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BUILDING ENVELOPE TYPOLOGIES
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1. removing and replacing of the existing 2. Integrating the existing envelope
walls with a higher performance solution
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VENTILATED CLADDING
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Current situation

Insulatio
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Insulation from outside emodification of the original external aspect
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THERMAL PROPERTIES

CONDUCTIVITY f (DENSITY) >>> RESISTANCE= 1/ CONDUCTIVITY

Material

Density (kg/m”)

Cast concrete, medium density
Aerated concrate slab

Plaster (gypsum) :
Plasterboard

Matural slate
Concrate liles

Clay tiles

Fibre cemeant slates
Ceramic/Porcelain tiles
Plastic tiles

Asphalt

Felt bitumen layars

Tirmber, softwood

Tirmber, hardwood

Wood wool slab

Wiood-based panals (phywood, chipboard,
atc. )

1,700
1,700

Thermal Conductivity (W/mK)

a7
0.56
1.33
0.57
0.20
0.15

Naote:

The values in this fable are indicative only. Certified values, should be used in preferance, if available.
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CONDUCTIVITY f(DENSITY) >>> RESISTANCE= 1/ CONDUCTIVITY

PROPERTY OF AIR AS INSULATION using porosity and discontinuity

WALL OF CLAY BRI
CONDUCTIVITY 0,77

WALL OF HOLLOW CLAY BLOCK
CONDUCTIVITY 0,56 W/MK
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THERMAL PROPERTIES OF AIR RESISTANCE OF NON VENITLATED AIR (M2K/W)
Spessore
dellintercapedine’c

(mm) Ascendente Discendente
0 0,00 0,00
5 0,11
7 0,13
10 0,15
15 0,17
25 0,19
50 0,21
100 0,16 0,18 0,22
300 0,16 0,18 0,23
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REDUCTION OF INSULATION PROPERTY DUE TO HUMIDITY

I **g
1 .

01 23 45%6 78 010%

1
i
q-luu-u
! (
! u
| u
| '
| u
! ! ‘
| I
I |
114 : : toux d'humidité en volume

-



UNIVERSITA
DEGLI STUDI

FIRENZE

Q Scuola di
Architettura

IEA[I|E&Eﬁ??&”?ﬁ‘#&””&ééﬁﬂ INSULATION MATERIALS/morphologies

MATTS LOOSE MATERIALS



UNIVERSITA

A INTERNATIONAL COURSE O )
F| see. HEA[IIFIHEHITECTLIHHL DESIEI‘Il NSULATION MA .

Conventional Insulation
EXPANDED PLASTICS (polystyrene, poliuretan (silicon-calcium- urea formaldehyde)

MINERAL FIBERS

Conventional and include:
These materials are widel
assumption from the buil
alternatives. On the down
chemical fire retardants, ad
process is very high.

s, mineral wool)

Natural Insulation

EXPANDED ROCKS
CLAY
CELLULAR CEMENTS (silicon-C

NATURAL FIBERS (wool-cotton- od derived)

They are non-toxic, allergen-free and can be safely handled and installed. They also allow for a buildings to breathe by regulating humidity
through their absorbent properties, and reducing problems of condensation. This keeps the indoor environment comfortable and protects
any timber structures from rot.

Unfortunately, natural insulation materials are currently up to 3 times more expensive than conventional materials, which can be prohibitive
to builders, architects and developers.
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Polyurethane or
Stiferite

Over time, R-value
decreases steadily.
Is susceptible to
moisture infiltration

Not only is polystyrene in walk-
ins made with recycled materials
and is 100% recyclable but it is
energy efficient and can save a
great deal of money in energy
costs and reduce carbon footprint
over the life-cycle of the walk-in.

Insulation from petrochemicals

(EPS)

decreases
minimally

g Extruded Polystyrene vs EPS has d

* more density,
e around 5 times insulation properties
e higher mechanical resistance

Effect of moisture in EPS
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Different density for different applications: CLASS OF APPLICATION (POLYURETHANE FOAM OR STIFERITE)

GT Class B Class SK

‘ :".
. - ==

Applicaziom GT: Isolamento di coperture, pa imenti e pareti
Applicazioni Class G: Isolamento sotto manti  tuminosi
Applicaziom Class SK: Isolamento di pareti a cejpotto

I’isolante termico AN
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Cellulose
A recycled product
ade from
newsprint and
other cellulose
fibre. It is one of
the most favoured
materials of
yuilders
an be
avity

WOODFIBRE

Wood Fibre
Made from wood
chips that have
been compressed
into boards or
batts using water
or natural resins as
a binder. It has
very low embodie
energy and use
by-products

rm
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Expanded Clay Aggregate
These are small fired clay pellets
that expand at very high
temperatures to become
lightweight, porous and weight-
bearing. They can be used in
foundations as both an insulator
and aggregate. They have
excellent thermal insulation
properties, but high embodied
energy.
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SHEEP WOOL

"/flx

The green alternative to synthetic insulation
are many different types available, including:

Flax and Hemp
Natural plant fibers that are available in bats and rolls, and typlcaIIy
contain borates that act as a fungicide, insecticide and fi
Potato starch is added to flax as a binder. Both materials
embodied energy and are often combined in the same pro
include Isonat and Flax 100.

Flax and Hemp
It is obtained from the cork oak (Quercus Suber L) — a forest tree
particular feature of allowing itself to be stripped of the outer casi
which it then regenerates in 9 to 10 years. In one cubic inch in size, t
are approximately 200 million of minute cells, each seperated by an
impermeable and remarkably strong, resinous membrane (more than
50% of the volume is air). This cellular structure makes cork light in
weight, buoyant, resistant to the penetration of moisture, compressible,
resilient, resistant to the effects of friction and an ideal thermal and
sound insulation material.In addition, cork is much more chemically inert
than most materials, and is therefore capable of withstanding
deterioration through age.Cork does not support its own combustion and
chars only slowly when subjected to a flame. Unlike some synthetic
insulation materials, in burning it does not produce chlorides, cyanides or
other toxic gases.

Sheep’s Wool

This material usually needs to be treated with chemicals to prevent mite
infestation and reduce fire risk, although some natural builders use it
untreated with success. It has very low embodied energy (unless it is
imported) and performs exceptionally well as an insulation material.
Thermafleece is the most common commercial brand available.
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Sintesi conduttivita — prodotti “normali”

INSULATION MATERIALS

CONDUCTIVITY VALUES

Sintesi conduttivita — prodotti “bio”

Materiale

Conduttivita termica
Valore nominale Ap

(vedi Capitolo 2)

Materiale ttivita termica
ominale Ap
pitolo 2)
non
verificato
W/(m - K)
Lana di vetro
Pannelli, stuoie, rotoli 0.055
Sfusa 0.060
Lana di roccia
Pannelli, stuoie, rotoli 15-200 | 0.034-0.048 0.055

Sfusa 30-1
Schiuma di vetro
Pannelli 100-150 Y88.040-0.055
Sfusa 250-450
Perlite, Vermiculite sfusa 50-130
Polistirolo, espanso (EPS) 30-15
Polistirolo, estruso (XPS)
Paolistirolo, estruso (XPS) 25-65
Contenuto cellulare Aria 25-65
Poliuretano (PUR) e
poliisocianurato (PIR)
Contenuto cellulare Pentano
impermeabile alla diffusione 28-55 | 0.022-0.027
permeabile alla diffusione 28-55 | 0.026-0.033
Contenuto cellulare CO; 35-60 | 0.032-0.038

non
verificatoll verificato
W/(m - K) W/(m - K)
Sughero: pannelli, stuoie 0.040-0.047 0.056
Lana di legno
Pannelli 0.067-0.089 0.107
Pannelli strutturali leggeri 250-450 2] 0.095
Rivestimenti
0.15
a 0.125
2] 0.10
120-300 | 0.044-0.065 0.080
300-600 2] 0.110
2] 0.065
30-80 0.060
25-35 2] 0.055
150-200 a 0.072
50-100 2] 0.066
> 25 0.055
Vlateriale isol. di orig. animale a
Lana di pecora 20-60 0.055
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Adhesively fixed System

1a: Adhesive fix 1b: Mechanically fixed track system
2: Sto-EPS insulation board 3: StoArmat Classic reinforcing render
4: Sto Glass Fibre Mesh 5: Sto decorative finish
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punto critico del sistema diventa Il giunto di malta che, se
realizzato con malta tradizionale ha un’elevata conduttanza.
Allora si cerca di ridurre spessore, continuita e conduttivita

della malta utilizzata.

With traditional il blocco ha dimensioni molto
variabili, lo spessore del

giunto dipende dalla tolleranza

dimensionale del blocco.

With industrial mineral gl

| sistemi ,
per gli intonaci (basso mod. elastico, isolanti), di

reti e pezzi speciali per mantenere stabili blocchi e rivestimenti.

U i
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VENTILATED WALL

TRADITIONAL WALL

VENTILATED WALL DOUBLE SKIN WALL
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outside

inside

 Aswal gets wet

VEIN L DARA

From WIKIPEDIA:
The dew point is the temperature

at which the water vapor in air at

water will leave air. The
condensed water is called dew
when i olid surface.
w r oukdoor ‘ : Cooler indoor
rature ‘ - : tempeuiue
) :
et craing o WA ®
dral : g
i g - ®
Higher vapor Lower vapor pressure
g{?}:"; ’ ’ 7 3 (Lowe' M
. i Cycing of air pressure
Water due 10 wind_ $tack or
redi - 3 mechanical system
' l : vanatons
beyond S
@A0ri0r 1 ¢
wall o
surface
L P s
Positively pressunzed

. -
l‘;“’;:‘: V buasng higher air
et < W e (7

Figuse 6, Mosture Transser Dagram ("Hot-humg™ cimate shown)
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outside inside

From WIKIPEDIA:

The dew point is the temperature at which the water vapor
in air at constant barometric pressure condenses into liquid

temperatures below the de
The condensed water is callé
surface.
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From WIKIPEDIA:

A vapor barrier (or
vapour barrier) is
any material used
for damp proofing,
typically a plastic or
foil sheet, that
resists diffusion of
moisture through
wall, ceiling and
floor assemblies of
buildings and of
packaging.
Technically, many of
these materials are
only vapor retarders
as they have varying
degrees of
permeability.
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AACHITECTURARL DESIGN | VEN 8 D) WA
WARM ROOF COLD ROOF

1 - intonaco - intonaco
2 - solaio
3 - massetto dé
4 - barriera al va
5 - isolante

6 - impermeabilizzazi
7 - strato di ripartizi

dei carichi

8 - strato di allettamento
9 - pavimento

- impenfieabilizzazione
- isolafite

7 - ghligia drenante
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AGAINST A PERFECT SEALING CLADDING r Perhaps the rainscreen

Lessons from quest for perfection.’

THE PACIFIC NORTHWEST

The toll of destruction aver the past colfile of decades waged tv the damp climate of the
Pacific Northwest i still being tallied. Buildings 20 during the 1280s and 'S0s in
this region, which includes Seattle, Portland, and Vancouver, hawe experienced widespread
damage due toearl failure of their building fagades.
For example, it is estimated that 45-55% of copdaminiug
ih Columbia between 1982 and 1999, including
Vancouver areaakbne, have already suffered from p 1%

X ln coastal Brit-

A conflux of conditions has led to the failures of these bil
has extended periads of wetting, with littke drving during thosaiperi
o renain wet for a long time. The widespread use of perfect bariie
in wall congtruction, particulady in wood-framed condos but ako INE

1o slowly absorb mokture and fail systemically due to mt, mold, and leaks.

The region has been repairing these fagades since the mid-1920s, in many instances
removing the cladding and sheathing assembly from an entire building down fo the
studs, and installing new sheathing and rainscreen wall assemblies from the existing
studs outward. Recladding the failed buildings with rainscreen wall assemblies appears,
thus far, to have been successful in managing the moisture in walks. Rainscreen wall
ascemblies are so predominant a rehabilitation solution in the region that they are now
mandated in the building codes of British Columbia.

approach will be the tool that
«The water will inevitably find a way into a wall» dlows our design aspirations
o take a humble, imperfect
step further in our perpetual

atotta fagade system incorporating multilayer
ppenetration protection.

Installation of a rainscreen sys‘tem "The rainscreen appmach operates on the assump-
tion that water will inevitably find a way into a wall,” say s building envelope expert
Bradiey Camichael.
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" 2% building technology
”‘l AlA CONTINUING EDUCATION

MOISTURE INGRESS AND HYDRODYNAMICS thawing periods are importart additional considerations when estat constructed wall types becarme mote prevalent. to provide perfect waterproofing protection, but instead relies on the

Our relationship with water has always been enigmatic. It creates 2 lequired kevel of moisture protection. Many of these newer wall systerns rely on & waterpigg combined effect of a multi-component strategy.

us, nurtures us, clkars us, cormforts us, and destroys us. We wa ny ways for water to wreak havoo beyond the outer suriaos and impemvious sesled joints to eliming "

through the rain with little question of harm, yet a constant rough buikling fagades via cracks, gaps, and In practice, such assemblies rarely achievg ANATOMY OF A RAINSCREEN A

bore holes through stone and steel. Since water has been e first easy avenue for water infittration. These because complexities of the systerns me s most ekermiental form, the rainsoreen approach inoorporates

sible for untold levels of damage and destruction to build eskc functions info the design: the cladkling, acavty, one or

in furthering our understanding of it that we hope to betf themnal layers, an air barvier, amoisture barrier, and the

our buildings. ortihg wall. In some instances a vapor barrier i ako included,
The climate in which a buikding is constructed will oftel 61 B largeryde_pen_dem on 1he particular fa(;a@e design and

extent of moisture protection necessary to the design. Hi ions. The applications of this approach are diverse, from walls

precipitation data provide key indicators of the cumulative structed of individual elements each serving adifferent function,

ture to which a building will be exposed during storm event: (efabriceﬂéd wall clédding ssusterrlswth oompgnents that sere

over time, but beyond this, climatic factors such as prevailing w ultiple functions, to windows and curtain wall units that perform

Jamaging, pathways. eventual degradation and failure of ¢o
oks, and pores in building materials can controlling moisture in walls tends to
r into the buikling through a phenomenon systemtypes, but the cost of ongoi

s ocours when the surface tersion of the and eventual teplacement can be colf
face of the surounding walks of a mate- Another approach that has been wic

diarmeters, to draw itseff up against the forces construction involves amasonry venee

Muchsmaller cracks
tatethe  ako effectively move
ity and called capilary action

S water reacts with the
nalopemng insm

pintenance, damage repair,
erable.

ditections, airborne salinity in coastal regions, the balance of wetting brick, and concrete, but it can ocour through minute tilation. Laoking the storage capacity of their 6 < ! most or all functions.
periods to drying periods, and the balance of freezing petiods to

parts, masonry weneers are designed on the principle Cladding. The exterior cladding is the visible surface of the wall
Watr will also find its way into wall assernblies in vapor forr, Thi penetrating the outer layer will dry or drain, via gravity, back to the assembly and the basic water-shedding layer. As the outermost por-

happens when moisture-laden air passes through an air-permeable exterior through weep hoks at the bottom of the cavity. Howeer, tion of the fagade, the cladding is exposed directly to the elements,

the space between the inner and outer layers must be large enough and =0 must be designed to withstand long-termweathering. To

to avoid capillary actio minimize the amount of moisture that passes into the wall system,

Buikding upon the the cladding must also shed the majority of water it encounters. The

wall assemblv, and vapor condenses onsuraces wnhln the wall

Supporting wal rainscreen approach to cladding is unigque in that this initial bamier
sasembly does not necessarily need to be perfectly watertight. In fact, incor-
porating open joints and vents into the outer layer is often necessary
Caviry for ventilation and drying of the cavity behind the cladding, as well as
oisture through for balancing the pressure across the cladding surface.
. What distinguishes Cavity. The cavity behind the cladding serves as a means to
ents that further reduce the impact of moisture that pesses beyond the outer layer of
overnent and balancing the wall assembly. The cavity drains incidental moisture via gravity
| fo through-wall flashings, dries the wall assembly through ventila-
4 n properly designed and def , exterior walls incorporating tion, and breaks the surface tension of water to stop capillary ac-
E een principks can effectivelifprotect the wall from moisture tion. The canity does take up valuable real estate within the space
g :;:":,“ s e MOISTURE CONTR: e, even in climates prongd@significant rainfall. This is be- of the wall, but in return it adds considerably to the longevity of the
g For all theif variation in colop he rainscreen approa pesn't depend on any one ekement wall sssembly.
& d et on a surptisingly limited set of
Q 10 struccure look at sevetal of the primary stra
@
E
§ - Claddeng k; P
b of watemroofing membranes, and yet Wiy of the water-protection
4 methods used then are still used today. pradominant strat-
§ egy used in historic construction, and still
4 the mass of the walimaterial tself for moisture management. This
5 strategy is commonly employed with solid concrete, stone, brick,
}? and other types of masonry. Provided the wall has sufficient mass
; to absorb and store mosture duting periods of wetting until it can
5 eventually evaporate during periods of drying, the risk of keaks can
S be greatly mitigated. One reason this method has been so common
5 throughout history is that the mass of the wall was ako required
g for the structural support of the building, something that i kess of a
- consideration today.
As corstructiontechnologies progressed through modern times, - R . s ) . R
s 2 % 2 Water washing down the face of this sandstone veneer fagade has kdto Evidence of moistum damage at this face-sealed EIFS assembly includes
the need for massive walls declined, and slimmer and more easily staining and algae gmwth, the latter of which can deplete indoor envimon- cormsion, delamination, and mold. EIFS manufacturers have im proved
mental quality, with potential negative consecquences for occupant heatth. these systems to prwvent such failures in properly installed assemblies.
v BDCunersitycom BUILDING DESKSN+CONSTRUCTION FEBRUARY 2013 40
FEBRUARY 2013 BUILDING DESIGN+CONSTRUCTION v BDCnetw
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SO R aCr et veraTy Sistemi di facciate ventilate 78
La facciata ventilata consente: “’ ‘,’

+la realizzazione di un isolamentg potenzialmente [ -

continuo (att. balconi e grondg

+la protezione dall'acqua I Attenzione:

+la traspirabilita della parg = ai corti circuiti

«la protezione dall’irraggiamento solare, sfruttand@leffetto . N

camino. Te = in condizioni estive
I’aspirazione non e
efficace oltre i due

Sono costituite da una struttura me , ancorata alla piani (6 metri)

struttura principale dell’edificio e da un rivestimento che pud

essere fatto con moltissimi materiali. ==

How moisture penetrates

W Brickwork is not water resistant and

EXTERIOR]

J water travels between the bricks and

mortar by capillary action or wind

2 ‘ pressure, depending on the size of the
Jjoint. This is exacerbated by poor

workmanship. High risk zones are
exposed edges and corners
M This water should drain down the
4 inner face of the outer skin and
through weepholes lower in the wall
| | B However, wall ties and cavity closers

R
ERRI &
VERTICAL JOINT

:3;,& A

4 .

can, if not installed properly, provide a
path for moisture to reach the inner

’ ‘ wall. Water can also find its way
S . + . l ‘ & I I | ‘ through joints in insulation batts and
N E l' D y through injected insulation
SRR I 4
r- \ l | | | ] 1 Outer brick skin
i Rl - 4 2 Inner wall
KEEK il . -
R 3 Cavity
(e o ® . 4 Wall tie
v ‘ /- 5 Flashing

HORIZONTAL JOINT \/\ 6 Weep hole
[N 2 I
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VENTILATED WALL

FIGURE 14: Pressure Equali

Wind-driven

rain &
>

Open joints or ve

top and bottom vity -

[}

[}

ation - ‘

reduce pressure difference ‘

across cladding ———\.
) =)
4

Flashing wi 4
drip edge

y gravity flow L l

Cladding ‘

EXTERIOR ‘

d Rainscreen

Pressure-equalization
results in reduced
incidental water ingress
through cladding,
collected at drainage plane
and returned to exterior

Drainage cavity
Drainage plane
Secondary drainage
by gravity flow - free

flow aided by capillary
break

Back venting of cladding
allows drying by means
of air movement and
vapour diffusion

Sheathing
Framing
Insulation

Wallboard

INTERIOR
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SS FASTENER *

SHEATHING * —— |

.........

.........

* NOT PROVIDED BY CEP PANELS

CEP PANELS, INC. @ WINDOW SILL

RAIN SCREEN SYSTEM
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DOUBLE SKIN WALL

OR DOUBLE SKIN FACADE

TRADITIONAL WALL VENTILATED WALL DOUBLE SKIN WALL
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Mur neutralisant' and 'Respiration exacte’

A poetic version of the mechanical ventilation system (Aération ponctuelle) used by Gustave Lyon at the Pleyel Theatre and in other French auditoria
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THE FIRST EXAMPLE: STEIFF FACTORY in GIENGEN 1903
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| DOUBLE SKIN FACADE

senwalzprofil
30x20 und 35x% 25 mm

Halp A WETrks
I-Profil

4 Befestigungslasche
far Vorhangfassade

5 Quertrdger
T0x 140 mm

6 Ausfachung
Hourdis-Elemeante

7 Ausgleichsschicht
Zementestrich

8 Konterlattung

9 Fohrandielenboden

: fr".-’/.-"/f/f//f/!ﬂ!/x
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Otto Wagner, MAIN HALL, Post
Office Savings Bank in Vienna in
Austria, 1903

isei Ginzburg, Ignaty Milinis,

omfin, Moscow, 1928-30
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Villa Schwob, La Chaux de Fonds 1916. Notice the large window pane above the garden
entrance: this was a double glass with an intermediate radiator system
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TH3 ORAX3RAS CLUB

ILYA, (5 ov

11

The Zuyev Workers Club. Ilya Golosov, 1926. A precedent of double skin glazed walls in Moscow before the Centrosoyuz.



Le Corbousier and Nikolai Kolli,
Centrosoyuz, Moscow, 1928-1936

The Centrosoyuz. The main glazed walls are double glass walls with no intermediate heating system.
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The South facade of the Cité de Refuge building right after completion in 1933 (left). The sealed double
glazed facade was a complete failure roasting the occupants during the summer. In the second version
(right), after the building was bombed during the Il World War, Le Corbousier abandoned his
uncompromising approach and used passive solutions like bries soleil and sliding windows

- — -'._ i ‘
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Le Corbu, Immeuble Clarte, 1930-32 Geneva
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STRATEGIES-AND TECHNIQUE

e Screeni @
e Roofing

MORE ON:
e Adapting and ki

e Parametric envelopes
e Green integration and nanotechnologies
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WINTER SUMMER WINTER/SUMMER

HEATING REFRESHING CLEANING
Night-time ventilation (exha usted a | r)

During the summer and in the some climates where there is sufficient varia-
tion in diurnal and outdoor temperatures and a good prevailing wind, night-
time ventilation can be used to cool down the thermal mass of the building
interior, reducing air-conditioning loads. Heat gains generated during the day
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What is a high-performance commercial building
facade?

e Enhanced s *ction and cooling load control whilesm¥proving
thermal comfort and providing most of the light needed with daylighting;

¢ Reduced operating
energy use by optimi
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DOUBLE SKIN FACADE

DISADVANTAGES

=
e
8 b o
S S =38 5
6 — 8 — ~— o o —> o =y
SR=R R c 898 8 & =
— O o O O Pl & —_ =5 o ] o
- @/ [@)] @/ o (o) Eb c = - N1 O ~ o
— o . R xR <L
3 7 ) isadvantages mentione 7 o y 7 )
Advantages mentioned by author Mm g &2 & 2 5 8 v M 2 3§ & &
. ¥ m o< S Qo0 dm<iEN.S
Lower construction cost (comparing to Higher constr y v A y
electrochromic, thermochromic photo- Fire protect; \) \’ \}
chromic panes . .
£ ) Reducti f rentable office space V N
Acoustic insulation v ~ Y v —— :
T = : — : N N J maintenance a \{ \f \1 V[
hermal insulation during the winter operational costs
ermal insulation during the summer j ‘\J; v oy ating problem NN, N N

= =2

Night time ventilation ot —
v i r— : Incré@sed air flow sg
nergy savings and reduce ;
o B fg Incré@sed weight affthe structure v y
environmental impacts J
t

Better protection of the shading or
lighting devices
Reduction of the wind pressure effects

Transparency — Architectural design

INatura] ventilation I

Thermal comfort — temperatures of the
internal wall

Fire escape

Low U-Value and g-value

< 2

R

2 2 2

2 [N 2
=2 |2

coustic insu o1l
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NATURAL VENTILATION

level opening, vent
generally effective t

Single-sic
openings: [

at the top and
of the window, \
can be effective U
or less than 2.5 i
room height. The hig
window element can b
left open for general
ventilation while the
occupant can maintain
control over the lower
window(s).

Cross ventilation: D < 5H
When the room has
windows on opposite
sides, cross ventilation is
effective up to 40 it of the
room depth or five times
the room height.

Natural ventilation can be introduced in a variety of ways: 1) wi
windows, ventilation can be driven by wind or thermal buoya
effect) to ventilate a single side of a building or to cross vent
building; 2) stack-induced ventilation uses a variety of exterig
dows in addition to ventilation boxes connected to underf]
tural fins, multi-storey chimneys, roof vents, etc.) to draw i
level and exhaust air at a high level and 3) atriz enables one
of stack ventilation, where the multi-storey volume created f
social interaction can also be used to ventilate adjacent spaces.

resh air at a low

With single-sided ventilation using operable windows, there are gl
of thumb used to estimate the effective depth of ventilation. With clerestory
windows, single-sided ventilation is generally effective up to a room depth of
10 feet, or less than two times the room height. For windows with separate
upper and lower openings, ventilation can be effective up to a room depth of
eet, or less than 2.5 ﬂmes the room he:lght a

and insects also
n facade, as

reduce ventil
previously d
with mecha

fire control s

ealize a variant
circulation and

e -

Heat extraction (above)

Heat recovery (below)



UNIVERSITA

A% | FIRENZE E AI] INTERNATIONAL COURSE O
=T AACHITECTURARL DESIGN

Imp. autoregolabile: doppio flusso con recupero di calore termodinamico

shelside Double-pipe heat exchanger

i o

== £ )

Bete di immissione/Ripresa aria nuova
g O estrazione/ Estrazione ana viziata
dotti di ricircoio

tube-side
fluid in

e 1T

shell-side
fluid out

e

. Filtrazione per turbolenza optionale
Pannello di Comando Centrale

Ventilazione controllata negli edifici ad elevate prestazioni energetiche
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VENTIL

Impianto VMC

Doppio

con recug

L'applicazione dei
nell'edilizia condo

La regolazione della port8
il sistema autoregolabile.
Gli scambiatori di calore rimangono
autonomi per una gestione in base alla
reale produzione di ogni singola abitazione.

N wa

Condotti ovali
per interni

- Ventilatore di immissione centralizzato
- Ventilatore di estrazione centralizzato
- Recuperatore di calore autonomo

- Terminale di immissione aria nuova

- Terminale di estrazione

- Canalizzazioni principali

- Condotti di distribuzione interna

N O S WD -

NATURAL & MECHANICAL VENTILATION
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to VMC per le ab

&

BASAMENTO ANTMBRANTE
.8
[] B+RCC max C. VEC-VEC HIGRO! A VEC TORE Of ESTRAZIONE
ON 160 1265 1615 . VEC RF RACCORDO FEMMINA
ON 200 1265 1615 C. VEC 1 SILENZATORE CIROOUARE
ON 250 1265 1615 CVEC 2500 R | 7m0 | = SERRANDA Ol TARATURA A FARFALLA
DN 315 1485 1835 VEC 271 1180 = RACCORDO ANTMBRANTE
DN 385 1495 1845 = CONOOTTO SPRALATO
ON 400 1616 1966 VEC 382 1411 RCC = RIDUZIONE CONICA CONCENTRICA
DN 450 1600 1950 VEC 452 1411
ON 500 1600 1950 C. VEC 240 H 710
DN 580 1600 1950
ON 630 1600 1950
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THE DYNAMIC BUFFER ZONE: A CANADIAN RESEARCH RESPONSE

iy Garden, have developed a variation of
is system is in the retrofit of existing
this system, dry conditioned air is
ated mechanical system in a way to
eir environments. This eliminates
the assemblies. These assemblies

Canadian researchers, under the original direction g

(historic) buildings with exterior uninsulated
forced into and out of the interstitial cavity sp

es by means of a ded
cavities relative to

TYPICAL DBZ-B SYSTEM
(cavity pressure style)

Figure 11:
DBZ with pressurized cavity

3 : ig. 10] the construction cavities are ventilated with dry outdoor air and
pressure relieved/controlled through a return or exhaust system. In the pressurized cavity system [Fig. 11]
the construction cavities are pressurized slightly above the indoor pressure of the building with preheated
outdoor air without a pressure relief or retum air system. The pressurized system has been more
successfully applied partly as a result of its less complicated/equipment intensive design.[11]



Y] | (W) [EEEgael |  DOUBLE SKIN SHAFT FOR VENTILATION

vent at head
ensuring air extract

\.‘

natural daylig ' e S

sojargains high surface temperature
more comfortable
individual control incidence of
natugakdayligh aft
sound absorbtion
reduction of noise
from College Street
_ ——————
outdoor climate [
: r Season
fresh ai
ool i South Facade Section
intermediate space CCBR, Toronto

Figure 5:
Winter condition of the south fagade of the CCBR at University of Toronto

Windows on the interior fagade can be opened, while ventilation openings in the outer skin moderate
temperature extremes within the fagade. The use of windows can allow for night-time cooling of the interior
thereby lessening cooling loads of the building's HVAC system. For sound control, the openings in the
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GSW Headquarters

Building: Gemeinniitzige Siedlungs-und Wohnbaugenossenschaft mBH
(GSW) Headquarters Ve

Location: Berlin, Germany

System: Double-skin fagade

West
Architect: Sauerbruch Hutton Architekten
Completion: 1995-1999
Project Description: 228t6rey, 11-m wide of uilding with cross ventilation
and a double-skin thefmal flue on the west-facing facade.
This 11-m wide offigg@building allows for cross véhtilation. The east fagade
consists of automatigally and manually-operatedifriple-glazed windows with
between-pane blind uvered metal panels al§® occur on the east facade to
admit fresh air indepé The west fagade consists of
a double-skin facade windows that are operated
both manually and auto 10-mm exterior glazing layer. :
The interstitial space is 0.9 m'V 5, vertical, perforated aluminum mm f
louvers located in this interstitial space are also automatically deployed and e ~ T
manually adjustable. The louvers can be fully T = M O T |
S extended to shade the entire west fagade. ¥ 7 '—T' A O
Exterior views of the ; ; T
vertical louvers on the Outside air admitted from the eas ’ aesssnesserniennenee NS T - V—
west facade. cross ventilation to the opposing wi cade. The = Y * — R ————— L1 L=
- 25 : Sty 3 s TN | R
prevailing window direction is from ast. The B T ] 7 |
west facade acts as a 20-storey high sh ducing EIE =" 1 T T ]
vertical airflow through stack effect and al I l T -
buoyancy. Where partitioned offices occu d-

baffled vents permit airflow across the buil

During the heating season, the air cavity betw
multi-layer facade acts as a thermal buffer whe
operable windows are closed. Warm air is re-
turned to the central plant via risers for heat
recovery. Fresh air is supplied from the raised floor
system. Radiant heating and cooling are provided.
Thermal storage in the ceiling and floor was
created using exposed concrete soffits and a , showing t -
cementitious voided screed system. Various existing tower on the |
building systems such as lighting and diffusers are {gray) and the new
either integrated into the soffit or into the voided i T
e ———————————— yelow): fr—
For all-glass facades, solar chimneys are essentially the glazed marufestation :
of a stack-induced ventilation strategy. A glass, multi-storey vertical chimney y
(shaft) is located on the south fagade of the building. Operable windows 0 . "t —
connect to this vertical chimney. Similar to the heat extraction concept de- \’\/ L {

ng Tower Bl 4
ffice Tow
ple-Layer

lan of the

cade 7

.
ops

=
j

f

R L et
) A Barean w2 U

scribed above for double-skin facades, solar heat gains absorbed within the x e e / ‘
chimney causes hot air to rise, inducing cross ventilation from the cooler north 4 ; — - A b —
side of the building. Mechanical ventilation can be used to supplement this 1o L ‘ . . =1
ventilation if natural means are insufficient. fart > TTT] 1 1R1NE8R 0N N

A
|
|
|
1

Exterior and interior view . R baddasslladaliy

of the east triple-glazed Stack-induced ventilation through atria work using the same principle as a : ) : = K L 1y E

facade system. solar chimney but can serve more functions. Atria can be situated in the core ; . . ) i - % -1
of the building or form a single-, double-, or triple-sided, all-glass, multi- . . . : by ) it e |
storey zone at the exterior of the building. The roof is typically glazed. Atria : = 1
can be used to provide daylight to adjacent spaces and can act as a thermal
buffer during the winter season.

e O

i pad . =
| -
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oty
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Building Research Establishment
Building: Environmental Building, Building Research Establishment

Location: Garston, UK

System: Operable solar shading and stack ventilation
Architect: Fielden Clegg

entilation, cross ventila
ing facade.

e integration between natural ventilation
or plan (shaded in yellow in the picture to
and cellular offices allowing cross ventila-

daylighting strategies. The

structure gh point of the wave, a deresfory window allows
daylight to effectively penetrate the space. A duct providing space condition-
ing and ventilation was placed within a hollow core at the low point of the
wave-form structure.

- trap—

et

pshadine, translucent motorized external glass louvers (Colt International)
are co the building management system and can be overridden by
the occupantstThe glass louvers can be rotated to diffuse direct solar or to a
horizontal pesition for view.

flation system was

an alternative ventilation
or the open plan offices
extreme cooling conditions.

al chimneys were designed to

v hot air through the duct in the
ave-form structure as well as

ough bottom-hung, hopper,
etched windows. The exterior of the
stacks are glazed with etched glass
blocks, allowing daylight admission.
Low-resistance propeller fans were
mounted at the top-floor level, to
provide minimum ventilation and to
flush internal heat gains during the
night.

Reference

Edwards, B. editor. 1998. Green build-

Exterior view of south tnpsiay: Liomisre BREN Sport

facade (top)
Floor plan with cellular

----- offices on the north side
Cross sectlon through the glazed facade™  and open plan on the

(left) and the ventilation stack (right) south side (bottorn)




UNIVERSITA

DEGLI STUDI
FIRENZE
Scuola di
Architettura

Hybrid System:

The hybrid system combines various aspects of the above systems and is used o classify building sys
that do not “fit” into a precise category. Such buildings may use a layer of screens or non-glazed mate
on either the inside or outside of the primary environmental bamer. The Tjibaou Center in New Calec
by Renzo Piano may be used to characterize this type of Hybrid system.

- |
=
SO j

W

b

s

Figure 6:
ter by Piano illustrating the use of a hybrid system
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HYBRID SYSTEM VENTILATION

VENTILATION DUETO WIND F

ressure differential created by incoming fo

...................................................

o OPEN : o
OPEN ¥

%
3

Il
il

CLOSED ..\‘f’

g \\\
£ CLOSED e, & ¢e CLOSED lCLOSED o g mm i
: OPEN  VYPARTIALLY OPEN: "wiymw 2z0PEN Y YV OPEN
STRONG WIND CYCLONE
i ventilation relies upon convection & the i "
| EIeEeRe negative pressure created by thewind '

WIND FROM OPPOSITE DIRECTION
i wind coming across lagoon rather than bay :
‘--------------------------__----_-----_--: i utilization of wind ventilation & stack ventilation 1

|
...........................................
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Figure 4.11 Ten air flow reginte ' 1ot drawn for clarity), Park, et al
(2003).
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DOUBLE SKIN — LOUVER DETAILS

il
QR B
3R

3R
RXHX

heated aipexit

external air entrance

Lamiera microforata
Forl @ 4 Interasse 10mm
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lEAI]IE‘%Eﬁ'ﬂ?g'c”{'ﬁﬁn?”gééﬁﬂl DOUBLE SKIN: Louvres Sound Insulation

APPLICAZIONE e
* Montaggio all’'esterno del serramé
a muro. Alu
acustico +2 |Bianco
« Utilizzato in abbinamento con gli ingres! Alu
consente un elevato livello di tenuta al Controvento Insonorizzato +4 Bianco
Marrone
Frassino

Controvento Standard

490 Colore
= Bianco
QL Marrone
N\ «-“ Frassino
, Nero
Controvento standard Aly

APPLICAZIONE

¢ Montaggio all'esterno del serramento o della manichetta a muro.
» Evita I'ingresso dell'acqua a vento.
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PRE-HEATING / REFRESHING SYSTEM EXHAUST DUCTING SYSTEM

Double Skin Fagade as a central direct pre-heater of the supply air
Double Skin Fagade as an exhaust duct

// /
7 7777777 P

i, i .

WINTER
| Facade as a c§
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Winter Summer y Winter
e ,;l{“, .(J e ';Z.“L\A )/‘;_
Wil Wl B = 1
l 1217 il =
1% ol my ()
| 11U, LS
v // // Vo
Figure 4.1 Double Skin Fagade as a central dif@gt pre-heater of the SUgply ait.  Fygym 4 Dauble Skin f@cade as a central exhaust duct for the ventilation
Systen:.
Winter/ Summer Multi-storey Box window /
A ; il ! // ;,J/
B b Dl ;
52 i =z * 4
ﬁ . A g ; l

Fioure 4.3 Dlouble Skin Facade as an individual supplv of the preheated air.
Figure 4.2 Dlouble Skin Facade as an exhaust duct. o # R A
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Outdoor space

Outer double-pane glazing /

Where:

Quoral is the total heat entering the indoor space through glazing.
Q.q1ar IS the solar heat entering the indoor space through glazing.
Qadiation i the heat entering the indoor space by thermal radiation from the glazing intel
Qeonvection 1S the heat entering the indoor space by thermal convection from the glazing int

«

Indoor space thermal load through glazing

Double wall
airgap

Qtoul'_'Qsolar"' Qndintion +Qoonven:tion

N

Inner single-pane glazing

SHAFT INTEGRATION

LTS

1

~

vent at head
ensuring air ex!

p=—"
high surface temperature \
more comfortable pe----
| i
individual control | incidence of
‘warm fresh air ! natural daylight shaft
1
sound absorbtion |
reduction of noise |
from College Street :
Lo
outdoor climate
Winter Season

controlled venting of
intermediate space
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Classification of Double Skin facades

2 Classification of Double
Skin Facade

Different ways to classify Double Skin
the literature. The systems can be categori Iy
tion, the origin, destination and type of the air flow in the cavity, etc.
The Environmental Engineering firm of Battle McCarthy in Crcat
Britain created a categorization of five primary types (plus sub-
tions) based on commonalities of facade configut
of operation. These are:

+ Category A: Sealed Inner Skin: subdivided into
lated cavity with controlled [lue intake versus a vent
iced thermal flue.

¢ Category B: Openable Inner and Outer Skins: subdivide
story cavity RSN

» Category C: Openable Inner Skin with mechanically ventila
ity with controlled :

* Category D: Sealed Cavnty, either zoned floor by floor or with 2
height cavity. " EG———————————

» Category E: Acoustic Barrier with either a massive exterior envelo
or a lightweight exterior envelope.

hanically venti-
ed and serv-

Qesterle et al., (2001) categorize the Double Skin Facades mostly by con-
sidering the type (geometry) of the cavity. Very similar is the approach of
Saelens (2002) and E. Lee et al. (2002) in “ High Performance Commercial
Building Facades”. The types are described below:

¢ Box window type: In this case horizontal and vertical partitioning
e the facade in smaller and independent boxes
*  Shaft box type: In this case a set of box window elements are placed in
Mese elements are connected via vertical shafts situated in
the facade. These shafts ensure an increased stack effect.

* Corridor facade: Horizontal partitioning is realized for acoustical, fire
security or venfilation reasons.

DOUBLE SKIN FACADE — CLASSIFICATION

Double Skin Facades

*  Multi storey Double Skin Facade: In this case no horizontal or verti-
m two skins. The air cavity ventila-
tion is realized via large openings near the floor and the roof of the
building.

The BBRI, (2002) adds alsg
As it is described, ‘with
motorized transparent rot
stitute a relatively atrtig)
ventilation of the air ca

Uutru, (2001) classif;

way described below:

de, the Louvers Facades.
or skin is composed of
pn, these louvers con-
allow an Increased

ng louvers. In closed po
acade. In open position,

”

systems in a similar

A ording to her, ‘a building-high
is not separated at each storey; instead it
extends over the whole height of the building. The basic idea of a build-

y " air that accumulates at the top of the air

. Builin

izonital partitions on each floor and vertical par-
. The inlet and outlet vents are placed at each floor.

lish-mouth” designed to admit and exhaust outside air is often
built in between storeys. This “fish mouth” has air inlets and outlets. The
outside air from the intake "fish-mouth” is warmed inside the double-
skin and diagonally ascends to be exhausted from the outtake “fish mouth”
at the neighbouring sash. If both the “fish mouths” are laid out vertically,
a large part of the exhausted air would have been reabsorbed, This system
also prevents fire from spreading to other levels”.

o Shaft Facades: A shaft fagade is a combination of a double skin facade
wm a EMg-hlgh cavity and a double-skin facade with a storey-high
cavity. The full-hejght cavity forms a central vertical shaft for exhaust air.
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Classification of Double Skin Facades

On both sides of this vertical shaft and connected to it via overflow open-
ings are storey-high cavities. The warmed, exhaust air flows from the sto-
rey high cavity into the central vertical shaft. There it rises, due to the
stack effect and escapes into the open at t he buoyancy in the shaft

o 7that as the trapped air

o Airflow facades: a double facade
with its inlet at or below the floor
above the floor level above.

o Airflow window: a double leaf facade that has an inlet and outlet spaced
less than the vertical spacing between floor and ceiling.

least one storey

e/ of one storeyg@nd its exhatust at or

More detailed, the author describes crucial pa
function and thus the classification of this systé

* primary identifiers

o airflow patterns

= building height
* secondary identifiers
layering composition,
depth of the cavity,
horizontal extend of cavity
vertical extend of cavity
operability
materials

oSS o BN © SIS o B © S o

Magali, (2001) divides the double skinned facades in two categories: A)
Double Skinned Facade on several floors and B) Double skinned facade
per floor. As she mentions, “7he differenice between the categories (A) and
(B) is that there is a horizontal partitioning into the air cavity, at each floor”,

According to the author, each of these categories is divided into sub-
categories. The distinction has been made between airtight or non-air-
tight facades 7he tightness of the fagade is related with the possibility to open
the windows”.

DOUBLE SKIN FACADE — CLASSIFICATION

Classification of Double Skin Facades

o Interactive Wall: “7he principle of the interactive is much like that of the

naturally ventilated wall with the significant difference that the ventila-
tion is forced. This means that the system works in situations with high
ambient temperature itsdges not depend on the stack effect alone. The
/ ith high cooling loads. During cold
during night-time) the ventilation

The BBRI, (2002) ge ore detailed way to classify the active

facades according to the:

Mechanical
Origin of the air
= From inside
o From outsi

Destination gf'the airflow

h of the air cavity

arrow (10 - 20 em)

Wide (0.5 - 1m)

¢ Partitioning
o Horizontal (at the level of each storey)
& No horizontal partitioning

In this way, 48 different cases can be considered. Even moare cases could
be created if the different categories would be refined (for instance cavity
width). Although this way of categorizing can be very precise, the in-
creased number of categories can be confusing.
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Technical Description

Faist, (1998) compared an airtight facade and a Double Skin Facade
that provides natural room ventilation. After this comparison, he
cluded the following:

¢ Inan air tight facade:

& the depth of the fagade is not really critical fqg
inside the cavity

2 the windows are usually closed; opening the wi
antee good room ventilation

= the canal is open at the bottom and may be ¢
the top

= the double-skin has virtually no noise-insulating @

ow does not guar-

(by a valve) at

ing to a convectional wall)
©  owing to the air temperature rise in the canal (with solar rad
tion), the canal height is limited to 3 to 4 levels

¢ Ina ventilated fagade:

#  the depth of the facade has to be determined precisely

= ventilation of the rooms is obtained by opening appropriate va
(sized floor by floor)

= the canal closed at its base, extends above the last floor level.

= Noise insulation can be improved when the double-skin screen is
installed as the outer layer

% the allowed height depends on the canal sizing. An upper limit is

nevertheless given by the allowed air temperature rise in the canal
(10 to 15 storeys)

Oesterle et al., (2001) presents an extensive description of the function
and the air flow of the cavity in relation with constructional parameters.
The authors mention that only when the cavity between the facade skins
is relatively shallow (less than 40 cm) significant pressure losses are likely
to occur. Otherwise, the intermediate space offers no major resistance to
the air flow.

3.2.2 Interior facade openings

Oesterle et al., (2001) mention that the effectiveness of the inner fagade
in terms of its ventilating function will depend on the opening move-
ment of the windows. The authors make a comparison between various
casement opening types in the inner fagade skin and their relative venti-
lating effectiveness in relation to the elevational area of the opening light.
The following cases of inner openings are described:

39

Technical Description

Uutty, (2001) describes the support structure materials used for the
mentioned facades. According to her “Designers should take care when

passible incompatibilities in natural properties of the base material, such as
cient of thermal expansion. 1t is also because the coatings used with
erials may be incompatible or may need maintenance that Is difficult to,
out without harming the glass or its coatings in some way".

.2 Selection of Glass

most of the literature, one can read that the most common pane types
used for Double Skin Facades are:

 For the internal skin (facade): Usually, it consists of a thermal insulat-
ing double or triple pane. The panes are usually toughened or
unhardened float glass. The gaps between the panes are filled with air,

For the exte

single pane.

he second interior
e or single-pane, case-

toughened or la

Similar descrip the existing
literature. However, there is no literature connecting the pane types and
the shading devices with the construction type (i.e. box window, corri-
dor facade, etc) and the use of the Double Skin Fagade (origin and desti-
nation of the air flow, etc).

ated safety glass can be used.

41

choosing materials to be used together with glass. This is not simply because of

DOUBLE SKIN FACADE — CLASSIFICATION

Double Skin Facades

Poirazis and Rosenfeld, (2003) compared 4 different Double Skin
Facade cases where different panes were applied in order to calculate the
peratures in different heights of the cavity and other prop-
pes used are shown below:

erties. The P

Table 3.2 Desd@iption of panes applied for different types of Double Skin

Case 2 3 4
Quter Pane m clear 8 mm clear 8 mm clear 6 mm solar
Dat glass float glass float glass control glass

4mmeclear 4mmclear 6 mmsolar 4 mm clear

float glass float glass control glass  float glass
Inner Pane 4mmeclear  4dmmlow-e  4dmmclear 4 mm low-e
float glass glass float glass glass

e authors concluded, the case 1 gives the highest U-Values. The 34
es slightly lower U-Values. The case 2 and 4 have approximately the
ame U-Values, lower than the cases mentioned above. The average in-
crease of the mentioned value compared with the cases 2 and 4 is ap-
proximately 39.6% for the 1*tand 34,3% for the 3" case correspondently.
Concerning the heat losses, (Q)qs) the 15t and 3™ case lead to higher
losses than the 27 and the 40,

3.3.3 Selection of shading device

According to Oesterle et al., (2001) “Determining the effective characteris-
tics of the sunshading in each case poses a special problem at the planning
stage since the properties can vary considerably, according to the type of glaz-
ing and the ventilation of the sunshading system. The sunshading provides
either a complete screening of the area behind it or, in the case of the louvers
it may be in a so-called ‘cut-off " position”.

As the authors conclude for large-scale projects it is worth investigating
the precise characteristics of the combination of glass and sunshading, as well
as the proposed ventilation of the intermediate space in relation to the angle
of the louvers”.
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exhaust fan

exhaust fan

,' o0
» glass skin
~al glass skin 2 ! J
solar radiation - T~z louvre
heat gains :> solar radiation
heat gains
A
The position of enetian blind within the air cavity affects the rate of the
heat transfer to th@interior and amount of thermal stress on the glazing layers.
dampers the interior fagade, inadequate air flow around the blind
onductive and radiative heat transfer to the interior are dampers
blind should be placed toward the exterior pane with adequate
or air circulation on both sides. With wind-induced ventilation or high
velocity thermal-driven ventilation, the bottom edge of the blind should be

secured to prevent fluttering and noise.

the flow controlled by dampers and exhaust fan

Controlled air flow in the cavity (Stec

exhaust fan
exhaust fan

o<
glass skin o g/-—‘ /
] S ;/ﬂ louvre 2 window
solar radiation _, |7~ vindow Z
heat gains |:> 2 z
& r

dampers

blinds
dampers

. ) uncontrolled airflow through the cavity
uncontrolled airflow through the cavity

Uncontrolled air flow in the cavity (Stec et al, 2000).

i i

FEach storey is separated (Stec et al, 2000).
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temperature extremes, winds, and sound. Sun-shading devices are often located between the two skins.
All elements can be arranged differently into numbers of permutations and combinations of both solid and
diaphanous membranes.[7]

As there are numerous variations in the construction types for double skin facades, it is necessary to create
a classification system in order to assess and compare the merits of the various systems as well as the
“environmental success” of one building’s skin ve her. In North American based typology three
method of classification contained in the
e Glass Skins to Clad Buildings”, by
1 Herzog cite three basic8ystem types: Buffer System, Extract
ee systems vary significantly with respect to ventilation method
umption.

Architectural Record Continuing Education
Werner Lang and Thomas Herzog. Lang 2
Air System and Twin Face System. The

/

J

HHHHHH

U=

Figure 1: Figure 2:
Buffer System Extract-Air System Twin-Face System

Buffer System:

These fagades date back some 100 years and are still used. They predate insulating glass and were
invented to maintain daylight into buildings while increasing insulating and sound properties of the wall
system. They use two layers of single glazing spaced 250 to 900 mm apart, sealed and allowing fresh air
into the building through additional controlled means — either a separate HVAC system or box type
windows which cut through the overall double skin. Shading devices can be included in the cavity. A
modern example of this type is the Occidental Chemical/Hooker Building in Niagara Falls, New York. This
building allows fresh air intake at the base of the cavity and exhausts air at the top.

T
|

NINTHFLOOR H

4570mm

REMOVABLE

BASEMENT i I S

| 2
Figure 4:
Wall section of the Hooker Chemical Building illustrating a classic buffer fagade application
that does not allow for fresh air nor mixes the cavity air with the mechanical system.

Extract Air System:
These are comprised of a second single layer of glazing placed on the interior of a main fagade of double-
glazing (thermopane units). The air space between the two layers of glazing becomes part of the HVAC
system. The heated "used" air between the glazing layers is extracted through the cavity with the use of
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BOX FACADE

SHAFT-BOX FACAD

Box window Shaft box facade | Corridor facade
type
Sound Used both when | The fewer Problej Suitable when
insulation | there are high openings sound external noise
external noise (compared with | transrissio levels are high,
levels or when the box window | from room but problems
special type) provide to room
requirements better insulation
concerning against the
sound insulation | external noise
between adjoining spa
rooms exist
Fire Low risk factor Low risk factor | Medium risk High i
protection | (not any roomis | (the rooms are factor (the rooms | (all the rogt
linked to each only connected | of the same are linked ¥
other) with the storey are linked) | each other)
ventilation shaft)
Natural Openable Caution should | Caution should | As a rule, the
ventilation | windows, proper | be paid in the be paid so that rooms behind
—air quality | for natural way that the the exhaust air multi-storey
ventilation airstreams are trom one room facades have to
grouped together | doesn't enter the | be mechanically
from a number room above, The | ventilated
of facade cavities | problem can be
into a single solved with the
shaft diagonal
configuration

| TYPES OF DOUBLE SKIN / MORPHOLOGICAL

The Undivided Air Space:

The undivided fagade benefits from the stack effect. On warm days hot air collects at the top of the air
space. Openings at the top of the cawly siphon out warm air and cooler replacement air is drawn in from
the 0u18|de However gwithe at the top of the cavity, offices on the top floors can suffer from
ity adjacent to their space. The undivided air
occupy this "environmentally variable interstitial
matically for spaces with low occupancy (meeting
s fo filter and moisten the air as well as act as shading

eating on upper floors as well as noise, fire and smoke
onsiruction simplicity of a repeating unit and in turn can produce

c savings. Corridor faga
on every floor allowing fi
e wall), draw air acro
fagade becomes p
0]

{commonly used in twin-face fagades) have fresh air and exhaust
aximum natural ventilation. Shaft facades (divided into vertical bays
e fagade through openings allowing better natural ventilation. However,
ematic for fire-protection, sound transmission and the mixing of fresh and

g the Air Spa
The desugn of the 3
Hooker and Telus

pace also impacts cleaning. The continuous cavity, as can be seen in both the
dings, uses either a bosun’s chair or platform, similar to a window-washing rig, to
the space for cleaning. Any louvers that are located within the cavity must be able to
be moved to facilitate access. In some air spaces designers put open grates at each floor level. These still
permit aiflow through the space but provide a platform upon which to stand when cleaning the cavity floor
by floor. In some instances, where the cavity is more divided, the interior windows, whether operable for
ventilation or not, will function as access panels for cleaning crews to enter the space for maintenance.
Where there has to be occupation of the air space for cleaning, the interior clear dimension is usually in the
600 to 900 mm range. Where the dimensions are small, cleaning is done from within the office space and
requires that interior window panels open fully to provide adequate access for cleaning.

If the aesthetic drive behind the use of the fully glazed double fagade is key, maintenance is critical.
Research would indicate that full cleaning is carried out anywhere from 2 to 4 times a year and is a function
of the cleanliness of the air that is passing through the space. Where the early design of the Hooker
building (1983) provided a continuous cavity and fully open grilles at the base for continuous intake air, the
Telus Building (2001), includes timed dampers to close off the air intakes at the base during times of peak
traffic.
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FACADE LAYERS Comments HEAT TRANSFER
Glass layers Convective heat transfer in the cavity
- Optical Spectral? - Forced Convective heat transfe
properties Angular dependent? convection - mustith
Optical properties different for Possibi
diffuse and reflected (incide; the co
radiation? cimu
- Thermal Function of the temperature?
properties MIRH
Shading device - s cald
- Type of shading | Modelling of any type of shadi para
device (roller blind, Venetian bli rate, te
orientable slats, etc,) - Natural Possibility to modelimatural ventilation See also "Air flow modelling” (see below)
Opverhang? convection the cavity? (naturally v
- Optical Spectral? Radiative heat transfer
properties Angular dependent? - In the cavity Radiation  and  convection  treated
- Position of Attached to the internal or external glass separately?
shading device | skins? Radiation heat transfer coefficient is a
in the cavity Placed in center of the cavity? 9
- Control Can the shading device be controlled? = Fotee and
radiat‘ion heat
- Modelling Possible? ipanster
- Thermal Can ventilation air pass through the frame? - View factor the view factor
properties Thermal properties function of the airflow 2
rate passing through the frame? modelled. eat fransmission through “the adiation
frame can représémt a non-negligible part of the - All panes Inter-reflections een the glass panes
Possibility to set an inlet temperature (air | total heat transmi losses  through
entering the ventilated cavity) different to | complete fagade. between the slats of the
the exterior or interior temperature? Air entering the ve ed cavity can be hea
and cooled down to contact with
bounding surfaces and
radiation: The dnlet te ion of a thermal and an airflow
influences both the trans n the same software?
enthalpy change of the air bility to combine the software to
cavity. w models? (other software)
Cavity subdivision ancy effect? (stack effect)
- Vertical Vertical subdivision? The number of zones into which fl ventilation ind effect?
be divided is not straightforward. Airflow between the cavity and the interior
subdivision is needed to take into accoun of the building through the window
temperature profile in the cavity. openings?
- Horizontal Horizontal subdivision? Fictive ver'tic‘al walls can be simulated'? (in some ~Coupling fagade | Possibility to connect the fagade model
programs it is needed to model fictive vertical $ ? Sopes 5 ~7 4
vollasibzepessait Bhesbialfiapdiibendlleding) and building with the building and its installations
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Eurotheum
Location: Frankfurt, Germany
System: Double-skin fagade
Architect:  Novotny Mihner + Associates
Completiongl 999

£

g
4

W11/

square 28 by 28 m plan. Only part of the
1 a double-skin fagade, which provides
ost of the year. Office space occupies the

The fagade grid is 1350 mm wide and 3350 mm tall. Each unit,
which is pre-fabricated off-site, consists of a 6-grid span,
one-storey tall. The internal skingconsists of thermally-broken
aluminum fl and double-pa
tilt-and-turn windows. Power-opers
34-cm-wide ai

.//
R

i

d blinds are located in

|
P
e
»

Extericr vie w
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Another example of a building constructed several years ago was designed by
Christoph Ingenhoven in Essen. It is an example of the earlier types of these
buildings and it prompted alot of interational attention focused on these
double-wall systems. When you see this building in reality, it is extraordinar-
ily small and has a very complex double wall system done by Gartner. This
building serves as a touch point for many people in terms of double wall
construction; an example of what might be done and how incredibly excessive
this undertaking was. This is a building represents an extraordinary invest-

e on the exterior of the building for daylighting and energy conser-
es; simultaneously this building, with a very, very small floor
nctioning mechanical system in it that would allow it to be
ype of curtain wall on it, including a conventional mono-
s a building that has a redundancy of systems and an

1 amount of floor area. It is an example of wonderful
bvides this small town with an extraordinary urban

ite significant. That, of course, is one of the roles that

ve always played — that they serve as either a corporate or
dbmmunicating a unique, highly tuned agenda or identifica-
mpany or that particular municipality.

SR A ; Pplate, has a ful
v b L0 ope.rated with al
lithic glass wall.
extraordinarily s:
work spaces and
identity, which is

67

Essen, Christoph
Ingenhoven.
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observer and office occupant, the wall section at the CDP does not greatly differ from a traditional fagade
system that incorporated both fixed and operable glazing panels.

return air partly Sf
into double -
facade:
winter heat —
recovery;
summer gains
purged outside

manual/
automated
porous solar
shading screen

selective
glazing (2)

operable ] :
window | small vent opé
- © room air to ret

| double facade

displacement
ventilation

Figure 7: Figure 8:
Wall section detail of the CDP Interior view of the office space
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9 Interstitial spac@aseasonal climate buffer
d sunshade
3 Aluminum framed@lazing curtain wall
iy gPanel- ceramic frit
T s solar heat gain
-existing restored
ows- new mechanized
7 Existing exterior wall- exposed concrete
2 8 Curtain wall hangers
= 2 9 Steel reinforcing for curtain wall frame
- uBaised office floor
< : num in raised floor

liffusers
ural ventilation possible in moderate
emperatures

-_— ) 124 !

igure 9:
The room section at Telus, Vancouver
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introduction - typology - evolution - design - applications
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Night

DOUBLE SKIN FACADE-TROMBE WALL

ROOQF

3' OVER HANG
\

QUTSIDE
GLAZING MATERIAL -2 LAYERS NSIDE
SEPARATED BY 58" SPACE
{1 wsed Kalewall brard ferglass) S"XI12"HOLEIN WALL
WALL PAINTED BLACK STUCCO FINISH
£ THICK OONCRETE WALL

3" X 3"HOLE [N WALL

AR FLOW ./ FRIOR GRADE

R, 30

)

(APPROXIMATELY 4 X

|_—FOOTING

2" THICK CLOSED CELL STYROFOAM
ON OUTSIDE OF WALLS WITH SIDING

MATERIAL ON THEQUTSIDE OF THAT
MODIFIED TROMBE WALL
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Figure 17-1;

The Roldoor system with stacking Water Wall
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Exterior solar control

Exterior solar control can be provided by overhang, fin, or full window screen 2 2 - . O\ergﬁzgs
geometries — the shape and material of which defines the architectural Mo Artcylation Vertcal Fins Owerhangs %
character of the building. The general concept is to intercept direct sun before a-00

it enters the building. Once direct sun enters the building, the only way it can :

get back out is through reflection (only the visible and near-infrared wave-
lengths of solar radiation can be reflected back out) or indirectly by convection
and long-wave radiation. Exterig gontrol should be designed to inter-

{which tends to be 6-8
cial buildings). Shadi
(screens, blinds, etc.) s
allow free air flow. A

alifornia for most commer-
tire face of the window )
e exterior glass surface to 10:00

louvers and blinds a
Louvers and blinds are ontal or vertical slats
Exterior blinds are more e of galvanized steel,

anodized or painted alum’
size varies and tends to be wid or use. Slats can be either flat or 11:00
curved. With different shape and reflectivity, louvers and blinds are used not

only for solar shading, but also for redirecting daylight.

While fixed systems are designed mam]y for solar shading
can be used to control thermal ga

operable systems

sunlight while redi:ecﬁng light to the ceilt
generate glare, depending on the slat angle
surface into the field of view.

hot climates, the system may be more energy-effi
of the building while blocking solar radiation. Fo.
the system can be used to provide more daylight anc

ildings in cold di
bsorb solar radiati

Sketches of various exterior shading systems (at leit, from top to botiom)
Horizontal overhang protects south facades from high-angle sun during the day.

Vertical fins protect window facades from east and wes! low-angle sun.

Overhang and fins combined can be applied to buildings in hot dimates. 15:00

Window setbacks, where the window plane is pushed inward from the face of the
building, can provide good shading potential.

Fixed or moveable horizontal louvers provide shading similar to an overhang with
improved daylight potential.

Interior blinds can be controlled to accommodate occupant preferences.
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Gabriel Vaduva, A A M. Architeltura Arte Moderna, Roma
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| Giuseppe Terragni, Asilo
*ﬂf Sant'Elia, Como 1936-1937
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Le Corbu, Curutchet House, La
Plata, 1949-55
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The Brise Soleil Milam House Paul Rudolph
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Young Museum)

« The third tool is a completely new technology, which enables designers to build
standard glass and metal facades, but with a variety of customizable material
claddings and will be avallable Spring/Summer 2014

"With our tool, everything you design is quantifiably buildable,” says Zahner engineer
Craig Long, "And quantifiably buildable designs have concrete costs. So we thought,
what happens when a designer can see the cost of a facade? It's that missing piece
of the puzzle. For the designer, it's knowledge, and it's power.

For more information, visit http:#fshopfloor azahne ‘

-y i hY |
ade for Zahner's Headquariers, the first facade sysfern
Photo @ Mike Sinclair, @ A Zahner Company

Zahner's Headquarters in Kansas City, the first facade system availabie fo
ShopFloor. Photo @ Mike Sinclair, ©@ A Zahner Company
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Ferofit zail to addrezz
zhadng protem in
Waterdoo Train Station,
London. Architsct:
Mcholaz Grimzhaw.
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University of Ohio's Central Chiller Plant

Fins made from dichroic glass—which refracts
light in colors because of embedded layers of
metal and oxides—cast rainbows on the cooling
equipment inside.The reflections from these fins
move as the sun changes, like glittering fish gills,
or water reacting to light.
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Wessex Water Operations Center, Bath, UK,
Bennett Architects
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Prickly P ine Office I for C .

Passive solar design meets pointillist pincushion in this stunning porcupine-inspired office recently cleared for construction in Prestons, England. Designed by UK-based Moxon Architects, the
building features a bristling brise-soleil composed of andonized aluminum fins suspended from tensile rods. This striking facade acts as a rain screen while filtering sunlight and contributing
to the building’s energy-efficient profile.

Dubbed Oliver’s Place Preston, the 40,000 square foot office building won a competition organized by RIBA in 2007. Its innovative facade is formed from an array of aluminum “reeds” that
are all arranged in the same direction. Their placement has been carefully considered such that “early morning and winter sunlight is able to enter the building while high summer sun is
excluded and so does not adversely alter the environmental conditions within the building. The aluminium fins also appear as a thicket of material that gives the building a striking
appearance that changes dramatically depending on the position of the viewer.”

+ Moxon Architects

Read more: Pri
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Kunsthalle, Eregenz,
Austia by Peter Zumptor.

Library Museum with
ceramic fiting by Herzog!
deMeuron.

ot U
ect, which uses ceramic friting. We are all
educe the li ght transmiss on of the glass itself, but in
the fritting patternnot as some abstract dot pattern, or
are quite literally impodang images of a collection (Hhis
userun) and they have basically taken elemerts from the
imposed themn on the surface of the building so0 it becomes
g anirformational role in terms of the building as well as ite
£ and it's enclosure for environmental performanee simulta-

n

) S L

i L o | a4l 3

Yy |

ere it this other level of thinking about double walls that we did

O today as much as we might have, which is this drive for purswing

exploring trangpareney and luminceity a8 a means © commuricate the
s’ function which is something that has been lost in mueh architecture

ert years. The commurdcation often is relied on in more historieal

des or styles, where now I think we are re-embradng a modernist idea

ere you canlet the building speak to the complexties of image and irfor-

stion that we are sirrounded with through all differert media.

Thisis anunusual building that is built out of regulet glass. These are strue-
and you proceed into the exhibition spaces, inside the buildi tural glass “C chanrels used predominatel y for industrial buildings. In this
remarkable object that is a perfect cube, a cube of ice that sits onthe lake in case, these repulet elements and the main offiee part of the building sleeve
Bregenz and the corstruction of itis such that there are very large lights and each other t form a dowble wall construetion for the ireulative characteristics.
they are lappedin both dir ections, meaning lapped both harizontally and This question of whether it is fashion, sesthetie, or purely thermal perfor-

vertieally, the intert here is that the skinis again providing a sinple thermal ¢ S
: s B b ey : : manee has to do with the rationalization of the cost for these systerns. If they
buffer betiveen the exterior dlimate and the intenor dimate. There 18 obviously are seen exclusively as a mechanical deviee o improve performance, itis, as

a great deal of ventilation going through the lapping of the glass panels, a8 we all know, an almeet impeesible task to justify these walls finandally over a

This is a building that most of you architeets wo ¢
the Kursthalle in Bregenz, Austria, a building by Pe

simple idea, a conerete frame bullding very carefully
the exterior of the building wrapped around this irte
tion for the building is irserted irto the cavity between thel:
glass skin and the conerete frame of the building. Ome ses

up through and behind this skin, all the dreulationis aro

willas venting atthe g chort period of time. It takes a very, wery long period of ime for these systems
Again, inan arimated way, this bulding activates itself withinits urban  pay back their initial coet. However, if the desd gn is coupled with a smonger
ervironment by allowing for the presence of the visitors t be visible on the pocition of the aesthetic and how it is operating ina broader social way, I think
exterior of the building. In the evening, whenitis all itup and youhave that the payback is a secondary question rather than a primary question. In
people moving through it, the building becomes an extraordinary lively object order for us to explore these walls in this courdry; there will always have to be
and I think this idea of reirforaing the participation of the building in it’'s abroader base upon which to justify cost. We are rever going  be able
wurban envirormert rather thanisolate itself from the urban ervironment make the case with our energy being s0 cheap that these systems can pay

thernselves baek in any sort of a short time frame.
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FRITTED GLAS

the porosity
obtained in t
glass increases
its insulation
performance
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REFRACTIVE GLASS

Refractve glass wall, Arst
Bank Place, Hawaii,
James Carpenter Design
Associates.

Thisimage of anolder project that we had done isin Hawaii. Tis awall for a
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SELECTIVE GLASS

Q o

"Vetro Selettivo”

9% di trasmissione energia

3% di energia assorbila e riemessa

71% di trasmissione luce

179 Totale luce assorbita

Thisimage of an older project thatwe had done isinHawaii. Ttis awall for a



UNIVERSITA

?f%éﬁ‘é”é INTERNATIONAL COURSE O
S | s HEAI]I AACHITECTURARL DESIGN

HOE- Holographic Optical Element

Holographic optical elernents (HOE) can also be applied to the redirection of

zaemthal sky-light. Tilted glass HOFE overhangs can be plaoce aver nm'th-{aa.ng
at diffuse daylight & redimeted into tl'e building or. The

sarrated on one side forming pris par grooves across the face

of the parel. The angles of two sidege are engineered to block
oartain angles of sunlight and refract and'™s itothers. Forsome designs,
ane or both surfaces of the prisma is coated wnh a high-reflactanos alminum
filrn. The panels should be applied to the exterior of the building and should
be adjusted seasonally : 2 variation in solar altitude.

olographic optical gleraents (HOE) uge the prindple of diffraction to redirect
ight. An irderf -

k’. - { . ology ic e : tachnology is ina demorstration phass in

¢ BY :
\ i "«I'-Iﬂ..ﬂlll-.
ficnal "_ me -

lightly curved sections of glass that are stacked
glass. The refractive index of glass isagain
o redirect sunlight to the ceiling plane.

view is distorted or irapaired so placeraent of such
Ending views height is typically recorarended. With reany of
the transparem sysbems, glam is not controlled sinee the dirsct sun inereases
the lurainanos of the panels well above acceptable limits for raost office tasks.

In all of the abowe sys
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Eugenijus Miliunas, Siauliai A
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Thelr proposal of a fully giozed, ftronsparent, elegantly decorated
facode by woy of oulkside clodding won Forsign Office Architects
(FOA) the commission for the John Lewls Department Store ot Ledcester,
England. The double curkain wall Is of structural gloss decorated by the
“Ipochrome design” technigue invented by Inferpone. The effect ks thus
both crnormental and func ca the sproy process for applying the
decoration gives effective protection ogalnst inouisitive eyes and sunrays,
transmittance balng a meane 4%. The loce-lke coating & bock-iit by night
In a ronge of 256 colol ural gioss ghees the focode an especially
harmonlous appecrance, os well oz some proctical odvontopes: for
example, ralrwater woshes off all fraces of dirt. In all, the glozed surfoce

Is 5,000 sq m. mode up of 425 pones eoch measuring 2.465.4 m. Tha
pattarn halps disguise the joing and give the imprassion of one plece. For
the outdde the mulifoyer systemn designed by Ipochroma hos the look of
a brightly reflacting, siver-bocked mimor. Unllke other reflecting surfoce
clodding, it ks highty resistant to domp and humidiiy




UNIVERSITA

DEGLI STUDI
uola
rehitet




UNIVERSITA

INTERNATIONAL COURSE O
! AACHITECTURARL DESIGN

s W\ :V:
: ‘l \!: \ |ui'.{s:h i1 ,‘

"
.-

| T \f:m SN iy i
| 3 e e \,
| ,Hr ‘\ A \‘\1[ |

&% 3\‘1 2’;{!#“
Rt el

R




TR | N PR e | EXTERIOR SOLAR CONTROL- MATERIALS

CERAMIC FINISHING
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*light material
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Evapourative Cooling
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installazione di essenze vegetali su stecche verticali ruotanti (si veda Fig. 1). Il
della posizione pud essere regolato con la stessa modalita adottata per gli scherr
convenzionali. Gli svantaggi di questa soluzione sono: elevati costi relati
costruzione dei dispositivi mobili con le piante; intercapedine profonda; selezione |
delle piante; le essenze vegetali hanno infatti bisogno di essere resistenti al cambi:
costante della loro posizione.

installazione di piante su una grata fissa nelli questo modo si otl

minima illuminazione richiesta degli ambi n Fig. 2). L'efficie
questa soluzione pud essere confronta nstallazione ermi fissi est
vantaggio & una costruzione semplice a facciata. Possibile taggio & l'al
della manutenzione dovuta alla frequ potatura delle piante. sa di cio €
pill opportuno adottare piante caratt te da una lenta crescita.

rete di sostegno

{ | B |

b/
n

infercapedine
intercapedine

disposizione di

fioriere su H

stecche ruotanti Fib

nellintercapedine | ~r \

Fig. 1 - Installazione di piante Fig. 2 - I lazione di piante su una
nellintercapedine della facciata attraverso la fissa  nell pedine della fa
loro disposizione in fioriere su stecche (Fonte: W.G. , A.H.C., Van Paass

ruotanti. (Fonte: W.G. Stec, A.H.C., Van Maziarz. Diseg laborato dall’autort
Paassen, A. Maziarz. Disegno rielaborato
dall‘autore.)

adozione di piante decidue nell‘intercapedine della facciata a ia pelle. In a
queste piante perdono le foglie; creando una sorta di sistema di atura che
regola. In inverno la radiazione solare passante attraverso la facci oduce cal
compensare le dispersioni termiche. In estate invece le piante bloc gran par
radiazione solare diretta permettendo allo stesso tempo l'illuminaz natural
ambienti interni. Cid da anche un effetto psicologico positivo agli i all
dell’edificio, poiché essi osservano continuamente il cambio delle stag el It
lavoro. La Fig. 3 e la Fig. 4 mostrano le prestazioni di tale facciata nel peri inve

in quello estivo.

1
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Fig. 3 - Prestazioni della facciata con gli Fig. 4 - Prestazioni della facciata ¢
schermi vegetali nel periodo estivo. (Fonte: schermi vegetali nel periodo inve
W.G. Stec, A.H.C., Van Paassen, A. Maziarz. (Fonte: W.G. Stec, A.H.C., Van Paass

Disegno rielaborato dall’autore.)

Maziarz. Disegno rielaborato dall’autort

EXTERIOR SOLAR CONTROL- GREEN

Lo svantaggio di questa soluzione & un possibile aumento della manutenzione relativa alla
rimozione delle foglie morte. La Fig. 5 e la Fig. 6 suggeriscono soluzioni per questo
problema. Lintercapedine pud essere semplicemente aperta nella parte inferiore,
permettendo facilmente alle foglie di cadere sulla pavimentazione esterna o interna di un
edificio senza depositarsi sugli elementi che costituiscono la facciata. Le foglie possono infatti
cadere sul pavimento di un atrio, creando l'impressione dell’autunno allingresso della
costruzione,

apertura
dell'intercapedine
sul marciapiede
stradale

Fig. 5 - Facciata doppia pelle con le piante. Fig. 6 - Facciata a doppia pelle con le
L'intercapedine é aperta, permettendo alle piante. L'intercapedine é aperta alla base e
foglie di cadere sulla pavimentazione del consente alle foglie di cadere nell’atrio
marciapiede. (Fonte: W.G. Stec, A.H.C., Van dell’edificio. (Fonte: W.G. Stec, A.H.C., Van
Paassen, A. Mazia n, A. Maziarz. Disegno rielaborato

dall’autore.) utore.)
Misure delle azioni delle piante in facciata doppia pelle
Per studiar sibilita di applicare le te nell'intercapedine di una facciata a doppia
pelle, so e eseguite da un gruppo ercatori dell’'Universita di Delft alcune prove nel
ratorio che descrive un iata a doppia pelle (Fig. 7). Tale modello & stato
n una struttura d‘acciaio 0 e con una parete di vetro, mentre tutte le altre
pareti sono state isolate con uno str: polistirene spesso 50 o 100 mm.

legno
lampade vetro
piante
tatore del fl
| scatola
i di pressione

Fig. 7 - Modello di laboratorio della facciata a doppia pelle con le piante. (Fonte: W.G. Stec,
A.H.C., Van Paassen, A. Maziarz. Disegno rielaborato dall‘autore.)

La parete isolata del modello definisce la pelle interna della facciata di un edificio, invece il
fronte vetrato realizza la pelle pil estema di vetro della chiusura perimetrale. La parete
interna e la pelle di vetro delimitano un condotto d‘aria in cui & stato disposto il dispositivo
schermante. Per simulare la luce del sole sono state usate apposite lampade. La radiazione
incidente sulla superficie del modello di laboratorio pud essere controllata nell‘intervallo di
46-206 W/m? in funzione del numero di lampade accese. Nel modello di laboratorio sono
state installate 36 termocoppie per esaminare la distribuzione della temperatura. La
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misurazione del flusso termico & stata realizzata con |'uso di un box a pressione e con
tester di misurazione del flusso connesso all‘ingresso del modello di laboratorio. Inoltr
stato misurato I'aumento di umidita nell’aria mediante un analizzatore di gas, che conse
di determinare il rischio di condensazione sulle pareti della facciata.

Lo scopo primario della realizzazione del modello di laboratorio & stato quello di confront
|'effetto di un sistema di ombreggiatura differente da quelli tradizionali nel comportame
della facciata e di determinare I'aumento di umidita dell’intercapedine.

L'effetto di differenti dispositivi di ombreggiatura nel compg g della facciata a dop
pelle & stato osservato considerando i seguenti tre casiz
« nessun dispositivo di ombreggiatura nell’intercap
e piante installate nellintercapedine;

o schermi tradizionali installati al posto delle pi

Risultati conseguiti
La tabella 1 mostra il confronto dell’aumento
laboratorio per ognuno dei tre casi considerati.

modellc

Sistemi di schermatura Strat0 (AT = T = Tonsue [K])

vmm{:j Intercapedine esterna O

| H Nessun schermo  15.0 86
l § H Pante 142 85 64 55 69
] l “ Schermi tradzional 15.1 108 127 83 86

Tab. 1 - Differenza di temperatura misurata tra ogni strato
I'ambiente. (Fonte: W.G. Stec, A.H.C., Van Paassen, A.
dall’autore.)

Durante le misurazioni le quattro lampade sono state accese el
radiazione sul fronte vetrato del modello. In generale si & osserV
temperatura pil basso si ottiene con le piante installate nellintercape
stato interessante il confronto della temperatura degli schermi e delle p
temperatura degli schermi & stato infatti circa due volte piu elevato di
intercettate dalla stessa radiazione incidente. Una temperatura pill basst
ombreggiatura ha come conseguenza |'abbassamento della quantita di calo
parete interna e all'intercapedine d'aria.

Dalle misurazioni effettuate |'aumento di temperatura della parete interna & sta
di circa il 20% nell'intercapedine con le piante che in quella con gli schermi
Inoltre I'aumento di temperatura dell mtercapedlne darla & stato anche signifi

che 'aumento
e. Specialment:
te. L'aumentc

tradizionali, cosi pure la temperatura media nell’intercapedine con le piante & stata m
quella misurata senza alcun elemento schermante nella facciata a doppia pelle.

Infine si & notato che |'evaporazione dell’acqua dalle foglie dipende dalla radiazione s¢
incidente sulla pianta e anche dalla quantitd di acqua trasportata alla pianta. Quandd
essenze vegetali ricevono un abbondante apporto idrico, la traspirazione e qui
|'evaporazione dell’acqua dalle foglie & elevata. In generale |'aumento osservato dell’'umic
assoluta é stato dell’ordine di 0,5-1,8 g/kg. Se la temperatura si mantiene costante, t
valore potrebbe creare il rischio di condensa sulla superficie della facciata quando I'umic
relativa iniziale & maggiore del 70-80%. Considerando che nel periodo estivo la temperat
dellaria aumenta allinterno dell'intercapedine, |'umidita relativa finale non dovret
aumentare significativamente.

Il modello di simulazione della facciata a doppia pelle con le piante e quello con gli schern
quello elaborato da Stec” ed & stato adottato per individuare le diverse prestazioni di que
facciata. Le misurazioni effettuate sul modello di laboratorio, realizzato alternativamente ¢
le due varianti del sistema di ombreggiamento, hanno mostrato il vantaggio dell’applicazic
delle piante nell’intercapedine delle facciate a doppia pelle rispetto all’inserimento de
schermi tradizionali. Entrambe le soluzioni di facciata a doppia pelle hanno le ste
caratteristiche a parte quelle del sistema di ombreggiamento; cid ha evidenziato che

EXTERIOR SOLAR CONTROL- GREEN

Di conseguenza |'accumulo pit basso di energia termica nell‘interstizio con le piante rende
questa soluzione pill adatta alle condizioni estive perché le essenze vegetali definiscono un
sistema di protezione solare con un maggiore effetto ombreggiante.

Le simulazioni effettuate nel modello di laboratorio hanno infine mostrato che la capacita del
sistema impiantistico di raffrescamento e il consumo di energla annuale sarebbe ridotto per
gli edifici con le piante disposte nell'intercapedine de
Tab. 2 viene confrontata la prestazione di un SIS E
Air Conditioning) impiegabile in edifici carattegi
con essenze vegetali e con schermi nell’inte;
della facciata a doppia pelle con le pian
ridotta di circa il 18% e il consumo di el

da una facqa

piantistico HVAC &
basso di circa il

a a doppia pelle. Infatti nella e di questo tipo di chiusura verticale consentono
WAC (Heating Ventilatine re come dimostrano i bassi valori di temperatt
doppia pelle realizzata ema (Tab. 1) della facciata a doppia pelle con
he per la soluzione mente durante le ore con un elevato irraggiamer

19%. Nel periodo estivo infatti Iaria pi fi@dda nell‘intercapedine & utilizzabile per un tempo Prestazione dell’edificio
pill lungo per ventilare le stanze, riducer il tempo di funzionamento dél ventil-convettore a doppia pelle Facciata a doppia pelle
approssimativamente del 10%. Dallaltro [88® il tempo di funzionamento dél ventil-convettore  rmi con piante
viene aumentato per il periodo invernale. 0,117
’a] 25,00 [W/m?a]
m’a] 57,50 [W/m?a]

Conclusioni
Questo studio ha analizzato le prestazioni te 2 a doppia pelle con le th/m?]
piante disposte nellintercapedine. La simulazione™@ stema di facciata & stata (h/m?)

12,00 [kWh/m?]
13,35 [kWh/m?]

sperimentata con la realizzazione di un modello in laboratorio che & stato impiegato per
confrontare le prestazioni sia di una facciata a doppia pelle con le piante, che della stessa
dotata invece di schermature nell'intercapedine.

Si @ cosi potuto osservare che le piante reahzzano un sistema di ombreggiamento

40,00 %
72,90 %

effettivamente maggiore. Sg aspetti vantaggiosi nell’'uso delle

150

piante nell’intercapedine,
e La temperatura di og
caso con le piante
I'aumento di temp

due volte piti basso di quello di uno

nisparmi energetici.

le & in generale pili bassa per il 13 facciata a doppia pelle [DSF] con schermi e cc
Sotto la stessa radiazione incidente - Stec, A.H.C., Van Paassen, A. Maziarz. Tabel

ono superare i 55°C. ne di facciata a doppia pelle & anche un fattore
a permette nel periodo estivo la riduzione 3tto alla facciata a doppia pelle con gli scher
% dei sistemi impiantistici, con conseguenti :omfort degli ambienti interni, accompagnata da

di climatizzazione nel periodo estivo (Tab. 2).

e Linfluenza delle piante sul sistema dififScaldamento non & stata osservata in questo di Fig. 8, le misurazioni effettuate hanno permes

are un aumento della domanda di energia per il hermi con quella delle piante nell‘intercapedir

ema con gli schermi. ancora due volte pit piccolo di quello degli scher
a pelle per la ventilazione naturale & in grado di 2 le temperature dell‘intercapedine e della pare

0 nel periodo freddo. jostrato in Fig. 9, hanno consentito di confrontare
mbi i sistemi di ombreggiatura, evigenziar\do c
o delle essenze vegetali, come sistema di ombreggiatura :on le piante & quasi due volte piu piccolo di que

nell'intercape i iatéla doppia pelle, sono di contribuire a ridurre il consumo hermature tradizionali.

bnsiderazione dovrebbe quindi essere uno stimolo per un

: realizzare gli edifici, finalizzato a far diventare le essenze
vegetali un elemento del m, atto costruito. 1

NOTE &
' Campbell D., Gaylon S., N J. M, intr ion to envi ics, (2 ed.), New York, 1998, =
?Pal A. K., Kumar V., Safena N. C., Noise attenuation by green belts, in Joumal of Sound and Vibration™ n. 234, 2000,

Ep 149-165.

n. 11,1989, pp. 37-63.

: Stec W., Van Paassen AH.C., Defining the performance of the double skin facade with the use of the simulation

Wolverton B. C., Johnson A., Bounds K., Interior landscape plants for indoor air pollution abatement, in “Interiorscape” \a

model, in Building Si ion, Eindh: . NL, 2003.

1empo {1}

20 40 60 80 100 120 140
Tempo [h]

Fig. 8 - Valori della temperatura degli Fig. 9 - Valori della temperatura dell’ar
schermi e  delle  piante disposte per la facciata a doppia pelle con gli scherr
nellintercapedine della facciata a doppia e con le piante. (Fonte: W.G. Stec, A.H.C
pelle. (Fonte: W.G. Stec, A.H.C., Van Van Paassen, A. Maziarz. Grafico rielaborat

Paassen, A. Maziarz. Grafico rielaborato dall’autore.)

dall’autore.)
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EXTERIOR SOLAR CONT

ROL- GREEN

essenze vegetali disposte nell‘intercapedine di questo tipo di chiusura verticale consentono di
ottenere un’efficienza energetica maggiore come dimostrano i bassi valori di temperatura
misurati sulla superficie della parete intema (Tab. 1) della facciata a doppia pelle con le

piante. Tali valori sono osservabili specialmente
solare.

durante le ore con un elevato irraggiamento

Prestazione delledificio
Facciata a doppia pelle

con piante
0,117

25,00 [W/m’*a]

12,00 [kWh/m?]
16,20 [kWh/m?]

57,50 [W/m’a]

12,00 [kWh/m?]
13,35 [kWh/m?]

ore di

ventil-convettori

- in estate 40,00 %
- in inverno 72,90 %
ore di surriscaldamento 150

a_soluzione di
O rispetto al

a degli schermi

L‘aumento di temperatu
tradizionali, influenza
interna.
Infine le misurazioni
temperatura dell’i
I'aumento di temg
che si registra

apedine per entrambi i
atura nell’interstizio con le

Tab. 2 - Confronto delle prestazioni di una facciata a doppia pelle [DSF] con schermi e con
le piante nellintercapedine. (Fonte: W.G. Stec, A.H.C., Van Paassen, A. Maziarz. Tabella
rielaborata dall’autore.)

facciata a doppia pelle & anche un fattore di
lla facciata a doppia pelle con gli schermi

one di comfort degli ambienti interni, accompagnata da un
impianti di climatizzazione nel periodo estivo (Tab. 2).
el grafico di Fig. 8, le misurazioni effettuate hanno permesso

con quella delle piante nell’intercapedine.

elle piante & ancora due volte piu piccolo di quello degli schermi
di conseguenza le temperature dell’intercapedine e della parete

ate, come & mostrato in Fig. 9, hanno consentito di confrontare la

sistemi di ombreggiatura, evidenziando che
piante & quasi due volte pil piccolo di quello

tercapedine con le schermature tradizionali.

Tempo (h]
Fig. 8 - Valori della temperatura degli
schermi e delle piante disposte
nellintercapedine della facciata a doppia
pelle. (Fonte: W.G. Stec, AH.C., Van
Paassen, A. Maziarz. Grafico rielaborato
dall‘autore.)

Temperatura [C]

80 100
Tempo [h]
Fig. 9 - Valori della temperatura dell'aria
per la facciata a doppia pelle con gli schermi
e con le piante. (Fonte: W.G. Stec, A.H.C.,
Van Paassen, A. Maziarz. Grafico rielaborato
dall’autore.)

120
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artificial wetlands. What if GMO algae strains were

to show the different strains of algae in the different phase
filtration? I think it would be beautiful after producing
image. So to wrap up this little experiment the resultant i
Light Filtering, CO2 absorbing, Greywater Purifying, Bioen@
producing Rainbow Beauty. The BIOS-FIN (Functionally

0
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ALGADISK - Novel

algae-based solution
for CO, capture and

biomass production
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e Tam
e Sokor Alke

in summer, whan the
high in the shy, hghfshalie
Rock direcf sun af bofh |
woper and fowear win gows.
winfar, fow sun can panafrafe
fo the hack fo fhe space
fhrough fhe cleresfary, pre-
heafing occumed space in fhe
maming, and proviaing hahf
when needed. Tinfed gaang
can be used af fhe Lower view
wingow, while clear gazing
can he usad af fhe cleraskory
fo increase dayhghfadmis
5Kn.

Sky-light redirection

The s2cond category of light-redipgeti d for diffuse sky-light
are effective for dirates with prado rairantly cloudy ednditions or for urban
ar other situations where the windés i *gee” the sky. For
such systerns, the roain des ) is to increagdinterior daylight kvels
aven]lwnhlessemphassmthede igh Tection.

Anidolic systeras uss the prineiple of non-imaging optics to gather orand-
directional diffuse light and gmde the flux with rairrared curved georetries.
This “focused” daylight v actad along the eeiling plane and

2 collector optics am areated
ith a high-grade alurninura

also be applied to the redirection of
fverhangs can be place over north-facing
2dimeted into the building interier. The

The double-skin fagads
h i’ desie foranall-glass fagade and the practical desire to
have natural vertilation for iraproved indoor air quality without the acoustic
and security constraints of naturally-vertilated single-skin facades.

The forernost benefit cited by design engireers of EU double-skin facades is
acoustics. A sacond layer of glass placed in front of a convertional fagade
reduces sound kvelsat particularly bud beations, such as airparts or high-
traffic urban amas. Cperable windows behind this all-ghsslayer comprorniss

=a Furopean Union (EU) architectural phenoraenon

\
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Technological Solutions

" [Ceramie intgless] hada  Solarfilters

miner effect on the
building's eneagy pexfx-  golar fltare i eflact 3 portion of both directand
Specteally selectiv maree foxthe Bloe Cxoes! gimico o - it angsHfins, “lightshelves”, or a secondary

’B:‘ag::f{%fcq‘?b’:gé exterior 1 are applied to south, @ast, or west-facing

Spectrally selective glazing 355 that permits some portions of the but allowed extersive facades to cut 443 solar rad mtion ljevels and diffuse daylight.
—— solarspectrum to enter a building while blacking others. This high-perfar- overhead ghzing in the Filters ray be raade withan opaque base ratenal {waven or perfarated,
~—  mane glazing admits as much daylight as passible while preventing trans- UA termiral st OHme in  Inetal sareens or fabric) or trarsparent base raterial (etehed, translucent, or

Fock and Fidll Hiztory mission of as much solar heat as possible. By control]mg sola.r heat gains in thelate 1980sandtomest  fritted glass or plastic).
Muzeurn, Clevsland, Ohio  symmer, preventing loss of interior heat in winter an ASHRAE Standasd 9. =

aness of solar cortrol is norraally in proportion to the

— b - 2 ¥ : aToentage of opaquemnaterial and will vary with the thickness, opacity,
seledive glazing significantly mducesh ; 8 3 reflactance fabsa e of the raterial aaxg pesition within the rfqaaadey
demand. Becausenew spectrally selaive ; Interior fabric roll@Pshades can provide raodest solar heat gain contral if its
dppeardre, they admit more d’.ayhght ing sipface reflactance is high (whits or sarai-reflective). Translu-
berglass panels fe.g., Kalvwall) used as part of the window
des modest solar control.

e absorptive shade systerns, such as thos2 usad in double-skin
also lead to thermal stress on the window systemand to inereasad
gain, ifinadequately placed, dus to the increased surface terapera-

e absorbing shading layer. Localized solar absarptancs can caus:

2d thermaal stressand possible glass breakage with fritted glass.

architectural trend over the pastone to two decades has been to us2

ering roaterial (fritted and etched glass). Ceramicenarael coatings on glass
itted glass) rely on a pattern (dots, lines, ete.) to control salar radmtion. The
pattern is ereated by opaque or transparent glass fusad to the substrate glass
raaterial under high teraperatures. The substrate ranst be heat strengthened
ar terapered to prevent breakage due to thermal stress. Alow-e ccating can be
Placed an top of the frit. Toreduce long-wave mditive heat gains, it’s best to
use the absarbing fritted layeras the exterior layer (surfacs #2)of an insulat-
ing glass unit.

Initially, filters were used in the non-view partions of the mof or window wall.
There isan increased trend to use filters in the view partions of the window
vl for aesthetic visual effect. Such use can irpair view and ineremse glare
significantly, partienlarly if backlit by direct sun, sinee the window lurninanes
within one’s direct field of view is significantly increased. Perforated blind
systems provide solar control with daylight adraission, and can fraprove

E::;::zen amel oatings vl caradort throngh the reduction of the lumirance contrast at the window:

other absorbing and reflecting glazings to =
control performance.

11
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M tomatsed louvsrz on a
zkylight axetsm, Technol-
od v Muasum, Berlin

#i-optic array, Technadl -
dhiuzsum, Berlin
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One would expect that with the increasing number of buildings that feature
advanced facades, a suite of design tools would be available that enables
designers (architects and engineers) to determine the impact of advanced
facades on building performance. Such tools do exist for many systems, but
these tools are geney ed m-house and are proprietary and/or

a 4 e and time that is disproportional to
Many of these tools are used simply to
worst-case design conditions. Year-
d unless called for by the energy
gent client. Yet, the architectural
, improved comfort, improved
ancy field evaluations have been

ance estimates under
ance is typically not mo

codes or
literature gl@ims increased energy efficie
ality, etc. Since no post-oc

these claims substantiate;

Exterior overhangs, Nordic
gg;'{:"es Einpaasies, predict the thermal and daylighting impacts of facades on building perfor-

mance (i.e. energy use, comfort, HVAC design, etc.). We explain how models

frw hinh nanfavmnannn franndan Aiffaw fenm lhanin alaavithoens Aand danaviba tha

In this section, we de c concepts or algorithms that are used to

References

Brager, GS., E.Ri
Mother Nature,

and K. Powell. 2000. Mixed-mode ventilation: HVAC meets
pineered Systems. May 2000,

ral ventilation n non-dowmestic buildings: CIBSE applications manual
ondon: Chartered Institution of Building Services Engineers (CIBSE).

0. Mived-made office building: A primer on design and apevation of wixed-mode
d an analysis of occupant satisfaction i thvee Calffornia mixed-made office

hesis (M.S. in Architecture) Berkeley, California: University of California,

tive Facades

Smart windows and shading systems have optical and thermal properties that
can be dynamically changed in response to climate, occupant preferences and
building energy management control system (EMCS) requirements. These
include mototized shades, switchable electrochromic or gasochromic window
coatings, and double-envelope macroscopic window-wall systems. “Smart
windows” could reduce peak electric loads by 20-30% in many commercial
buildings and increase daylighting benefits throughout the US,, as well as
improve comfort and potentially enhance productivity in our homes and
offices. These technologies will provide maximum flexibility in aggressively
managing demand and energy use in buildings in the emerging deregulated
utility envirorument and will move the building cormunity towards a goal of
producing advanced buildings with minimal impact on the nation’s energy
resources. Customer choice and options will be further enhanced if they have

) the flexibility to dynamically control envelope-driven cooling loads and
Automnated translucent lighting loads.

glass louvers at the
Environmental Building,
Building Research
Estaklishment, Garston,
UK (see detaled case
stu d( . Avatiety of different strategies have been implemented by utilities and other

thoi+ mictrmvare 1v attomnte +0 tarnace avd +adrice alactrie lnad MMact have

Exterior overhangs, Nordic
Countries Embassies,
Berlin.

Demand-responsive programs
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Jean Nouvel,Institute du Monde Arabe, 1987
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Barcelona-Active-Gallery-Escolano-Ubach-01
(During the 60s an experimental bries soleil activated by quicksilver was studied for AGIP Office Building in Italy)
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Green walled facade Keng
Kuma

Designed by architects Kengo
Kuma & Associates, the
building’s slightly slanted
panels are formed over
decaying styrene foam,
creating organic-looking
vertical planters over the
structure’s entire surface.

Plants pop through small holes of the die-cast
aluminum panels that punctuate the living facade of
Green Cast, a mixed-use building in Odawara, Japan.
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Tongji University Team, “Para Eco House” combines both parametric and
ecological strategies. A combination of Dao theory in eastern philosophy
and the theories of Michel Foucault in western thought, especially the ideas
of autonomy in architecture.

- The roof components include sol panels and shading system.
- The west elevation of the hou i
greenery. The size of the hole
elevation which enriches the
between nature and interior
- The wetland water system un
enhancing the environmental qualii

- The mist spraying system creates cO ple and pleasing atmosphere for
various events as well as helping cool the wind blowing through the living
area.
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TYPICAL BOX MODEL LOCATIO

— ome—
TYPICAL BOX MODEL FOR DAYLIGHTING (ECOTECT) TYPICAL BOX MODEL FOR SOLAR LOADS (RAD-
THERM)
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Radtherm Thermal Analysis Software

RadTherm - jet airway-west.
ile Edit Yiew Tools Units Window Help

=lalx|

Fi
IREEIEEE

Magnify|| 1
Geometry | Editor IAnalyze | Pa

= ! @ B
Bl @[5 D &o|ss|o-#] %] B2 SI 51

Rotate X] Zoom tide | HideUns| _Show | Iny Hide|| /S51dn

(| &,[ &,

Lo Reset | Last

ize (mm): Mar 25

Cunent Time [Mar 28, 1990

Resu

Results IEnvimnmenl | F

Part |1 9

')

Average atu
40,5225 ¢ Display Heat Rates/BCs

HeatRates | Boundary Conditions I

|V Display as Flux
Heat Rate Flux [\ #n?)

Incident Outgoing Net
O Conduction 0.00107125 N
. . F
Q Convection |0 11.1884 -11.1884 u/_,);\/\‘;
0 Radiation |549.198* 548.969 * 0.229187 250 %69 288 208 s 344
Q Solar 25.7259
Q Imposed 0 Min Temperature 'C) Display Scale

|25 Auto Scale I

X[*Y|+Z1-X|-Y|-Z

1) This TDF file was written with RadTherm 9.0.1
2) Model statistics: Elements: 10257 Parts: 19
3) Thermal results c_Iata was w_lit\en I?y vt_arsion 9.01
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Heat flux (W'sqm)

Surface physical properties of modeled double wall glazing system

Parameters of glazing system
1) External double pane glazing
Outer layer: VE 2-2M with 6mm thickness
Eout=0.84, Ein=0.04
Reflectance=0.05
Transmittance=0.28
Air-gap: 13 mm thickness
Inner layer: clear glass with 3mm thickness
Eout=0.84, Ein=0.84
Reflectance=0.08,
Transmittance=0.76
2) Internal single pane glazing
Clear glass with 3 mm thickness
Eout=0.84, Ein=0.84
Reflectance=0.08
Transmittance=0.76

Lower spandrel panel: p
Absorptivity=0.08

Internal glazing surface solar heat flux

Metal fin

North surface: polished aluminum
Absorptivity=0.08
Emissivity=0.05

South surface: galvanized aluminum
Absorptivity=0.49
Emissivity=0.22

f modeled double wall glazing system

0:00:00 4:00:00 8:00:00 12.00:00 16:00:00 20:00:00
Time

Fin distance = 1500 mm
Fin width = 600 mm

Fin shade can reduce solar radiation penetrating into the building space.

Comparison in the Figure above shows that the peak solar radiation heat flux can be reduced by 1.3~4.7 W/sqm
of window area. Fins with angle of 30 degree give the largest solar heat flux reduction.
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At 240 feet tall, the
San Francisco Federal

Building can be seen

from many parts of the

city (opposite). The
perforated-stainless-
steel scrim that shades
its southeast facade
pulls away from the
base of the tower and
is at once diaphanous
veil and sharp-edged

protective shell,

DIAPHANOUS VEIL
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A tower shaped by
performance objectives
and design process

The form, structure, and orieg
of the Federal Building offi
are the product of weathe@data
analysis, wind-speed stud
and air-flow modeling, and
integrated design process. O
floors are long and narrow to
provide views and promote day-
lighting. The slender floor plate
permits breezes to enter through
openings on the tower’s windward
elevation and allows venting
through the opposite facade. The
building’s exposed-concrete slabs
are supported by an upturned
beam system and have a wave
profile in section. The configuration
maximizes structural efficiency
while increasing surface area,
enhancing the slab’s ability to
absorb heat generated by people,
computers, and lights.

The Federal Building’s
perforated-stainless-
steel scrim is made

up of multiple planar
elements of varying
geometry (top left and
right). The shading
device and its substruc-

sions. The resulting
digital model was

to coordinate fabri
and installation.

GROUND FLOOR

TOWER PLAN-LEVEL NINE

1. Plaza

2. Tower lobby

3. Elevator lobby

4. Storage and m/e/p
5. Annex

STAINLESS-STEEL SCRIM
PERSPECTIVE STUDY

6. Parking/loading

access
7. Café
8. Day care
9. Office space
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Three-story lobbies
(right) are a by-prod-
uct of the skip-stop
elevator system

first pioneered by Le
Corbusier. Projecting
stair landings afford
views of the city
(opposite, bottom).

SECTION THROUGH TYPICAL ELEVATOR LOBBY

The frosted-glass fins
on the northwest eleva-
tion (this page) are
separated from the win-
dow wall with a catwalk.
Zoning regulations limit
the height of adjacent
buildings to 120 feet,
ensuring that the flow
of air through this
facade will not be
obstructed. The sky
garden's suspended
walkways (opposite)
have fritted-glass
balustrades and incor-
porate seating.
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Stainless-steel scrim

Reinforced-concrete slab

Vo Frosted-glass shading fin with upturned beams Ihe/designersipros
Private office “cab’i]s" tected the tower’s
BAS-controlled operable window Raised floor facades from heat
[ |_ gain with a shading
scrim on the south-
| — Occupant-con d [zlsle] BERDRENB|EE@E@EAEHE EEEaEn: & gastelevationiand
operable win 1 frosted-glass fins on
S| [ ® the northwest. Some
AR | (VR of the openings in
i i these window walls
are controlled by the
Convector occupants and some
Trickle vent i [ by the building

automation system.
SECTION DETAIL THROUGH TYPICAL OFFICE FLOOR

Open workstations line
the perimeter of the
office floors while
glass-enclosed meet-

OFFICE FLOOR
AIR FLOW DIAGRAM

ing rooms and office
“cabins” occupy the
building’s spine (right).

Open workstations line
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CNA-SUVA Building
Building: CNA-SUVA Building

Location: Basel, Switzerland \
System: Prismatic panel in double envelope system

Architect: Herzog and DeMeuron

Renovation Completion: 1993

: The renovation of a low-rise office building in Switzerland

ivided into three sections. The upper section is
integrated prismatic panels which automatically
the altitude of the sun. This panel has two
toward the outside and admitting daylight into
on window is made of clear insulating glass and is
occupant during the daytime. The lower level
controlled to stay closed when solar and thermal

made of insulating glass
adjusts itself as a functio
functions: reflecting sun
the interior space. The

Fontoynont, M. and European Commission Directorate-General XII Science Research

and Development (1999). Dalight performance of buildings. London, James & James

(Science Publishers) for the European Commission Directorate General XII for Science
d Deve

Top: The prismatic panel
reflects light tothe desired
angle.

Bottom: Sectional detail of
the tacade system.
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uuuuuu

Heated air exhausted al
top of cavif

Spill air forced thraugh
grill at base of cavity

Spill Air ducted into
plenum

Padium Mechanical
Room

UN STUDIO, TWOFOURS54 MEDIA ZONE 1, Abu Dhabi 2009
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LAMINATED GLASS W/ 25% FRIT ——————————— ——

LAMINATED GLASS FIN ————————————
WITH 50% FRIT

CUSTOM SS FITTING

W/ COUNTER SUNK SS BOLT

STAGGERED GLASS PANELS
ON FIN TO OVERCOME ————

MAX. GLASS SIZE-LIMIT §

AS REQUIRED

(4
ey

!
(4100mm) >

4100

<aly,

D5-151,
SIM.

TOWER H1/L1 CANTII
EVERY SECOND FLOOI

SS SPADE BRA( UPPORT ]
ONNECTED THROUGH AINWALL

S GRILLAGE FOR ACCESS
AND ENANCE 10} 150

50+SS1\ FFL

g 2 [ vAR Y ssL
8 N GLASS FIN FIXATION: ——— ===
HINGE CONNECTED TO A

ALU. SPANDREL PANEL WITH —— ] |
ROCKWOOL INSULATION AND N\ _

g
SPADE BRACKET PENETRATION & —_ —_— )
e
MOTORIZED ROLLERSHADES —————— / A

[

W/ CABLE GUIDANCE AT i }
|

N

BACK OF MULLIONS

GYPSUM BOARD CEILING
TO C.L. OF COLUMN ’

HVAC DIFFUSER PAINTED
TO MATCH GYPSUM BOARD
(COLOR TBD)

————————]

unit (4100mm) >
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LAMINATED GLASS
VLE 24-57; 25% PATTERNED FRIT

STAINLESS STEEL NIB PROFILE

CAST STAINLESS STEEL
BOLTED CONNECTION

TRIPLE LAMINATED GLASS
LOW-IRON; 50% TRANSLUCENT FRIT

LED MEDIA LIGHTING IN
AN ALUMINUM PROFILE

STAINLESS STEEL SPLICE PLATE

PRIMARY *HINGE" JOI

STAINLESS STEEL GRILLAGE

5S SPADE BRACKET (BEYOND)

INSULATED GLAZING UNIT
VE 24.85

ALUMINUM SPANDREL PANEL
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LIGHT SOURCE
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Mediamesh is an LED
video display wire mesh
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The upcoming 2008 Olympic
| Games are inspiring some show-
stopping buildings and
t technologies, among them the
eenpix Zero Energy Media Wall
ew York based architecture &
dia firm Simone Giostra &
ners. Visible from up to a
ometer away on one of Beijing’s
ost congested main roads, the
20,000 square foot bright light
facade of the Xicui entertainment
complex is more than stunning,
it’s surprisingly strong in its green
credentials. The Greenpix Zero
Energy Media Wall is the world’s
largest color LED display, and has
a self sustaining energy life-cycle.
Harvesting sunlight collected
- ' during the day via photovoltaic
----- e e ec e s Il ‘ solar cells, the wall uses stored
- solar energy to light up the LED’s
for a spectacular nighttime show.

Read more: GREENPIX Zero
Energy Media Wall Lights up
Beijing | Inhabitat - Sustainable
Design Innovation, Eco
Architecture, Green Building



Generative video for LED media
facade of Rockheim (Norway’s
national museum of pop and
rock), Trondheim.
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BOOKS, PAPERS AND ONLINE RESOURCES

VIDEOS
High Performance Building Fagade Solutions

World-first...construction of an algae-powered building
. v=i -

High Performance Commercial Building Fagades

http://gaia.lbl.gov/hpbf/

Double Skin Fagades for Office Bulldmgs

Development of a Double-Skin Fagade for Sustainable Brisbane airport car park features a kinetic facade to create energy and movement
Renovation of Old Residential Buildings H 2v=, i
http://www ainablehealthvbuildings.org/PD H/KIMGOD

The Concept of a Double-Skin Fagade
NLCP: NWW.TENE dpro.com “If'l pDle-pga -.-- oncept-o

NP/ /wWww.rene dpro.com/seeing-douplie-part-iji-tne-ro d aCd MPTon

Understanding the General Principles of the Double Skin Fagade Syste

http://tboake.com/pdf/double_facade_general.pdf

SOFTWARE PLUG IN
Paratevision

Determination of the energy performances of ventilatedd double facades byithe use of simulatio com/notes/gigabidea/parevitism-toolbox-for-revit-2014/6 825098

integrating the control aspect
hitp://www.wtcb.be/activefacades/new/download/Prediction%200f%20therm

%20behaviour%200f%20VDF%20bv%20simula 620software

%20energet]

Involucri vetrati a doppia pelle. Perfomance e qualita realizzativa.

Facades, Curtain walls Products Archive

FACADE Blogspot
JJf fi . .

Facciata a doppla pelle con le piante

Progetto di residenze con I'utilizzo di sistemi solari passivi e di raffrescamento naturale _Tesi di laurea

//digil bero.it/ - iarchi/tesihtm/i





