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About the Book

Even in an age of soaring skyscrapers and cavernous sports stadiums, the cathedral of Santa Maria del Fiore in Florence still retains a rare power to astonish. Yet the elegance of the building belies the tremendous labour, technical ingenuity and bitter personal strife involved in its creation. For over a century after work on the cathedral began in 1296, the proposed dome was regarded as all but impossible to build because of its enormous size. The greatest architectural puzzle of its age, when finally completed in 1436 the dome was hailed as one of the great wonders of the world.

This book tells the extraordinary story of how the cupola was raised and of the dome’s architect, the brilliant and volatile Filippo Brunelleschi. Denounced as a madman at the start of his labours, his life was one of ambition, ingenuity, rivalry and intrigue – a human drama set against the plagues, wars, political feuds and intellectual ferments of Renaissance Florence, the glorious era for which the dome remains the most compelling symbol.


About the Author

Ross King is the author of Michaelangelo and the Pope’s Ceiling, The Judgement of Paris, and two novels, Dominos and Ex Libris which have been translated into seven languages. He lives near Oxford.


ALSO BY ROSS KING

Fiction

Domino

Ex Libris

Non fiction

Michaelangelo and the Pope’s Ceiling

The Judgement of Paris


List of Illustrations

THROUGHOUT TEXT


1. Giovanni Battista Nelli: Section drawing of Santa Maria del Fiore.

2. Bernardo Sansone Sgrilli: Ground plan of Piazza di S. M. del Fiore.

3. Giovanni Battista Clemente Nelli: Baptistery of San Giovanni.

4. J. Bühlmann: Interior of Pantheon, Rome. (AKG)

5. Taccola: Brunelleschi’s ox-hoist, Biblioteca Nationale Centrale, Florence.

6. Buonaccorso Ghiberti: Brunelleschi’s ox-hoist, Biblioteca Nationale Centrale, Florence.

7. Anonymous: Drawing of a spring operated clock, British Library.

8. Buonaccorso Ghiberti: Vertical screw with triple turnbuckle and lewis bolt inset, Biblioteca Nationale Centrale, Florence.

9. Leonardo da Vinci: Drawing of Brunelleschi’s ‘castello’, Biblioteca Ambrosiana.

10. Antonio da Sangallo il Vecchio: Drawing of herring-bone brickwork, Gabinetto Disegni e Stampe degli Uffizi.

11. Biagio d’Antonio: Archangels in a Tuscan Landscape, Bartolini-Salimbeni Collection. (Alinari)

12. Girolamo Benivieni: Illustration of Dante’s Hell from Dialogo di Antonio Manetti cittadino fiorentino circa al sito, forme e misure dello ‘Inferno’ di Dante Alighieri poeta excellentissimo, Florence, 1506.

13. Taccola: Drawing of a column being shipped from a quarry, Biblioteca Nationale Centrale, Florence.

14. Francesco di Giorgio: Drawing of a paddle-boat, British Museum Library.

15. Buonaccorso Ghiberti: Brunelleschi’s lantern hoist, Biblioteca Nationale Centrale, Florence.

16. Brunelleschi’s Death Mask, Museo dell’Opera del Duomo. (© E. Battisti)

17. Drawing of the dome being struck by lightning. (© Howard Saalman)

18. Gherardo Mechini: Scaffolding for the lantern of S. M. del Fiore, Gabinetto Disegni e Stampe degli Uffizi.

19. View of the dome. (AKG)

PICTURE SECTION

1. Domenico di Michelino: Dante reading from the ‘Divine Comedy’, S. M. del Fiore. (Bridgeman Art Library)

2. Italian School: The ‘Carta della Catena’ showing a panorama of Florence, 1490, Museo di Firenze Com’era. (Bridgeman Art Library)

3. View of the belltower and cathedral. (Scala)

4. Buttresses and ribs of the dome seen from above. (Scala)

5. Interior of the dome. (Scala)

6. The air space between the two shells of the dome. (Scala)

7. View of the dome. (AKG)



The author and publisher are grateful for permission to reproduce illustrations in this book, and to Sarah Challis and Eugenio Battisti for their diagrams.


For Mark Asquith and Anne-Marie Rigard


[image: image]


[image: image]

A More Beautiful and Honourable Temple

ON THE NINETEENTH of August 1418 a competition was announced in Florence, where the city’s magnificent new cathedral, Santa Maria del Fiore, had been under construction for more than a century:

Whoever desires to make any model or design for the vaulting of the main Dome of the Cathedral under construction by the Opera del Duomo – for armature, scaffold or other thing, or any lifting device pertaining to the construction and perfection of said cupola or vault – shall do so before the end of the month of September. If the model be used he shall be entitled to a payment of 200 gold Florins.

Two hundred florins was a good deal of money – more than a skilled craftsman could earn in two years of work – and so the competition attracted the attention of carpenters, masons and cabinet-makers from all across Tuscany. They had six weeks to build their models, draw their designs, or simply make suggestions how the dome of the cathedral might be built. Their proposals were intended to solve a variety of problems, including how a temporary wooden support network could be constructed to hold the dome’s masonry in place, and how sandstone and marble blocks each weighing several tons might be raised to its top. The Opera del Duomo – the office of works in charge of the cathedral – reassured all prospective competitors that their efforts would receive ‘a friendly and trustworthy audience’.

Already at work on the building site, which sprawled through the heart of Florence, were scores of other craftsmen: carters, bricklayers, lead-beaters, even cooks and men whose job it was to sell wine to the workers on their lunch breaks. From the piazza surrounding the cathedral the men could be seen carting bags of sand and lime, or else clambering about on wooden scaffolds and wickerwork platforms that rose above the neighbouring rooftops like a great, untidy bird’s nest. Nearby, a forge for repairing their tools belched clouds of black smoke into the sky, and from dawn to dusk the air rang with the blows of the blacksmith’s hammer and with the rumble of ox-carts and the shouting of orders.

Florence in the early 1400s still retained a rural aspect. Wheatfields, orchards and vineyards could be found inside its walls, while flocks of sheep were driven bleating through the streets to the market near the Baptistery of San Giovanni. But the city also had a population of 50,000, roughly the same as London’s, and the new cathedral was intended to reflect its importance as a large and powerful mercantile city. Florence had become one of the most prosperous cities in Europe. Much of its wealth came from the wool industry started by the Umiliati monks soon after their arrival in the city in 1239. Bales of English wool – the finest in the world – were brought from monasteries in the Cotswolds to be washed in the River Arno, combed, spun into yarn, woven on wooden looms, then dyed beautiful colours: vermilion, made from cinnabar gathered on the shores of the Red Sea, or a brilliant yellow procured from the crocuses growing in meadows near the hilltop town of San Gimignano. The result was the most expensive and most sought-after cloth in Europe.

Because of this prosperity, Florence had undergone a building boom during the 1300s the like of which had not been seen in Italy since the time of the Ancient Romans. Quarries of golden-brown sandstone were opened inside the city walls; sand from the River Arno, dredged and filtered after every flood, was used in the making of mortar, and gravel was harvested from the riverbed to fill in the walls of the dozens of new buildings that had begun springing up all over the city. These included churches, monasteries and private palaces, as well as monumental structures such as a new ring of defensive walls to protect the city from invaders. Standing twenty feet high and running five miles in circumference, these fortifications, not finished until 1340, took more than fifty years to build. An imposing new town hall, the Palazzo Vecchio, had also been constructed, complete with a bell tower that stood more than three hundred feet high. Another impressive tower was the cathedral’s 280-foot campanile, with its bas-reliefs and multicoloured encrustations of marble. Designed by the painter Giotto, it had been completed in 1359, after more than two decades of work.

Yet by 1418 what was by far the grandest building project in Florence had still to be completed. A replacement for the ancient and dilapidated church of Santa Reparata, the new cathedral of Santa Maria del Fiore was intended to be one of the largest in Christendom. Entire forests had been requisitioned to provide timber for it, and huge slabs of marble were being transported along the Arno on flotillas of boats. From the outset its construction had as much to do with civic pride as religious faith: the cathedral was to be built, the Commune of Florence had stipulated, with the greatest lavishness and magnificence possible, and once completed it was to be ‘a more beautiful and honourable temple than any in any other party of Tuscany’. But it was clear that the builders faced major obstacles, and the closer the cathedral came to completion, the more difficult their task would become.

The way forward should have been clear enough. For the past fifty years the south aisle of the unfinished cathedral had housed a 30-foot-long scale model of the structure, in effect an artist’s impression of what the cathedral should look like once finished. The problem was that the model included an enormous dome – a dome that, if built, would be the highest and widest vault ever raised. And for fifty years it had been obvious that no one in Florence – or anywhere in Italy, for that matter – had any clear idea how to construct it. The unbuilt dome of Santa Maria del Fiore had therefore become the greatest architectural puzzle of the age. Many experts considered its erection an impossible feat. Even the original planners of the dome had been unable to advise how their project might be completed: they merely expressed a touching faith that at some point in the future God might provide a solution and that architects with a more advanced knowledge would be found.

The foundation stone for the new cathedral had been laid in 1296. The designer and original architect was a master mason named Arnolfo di Cambio, the builder of both the Palazzo Vecchio and the city’s massive new fortifications. Although Arnolfo died soon after construction began, the masons forged on, and over the next few decades a whole section of Florence was razed to make way for the new building. Santa Reparata and another ancient church, San Michele Visdomini, were both demolished and the inhabitants of the surrounding district were displaced from their homes. Not only the living were evicted: in order to open a piazza in front of the church, the bones of long-dead Florentines were exhumed from their graves surrounding the Baptistery of San Giovanni, which stood a few feet to the west of the building site. In 1339 one of the streets south of the cathedral, the Corso degli Adamari (now the Via dei Calzaiuoli) was lowered so that the cathedral’s height should appear even more impressive to anyone approaching from that direction.

But as Santa Maria del Fiore grew steadily larger, Florence was shrinking. In the autumn of 1347 the Genoese fleet returned to Italy carrying in its holds not only spices from India but also the Asian black rat, carrier of the Black Death. As much as four-fifths of the population of Florence were to die over the next twelve months, so depopulating the city that Tartar and Circassian slaves were imported to ease the labour shortages. As late as 1355, therefore, nothing existed of the cathedral except for the façade and the walls of the nave. The interior of the church lay open to the elements, like a ruin, and the foundations for the unbuilt east end had been exposed for so long that one of the streets east of the cathedral was known as Lungo di Fondamenti, or ‘Along the Foundations’.

Over the next decade, however, as the city gradually recovered, work on the cathedral accelerated, and by 1366 the nave had been vaulted and the east end of the church, which included the dome, was ready to be planned. Arnolfo di Cambio had undoubtedly envisioned a dome for the church, but there is no surviving evidence of his original design: some time in the fourteenth century his model of the cathedral collapsed under its own weight – an ominous sign – and was subsequently lost or demolished. But excavations during the 1970s uncovered the foundations for a dome that was intended to have a span of 62 braccia, or 119 feet (a Florentine braccia being 23 inches, roughly the length of a man’s arm).1 With this diameter the cupola of Santa Maria del Fiore would have exceeded by some twelve feet the span of the dome of the world’s most spectacular church, Santa Sophia in Constantinople, which had been built 900 years earlier by the Emperor Justinian.

[image: image]
1. A section drawing of Santa Maria del Fiore by Giovanni Battista Nelli.
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2. A ground plan of the cathedral showing the three tribunes, with their chapels, around the dome’s octagon. On the right, in the piazza, is the Baptistery.



Since the 1330s responsibility for building and funding the cathedral had been in the hands of Florence’s largest, wealthiest and most powerful guild, the Wool Merchants, who administered the Opera del Duomo. None of the wardens running the Opera knew the first thing about building churches: their business was wool, not architecture. It therefore fell to them to appoint someone who did understand the craft, an architect-in-chief, or capomaestro, who would create the models and designs for the cathedral and also deal with the masons and other builders involved in the actual construction. In 1366, as planning reached its crucial stage, the capomaestro of Santa Maria del Fiore was a man named Giovanni di Lapo Ghini. At the request of the Opera, Giovanni began building a model for the cathedral’s dome. But the wardens also ordered a second model from a group of artists and masons led by another master mason, Neri di Fioravanti.2 The fate of Santa Maria del Fiore was about to undergo a radical change.

Competition between architects was an old and honoured custom. Patrons had been making architects compete against one another for their commissions since at least 448 BC, when the Council of Athens held a public competition for the war memorial it planned to build on the Acropolis. Under these circumstances, it was normal practice for architects to produce models as a means of convincing patrons or panels of judges of the virtues of their particular designs. Made from wood, stone, brick or even clay or wax, such models allowed the patrons to visualise the dimensions and decorations of the end product much more easily than would a diagram executed on parchment. They were often large and highly detailed – so large, in fact, that in many cases patrons could walk inside to inspect the interior. The brick-and-plaster model for San Petronio in Bologna, for example, built in 1390, was 59 feet long and, therefore, a good deal larger than most houses.

Giovanni di Lapo Ghini set about building a model that was fairly traditional in style. He planned a typically Gothic structure with thin walls, tall windows and, to support the dome, external buttresses of the sort adorning so many of the churches built in France during the previous century. Buttresses were one of the prime structural features of Gothic architecture: by accommodating the thrust of the vaults transferred to them from strategic points they allowed for walls pierced by a multitude of windows to rise to spectacular heights, filling the church with heavenly light – the aspiration of all Gothic builders.

Neri di Fioravanti and his group rejected the external supports proposed by Giovanni di Lapo Ghini, however, and offered a different approach to the structure of the dome. Flying buttresses were rare in Italy, where architects regarded them as ugly and awkward makeshifts.3 But Neri’s reasons for rejecting them were probably political as much as aesthetic or structural in that they smacked of the architecture of Florence’s traditional enemies: Germany, France and Milan. How the German barbarians, the Goths, had covered Europe with their clumsy and disproportional edifices would later become a popular theme with writers of the Italian Renaissance.

But if no flying buttresses were to be built, how was the dome to be supported? Neri di Fioravanti, the principal master mason in Florence, had extensive experience in vaulting, the most dangerous and difficult architectural manoeuvre. He was the man responsible for erecting the enormous 60-foot-wide vaults over the great hall of the Bargello as well as the arches of the new Ponte Vecchio after the old bridge was swept away by a flood in 1333. But his plan for the dome of Santa Maria del Fiore was far more ambitious and largely untested: he believed the dome could be prevented from buckling under its own weight not by means of external buttresses but by the incorporation of a series of stone or wooden chains that would run round the circumference, encircling the dome at the points of possible rupture in the same way that an iron hoop contains the staves of a barrel. All of the lines of stress would therefore be absorbed by the structure itself without being channelled to the ground by means of external buttresses. Unlike buttresses, moreover, these circumferential rings, buried in the dome’s masonry, would be invisible. And it was this vision of a massive dome that seemed to rise heavenwards without any visible means of support that for the next half-century would both inspire and frustrate everyone involved with the project.

The wardens in the Opera del Duomo did not decide between the two models without a good deal of debate. At first Neri and his group seemed to win the day, but Giovanni succeeded in raising questions about the stability of their design. His doubts illustrate a fear that haunted architects in the Middle Ages. Today a patron who hires an engineer takes it for granted that the end product will stand, even through earthquakes and hurricanes. But in the Middle Ages and the Renaissance, before the science of statics was developed, a patron enjoyed no such assurance, and it was not uncommon for buildings to fall down soon after completion, or even during the building process itself. The bell towers in both Pisa and Bologna began to lean while still under construction because of subsidence in the underlying soil, while the vaults in the cathedrals at both Beauvais and Troyes collapsed a relatively short time after being raised. The superstitious attributed these failures to supernatural causes, but to the more knowledgeable the real culprits were the architects and builders who had made fundamental (though imperfectly understood) errors in design.

In the end Giovanni’s concerns led the wardens to stipulate that, although Neri’s model would be adopted, the pillars that supported the dome should be enlarged. But enlarging the pillars would create perhaps even greater problems. Their dimensions were directly related to those of the octagonal tribune, whose perimeter they would form. The foundations for an octagon of 62 braccia had already been begun: would this groundwork have to be undone? Even more serious, the diameter of the tribune could not be enlarged without a corresponding increase in the span of the cupola. Was it possible to build a dome with a span even larger than 62 braccia, still without the use of any visible supports?

These questions were addressed at the meeting in August 1367 in which the wardens opted for a dome that would be 10 braccia wider than the one previously planned. Three months later, in keeping with Florentine democracy – and also, perhaps, in keeping with a desire on the part of the wardens to spread the blame as widely as possible – the plan was endorsed by a referendum of Florence’s citizens.

The decision to adopt Neri di Fioravanti’s design represents a remarkable leap of faith. No dome approaching this span had been built since Antiquity, and with a mean diameter of 143 feet and 6 inches it would exceed that of even the Roman Pantheon, which for over a thousand years had been the world’s largest dome by far. And the cupola of Santa Maria del Fiore would not only be the widest vault ever built: it would also be the highest. The walls of the cathedral were already 140 feet high, above which a tambour (or drum) on which the dome was to rest would rise another 30 feet. The purpose of this tambour was to elevate the dome – to serve, in effect, as a pedestal, raising the dome even higher above the city.4 Vaulting for the cupola would therefore begin at an incredible height of 170 feet, much higher than any of the Gothic vaults built in France during the thirteenth century. Indeed, the highest Gothic vault ever constructed, in the Cathedral of Saint-Pierre at Beauvais, began at just under 126 feet and rose to a maximum height of 157 feet, still a good 13 feet below where the vaulting for the dome of Santa Maria del Fiore was to begin. And the choir at Beauvais spanned only 51 feet in contrast to the 143 feet proposed for the cupola in Florence. The fact that the main vaults of the choir in Saint-Pierre had collapsed in 1284, little more than a decade after completion, cannot have eased the minds of the sceptics, especially since the architects at Beauvais had made use of both iron tie rods and flying buttresses, the expedients so boldly rejected by the committee of artists and masons.

Despite all the challenges it presented, Neri di Fioravanti’s model set the basic form for the dome of Santa Maria del Fiore as it would ultimately be constructed. Intriguingly, it was to consist of not one but two domes, with one shell fitting inside the other. This type of structure was rare, though not unique, in Western Europe.5 Developed during the medieval period in Persia, it had become a characteristic feature of Islamic mosques and mausoleums. In such structures a tall outer shell was intended to give impressive height to the building, while the shallower inner one – which partially supported the outer dome – was more suited to the interior proportions. The outer dome also shielded the inner one from the elements, serving as a weathering skin.

Besides the double shell, the other special feature of Neri’s dome was its particular shape. Unlike most previous cupolas, including the Pantheon, that of Santa Maria del Fiore was to be pointed rather than hemispherical in profile. That is, instead of describing a semicircle, its sides would curve up towards a point in the same way that Gothic arches do. This shape was known as a quinto acuto or ‘pointed fifth’. In technical terms the dome was to be an octagonal cloister-vault composed of four interpenetrating barrel vaults. This complex structure was to create unforeseen problems for the men who began to build it fifty years later, and its construction would call for ingenious solutions.

Neri’s model of the dome became an object of veneration in Florence. Standing 15 feet high and 30 feet long, it was displayed like a reliquary or shrine in one of the side aisles of the growing cathedral. Every year the cathedral’s architects and wardens were obliged to place their hands on a copy of the Bible and swear an oath that they would build the church exactly as the model portrayed. Many aspiring carpenters and masons must also have walked past it on their way in and out of the cathedral, contemplating the problems of the dome’s construction and dreaming of their solution. Thus when the competition to solve these difficulties was announced in the summer of 1418, more than a dozen models were submitted to the Opera by various hopefuls, some by craftsmen from as far away as Pisa and Siena.

However, of the many plans submitted, only one – a model that offered a magnificently daring and unorthodox solution to the problem of vaulting such a large space – appeared to show much promise. This model, made of brick, was built not by a carpenter or mason but by a man who would make it his life’s work to solve the puzzles of the dome’s construction: a goldsmith and clockmaker named Filippo Brunelleschi.
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The Goldsmith of San Giovanni

IN 1418 FILIPPO Brunelleschi – or ‘Pippo’, as he was known to everyone – was forty-one years old. He lived in the San Giovanni district of Florence, just west of the cathedral, in a large house he had inherited from his father, a prosperous and well-travelled notary named Ser Brunellesco di Lippo Lappi. Ser Brunellesco originally intended his son to follow in his footsteps, but Filippo had scant interest in a career as a civil servant, showing instead, from a young age, an uncanny talent for solving mechanical problems. No doubt his interest in machines had been sparked by the sight of the half-built cathedral that stood a short walk from the family home. Growing up in the shadow of Santa Maria del Fiore he would have seen in daily operation the treadwheel hoists and cranes that had been designed to raise blocks of marble and sandstone to the top of the building. And the mystery of how to build the dome was probably a topic of conversation in the family home: Ser Brunellesco possessed some knowledge of the subject, having been one of the citizens who in the referendum of 1367 had voted for the bold design of Neri di Fioravanti.

Although disappointed by his son’s lack of desire to become a notary, Ser Brunellesco respected the boy’s wishes, and when he was fifteen Filippo was apprenticed in the workshop of a family friend, a goldsmith named Benincasa Lotti. An apprenticeship with a goldsmith was a wise and logical choice for a boy showing mechanical ingenuity. Goldsmiths were the princes among the artisans of the Middle Ages, with a large scope to explore their numerous and varied talents. They could decorate a manuscript with gold leaf, set precious stones, cast metals, work with enamel, engrave silver and fashion anything from a gold button to a shrine, reliquary or tomb. It is no coincidence that the sculptors Andrea Orcagna, Luca della Robbia and Donatello, as well as the painters Paolo Uccello, Andrea del Verrocchio, Leonardo da Vinci and Benozzo Gozzoli – some of the brightest stars in a remarkable constellation of Florentine artists and craftsmen – had all originally trained in the workshops of goldsmiths.

Despite its prestige, goldsmithing was not the most wholesome of professions. The large furnaces that were needed to melt gold, copper and bronze had to burn for days on end, even in the heat of summer, polluting the air with smoke and bringing the danger of explosions and fire. Noxious substances such as sulphur and lead were used to engrave silver, and the clay moulds in which metals were cast required supplies of both cow dung and charred ox-horn. Worse still, the workshops of most goldsmiths were found in Florence’s most notorious slum, Santa Croce, a marshy and flood-prone area on the north bank of the Arno. This was the workers’ district, home to dyers, wool-combers and prostitutes, all of whom lived and worked in a clutter of ramshackle wooden houses.

Filippo thrived in this environment, however, quickly mastering the skill of mounting gems and the complex techniques of niello (engraving on silver) and embossing. At this time he also began studying the science of motion, and, in particular, weights, wheels and gears. The immediate fruits of these investigations were a number of clocks, one of which is even said to have included an alarm bell, making it one of the first alarm clocks ever invented. This clever device – of which, unfortunately, no evidence survives – appears to have been the first of his many stunning technical innovations.1

Filippo matriculated as a master goldsmith in 1398, at the age of twenty-one, then rose to city-wide prominence three years later during a competition that, for its intense public interest, rivalled the one between Giovanni di Lapo Ghini and Neri di Fioravanti twenty-five years earlier. This was the famous competition for the bronze doors of the Baptistery of San Giovanni.

This competition – which would play a pivotal role in Filippo’s career – came about because of an outbreak of plague. The Black Death was a faithful visitor to Florence. It arrived, on average, once every ten years, always in the summer. After the horrors of 1348, there were further outbreaks, less severe, in 1363, 1374, 1383 and 1390. Various remedies were invented to drive it away. Church bells were violently rung, firearms discharged into the air, and the portrait of the Virgin from the church at nearby Impruneta – an image with miraculous powers that was said to have been painted by St
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