space. 
There are two major material-storage philosophies, fixed, or assigned, location 
storage; and random, or floating, location storage. In fixed-location storage, each 
individual stock-keeping unit is always stored in a specific location, and no other 
stock-keeping unit may be stored in that location, even though that location may be 
empty.

With random-location storage, any stock-keeping unit may be assigned 
to any available storage location. A stock-keeping unit in location A one month might 
be stored in location B the following month, and a different stock-keeping unit stored 
in location A.

The amount o f space planned for a stock-keeping unit is directly 
related to the method of assigning space, if fixed-location storage is used, a given 
stock-keeping unit must be assigned sufficient space to store the maximum amount o f 
the stock-keeping unit that will ever be on hand at any one time. For random-location 
storage, the quantity o f items on hand at any time will be the average amount o f each 
stock-keeping unit. In other words, when the inventory level o f one item is above 
average, another item will likely have an inventory level that is below average; the 
sum of the two will be close to the average.

Oftentimes, the storage philosophy chosen for a specific stock-keeping 
unit will not be strictly fixed-location storage or random-location storage. Instead, it 
will be combination of the two. A grocery store is an excellent example combination, 
or hybrid, location storage. Fixed location storage is used in the sales area o f a 
grocery store where the consumers shop. Pickles are assigned a fixed location, and 
only pickles are stored in that location. Pickles will not be found in any other location 
in the sales area of the grocery store. In the back room, store room, o f the grocery 
store, however, the excess, or overstock, merchandise is usually stored randomly. 
Pickles may be found in one location one week and in a different location the next 
week. Because combination location storage is based on a mixture o f fixed-location 
storage and random-location storage, its planned inventory level falls between the 
fixed-location quantity and random-location quantity. At what point between the
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fixed-location and random-location quantity the planned inventory level falls is 
dependent upon the percentage o f inventory to be assigned to fixed location.
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Figure 2.2-Storage Analysis Chart (SAC)
To summarize, the planned inventory level recorded in column 8 o f the 

storage analysis chart in Figure 2.2 should be equal to the maximum inventory level 
(column 6) for fixed-location storage, the average inventory level (column 7) for 
random-location storage, or a value between the maximum and average quantities 
for combination-location storage.

(C) Determine Alternative Storage Method Space Requirements: The
space requirements o f a storage alternative are directly related to the volume o f



material to be stored and to the use-of-space characteristics o f the alternative. The 
two most important use-of-space characteristics are aisle allowances and 
honeycombing allowances. Aisle allowance is the percentage o f space occupied by 
aisles within storage area. Aisles are necessary within a storage area to allow 
accessibility to the material being stored. The amount of aisle allowance depends on 
the storage method, which dictates the number o f aisles required, and on the 
material-handling method, which dictates the size o f the aisles. Expected aisle 
allowance must be calculated for each storage alternative under consideration.

Honeycombing allowances are the percentage o f storage space lost 
because of ineffective use o f the capacity o f a storage area. The unoccupied area 
within the storage location is honeycombed space. Honeycombing occurs whenever a 
storage location is only partially filled with material and may occur horizontally and 
vertically. For example, Figure 2.3a present a plan view o f a bulk storage area in 
which material can be placed four units deep. Because the bulk storage area is full, 
no honeycombing occurs. In Figure 2.3b, however, two units o f product A and one 
unit of product B have been removed, leaving three empty slots. No other items can 
be placed in these slots until the remaining units o f A and B have been removed 
(otherwise, blocked stock will result), so these slots are horizontal honeycombing 
losses. Figure 2.3c is an elevation view o f a bulk storage area in which material can 
be stacked three units high. Here again, the storage area is full and no honeycombing 
occurs. In figure 2.3 d, however, two units o f product A and one unit o f product B 
have been removed, leaving three empty slots. To avoid blocked stock or poor stock 
rotation, no other units can be placed in these slots until the remaining unit o f A and 
B have been removed. Consequently, the empty slots are vertical honeycombing 
losses will occur. Efforts to totally eliminate honeycombing may improve apace 
utilization but will assuredly result in increased material handling costs related to 
double handling loads, material damage, and lost productivity. Honeycombing, while 
it should be minimized, must be considered a natural and allowed for phenomenon o f 
the storage process. For each storage alternative under consideration, the expected 
honeycombing allowance must be estimated.

Once the aisle and honeycombing allowances for a storage method 
alternative have been determined, a space standard can be calculated for that storage 
method. A space standard is a benchmark which defines the amount o f space required
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per unit o f product stored. Given the space standard and the total inventory o f a 
class o f items to be stored, the total space required for that class o f items can then be 
calculated.
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Figure 2.3- Horizontal and vertical honeycombing, (a) Plan view of bulk storage area 
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evation view of bulk storage area showing horizontal honeycombing.

2.5.2 Warehouse layout planning
Smith and Peters (1994: a 91-100) described that before layout planning can 

begin, the specific objectives of a warehouse layout must be determined. In general, 
the objectives of a warehouse layout are:

1. To use space efficiently
2. To allow the most efficient material handling
3. To provide the most economical storage in relation to costs of 

equipment, use of space, damage to material, and handling labor
4. To provide maximum flexibility in order to meet changing storage and 

handling requirements
5. To make the warehouse a model of good housekeeping
The objectives of a warehouse are:
1. To maximize effective use of space
2. To maximize effective use of equipment



503. To maximize effective use of labor
4. To maximize accessibility of all items
5. To maximize protection of all items
It is true that the objectives of both a warehouse itself and of the warehouse 

layout are almost redundant. This shows the importance of layout planning to 
warehouse planning. Without a good warehouse layout, it is impossible to have a 
good warehouse. The objective of layout planning is to arrange and coordinate the 
space, equipment and labor resources of the warehouse. Poor layout planning can 
undermine superior space, equipment, and personnel planning. Put another way, 
accomplishing the objective of warehousing depends on having a good layout. If the 
warehouse layout is bad, the warehouse as a whole will be bad; and if the warehouse 
as a whole is bad, chances are the warehouse layout is bad.

The fourth objective of a warehouse layout recognizes the fact that 
warehousing exists not within a static, unchanging environment. If the mission of a 
warehouse changes, the warehouse layout should very likely change, too, to adapt to 
the new mission. However, a good warehouse layout possesses the flexibility to 
absorb minor variances in expected storage volumes and product mixes with few or 
no alterations required. This flexibility allows the warehouse to function even if the 
forecasts on which it was planned prove to be wrong, as they inevitably do.

The last objective of warehousing follows the principle that there is 
efficiency on order. Good housekeeping is essential to good warehousing: a good 
warehouse cannot exist without good housekeeping. Yet good housekeeping by itself 
will not ensure a good warehouse. If the space equipment, personnel, and layout are 
not properly planned, all the housekeepers in the world could not get a warehouse to 
function. But poor housekeeping will surely undermine good space, equipment, 
personnel, and layout planning.

2.5.2.1 Layout planning methodology
Smith and Peters (1994: a 91-100) described that the warehouse layout 

planning methodology consists of two steps:
1. Generate a series of warehouse layout alternatives.
2. Evaluate each alternative against specific criteria to identify the best 

warehouse layout.



51These two steps are discussed in the following sections.
(A) Generate Alternative Layouts: Generating alternative warehouse 

layout is as much art as it is science. The quality o f the layout alternatives will 
largely depend on the skill and ingenuity o f the layout planner. This fact is crucial to 
the most common approach to generating layout alternatives: template juggling. The 
word juggle means to skillfully manipulate a group o f objects to obtain a desired 
effect. Consequently, template juggling is the skilful manipulation o f a group of 
templates, models, or other representations o f warehouse space, equipment, and 
personnel in order to obtain a warehouse layout that meets objectives. In other words, 
template juggling is a trial-and-error approach to finding the proper arrangement 
and coordination of the physical resources o f the warehouse.

The quality o f the alternatives created from template juggling depends 
on the creativity o f the layout planner. Unfortunately, layout planners often either 
lack creativity or do not attempt to express their creativity. Many layout planners 
approach the problem with a preconceived idea about what the solution should be. 
They trend to bias the layout planning process toward that preconceived solution. As 
a result, creativity is stifled. Oftentimes, the layout chosen for a new warehouse looks 
exactly like the layout used in the old warehouse. The generation o f layout 
alternatives thrives on the creativity o f the layout planner, yet many layout planners 
withhold his basic and essential ingredient.

The generation o f warehouse layout alternatives should be 
accomplished by the following procedure:

1. Define the location o f fixed obstacles. Some objectives in a 
warehouse can be located only in certain places, and they can have only certain 
configurations. These objects should be identified and placed in the layout alternative 
first before objects with more flexibility are located. Some fixed obstacles are 
building support columns, sprinkler system controls, heating and air conditioning 
equipment, and, in some cases, offices. Failure to consider the location o f these types 
of items first will prove disastrous. The warehousing corollary to Murphy ’ร law states, 
“I f  a column can be in the wrong position, it will be”. Don’t be the layout planner 
who designs a warehouse and buys the storage and material handling equipment only 
to find that, when the equipment is installed, the location o f the building columns 
makes an aisle too narrow for the handling equipment.



2. Define the location of the receiving and shipping functions. 
Oftentimes, the configuration o f the warehouse site will dictate the location o f the 
receiving and shipping functions. When this is not true, however, the receiving and 
shipping location decision becomes an important one. Receiving and shipping are 
high-activity areas and should be located so as to maximize productivity, improve 
material flow, and properly utilize the warehouse site. The location o f access roads 
and railroad tracks, i f  rail service is required, are important considerations in 
locating receiving and shipping should be located together or in different areas o f the 
warehouse must be addressed. Common receiving and shipping docks can often 
result in economies o f scale related to sharing space, equipment, and personnel. 
Separate receiving and shipping areas may, on the other hand, be best to ensure 
better material control and reduce congestion. Energy considerations are important. 
Where a choice exists, receiving and shipping docks should not be located on the side 
of the building that faces north. Avoiding this location reduces the amount o f heat 
loss in the winter from northerly winds entering the warehouse through open dock 
doors. The preferred location o f the receiving and shipping docks is the south side of 
the warehouse, with east and west as second and third choices. The particular 
weather patterns around each warehouse site should be examined, however, to 
identify the prevailing wind direction at that particular site, and the docks should be 
located away from the prevailing wind.

3. Locate the storage areas and equipment, including required aisles. 
The types o f storage areas and equipment to be used will dictate to some extent the 
configuration o f the storage layout and the aisle requirements. Be sure to make 
allowances for the fixed obstacles in the facility. Main warehouse aisles should 
connect the various parts o f the warehouse. The cross aisle at the end o f the storage 
area may need to be wider than the aisle within the storage area, depending on the 
type o f material handling equipment used. For example, a side-loading fork truck that 
can operate with a 7-foot-wide storage aisle may require 12-foot-wide cross aisles at 
the ends o f the storage aisles to allow maneuvering into and out o f the storage aisle.

4. Assign the material to be stored to the storage locations. This step 
in the generation o f layout alternatives ensures that storage allowances have been 
made for all the items to be stored In addition, it allows the performance o f a mental 
simulation o f the activities expected within the warehouse.
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5. Repeat the process to generate other alternatives. Once a 
warehouse layout alternative has been established following the four steps just 
outlined, the process must be repeated many times to generate additional layout 
alternatives. Different layout configurations, building shapes, and equipment 
alternatives should be used. The creativity o f the layout planner should be taxed to 
ensure that each succeeding layout alternative is not essentially identical to the first.

(B) Evaluate the Alternative Layouts: A number o f warehouse layout 
philosophies exist to serve as guidelines for the development o f an effective 
warehouse layout. Each warehouse layout alternative should be evaluated against the 
specific critical establishedfor each o f these warehouse layout philosophies.

1. Popularity philosophy. An Italian economist named Pareto once 
stated that 85 percent o f the wealth o f the world is held by 15 percent o f the people. 
On closer examination, Pareto’s law actually pertains to many areas other than 
wealth; one o f these areas is warehousing. In a typical warehouse, it is not unusual to 
find that 85 percent o f the product throughput is attributed 15 percent o f the items, 
that another 10 percent of the product throughput is attributable to 30 percent o f the 
items, and that the remaining 5 percent o f the product throughput is attributable to 55 
percent o f the items. Consequently, the warehouse contains a very small number o f 
highly active items (often called A items). A slightly larger number o f moderately 
active items (often called B items), and a very large number o f infrequently active 
items (often called c  items). The warehouse layout philosophy on popularity suggests 
that the warehouse should be planned around the small number o f highly active items 
that constitute the great majority o f the activity in the warehouse. The popularity 
philosophy maintains that the materials having the greatest throughput should be 
located in an area that allows the most efficient material handling. Consequently, 
high-turnover items should be located as close as possible to the point o f use.

The popularity philosophy also suggests that the popularity o f the 
items help determine the storage method used. Items with the greatest throughput 
should be stored by methods that maximize the use o f space. For example, if bulk 
storage is used, high-tumover items should be stored in as deep a space block as 
possible. Because the items are moving into and out o f storage at a relatively high 
rate, the danger o f excessive honeycombing losses is reduced, and excellent use o f
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space will result from the high-density storage. Low-throughput items in deep bulk 
storage blocks will cause severe honeycombing losses because no other items can be 
stored in that location until the low-throughput items is removed.

2. Similarity philosophy. Items that are commonly received and/or 
shipped together should be store together should be stored together. For example, 
consider a retail auto parts distributor. Chances are that a customer who requires a 
spark plug wrench will not buy, at the same time, an exhaust system tailpipe. Chances 
are good, however, that a customer who buys the spark plug wrench might also 
require a condenser, points, and spark plugs. Because these items are typically sold 
(shipped) together, they should be stored in the same area. The exhaust system 
tailpipe should be stored in the same area that the mufflers, brackets, and gaskets are 
stored. Sometimes, certain items are commonly received together, possibly from the 
same vendor: they should be stored together. Similar types o f items handling methods, 
so their consolidation in the same area results in more efficient use o f space and 
more efficient material handling.

An exception to the similarity philosophy arises whenever items are so 
similar that storing them close together might result in order picking and shipping 
errors. Examples o f items that are too similar are two way, three-way, and four-way 
electrical switches; they look identical but function quite differently.

3. Size philosophy. The size philosophy suggests that heavy, bulky, 
hard-to-handle goods should be close to their point o f use. The cost o f handling these 
items is usually must greater than that o f handling other items. That is an incentive to 
minimize the distance over which they are handled. In addition, if the ceiling height 
in the warehouse varies from one area to another, the heavy items should be stored in 
the areas with a low ceiling, and the lightweight, easy-to-handles items should be 
stored in the areas with a high ceiling. Available cubic space in the warehouse should 
be used in the most effective way while meeting restrictions on floor loading capacity. 
Lightweight material can be stored at greater heights within typical floor loading 
capacities than heavy materials can.

The size philosophy also asserts that the size o f the storage location 
should fit the size o f the material to be stored. Do not store a unit load o f 10 cubic 
feet in a storage location capable o f accommodating a unit load o f 30 cubic feet. A 
variety o f storage location sizes must be provided so that different items can be stored
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differently. In addition to looking at the physical size o f an individual item, one 
must consider the total quantity o f the item to be stored. Different storage methods 
and layouts will be used for storing two pallet loads o f an item than will be used for 
storing 200 pallet loads o f the same material.

4. Product characteristic philosophy. Some materials have certain 
attributes or traits that, restrict or dictate the storage methods and layout used. 
Perishable material is quite different from non-perishable material, from a 
warehousing point o f view. The warehouse layout must encourage good stock 
rotation so that limitations on shelf life are met. Oddly shaped and crushable items, 
subject to stocking limitations, will dictate special storage methods and layout 
configurations to effectively use available cubic space. Hazardous material such as 
explosives, corrosives, and highly flammable chemicals must be stored in accordance 
with government regulations. Items o f high value or items commonly subject to 
pilferage may require increased security measures, such as isolated storage with 
restricted access. The warehouse layout must be adapted to provide the needed 
protection. The compatibility o f items stored close together must also be examined. 
Contact between certain individual harmless materials can result in extremely 
hazardous reactions and/or significant produce damage. Specific steps must be taken 
to separate incompatible materials. Oftentimes, the easiest way to accomplish this 
objective is through the warehouse layout.

5. Space utilization philosophy. This Philosophy can be separated into
four areas:

a. Conservation o f space
b. Limitations on use o f space
c. Accessibility of material
d. Orderliness

The conservation-of-space principle asserts that the maximum amount 
of material should be concentrated within a storage area, the total cubic space 
available should be effectively used, and the potential honeycombing within the 
storage area should be minimized. Unfortunately, these objectives often conflict. 
Increased concentration o f material with usually causes increased honeycombing 
allowances. Therefore, determining the proper level o f space conservation is a matter 
of making trade-offs among the objectives that maximize use o f space.
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Lim itations on use o f  space m ust be iden tified  ea rly  in the layou t 
plannin g  process. Space requirem ents f o r  building su pport columns, trusses, 
sprinkler system  com ponents, heating-system  com ponents, f ir e  extinguishers an d  
hoses, a n d  em ergency exits w ill affect the su itab ility  o f  certa in  storage  a n d  handling  
m ethods a n d  layou t configurations. F loor loading  capacities w ill re s tr ic t sto rage  
height a n d  densities.

The w arehouse layout sh ou ld  m eet sp ec ified  o b jec tives f o r  m ateria l 
accessibility . M in travel a isles sh ou ld  be stra igh t a n d  sh ou ld  lea d  to  doors in o rd er  to 
im prove m aneuverability an d  reduce trave l times. A isles sh ou ld  be w ide enough to 
p erm it efficient operation, but they sh ou ld  not w aste space. A isle  w idths sh ou ld  be 
ta ilo red  to the type o f  handling equipm ent using the a isle  an d  the am ount o f  traffic  
expected.

The orderliness p rin cip les em phasize the f a c t  that g o o d  w arehouse  
housekeeping begins w ith  housekeeping in mind. A isles sh ou ld  be w e ll m arked  w ith  
aisle tape o r  pain t, otherwise, m ateria ls w ill begin to  infringe on the a isle  sp a ce  an d  
accessib ility  to m ateria l w ill be reduced.

2.6 Warehouse Equipment
Generally, warehouse equipment can be divided into 2 categories. The first 

category is Handling Equipment and another is Storage Equipment.

2.6.1 Handling Equipment
The various product handling equipment types for use inside or outside a 

distribution facility are similar but not identical. They all move product and the 
differences lie in their power source, aisle width, capacity, storage height and controls. 
Ackerman (1997 a: 473) described that prior to the purchase and implementation of 
product-handling equipment, the operational parameters must be clearly defined:

■ Unit -load dimensions with overhang (length, width, height, plus 
weigh)

■  Average and peak inbound and outbound transactions per hour
■  Unit-load storage position type and clearance
■  Unit-load bottom support method (pallet, board type, skid, slip 

sheet, or container)
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57■  Stacking height and storage area’s environmental conditions
■ Condition of storage area floor and surface
■  Aisle width and length

There are 4 main types of handling equipment and they will be discussed 
following this:

2.6.1.1. Industrial trucks
Industrial truck is a vehicle capable of picking up a unit load, with the 

unit load traveling through a warehouse aisle and performing the unit-load deposit or 
withdrawal transaction. It is used in a warehouse operation to handle a unit load that 
includes product. It is the flexible and able to move anywhere with require no other 
tool. Different unit-load storage vehicles that are used in a warehouse operation have 
a wide range of capabilities. There are three basic truck classifications are wide-aisle, 
narrow-aisle and very narrow-aisle.

2.6.1.2. Conveyor
Conveyor can transfer products from one certain point to another one 

certain point in both vertical and horizontal. There are various types of conveyor such 
as Gravity conveyor, Powered Roller conveyor and Recirculation conveyor. 
Conveyor fits to a continuous transfer operation and need to be installed in specific 
area.

2.6.1.3. Hand-operated Pallet trucks
It is a vehicle that required hand-operated pallet truck. It is designed to 

use with small and light weight products.

2.6.1.4. Automatic Guided Vehicle system (AGVS)
Ackerman (1997 a: 473) described that A G V S  are  ba ttery-pow ered , 

driverless veh icles that are equ ipped  to  fo llo w  e ith er w ire  gu ide p a th s  o r  a  reflective  
tape p la c e d  on the f lo o r  w hile e ith er tow in g  o r  carry in g  a  load. I t can be d esig n ed  to 
carry  a  varie ty  o f  sizes  an d  w eigh t capacities. H ow ever, con sidera tion  m ust be g iven  
to traveling sp e e d  in rela tion  to the fo rc e  req u ired  to  s ta r t a n d  s to p  the load. The 
A G V S m ay be p rog ra m m ed  to load, unload, accelera te, deliver, stop , start, block, an d  
se lec t trave l paths, a ll w ithout human intervention.
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2.6.1.5 Automated Storage and Retrieval Systems (AS/RS)
This system consists of storage racks and mobile equipment. It 

automatically move product in and out its storage area. AS/RS provide a wide variety 
of unit-load, miniload and deep-lane system in warehouse operation today. It can be 
controlled by both an operator and a program.

2.6.2 Storage Equipment
A warehouse is more than a storage building. To handle cargo, it needs 

equipment. And it is the selection and use of that equipment that may spell the 
difference profit and loss. The equipment choice is usually governed by the following 
criteria:

* Degree of flexibility desired for different uses
■ Nature of the warehouse building
■ Nature of the handling job-bulk, unit load, individual package, or 

broken package distribution
■ Volume to be handled by the warehouse
■ Reliability
■ Total system cost

Ackerman (1997 a:461-471) described that the warehouse has severa l 
storage modes. P rodu cts m ay be floor-sto red , solid-stacked, o r  in racks. S torage  
equipm ents are various types such a s Pallet, Rack, S h e lf  an d  Bin. D e ta il o f  som e  
storage equipm ents w ill be d iscu ssed fo llo w in g  this:

Pallet: P a lle t is the storage equipm ent w hich is m ost w idely  u sed  in g en era l  
warehouse. It is a  p o rta b le  p la tform  on which goo d s can be moved, stacked, a n d  
stored, especia lly  w ith  the a id  o f  a  fo rk lift truck. It m ay be m ade o f  w o o d  o r  p la s tic . It 
is used fo r  storin g  a  p ro d u c t that is difficult to stack  o r  p ile  properly . P a lle t can  ca rry  
many cartons a t one time. There are  sizes o f  p a lle t but the m ost w idely  use is the  
stan dard  size 40 in X 48in. A n d  the m odels o f  p a lle t that are u sed  w id e ly  in 
warehouses, is tw o-w ay pa lle t, fo u r-w a y  p a lle t a n d  box p a lle t. The con sidera tion  o f  
p a lle t storage m eth od  selection  includes:

■ E ase o f  storage
■ E ase o f  re trieva l



* E ase o f  location
■ Low  risk  o f  dam age
■ G o o d  use o f  cubic space
■ C ost o f  handling equipm ent
■ C ost o f  opera tion s

2.6.2.1 Rack
R ack is a  fram ew ork , typ ica lly  with rails, bars, hooks, o r  pegs, f o r  holding  

or storing things a  co g g ed  o r  to o th ed  b a r o r rail. R ack storage is advan tageou s f o r  
ease o f  storage a n d  retrieval. They are  also preferab le  when the volum e p e r  item  is 
too. Because the sto rage  rack  is re la tive ly  simple, it is ea sy  to overlook  w a y  in w hich  
storage capacity  can  be g rea tly  in creased  by using a  rack. The m ost com m on sto rage  
rack fo u n d  in w arehouses is the three-high sta tic rack system . But there are  m any  
types o f  rack  such as:

(A) D rive-in  rack  can pro v id e  g rea ter storage density. With d rive-in  
rack, each lo a d  is su pported  by a  fla n g e  that grip s the edge o f  the p a lle t. W hile the 
drive-in  rack  ach ieves maximum density, it m ay do so  a t a  sacrifice in handling  
efficiency as the d r iver  gu ides his lift truck through the narrow  a lley  betw een  rows.

(B) Tier rack  is a  self-supporting fram ew ork  that covers the unit lo a d  
an d  perm its freesta n d in g  high stacks su pported  by the rack  structure ra th er than the 
merchandise. Tier rack  is freq u en tly  u se d fo r  stacking auto tires o r  o th er p ro d u c ts  
having no packag in g  o r  s tructural strength.

(C) F low  rack  is a  series  o f  vertica l columns, horizon ta l lo a d  
supports, an d  con veyors th a t re s t on lo a d  supports. A flo w -ra ck  system  is qu ite  s im p ly  
a  conveyor w ithin a  rack structure. Two fa c to rs  govern  the size  o f  a  f lo w -ra c k  system : 
lane depth an d  the num ber o f  levels in the rack. There are  essen tia lly  no restric tion s  
to lane depth. There are, however, tw o  prob lem s with  a  very  deep  lane: accelera tion  
and travel distance.

(D) Shelving: Shelving represents one o f  the ea rliest fo rm s  o f  
produ ct s torage a n d  has ch an ged  very  little  over the yea rs . In its s im p lest fo rm , 
shelving consists o f  fou r v ertica l p o ts  that support one o r  m ore h orizon ta l shelves. 
Shelving is a  very  basic storage  m eth od  that affords the user sign ifican t f le x ib ility  in
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the type a n d  quantity o f  g o o d s that can be stored, an d  a t a  re la tive ly  low  ca p ita l 
investment.

2.7 Performance Measurement
Ackerman (1997 a: 91-98) described that many warehouse performance 

measurement systems have not been successful. Those that have succeeded generally 
follow certain principles which are listed below:

■ Keep it simple. The best systems are those every warehouse 
employee can understand. They not only know how the system works, but also what 
the system is and why it is there. Systems designed with participation from 
warehouse employees have an excellent chance of success.

■ Avoid making frequent changes in standards. With warehouse 
standards, accuracy may be less important than consistency. Warehouse work 
changes frequently and constant changes in standards may make measurements 
meaningless. Furthermore, frequent standard changes may be the source of employee 
distrust.

■ Create measurement systems to cope with predictable changes in 
the product line. Every warehouse inventory has certain predetermined variations in 
product mix that can be anticipated when establishing a standard.

■ Never use performance measurement systems for worker discipline. 
Maintenance of such systems depends on worker cooperation. If they are seen as a 
way for management to spy on the workers for disciplinary purposes, the entire 
reporting system will break down.

There are 6 main methods that are widely used in most warehouses:
1. Space Utilization
2. Order fulfillment
3. Inventory accuracy
4. Total Throughput
5. Transportation
6. Loss and Damage from warehouse operation
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2.8 L ite ra tu re  Survey

2.8.1 Related Thesis Study
Numpon Tungsub. (1995). An utilization improvement of a warehouse for 

air-conditioning Industry. Master’s Thesis, Department of Industrial Engineering, 
Graduate School, Chulalongkom University

The objective of this thesis is to improve a warehouse of the air- 
conditioning factory by focusing on the utilization of warehouse area and the storage 
system of stock in this factory. There are 2 essential problems in factoiy. The first is a 
problem in area utilization and storage area designing. The second is a problem in the 
placement of each part. However, these problems can be solved by the following 
proposal ะ The area utilization and storage area designing ะ Adjust the demand of 
storage area for each part in stock calculated from the frequency of using and limit 
the suitable stock on-hand quantities for each part. The placement of each part: Set 
the placement and use the shelves for each part. The results from these adjustments 
can reduce the storage area and the time to store and retrieve each part.

Pongpat Phetrungrueng. (1996). An efficiency improvement of 
warehousing operations: a case study of air conditioner warehouse. Master’s Thesis, 
Department of Industrial Engineering, Graduate School, Chulalongkom University

The purpose of this thesis is to study and suggest an efficiency improvement 
of a case study of air conditioner warehousing operations. The general feature of this 
air conditioner warehouse is the receiving place of air conditioners from the suppliers 
and to store that air conditioners waiting for delivery to the customer. The problems 
of warehousing operations before the improvement are the area usage for warehouse 
activity and storage activity; the diversity of air conditioner types; and the 
warehousing operation. These problems cause the delay and error in warehousing 
operations. The efficiency improvement of warehousing operations to obtain the 
highest productivity can operate by means of planning the efficient usage of 
warehouse area by allocating air conditioner storage area and confining the area of 
warehousing operations corresponding to the specific air conditioner attribution and 
air conditioner quantity. The improvement of air conditioner storage by storing air 
conditioners in unit load and defining the firm location of each air conditioner type



including reducing repeated and unnecessary warehousing operations is a method to 
improve this warehouse efficiency.

Teerapoj Charojrochkul. (1999). Improvement of material handling 
routing in warehouses and transportation operations in an automotive parts industry. 
Master’s Thesis, Department of Industrial Engineering, Graduate School, 
Chulalongkorn University

The objectives of this study are to improve the material handing routing in a 
warehouse of an automotive parts industry and to improve transportation operations 
in that company. The warehouse department and delivery department are in focus in 
the case study factory. The methodology in this thesis can be adapted to other 
factories or industries of the same feature. The warehouse stores more than 500 items. 
The items are stored based on items' models. However, the frequency in ordering 
each item is not considered. Therefore, the locations for some items are not 
appropriate. In addition, the routing for material handling are not considered. The 
routes are planned only by the experience of the warehouse workers. In the 
transportation operations, some routes to customers are not optimal because there are 
many new routes to some customers. In addition, the existing delivery schedule is out 
of date. However, these problems can be solved by the following proposals.
Warehouse ‘items are reallocated based on the frequency of use or ordering. A new 
warehouse layout using the Nearest Neighbour Heuristic technique is proposed in this 
thesis to plan the material handling routes. Transportation: New routes to customers 
are investigated and the time to each customer is measured, and then the new delivery 
schedule and the routes have been proposed.

Panika Chaitamart. (2000) An efficiency improvement of warehousing 
management. Master’s Thesis Department of Industrial Engineering, Graduate School, 
Chulalongkorn University

Problems found due to the study of the warehouse operations were 1. The 
finished goods warehouse did not have an optimized method of physical storage and 
arrangement and 2. Order-picking takes longtime and has errors. Thus the objective 
of this thesis is to improve the efficiency of warehouse management focusing on the 
storage and order-picking system by designing storage layout, location assignment



63system and work procedure according to the system which details are (1) Design 
storage layout: Determine the space planning and storage layout in order to utilize the 
space and handling equipment with maximum efficiency. ; Set a storage code system, 
stock locator, in order to reference storage location. (2) Assign storage location: 
Determine the pattern of movement which is the storage and retrieval system, product 
factors and space factors in order to assign the appropriate storage location. (3)
Design and develop a program which helps to design the storage location in order to 
arrange the goods in orderly convenient for order-picking and inventory checking. (4) 
Set up work procedure: Prepare working procedure that suite with the location 
assignment system.

Sirang Klankamsorn.(1997) Development of a software for warehouse 
management system. Master’s Thesis, Department of Industrial Engineering, 
Graduate School, Chulalongkorn University

The objective of this รณdy is to develop software for warehouse 
management system. The thesis studies activities and relationships among 
departments in a warehouse to use as a reference in developing software for 
warehouse management. The system comprises of 6 modules, namely 1) Inventory 
module for registration of basic item data and for reporting inventory รณณร, 2) 
Receiving module for recording receipts, 3) Location module for processing 
information concerning storage locations, 4) Order processing module for sequential 
routing of operators, 5) Shipping module for recording the issues of inventory items 
and for issuing moving tickets, and 6) Performance Evaluation module for reporting 
performances of the warehouse

2.8.2 Related Book Study
Tompkins, J. A. and Smith, J. D., eds. 1988. The Warehouse Management 

Handbook., USA: McGraw-Hill
This is the second edition of The Warehouse Management Handbook. The 

second edition offers 39 crucial, leading-edge chapters, each written by a different 
noted warehouse management expert. The Warehouse Management Handbook, 
Second Edition is literally brimming with information that will improve warehouse 
performance and the bottom line. Chapter topics include: Third Party Warehousing, 
Warehouse Space and Layout Planning, Simulation, Hazardous Materials



64Management, Environmental Concerns in Warehousing, Automated Guided 
Vehicle Systems, RF Communication, Warehouse Management Systems, Electronic 
Data Interchange, and Loss Control. The Warehouse Management Handbook, Second 
Edition is the standard warehouse management reference.

In The Warehouse Management Handbook, it contains practical, hands-on 
information and advice on key topics such as:

- Developing a process and selecting the right warehouse 
management system

« Planning both space and layout requirements for the warehouse
■ Grasping the issues involved in third party logistics decisions
■ Utilizing information systems for maximum effectiveness
■ Choosing the best warehouse site
- Designing the most efficient truck and rail dock facilities, and 

establishing yard requirements
■ Establishing effective stock location and inventory control 

systems
■ Understanding the importance of maintenance in your warehouse 

operation
■ Controlling losses due to theft, damage, fire, and obsolescence
• Taking full advantage of storage and retrieval systems, conveyor 

systems, and shipping systems among others
■ Evaluating capital investments

Chorafas, D. N. 1974. Warehousing Planning. Organising and Controlling 
the storage and distribution of goods.. USA: Macmillan Press Ltd

This book presents advice from direct personal experience and from 
research into this field which is suit to management level. This book endeavours to 
explain the method of how to arrive at warehousing decisions, including the 
necessary studied and evaluations. It has been developed in response to a need for 
obtaining approximate cost figures on the basis of a fairy broad understanding of the 
technical job to be done.

Mulcahy, D. E. 1994. Warehouse Distribution and Operations Handbook..
U S A :  M c G r a w - H i l l



65This book is a guide to creating a totally integrated warehouse system, 
presenting tested methods for reducing operating costs, enhancing inventory control, 
increasing profits, improving customer satisfaction, and protecting assets. Organized 
to follow the sequence of activities for moving a product through a distribution 
facility, the Handbook examines the latest practices, equipment applications, and 
current technology that contribute to the effective operation of any type of warehouse, 
including industrial, mail-order, and retail facilities.

Ackerman, K. B. 1997. Practical Handbook of Warehousing. 4th Edition., 
USA: Chapman & Hall

This text book describes four crucial elements of warehousing and how they 
are audited, including communications and electronic data interchange, packaging 
and identification, transportation, and accountability, and discusses other aspects such 
as contract warehousing, real estate aspects, security, the use of computers in the 
industry, and employee performance.
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