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ABSTRACT. A proper building design can reduce the amount of
operati.onal energy required and h¡indoh's have an irnportant ro
tã in this process, "i.t"" they allow -if properly designed-,
to nake use of solar radiation as much and long as possible,
and to provide efficient insulation. Due to the fact that
non-resiclential builtlings have large glass areas, an office
building has been chosen to carry out the analysis.Two dif-
ferent n,i.,do* elements have been considered: a) shape:conti-
nuous horizontal windor¡ and discontinuous vertical window,

TNTRODUCTION.

been studied in this PaPer.
.The l{eighting nactãr Method has been used' This method'

whichwasfirstintroducedbyMitalasandStephensonracco-

679

S. Alvarez et ol- (eds.l, Arùilecttil'e and IJrban Space' 619-684.
@ l99l Klnu,er Acadenic Puhlishers. Prinled in the Netherlands'

s
ù.
\,/
O

h



680

to sinulate this office building energy needs in
region: Madrid.

The purpose of this paper is to study the
that certain shapes and types of glass can have
gy performance of a comrnercial building.

a c-limate

incid ence
on the ener-

Base case building.

An office building with 10 floors, located in Madrid: {0m x
2óm fl-oor; 37n height, which corresponds to a gross surface
per floor of 1036 m2, useful conditioned of 7gS m2.This buil
ding has the most disadvantageous situation, that is, the
largest façades face towards the east and west.

The winter season includes the months frorn November to
March, the rest months being included in the summer season.

A constant interior temperature of 20 9C and RH 50% in
winter, 25 9C and RH 55% ín summer is assuned in the calcufa
tions; the exterior temperature is variable, so the estinal
tions are carried out hourly.

With regard to the exterior conditions, meteoroJ-ogical
varj-ables are generated hourly from reliabÌe meteorological
data, and an auxiliary program is used.

The heat transnis sion coefficients K ( U-value ) of opa-
que surf aces are: -horizontal- roof Kr=0. 43 I'l f nZ X, -light co
Ior; floor levels above open space Kf=0.66 W/ m2 K.-VerticaI
traditional wall composed of seven layers, totaì thickness
23.5cn, insulating rnaterial {cm, 244.6 Ug/nZ and Kw-0.ó1
W/nZ X, and four Ìayer curtain-waIl, total thickness J.Jcm,
insulating naterial Jcm thick, 89.ó kg/nZ and Kw=0.IZ Wfn2 W

both nedium color, Metallic windows with different sorts of
glass, which are studiecl in this paper wil-l be describecl.

Glass areas will not have any shading devices, except
those shador"s produced by setback.

Results from the energy consumption ca.l.cuÌations are ob
tained per useful or net surface unit, taking into accounî
that the free height in alI floors is 2.80m.

Internal loads are fixed by: occupation 55 pers./floor,
ival-ent approximately to l/, n2/pers.; ventifation 2OOO
h ffoor, that is 2.5 n3/h n2; and illumination 7.95
ffoor or rather lO W/n2.

Glas s areas

The glassing used in this paper has the foJ.lowing characte-
ristics: colorless, bronze colored-filtering and reflectant,
each of them single 6mm with Kg (U-value) of 5.8 W/n2 lf; in-
sulating 6+6mmr Bap of ómm, Kg=4.O W/n2 rc; and insuÌating
ó+ómm¡ gap of 12mm, Kg=3.1 W/nZ X. Each of this gÌassing is
affected by its corresponding corrective coefficient of the
solar gain factor (c.c. ), which varies from 0.48, for the
reflectant insulating, to 0 .94 lor the single colorless.
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ANALYSIS OF RESULTS

For the base case building with windows of 1 . J0n hei,ght, afl
round the building perimeter and using the glassing above,
the energy consumptions ( e. c. ) per conditioned surface in
sumrner and winter are calculated. Later, the glass shapes
are transformed from horizontal continuous (h. c. ) to verti-
cal discontinuous (v.d. ), with the same façade surface than
the previous ones and the e. c. are calculated, To carry out
the changerthe glassing height is 2.10m from floor to lintel

In aIl the cases considered the traditi onal wall and
curtain-walI have been used.

In the first gr:oup, TabIe 1-Fig. 1, for summer and with
traditional wa1I, the values obtained are a.naì-ysed. The e.c.
per conditioned useful surface unit (kwh/year m2), are re-
presented on the diagram ordinate axis, as a result of the
three different types of glassing (coJ-orless, bronze colored
filtering and reflectant), antl of their corresponding glass-
ing shape transformations.

In Table I (T1), it is shown that the e.c. differences
between h. c. windows and v. d. wincl ows, with the same surface
(nec1), for the three types of glassingrchange fron O,391'
to O.75/.. The h.c. ones have always the least e.c.

For h. c. ones and with regard to the single glass, for
each type of glassing (aec2 ) , the l-east varia-tion occurs bet
r+een the reflectant single g1 ass ( s. g. ) and the refl ectanl
insulating glass (i.g. ) with a gap of ómrn (-7.3a%); ancl the
greatest variation beth'een the colorless s. g. and the color-
less i.g., Bap=t2mm¡ (-9.25/").

Still for h. c. ones and with regard to the col orl-ess
g1ass, for brònze cofored glass and for each gl ass constitu-
tion -s.g. and i.g., gap=6/r2nm--. (aeca)r the s.g. shows the
l-east variation (-8.54/") , and the i. g. gap=ómm the highest
(-tz.¿t%).

The colorless and reflectant glass (aec4) are anaì.ysed
in the same way; the Ieast variation corresponds to the i.g.
Bap=12mm (-14.34%), and the greatest to the s.g. (-15-Bl%).

Approach to val.ues shown in TabIes T2, T3, T4 are made
in a sinilar way.

CONCLUS I ONS .

It would be necessary to discuss the clifferent types of fue!
conditioning systems -together with their operation and main
tenance-, and ways of using the buildings, so that a techni-
cal economic evaÌuation cou-l.d be f inally carr j ed out. This
has not been rnade in this paperr so the following conc.lu-
sions are given separately for sumner and winter.

With regard to the glass shapes, the vertical disconti-
nuous window has an e.c. greater than the horizontaf conti-
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nuous window, except in winter with curtain-wall and for aÌ1
kinds of colorless glass studied, when no difference is rìo-
ticed. Thus, an important factor to take into account is the
glass setback in relation to the wal.f exterior surface. Âs a
resuft, the differences of the val-ues obtained are not of
great significance.

As for the types of glassing and for horizontal conti-
nuous windows, the least e.c. in summer, for both traditio-
nal wall and curtain-walI (22.7612t.76 kWhfyear *2) is gi-
ven by the refl-ectant i.g., gap-12mm.

In winter, with the same sort of walfs (16.22/14.83
kvtin/year n2) the lowest e.c. corresponds to the colorìess,
also i.g., gap=12mm.

Considering the geographicaf l-ocation and the typol_ogy
of the building studied, and having obtained more signifi-
cant e . c . in summer, the ref lectant insulating g-[ass shou-Ld
be adopted.

NOMENCLATURE.

corrective coefficient of solar factor gain
without blind or shading
energy consumption
horizontal continuous windows
insulating glas s
s ingÌe gla s s
vertical discontinuous windows

Glassingc.c

ec
hc
ag

vd
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I.C. SHAPTS & TYPES OF GLASS
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