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ABSTRACT to be reconsidered. A feedback procesafesrred
_ _ _ where further information or additional expertise
Computerbaseddesign aids have much potential to might be required with aubsequent re-analysis and

improve the productivity ofthe designprocess and  synthesis of modified or even new design solutions.
provide more confidence ithe performance of a

building. Although sophisticated design aids have 1NiS designmethodology illustrates the need for
existed for some time there is still a reluctance to use'®edbackand theessentially circuitousature of the

them to full advantage. This is particularly true of Process. However, if the productivity tbe process
the strategic phase of building design. The barriersiS © be maintained or enhanced the number of
to theuse of computer modetre exploredand the  feedback loops needs to bentained. Iftoo many
means by whichthey can be overcome via the loops are generatedbecause of poor synthesis or

education of post-graduate studeatsd practising evaluatlon. procedgreshe.n thgproducuvny of the
professionals are discussed. process will be seriously impaired.

The Royal Institute of British Architects(RIBA)
developed dplan of work” [1] as a management
1. INTRODUCTION tool for building design. This is outlined in figure 2
The basic procedures involved ithe design of a and suggests that two distinct phases exist within the
commodity are the same whether it be a toaster, 4€SIgn processstrategic andtactical. The needs,
supersonic passenger aircraft or a building. TheseStructures and organisation ofinterdisciplinary
are illustrated in figure 1. Thkey to any design comrlnun|cat|on', and the' types. of design tool
methodology ishe setting of the design brief, which reduired, —arelikely to differ with regard to the
implies the need to gathand consider information ~ hature of the activities undertaken withthese
to implement the client's wishes. For buildings the Phases of the process.
analysis of this informationmay begin with a
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Figure 1. Simple model of the design process. OPESF\I’;"EI'ION

If on examination, the design solutions do satisfy
all the implied criterisspecified inthe brief, or fail ~ Figure 2. Outline of the RIBA “Plan of Work”
to comply with regulatory requirementshen the stages. [1]

basis on whichihe solutionwas developed will have



Ideally the strategic phase comprises the
development and examination ofdesign ideas
arising from the requirements of the brief, the
experience of the designerand the information,
fashions and ideas current at the time. The
feasibility of new ideas othe application of new
technologies will be examinednd their potential
assessed. The fitness of a number ghossible
solutions will be evaluatednd modified. Towards
the end of thigprocess a choice will be made as to
which scheme will go forward for continued
development intahe final building. Ascheme
design will follow, from which detailed drawings
will be developedand calculations made fapecific
aspects ofhe design. Therojecthasnow entered
the tactical design phasaed individualsystems will

design team.

The designand development of most commodities
requires interactionbetweenteam members with
very different skills from various professionsThis

is particularly true regarding the design of modern
buildings. The multi-disciplinary nature of the
design team requires good channels of
communication to ensurg¢hat one design team
member’s decision doesiot become another’s
problem. Inadequate channels of communication
lead to an increase in the numberpobcess loops
undertaken before the design is brought to
completion.

In the UK, the present desigmprocedures have
existedand developed sincéhe 19" century. Thus

be considered in greater detail. This will include the the modes ofinteractionbetween professionals, and

sizing and design of the building services.

Within both the strategiandtactical phases, design
aids andtools have always been utilised in an
attempt to improvehe productivity of the process
and toincrease the designertonfidencethat the
proposed solutions will be fit fotheir purpose.
However,many designers are anxious at speed
with which computer based desigpols havebeen
developedand consequenthare concernethat they
may be less valid or safthan the well tried
traditional methods.

The significance oand theutility provided by many
of the conceptsand physical modelling techniques
applied in modern computer design aiday not be
understood by some members thfe team. The
difference between steady stated dynamicthermal
performance of buildingand building components
is a good example othis. Also, many
professionals see computisign aids as a threat to
their own expertiseand knowledgeand thus to the
salaries thathey command. Consequently, it is
important that theoncepts involved in these design
aids are understood agell as their merits and
limitations.

Design requires the assimilation aften disparate
elements whichmay interact in avariety of complex
ways. Representations of thgrocess of design
such as those in figuresdnd 2suggestthat it is
possible to reduce thesmteractions to ordered
forms.  However, such models cannot make
reference tahe possibility of intuitive action or the
“creative leap” which is so often a characteristic of
design. Creativitydoes not operate from a
knowledge vacuum but is a process whiehceives
or joins existingobodies of knowledge in neways.
Computer tools developed t@id decisionmaking
during design should be structuredattow the team
realistically to exert adequate contanhd influence
overthe process. They muétlly enhance the use
of the creative talents ofall the members of the

the sequences of decisiomaking, mostly have
remained unchangddr many years. Much dhis
experiencéhasbeen encapsulated the RIBA “Plan

of Work” [1]. The structured approach to building
design outlined in thplan ofwork implies agreater
degree of inter-professional consultatitiran often
occurs in practice.  Traditionally, a design team
arrangement will be as shown in figure 3.
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Figure 3. Typical design team arrangement.

An inherent risk with this hierarchical structure is
that only the architect, acting as team leasigoys a
close relationship with the client.  For the other
members ofthe team it often seemsthat the
communication route is one-way, fraitme architect.
As buildings becomemore complexthis top-down
approach to design is likely to result in inefficient
design methodologies whetiee feedback loop from
evaluation to analysis is initiatedexcessively
frequently. An interdisciplinary approach to design
where all the relevantprofessionsare represented



from the inception stage ibecoming essential in

orderthat amore linearprocess may bmaintained
servicing the parallel needs afl the design team 2. COMPUTER MODELLING - AN

members.  An alternative arrangement of the EDUCATIONAL RESPONSE
interactions between design professionals could be as

displayed in figure 4. Individualsandteams will alwayslemand the right
to work in the manner whichthey consider suits
them best. However, orexamination many separate
modes of workingcontain common features. If
design aids are to besed effectivelythen a
Technical design staff framework for their application within the design
process must be recogniseshd developed. The
integration of computerbased modelling and
simulation in the education of building industry
professionaldiasbeen acentral feature of thpost-
graduate, ongiear MSc course in Energgnd the
Quantity Built Environment at Cranfield Universityffor the
surveyor past tenyears. The course is provided for
architects, building services engineetructural
engineers, planners andurveyors in order to
encourage a common involvement with energy use
in buildings and to promotethe concept ofinter-
CONFIRMATIVE

COMMUNICATION disciplinary building design.

Students studyhe subject of energyand thebuilt
environment across w&ide subject spectrum; energy
supplyanduse, politicaland environmentahspects

of energy useheat transfer andecovery, solar
energy technology, building desigmdconstruction,
climate respecting design, building services and
controls, thermahnd visual comfortand indoor air
quality. Theythenmove on toput this knowledge
into practice, working in multi-disciplinary teams,
firstly on small scale building design projects, of two
Although a projectmanager will be required, this daysduration, and then on a largeuilding design
structure is lesshierarchical andcommunication  project lasting for eight weeks.

links would beregarded as important throughout the
whole process. At present evethe most
sophisticated design tootend to bevery discipline
specific and often reducerather thanenhance the
opportunities for interdisciplinary, interactive design
activities. Generally, the greatest barrier to the
adoption of these design tools in practice ipoar
understanding of theapabilities on theart of the
design team, a lack of common understanding or
languagebetweenthe variousprofessiongegarding  With the experience gained from these small projects
the desigrprocessand apoor understanding of the  the studentghen move on tothe larger building
design process othe part ofsoftware developers. design project. Fothis exercisethe students are
The manner in whictthese toolsare used is an  briefed as for a live building project, by a
important aspect withegard to theiusefulness and  representative of the client organisation, on the
the development of methodologies which take client's requirementsnd thesite for the building.
account of the needs of the desigmocess is  The studentghen proceed withthe design of the
essential. building, makinguse ofthe fully dynamic, computer

Potentially, sophisticated computer based design aidasedthermal modellingand simulation program,

can improve the productivity of the strategic phase of 125 [Thermal Analysis System].

the designprocessthrough the rapid evaluation of The Tassystem, was developedriginally in the

design options. Department of Applied Energy at Cranfield Institute
of Technology [now Cranfield Universitygnd is
now owned byEnvironmental Design Solutions Ltd,
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Figure 4. The design process and communication
within the design team.

For the smallemprojects,the students makase of
steady statethermal and daylightingsimulation
models to providehem with rapidfeedback on the
effects oftheir designdecisions. These exercises
provide them with experience of the integration of
simulation results into the desigdevelopment
process, group decisianaking, task allocation and
the presentation of the final design.



[EDSL] who usethe system commercially and designated, according to different materials or
continue todevelopand distribute thesoftware [3]. combinations of materials occurring in theofs,
The system comprises of several component ground and intermediatéioors and internal and
programs, which combine together to provide a external walls. At thigarly stage, externglazing
dynamic simulation of the heat transfprocesses can be designated by entering the percentage of
taking place in the building under test. This external surfaces to be glazedhis allows rapid
system is used &ll stages of the student’s design evaluation of theeffects of glazing areas and
process, in order to explothe three dimensional orientation on the internal thermal environment.
aspects of their design proposals and the The latitudeand orientation of thenodelare set as
relationships and interactions alpaces,internal required butcan be changetbr later comparative
environments, constructioand finishing materials, simulations.

climate and site conditions. Shadow calculationsan be performed, on the three-

The first stage of the desigorocess involves an dimensional model, which plot thpath of solar
analysis of the site, the client’s requiremeamtsl any ~ radiation incident on the buildinigr periods up to a
further necessaryesearch. The thermal simulation whole year. Sunlight and shading patterns caso
program can be useful eventhis early stage, as the be displayed graphically onhe perspective and
geometry ofthe siteand surroundindpuildings can  elevational views of the model.

be entered in the programnd graphicalplots
obtained of the shading of the site by the
surrounding buildings.

In the ‘A-Tas’ program, building constructions made
up from layers of appropriate materiagse applied
to the designated building elements

Students are encouraged #malyse the spatial
accommodation requirements; size, shapdume,
connectionsand interactions by these of ‘bubble’
diagrams. These are extended into a further
dimension; the identification of the environmental
requirements of thespaces such as preferred
temperatures, daylightinglevels and acoustic
considerations. Accommodationan then be
groupedand positioned by environmental as well as
functional requirementsand interactions. These
processes of analysisdsynthesis form théasis of
simple exploratory models entered inte thermal
analysis programs. Thgecond stage dhe design  Thermal simulations can then heerformed for
process is treated as @itical phase, in which either oneday or for any period up to a year,
students develop a strategy fiveir design by the utilising an appropriate weatherfigelected from the
evaluation of conceptual sketch proposals. To assistlatabase.

in this process, they usthe Tas thermal simulation
program in order to makbasic assessments of the
effect of orientation, glazing type and area,
construction materials, buildingse and occupancy
on the thermalcomfort of the occupantsand on
energy usage for spadeeating and pssibly air
conditioning. Theeffect ofthe proposed building on
surrounding buildings can also be assessed.

Internalconditions filescan beset up for each of the
designated zones fgrarticulardays ofthe week or
times of the year. Thimternal conditions indicate
the quantity of internal gains, to be taken into
accountduring the simulationsfrom the rates of
sensible and latent heabutput from occupants,
lighting and equipmentand the duration ofhese
outputs. The requirementsr heating andcooling
plant, set points, controlaind periods of operation
are also entered asare air infiltration and
mechanical ventilation rates.

Students are encouraged teep the computer
models as simple as possildering this strategic
stage of the desigprocess sdhat theperformance
of a range otombinations of built form, orientation
and building materials can rapidly kmssessed and
compared. The table in figure 5 indicatesv a
matrix of combinations careasily lead to darge
number of simulations requiring careful tabulation
This opportunity for early evaluation of sketch and recording of results.

proposals provided bythe thermal simulation

program, is considered to bevary significant part

of the process of building desiggnd of thestudents

learning experience.

In the ‘3d-Tas’ program the buildinfigrm is entered
floor by floor, perspectivesand elevationscan be
produced in order to displathe resultingmodel.
The building model is thedivided into zones on the
basis of occupancy, heating and cooling
requirements, orientation etc., which need individual
or collective considerationduring the thermal
simulation  process. Building elements are



3D Base Mode

Glazing Construction Orientation
/ 1 N\ I
20%| 40%|f 60%| | Thermal
mass
>§2< l | Four
| Sinale Il Doublel High| | Low orientations

6 simulations ¢ 12 simulationd 48 simulations

Figure 5 Development of a simulation matrix

In building typeswhich involve repetitive grouping
of accommodation such as schodaiffices, hospitals
or residential accommodation, a representatiset
of the accommodatiosan bemodelled to provide
adequate feedback ihe early evaluation stages of

the design process as figure 6.

entrance

cloaks and toilets

circulation

classbase | classbase

Figure 6 Typical repeated classroom arrangement

The results of

the oneéay simulations include
hourly results for each zone in termsirdernal air,
mean radiant and resultatgmperatureand hourly
heating andcooling loads.
longer batch simulations providéeating and

cooling loadsand solar gain per zone, per month.
The results of temperaturehecks can also be

obtained. These givihe number of hours amhys

within the simulation period when
temperature in each zoesceeded levels, set by the

The results from the

operator, during certain times of day.

Using other simulation programs, the daylighting
and artificial lightingrequirements of th@roposed
buildings can beexplored and fed backinto the
thermal simulations in an iterativerocess. In the
thermal analysis programindows, doorsand other

the air

ventilation openings can be sizeggsitioned and
periods of opening scheduled. Detailed studies on
the effect ofshadingdevicesheating andrentilation
plant andcontrol mechanisms caalso be brought
into the investigation.

In all, the students present tHevelopment ofheir
building design at four stages thfe desigrprocess,
to a group of assessorgcluding the client
representative.

A valuable aspect othe designexercise is the
management of the simulatigorocess;the initial
use of simple models in early decisioraking, the
simulation of representative parts of the
accommodatiomather than thevhole building, the
setting up of matrices of variable design elements to
be testedand the quantitative evaluation of the
simulation results. By working throughhese
simulation based investigations, studeats able to
evaluate the interactionbetween the different
components which make up thieermal orvisual
performance of a buildingnd sodevelop a deeper
understanding of the thermiaéhaviour of buildings,
the building desigrprocessand anappreciation of
the skills of different members of the design team.

This understanding of the abilitiesnd methods of
the various professions and a willingness to
participate in multi-disciplinary working, aided by
computer modelling, is a valuable asset in the
creation of buildings whichsatisfy clients and
building users and meet environmental
requirements.

Attempts have been made taove these ideas on
from the educationalworld into the realm of
professional practice. Ontwo occasions the
department hagacilitated the working of a multi-
disciplinary design team consisting of practising
architects, building services and structural engineers,
interior designers, landscape architeatsd client
representatives.  In each cabe project involved

the design of a Primary School for a local authority.

Conclusions from the firstexercise werevery
positive interms of the final building design, the
extent of inter-disciplinary workingnd theuse of
the computerbased simulation methods. The
second exercise was less successf]; an
unwillingness was indicated bysome of the
participants, podisly through lack of experience, to
contribute to the tearbased, exploratory approach
to the design processing computebased methods.
This indicatedhat putting anulti-disciplinary team
together does not necessarily lead tointer-
disciplinary working. Both exercises showed the
importance of the management role in inter-
disciplinary working.



3. CONCLUSIONS

These experiences, reinforce the néddiscussion
within the building industry of theise of computer
based simulation methods fraime earliest stages of
the building desigrprocess,and the integration of
computer based modellingand simulation
techniques into théraining of themembers of the
building design team.

Neither post-graduate students nor practising
professionals have amnate understanding of the
manner in whichcomputer based modellincan be
applied to building design. Consequently, an urgent
educational need exists to provide training.
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