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SOMMARIO. In relazione ad alcuni aspetti fondamentali de ll a " teoria della 
qualita," in edilizia viene ind ivi duato i1 "valore energetico" di 
un repertorio di pareti perimetrali in base a1 rapporto tra i l i ve.! 
1; prestazionali complessivamente offert; da tal; pareti ed ; rela­
tivi cost i, cons i derati s ia i n termini monetari che in termini ene~ 

getic; (ene rgie dirette e indirette spese pe r 1a costruz i one . ener­
gie dissipate nel la gestione e energie coinvol te nella manutenzi one . 

ABSTRACT. In relation to a number of basic aspects of "qual i ty theory" appl ied 
to the field of bu ilding. the authors identify the "energy value" of 
a repertory of curtain walls . on the basis of the ratio exist in g 
between t he overal l performance levels offered by sa id wa l ls and re­
l ated costs. viewed in terms of bo th monetary and energy expenditure 
(direct and indirect energy used up in the building process , energy 
taken up by handling and energy involved in maintenance interven­
ti ons. 

1 . I NTRODUCT iON . 

One of the basic aspects of "quality theory" in the building sector is repre­
sented by the formulation of a "balance" (that i s , a rat i o) between the "bene­
fit s " stemming from a particular building intervention and the "costs" to be 
paid for its imp l ementation : "benefits " that can be identif ied with the over­
all performance l evels atta ined and "costs" whi ch may be assessed both from 
the standpoint of actual ex penditu re and from that of the globa l energy requi­
rements to be met over the entire period of utilization (or life span) of the 
building unit . 

In this perspective , a research project currently under way, commiss ioned by 
the ROB company of Pidcenza (ita l y) to Si.TE . RICERCHE of Turin (italy), set 
out to analyze and assess the l evels offered i n relation to a series of bu ild­
ing performance features regarded as most s i gnificant bya re'pertory of curtain 
walls built with a variety of construction techniques . At the present stage 
of the investigation , for the same repertory of curtain wall s , an in-depth 
study of the global energy contents i s being performed. with the aim of deter­
mi ning : 

the direct and ind irect energy used up dur i ng the phases of components manu­
facturing and bui lding execution. 

- the energy diss ipated through heat dispersion and invol ved in the handling 
of the building's heati ng sys t em , 

- the energy required for the maintenance ope rati ons schedul ed to take place 
over the entire life spa n of the building unit. 
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The ratio between the overall performance level attained , or the "quality of a 
building and its global ene rgy content, a ratio that may be termed for brevi­
ty ' s sake as "energy value", can provide fruitful indications on the optimal 
utilization condit i ons for the various types of curtain walls in rela tion to 
possible prefigurations of bui l ding environments , as well as point the way to­
wards soluti ons capab le of suboptimizing the external shielding system with re­
spect to the build ing' s global economy or with respect to the effective attain­
ment of a range of performances . 

In this report we shall therefore illust rate a number of results, albeit sti ll 
partial , obtained so far in the course of the investigation. 

2. REPERTORY OF CURTAIN WALL TYPES UNOER CONSIOERATION . 

The repertory of curtain wal l s to be examined has been defined on the basis of 
specific criter i a of "interest" and "threat" exerted by each individual bui l d­
ing solution on the brickwork , seen both as factors which might impair the 
"image" of the masonry (as a mater ia l capable of solvin g ce rtain problems of 
strength , insulation, etc.) and as the attention to be paid to the conso li da - ' 
tion and development of specific fields of utilization (corresponding to the 
sectors covered by the market). As a consequence , we have included in the re­
pertory the following outer wal l types: 

- no. 7 types of s ingle -l ayer brickwork with blocks of varying dimensions and 
character i stics (denoted by the letters Lm); 
no . 11 types of hollow brickwork , built with bricks and/or blocks , and com­
prising a cavity which mayor may not be thermally i nsulated (L); 
.no . 3 types of walls consisting of a brick layer and a layer of plasterboard 
panels or gypsum blocks (Lg); 
no . 5 types of walls built with concrete pane l s or concrete blocks (either 
lightweight or ordinary) , in either single or multilayer solutions (C); 
no. 3 types of walls consisting of a layer of faceb ri cks and a layer of con ­
crete or sma ll lightweight conc rete blocks (lC); 
no. 3 types of wall s built with different materials , such as t i mber , sand ­
wich panels of eithe r asbestos cement or aluminium , indicated by letters 
B, F and A respectively, selected ;n order to provide references to widely di­
versified technologies . 

3. ASSESSMENT OF THE PERFORMANCE VALUES (OR OF THE QUALITY OFFERED) . 

As is known, the "quality " of a building unit is understood as the balanced and 
adequate response, offered by overall product technology, to the overall perfo~ 
mancc demands stemming from users' needs. This is why the assessment involves 
tackling a few methodo l ogical problems , concerning the definition of significa nt 
'performance features" with respect to the various environmental settings , the ex 
pected interventions and the establ ishment of related pa rameters . 

3.1 DEFINITION OF THE SIGNIFICANT PERFORMANCE FEATURES . 

On the basis of the knowledge acq uired in the field of habitua l users' needs 
and of the requirements emerging from other facets of the const ruction process , 
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at times not taken into due considerat i on (but st ill exerting a considerable 
influence on the optimization potential), the follOl'ling performance range has 
been selected , including the fa ctors that can be regarded as most signif icant : 

1) Adaptation to take interior fi ttings; 
2) Adaptation to take external fittings; 
3) Strength against co llisions with soft bod ies ; 
4) Sound insulation; 
5) Control over the rmal bridges; 
6) Ease of clea ning; 
7) Duration of the exterior finish, from the aesthetic viewpoint; 
8) Strength against concentra ted impact; 
9) Resistance against deformations ; 
10) Evolution potentia l; 
11) Integration potentia l; 
12) Noise absorption; 
13) Fire resistance ; 
14) Sensory aspects; 
15) Ease of mai ntenance ; 
16) Alterability; 
17) Disturbance caused by upkeep operat i ons; 
18) Emission of fumes, odours , dust , etc .; 
19) Supp ly of "spare performances"; 
20) Bearing capacity; 
21) Visual features ; 
22) Control over condensation in the mass ; 
23) Thermal inertia; 
24) Emissivity; 
25) Flexibility of utilization; 
26) Perfo)"mance continuity . 

It should be pointed out that "heat insulation" is not included in this perfor­
mance list as , in keeping with the methodolog i cal premises discussed at section 
1, we deemed it best to classify it under the item "costs of handling" rather 
than under "performance features". 

3.2 ESTABLISHMENT OF PERFORMANCE PARAMETERS . 

The establishment of parameters aimed at selecting the approp riate magn itudes 
for measu ring the behav i our of the building elements in presence of diffe rent 
phenomena (hygrothermal , acoustic, etc . ) as well as identifying the most signi­
ficant aspects and attributes of the utilization stages of the bui l di ng spaces 
and structures, meets with considerable difficulties . Therefore, it wa s neces ­
sary to resort to different approaches in the assessment of performance l evels : 
'tlhilst for some characteristics we were ab l e to avail ourselves of the analyti­
cal instruments provided by specific disciplines (such as applied physics , a­
coustics, etc . ) , for other types of performance we had to adopt empir ica l cri­
teria. fixing the distinguishing criteria of performance levels on the basis of 
personal experience and accepting an inevitable degree of approximation . 
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3.3 GLOBAL QUALITY 

In order to be able to indicate with a summary evaluation (that is, with a mark) 
the overall quality attained by each individual building solution compri sed i n 
the repertory. with respect to different assessment hypotheses , we worked out 
several correl ation scales for the various pe r formance l evels, so as to "weigh" 
each performance feature on the basis of the importance that i s attached to it 
under the following assessment hypotheses: 

a) normal hypotheses, ref l ecting the "weight" attributed on average by the user 
to the various performance features, 

b) hypothesis where greater importance is attached to user safety features , 
c) equipotential (same degree of importance) hypothesis for the different per ­

formance factors . 
d) hypothesis based on the need of adapting to the variability of user needs. 
e) hypothesis founded on t he requirement of maximum durabi l ity of the bui ld ing 

el ements in time. 

Figure 1 shows the quality "marks" ass igned to the wa ll types in relation to 
each assessment hypothesis. as well as the gl obal quality determined through 
the surrrnation of these "marks; obviously the latter , that is, gl obal qua lity , 
represents an element of judgement obtained as a mean over the five different 
assessment hypotheses being considered , and therefore it can be used as an ap­
proximate yeardstic k to identify the solut i ons best suited for al l appl i cations 
in general. 

4. ASSESSMENT OF GLOBAL ENERGY CONTENTS. 

In keeping with the genera l princip l es outli ned 1n the introduction, t he asses~ 
ment of the gl obal energy contents relating to the curtain wall type repertory 
under consideration has been carried out through an analysis of the elementary 
energy investments invol ved in the entire production process and l ife span of 
the building uni t, so as to dete rmine: 

a) the building energy contents; 
b) the hand li ng energy contents; 
c) the maintenance energy contents. 

4.1 BUILDING ENERGY CONTENTS, CEc. 

The examination of the energy consumption relating to the building phase has 
been performed by establish ing two different categories of "energy expenditure": 

a) energies used up to produce the build i ng unit, during the transformation 
stages that go from the ext raction of raw mate ri als to the production of fi­
nished products and components , al so including the placing or assemb ling 
stages for the execut i on of the unit ' s buil di ng elements; these are termed 
"Direct Energy" ; 

b) energies that are not di rectly invo l ved in the production and assembl y of the 
bui l ding products as items which can be r i grously quantified, but rather con ­
cern all those items (goods, services and equipments) that are not physical­
ly observable in the finished product and bu i lding element , but are neverthe­
less indispensable for production and execution. These are termed "Indirect 
Energy" . 

364 



4 . 1.1 ANALYSIS OF DIRECT ENERGY CONTENTS. 

The determination of Direct Energy Contents , CEd, referred to the curtain wall 
unit surface, has been performed on the basis of the summation of the product of 
the Mass P of the materials making up the individual l ayers of each build i ng so­
luti on times the relative Specific Energy Contents ces (a concept taken from a 
previous investigation of the Finalized Energy Project by the ' Ita li an National 
Research Council (CNR) entitled "Exploratory Investigation into possible medium 
and l ong term intervent.ions for the promotion of energy savi ng ;n the sector of 
housing construction " ) : 

(Ed = I:' (P x ces) ' 

4. 1. 2 ANALYSIS OF THE INDIRECT ENERGY CONTENTS . 

In view of the great difficulties encountered in quantifying the Indi rect Energy 
Contents by means of an analyt i cal procedure, we had to reso r t to an estimated 
appraisal, founded on a numbe r of operational assumptions and observat i ons. In 
fact , having ascertained a rather strict correl at ion between the pr ice of bu i ld­
ing components and the ir overall energy contents (i.e . , di rect plus indirect 
energy contents) , we thought of the possib i l i ty of translating t his price into 
the corresponding energy content and then determ i ne the Indirect Energy Content 
as the resulting difference , us i ng the following relationsh i p: 

CEi = (" x Pr x CELT) - CEd . 

It shou l d be noticed that in this formula , reflecti ng a ca l cul at i on procedure 
suggested by the invest i gation mentioned at the previous paragraph: 

the symbol .( stands for the component ' s"coefficient of technolog ical comple ­
xity", for which , at a stage of first app roximation , we set three values , cor­
responding to as many degrees of complexity , 

J. = 1. 2 for a high complexity level , 
~ = 1. 5 for medium comp l exity , 
« = 2. 7 for low complexity ; 

the symbol Pr , as we have said , denotes the price of the component, calculated 
according to the usua l methods of market price analysis, referred, as usua l, 
to the curtain wall unit surface; 

the symbol CELT stands for the "Lira ' s energy content" , that i s , the equiva ­
lence between monetary units and the energy units, and it can be quantified by 
means of the ratio betwee n the Italian 'Gross Domestic Product" expressed in 
monetary terms and the Ital ian "Gross Domestic Energy Consumption" ove r the 
same period of time , expressed in terms of energy . 

4.2 HANDLING ENERGY CONTENTS . 

The assessment of Handling Energy Contents , CEg , has been obtained as an appro ­
ximation, on the basis of the calculation of the quantity of heat dispersed per 
unit surface of the curtain wall along the entire heating period i n the winter , 
correlati ng this dispersion (by means of the simple relationship shown bel ow) 
with the actual energy consumption in the boiler by introducing the var ious 
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efficiencies of the plant/building system: 

C E9 ~ (K ' m x D x 24) I j' * 

where : 

K' m = unit transmittance of the curtain wall, 
D = number of degrees/days in relation to the climatic area, 
r * :; comb ustion eff i ciency that takes into account the globa l efficiency of 

the plant in relation to: 
- intermittent operation , 

efficiency of the distribution network . 
efficiency of thermal adjustment. 

Needless to say, in this procedure that has been necessarily expressed in a s i m 
plified form for brevity, account has been taken of the va ri ous features of the 
building ' s technolog i cal system (ratio of gl azed areas, incidence of therma l 
bridges, etc.) as well as of the reference climatic cond i tions. so as to obtain 
a more signif i ca nt correlat ion with the Italian situation . 

4.3 MAINTENANCE ENERGY CONTENTS . 

Fina lly, the assessment of Maintenance Energy Contents , CEm , also required the 
def ini tion of an appropriate calculation methodology. a task even harder than 
the establishment of the procedures outlined in the previous paragraphs , owing 
to the great di ver s i f i cat ion of poss i ble maintenance interventions (as a func­
tion of the different ma t erials and techniques used) and to the variety of de­
ter i oration phenomena affecting the bui l ding units (also as a consequence of 
users' behaviour). The crucial problem to be solved was the defin iti on of the 
types of maintenance operations to be performed . and the relative implementa­
tion cycles required to preserve, as we had assumed, the mean level of perfor­
mance, form the aesthetic viewpoint, round 80% of the ini tial value. 
Thus it was necessary to rely on the experience acquired by the research group 
and on the existing literature (albeit limited) in order to eventually define 
(as is shown in the abstract in figure 2) a li st of types of maintenance inter­
ventions, their implementation cycles and relative prices (determined through 
the customary analyses), referred to a building life span of 90 years . 

At the current phase of the investigation \-Ie are therefore engaged in transfor­
ming the overall maintenance costs into energy costs , follow ing a procedure 
similar to the one described at para . 4.1.2; this transformation also meets 
with remarkable difficulties, due to the complexity of the operations requir­
ed to fix an equivalence between the monetary measuring units of maintenance 
(i .e ., Lire spent on maintenance) and the measuring units of energy. 

4 . 4 ENERGY CONTENTS ANa RESULTING COSTS. 

In relation to the current state of the investigation, we are able to list 
partial results obtained for the Bu ilding Ener gy Contents CEc of the curtain 
wall repertory being cons idered (see Figure 3) , whilst in the case of handling 
and maintenance , as the energy contents cannot yet be expressed, it was deemed 
of sufficient s ignifi cance to present the handling and ma in tenance costs ex­
pressed in monetary terms over the 90 year period being taken into account (see 
figure 4). 
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The inves tigati on also covered a se rie s of add i tiona l evaluat ions with respec t 
to different uti lization contexts of the cur tain wall s in the repertory, and 
addit iona l relati onships l inking the varia bles involved ; these evaluat ions , al­
though they could not be dealt with in th i s report for reasons of space , have 
led to t he formulation of a nu mbe r of final indi ca tion s and t o the identifica ­
t i on of current production and utiliza t ion trends , which will be illustrated 
in the fo 11 owi ng paragraphs . 

5. OPERAT ION AL LIMITATIONS ANO POSSIBILIT IES OF THE PROPOSED ASS ESSMENT PROCE­
DURE . 

The analysis car ried out in keeping with the me thods illustrated above i s sub­
jec ted to some 1 imi ta ti ons stemmi ng from the randomnes s and ; ndetermi nacy fac­
tors \'/hich ca n be summed up as foll ows ; 

a) the calculation of the direct and indirect energy contents , carried out with 
the formulas given at paras. 4.1.1 and 4. 1. 2, is based on the values of the 
variables denoted by and CELT, which entail a considerab l e degree of rand-
omness , affecting the individual va r iables to different extents . A similar 
consideration also applies to the pr ice , Pr , which can unde rgo market fluctu~ 

tion s particularly difficu l t to analyse. 

b) quality has been defined as a function of 26 performance features whose quan ­
tification , in several cases, cannot be defined univoca11y . and the same is 
also true of the hypothesis advanced to determine the sc ales of correlation 
between pe rformances (i.e ., mutual weight). 

c) the classification of the different parameter s def ining the environmental con 
ditions is impaired by randomne ss factors which influence the subsequent fin~ 

ings, to a greater or les se r extent. 

d) it is important to point out that our knowledge is not exhaustive , especial l y 
beca use the available data are li mi t ed; for example , the incidence of labour 
charges could be taken into account only for building component placing ope­
rations and not for the production of the component s and materials . 

\~ith these limitations in mind , however , it can still be believed that the work 
done not only represents one of the first attempts made in Italy to arrive at 
the definition of compa rative indications between quality , energy contents and 
costs on the basis of appraisals that are not restricted to a few parameters, 
and that it makes available the information necessary to identify major trends 
in the building sector as well as indications as to the building solutions 
which may be viewed as optimall all-round, with respect to any environment , 
or as optima l solutions with respect to speci fic conditions and/or partial ob­
jectives (i .e ., individual parameters of assessment) . 

6. CORRELATION BETW EEN QUALITY AND ENERGY CONTENTS (AND COSTS) . 

Tn orde r to prov ide an overview of the results that have emerged so far from the 
research effort and to formulate a few conclus ions, we have shown in figures 5 
and 6, respec tively, the ratio between the global quality and the bu il di ng ener­
gy contents of the various curta i n wall solut i ons (that i s, the partial energy 
value) and the ratio between global quality and tota l costs (tha t is, building , 

367 



handling and maintenance costs) . 

Keeping in mind that , as we have already pointed out , reference to global qua­
lity necessarily leads to identifying optimal so lutions suited to al l cases, 
the fol l owing cons iderations may be expressed: 

a) Global quality to tota l costs ratio (see figure 6) . Whilst we find ranking 
first and second two LC solutions (that is, walls of brickwork and concrete) 
immed iately fo ll owed by five Land Lm so l utions (that is holl ow and si ngle 
layer brickwork , see the identification letters at section 2) , it is observ­
ed that the majority of holl ow wall s examined genera l ly obta ins a ranking 
qu ite lower than average and is surpassed by concrete solut ions . Even though 
this indication i s not uniform for all walls , the compari son between holl ow 
and sing le layer brickwork leads to a more favourable judgement on the l at ­
ter: as can be seen in figures 1 and 4, compared with all the remaining 
types, these di splay a global qua li ty whi ch is highe r, on average, as well 
as lower average total costs . 

b) Ratio between global quality and building energy contents (or building ener­
gy value). In connection with this ratio, we again find at the top an lC so ­
lu tion and find two C walls ranking in the l eading pos itions. At the same 
time, while the bui l ding energy values of lm and C are on average equ i va l ent, 
attention must be cal l ed to the decline in ranking of most l solu tions. that 
is of hollow brickwork: this can be ascribed to their higher building energy 
contents (see figure 3) and their global quality values, l ower on average . 
Fi nally i t is of some s i gnificance that we find at the very bottom the alu­
minium sandwich pane l type walls, obvious ly determined by their high energy 
contents and not too high global quality (a situation which is sha red by the 
other two types of panel walls, of timber and asbestos cement). 

7. INDICATIONS EMERGING FROM THE INVESTIGATION . 

The considerat i ons devel oped in the previous section, combined with other obser ­
vations made in the course of the study, point to a s i gnificant interest to be 
attached to the utilization of brickwork together with concrete . either as an ex­
ternal f inish element or as building blocks for single layer masonry. This indi 
cat ion, applying. as we have sa id. to al l -round optimal solutions (since it is 
connected with global quality) should be verified for each so lution of interest, 
both in view of the differences always encountered in s i mil ar so lutions where 
part icu l ar factor s are concerned, and because of the possibility of variations 
in materia l s and techniques (and hence of optimization) inherent in each so lu­
t ion. 

As concerns instead the identification of optimized so l utions for partia l objec­
tives. it is possible to state that: 

a) in general, all concrete so lut ions, all s ingle layer masonry soluti ons 
(except one) and some 19 and lC types display lower building costs; 

b) on the other hand. the object i ve of lower tota l (building, handling and 
mai ntenance) costs i s met by a coup l e of single l ayer brickwork types and 
a coupl e of LC types, one Lg so lution and the asbestos cement and aluminium 
so lutions; 
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d) final ly. the evaluation of quality expressed in relation to the various 
assessment hypotheses (see figure ») all ows the identification of sub­
op t imized so luti ons with respec t to special requirements stemmi ng from 
spec ific utilization environments. 

By way of conclus ion we should like t o underline a general tendency that seems 
t o emerge from the results obtained so far. In fact , we feel the investigation 
ha s co nfirmed that brick format opti mization should not be regarded as the on­
ly basi c obj ective nor the only fundamental aspect of a correct methodology of 
product des ign . To the contrary , the design procedure should take in to consi ­
derati on, correlate and suboptimize all the operationa l and handling aspects 
beari ng upon the construction and service life of the build ing el ements . We 
ba se thi s conclus ion on the reque s ts currently emerg ing in our sec t or and the 
producti on strategy indications they prov i de . 

This realization entai l s the need of envisaging new product ion lines for both 
materials and components , through an integrated study covering the needs of 
qua lity, construction and economy , rather than des i gn ing individua l products 
whi ch may very well be optimized with respect to specific prerequisite~ . 
but are not su ited to wider and more di versified market prospects . 

Within this framework it seems that two alternative hypotheses l ie ahead , for 
a new approach to produc t ion: one wou 1 d be ba sed on the unders tand i ng tha t 
brickwork offers a performance surplus with respect to its present fields of 
utili zation , and the other would be based on the realization that brickwork 
still offers untapped possibilities as concerns its performance, construct i on 
and application features vis-a-vis specific environmental conditions . 
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Figure 2 , Abstract from the 
programming table of 
types of intervention 
and maintenance cycles 
in relation to 
environmental situations 
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Figure 4. Tot al cost 
(Building. handling and 
maintenanc e costs) 
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Figure 6. Global qua l ity to total cost ratio 
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