
The history of construction is a history of migra

tions. Entirely new inventions and discoveries 

occur very rarely. Historically the diffusion of 

inventions involved travel or migration across sev

eral countries. The cross-fertilisation of different 

cultures gave rise to improvements and, eventu

ally, new inventions. This is particularly true when 

the invention consists not of a single artefact but 

of a complex set of procedures, as is often the case 

for construction. 

This paper outlines the migration of an inven

tion, the tile vault, from its origin, somewhere in 

the Mediterranean basin, probably in the south 

of Spain during the Islamic period between the 

8th and 11th centuries, to its subsequent diffusion 

throughout Sp~in, France and Italy in the 18th and 

19th centuries. Eventually tile vaulting reached 
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North America in the 1880s thanks to the inge

nuity, passion, and determination of one man: 

Rafael Guastavino. In America the Guastavino 

Company built many thousands of vaults up 

until the Second World War. In Europe tile vault

ing experienced a «rebirth» in Spain after the Civil 

War of 1936-39 in the reconstruction of devas

tated regions. To a much lesser extent tile vaults 

were used in France in the 1940s, and in Germany, 

in Munich, where the Firma Rank employed tile 

vaults both in restoration and new building from 

1945 to 1970. Since around 2000 tile vaults have 

also enjoyed a revival among some architects and 

engineers designing lightweight structures with 

low embodied energy in Europe and Africa. The 

migration of tile vaulting, then, spans over 1000 

years and three continents. 

1 Construction of tile vaults without centering. Left: Barrel vault: the movable timber frame is not a centering 

but a template to guide the masons; right: Dome: the geometry is controlled by a rod attached to a fixed point. 
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Principles of Tile Vaulting 

Tile vaults, also known as Catalan or timbrel vaults, 

consist typically of two shells of fired bricks set 

flat, the first shell forming the intra dos of the vault. 

The first shell is built without a centering («on the 

air»), employing minimum scaffolding to support 

the m~sons and some lightweight auxiliary struc

tures to guide the masons when creating the form 

of the shell (fig. 1). The mortar for the first shell is 

gypsum mortar (plaster of Paris), which sets very 

quickly and bonds the individual bricks until they 

form self-supported arches or rings. The tiles for 

the inner vault must be ceramic or fired brick since 

gypsum mortar adheres poorly to earth bricks. 

The second layer is then built on top of the first, 

staggering the joints between tiles. The first shell 

acts as a centering for the second, for which the 

mortar need not be gypsum; traditionally it was 

lime mortar and, since the last quarter the 19th 

century, cement mortar. If, however, the second 

layer was set using gypsum mortar (or a quick 

setting cement mortar), the masons could work 

from above, supported by the vault itself just a 

few hours after the completion of an arched part 

(in a b,arrel vault) or of a ring (in a dome). The very 

thin vaults, typically of two shells of flat bricks or 

100 mm, are very light and their construction is 

fast and economical. 

Vaults without Centering 

Pitched Brick Vaulting 

Tile vaults are a particular type of a much old 

er technique. Vaulting without centering was 

invented somewhere in the Middle East (Egypt, 

Mesopotamia, the Caucasus) around 2000 BC, 

some 1500 years after the invention of the arch 

and dome.1 These vaults were constructed by set

ting the bricks not with radial joints as in a typ

ical voussoir arch, which needs centering, but 

against an inclined, sometimes nearly vertical, 

plane. First a wall was built and then the individ

ual earth bricks were «stuck» to it until they com

plete a self-supporting arch . This arch acts as sup

port for the next ·layer of bricks (fig. 2 left). The 

mortar employed was clay mud or bitumen. The 

technique was well suited to build barrel vaults 

(fig . 2 middle), but a method was also developed 

that enabled vaults to be built over rectangular 

rooms (fig. 2 right). These methods migrated and 

diffused throughout the Mediterranean basin and 

are still in use in some parts of the Middle East 

and North Africa. 

This technique, called «pitched brick vaulting» 

in some books, eventually migrated from East 

Asia to North Africa and Europe. The Sassanians 

used it to build the great vault of the palace of 

Ctesiphon in modern Iraq sometime between 200 

2 Pitched (i .e. inclined) brick vaulting . Left: Typical small barrel vault; middle: Vaults of the granaries of the Ramesseum, Egypt, 

12th century BC; right Building a vault on a rectangular plan in North Africa c.1950. 



and 500 AD. The Byzantines fully exploited the 

possibilities of the system between around 350 

and 1000. In medieval Europe it was sometimes 

used to build the webs of Gothic vaults and it 

was used systematically in late-Gothic churches in 

Northern Germany. In Spain pitched brick vaults 

spread widely from the 16th century and became 

typical in Extremadura. These various methods 

of «closing» vaults were directly translated to tile 

vaulting. 

Ceramic Hollow Tubes 

One type of vaulting derived from pitched brick 

vaulting was the so-called tubi fittili vaulting using 

hollow ceramic tubes, which can be traced back 

to the third century BC in Sicily.2 Hollow tubes are 

used instead of bricks, and gypsum mortar instead 

of clay mud. It is appropriate to devote some space 

to this type of vaulting because, as we shall see, it 
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could be considered as a necessary step towards 

the invention of tile vaulting. For the first time the 

exceptional properties of gypsum mortar with 

ceramics or fired bricks were fully exploited. 

This technique has been extensively researched 

by Sebastian Storz, who has reconstructed some 

vaults using ceramic tubes made in the same man

ner as original ones.3 The placing of the hollow 

tubes follows the same patterns typical of vaulting 

without centering, constructing successive arches 

until the vault is closed (fig. 3). 

These vaults were used extensively in Roman 

North Africa (particularly in Tunisia) after the sec

ond century AC as a permanent centering for 

concrete vaults. From North Africa they spread 

throughout Europe and the Byzantine Empire.4 

Later they were used to build vaults with only the J 
tubi fittili, 5 for example, the dome of San Vitale in 

Ravenna, completed in 547. 

3 Vaults built with hollow tubes in Tunisia . Left: Reconstruction of a barrel vault in Chemtou; 

middle: Placement of the tubes; right: Reconstruction of a groined vault in Bulla Regia . 
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4 Roman use of bricks set flat to ease the construction and economy of the formwork. Left: A tile vault stabilised by filling the haunches 

with masonry; middle: Tiles supported on timber centering; right: Conjecture for building «on the ai r». 

Flat Tiles in Roman Construction 

Auguste Choisy was the first author to give a sys

tematic exposition of Roman vaulting techniques.6 

He drew attention to the use of brick «armatures» 

or brick ribs for shells as a means of facilitating 

construction and reducing the cost of timber scaf

folding for the construction of concrete vaults. It is 

interesting in this context to note his dJscription of 

the use of bricks (bipedales) set flat on the timber 

centering to reduce the quantity of timber (fig. 4 

middle). Crucially he argued that this device could 

not only produce a «formwork» for the concrete but 

that it could act also as a true armature, as long as 

the haunches were filled to a certain height (simi

lar to thetas-de-charge in a Gothic vault), enabling 

it to support not only its own weight but also the 

weight of the concrete until its final setting (fig. 4 

left). During his stay in Italy Choisy witnessed the 

construction of tile vaults («volte alla volterrana» 

or «volte a foglio») and he explained the process of 

constructing these armatures without centering in 

his Histoire de l'Architecture7 (fig. 4 right). Choisy's 

inferences about Roman construction have been 

accepted by some writers on the origin of tile vault

ing. However Lancaster has denied this possibility, 

remarking that no traces of mortar have been found 

on the edges of the bipedales of existing Roman 

armatures, that there are traces of the support of 

the centering, and that in any case the weight of the 

bipedales (25 kg each) would have been too great 

for the binding strength of the mortar.8 

Conjectures on the Origin of Tile Vaulting. 

The Earliest Known Tile Vault: 12th Century 

Spain 

Arthur Koestler in his Act of Creation argued that 

any discovery or invention occurs when two dif

ferent «matrices of thought» combine in the mind 

of the inventor.9 One plausible conjecture is that 

somewhere in the Mediterranean countries that 

formed part of the Roman empire, the idea of 

using gypsum mortar, already used in hollow tube 

vaults, combined with the idea of setting small 

fired bricks flat, already used for Roman concrete 

vaults, to originate a completely new art of vault

ing - tile vaulting using gypsum mortar in at least 

one layer of tiles. 

Until recently the oldest examples of tile 

vaults were considered to have been constructed 

in Valencia around 1400, a view based on explic

it mention of this type of vault in a written docu

ment.10 In this early example, tile vaults were used 

to form the webs between the stone ribs in Gothic 

cross vaults. The next mention of tile vaults was in 

Spanish documents about a century later. 

Another plausible conjecture about the origin 

of tile vaults is that the invention occurred within 

the long Islamic tradition of using gypsum mor

tar and brick for a variety of purposes, from the 

purely decorative to the fabrication of building 

elements. A discovery by the Spanish architect and 

archaeologist Antonio Almagro in 2000 supports 

this conjecture and has extraordinary importance. 



He found the remains of a tile-vault staircase in 

an Islamic house in the village of Siyasa (Murcia, 

Spain) dating from the 12th century.11 This find 

locates tile vaulting in a location that witnessed 

the cross-fertilisation of several different cultures: 

Visigothic, Roman, Islamic and Christian, and plac

es the origin of tile vaulting 200 years earlier than 

previously known examples. 

Tile Vaulting in the 16th to 19th Centuries 

Tile vaults were frequently used in Spain from the 

16th century.12 However the spread of this tech

nique is very difficult to trace and the mecha

nism by which tile vaulting was diffused through 

Spain still needs further research. Since all brick 

vaults, including tile vaults, were plastered after 

their construction (even some stone vaults were 

painted), the only way to know the true nature of 

the vault (radial joints, pitched or tile vaults) is to 

inspect the extra dos of the vault. Even then, some

times the surface has been covered by a layer of 

lime mortar, which makes it impossible to know 
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the internal construction. The architectural treatise 

by Fray Lorenzo de San Nicolas13 fully explains the 

techniques for constructing all types of roof and 

floor vaults - barrel vaults, groined vaults, cross 

vaults, and domes - and also the use of vaults to 

construct staircases. This provides definite proof 

of the widespread use of tile vaulting in Spain 

c. 1600. Tile vaults continued to be built through

out Spain during the 18th and 19th centuries. 

In the French Roussillon, near Catalonia, tile 

vaults were also built, as this region then belonged 

to Spain. They aroused the interest of a French 

nobleman, the Count d'Espie, who eventually pub

lished the first book on tile vaults.14 Espie called 

them voutes plates (flat vaults), and he emphasised 

their fireproof qualities, their lightness and econ

OIT!>f', and also, he claimed, their monolithic nature 

and lack of lateral thrust (this last characteristic is 

not true) (fig. 5 left). 

This combination of advantages attracted 

the attention of many builders and architects, 

and the book was translated into English (1756), 

German (1760), and Spanish (1768). The content 

of the book was also incorporated into the two 

5 Left: Tile vault roof; right: Construction of a tile vault for the floor of a building. 
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6 Bat116 Factory, Barcelona (1868-75). Main hall 102.Sx ?O m. 

most important architectural handbooks of the 

late 18th and early 19th centuries: the sixth vol

ume of the Cours d'Architecture by Blonde! and 

Patte from 1777 (fig. 5 right) and L'Art de Batir by 

Rondelet from 1802, which contained a summary 

of the material in Blonde! I Patte. 

Rondelet's treatise had an enormous influence 

on all European building manuals throughout the 

19th century. In this way a modest vernacular 

method of vaulting entered the great architec

tural manuals of the 19th century. In Spain, ironi

cally, it was «the French theory» that was taught in 

the universities in the second half of the 19th cen

tury. Nevertheless some Spanish building manu

als did continue to explain the traditional tech 

nique of tile vaulting . Remarkable for the detail in 

the exposition of the procedures is the treatise of 

the Valencian architect Manuel Fornes y Gurrea 

from 1841 . 

In Italy tile vaulting was probably also wide

ly used during the 17th and 18th centuries, under 

the Spanish influence. However robust studies are 

lacking. In the second half of the 19th century the 

technique is described in several Italian architec

tural manuals15 and there were also descriptions 

by several architects or engineers visiting Italy -

Choisy has already been cited, and the German 

builder Wild wrote a paper describing their con

struction .16 A recent paper has studied the diffu

sion of tile vaults in Sicily.17 

J 

Rafael Guastavino and the migration 

of tile vaulting to North America 

The migration of building techniques is rarely 

associated with a single person. This is, howev

er, the case with Rafael Guastavino. Before giving 

a brief description of his activity as vault builder 

a succinct review of the literature on him should 

be given. 

Guastavino's particular contribution was redis

covered in the 1960s by George R. Collins (1917-

1993), a professor at Columbia University who 

miraculously rescued the Guastavino Archives 

when Guastavino Co. closed in 1962 and then 

wrote a seminal paper in 1968, The Transfer of Thin 

Masonry Vaulting from Spain to America. Collins 

saved the memory of the work of Guastavino from 

oblivion. Guastavino's work received further atten

tion in the 1990s when an important exhibition 

was organised in New York.18 Then, in 1999, the 

APT Bulletin published a special issue on the pres

ervation of Guastavino's vaults,19 including a col

lection of all his patents. In 2001 the first book on 

Guastavino (multi-authored) was published on the 

occasion of a major exhibition held in Madrid.20 As 

well as numerous contributions about Guastavino, 

the book published for the first time a large num

ber of the original drawings and photographs from 

Guastavino Co., which are essential to understand

ing his construction genius. More recently John 

Ochsendorf published a comprehensive mon

ograph on Rafael Guastavino and his tile vaults, 

with a full list of his works.21 In the last two dec

ades, interest in Guastavino has grown exponen

tially and there is insufficient space here to men

tion even a selection of the publications.22 

Rafael Guastavino Moreno (1842-1908) was 

born in Valencia. In 1861 he went to Barcelona to 

study to become a maestro de obras (master build

er). During these years at the School of Masters he 

became fascinated with the possibilities of using 

tile vaulting in architecture. Later, in his book of 

1892, he described his «illumination» when visiting 

the grotto of the Monasterio de Piedra: 



Here, in that <Monasterio de Piedra>, I saw a grotto of 

immense grandeur, one of the most sublime and extraor

dinary works of nature( ... ) The thought entered my mind, 

. while in this immense room, viewing this fall of water, 

that this entire colossal space was covered by a single 

piece, forming a solid mass of walls, foundation and roof, 

and was constructed with no centres or scaffolding, and 

especially, without the necessity of carrying pieces of 

heavy stone, and heavy girders or heavy centres ; all 

being made of particles set one over the other, as nature 

had laid them ( ... ) This grotto is really a colossal spec

imen of cohesive construction . Why had we not built 

using this system?23 

This was his leitmotiv for the rest of his life. In oth

er parts of his book he shows his surprise at the 

lack of attention given to tile vaults by his pro

fessors «notwithstanding the fact that they were 

constantly walking over floors constructed on this 

system»24• Before finishing his studies in 1872, he 

became involved in the design and construction 

of many projects. Probably his first design was 

for his own house in 1866. Quoting again from 

his book: «I tried the first experiment on myself, 

as a physician might try his own medicine, carry

ing out my ideas by building a construction four 

stories in height, with practically no beams, using 

clay and cement~>25 . But his most important work 
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from this era was the Batll6 Factory, an enormous 

textile factory in Barcelona where Guastavino dis

played his mastery as a builder. The construction 

lasted seven years (1869-1875) and established 

his reputation. All the floors were supported by 

tile vaults and the image of the main hall is like a 

manifesto (fig. 6). 

During the next twelve years he showed enor

mous activity, building apartment houses, fac

tories, warehouses, and theatres. The theatre in 

Vilassar de Dalt (1880) deserves particular mention 

(fig. 7). The auditorium was covered by a dome of 

17 m span, a rise of 3 m, and a thickness of only 

5 cm (a single shell of flat bricks, plastered in the 

inside and covered by a layer of cement on the 

extrados); the shell was reinforced by radial ribs 

formed by a layer of flat bricks, with a thickness of 

10 cm. The surface is a segment of a sphere with 

a radius of 13.5 m and the ratio of radius to thick

ness is 270, compared with that for a hen's egg of 

100: it was an extraordinarily thin dome. 

In 1876 Guastavino presented some archi

tectural designs for the Centennial Exposition in 

Philadelphia and received a medal of merit for 

them. Probably at this time he made up his mind 

to emigrate to America: «The success attained 

7 La Massa Theatre, Vilassar de Dalt, Catalonia (1880-81). 
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there [Philadelphia Centennial Exhibition], and the 

great Chicago fire, which made an impression on 

all European minds, convinced me that this coun

try was the proper place for the development of 

the Cohesive System»26• Eventually in 1881 he emi

grated from Barcelona to the United States with 

his youngest son Rafael (Ill) (1872-1950). His work 

in Barcelona left a deep impression on Catalan 

architects and builders; according to Collins «his 

buildings were studied by classes of the School of 

Architectu re»27• 

Guastavino spent his first five years in the US 

studying American construction methods and 

materials. He was convinced of the exception

al importance of working with good tiles (which 

he said didn't exist then) and good cements. He 

talked with architects and builders and published 

some decorative works in journals. In 1883 he con

structed two fireproof apartment houses and in 

the next year, a club and a synagogue. In 1886 he 

competed for the design of the Arian Club in New 

York. He failed to win but got the contract to build 

the floor vaults. Figure 8 shows a plan of one of the 

floors and a section of one of the vaults. 

According to Wight, Guastavino considered the 

thickness excessive (five layers of tiles) but adopted 

8 One of the floors of the Arian Club constructed by Guastavino in 

1886-87. 
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it «to insure confidence in what was regarded by 

all but himself as an experiment»28• The barrel 

vaults span more than 5 m and are supported on 

deep beams of wrought iron. The hidden iron ties 

carry the arch thrust at the perimeter and would 

have allowed each barrel vault to be constructed 

independently- a system pioneered in the 1790s 

in England using cast-iron beams, brick arches, 

and wrought iron ties. It was a powerful demon

stration of his art as a builder and subsequently 

he was often consulted by architects. 

It must be kept in mind that, before 

Guastavino, most of the vaults and domes in 

American buildings were false vaults of lath and 

plaster suspended from hidden timber trussed 

roofs. In other buildings by Guastavino, some ele

ments were completely original and their equilib

rium and stability seemed impossible: such was 

the case with the tile-masonry stairs (fig. 9). The 

opportunity to build authentic masonry vaults at 

a moderate price must have exerted a singular 

attraction to architects. However he had to con

vince American architects and engineers, as well 

as the local authorities, of the feasibility and safety 

of his tile vaults. Guastavino was very well aware 

of this, and between 1885 and 1895 developed his 

business with frenetic activity on several fronts. 

W. Blodgett, who worked closely with Guastavino 

after 1889, portrayed him as a very energetic and 

industrious man, something which surprised him 

as Guastavino was a Spaniard: 

Contrary to the general impression as to the Spanish 

character, I found him an extraordinarily alert and active 

man, both physically and mentally; in fact, I never met 

a quicker man in all my experience; a very hard worker 

day and night himself, he demanded the same kind of 

service from those associated with him - always indus

trious and never idling.29 

In 1885 Guastavino presented his first patents on 

tile vaulting for floors and stairs to protect the 

techniques he had developed. Two years later, 

in 1887, he began a series of tests at Fairbank's 

Scale Company. The results were published in his 

book and became the reference source for his 
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9 Tile masonry stairs designed by Guastavino, during construction . Left: Public Library in Providence (undated); 

right: Grand stairway in St. Joseph's seminary (1892). 

subsequent work, underlying his confidence that 

he could give clear specifications for his arches 

and vaults. In 1889 he established his Guastavino 

Fireproof Construction Company and began his 

collaboration with McKim, Mead and White for 

the construction of the vaults of t~e Boston Public 

Library. There he left the binding of the bricks 

apparent, using it as a motive of decoration. This 

was the first time in the history of tile vaulting 

that the joints had been exposed - traditionally 

they had always ,been plastered after completion. 

At this time Guastavino also made his first tests 

on tile arches and vaults during their construction 

to demonstrate that they would sustain the ser

vice loads with adequate safety.30 These were gen

erally small arches. Around 1900 he made some 

more impressive load tests and also in situ tests 

to demonstrate the safety of certain elements. The 

images provided powerful proof of the enormous 

strength of Guastavino's tile vaults (fig. 10). 

It was also important for Guastavino to receive 

academic recognition . In 1889 he delivered a 

10 Load tests made by Guastavino. Left: On a specimen vault (1901); right: In situ test of a helical staircase. 
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lecture before the Society of Arts at the MIT, 

and the following year he gave another to the 

Thursday Club. Both lectures were published in 

the American Architect and Building News (1889, 

1890), a journal of wide circulation. By 1891 the 

company already had offices in New York, Boston, 

Providence, Chicago, and Milwaukee.31 In 1892 he 

published his book Essay on the Theory and History 
of Cohesive Construction, Applied Especially to the 
Timbrel Vault32• This book is of great importance 

to understanding the work of Rafael Guastavino. 

The ceaseless activity that Guastavino devoted 
to diffusing his works should also be mentioned. 

He took excellent photographs of his works, both 

during construction and when finished, and these 

were distributed as advertising leaflets to jour

nals, architects, and builders. From 1906 they were 

published in Sweet's Indexed Catalogue of Building 

Construction, the main catalogue in the field of 

building in the United States (fig. 11). 

Guastavino's activity never relaxed. Fortunately, 

from the mid-1890s he was joined in the firm by 

his equally industrious son, Rafael Guastavino Jr. 

who became, like his father, a true master of vault

ing and kept the company functioning smooth

ly after his father's death in 1908 until his retire

ment in 1943. The company continued to prosper 

until its closure in 1962. Guastavino designed and 

constructed vaults of extraordinary variety in both 

form and size, and worked with the best American 

architects to help them realise their historical

eclectic designs. 

The power of the tile technique was per

haps best demonstrated by the provisional roof 

of the crossing of the Cathedral of St. John the 

Divine in New York. By 1909 the construction of 

11 Examples of Guastavino's advertisements included in journals and catalogues or printed separately as leaflets. 

Left: Domes built by Guastavino Co.; right: Construction of a tile dome. 
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12 Provisional tile dome over the crossing of St. John the Divine, New York, 1910. Left: Construction of the pendentives; 

middle: The half-completed dome; right: The completed dome. 

the ciborium over the massive granite arches had 

almost stopped and it was necessary to cover the 

space with a temporary roof. Rafael Guastavino Jr. 

proposed a thin tile dome, a segment of a sphere 

of 41 m diameter, cut and supported on four 

perimeter arches spanning 29 m between interior 

faces of arches .. The construction was completed 

entirely without the use of interior scaffolding, the 

masons working ,on top of the temporary dome 

itself as work progressed. Eventually the dome was 

closed in only fifteen weeks (fig. 12).33 

The conventional appearance of the domes 

and vaults, however, hid many highly ingenious 

solutions for establishing equilibrium in which 

Guastavino combined the masonry tile elements, 

working in compression, with iron elements work

ing in tension or, sometimes, in bending. The dif

ferent solutions that appear in his construction 

drawings34 reveal a great variety of ingenious 

techniques, including combinations of iron rings, 

hidden flying buttresses of masonry, variation 

of thicknesses, and inclined masonry piers, all of 

which remain hidden from view. 

Perhaps the most original contribution of 

Guastavino to the art of building was the combi

nation of masonry with wrought iron. His reflec

tions about this topic are mainly contained in 

his third book published in 1904, The Function 

of Masonry in Modern Architectural Structures. 

Masonry must work in compression and iron is 

needed to resist the outward thrusts of arches and 

vaults. Furthermore the masonry provides cov

er, which protects the iron from fire and corro

sion. Guastavino considered iron as an auxiliary 

material; the primary construction is of masonry, 

which also conveys the aesthetic meaning: «( ... ) 

the masonry is the main support and constitutes 

the real construction. The iron is used mainly to 

increase the tension conditions of the masonry 

( ... ) in order that the masonry shall have the same 

strength for tension as it has for pressure»35
. He 

saw this combination of masonry (tile masonry) 

with iron as a fundamental step in the develop

ment of architecture. He called this new type of 

construction «organic»: «[This style of construc

tion], which we shall call organic, ( ... ) is a combi

nation of the permanent and perishable materials; 

the combined construction of materials proper 

for pressure with materials proper for tension. In 

a word, the combination of masonry and iron, or 

iron and masonry, according to the relative pro

portion between both elements, is the latest typ

ical style of construction invented by man»36
. 

Guastavino considered that the aesthetic value 
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13 Construction of the stable fo r H. Gould (<Castlegould>) at Sands Point. 

Top left Longitudinal section; bottom left: Exterior view; right: Interior views showing hollow tile arches and tile vaults. 

resides in the masonry, «which constructs and 

protects, over the iron which acts as an auxiliary 

and reinforces»37• Finally he expresses his criticism 

of iron: «the iron in construction cannot be, nev

er will be, noble, as it has to be covered, painted 

or protected.»38 

Examples of the ingenious and masterly com

bination of tile masonry and wrought iron are 

found throughout Guastavino's work. However, 

as the masonry hides and protects the iron, these 

various equilibrium solutions can only be appre

ciated by studying the original construction draw

ings, which are now kept in the Avery Library. 

Many of these drawings have been published in 

the books cited above and the interested read

er will find material there for study and reflec

tion, and even find inspiration for structural design 

today. 

One of the most interesting structures designed 

by Guastavino, which shows great ingenuity in 

combining tiles and iron, is hidden in what appears 

to be a neo-medieval castle - the stables of the 

Howard Gould residence at Sands Point. The inter

mediate storey is a free space of 120 m by 15 m. 

Guastavino designed a spatial structure of hollow 

tile arches, inclined hollow piers, and tile vaults. 

Parts of the vaults are suspended by iron hangers 

from great arches above. A system of iron ties car

ries the horizontal thrusts (fig. 13). 

Vaulting in Post-War Europe: Spain, France, 

and Germany 

Spain 

After the Spanish Civil War (1936-39) the gov

ernment of General Franco began an extensive 

plan of reconstruction and restoration under the 

supervision of the General Direction of Devastated 

Regions administered directly from the Ministry 



of the Government. There was a great scarcity of 

building materials, particularly steel. This lead to a 

«rebirth» (it had in fact never disappeared) of tile 

vaulting, which began to be used on a great scale, 

not only in the restoration of collapsed masonry 

monuments but also in new buildings. 

The architect Luis Moya Blanco (1904-90) 

was one of the favourite architects of the Franco 

«regime». He designed and built numerous pub

lic and religious buildings, including universities, 

seminaries, and churches. In many of these build

ings he used tile vaults profusely, inventing and 

developing new forms with the help of the tech

nical architect Manuel Casas who was a master 

of tile-vaulting technique. In 1947 the Ministry of 

the Government published Moya Blanco's book 

B6vedas Tabicadas, which later became the key ref

erence work for tile-vault construction. Of particu

lar note was his revival of the use of parallel cross

arch vaults following the Spanish Islamic models 

in Cordoba (fig. 14). This vault pattern received a 

warm reception from the ecclesiastical authorities 

and Moya employed it many times. He continued 

to build tile vaults until the end of the 1960s. 

Another important document from the 1950s 

was written by Angel Truf\6, architect and profes

sor in the School of Architecture in Barcelona. He 
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prepared the manuscript for a book explaining in 

great detail the methods of tile vault construc

tion in Barcelona. The manuscript of the book was 

studied by the first time by Gulli and Macchi in the 

1990s,39 but remained unpublished until 2004.40 

The extent of tile vault construction used in recon

struction and restoration during this period still 

needs further research. 

France 
In France tile vaulting continued to be used during 

the 19th century. Historical studies of tile vaulting 

in this period are lacking and the main evidence is 

found in reports of load tests on tile vaults, which 

have been studied by Esther Redondo.41 The first 

tests by Capitaine D'Olivier42 had an experimen

tal research bias, trying to ascertain the lateral 

thrust of tile vaults (which Espie had erroneously 

claimed was absent). A second series of tests were 

undertaken by the engineer Fontaine43, in which 

large-scale vaults were tested up to failure. Tests 

of such magnitude were not made in an isolated 

manner and most probably were carried out with 

the intention of developing vaults for fireproof 

floors in factories. 

A system of building tile vaults was also pat

ented in France at the end of the 19th century, the 

14 Construction of Islamic-style cross-arch vaults in the Museum of America in Madrid c.1945. 
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and advantages of tile vaulting,46 and in a sec

ond article in the following year he published his 

designs for the two buildings constructed entirely 

of masonry and tile vaults.47 Later, in discussions 

on the use of traditional methods in building, he 

recommended tile vaulting.48 

Germany 

Tile vaults were used also in Germany in recon

struction works after World War It namely in the 

city of Munich and its surroundings. There two 

15 Construction of a cross-vault for a church using the «Systeme Fabre». persons met: an architect, Carl Sattler (1877-1966), 

and a builder, Max Rank (1900-75), then director 

of the company Gebr. Rank & Co KG49
. Both shared 

a fascination for this building technique. 

«Systeme Fabre» patented by A. Fabre in 1896. 

Cunha describes the system and its appl ication in 

the construction of the dome of the Petit Palais 

at the 1900 Exposition Universelle in Paris.44 This 

dome has a span of 24 m and has two shells, the 

first of which is a tile vault built without centering. 

It appears that the system was widely used, espe

cially for the construction of church vaults. Cunha 

included an illustration of the process for construct

ing a brick vault for a neo-Gothic church (fig. 15). 

According to Abraham «Maison Fabre( ... ) has 

been used to build thousands of vaults made of 

bricks only 4 cm in thickness»45 -that is, tile vaults 

with only one shell . Comprehensive research to 

establish the origins and diffusion of the System 

Fabre in France still needs to be undertaken. 

Another episode in this story concerns 

the French architect Pol Abraham (1891-1966). 

Abraham is well-known to construction historians 

for his book on Viollet-le-Duc from 1934. He was 

also a practising architect and became interested 

in tile vaulting at the beginning of World War II. 

For the design of two buildings for the Chambre 

d'Apprentissage in Aubressy, he realised that it 

would be impossible to use reinforced concrete 

and steel due to the scarcity of these materials in 

war conditions; so he decided to use tile vaults. 

He delivered a lecture in 1941 about the history 

Carl Sattler was born in Florence and stud

ied architecture in Dresden. Between 1898 and 

1906 he worked in Florence where he designed 

some villas. During the construction of a villa in 

Forte (1906) he met a certain Francesco Tognocci, 

a master mason who introduced him to tile vault 

construction. In his diaries he reveals the deep 

impression that this technique made on him, 

especially its economy and rapid construction. 

After 1906 he established himself in Munich, but 

maintained his interest in tile vaulting and made 

frequent trips to ltaly.50 At the beginning of the 

war in the 1940s, he advocated tile vaulting as an 

alternative to timber or steel construction in two 

papers.51 A revised version of his 1941 paper was 

included in a book about brick vaults by F. Hess, 

Professor at the ETH in Zurich. 52 

Max Rank belonged to the third generation 

of the Rank family of builders (Gebruder Rank) in 

Munich. The Rank family had connections with 

Spain and Max Rank, his father Joseph, and his 

uncle Ludwig payed frequent visits to Spain. There 

the tile vaulting technique fascinated them for 

its economy and speed. In one of his trips Max 

Rank acquired the recently published book by 

Luis Moya Blanco53 and visited some of his works, 

then under construction. The fascinating his

tory of the Rank family has recently been pub

lished by Paul Basiner,54 the last active member 



of the Rank family. My friend Dirk Buhler, a for

mer curator in the Deutsches Museum, knowing 

my interest in tile vaulting kindly gave me a c;opy 

of Basiner's book and invited me to deliver a lec

ture in Munich.ss Two papers about tile vaulting in 

Germany are now published.s6 

Sattler the architect and Rank the builder 

collaborated in 1947 in the reconstruction of the 

Landeszentralbank in Munich where they used 

tile vaults extensively. After this the Gebr. Rank 

company used tile vaulting in numerous works of 

reconstruction and also in some new buildings. 

This activity of the company has been described 

in detail by Franz Wimmer, with numerous photo

graphs, in the book by Basiner.s7 However not all 

the material has been published and I was fortu

nate to have access to the Archive Basiner, thanks 

to the intervention of Dr. Buhler and the kindness 

of Herr Basiner. Figure 16 reproduces some pho

tos of the construction of one of the tile vaults of 

Landesbank, by courtesy of Paul Basiner. 

Conclusion 

Tile vaulting is~ rational, economic and, fast tech

nique of building. It evolved within the tradition 

of vaults constructed without centering, «on the 
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air», which originated in the Middle East some 

4.000 years ago. The first known example of a tile 

vault was in Spain and is dated to the 12th cen

tury. From c. 1500 tile vaults were used frequently 

in Spain. From Spain they spread to the Roussillon 

and France. In the 19th century use of the tech

nique is documented in Spain, France, and Italy, 

although the full story of its diffusion is still to 

be researched; it was probably much more wide

spread than has been supposed. 

A singular episode occurred at the end of the 

19th century. A visionary Spanish architect, Rafael 

Guastavino, set himself the task of developing tile 

vaulting to establish a new level of perfection in 

architectural design. After some important work in 

Catalonia, he emigrated in the 1880s to the United 

States to pursue his dream. His passionate work 

and construction genius made possible the task 

of transferring and improving a whole building 

technique from Spain to America in less than a 

decade. From the 1890s his company construct

ed thousands of tile vaults, of every type and size, 

for many of the most important architects in the 

United States. 

The work of Guastavino (and his son who con

tinue,d with the company) was the inspiration for 

several Catalan architects around 1900, including 

Gaudf, Jujol, and Martinell. It also encouraged some 

16 Tile vault during construction in the Landesbank, Munich 1947. 
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Spanish architects to revive the use of tile vaults 

in the works of reconstruction after the Spanish 

Civil War. Finally the technique experienced anoth

er unexpected migration, this time from Spain to 

Germany, when the Gebr. Rank company began · 

to employ tile vaults in Munich, for reconstruction 

and new buildings, after the Second World War. 
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