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Manctionnl requirenent: o iy hardveg builcing clcients, cone
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e INTRODUCTLON

Yhe crecticn of a building has one ain - to satisfy the ro.uiro-
mentls the vosr has ou his buili environment,

This faet hus now been rediceoversd, having becn lost for the
pant years,an it wos of winor frvoriance when traditional desicn
golutiona and raterials cere used, of which both the builder and
the vser hnd suflficient euperionce. ng they were results of a long
evolution, ’

The recacons for ihis rediscovery arc severail:

~ the urbznization process has creuted new tyves of built environ-
ments where hunan requirements have not been satisfuctorily
dcalt with

= the uppecrance of new products and materials on the btuilding
market, which are not compatible with existing norms and
slandardsn

= tho rising ocostis of iraditional building solutions and materials.

Conscquently the question of user o human requirements and their
application on differcntvlovels of the physical environment are

being discussed and studied amont profeasionsl organi:cations and
bodics, .

The major regsearch efforts in this field co fer originate from .
the U § A, whoroe the National Bureau of Standards has de7elopou

the performance concept to be epplied in Croration Breakthrowgh (1)_
and from Japan, whera the Building kescarch Institute ic developing
a systematic anproach for the scleotion of building raterials (2).
Resoarch work is also being carried out in Engzland and the Scandi-
navian countries, ‘ '

Among international organizations CIB {(International Council for
Buildin; Rescarch Studies and Documentation) has crected & new
vorking group (CIBU6O) for the avvlication of porformance concept
and reactivated & workinz; group for the hunan requircuents (013345).
In addition 1o this human re %reuentz'weru dealt with at the _
Yth CIB Con-ress in Juno 19 n Peris (3).

In KHay 1972 RIL:, A8Y%4 and BIB w1l orranize a synponiua with

tho theme "Performance Concept in Buildinz®, vhore huzan requirements
will be onc of the topics to be éiscucsed,

diih this buckground the obleciive of.thia paper ia to outline thcAK
possibilitics of defining functionel requirements on building materials
on the basis of humun requirements on buildings. '

\




2. FURCTYION..YT, Ref Ul id
2.1 Definition (funclional or nuwnn requircnent.s)

The reguircorents to heaning hardvare: buildin: -:lemenis, coaponconts
and materizis, which are deeived (roa the hunan needs and the
covreanonding human reguircuenic on buildinw ore called functional
requirenents,

Charactorirlic to these reguiremants in that

- they arc oricnted to the use of the dbuilding and to the user

- they arc inlcpendent of the teochnical soluticus und materials uwsed.

2.7 FPunciionnl yeoviwnonts on @i ferenl nerformance levelocin the building

Punctionsl resuirencnts ccn be d~Tined on differont levels of
perfocomance in the hailding systeun: buildineg, dboilding clement,
conponent, waterial and are gharactercined ofi.rurrezponding level
by pronpsrties relovanl vel?unc tion to be porfovmad, Punctional
requirenents ere formulated'in a &ifferent vy depending on Lhe
level in question but reference should be wmade to a funetional
requiremeat oc the level above &nd on the building level to the
Fuiran requireacent in guestion. Thio iz necessary in orxder to
foreceec the concequences of the reoquirements to the total building
colution ani its cheractoeristics in use,

?2.3% Fanction?) reguiren-nts vs nronertics

When functional requircmenta are transferred to properties of the
material or objiect two conditions shovld be wct:

- ihe property or combination of projertics should de relevant
and sufficient to cover the various aspects of the functional
requircnont

- one¢ should be able to quantify the propertices and evaluate them

vith accessible nethods,

in order

The difficultics encountercd¥to .cet the first eondition are covident
vhen atudying material and product cpecifications in the building
field. the propertics usually specified can be referred to three
catesories:
- properties which can be directly aszociated to product attributes
-~ properties which can be measurcd by munerical nethods

- proportics of which tnc buildér and producer have c:perdence

In most cases no reference is nade to the functione to Le perforned
or to requircrments on higher systen leveic (building clenents, building),




Althoush functional recniremecntls are auzlitoiive im nature (the
corresponding qaantifisd requirencents o arenealled pexforrance
requircaents) one shauld whon appiying functional reounivenontn

be able to guentify the reauircnent and refer to on evaluation tech-
nique for cnsesnment. fven LI thin §s possible for nom: of tho
choaen propertien, whicn conscquently ean by acscessed in the final
solulion we st1l) laci knov:led e of how to quantify other proprrties
espeeially those concarmin: function-l requiremonts correuponling:
to humen roquireranis from poyeholorical and sociolo~fenl noude,

The problem of comparing quantitative and qualitative proverxtics

is tharefore onc of the most scrious oncy asaccivoted to the socond
concition.

Anoiher problen assoeiatcd to evaluation i the mcasurement of the
coizbined effect of %he rzlevani preportice in the environment, in -~
vhich the product is to be used,

2.4 PFunctional =cantrencnta ve other roguirenants

In epite of the prodleus mentionsd under 2.3 to be rolved vhen
makins functional requircnonts operative in planning there are
several Tagas for the continucd development and uso of these
requirements: '

1. Material dependent roquirements and standards aslow down the
development of new wltcrnatives and are an obstacle for innovation
in building.

4
2, The use of functional requiremonts will allow for evaluation
end comparison of technisul alicrnatives on equal basis indopendeant
of the specific properties of the material,

3+ Functional reouirements present a link between the user and
the building industry, thus iuproving poauibilities for commvnication.

4. Priority can never be statod only botween matoerial propexrties
without regard to tie fun:tional requirements,

9. The use of functional requirenents in spite of the prodlems
renaining to be solved will increnss our conciousneas of vhere
reauirements and lead resenarch and development to etudy tho leas
familicr hunan requireaments and correspondins functional requircmonts
on housinz hardwvarc.

3+ NETHODS FOR STUDYING HUAAR REQU I RIZIRYTS

In the past the hunman or user's requirenents have mostly beer
satirfied through the desi-ner's intuition or by studyin: existing
solutions which appearcd satisfactory, Because of this rascarch and
developnent has been uostly ocounicd with evaluation tochniquos
and ctendurds for tho latier caae and the flunan requirements have
not been syctematically identificd,




For the svaieabic jdentification of huian regulivencuts two me thods
ha e been sopsested (1)

1. Systematie annlyscic of cxistiny housin: solutiouns and abstraction
of human voquirements from ‘hooe.

2. Study of howrn needs and usor charuwclerisling.

An example of the firut approach is ke 1int of hunan reguirements
precoented ot the CIB Con rees in Poris thin ycar (3). The list was
c1renteq T as a recull oof a lavge sunvol o anony C18 meabers and
other proferrional orm insiiony and prageatr o review of human
reaufreuenty, whish wre suated to be univorsal. Ko reference 18
consegnently nide Lo the wours’ phisinlo ical, pevcholo lcal and
gocinl needns or users! (haracicr.evics,

fhe followin: kinda ef reguirements are listed (2):

- anousiical

- orfacvory and respiratory

- tactile )

- visuel (Qizhtnins, quzlily of whai is seen in the interior, view
of ihe oulside worlc) :

~ thermal and humidity

~ regquirencnts velated o monents, vibrations and deformations of
buildinrs

~ reguirencnts celating lo masnetic ficld, to elrcctrio field, to
iors and jondwin’ yadiations

-~ jnsulatlion

-~ pafely (siability, safcty at fittinos, in case of fire, with regard
te intrusion, of mever~nis within the buiiding)

~ hysien, purity of air, romoval of noed water and materials,
alimentary hygien, bodaly hyglen eic

- priveeyt in relation to the outside and in relation to the membars
of the {roup

- cideptation to the method of occupation or use of the promiscs

- roquiremenis foir the cise of disasler

~ {economic regquirement, aesihctic requirement),

Phe reccond spproach is  move  difficnl* and vill not today give
weoncrete resuit as the first one. The application will require
‘detailed knewledse of humcn needs {physiclogical, psycholorical, svelal),
the speeificatiocn of users' charactceristics (ere, social group adn)

ani evalu - tion teoiniques have to be developed to measure the

"rneods satiairction™.

Kowcever, whea succensful, this approach will provide for innavation
and be free of traditicnal heusin, solutions, Dzcause of this, tho
e tned chowld be ecpecially considered wher smcarching for solutions
Lo be applicd in counirics vhere the humewn requiren.cnts, both
quisl{taiive and guentitative, nivht be quite different {rom thoce
abstbrocted fion ihe ooioting solutions Qeveloped in indusirinlized
countries, denondirs on the vcer being on tnnther lavel of nced
sabicfection wnd dafivurnt ucers!' characterisbics.




This: appreach is developed in the follovinge to ¢liscuns |ta
fmplicetions for fanctional woquircacni: or housing hardvare
treludaing buildin: muteoriala,

Ae A VODEL FOR L7 FIRING WOUSTIOUA, E-WVIP L 0eS ON BOUSING HARD./ARE

In oxder to drseribe the relation: botuern aifferent clages in
the process of e Tinirg functional i quireuscnt? the following
modc) s prefionted cnd discusned;

Hiwen ne ud.':/'u:'.t,-r':-‘,
charactoristioa

.

come e RCPIVINTS (80 be perfornued e
' in the building) -
d

HULAN RCUIEInnTs
on cnvironmenial witrihutes

in the bui?dﬂ.nc CONSELURNCES
i ~ (for the uscr and Mis
FUACTIONAL R7UIR:.ENDS. activity capacity)

on housing hardvora

L--—-/—---} CLOICY OF NZLRDIART T
T RESOURCES

4.1 Humen neodefuner's eharactorictien

Luman requiremente are dasicly derived from human needs and anal yood
in relatien to user's characterisiics (age, social Crow), ceonemie
resourcena etc), As humzn ncods are vodiy not cmpirically scoesaidle
depanding as wall on {nsufficient knowledsn of hiov the huwan needs
ary reflected in the built environviont as on the lack of evaluatiesm

tochniques, the step from needs dirsotly to requircments on Wildings
is too long.

Hunan needs anmfi,conmonly understood 4o be the driviny foree fer
human bchaviou® whicn on t - other hand is conpesed of astivity
elements. It is therefore surjcated $uat human activiiies a
gtudicd as 2 lirt hetuoon necds and yoquirewntae, Thic 13 metlvased
a8 our knowlod e ol W tivitivi I More advansed than that of human
necds and rescarch resuits end wvalvation techniques fer astivily
anulywis alrcady cxicting within various disciplines,

4.2 Analysis of uzcr's {or hanan) aclivities

Exanples of the appiication of astivatly anilysic as a bdesis fer
dbuildir: desinn e-ist, niever, the ehuice of wetiviticn has as &
rale been limitow o tridisionzl, well-known cetivities for housing
to such 2z to slren, to wurk, to ulay, to prepare food, te ead,

to entertain, lo utore, to clean and to pass in/eut.
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1t i the refere fupo tong Lo b yier woddr ap setvity licts for
hoooln; in coant anere tie o eultoasal Lo roueial bheskosound
diffoers Trom onee Wiat Lae Licd o trdinic o7 qoa nae
hald acbiviban A aoh Tt T 5 ko taoere eounn dioas without
. TS R SV AR T R ST e oo oprL onae b Lne ouser,
,j?ﬁi;'?L'“ -‘.1Jui':i v L,L et o lvitics b ke porloraed in the
Puidl i cereent ta Qapen of etovjgics 00 Geoacivo, ™hiis can
be siere biouw S inteosociow. (f v oo or user craunt, throuth
direot obioryab, oo 4 vuseets vay ef Jie ong anuivitlies
hy studyine w.or's el o cter, iu0y N ~elyin s the oxlstins
noslcd . A cctiribae o T g tes Laoeot the beat resuita all
ol Sere meoAnous may beow ot s Lo b,

Ao*i"it'eﬁ Woith £ac ) end psyadd.aicl orimin sheuld not be
At e A3 exunlciro o b tyacontouetivpbior are ivens
tn 1&1"4, Lo mackacip v, o ddaoiily, boorieutlate, to Lcek
ecntact, priviey, b0 lp et TR RUN G 1 oY

Phe 11t of activitias cnovld o canmible be straniared in
relation Lo the e v b rer ristics, wen thic knooledze is
available,

403 Hamar ypoenin nentn oo orvimons itel attrib e

Having, metanliohed Lhe Y.t ol astivities, which the built environ-
maai shoalc 23ilar Lo e prrcerreoystorstanied inorelatien to the
chivact cittics of tle varico, o ¢ groops, eann aelivity is
studicd with 7o oavd to tue i cesséry or dersrabie ¢rvircanential
ativibaces for huiidins and royuirements on these.

Spitiul characteris bics 1e the only ervircm ntul a.tribute that

80 far Mias beer atudied in ary dé2teil a8 o tfunstion of user activie
tic.. This nypro.cn is eyiomded o 211 ooy atteibuies as well

and to the "now" cattivatics o prycioalecicsl and scelal origim,

T spite of the aciin) tack of know'nde of hor thy user's activities
arc reficatad in the Haidt ¢nvirenn b, Lhls analysie will incFeasse
our conciou. nnss ot tasse probliws ani help Vo sclve tacm,

1t 0o s mesbed thcd the huear reoufrements en the varicus
envirom . at.l atterbdaliec vor physiew! p-rancters) in huildings

sUch as insor.or ¢tlmoic, spnvia srhoract e claLics, stractural
conciderations, anpcarirce wat cauipa ot (L anitiry, food preparatieam,
stocuye cbe) ace considend Iiow fovy ¢ lferernt arpestsy

1. uﬂ«) L oy f‘t‘_‘_ . o "_Zr'_‘_:."_'.:..' ‘.:,. i /\- I V re Ay to the €asy and
('mnfo' L R U Cemd ity cuilities poCessary or
desivablce dor ‘Lo uoe of the uux;l»rL or its purts ahen merforming

the activity.

2, leraipents ¢f - fetyf pyton o pofor L Ane ruljties of the
. ., e N

v

ith ro =~ ty dn ey
ant o b LY ac e Qws W oo i oo welloe
uc weil as the proteetion »f s 1 cperty.

in - of the eccupant
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5 Bﬁiﬂflflfnt“ S Q“ru~ntiqqégﬁ;giL§\nbrvr to the uger's reaction
(voth pryiii Tosic L o na pnyevots tical) on the huill cnviroument,

Lis stiruelvyiny of tso inferaatbion in i{ and tae +hility to oricntate
rnd didontity hiwmsel £,

Go Reavirironts of roefa? ad wm fibility rofer to the ocenpant's need

e ——— S o an. mren b ranr: o~

for cuntucy or Privacy wuin bne cctivitios ape taking place.

Darabiliiy ur the peoeibilitics of controlling or remuleting the
ualitic. of the attrilutes as o function of tire arc not taken up
4t a8 gseparaie aspoet Lo the rewuircaents Lut skronld be Jiplicitly
stated in cioch requuirenent (esuvecinlly uccossibility/usubility).

Exawnlces of the questions to be dealt with for vhe fonr types of
requircacnts on the abttributes  hon analycing the activities are
riven in the appendix.

After a reparate trecotnent of each activity for its requiremants

on the caviroument s»nl ithe cnvironmental attributey, the requircnents
eorresponving to cach otler will be studied to tce for wiich

requirer nis it i{s =u"ficignt to state one general condition,

eamo for al) activitiﬁn,(;or ceianle the allowed content of

aoxious puser in the -dir) and which of the renuirements will dbe
aétivjty dopendent {for cxample the roquirenment of \isionz.
When the requis ment. of tuo activities are incomputible (for
eyample acoustical privacy and acoustioal contact) iae following
queaifons shiould be askeds

¥hen and for how lows are the aetivitics to be perforacd?

¥here are the activiiics to he perferaecd?

1f the rcquirements connot be browsht to ucreement oa the tine or
Epace dimensions, priority should be stuted to one or the othor of
the activitiis in relation to its importunce for the usor.

4.4 Punction-1 requircments ca housinz hardvare

The output of the previous stage §s a set of pgercral requirements
on the envircnuentul gtiributes, .hich are the same for all acti~
vitiea (esponially tas safety/protection rcquriements are of this
type), ard a set of requirenents whioh are dependent on the activie
ties to be porforzed in Lhe building,

These rcquircnents refer to the environmental attributes of the duile
ding a3 a vhole. Since ihece eltributes =, 50 ealled the physical
Prramcters ol Whe buildin~e are not equ-l, excepiion is made for

some of the structurnl ¢haracteristics, with the cystems of housing
hurdvare, the human rrguirencentc on the wttridutes have to be
trensferrcd Lo funetioral requifcicnts on herdvwa-e. Al this transfor
procedure means A charsc of porforzance level, from the total
bullding sysiew to its *rbaystenn; clements, eonpencnts and
m:tericle, it way cven reon a reformulation of the roquirement

in terms chiracteristic for the latter lovils, Thus for oxample
Frquircoenis of acousticol Privecy will in the building level

¢ defined in terms of noise lev:l, on the mator!al Level in terms

or sound troaasnission of the Rieteriale involved, Houcver, reforepee
thould ~lw:yv be made to oripin.l rcquireucnt for lacer identificction.
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The transfer of the huron requircment to hardware should always be

dgone to a "funciional rynten", that is to al) the parts which influonce
the satisfaction of the reguirement. Thue for example the recuircucnt
of a apeccific reom tewperature shovld be ronnldored for the functional
system compored of Wilding elemints, openings {(Goors, windovs) and
heating or cooling systiems togethcr, VWhen conciderang the separate
voequircnent for each of these, refcrence should be nade to requirements
on the oihers. The tranafer dircetly to a building element or a matcrial
should only be made when this subsystem alone influences the satin-
faction of the requircment or when the requirement has to be satisfied
by all subsystems cqually.

Munctional requirenments on building materials will be of two types:

1) hequirements derived from tkose requirczmenis on enviromnentel
attributes, vwhich can be satisried by moterial properties alone,
without regard to the technical solution whore the naterial is to
be uscd,

2) By studying the implications of tlose requirements on cnviron-
mental attributes which jn the first stage are transferred to
functional requircments on' elements and componunts. on the proportiocs
of the malerials uced.

In the firci case the expected performance can be accessed by mate~ial

propertics alone, in the laiter case the performance must be evaluated
also for tho elemcnts and components in question.

In the f¢llowing exawples are given on the basis of the types
of requirements discussed in the appendix for both of thess cases.

1. Functional requircments on materiel frow human requirements
on environucntal atiributes in building,.

Examples:
invironmental attridute Functional requirements on matorials
: concerning:
Clinate
- hunidity permcability
~ contamination .
- reverbation time sound reflexion
- radiation emiocsion of rudiaticn
- noxious gases " " gases
- dust . * Qdusts
- pdours " » odours
Structural characterintiocs
- fire oombustibility
‘firc retardance
Appearance
- eolour colour

- touch curface characteriaties
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¢+ Tunciionni requirencats on building materials implicd in
functional reguiremenis on building elemonis ond cemnonenis

Unvironmental abttribute Farctiensl requircacnt on materinld
concuruing

Clinate

- lemperature Hont reflexion <nd transnisnion,

~ acoustico Sound reflexion and traninission,

= vision Light rceflexion and transmission

Spatial characteristics
~ dimensions Strength

Structural characteristics

- feilure Strength

- vibrations "

~ novemants Dimensional stability,

- intrusion Strength, chemical composition
Appcarancei

- forn Strength, mouldability

Az haz been stated before the chioice of rolevant and sufficfient
materic) propertics to zatisfy the functional requirenents is
difficuli and cevelopment vork i3 needed both for the formulation
of ‘the functional reguirenents in an operative vay and for the
stuly of corrciponding properties., To what extent the functionnl
rrquirenents or materials can be quentificd depends on vwhethor ar
not we have been able teo quantify the hunan requironcnts on the
environtiental sttributer, The sltuation today is reviewed in (5).
This knowledsc has then to Lo cvibined with the knowlezdgo of the
environmental conditions on site for a quanti{tative statement,

4.5 Chojca of housin~ hardvare

Choifce 6f‘th6 housing hardvare will be based on
-~ the functional requirements defined in the previous stoge
~ the resources availadle (economic,'technical, personal )

Yhen the cholce {o made arong oxisting tecknical altornntives
the functional requiremonts on building clements and materials
ive compaored rith the properiies of the availchle solutions,
‘he renouncencnt of any of the functionzl requiroments as a
result of a cost/bemafit enalysic should be done not only dby
coxparing the functionsl requiresents on hardvare but alco by

comparing the human requirsuonts and the huzan activitios affected
by the choicc, o '

hen developing new solutions the functional requirements should
form the basis for the choice of neteriale, components and elenants,




Y

4.6 Connnoneneesd

fae Tecd back of the model, the rffoctiveness by vhich the funetional
reavircienis nove been gfated ip planning and net in the acturl solu-
tion, ic seasured s the wsorts eapacity Lo perfox necesasary and
desirvable activilies in the built cnvironaent, vilh conscquenrces

for the calisfastion of his jph_y:".i(.)lo;:icv.]., psycholog;ical and oocial
needs.

5, CONCLUSTONS

Tn spite of problens remaining to be splved in the developnert of
funeiiconal requirenents & o« basis for ihe desion of tuildings tefore
the reqgquirencenis will be operciive in usce, the exnucted advantag:e
of this wpproash vwhon connured with the tpaditional, not function
but marterial depeagent roquircnents 2nd codes should wotivatc a
continued developiente

4, Conacouvenees for the developnent of mnow houginm solutions

H
the developnent of ne housing solutions by using user's characteris~
tice ond lhe activitico to be performed in the building &3. the basis
of th¢ human requircrents on envirormental attributes end the
corrcspomding fune Lioral rognirements on herdvare is of speocial
imporiance when wearching for solutions to be applied in the decveloping
couniries.

1) The solutions i1 be odapted Lo the way of 1§fc and the social

and cuvltural vackgeound of the veer. Thus the acceptance and the
approuriiste use of the nov environrent by the user will be easier

g0 obtain. hs a house is not just a huran sholter, but a product which
can fulfil many other p‘ny:;iological, psycholo{;ical and social
functions, it is not sufficlent to transier the experience from the
fnducirial countries and Lo 1odify only for the differing environmental
conditions,

2) The allocation of resonrces carried out in relation to functional
requircmoents will be rationel and cqual or betier quality of dvellings
will be obtained from the user's point of view.

This i esprelally importani when supplying space or equipmernt for
the uzers' setivitien, wut may even apply when allocating rccources
for suoustical propovtlies, appearance elcC.

2, Conascoulnses ‘:_L_u.' 4he eoplicolion of mneu naieriels

S ooy va——

Phe rcoformlation of Luiliing regulations in terrs of funciionel
reguirecnznts o builling prouvets und maierialg instead of specifying
meteriale will nake the procens of { atroducing new naterials on

the morket less tine cons mine an tae enutl cvaluntion of alterna-
tives sadisfying the uome furciion will oe possible. '

Rescorch of develommont vork i1l orientate to study material propexr=
tics vhich are important cor tue fulfilnent of the functional requirc-
went~ and the eraluction of hea in o wey relevanl %o the function end
not 1o tur motorfat.

;Mo ¢ 1loc.iing renousces the rolation of functional rcquirementz to
Lhe hivun roquircwents ;111 provid. for & ratioral choice of watericls
and propertiin in respeci to the use of tiic building.

e
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