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Κρίσιµες Ερωτήσεις

• Τι εννοούµε µε τον όρο χωροθέτηση;

• Ποιες είναι οι βασικές διατάξεις 
χωροθέτησης;

• Ποιά διάταξη πρέπει να επιλέξουµε για 
ορισµένη διαδικασία; 

• Ποιές είναι οι λεπτοµέρειες σχεδίασης 
µιας χωροθετικής διάταξης; 



Η απόφαση της 
χωροθέτησης

• Πως τοποθετούνται οι 
πόροι και πως 
διεκπεραιώνονται µε 
αυτούς οι εργασίες;

• Λιγότερο συχνή, αλλά 
σηµαντική
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Τι χαρακτηρίζει µία καλή 
απόφαση χωροθέτησης

• Ασφάλεια

• Μήκος ροής

• Διάυγεια ροής

• Συνθήκες 
προσωπικού

• Συντονισµός Management

• Προσβασιµότητα

• Εκµετάλλευση του χώρου

• Μακροπρόθεσµη ευελιξία



Βασικές Διατάξεις

Σταθερης 
θέσης

Λειτουργική

ΚελιούΠροϊόντος



Διάταξη Σταθερής 
Θέσης

Λειτουργική

ΚελιούΠροϊόντος

• Οι υπό 
µεταποίηση πόροι 
δεν 
µετακινούνται

• ... λόγω µεγέθους 
(π.χ. ναυπηγεία) ή 
λόγω 
ευαισθησίας (π.χ. 
χειρουργείο)

Σταθερης 
θέσης
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Παράδειγµα 
Σταθερής Θέσης

A construction site is typical of a fixed-position layout in that there is a limited amount of
space which must be allocated to the various transforming resources. The main problem in
designing this layout will be to allocate areas of the site to the various contractors so that they
have adequate space, they can receive and store their deliveries of materials, they can have
access to their parts of the project without interfering with each other’s movements, they
minimize movement, and so on.

Functional layout

Functional layout is so called because it conforms to the needs and convenience of the 
functions performed by the transforming resources within the processes. (Confusingly, 
functional layout is also referred to as ‘process layout’ but this term is being superseded.) 

Chapter 7 Layout and flow 181

Even surgery can be seen as a process, and like any
process, it can be improved. Normally patients remain
stationary with surgeons and other theatre staff
performing their tasks around the patient. But this idea
has been challenged by John Petri, an Italian consultant
orthopaedic surgeon at a hospital in Norfolk in the UK.
Frustrated by spending time drinking tea while patients
were prepared for surgery, he redesigned the process so
now he moves continually between two theatres. While he
is operating on a patient in one theatre, his anaesthetist
colleagues are preparing a patient for surgery in another
theatre. After finishing with the first patient, the surgeon
‘scrubs up’, moves to the second operating theatre, and

Figure 7.3 Assembly line surgery

Short case
‘Factory flow’ helps surgery
productivity2

begins the surgery on the second patient. While he is
doing this the first patient is moved out of the first
operating theatre and the third patient is prepared. This
method of overlapping operations in different theatres
allows the surgeon to work for five hours at a time 
rather than the previous standard three-and-a-half-hour
session. ‘If you were running a factory’, says the surgeon,
‘you wouldn’t allow your most important and most
expensive machine to stand idle. The same is true in a
hospital.’ Currently used on hip and knee replacements,
this layout would not be suitable for all surgical
procedures. But, since its introduction the surgeon’s
waiting list has fallen to zero and his productivity has
doubled. ‘For a small increase in running costs we are
able to treat many more patients’, said a spokesperson
for the hospital management. ‘What is important is 
that clinicians . . . produce innovative ideas and we
demonstrate that they are effective.’
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Λειτουργική Διάταξη

Σταθερης 
θέσης

Λειτουργική

ΚελιούΠροϊόντος

• Παρόµοιοι πόρου ή 
διαδικασίας 
γειτνιάζουν

• Διαδροµές ανάλογα 
µε τις ανάγκες

• Οι διαδροµές µπορούν 
να γίνουν εξαιρετικά 
πολύπλοκες (π.χ. 
παραγωγή µηχανικών 
µερών)
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Παράδειγµα 
Λειτουργικής Διάταξης

In functional layout, similar resources or processes are located together. This may be because
it is convenient to group them together, or that the utilization of transforming resources is
improved. It means that when materials, information or customers flow through the opera-
tion, their route is determined according to their needs. Different products or customers will
have different needs and therefore take different routes. Usually this makes the flow pattern
in the operation very complex. Examples of functional layouts include:

! Hospital – some processes (e.g. X-ray machines and laboratories) are required by sev-
eral types of patient; some processes (e.g. general wards) can achieve high staff- and 
bed-utilization.

! Machining the parts which go into aircraft engines – some processes (e.g. heat treatment)
need specialist support (heat and fume extraction); some processes (e.g. machining centres)
require the same technical support from specialist setter–operators; some processes (e.g.
grinding machines) get high machine utilization as all parts which need grinding pass
through a single grinding section.

! Supermarket – some products, such as tinned goods, are convenient to restock if grouped
together. Some areas, such as those holding frozen vegetables, need the common technology
of freezer cabinets. Others, such as the areas holding fresh vegetables, might be together
because that way they can be made to look attractive to customers (see the opening short
case).

Figure 7.4 shows a functional layout in a university library. The various areas – reference
books, enquiry desk, journals, and so on – are located in different parts of the operation. 
The customer is free to move between the areas depending on his or her requirements. The

Part Two Design182

Figure 7.4 An example of a functional layout in a library showing the path of just one customer
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Cell Layout

Σταθερης 
θέσης

Λειτουργική

ΚελιούΠροϊόντος

• Όλοι οι πόροι 
µεταφέρονται σε 
ένα κελί (π.χ. 
συναρµολόγηση)

• Επιφέρει τάξη 
στην 
πολυπλοκότητα 
της λειτουργικής 
διάταξης
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Παράδειγµα διάταξης 
κελιού

Figure 7.6 shows the sequence of processes in a paper-making operation. Such an operation
would use product layout. Gone are the complexities of flow which characterized functional
layouts, and to a lesser extent cell layouts, and although different types of paper are produced
in this operation, all types have the same processing requirements.

Part Two Design184

Figure 7.6 The sequence of processes in paper-making; each process will be laid out in the same sequence

Figure 7.5 The ground floor plan of a department store showing the sports goods shop-within-a-shop retail ‘cell’
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Διάταξη προϊόντος

Σταθερης 
θέσης

Λειτουργική

ΚελιούΠροϊόντος

• Συχνά καλείται 
“γραµµή 
παραγωγής” 

• Προκαθορισµένες 
διαδροµές και 
διαδικασίες 
λήψης 
αποφάσεων
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Παράδειγµα 
Διάταξης Προϊόντος
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Επιλέγοντας Διάταξη
Όγκος
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Κελιού

Προϊόν

Συνεχόµενη Ροή



• Υψηλή ευελιξία 
στο µείγµα 
προϊόντων 

• Δεν µετακινείται / 
διαταράσσεται το 
προϊόν (ή ο 
πελάτης)

• Μεγάλο εύρος 
εργασιών για το 
προσωπικό

Σταθερή Θέση

Υψηλά κόστη 
µονάδων 

Δύσκολος 
προγραµµατισµός 
χώρων και 
δραστηριοτήτων 

Μπορεί να 
επιφέρει πολλές 
µετακινήσεις 
προσωπικού και 
εξοπλισµού



• Υψηλή ευελιξία 
στο µείγµα 
προϊόντων 

• Ευσταθές σε 
περιπτώσεις 
διαταραχών 

• Εύκολη επίβλεψη 
εξοπλισµού και 
εγκαταστάσεων

Χαµηλή χρήση 
εγκαταστάσεων 

Μεγάλες ουρές 
αναµονής - 
διεκπεραίωσης 

Δυσκολία 
ελέγψου 
πολύπλοκων 
ροών

Λειτουργική



• Συµβιβάζει κόστος 
και ευελιξία για 
εργασίες µε µεγάλη 
ποικιλία 

• Γρήγορη 
διεκπεραίωση 

• Η οµαδική εργασία 
αποτελεί 
παράγοντα 
παρακίνησης

Δαπανηρή η 
αναπροσαρµογή 
της διάταξης 

Μεγαλύτερες 
απαιτήσεις σε 
εξοπλισµό - 
εγκαταστάσεις 

Ενδεχόµενη 
χαµηλή 
εκµετάλλευση 
εγκασταστάσεων

Κελιού



• Οικονοµία κλίµακας

• Ευκαιρία για 
εξειδικευµένο 
εξοπλισµό 

• Βολικές 
µετακινήσεις 
υλικών και πελατών 

Περιορισµένο 
µείγµα προϊόντων 

Μη ευσταθής σε 
διαταραχές 

Εργασία ρουτίνας

Προϊόντος



Επιλέγοντας Διάταξη 
(2)

type. It should be stressed, however, that the type of operation will influence their relative
importance. For example, a high-volume television manufacturer may find the low-cost
characteristics of a product layout attractive, but an amusement theme park may adopt the
same layout type primarily because of the way it ‘controls’ customer flow.

Part Two Design188

Table 7.2 The advantages and disadvantages of the basic layout types

Fixed-position

Functional

Cell

Product

Advantages

Very high mix and product flexibility
Product or customer not moved or
disturbed
High variety of tasks for staff

High mix and product flexibility
Relatively robust in the case of
disruptions
Relatively easy supervision of
equipment or plant

Can give a good compromise 
between cost and flexibility for
relatively high-variety operations
Fast throughput
Group work can result in good
motivation

Low unit costs for high volume
Gives opportunities for specialization
of equipment
Materials or customer movement is
convenient

Disadvantages

Very high unit costs
Scheduling of space and activities
can be difficult
Can mean much movement of plant
and staff

Low facilities utilization
Can have very high work-in-progress
or customer queuing
Complex flow can be difficult to
control

Can be costly to rearrange existing
layout
Can need more plant and equipment
Can give lower plant utilization

Can have low mix flexibility
Not very robust if there is disruption
Work can be very repetitive

Figure 7.9 (a) The basic layout types have different fixed- and variable-cost characteristics which seem to
determine which one to use. (b) In practice the uncertainty about the exact fixed and variable costs of each layout
means the decision can rarely be made on cost alone
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Λεπτοµέρειες 
Σχεδίασης

the routes taken by customers over a typical period of time. If the direction of the flow
between work centres makes little difference to the layout, the information can be collapsed
as shown in Figure 7.10(b), an alternative form of which is shown in Figure 7.10(c). There may
be significant differences in the costs of moving materials or customers between different
work centres. For example, in Figure 7.10(d) the unit cost of transporting a load between the
five work centres is shown. Combining the unit cost and flow data gives the cost-per-distance-
travelled data shown in Figure 7.10(e). This has been collapsed as before into Figure 7.10(f).

Minimizing distance travelled

In most examples of functional layout, the prime objective is to minimize the costs to the
operation which are associated with flow through the operation. This usually means minimiz-
ing the total distance travelled in the operation. For example, Figure 7.11(a) shows a simple
six-centre functional layout with the total number of journeys between centres each day. The
effectiveness of the layout, at this simple level, can be calculated from:

Effectiveness of layout = ∑ Fij Dij for all i ≠ j

where

Fij = the flow in loads or journeys per period of time from work centre i to work centre j
Dij = the distance between work centre i and work centre j.

The lower the effectiveness score, the better the layout. In this example the total of the
number of journeys multiplied by the distance for each pair of departments where there is
some flow is 4,450 metres. This measure will indicate whether changes to the layout improve
its effectiveness (at least in the narrow terms defined here). For example, if centres C and E
are exchanged as in Figure 7.11(b) the effectiveness measure becomes 3,750, showing that the
new layout now has reduced the total distance travelled in the operation. These calculations
assume that all journeys are the same in that their cost to the operation is the same. In some
operations this is not so, however. For example, in the hospital some journeys involving healthy
staff and relatively fit patients would have little importance compared with other journeys
where very sick patients need to be moved from the operating theatres to intensive-care wards.
In these cases a cost (or difficulty) element is included in the measure of layout effectiveness:

Effectiveness of layout = ∑ Fij Dij Cij for all i ≠ j

where

Cij is the cost per distance travelled of making a journey between departments i and j.

Chapter 7 Layout and flow 191

Figure 7.11 (a) and (b) The objective of most functional layouts is to minimize the cost associated with movement
in the operation, sometimes simplified to minimizing the total distance travelled
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Λεπτοµέρειες 
Σχεδίασης
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Λεπτοµέρειες 
Σχεδίασης
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operation which are associated with flow through the operation. This usually means minimiz-
ing the total distance travelled in the operation. For example, Figure 7.11(a) shows a simple
six-centre functional layout with the total number of journeys between centres each day. The
effectiveness of the layout, at this simple level, can be calculated from:

Effectiveness of layout = ∑ Fij Dij for all i ≠ j

where

Fij = the flow in loads or journeys per period of time from work centre i to work centre j
Dij = the distance between work centre i and work centre j.

The lower the effectiveness score, the better the layout. In this example the total of the
number of journeys multiplied by the distance for each pair of departments where there is
some flow is 4,450 metres. This measure will indicate whether changes to the layout improve
its effectiveness (at least in the narrow terms defined here). For example, if centres C and E
are exchanged as in Figure 7.11(b) the effectiveness measure becomes 3,750, showing that the
new layout now has reduced the total distance travelled in the operation. These calculations
assume that all journeys are the same in that their cost to the operation is the same. In some
operations this is not so, however. For example, in the hospital some journeys involving healthy
staff and relatively fit patients would have little importance compared with other journeys
where very sick patients need to be moved from the operating theatres to intensive-care wards.
In these cases a cost (or difficulty) element is included in the measure of layout effectiveness:

Effectiveness of layout = ∑ Fij Dij Cij for all i ≠ j

where

Cij is the cost per distance travelled of making a journey between departments i and j.
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Στοιχεία Εργονοµίας

Designing for job commitment – behavioural approaches to 
job design

Jobs which are designed purely on division of labour, scientific management or even purely
ergonomic principles can alienate the people performing them. Job design should also take
into account the desire of individuals to fulfil their needs for self-esteem and personal develop-
ment. This is where motivation theory and its contribution to the behavioural approach to
job design is important. This achieves two important objectives of job design. First, it provides
jobs which have an intrinsically higher quality of working life – an ethically desirable end in
itself. Second, because of the higher levels of motivation it engenders, it is instrumental in
achieving better performance for the operation, in terms of both the quality and the quantity
of output.9 This approach to job design involves two conceptual steps: first, exploring how the
various characteristics of the job affect people’s motivation; second, exploring how individuals’
motivation towards the job affects their performance at that job.

Typical of the models which underlie this approach to job design is that by Hackman 
and Oldham shown in Figure 9.7.9 Here a number of ‘techniques’ of job design are recom-
mended in order to affect particular core ‘characteristics’ of the job. These core characteristics
of the job are held to influence various positive ‘mental states’ towards the job. In turn, these
are assumed to give certain performance outcomes. In Figure 9.7 some of the ‘techniques’
(which Hackman and Oldham originally called ‘implementing concepts’) need a little further
explanation:

! Combining tasks means increasing the number of activities allocated to individuals.
! Forming natural work units means putting together activities which make a coherent

whole.
! Establishing client relationships means that staff make contact with their internal customers

directly.
! Vertical loading means including ‘indirect’ activities (such as maintenance).
! Opening feedback channels means that internal customers feed back perceptions directly.
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Figure 9.6 The use of anthropometric data in job design

Behavioural approach
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Noise levels

The damaging effects of excessive noise levels are perhaps easier to understand than some
other environmental factors. Noise-induced hearing loss is a well-documented consequence
of working environments where noise is not kept below safe limits. The noise levels of various
activities are shown in Table 9.4. When reading this list, bear in mind that the recommended
(and often legal) maximum noise level to which people can be subjected over the working day
is 90 decibels (dB) in the UK (although in some parts of the world the legal level is lower than
this). Also bear in mind that the decibel unit of noise is based on a logarithmic scale, which
means that noise intensity doubles about every 3 dB. In addition to the damaging effects of
high levels of noise, intermittent and high-frequency noise can also affect work performance
at far lower levels, especially on tasks requiring attention and judgement.3

Ergonomics in the office

As the number of people working in offices (or office-like workplaces) has increased, ergonomic
principles have been applied increasingly to this type of work. At the same time, legislation
has been moving to cover office technology such as computer screens and keyboards. For
example, European Union directives on working with display screen equipment require
organizations to assess all workstations to reduce the risks inherent in their use, plan work
times for breaks and changes in activity and provide information and training for users.
Figure 9.9 illustrates some of the ergonomic factors which should be taken into account
when designing office jobs.

Allocate work times

Without some estimate of how long it takes to complete an activity, it would not be 
possible to know how much work to allocate to teams or individuals, to know when a task 
will be completed, to know how much it costs, to know if work is progressing according 

Part Two Design252

Table 9.3 Examples of recommended lighting levels for various activities2

Activity Illuminance (lx)

Normal activities in the home, general lighting 50
Furnace rooms in glass factory 150
General office work 500
Motor vehicle assembly 500
Proofreading 750
Colour matching in paint factory 1,000
Electronic assembly 1,000
Close inspection of knitwear 1,500
Engineering testing inspection using small instruments 3,000
Watchmaking and fine jewellery manufacture 3,000
Surgery, local lighting 10,000–50,000

Table 9.4 Noise levels for various activities

Noise Decibels (dB)

Quiet speech 40
Light traffic at 25 metres 50
Large busy office 60
Busy street, heavy traffic 70
Pneumatic drill at 20 metres 80
Textile factory 90
Circular saw – close work 100
Riveting machine – close work 110
Jet aircraft taking off at 100 metres 120
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Διαλλείµατα

Standard times

The standard time for a job is an extension of the basic time and has a different use. Whereas the
basic time for a job is a piece of information which can be used as the first step in estimating the
time to perform a job under a wide range of conditions, standard time refers to the time allowed
for the job under specific circumstances. This is because standard time includes allowances
which reflect the rest and relaxation allowed because of the conditions under which the job is
performed. So the standard time for each element consists principally of two parts, the basic
time (the time taken by a qualified worker, doing a specified job at standard performance) and
an allowance (this is added to the basic time to allow for rest, relaxation and personal needs).

Allowances

Allowances are additions to the basic time intended to provide the worker with the opportun-
ity to recover from the physiological and psychological effects of carrying out specified work
under specified conditions and to allow for personal needs. The amount of the allowance 
will depend on the nature of the job. The way in which relaxation allowance is calculated, 
and the exact allowances given for each of the factors which determine the extent of the
allowance, vary between different organizations. Table S9.3 illustrates the allowance table
used by one company which manufactures domestic appliances. Every job has an allowance
of 10%; the table shows the further percentage allowances to be applied to each element of
the job. In addition, other allowances may be applied for such things as unexpected con-
tingencies, synchronization with other jobs, unusual working conditions, and so on.

Figure S9.1 shows how average basic times for each element in the job are combined with
allowances (low in this example) for each element to build up the standard time for the 
whole job.

Standard time

Allowances
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Table S9.3 An allowances table used by a domestic appliance manufacturer

Allowance factors Example Allowance (%)

Energy needed
Negligible none 0
Very light 0–3 kg 3
Light 3–10 kg 5
Medium 10–20 kg 10
Heavy 20–30 kg 15
Very heavy Above 30 kg 15–30

Posture required
Normal Sitting 0
Erect Standing 2
Continuously erect Standing for long periods 3
Lying On side, face or back 4
Difficult Crouching, etc. 4–10

Visual fatigue
Nearly continuous attention 2
Continuous attention with varying focus 3
Continuous attention with fixed focus 5

Temperature
Very low Below 0 °C over 10
Low 0–12 °C 0–10
Normal 12–23 °C 0
High 23–30 °C 0–10
Very high Above 30 °C over 10

Atmospheric conditions
Good Well ventilated 0
Fair Stuffy/smelly 2
Poor Dusty/needs filter 2–7
Bad Needs respirator 7–12
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