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of the spatial and functional design. In practice, only optimal

Abstract—The paper describes the new warehouses designisiges of the building blocks and areas can be defined.
method, which includes e.g. the procedure for warehouses designiiierefore it was decided that in there should be considered
the main subject matter of the paper, and the procedure fomrohlem of suboptimization of functional and spatial areas in

optlmlzatlon of fung:ponal a_nd spatial areas. There is a_lso_speual S rehouses. Suboptimization, among others, choose an
given about the critical review of the warehouses designing methods

existing in the literature of the problem. Some information is giveAPPropriate types of storage and picking. The types are

on implementation of the new designing method into the designigg§lected in such a way that the capital spending for
softwareOL09. In case of testing th©L09 software’s correctness, a warehouse construction were as low as possible, taking into

the verification of implemented warehouses designing procedure Rascount the rational approach of space planning inside the

been prepared and described. The verification was done in a way Lﬁlding. In the paper the optimization of the warehouses

el
case study connected to designing a warehouse (an example consists . .
of two solutions). While working on the software there Weréébmetry is taken into account due to the fact that many other

identified theoretical and practical aspects connected to the probld#§Sign issues depend on the geometrical parameters.
There are also specified requirements for software development andcomprehensive discussion of the new method and its
further researches on the method itself. implementation into a software allowed to distinguish
a quantity of theoretical and functional aspects of the problem.
Keywords—a warehouses designing method, a softwarét is specifically described in the summary of the paper. In
a warehouse designing procedure, an optimization procedure. addition, there were given, with a precise manner, the possible
directions of further researches.
|. INTRODUCTION
I N the literature review of the problem, a critical review of |I. WAREHOUSESDESIGNING PROBLEM IDENTIFICATION IN
the warehouses designing methods was made. As a result of LITERATURE

making the critical review of designing me_:th(_)ds it was decided pg far as warehouses designing methods are concerned there
to develop the new warehouse designing method. Thgyre identified 16 designing methods. There are methods of
developed method was expanded to include addition@lesigning steps within described methods are given in
evaluation indicators and optimization procedure. italicize text after comas):

In-addition, it was decided to prepare the computer- 1 Heskett, Glaskowsky, Ivie, 197Betermine warehouse
supported designing tool based on the new designing metfdjirements, Design material handling systems and facility
in the form of a software. This software provides strongesign Develop the facility layqut0]
support for designing methods. _ _ 2. Apple, 1977:Procure data, Analyze data, Design

An implementation of the method into software makes {rocesses, Plan material flow pat tern, Calculate equipment
possible to prepare a complete warehouse design. Realizalighirements, Plan individual work areas, Select material
of such software is qllfflcult - the quantity of tasks which havﬁandling equipment, Determine storage requirements, Plan
to be made for this purpose. Usually computer-support@dyjice and auxiliary —activites, Determine space
designing tools are limited only to some selected parts plquirements, Allocate activity areas to total space, Construct
warehouse or to a computer-supported simulation apfe master layou{2]
visualization of a warehouse. o 3. Firth, Apple, Denham, Hall, Inglis, Saipe, 198@entify

Additionally there was prepared the optimization proceduige \warehouse functions, Develop alternative methods,

Combine functional alternatives into single system, Select the
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5. Mulcahy, 1994:Collect data, Analyze data, Establishcharacteristics, Calculate equipment quantities, Define other
design year parameters, Consider alternative materidhcilities and services, Draft possible layouts, Select the
handling equipment and concepts, ldentify administrativereferred design, Evaluate and assess expected performance,
function areas, Develop alternative layoJts3], Conduct computer simulationd 6],

6. Oxley, 1994:Define system requirements, Define and 12. Rushton, Oxley, Croucher, 200M@efine system
obtain data, Analyze data, Establish unit loads to be usedquirements and design constraints, Define and obtain data,
Determine operating procedures and methods, Considénalyze data, Establish unit loads to be used, Postulate basic
equipment types & characteristics, Calculate equipmemperations and methods, Consider possible equipment types,
capacities and quantities, Define services & ancillaryCalculate equipment quantities, Calculate staffing levels,
operations, Prepare possible layouts, Evaluate and asseBsepare possible building and site layouts, Evaluate the
Identify the preferred desigfil4], design against requirements, ldentify the preferred design

7. Fijalkowski, 1995: Define a range of parameters[17],
changeability, Define a structure of outer inputs and outer 13. Bodner, 2002: Assemble data, Undertake data
outputs outside of a warehouse, Define a structure of internatofiling, Determine high-level functionalities, Produce high-
inputs and outputs, Identify data connected with worlevel specification (‘architecture’), Undertake detailed system
organization, Identify parameters of evaluation, Makepecification/optimization, Reiterate above sté¢pk
a sketch of a layout, Prepare description of the material-flow 14. Hassan, 2005pecify type and purpose of warehouse,
processes and information-flow processes, Make a plot Bérecast and analyze expected demand, Establish operating
a flow of materials and information on a layout, Describgolicies, Determine inventory levels, Form classes (of
materials (or information) points of origin and materials (orproducts), Departmentalize (into areas) and establish general
information) destination points, Define quantity of unitdayout, Partition into storage areas, Design material
(materials and information) which flow on the routes betweemandling, storage and sorting systems, Design aisles,
points of origin and destination points, Define a schedule @fetermine space requirements, Determine input/output points,
processes realized on these routes, Prepare cyclBgtermine docks, Determine the storage arrangement, Form
documentation, Define geometric and technical parameters pitking zoneg[8],
routes, Define operating parameters and elementary costs forl5. Waters, 2003:Estimate future demand, Forecast
equipment and human resources, Calculate transport cyclmovements through warehouse, Compare available handling
Calculate a daily labor-intensive of material-flow processesquipment, Calculate the space needed for storage and
realized by equipment, a daily reduced labor-intensive @fiovement, Identify which materials should be close to each
material-flow processes realized by workers, a daily reduceather, Develop outline plans, Finalize pldt9],
labor-intensive of information-flow processes realized by 16. Rushton, Croucher, Baker, 200Befine business
equipment and a daily reduced labor-intensive of informatiomequirements and design constraint, Define and obtain data,
flow processes realized by workers, Calculate areducdtbrmulate a planning base, Define the operational principles,
number of resources and workers, Draft organization of worlEvaluate equipment types, Prepare internal and external
Calculate warehouse’s capital spending and annudhyouts, Draw up high-level procedures and IS requirements,
operational costs and logistics indicators, Calculate a reducelvaluate design flexibility, Calculate equipment quantities,
labor-intensive of resources, equipment and worker§alculate staffing levels, Calculate capital and operating
a reduced number of resources and a reduced number cufsts, Evaluate the design against requirements, Finalize the
employees, Calculate a daily physical activity of employegweferred design[18].

Make a complex variants evaluatidb], The critical review of the literature proved that most of the
8. Korzen, 1998: his method seems to be similar foroposed designing methods are schematic (e.g. methods No.:
Fijalkowski's’'s method, 3., 4., 9., 13.). Some of methods designing steps are not in

9. Govindaraj, Blanco, Bodner, Goetschalckx, McGinnidpgical order (e.g. methods No.: 1., 2., 6., 11., 12., 16.). There
Sharp, 2000: Assemble and analyze data, Determiné also lack of uniformity and lack of interaction between
functional requirements, Make high-level (‘architecture’)designing steps as far as some methods are concerned. There
decisions, Undertake detailed system specification arate also some other defects of designing methods, for example:
optimization, Reiterate above stepg, lack of a possibility of order-picking area designing (e.g.

10. Rouwenhorst, 2000Define concept, Acquire data, methods No.: 1., 14.). The order-picking process is a critical
Produce functional specification, Produce technicabupply chain component for many companies to satisfy
specification, Select the means and equipment, Developstomer orders. Therefore it is really important to prepare
layout, Select planning and control polici¢$5], proper possibilities of realizing this process in warehouse

11. Rowley, 2000Define system requirement and desigrfwarehouses) designing. Many papers are concerned with this
constraints, Define and obtain relevant data, Analyse dataroblem and many of them are about preparing the simulation
Establish unit loads to be used, Postulate operatingiodel connected to the problem e.g. [12], [20].
procedures and systems, Consider equipment types andinother disadvantages of the mentioned methods are: a fact
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that methods do not treat the whole designing problem (edgsigning process. Many decisions must be taken by them
methods No.: 1., 2., 6., 10., 15.) and at last a fact that sonegardless of whether he uses a computer tool of supporting
methods seem to be functional specification rather thdms work or not. The first important and rational aspect of
designing methods (e.g. method No. 5.). using a computer tool is the ability of quickly designing
There are also advantages of these methods which wergquantity of a design’s variants. Another important factor for
included into a new method presented in this paper, e.g. ttwe support is preparing relatively fast calculations. The third
idea of simulation while designing process. aspect is to present results in an illustrative manner, facilitating
Generally, there are many differences in designing method®mmunication between a designer of the warehouse and
The main reason of that fact is that methods are results aoprincipal.
different points of view of their authors on the designing
process. lll. FORMALIZING THE DESCRIPTION OFTHE WAREHOUSES
What is quite important, there are also some papers DESIGNINGMETHOD

specifying a warehouse designing with taking into There was decided to prepare a computer tool supporting
consideration a warehouse configuration, storage policies ap@ warehouses designingL09 software.OL09 software was
other factors. These aspects are important not only to redygg |ast stage of the research. First there had to be prepared the
the delivery time in a real warehouse, but also increag@rehouses designing method - method based on
productivity while maintaining quality factors at competitivelyrijalkowski’s method enriched with a few new designing steps.
cost, [20]. But there are no sequence method proposed. Thegedevelop mentioned compilation of existing method and its
papers specify only some general solution to warehousg@srichment, there had to be done the formalization of the
designing. description of the warehouses designing method. It has been
According to the authors of the repaMarehouse design: done with a specific modeling langua¢@ EFO0.
A structured approach(2009) there still is lack of solid |ntegration Definition for Function Modelings a modeling
theoretical basis for warehouses designing methods, [3]. @fdthodology for describing manufacturing functions, which
the other hand, review of the literature reveals the existencedifers a functional modeling language for the analysis,
a numerous of written materials based on analysis of variogévelopment, reengineering, and integration of information
aspects of warehouses designing. Among the numerayisstems, business processes or software engineering analysis.

examples of there are: In order to build a functional model for computer-aided
- layouts and spatial plans, [24-29], designing tool OL0O9, there were usedDEF0 graphical
- tactics and systems used in order-picking processes, [${tation rules. This was done for the reason thatl BiE-0

33], allows the preparation of graphic documentation describing

- selection of equipment, vehicles and equipmenj set of interrelated activities that occur in the warehouses
including, among others: carousel shelving, palletizergesigning steps. Documentation is an important contribution to

[34], [35], the implementation of ®L09 software.IDEFO is part of the
- and at last but not the least problem of warehou§gEF - modeling languages in the field of software
location, [23]. engineering, [1].

Following the critical review of the mentioned methods, the \while the functional flow block diagram is used to show the
most comprehensive investigation was done by Fijalkowskitginctional flow of a productDEFO is used to show data flow
J. The method contains many groups of aspects. There gigre: designing steps inputs and outputs), system (here:
groups of aspects such as: technological, economic amthod) control, and the functional flow of lifecycle processes
organizational. There are not only aspects related to storgg@re: designing steps after-effects). The graphical notations
technology, examining the components of a project in terms @nsist of graphic symbols and diagrams. The general view of
functional and spatial. Apart from them, it also shows thgnction box used ihDEFO is shown on fig. 1.
organizational issues, financial aspects, and insists ONFragment of the functional model, as an example of
a comprehensive assessment stage for all the variants. In n@fhalizing idea, is shown in fig. 2.
of other methods (except for the method according to Korzen)

has been proposed such a rich compilation of individual |\, THE MODEL OFWAREHOUSESDESIGNING METHOD
elements of the designing as in Fijalkowski’'s method. Due toA model of a computer-supported designing is a physical

the complexity of the Fijalkowski's warehouses deSigningnodel due to focusing on an implementation of a software. An

mgthod it was decided, after implementing some Changeif‘HpIementation represents software itself and software’s
original method, to prepare a computer tool supporting tr}ﬁchitecture

warehouses designin@L09 software. It should be noted that The outline scheme of the model of computer-supported

this method is labor and time-consuming. It requires long aWarehouses designing in general form is shown in fig. 4. This

careful calculations. Awarv_shouse designer's work  can S abbreviated form of the method’s model which was done
greatly accelerated by using an advanced software. TwﬁhIDEFO methodology — as it was mentioned, the functional

purpose of this software is not to exclude a designer of ttr]r'?odel consists of 40 diagrams therefore it is not possible to
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were made in relation to the ‘original’ method (understood as

In the model of warehouses designing method, there dgalkowski’'s method) or those which did not occur in the

included:

system functions modeling,

the input data (assumptions),

the procedure for warehouses designing,
the procedure for optimization of functional and spatial -
areas,

output data (for eveny variants).

It must be particularly emphasized that the method consists
of 2 procedures — mentioned before.

A complex variants evaluation is not an integral part of the
model. Nevertheless it has been included in order to identify
opportunities for designing method development.

Control
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Input H‘ = Qutput

Mechanism  Call
Design
Requirements _
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Fig. 1. Labels and names semantics useBi0, general idea -

(a top part of figure) and example (a bottom part of figure)
Source: [1]
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Fig. 2. The diagram for part of designing step No. 6.

V. THE PROCEDURE FORNAREHOUSESDESIGNING

The procedure for warehouses designing consists of 3
phases: task defining, solution designing, solution evaluation.
Bolded designing steps (below) are those, in which changes

Issue 4, Volume 6, 2012 538

‘original’ method. The reasons of changes are mentioned
bellow.

The composition of the task defining phase includes the
following steps:

designing step No. 1. to choose designing parameters
which can be variable in various variants and to define
a range of parameters changeability,

designing step No. 2: to define a structure of supplies
(outer inputs) and shipments (outer outputs) outside of
a warehouse,

designing step No. 3: to define a structure of internal

inputs and outputs,

designing step No. 4: to identify data connected with

work organization in warehouse,

designing step No. 5: to identify parameters of

evaluation.

The composition of the solution designing phase includes the

following steps:

designing step No. 6: to make a sketch of a spatial-
functional layout,

designing step No. 6.a: to use spatial optimization tool
(designing steps No. 6.a and No. 6.b - not discussed in
the paper),

designing step No. 6.b: to calculate a minimal capital
spending coefficient and a warehouse space balancing
coefficient,

designing step No. 7: to prepare description of the
material-flow processes and information-flow processes
in a warehouse,

designing step No. 8: to make a plot of a flow of
materials and information on a warehouse layout,
designing step No. 9: to identify, to describe materials (or
information) points of origin and materials (or
information) destination points,

designing step No. 10: to define quantity of units
(materials and information) which flow on the routes
between points mentioned in designing step No. 9 and to
define a schedule of processes realized on these routes,
designing step No. 11: to define geometric and
technical parameters of routes,

designing step No. 12: to prepare material-flows or
information-flows documentation and transport
cycles documentation,

designing step No. 13: to calculate the durations of
each transport cycle (or other processes),

designing step No. 14: to define operating parameters
and elementary costs for resources of transport and
elementary costs of human labor for workers,

designing step No. 15: to calculate a daily labor-intensive
of material-flow processes realized by equipment, a daily
reduced labor-intensive of material-flow processes
realized by workers, a daily reduced labor-intensive of
information-flow processes realized by equipment and
a daily reduced labor-intensive of information-flow
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processes realized by workers, The second change concerns designing steps No. 13 and No.
- designing step No. 16: to calculate a reduced number bf. Originally designing step No. 14 preceded designing step
resources and workers, No. 13. The change was done because calculations of the

- designing step No. 17: to draft organization of work,  durations of each transport cycle is a part of transport cycles
- designing step No. 18: to calculate warehouse’s capit@cumentation, which is done in 12. The procedure for
spending and annual operational costs and indicators. warehouses designing should be as heuristic as it is possible
The composition of the solution evaluation phase includéwith exception of feedbacks).
the following steps: As designing step No. 20 calculations of new indicators are
- designing step No. 19: to calculate a reduced labosuggested: a real-efficiency utilization coefficient and a cost-
intensive of resources, equipment and workers, a reducefficiency utilization coefficient. The new indicators are
number of resources and a reduced number of employepsedefined, [5].
- designing step No. 20: to calculate indicators: a real- The order of designing steps No. 21 and No. 22 is changed
efficiency utilization coefficient and a cost-efficiency because of the fact that designing step No. 20 was inserted into

utilization coefficient, the procedure.
- designing step No. 21: to calculate a daily physical
activity of employees, VI. THE PROCEDURE FOROPTIMIZATION OF FUNCTIONAL AND
- designing step No. 22: to compare, to evaluate and to SPATIAL AREAS
make a complex variants evaluation and to choose the  QOptimization is a method of determining the best (optimal)
best design variant. solution (search for extreme function) from the viewpoint of

Designing steps No. 6.a and No. 6.b are optional steps {pgpecific criterion (index) of quality (e.g. cost, route,
designing step No. 6. The authors of the paper [3] came to §¥ciency).

conclusion that analytic designing is not enough. At the Samefrormulating of optimization task (in this case: the
time a warehouse — after making an analytic design of it mathematical model of the procedure for optimization of
should be subjected as a simulation object. Therefore it Wa$,ctional and spatial areas) is reduced to:
decided to prepare optimization tool which is based on. adopting data (systematically choosing input values),
simulation idea. Simulation here is a part of optimization in the_  getermine the decision variables,
research project. It helps to generate a lot of variants in identify constraints (an allowed set),
a relatively fast way. The part of simulation in the software is_ {55k objective function (computing the value of the
narrowed to calculation and plotting a proper drawing. An function).
optimization procedure was prepared of the spatial andpjgre generally, optimization includes finding ‘best
functional design. In practice, there can only be defined thgajlaple’ values of some objective function given a defined
optimal sizes of the building blocks and areas only for ongomain, including a variety of different types of objective
predefined designing object. Too many parameters agghctions and different types of domains.
involved for ‘global’ optimization be realized. Therefore it procedure of suboptimization of functional and spatial areas
was decided to consider a problem of suboptimization @f nart of warehouses designing method. Schematic view of
functional and spatial areas in warehouses. generalized form of the procedure for optimization of
The conclusion is that there was enrichment done fQnctional and spatial areas is shown in fig. 3. Since the main
designing step No. 6 with the optional designing steps ght of this paper is to describe designing procedure, the
optimization of functional and spatial areas. What is importaBbtimization procedure is here described very briefly. In the
is that this optional designing steps are connected to designmg,emped warehouses designing method, particular emphasis
a warehouse such as a warehouse not a cross-docking facjif, peen put on optimizing the spatial and functional layout.
because cross docking is a technique that eliminates storgggs problem is connected to the preparation of procedure for
and order-picking processes of a warehousing operatiofghctional and spatial areas suboptimization, and its
scheme (which is not researched here, but there can be foyfiglementation in the form oBuboptimisation of functional
some information in [22]) still allowing it to serve its receivinggng spatial areasnodule inOLO09 software. Suboptimization

and shipping functions. ~among others refers to choosing the appropriate types of
Moreover there were proposed some changes in thgrage in a storage area and an order-picking area. The types
arrangements of the designing procedure. are selected in such a way that the capital spending for the

The first change concerns designing steps No. 11 and N@nstruction of the warehouse were as low as possible
12. Originally designing step No. 12 preceded designing stgp minimal capital spending coefficient) taking into account

No. 11. The change was done because technical parameter@fyational approach to planning a space inside the building
routes have to be defined first. Then a designer can defiRewarehouse space balancing coefficient).

material-flows or information-flows documentation and
transport cycles documentation. That is because they have to VIl. OLO9SOFTWARE
generate the idea which routes would be taken by which loa

moving. dThe prepared software helps to design a part of the logistics
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system. This part of logistics system is the warehouse. Theftware. OL09 software consists of three sectionBask
software is based on the warehouses technological designibefining, Solution Design, Solution Variant Evaluation

model (functional model). The model has been developed inTaking into account mentioned sections, the software
the form of 40 diagrams. These diagrams are elememisnsists of the following modules:

(unpublished in the paper beside one of diagrams, fig. 2.) of Task Defining

the scheme shown in fig. 4. The model is the result of- a group of modulesSolution Design: Spatial-functional
reinterpretation, and further implementation, of 21 designing Layout Calculations, Sketch of a Spatial-functional
steps method developed by Fijalkowski’'s J., [5]. 21-steps Layout, Output Data for a Spatial-functional Layout,
method has been upgraded with adding designing step No. Origin and Destination Points, Material-flows Chart

6.a., No. 6.b. and No. 20. Transport Cycles, parts I-lll, Quantitative Parameters,
Capital Spending and Costs, A Real- and A Cost-
e e \ efficiency Utilization Coefficient
N— - Input parameters - Solution Variant Evaluation
= Deckion Economical and I

- Optimization of Functional and Spatial Areas
: Task Definingmodule is based on the following steps of
——— — 't—— _T__=_=_="__"=_=_="__,"’_ warehouses designing prqcedure: from No. 1 to Np. 5 (fig. 4.).
- Modules: Spatial-functional Layout Calculationsand
: Sketch of a Spatial-functional Layostipport realization of
Y s ITTTITTIITIII I TIITT] TITT T e .; designing step No. 6 (fig. 4.). It should be noted that there are
[ 7 quantity ofvarianss |{—f"— optional designing steps such as No. 6.a and 6.b which are

v a base for optimization of functional and spatial areas (the
I m—— I module Optimization of Functional and Spatial Areés not
Vv discussed in the paper).
e s Designing step No. 7 has a descriptive character therefore it
calculating is not implemented in the software.
v Material-flows Chartmodule is based on designing step No.

8 (fig. 4.).
Output Data for a Spatial-functional Layoutmodule
summarizes the preliminary designing phase. At the same time

i I Variant's soluion I 1
i ﬁ : at this level, a preliminary verification of a variant is being

realized. Some restrictions are checked. These restrictions are
connected with maximal permissible warehouse area and its
maximal permissible height.

Origin and Destination Pointamodule is based on the
following designing steps of warehouses designing procedure:
No. 9 - No. 11 (fig. 4.).

Modules Transport Cycles, part I-lllare based on the
designing steps No. 12 and No. 13 (fig. 4.).

Quantitative Parametersodule is based on the designing
steps No. 15 and No. 16 (fig. 4.).

Capital Spending and Costmodule is based on the
following steps of warehouses designing procedure: No. 14,
No. 17, No. 18 (fig. 4.).

h 4

| Admitied solution |

T _ T : A Real-efficiency Utilization Coefficient and A Cost-
| [EEEETRRREE] Tkttt funetion : efficiency Utilization Coefficiermodule is based on designing
step No. 20 (fig. 4.).
Suboptinial sohution Solution Variant Evaluationmodule is based on the
Fig. 3. A scheme of a procedure for optimization of functional andfollowing steps of warehouses designing procedure: No. 19,
spatial areas No. 21 (fig. 4.).

Designing step No. 22 (fig. 4.) is not a subject of the
It should be noted that not all designing steps can be fullpftware.
supported by the software. Involving a designer - very On fig. 5. there can be found an example viewOnf09
important within whole designing - is in these steps agoftware Quantitative Parametersnodule). OL09 software
essential requirement. was prepared in Polish version only. Therefore it has to be
The procedure for warehouses designing is divided ingpecified with a proper precision what can be found on the
three phases. Similar sections (phases) were used in the
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fig. 5. The specifications can be found in figure’s descriptions.

VIIl. OLO9SOFTWARE EXAMPLE

The variant No. 2 of the solution is calculated with using of
OLO09 software in contrary to variant No. 1 which is calculated
analytically (Table 1.).

Table 1. Chosen output parameters calculated for the procedure
without & with usingOL09 software

Name of parameter Var. No.1 |Var. No. 2

1 2 3
Capital spending [PLN] | 29117 120.1 28 827 120.
Annual operational costsf 7 006 960.1 6 707 762.;

[PLN/year]

An investment rate 3385.71 3351.99
[PLN/nr. of pallet places]

A costs rate 0.67 0.68
A cost of one unit's 54.32 52.00

material-flow rate [PLN/
pallet with goods units]
Quantity of equipment by 18/11/10/18 17/10/9/18
type: W1/3/7/12
Quantity of workers by 36/22/20/3§ 34/20/18/3§
category: L1/2/3/4

Comparative results are different for the two types of
solutions although the differences are not substantial. These
differences are due to more accurate calculations in case of the
OLO09 software using. Round numbers in the computer tool are
limited only to the computational power of a computer.
Therefore, it provides an accurate value of considered
parameters. A kind of anxiety arise from different quantity of
lift-tracks of the same type or quantity of employees of the
same category.

In the solution in whichOL09 software assisted these are
lower. Oversizing of parameters in warehouses designing is
a danger, therefore, additional quantity of lift-tracks obtained
in analytic solution could reach high value of the reserve value
of work. Therefore, additional quantity of lift-tracks could be
not in usage. It is well known that in such a situation it is better
to buy another lift-track than ‘suffer’ the consequences of
oversizing at the designing stage, especially of the financial
aspect — prices of this type of equipment can be really high

IX. .CONCLUSION

The paper presents briefly the way of preparing
implementation of warehouses designing procedure (as a part

graphic description documentation of a set of interrelated
activities occurring in facilities designing),

Assum-
ptions

steps No, 6.a, 6.b

Phase Task defining

Task defining
module

steps No. 1-4

li

Phase Solution et Optimisa-
designing \ Aol tion of Fun-
- . . ctional and
Spatial-functional Layout Spatial

Calculations module Areas

* module

-
Sketc?’ of a Spatial- the procedure for
functional Layout module \ optimisation of

functional and
A spatial areas

-
Cutput Data for a Spatial-
functional Layout module

v

Origin and Destination
FPoints module

v

P
Material-flows Chart

module
\ 4

Transport Cycles module,
parts I-T1T

L 4

Quantitative Parameters

module
4

f’ Capital Spending
L and Costs module

-

steps No. 9-11

step No. 8

-
steps No. 12-13

steps No. 14-16

e

No. No. 20

the procedure for
logistics facilities
designing

A Real-efficiency Utilization Coefficient and
A Cost-efficiency Utilization Coefficient mod.

Phase Variant evaluation *

_’( Solution Variant Evaluation module ]

steps No.
19, 21,22

Solution variants

of method). Implementation was made in the form of computefig 4. The scheme of conductiy.09 software with the relations

software consisting of modules. It gives a strong possibilities
for practical usage in designing. Implementing of the
procedure (as a part of method) was the priority of research. -

Some theoretical and practical aspects connected with the
problem were identified.

The practical aspects are, among others:

- warehouses designing issue formalization and analysis —

the usage of graphic notatiolDEFO allowed to prepare
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between designing steps and module®lod9 software

assessment of designing method based on existing
methods with addition of some designing steps and
enrichment with the procedure for optimization of
functional and spatial areas (enrichment designing step
No. 6, changing the order of steps No. 11 and 12, No. 13
and 14, adding new indicators, [5]),
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- elaborating a proposition of mathematical formulas foshould be based on recent possibilities described in the
calculations connected with warehouse geometry. literature such as [21].
Among the practical aspects there are such as:

- graphical 2D module in software (an example sketch Entry
shown on fig. 6.) a’eac .

- optimization module, AE di

- instruction for using the software, -

- obtaining of variant solutions with using the software area
(freeing the designer from the painstaking work Qﬁ[ﬂgﬂiﬁ
repetitive tasks such as calculations, drawing sketches o%&ﬁ%*ﬂ?rﬁ*a“”w“ florarea |

warehouses layout.). Fig. 6. An example sketch of warehouse layout in solutlon with

using graphical 2D module i@L0O9 software; top view on the left

oo s i i i side of the figure and cross section view on the right side of the
?%)3?;;“ Eﬁ";:"“;‘:i‘ [P E\.TM;:M-_ Hustes i E*"‘:";l‘”” tumu Les | T %3 E: :e{ig.-a f|gure
[} 13 11 2 [ 12 m o M U} 2] Bl
:: A 120,601 2B - MG | w 5 ¥ 3 G H T_f.?«:: -
o s ] ||f i T e st What is importantQL09 software enables to research other
e : —— : : e kind of problems, beside the important fact of obtaining of
i o s || : T variant solutions in designing process. For example it enables
|'ws 0 1 NN 8 12 12 1 2 1 M5 .
s . : | 2 I - to study the effects of impact of warehouse geometry
o | o .. expressed through its basic dimensions on logistics indicators.
o . e || e : P oo What is meant by warehouse dimensions are its width, length
e == " | L and height. The study connected to the problem was realized
FPobez pracochionnaas. Witadz C2se dpiforanarne 2 9 2 i . . .
— R with using the softwareOL09 and presented in [12]. The
Wipscaerk golsmmrmcheicet ] Uit amin s w o oty ‘ i ! -

software provides support for the technological part of the
: iy logistics system design: warehouse design. The idea of
Fig. 15. Quantitative parameters module; the set of values concerdgmulation was used for the research. Author assumed that the

of indicators such as: a daily labor-intensive of warehouse ProcessfSeaarch will be conducted for the warehouse where the type of
a daily labor-intensive of material-flow processes realized by

equipment, a daily reduced labor-intensive of material-flow process%gorage in storage area is rows rack storage (pallet selective
realized by workers, a number of equipment by type, a number of ack elevation storage) with using turret truck, man-up turret
workers by category truck or VNA truck (very narrow aisle truck). In turn, storage
in order-picking area is rows storage on a warehouse floor
The important fact is thatOL09 software takes into (pallets pile up in a row) with using horizontal order picker.
consideration most common known types of storage (both @LO9 software for such a combination of spatial organization

Wipedegred: srvisiissiazy 0STTIR Pk oz ieeeen T pcomibion

a storage area and in an order-picking area) such as: may consider more than 56,000 alternatives. Due to the
- astorage in stocks on a warehouse’s floor, limitations imposed by the design assumptions (the area of
- astorage in rows on a warehouse’s floor, land under the building - the surfaces of the rectangular area
- a storage in rows in a warehouse’s rack with using fromtas adopted) and other limitations described in details in the

fork lift truck, paper [12] in the final analysis, 111 variants was taken into
- astorage in rows in a warehouse’s rack with using froneccount. For these 111 alternatives has been done full
side fork lift truck, technological projects. The limiting of alternatives was done
- a storage in rows in a warehouse’s rack with using a lowith using Optimization of Functional and Spatial areas
and the average height rack stacker cranes, module.

- astorage in rows in a warehouse’s rack with using a highThis proves thaOL09is universal software which means it
rack stacker cranes between racks forming a suppodan be used not only for warehouses designing.
structure of the roof and walls of warehouse.
There still is a requirement for software development and REFERENCES
further research. There are demands to: increase the flexibifty Announcing the Standard for Integration Definition For Function
of software by implementing other types of spatial systems and Modeling (IDEFO), Draft Federal Information Processing Standards
Publication 183, 1993
Wpes of storage, ex.tend j[he software by pne module f Apple J.: Plant Layout and Material Handling, third ed. John Wiley,
different types of loading units, make preparation of a complex New York, 1977
variants evaluation module for comparing different variants ¢3] Ashayeri J., Gelders LF., Warehouse design optimization
the same warehouse design; this module would become a first zamieszczony, European Journal of Operational Research 21 (1985), pp.
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