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Abstract

In the Department of Construction Science, we hieseloped and documented a specific model of
systematized process in order to carry out actwitnf R&D&I oriented to a detailed design of
constructive systems of innovative facades. Thiigie model will be used as a guide for the study,
analysis, design and evaluation of the proposedisak for facades.

This model of systematized process of researchigesva general idea of the set of stages and
activities in the processes of R&D&l, with a gragddimap and a documentary structure that describes
how all the process works, step by step, faciligaits comprehension and application. The protocol

details the key procedures within the global preces

This protocol allows elaborating the programmg necessities derived from the conditionings,
requirements and demands related to every spefeifiade, assisting with the definition of the
technical characteristics of its parts and comptsmenapproach the conceptual and graphical design
of constructive solutions, in successive stages.

This protocol provides the means to analyze anduate every particular design of facade and the
process of R&D&I that has been followed, so thatllivws to justify andlemonstrate the fulfilment of
the requirements and demands that concern evegg sfathe complete life cycle of facades, and to
identify fields that could be improved in the R&DQtocess, in order to apply corrective actions.

This protocol is complemented by sor@apporting Technical Documentshere the scientific and
technical criteria and the information from compusregulations that are necessary to take degsion
in the design progress, are developed.

On the whole, it is a useful tool that allows rapidilability of knowledge and rigorous information
related to the process of R&D&lI, to the construetsystems of facades and to the activity of the
diverse agents involved in the building process.
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1 Introduction: description of the protocol for the study and develpment
of constructive systems of facades.

In the Department of Construction Science, we rdeaeloped and documented a specific model of
systematized process that establishes the methgydtdocarry out activities of R&D&I oriented to a
detailed design of constructive systems of innaeafacades. This specific model will be used as a
guide for the study, analysis, design and evalnaifdhe proposed solutions for facades.

The numerous facts and circumstances relating ¢adies are closely interrelated and need to be
considered systematically during the various phag#ss process.

This model of comprehensive and systematic prdeas$een calle@ihorough Protocol for the study,
analysis, design and evaluation of Constructivee®ys of Facadedts acronym is PROEX

The PROEX gathers the following features:

Provides a general idea of the set of stages adtias in the processes of R&D&lI, with a
graphical map and a documentary structure thatritbeschow all the process works, step by
step, facilitating its comprehension and appligatibhe protocol details the key procedures
within the global process.

The PROEX allows elaborating the programmhenecessities derived from the conditionings,
requirements and exigencies related to every spdeaifade, assisting with the definition of
the technical characteristics of its parts and comepts to approach the conceptual and
graphical design of constructive solutions, in &stve stages.

The PROEX provides the means to analyze and eeagvary particular design of facade and
the process of R&D&I that has been followed. Itoal$ justifying and demonstrating the

fulfilment of the requirements and demands thateom every stage of the complete life cycle
of facades, and to identify fields that could bepiaved in the R&D&I process, in order to

apply corrective actions.

The PROEX includes a number 8fipporting Technical Documentsquired for its application, to
help understand and interpret those aspects tleat fether clarification, taking into account the
particularities of facades.

TheseSupporting Technical Documendevelop conceptually the scientific and technarékria and

the information from mandatory regulations that meeessary to take decisions in the design process
of a facade. This body of knowledge and data adatagl according to the progress of general and
own knowledge and to the demands of society.

TheSupporting Technical Documeritgat have been developed are related to:
The comfort conditions of building users.
The actions and solicitatiohs
The general and specific conditionings.
The general and specific requirements.

The development of exigencies.

! Protocolo Extenso para el estudio, anélisis, disgfevaluacion de sistemas constructivos de cermaimsede
fachadas innovadoresPROEX
2 Solicitations refer to the combination of actiais/arious kinds that act together.
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The PROEX and th8upporting Technical Documeritsclude procedures for progressive control of
the successive stages of the R&D&I activities azxlilts.

2 Integration of factors and circumstances to be comdered and assessed
in the study, design, analysis and evaluation of netructive systems of
facades

This model of systematized process, proposed tdegtlie research works, has been represented
graphically for better understanding and use (Ejg.

Figure 1: Integration of factors and circumstartodse considered and assessed in the study, design,
analysis and evaluation of constructive systenfagddes
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All the factors and circumstances that should benanto account are integrated and listed in a
logical order, from the general aspects to the ifpemnes, structured and interrelated in successiv
levels.

The PROEX provides at each stage, the means fattioly of each facade solution, (steps from 1 to
7), the means for the fagade design, (steps 8d9a) and the means for the analysis and progeessi
evaluation of the validity and appropriatenesshefdpecific fagcade solution (steps from 11 to 14).

The PROEX and th8upporting Technical Documental also be helpful:

- As a guide to identify athe aspects that, in each particular case, magtaffe facades in the
phases of design, building and service.
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To define qualitative and quantitative exigenciéslitferent kinds and according to them, the
conditions that the facades should achieve to Haveequired performance.

To choose each specific constructive solution effdtade and to assess its likely behavior or
to prove or demonstrate compliance with the exigenwhich affect it in each case.

The upper part of the graphic scheme corresponttetmeans of study and design related to general
and specific aspects of each facade solution.

The lower part corresponds to the means of anadysisevaluation of the specific design of facade
that is being developed.

2.1 Stages 1, 2 and 3, initial data input, required preious information

The first step is the assessment of the physicat@rmment related to the fagades, distinguishing:

The physical environment outside of buildings, defileg mainly on their geographical
location.

The physical environment inside buildings, whichpeleds mainly on its use and the
characteristics of the building.

And the physical internal environment of the fagad#epending on the characteristics and
properties of each particular solution, and on gaj®xterior and interior environment.

2.2 Stage 4a: comfort conditions

The next step is estimating the comfort conditiohihe users of buildings.

The concept comfort refers to the set of envirortalecharacteristics of the indoor spaces that are
required to ensure that users feel a sense ofdaalband psychological well-being, according te th
kind of developed activity.

In the Supporting Technical Documentlated to comfort conditions, the various comprys
regulations and the reference basic documentdtmre been studied in detail. This document gathers
the physical and biological fundamentals relatethéosense of hygrothermal comfort.

2.3 Stage 4b and 4c: actions, solicitations and theiffects and consequences

In the next phase of the process, the potentiadtrdctive actions that will affect the buildingear
assessed, as well as the internal forces derieed thhe actions, and their effects and consequences.

The concept of action refers to actions carriedooua particular building or its construction elertse
and components during their entire existence, botiormal situations, according to their conditions
of use, and in extraordinary situations. They ange do physical, mechanical, chemical,
electrochemical, and biological agents.

It is important to design the facade systems sothiey have the durability needed to keep thetiahi
performance over time, assessing the effects ansecpiences that the simultaneous combination of
different actions can have.

The evaluation of the actions and solicitationbased on the analysis of the physical environments,
considering the specific location of the buildints use, and the interactions among the parts and
components of the facade, and of these with theofdbe building, as a result of the features afhe
facade solution.
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2.4 Stage 5, conditionings

Taking into account the characteristics of the matsnvironment, the actions and solicitationg, th
comfort conditions and other specific circumstanedated to the facades, we study the conditionings
arising from this.

The conceptconditioning refers to those aspects of very diverse nature dagitee of influence,
depending on which the ultimate result of an afgtimnay achieve the intended purpose. This concept
can be applied to different fields: R&D&I activideprojects and processes of construction of aevhol
building or some of its parts or components (faxraple the constructive systems of facades), etc.

These conditionings should be taken into accoury @athe process of developing the solution and
latter to make an assessment of the achieved sesult

We propose a list of the various types of conditiga, which is a guide to identify and define those
that explicitly or implicitly are required in easlpecific case [1, 2]

2.5 Stage 6, requirements

Based on the various families of conditionings, iguirements to be achieved by the solutions made
with the new construction systems are defined. ¢Jsin set of main objectives, the different
requirements are defined, each of which in turmiltesn a set of specific exigencies that should be
fulfilled to demonstrate that every requirementsidared is satisfied.

In this stage we distinguish between mandatoryvahehtary requirements and objectives:

The Mandatory Requirementare defined and specified in laws and regulatioihsarious
kinds depending on the intended use of the buildiffigey are directly derived from the
application of CPD 89/106/EEC [3] —essential regumients— and the Spanish LOE [4] —basic
requirements—.

Other requirements have a voluntary nature andiimeof improving the minimum level of
features that is derived from the mandatory requénets. These voluntary requirements can
have several purposes: economic objectives, piassigcompetitiveness, etc. These can be
called thereforémprovement Requirements.

2.6 Stage 7, exigencies

In this stage the definition and quantificationtlog exigencies, in the form of specific conditiarfs
different nature that should meet the construcsiygtems, is done to ensure that buildings meet the
main objectives of each of the requirements.

These exigencies are sorted into different famihesl, like the requirements, are separated into
Mandatory and Improvement ExigencieBhe former are defined and specified by mandatory
regulations (eg. In Spain, they arise from the anpntation of the Technical Building Code [5]). The
Improvement Exigencieome from thémprovement Requiremenighich have been incorporated as
targets of the promoter or the researchers thaldpa new construction product.
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2.7 Stages 8, 9 and 10: definition of the characterigts and properties of the fagade; graphic
design of the fagade solution; formal and technicapecific solution.

All this information can produce a detailed prografrthe specific necessities of facade constructive
systems and define their technical specificatiortss allows continuing with the conceptual and
graphic design.

The characteristics and properties that should Hav@ew constructive systems are defined based on
the necessities program in order to fulfill theuirgments to be met by buildings.

Progressively in successive approximations, thecemtmal and graphic design is set to reach a
sufficient level of definition to consider it adiest formal and technical solution.

Once this first level of definition is reached, theans of analysis and evaluation provided in the
PROEX are applied to check the validity and appadeness of the work.

2.8 Stage 11, justification of the constructive solutio

In this stage of the PROEX, the control proceduregustify and demonstrate the validity and
appropriateness of the constructive resolution, &ne compliance with the exigencies and
requirements are applied successively.

2.9 Stage 12, analysis of the validity of the used data

In this part, the analysis of the used data is diyne

The analysis and assessment of the comfort condiamd the actions and solicitations that
have been chosen.

The analysis of the definition and specificatiorthf mandatory and improvement exigencies.

And the analysis of the definition and specificatiof the characteristics and technical
properties of the solution.

2.10 Stage 13, repercussion of the achieved performanteyel

The next step is to make the assessment of theegégerformance level, evaluating:
The response from the specific facade to actimigjtstions, and conditionings.

The level of suitability that has been achieved.
2.11 Stage 14, repercussion of the achieved features
Subsequently, we estimate the impact of the assedsof the reached level of features, on the

durability, comfort, consumption, costs of constimt and exploitation, obsolescence and
depreciation, the behavior of the facade and igiomship with the rest of the building, etc.

2.12 Stage 15, proposal

Based on the results, we propose:

Correcting the deficiencies.
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Feature improvements.
Possible alternative solutions.

Initially, in the process of developing construetigystems of facades, we do not make a full
implementation of the contents of the PROEX. Itplamentation is progressive depending on the
degree of specificity that will be reached on ehnical solution.

The systematic implementation of this model all@vsgorous monitoring of the process status and
ensures control and quality of the used informatind the obtained results.

3 Conclusions on the implementation of the PROEX

The PROEX consists of a set of interrelated stiggtsare combined orderly in a more or less flexibl
way and forming a sequence of successive actioadagical order, to guide R&D&I activities in the
field of innovative facades. The combination ofthltse stages form a complete functional unit, more
or less complex depending on the size and complefithe R&D&I activities, which constitute a
specific methodology.

Applying this protocol and taking into account tleguirements defined in each of the stages, we get
results that allow obtaining reliable and demordé&advances and meeting the expected objectives
and purposes.

The PROEX and th&upporting Technical Documerttgive been used to study the facades of three
buildings, with the aim to check their usabilitydapractical usefulness [6, 7, 8]. This implemewiati
has been partial because the buildings are alfgaittyand in use.

The complete verification PROEX requires its apgtian to other cases: the analysis of an existing
constructive system of facade, the design of adadar a particular building and the development of
new constructive systems of innovative facadessé&heill be subject for further investigations and
will allow expanding and updating the contents, edsing the method of application. The PROEX
and theSupporting Technical Documerdase very flexible tools that are easily adaptethtostage at
which each case is studied (project, constructeryice).

The Supporting Technical Documeraad the study of the facades of each selectedibgihave been
developed simultaneously. This way we have comglé#ie contents of thod@ocumentswith issues
that have arisen during the studies of buildingd #re studies themselves have been improved,
because th&upporting Technical Documengmd the PROEX contain issues that otherwise would
have gone unnoticed.

The PROEX has helped to structure the study othilee buildings. We have compiled the specific
data related to the physical environment outsidnefbuilding that are closely related to the lmrat
and the climate and we have studied the consteuciharacteristics of each facade. In addition, we
have considered the use of the different spacesgatbe building that influence the physical
environment inside the building. Both physical @omiments are closely related to the actions and
solicitations that will act on the facades andhi® ¢comfort conditions of the users of the building.

We have checked that ti&ipporting Technical Documentdated toActions and solicitationand to
General and Specific Conditioningse the most useful for this partial implementatibthe PROEX.

The implementation of the PROEX to a specific daas allowed valuing the constructive solutions
adopted in the facades, their features, their actesn with other constructive elements and cheagkin
their strengths and weaknesses. We have proposeddhb case, a number of improvements that allow
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addressing the weaknesses that can be motivatadpegts that either were not taken into account, or
were not assessed properly during the design mafdabe buildings and their facades.

The PROEX and th8upporting Technical Documerdase very useful resources that allow obtaining
reliable information. They constitute a guide thlidws integrating and considering systematicdily t

various factors and circumstances that can infleehe performance of the fagades and that otherwise
could be ignored.

This partial implementation of the methodology aesources defined in this set of documents shows
that they will also be helpful to provide relialsteeps in future R&D&I activities to develop innoest
facades.
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