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Summary

The evolution of computer related technologies alows for the congtruction of increasingly complex
gpplications. On the other hand, the house building industry calls for an organised approach to quality
assurance, which should be based on an integrated view of the dwelling life cycle: design, construction, use
and, eventualy, demoalition. A framework for the evauation of the quality of dwelling designs, named QDF
(Qudity Dwdling Framework), has been devel oped, focused on the evauetion of the quality of dwelling
designs. In order to experiment with QDF, a computer prototype has been implemented, following the

obj ect-oriented approach to software development. The work is progressing in the line of extending QDF
to support the need for computer aided evauation of the quality of dwellings, after congtruction. The
relevance of the object oriented agpproach in modelling complex products like buildings, aso adopted in
Product Modédlling, is briefly referred to.
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1. Introduction

At UTAD, Universidade de Trés-0s-Montes e Alto Douro, Stuated in the region of Trés-os-Montes e Alto
Douro, in the North East of Portugal, a Construction Observatory has been created, named Observatorio
da Construcéo de Trés-os-Montes e Alto Douro. It involves public and private inditutions, namely city
councils, public adminigtration ingtitutions, banks, companies, business associations and red estate agents.

The Obsarvatory’s main misson is to provide information related to the sector of construction to the
various locd and regiond organisations, that will allow them to make decisons related to thar technicdl,
adminigrative, economic and financid activities. These activities are related with a broad range of sectors,
such as urban planning, financing or execution of housing projects, and evaluation and certification of the
qudity of dwdlings

Two basic objectives are associated to this misson:

» To create an indrument of andyss, evauation and prediction of the regiond dynamics of cvil
condruction, mainly of housing;

* To concelve and implement an evaluation and certification system for the qudlity of dwellings.

Thisevauation and certification system, in afirst sage, isamed a certifying some aspects of recently built
dwelings (e.g. therma behaviour, sound insulation, and dampness). In order to identify the aspects thet are
more relevant to the users, aset of inquiriesis being carried out.

Previous work led to the establishment of aframework for the evaluation of the quality of dwellings named
QDF (Qudity Dwdling Framework). This framework, while very wide, has been focused on the eva uation
of qudlity at the design phase.

QDF is being extended, in the scope of the Observatério da Construcao, in order to support the need for
computer aided evauation of the quality of dwellings, during and after congtruction. This dimension will
lead to quality certification (and eventually assurance). This aspect is of great importance to raise quality
sandardsin Tréas-0s-Montes e Alto Douro, aregion where traditional congtruction techniques have been
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amogt abandoned (in part due to the high costs) and where new techniques and materias are frequently
adopted without careful andysis.

The paper is organised asfollows. In the next section, QDF is briefly presented, as well as a computer
prototype of QDF, implemented in the programming environment KAPPA, following the object- oriented
paradigm. The certification process under development is presented in section 3. Section 4 containsthe
discusson, focused on the evauation of quality during the dwelling life cycle. Findly, section 5 contains the
conclusons.

2. Computer Aided Quality Evaluation of Dwellings

Previous work has lead to anew approach for the evauation of the quality of dwellings named QDF
(Qudity Dwdling Framework) [1]. Because it is difficult to modd a complex product usng asmple modd,
QDF is complex and cdls for an adequate methodology in order to make it suitable for computer
implementation.

The methodology used to develop QDF is based in the systems gpproach and uses a human body anaogy
[2]. Thisisjudtified by the fact that a human body is perhaps the most sophisticated and highly developed
form on earth. A comprehensive set of systems for modd ling the qudity of dwellings has been proposed,
by drawing a pardld with the human body sysems. The qudity of adwelling is evauated by andysng the
qudity of its systems. The regular structure of the holons (objects) across different levels of the hierarchies
makes the framework suitable to be implemented using object- oriented techniques and tools [3].

It isimportant to stress the relevance of the OOP (Object Oriented Paradigm) in modd ling complex
products. This aspect has been carefully studied in the area of Product Moddlling [4].

QDF can be compared with models proposed in the context of Product Modd ling for buildings (e.g. the
RATAS modd and the AEC building systems modd ). These models have a higher degree of abstraction.
On the other hand, having been defined without a specific purpose, they tend to be too abstract for easy
gpplication. QDF is concerned with the evauation of the qudity of adweling. Thisrequiresalot of
information to be analysed, but with awell-defined purpose.

Important aspects of this gpproach, which follow the object- oriented approach to software devel opment
[5][6], are:

= Compostion adweling isacomplex sysem recursvely composed of subsystems and eements
(composition hierarchies, which are based in & part-of reations);

» |nheitance €ach dement of the dwelling is moddled as an instance of aclass, with characterigtic
attributes and behaviour; classes are organised in hierarchies (classfication hierarchies, which are
based in a kind-of relations). To develop and present these hierarchies the graphica notation
defined by Rambaugh was used (Figure 1).

It isusud in engineering practice to divide a
complex problem in Smpler sub-problemsin order
to make it easier to solve. Thisisthe key idea
behind modularity in software engineering, which is

A behind the success of the object-oriented
approach to software development. Object-
oriented methodol ogies are centred on software
objects, which are responsible for the services they
offer to their clients, and provide a convenient way
to build and maintain modular programs. QDF was
developed having modularity in mind and following
an object- oriented methodology.

Fig. 1 The dwelling systems hierarchy.

It benefits, as well, from other aspects of the object- oriented approach to software development. These,
athough not so important in themselves, are important components of an object-oriented system. Aswith
any system, the emergent properties of an object-oriented system result from the interactions between its
components and go beyond the individual properties of the components (the object-oriented approach to
software development is a systems gpproach). Thisis the essentid property of a systems approach to
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modelling as digtinct from the reductionist gpproach. There is no other approach to software devel opment
known to the author which can mode the extremely complex relaions and interactions of the ements of a
complex system like adwedling in a satisfactory way for computer implementation.

A computer prototype of QDF has been implemented using the programming environment KAPPA® [7],
after acomparative andyss of available software platforms. The following reasons influenced the decison
of choosing KAPPA® for experimenting with QDF:

» To be object-oriented;

» To have perdstent objects,

» To beanintegrated development system, not only a programming language;

= To have good interfacing facilities with Microsoft Windows and with the C programming
language;

» To havethe posshility of being used for procedura programming aswell asfor declarative
(rule based) programming;

» To have good facilities to develop a user-friendly interface;

» To bevery user-friendly;

* Toberdativdy smpleto learn;

» To beavallablefor more than one platform (Windows and UNIX);

* Tobeamaturetool.

The components of the dwelling are moddled using software objects. All the information about the systems
of adwelling ismodeled using a set of atributes and a set of procedures (methods), stored inside the
objects involved in the functions performed by those systems. Each attribute describes a tate of nature of
the component and each procedure model s the behaviour of the component.

Program functiondity includes the evauation of the qudity of different dwelling designs and dternative
solutions for these designs. The use of the program has demondtrated that it isfriendly to use, and a helpful
tool in the evauation of dternative design solutions. In order to illugtrate the type of output, a computer
screen is shown in Figure 2, corresponding to the evauation of the close environment aspects of aflat in
Gaia, Portugdl.

3. Quality Certification of Dwellingsin Tras-os-Montes e Alto Douro

As part of the activities of the Congtruction Observatory of Tras-os-Montes e Alto Douro (TMAD) [8] a
qudlity certification of dwellings adapted to the TMAD redity is being developed.

The improvement of the qudity of a product or serviceis not usudly dissociable from its certification. The
importance and the need to create mechanisms to assure the consumer that a dwelling is built according to
asat of requirements, that defines acertain levd of qudlity, it is nowadays in the fields of congtruction and
rehabilitation of dwelings.

The difficulties connected with the implementation of a system of qudity certification are related with avast
number of crcumgtances. These circumstances can go from the difficulty to determinate a Sgnificant
number of criteriathat are comprehensive enough, to the implementation of these requirements by the
agents involved in the construction process.

The certification system under development follows previous work that has been developed in the fields of
therma behaviour of buildings, and the evaluation of their quaity [2][3][9]. This system is based on other
studies and experiments been developed in Portuga and other countries.
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= Close Environment Quality Evaluation bl o
FlatlGaia
Satisfact.
Criteria Weight Degree
Possihility of choice
choice regarding dwellings in the same enviromment 17 3.33
choice regarding dwellings in the same building 17 2.67
Circulations
cat patking 12 2.00
entrance of the building 15 1.40
distribution of spaces in the building 10 0.86
access to the building 18 4.00
Building equipment
storage places outside 17 1.00
bicycle parking places 11 0.00
laundey and diring places 1% 2.00
multi-putpose comunon facilities 19 2.00
Quiside equipment
toddlers playground g 2.67
children playground 14 2.67
vegetable gardens and animal breeding 10 0.00
Use-Value (UV) ’70038 |

Figure 2 Close environment - first floor flat in Vila Nova de Gaia, Portugal.

A drategy of implementation of a system of qudity certification of dwellings, adapted to the TMAD redlity,
is being planned. It isimportant to keep in mind the complexity of the product that will be certified and the
need to promote the co-operation of the various agents involved in the construction process. In order to
take informed decisions to implement the certification process, the following methodology was defined:

= Tocriticaly andyse existing evauation and certification methods of qudity of dwelings,

= To characterise the more relevant aspects that influence the decision to acquire a new dwelling;
» To study the occurrence of pathologiesin the housing red estate of TMAD;

» To define the certification modd to be adopted;

» To define aspects to be certified and certification methods to be adopted;

» Toorganise actions that will lead to sengtisation of the users and dl other partsinvolved in the
construction process to the relevance of the certification of the defined aspects;

* Touse QDF to implement acomputer program, and use this program to test the certification
processin asmal universe.

= To progressively enlarge the certification process to awider geographica universe aswell asto a
wider range of aspectsto be certified.

Qudity, being reated to the satisfaction of the users, must be defined taking into account socia and cultura
aspects. Thisjustifies the need for the characterisation of the preferences of the users. To characterise the
preferences of the users, inquiries were made to the state agents and the builders/ promoters, in eight cities
of TMAD. Theseinquiries helped in having a better understanding of the preferences of the users, and in
edtablishing the first contacts.
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4. Discussion

Qudity evduation should congder the life-cycle of the dwelling, i.e. design, construction, maintenance,
exploitation and demolition. The present version of QDF is focused on the design phase.

Quadlity evauation of the design should take into account the implications of ageing in design decisons. The
present version of QDF evauates the qudity asit is previewed soon after construction.

The firg agpect involves an extenson of the quality assessment to the various phases of the life of the
dwelling. The second aspect is closaly related with the estimation of maintenance, exploitation and
demoalition cogts, dthough it involves another aspect, which isthe previson of the evolution of quaity
standards (e.g. 5 years after congtruction, 10 years after, etc.).

In the present verson of QDF the tempord dimension is not explicitly modelled, i.e. the objects represent
the sate of adwelling at a given moment in time. QDF can be extended to take the tempora dimension
into account by modelling a dwelling a sufficiently dosetime intervas.

At present qudity evaduation isfocused in the design phase, and it is assumed that the dwelling will be well
built and maintained. Furthermore no digtinction is made between two design solutions which are expected
to last for different periods of time.

QDF is appropriate for computer aided evauation of quality after congtruction. Work is till needed in
order to identify and vaidate the criteriato be used in the evauation of qudity after congtruction, and for
qudity certification.

5. Conclusions

An important objective of the Congtruction Observatory of Tréas-os-Montes e Alto Douro isto conceive
and implement an evauation and certification system for the qudity of dwellings. This work follows
previous work in the area of quaity evauation of dwellings, namely the development of the Qudlity
Dwelling Framework, QDF.

While attention is being given to the careful characterisation of the universe of dwelling users, in order to
define a strategy for the implementation of the certification method, QDF is being extended in order to
support the evauation of quaity of dwellings, after congruction.

QDF is proving to be an adequate framework for development of computer programs that implement
quality evauation methods. These computer programs will be used to help in the promoation of a quality
evauation culture. They are expected to play an important role in the implementation, and adoption by the
various actors, of aqudity certification method in the region of Trés-os-Montes e Alto Douro.
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