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Résumé :

Le Systeme Produit-Service est une des nombreosg®is de conception menant au développement
durable. Une des difficultés du SPS porte surdedition des fonctions du systéme entre la partepit et

la partie service. En Architecture-Ingénierie-Canstion, l'allocation des fonctions au batiment au
service proposé est également un challenge. Larigait’Ouvrage se doit de traiter cette question au
moment de la définition des exigences, en amona a®nception. Cet article propose de I'aborder au
travers d’'une adaptation et une application desaapts de « Function Behaviour Structure » de Gel® a
définition des exigences d'un batiment que noussidérons comme un SPS. La décomposition FBS
proposée est illustrée sur un exemple de cuisine ae maison de retraite.

Abstract:

Product-Service System is one way toward sustansydtem development. One issue of PSS concerns the
function allocation between the product part ane service part. In Architecture-Engineering-Constion,
function assignment to either the building or teevice offered is also a strong issue. The conimngobwner

(i.e. paying client) has to deal with this issuaidg the requirements definition. This paper prop®go
tackle it through an adaptation and application®&ro’s Function-Behaviour-Structure design conaept

the requirements definition of building systemssodered as PSS. The proposed FBS decomposition is
illustrated on the example of a kitchen in a ratient home.

Keywords: architectural programming, conceptual design, buildng, FBS, PSS
Mots clefs: programmation architecturale, preconception, batimet, FBS, PSS

1 Introduction

Sustainable development aims at reducing the glimhydct of a system on its environment. One way to
tackle this question is Product-Service SystemsSfP$§hift from product ownership toward utilisatiand
functionality [13]. Functions are thereafter asatail to a service part of the PSS instead of thel ygoduct
through, for example, dematerialisation or prodaudbstitution [8]. This solution could lead to sirssdle
solution if the rebound effects [10] is anticipatet controlled. It is a necessary condition butsudficient.
One of the issues in PSS development is the fumetiocation between the product part and the sempart
[15] during the conceptual design phase.

In Architecture-Engineering-Construction (AEC), tlaechitectural programming phase deals with the
definition of the future building. It correspondsthe conceptual design phase of a manufacturiodugt.
During this phase, the service to provide to ugerso defined and it heavily conditions the défn of

the future building. Functions of the building systare therefore split between a product part septed

by the building and a service part representechbyhuman “operators” activity of servicing the ss@.g.
education in a public school). Here comes the isgu®w to attribute functions between the buildard
the human activity? Too often a building does neetrelementary requirements regarding the seriiee (
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human activity) to provide. As a matter of facg #ervice is only outlined at the beginning of ¢baceptual
phase and very lately detailed, sometimes eventhftebuilding was delivered.

In this paper, buildings are considered as PSSaltiegeir dual composition of static building anchdynic
human activity. The contribution focuses on theptat#gon and interpretation of the Function-Behawiou
Structure (FBS) concept developed by Gero [4] éodbnceptual definition of a building in order &xilitate
and/or structure the function allocation betweantwo major components. This contribution is depetb
based on a literature review on FBS and a strdai@@mposition of buildings as a PSS.

Section 2 of this paper briefly introduces the thuidy as a PSS. Section 3 focuses on the FBS cancept
starting from Gero’s root definition toward its @dation to buildings as PSS. Section 4 illustrabesFBS
adaptation to a retirement home regarding a sifighetion: feed the elderly. Section 5 discusses and
concludes the reflections proposed in the papeardétg PSS, FBS and buildings.

2 Product-Service System

2.1 Definition

PSS is usually defined as a business model irafitez. In this paper, PSS is considered as a ntindse
regarding Goedkoop et al.’s definition: “A Produservice system is a marketable set of products and
services, jointly capable of fulfilling a clientteeed.” [6]. There is a first notion of integratibetween a
product part and a service part and a second naifomlignment between these two parts. Moritz
differentiates a product and a service regardingverse qualities [14]: produced/performed,
material/immaterial, tangible/intangible, can/cainbe stored, usually without client or with inteian with
client, consumed after/during production, and rdgay the origins of defaults either from manufactgror
behaviour. Even if it could be discussed, this abtarization brings more details to understand both
concepts. This understanding served as a basimtgse and to decompose a building system.

2.2 Buildings as Product-Service System

This paper is limited to buildings that hosts aviger provided to a public by a set of operatoredhieither by
the State or a private company (e.g. school, kpréwospital). Both the public and the operators are
considered as users of the building. The conceptusiness model (i.e. way of selling the system, it
marketable property) is removed from consideratiointhis paper to focus on the structural compositf
building systems.

A building system is defined as the global answerat contracting owner issue regarding a current
unsatisfying state. In the case of a school, thdraoting owner does not need only a building tvesan
overcrowded schools issue. In this case, he wilktsdudents in a brand new building but no onelke tare

of them. The contracting owner needs a complexesysiomposed of this building, people who can pmvid
education, equipment to support the activitiesteeldo education, energy to make these equipmerk, wo
and from time to time an IT system to manage, ial&, information about teachers and studentss Thi
global vision fits with the aim of architectural ggramming about buildings definition. Education is
therefore a service and all the other componemtsesmources that are required in order to perforifhiese
resources have to be dimensioned regarding thisceehey materialize the “how to” of the serviddat

is why they are considered as products.

A building system has to answer to the educatigirements but not only. It has to fulfil other @tional
and non-functional requirements. For example, & toaprovide shelter to its users. This functionas met
by a service but by a part of the building: thefra®nother requirement to fulfil concerns the swfeft
children in secondary schools. This safety couldreg by different solution principles. First one wa
consist in using mainly the building and its arebitire like in Bentham’s Panopticon [1]. Secondsimkity
would be to use specific equipment like closedtgtreelevision as describe by Orwell's 1984 [16hird
option would be a purely “service” solution priney asking teachers to make daily rounds in tin®al
following a schedule. Last solution principle wold to combine parts of the service activities widints of
the products/resources. The building would be desigo improve passive oversight by the teachers fr
their office favouring the use of see-through materfor the walls. Thereafter, the allocation bkt
functions to the components of a building systecobees a challenge.

2



21°™Congrés Francais de Mécanique Bordea26 au 30 aodt 2013

As a result, the system defines the whole comptdution to the contracting owner specific issueBisT
system is composed by a set of Products and acBe®roducts include the building to be designethby
architect and human and material resources torberdiioned by the contracting owner. The Servicersef
to the direct and indirect interactions (i.e. atg and processes) between the operators whorpethe
Service and the users who benefit from the Service.

The Function allocation is not a design issue buteguirements definition issue. It corresponds to
programmatic concepts [17] in AEC. Thereaftersithe contracting owner’s responsibility. The atetti
just has to deal with the design and constructiothe building part. The contracting owner shoyb@afy
the functional organization of his building systémthe brief. The functional organization includie
definition of the human organization, the serviagivities and space planning of the future building
Actually, the contracting owner limits himself tatbne the service and focuses more on technichfining
the building so as current briefing practices témde solution-focused or solution rationales [143. a
result, architects are limited in their design dmel resulting building does not fit with the reafjuirements
of the contracting owner. The contracting ownerusthadefine the functions to achieve by the building
system but also to determine whether it shoulchbeservice or the building that has to do it. Aste he has
to define as precisely as possible the servicevifiebe provided to better define the building thll host

it.

3 Function-Behaviour-Structure

3.1 Gero’s FBS

In order to support the contracting owner in thisdtion allocation, this research work proposesttiocture
it around the three fundamental concepts define@dxp: Function-Behaviour-Structure [5]. Functiefers
to what the system is for, its purpose. Behavi@fers to what the system does, its attributes ddrior
expected. Structure refers to what the systemdsjté compaosition. Their dynamic relations (figur) are
first described in a framework [4] then situated5h This framework was developed regarding thsigle
process. In this paper, the structure is adaptethéorequirements definition and function allocatbased
on programmatic concepts (i.e. high level solupanciples).
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FIG. 1 — Gero’s FBS framework, based on [5].

3.2 Building System FBS

Programmatic concepts refer to general or abstemitition principles to the contracting owner's
architectural problem [17]. These concepts are Ipdimctional and organizational ideas that outlared
guide the architect in his architectural desigrfiéPdefines 23 kinds of programmatic concepts reggrd
dimensions: Function, Form, Economy, and Time [H.makes the distinction between the programmatic
concept, which defines the Functions and outlilesassociated Behaviours and Structure, and thigndes
concept, which refers to the drawing of the Striestits materialization, by the architects.

In this research, Function is associated to seifvetion to be achieved by the building systendesned

in Mechanical Engineering. The building is seeraaomponent of this complex system. One of the main
service functions assigned to the building paftashost the Service delivered”. This Service cep@nds to
education in a school.
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Behaviour states the dynamic interactions betweemponents of the building system (i.e. the Strugtut
contains the Service to provide using the Struatlements and its description in terms of “what dnow”.

Its definition is split in two. The first part comms Behaviour of the Productse(B.cd as in Gero’s original
definition whereas the second refers to Behaviourthe Service (Benicd. Service is defined by a
combination of processes, activities, people skilied supported by materials [12] that this research
completed with information flows and expected parfances. Processes, activities, people skills,
information and performances are not physical iestitTherefore, they are considered as Behaviours
associated to either the Service or the Produttsdi@re).

Structure provides the structural (physical) decositpn of the building system. From this papempaif
view, a building system is composed by the buildimg hosts the whole, equipment or materials reguo
performed activities, energy needed to supply egaint, people who perform the activities using eopt,
and the IT system that manage flow of informatietween activities. All of them are considered as
Products in a broad sense.

As a result, the architectural programming aimghatdefinition of the building system Functions dhdir
assignment to Services (i.e. Behaviours), Prodiiets Structure) or a combination of both. Thisussand
their integration are dealt by deciding on progration concepts. Decisions are directed by Quality,
Economy and Time: Quality regarding the performaand objectives pursued by the contracting owner,
Economy considering the global cost of the solupanciples, and Time depending on the delay reqliio
define, design, or build solution elements. At gregramming step, most of them rely on assertians o
assumptions about the current and future contextsiibjected to changes over the time.

4 Retirement Home Kitchen lllustration

This section illustrates the FBS and PSS princggplied to the building system: from a purely prcidu
solution principle toward a purely service one. Tdimwsen example is a retirement home. For a single
Function to be achieved by the building system.etF¢he residents”, five different solution pringglor
programmatic concepts are exposed. Each one of ihawpported by a set of assertions, assumptions o
objectives about the present and future contexttbald lead the decision making.

4.1 Self-Catering

In this first scenario, the management of the itgcdhoose to favour or at least ensure the autgnoinits
residents. The programmatic concept consists iest®ing individual kitchens more or less equipped
attached to each small apartment. Therefore, #ingls of solution principles can be considered.

4.1.1 Example 1: Easy Self-Catering

In this example, the elderly are fully autonomouaisthe cooking but with low level competencies bities.

They can still drive by themselves and do their gnoceries. They want fresh food but do not warspend

too much time in cooking &nicd- A solution principle would be to provide themtlwva small kitchen with
storage for all kinds of food and a multifunctior@llinary food processor By as single cooking
equipment (Structure). They can choose what thayt veaeat and cook it themselves without assistafise
a result, the kitchen does not need to be largefametional. It can be opened to the living roomstave

space. Space can thereafter be devoted to othge usacquaintance with the elderly preferencess iBha

purely product solution principle.

4.1.2 Example 2: Semi-Dependent Self-Catering

The elderly do not want to cook but to eat whenemed whatever they want. They can still drive by
themselves and do their own groceries. They pesHtng ready-prepared or ready-cooked disiv{Ba. As

a result, the kitchen required to be minimal withimhy frozen and cold storage and an oven or miar@awv
(Structure). As a result, the kitchen is a littigder than in the first example. It is consideredaamainly
product and service solution as the meal cooking.(8 is subcontracted to someone else. All that is
remaining is warming up the mealsBuct)-
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4.1.3 Example 3: Independent Self-Catering

Here you have independent healthy elderly. Theyepreome cooking and continue to do it themselves
(Bproquery- They are provided with a standard functionathn (Structure). The cooking is done internally,
they perform the service themselves4R,.

4.2 Collective Catering
In this second scenario, the management of thityaexpects that:

» Elderly needs day to day assistance, or
* That a kitchen is too dangerous to deal with reigartheir state, or
» Simply that it is too expansive to provide eldexiyh an individual kitchen.

The first two assumptions are related to BehaviofiRroducts (i.e. the elderly and the kitchen) rehs the
third one refers to a financial constraint (Func}ioTherefore, the individual kitchens are replabgda
collective centralized catering controlled by thanmagement of the facility.

4.2.1 Example 4: Refectory

In this example, the collective caterings{RBc9 is managed in a refectory. All the elderly aréhgaed during
the meals to foster social interaction betweerdesds. It supposes that all of them are able toenmovcan
be assisted to go from their room to join the refigc A professional kitchen supports this withearh of

professional cookers and waiters as in a restautard result, two large spaces and a smaller aue to be
plan in the building (Structure). The first one Wbbe for the welcoming of the residents in theecidry.

The second would be the kitchen full of “industriedjuipment. The small space is the changing raomthie

personal. Another possibility could be to deliviee imeal room by room. It spares the refectory sjacte
required standard or limited choices of meal fer tbsidents (Buicd-

4.2.2 Example 5: Individual Room Catering

In this last case, elderly are considered too wedle able to join a refectory §Baucry and the management
do not wish to provide additional personal to deih it (Bsenicd, OF it is too expansive in terms of space and
money (Function). Instead of having the cateringnedanside the retirement home, it is completely
outsourced to an external company that deliversmbal directly to the room without required warming
(Bsenicd- This solution principle brings new requiremeotsias an impact on circulations and security msid
the building (Brdue). It is a purely service solution principle. Sgecorganization is required but it spares a
lot of spaces and equipment.

4.2.3 Synthesis

In this short example, a single Function of ondding system was declined into five different salat
principles. Each one of them defined specific Bétag of either its Service part or its Producttpahe
Structure associated to each scenario was impdmteithe decision made. Each Product (i.e. resource)
evolves in terms of quality and quantity whereas Service changes from being performed internally t
externally. The Structure decomposition of the @nésd solution principles is summarized in Table 1.

Table 1. Synthesis of the 5 solution principlesgi@grammatic concepts).

Easy Home Cooking Ready-Cooked Standard Professiona Lunch Service

Service 0 Internal/External Internal Internal External

Zero cooking skill person

People Low level cooker . Medium level cooker Expert cooker Professional @vok
Industrial cooker
. Thermomix - . . . o
Equipment Minimal kitchen Minimal kitchen Functional kitchen Industrial kiteh 0
Building Small kitchen Small kitchen Standard kitchen Bigtén 0
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5 Conclusion

The objective of this research paper is to proposay to facilitate and structure the function editoon in
the definition of a building system. The buildingsem is defined as a complex system (i.e. PSSposet

by two highly dependent sub-systems (i.e. a prodadtand a service part). The proposed approdshsied

on the FBS design concepts developed by Gero, ediapid applied to the requirements definition pludse
building systems. The design concept of Behavisudivided in two requirements definition concepts:
Behaviour of the Products and Behaviour of the iBervBe,qucs COrresponds to Gero’s definition of
Behaviour regarding manufacturing systems whergas.Brefers to human activities required to perform a
Service. The definition of the Service and the erntbof the project fit better to the contracting rex
knowledge and competencies as illustrated in ttieeneent home example. Thereby, the function atiooa

is performed based on objectives, assertions asuhgdions defined upstream by the contracting owner
The decision to assign a function to the buildingesources (i.e. Products) or to the Service ped is
therefore done through the definition of the expdddehaviours.

The proposed approach still requires an assessamhtvalidation on a practical case study with a
contracting owner. A first phase of interviews withntracting owners and architects has begun iarda
assess the relevancy of the approach and its patexgplication. For the time being, the propositio
corresponds to the essence of architectural progmag The function allocation betweeRRBiceand Borogucts

fits to a larger definition of the programmatic cepts. Its practical application remains an operstion for
interviewed professionals. The next step in theassh project will be to apply it on a real on-gpproject.
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