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Alberto Pugnale and Alberto Bologna

nte Bini’s air structures (1964-1979)

ym early Italian prototypes to the Australian experience

erto Pugnale' and Alberto Bologna’
culty of Architecture, Building and Planning, University of Melbourne, Australia; 2.
e Polytechnique Federale de Lausanne, Switzerland

construction of concrete shells has always been a difficult and expensive procedure. Preparation of
slex formworks, as well as placement of curved reinforcing rods, requires experience and increases
verall cost. Building concrete shells is even more of a concern within the Australian context, where
of simple and rapid technologies has always been a priority. In the Sixties, Italian architect Dante
developed and patented a form-finding and construction technique that aimed to solve this issue, the
“Binishells™.

paper investigates Dante Bini’s system, from its conception within the Italian environment until its
national success in the USA and Australia[1].

om Normand W. Mohr to Dante Bini: the pneumatic formwork from ‘The City of
t Francis Idealized’ to the ‘Architettura autoformante’, 1927-2009.

ary 1927, architect Normand W. Mohr proposed to realise the Golden Gate Bridge in San
jisco as an underwater tunnel of reinforced concrete. It should have been built through a pneumatic
vork and that probably appeared (extraordinary?) to the readers of the American magazine The
itect and the Engineer [2]. Mohr was experienced in the manufacture of aerostatic balloons: in April
he filed a patent titled Combined aeroplane and dirigible balloon, in which characteristics,
tialities and construction procedures of inflatable structures were clearly mastered [3]. Despite his
lion to apply such a system for the erection of circular buildings too, his ideas fell into oblivion for
t six years [4]. In August 1933, The Architect and the Engineer was still giving space to Mohr’s

truction idea [5]. The steel reinforcement as conceived by Mohr was of traditional type and
nbled above the pneumatic formwork just after inflation. Only in 1964, was Italian architect Dante
able to introduce a substantial innovation. He thought of realising his concrete shells with an
sible steel reinforcement, which was mounted above a deflated pneumatic formwork, and then
med to take shape following the membrane inflation.

ssumptions made by Mohr were successfully developed again by Californian architect Wallace
ose reinforced-concrete shell houses, built with inflatable and reusable pneumatic formworks,
great success [6]. In 1934, Neff made the first drawings of a pneumatic house and in 1939 he
® a description of his pneumatic form[7].

S patent, which was filed in April 1941, represents the result of the socio-political environment of
eriod, which also led other architects to work on the same topic and develop low-cost houses or
eS. Such a spirit aimed to build thin-shell concrete structures of barrel and dome type? for
lings, hangars and barracks for defence housing purposes[8]. Neff planned to insert a series of
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Dante Bini'’s air structures (1964-1979)

hooks into a concrete footing slab, to which he would anchor an inflatable membrane that could be
shaped in order to assume a desired size and curvature. Neff’s form was fabricated from an airtight ang
substantially non-stretchable material of sufficient strength to withstand hard usage?, as a rubber
impregnated canvas. Once inflated, the formwork was covered with a wire reinforcing mesh of approved
type?; thus, with the so-called *gunite’ method, a continuous layer of about three inches in thickness (3
mixture of cement, fine aggregate and water) was literally shot against the inflated membrane through a
cement gun, in such a manner that the wet concrete kept its position. The concrete passed across the iron
mesh and flowed directly against the rubber surface of the formwork. Prior to inurement, the exterior
face of the shell was levelled with rods to obtain the final curvature and a smoother surface. After the
structure’s hardening, the membrane was deflated and then removed through one of the openings that
had been created. The subsequent patents filed by Neff between November 1941 and June 1952 aimed to
improve concrete casting, manufacture of an economic and reusable pneumatic formwork (Neff
suggested nylon, cotton muslins or treated paper of the type developed at that time for parachutes) and
positioning of steel reinforcement|9]. Through the employment of such a construction system, by 1941
Neff built twelve experimental houses at the so-called mushroom village in Falls Church (Virginia)[10].
In 1945, once he understood the potential of the invention, Neff founded a construction company, the
The Airform International Construction Company, through which he built hundreds of reinforced
concrete shell structures all over the world[11].

During the Fifties there were no further innovations. The shell structures which were born from the
collaboration between Neff and architect Eliot Noyes were erected using a well-established construction
technique that, in the United States, allowed for a fast production of low-cost houses[12]. In 1954,
engineer and mathematician Mario Salvadori worked with Neff and Noyes to improve casting of in-situ
concrete through the use of a ‘concrete gun’[13].

In parallel to Neff and Noyes" realizations in the U.S., in Europe in summer 1955, Swiss engineer Heinz
Isler exploited the proprieties of pneumatic structures. Scale models were used to derive the exact
geometry of minimum surfaces in order to build shells with a minimum of material[14]. However, the
design process innovation by Isler was not affecting construction, and therefore it was not able t0
eliminate timber formworks for concrete’s jet.(?)

Although Bini admitted being aware of the building systems that led Neff and Noyes to build their
‘bubble houses’[15], he argued that his own method was the result of casualness (?), inspired by the
observation of a tennis (?) pneumatic structure and (its?) structural response under snow load| 16]. In the
early Sixties, Bini had the intuition to build a reinforced concrete dome using pneumatic prefo
formwork, an extensible steel reinforcement and performing concrete pouring prior to inflation.

Fitting into a typically Italian post-war tradition, Bini was at the same time designer and manufacturef of
his own shells, the so-called Binishells. In his first prototype, which was built in Crespellano, Ttaly O
July 4, 1964, after constructing a traditional reinforced concrete footing ring, Bini arranged 0N
ground a framework composed of concentric steel bars connected to arcs of metal chains, abo"e_',
deflated pneumatic membrane. Such bars were an empirical transfer of the ribs” geometries of Pier
Nervi's Palazzetto dello Sport of Rome[17]. Bini's framework was then able to deform from the

to a tri-dimensional shape of which the planar configuration was just a projection; the anchoring S

of the inflatable membrane was comparable to that used for fixing traditional pneumatic cnvelope';[w
A reinforced concrete dome (or, as Bini states, a shell structure in ‘ferrocemento’[19]) Was ob 2
after sixty minutes of membrane inflation. During the formwork erection, concrete was restrained by
net fence. For that reason, at the final stage it appeared grainy and not compacted. An acceptable
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e was obtained through an extrados’(?) hand levelling with a trowel, without applying any
ical vibration.

introduction of iron springs as reinforcement in the framework (the rods were inserted inside the
, anchored to the ground only at one end and therefore free to take the shape given by the dome)
place in the fourth experimental dome, which was built by Bini in Pegola, Italy[20].

n 1964 and 1965 Bini conducted new experiments and with his company Binishells Spa started
ing his patents outside Italy (Fig.1): a thirty metre diameter dome was built in Castelfranco Emilia,
e use of a lightweight reinforced concrete obtained with “Leca-type™ aggregates and a new type
ework characterized by a spiral shaped mesh, interlaced with structural steel rods and bars[21].

N° 1.489.329 M. Bini 3 planches. - Pl |
1l Ao
7 V2 VAVAVAVAVAVAY t
VAV VAVAVAVAYA
WAVAVAVAVAVAVAVY, / 7
v 72

VAVAYAYAN
+ VAVAVAVAVA l"%
AVAVAVA VAN l/g
: VAVAVAWAN i
S e Oy R
Y2 NS
W 'u\‘ AVJZ,‘,’I[

1964-1966, construction scheme of the first domes built by Dante Bini (Source: Patent FR
9, August 9, 1966).
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Dante Bini's air structures (1964-1979)

The description of this construction method crossed the Ocean and at the end of 1965 the authoritatiye
Salvadori was already aware of Bini's first concrete shell dome, which was built in Crespellano; thejr
meeting was destined to mark a turning point in Bini’s career. Following the filing of Bini’s patent in the
United States, a demonstrative dome was erected between May 16" and 17" 1967 at Columbig
University, on the campus where Salvadori used to teach (Fig. 2)[22].

Fig. 2. May 16-17, 1967: demonstrative dome built in the campus at Columbia University (Source: The
Architectural Forum, June 1967, p. 85).

On that occasion, Bini employed (perhaps according to Salvadori’s advice) a second external pVC
membrane, which was laid above the liquid mass of concrete poured prior to inflation. This new
element facilitated the levelling process — only mechanical vibrators were rolled over the surface of the
PVC membrane in order to obtain smooth internal and external surfaces (Fig. 3).

d at the
¢ Shell
r slalcd
|| are
and
with

During the /st International Colloquium on Pneumatic Structures, which was organise
University of Stuttgart, Germany on May 11-12, 1967 by the International Association fo
Structures (IASS), and took place just a few days before construction of the New York dome. Isle ;
that it would be logical to use pneumatic membranes directly as formwork. But, at present there st
great difficulties to do this’[23]. Dante Bini challenged Isler’s statements in the same colloquium
presented his Italian shell structures. The publication of the proceedings included his contribution
photographs of the latest achievements on the use pneumatic formwork, completed with the second outer
PVC membrane [24].

Following the demonstration in New York, Bini acquired international fame and continued t0 export hlz
patents abroad and overseas. In December 1973, he finally moved to Australia in order to develop .

professional activities[25].
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CAMERA DI COMKERCIO INDUSTRIA
ARTIGIANATO_AGRICOLTURA - BOLOGKA \jpricic, inrerrazionate Brever:

._E.- - 2 e Dasante

Construction scheme of Bini’s domes: concrete is poured between two membranes and is
ally vibrated (Source: Patent IT 853736, November 21, 1968).
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2. From Italy to Australia

The international recognition of Dante Bini happened during a period of considerable expansion for the
company Binishell Spa which, in 1971, was already licensing and constructing pneumatic shells in more
than 20 countries. Bini himself describes that moment as a critical one - while he was occupied in
promoting his system abroad, a series of changes in the shares of his company’s stock turned against
him. Michelagnoli, Cappellini and Torniamenti on the board of directors took command and decided 1o
move the Binishell Spa head office in Milan [26]. However, the impact of these changes was minimal, .
The activity and success of the company continued to increase.Dante Bini’s notoriety grew as g
consequence and led him, in 1970, to present in person his construction system to the Japanese Taiyo
Kogyo. Bini also decided to visit Australia. Since he was no longer part of the company administration,
he decided to explore any potential for investment.

In the same period, in 1971, and entirely separately, , the Australian Minister Leon Aston Punch was
looking for a rapid system to build multi-purpose centres, schools and libraries in order to fulfil the
promises he made during the electoral campaign. For that purpose, he asked Sir Davis Hughes, who was
the general agent of New South Wales (NSW) based in London, to investigate the matter. Dante Bini
was immediately contacted, as the innovative Binishell system was considered by the Government
architect of the Department of Public Works of NSW, Mr. lan Thomson, as the most suitable for their
needs.

Before reaching an agreement, Thomson proposed an inspection of the completed domes in Italy. which
happened in autumn 1971. Late in 1973, the official offer from the Department arrived. Dante Bini was
invited to move to Australia for a year in order to build ten domes with his innovative technique. He
would be appointed “as an architectural consultant to design, direct and train staff of the Department in
all aspects of constructing the domes™ [27]. Bini accepted and decided to move promptly to Sydney with
his family.. More details about his relocation can be found in his autobiography [28].

Bini stayed in Australia, for about six years and created more than the initially scheduled ten shells.
After completing his work as consultant for the Department of Public Works of NSW in 1976, he
continued to work across Australia. Hee built in Victoria and West Australia, and in 1978 he complted
the Space City Shopping Centre in Queensland, the biggest complex of intersecting Binishells in the
world. The structures conceived to serve as public school facilities were in some cases 18-metre
diameter domes, a part of which was combined in pairs to increase the internal volume. and 36-"“.“'
diameter shells. A first attempt at listing the Australian Binishells is provided in Table 1, in W
buildings are classified by state, programme, shell diameter and current state.

The technology that Bini applied for his Australian constructions was published in detail in 1978, in the
Italian Journal L'Industria ltaliana del Cemento [30], but also in the Australian brochure by
Department of Public Works of New South Wales, which was entitled Construction of Binis
reinforced concrete domes (Fig. 4) [31]. Recently, in 2013, The Architectural Review n:publishﬁd the
same details and photographs from the most relevant Australian constructions by Dante Bini [32].
According to the brochure by the Department of Public Works of NSW, erection was comPlewd_m
fourteen working days, excluding the anchorage beam previously realised [33]. The COnS["“cum
sequence was divided into twelve phases as follows: (0) a reinforced concrete anchorage circular o
was first constructed, and (1) a nylon membrane was securely placed over a floor slab. Then-
reinforcing rods were placed and fixed to boundary steel springs and (3) the concrete was poured o
they were fully covered. (4) A PVC sheet was used to cover the concrete and was secured 1€
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e. The system was then ready to rise (5) introducing air through ducts in the anchorage beam,
fore under the membrane. During the process, (6) tension in the springs was used to control the

. The last phases (7-11) generally required one week more and were related to the membrane
and realisation of shell openings.

. Dante Bini decided to leave Australia for a new professional challenge in the United States. At
. he is living in the Napa Valley, San Francisco, while his business activity is currently managed
son Nicolo in Los Angeles [34].

. A first attempt at listing the Australian Binishells.

DIAM. CURRENT
NAME PROGRAM ADDRESS (m) STATE
Narrabeen
North Public Nursery School 6 Namona St, North Narrabeen 18 Existing
School
Killarney
heights Public | Library for a school Tralee Ave, Killarney Heights 18 Existing
School
) ”ks":h’;:) lH'g" Multi-purpose centre | Rona Street, PEAKHURST 36 Existing
Randwick Girls . ; :
High School Multi-purpose centre Barker St, Randwick 36 Demolished
Pitterwater ; :
High School Multi-purpose centre | Mona St Mona Vale, Pittwater 36 Collapsed [29]
lngleél::l;r:o:{lgh Multi-purpose centre Oxford Rd Ingleburn 36 Demolished
Ku Ring Gay : Bobbin Head Rd, Turramurra o
High School Multi-purpose centre North 36 Existing
Fairvale High : y Collapsed and
School g Multi-purpose centre | Thorney Road, Fairfield West 36 rell’)uil .
Ponath School Northways Rd, Churchill 2 Collapsed
University
Space City
Shopping Shopping centre AT Ave|'1ue. Kallangor, ? Demolished
Brisbane
Centre
Vaseley Esplanade, Trinity 9 K
- Resort Beach, Caiens ? Existing
- Recreation centre Penistone Reserve, Greenwood 36 Demolished
- Recreation centre Padbury 36 Demolished
Phil Renkin
Recreation recreation centre 36 Existing
Centre
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: e !
DEPARTMVIENT OF PUBLIC WORKS
NEW SOUTH WALES

Fig. 4. Cover of the publication by the Department of Public works of NSW on the Binishells built in
Australia in 1974 for the Department of Education.

Conclusions
-
- . . : 3 uing
Dante Bini represents one of the last master builders of domes and shells. He has been contil ves
purely Italian millenary tradition, an approach to structures which started with the Pantheon and

until the realization by Pier Luigi Nervi.
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has shown that Bini's invention was the result of on-going research on pneumatic structures
an in the1920s.. Within the field of pneumatic structures, his radical innovation was achieved by
o form-finding and construction phases together. That was achieved by pouring concrete prior
rane inflation through the use of a spring system which was able to control the deformation

ieved international recognition after realising a prototype at Columbia University in the USA.
at, he moved to Australia in order to build a set of shells with his fast and innovative
tion technique. His experience represents, stilltoday, a unique example for Australia, acountry in

ena while part 2 by Alberto Pugnale. Both parts have been revised by the authors and the paper
, has been collectively conceived. This research has been financed by an Early Career
sarch Project Grant of the Faculty of Architecture, Building and Planning of the University of
| e, entitled Dante Bini’s air structures in Australia: construction history and future, and of
ch Alberto Pugnale is the chair investigator.
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