HISTORY OF MODERN ARCHITECTUR

2. ARCHITECTURE OF THE INDUSTRIAL AGE 

The Industrial Revolution changed human life as profoundly as agriculture did during the Neolithic period when the nomadic hunters became the village dwelling farmers and gave birth to architecture. The steam engine offered unlimited amounts of energy and machines could turn out goods in large quantities. New materials such as iron, steel, metals, synthetic goods etc. were produced. There were also improvements in agricultural production and sanitation.

Industrial Revolution was born in England in the 18th century which led to major restructuring of the social and cultural order of Europe. The agrarian handicraft economy was overtaken by the machine-dominated economy. Work shifted from the home workroom and shop to the mill and factory. The factors for this change were technological: mechanized labor, inanimate power primarily steam and abundance of raw materials at low cost. As the supply of wood dwindled, it was replaced by coal which helped to greatly expand the iron industry. In architecture, due to the fire-resistant qualities, cast and wrought-iron was increasingly used in roofs, columns and beams. Even the production of wood and timber became industrialized. Glass replaced oiled paper.

Before the Industrial Revolution architecture was focused mainly on the church, the palace and the fortress and to some extent on the town hall and the villa. After the Industrial Revolution many new building types became necessary. First, the industrial buildings needed to be set up – factories, warehouses, railroad stations (later airports), bridges etc. Then there were the commercial and service related buildings such as banks, exchanges, department stores, markets and office buildings. Because of large population increases in the cities, other types of buildings were required, law courts, parliaments, large theaters, hospitals, hotels, libraries, museums, public parks etc. Mass housing and single family houses (as against aristocratic houses) were developed.

While many of the building types could be built out of traditional materials (stones, timber, bricks) and technology, some required new construction technologies using new materials brought on by the Industrial Revolution. Buildings of larger height, span and strength were made possible by the use of new materials and technology. New methods and powerful new machines were employed. However, all these events were not swift and pervasive. The Industrial Revolution began in England in the second half of the 18th century, spread to France after 1830, to Germany after 1850 and in the US after the Civil War. Its effect on architecture was also gradual, reaching its full extent only in the early 20th century.

Before the 19th century the use of iron in architecture was very limited because of poor quality and its tendency to corrode. It was used mostly as cramps in masonry, tie rods and chains and decorations. The construction materials being used were the same natural materials being used since ancient times: timber, stone and bricks. Only the lime mortar and Roman concrete were new and unnatural. Metal was used only in minor and supplementary ways.

The Industrial Revolution was marked by the great shift in population from the rural areas to the cities, by the introduction of railways which greatly enhanced the movement of people and goods. Iron and glass became the main construction materials for new building types such as banks, government offices, shopping arcades, docks, railway stations, factories, warehouses etc. Iron was more resilient and cheaper than stone and more fire resistant than wood. It could be prefabricated in bulk and easily assembled on site. Early on, iron showed its potentialities best in large enclosed spaces which required bright lighting as in markets, libraries, museums, railway stations. Metal roofs with glazing were common in arcades, department stores, libraries (Bibliotheque Ste. Genevieve, Paris, 1838-50 by Henry Labrouste; the Bibliothque Nationale, Paris, 1854-75, Labrouste). The use of iron and glass saw its culmination in the Crystal Palace built in 1851 for the Great Exhibition of London.  

After the Industrial Revolution the production of iron saw a dramatic increase. Similarly, the invention and production of Portland cement popularized the use of mass concrete which was much stronger than the Roman lime concrete, more durable and fire-resistant. The combination of the two materials to form reinforced cement concrete made possible the construction of long beams and columns; walls, arches and vaults of surprising thinness and varied shapes. Cast iron was also used in constructing factories, bridges, commercial buildings, churches, libraries etc. Mass production of glass also made it cheaper and it began to be used extensively in buildings. As cast iron was susceptible to fire, ferroconcrete became the material of choice after 1880 for the construction of modernist buildings of the 20th century. The science of statics had been developed by the late 19th century and structural design became a science, not the approximate guesswork of earlier times. Structural design was used first by civil engineers such as Roeblings who built the New York Brooklyn Bridge, Gustave Eiffel who built the Eiffel tower and William Le Baron Jenney who built steel framed skyscrapers in Chicago.

While the earlier building materials were not of uniform quality – each stone from different quarries was of different strength, timber differed from tree to tree and bricks from batch to batch – the quality of industrial materials could be maintained which was of utmost importance in engineering calculations. The older materials were based on compression (except lintels) and were formed of small units. The new materials could be poured, molded, extruded or beaten into any form. Steel could be riveted or welded, ferroconcrete could be molded into one homogeneous mass. In terms of visual quality, the old materials were chosen for their texture, color etc. whereas the new materials were not attractive to look at.

The new materials and construction technologies did not fit in properly with the trabeated architecture in use since ancient times which had formed the very basis of Western architecture. But, in the 19th century, the architects could not make the dramatic leap between the ancient style of building to the modern style. They accommodated the new technology in three ways: 1) simple substitution of materials but leaving the forms intact 2) modification of older forms in order to exploit the greater strength of new materials and 3) creation of altogether new forms.

Substitution was very popular during the Cast-Iron Age as architectural components were duplicated and produced. Meanwhile modification of forms were not very pleasing when tall thin steel columns replaced the weaker masonry columns and piers. New forms appeared either as pure engineering forms or in eclectic combination with historical style e.g. the steel trusses on granite pedestal supporting the Neoclassical Statue of Liberty. The pedestal was of concrete core reinforced by steel girders. A cantilevered trusswork was attached to the central girders, cross-laced to give it rigidity. The 2.5 mm copper skin of the statue was hung like a modern curtain wall.

New forms appeared in spectacular bridge designs. Although much larger spans using steel were achieved, the structure was based mostly on design of compressive members such as arches. Then long span girders based on compression and tensile principles were used. Eventually, trusses formed of individual members, some in compression and others in tension, were built to cover large spans. This was followed by the cantilevered bridge. The real innovation came when use was made of the high tensile strength of steel as in the suspension structure of the Brooklyn Bridge (1867-83) and the cantilever Forth Bridge (1882-89) in Scotland by Sir Benjamin Baker. Railway stations that required large spans and high roofs were one of the first buildings to be built of steel trusses and transparent vitreous roof. This was soon followed by factories with concrete vaults over iron columns and beams and repetitive iron elements on the exterior. Department stores and meat markets of light iron structures supporting light transparent roofs were also being built in Paris by the 19th century.

If there was a counterpart in the 19th century to the Gothic Amiens Cathedral, Brunelleschi’s dome for the Renaissance and St. Peter’s for High Renaissance and Baroque, it was the buildings for the international expositions which began in London in 1851 and climaxed in Paris in 1889. Although the exhibitions were meant to bring together the products of all nations and increase free trade, the fairs were, in effect, the celebration of the industrial civilization, a statement of the faith in the progress and ability of industrialized nations. The exhibition buildings were like the cathedrals of the 19th century. The fair which created one of the greatest sensations was the London Exposition of 1851 because of Joseph Paxton’s Crystal Palace. It was an example of the ability to mass produce almost limitless quantities of necessary materials and erect them speedily. The building was assembled in 6 months.

The Crystal Palace was 570 m. long and had a very simple form yet its link to historical forms was undeniable. Its modular layout and structure was reminiscent of the medieval bay system. Its central mass resembled the long, narrow and tall nave of the English cathedral with long, low multi-aisled masses on either side and a high barrel vaulted transept. The building was futuristic due to the transparency of its walls and ceiling, the dematerialization of its structure and the repetition of identical forms. Its interior was painted with alternating stripes of red, yellow and blue separated by white. Although it was predicted that the Crystal Palace would lead towards a new form of architecture, this had to wait for a long time as public architecture again reverted to heavy mass and historical traditions. The Crystal Palace had no link with history and was thus considered a freak event.

The French exhibition hall of the Paris Exposition in 1867 resembled the Colosseum which integrated both concentric and radial planning. The Galeria des Machines which required the largest space was placed on the outside while the inner smaller galleries housed other products such as textiles, furniture, fine art etc. The radial planning of the Colosseum was brought into good use whereby each wedge-like sector was given to the seven industries of a particular country.

In the Galerie des Machines of the Exposition Universelle of 1889 in Paris, architect C. L. F. Dutert created one of the most high technology construction of the 19th century, The central space was vast, 1378 ft. long, 148 ft. high and 377 ft. wide. It consisted of a series of 20 bridge arches connected by longitudinal girders and covered with ferrovitreous grid envelope. The shape of the arches and the supports was what was unfamiliar. Instead of the familiar semicircular arches, the roof appeared as two cantilevered arms meeting at the center. The supports were pointed and resting in slots in the floor, a device used in bridges to avoid thermal stresses. Its construction, however, assaulted many people’s aesthetic and structural sense.

The erection of the Eiffel Tower in 1887-89 had a similar effect on Parisians who sent petitions against it. Its main structures were the four massive tapering lattice-girder piers. To assuage the fears about its structure, non-functional arches were added to the bottom and the people were able to visualize the tower as a “triumphal arch” with its lower arches and “trabeated” platform.
MOVEMENT TOWARDS MODERN ARCHITECTURE

The maturation of the Industrial Age brought the machines into everyone’s houses. Technology had improved the low strength cast-iron to wrought iron then to high strength steel which could be used in reinforced concrete. The machines and new technology inspired Modernists to search for a new architecture to fit these developments. For the first time historicism was rejected as a model for the future. Throughout history architects had always obtained inspiration from the past – Romanesque, Renaissance, Baroque, Neoclassicism. Now the thought of breaking from historicism was truly exhilarating. Architecture was inspired by machines leading to the famous saying by Le Corbusier, “The house is a machine for living in”. Of course, houses did not actually resemble machines; the resemblance was metaphorical- functionality and tight rational designs of the machines. Visually, simple geometric forms representing the outer shell of the machines were used such as the hulls, railings, gangways, smokestack of ships, shells of cars etc. This mechanomorphic trend was dominant, however, the evolution of Modern architecture took many forms, influenced by developments in society and science and arts-Cubism, The Theory of Relativity, The Oedipus Complex, the Russian Revolution, the Great Wars etc. Biomorphic and even geomorphic forms imitating nature were experimented with. The only forms not permitted were those of the European past. 

One of the earliest scholars to advocate a “style of our own times” instead of evolving a new style out of the old was Viollet-le-Duc. He proposed using Gothic principles, whose stability depended on proper connections of interdependent parts, for new constructions in steel. His proposal for a public hall for 3000 consisted of stone walls but the vaults were to be constructed of polyhedral skeletal iron structures rising from huge iron diagonal struts. This concept was so futuristic that it was only taken up much later by Buckminister Fuller.

ARTS & CRAFTS MOVEMENT

Voillet-le-Duc’s intellectual courage and artistic vision to make Modernism into a movement was given a boost by England, the first country to be industrialized. It had gone through both the benefits and evils of industrialization: workers uprooted from their crafts and made into factory slaves, cities destroyed by industrial blight, cheap and shoddily made mass-produced goods. Industry had greatly affected construction methods with its mass produced cheap substitutes. This made some reformists turn their backs completely on Modernism. Pugin escaped into Gothicism. Ruskin saw Gothic structures not from the religious aspect but as a joyful creation of medieval craftsmanship. William Morris was fiercely anti-industry but he was anti-historicist as well. He believed in the medieval process of handcraftsmanship but rejected the medieval style. Being a socialist, he called for art by the people and for the people. 

Ruskin and his disciple William Morris (1834-96) were critical of machine-made ornaments and sought to preserve the traditional craft in architecture. Morris spearheaded the Arts and Craft Movement. The Arts and Craft Movement believed that all objects had artistic potential and that the house in its totality could be made into art, including furniture and housewares. Morris believed art allowed man to express joy in his work and machine manufacture took away that joy, thus killing art. However, the hand crafted materials proved too expensive for the general public and there was also no way to stop the onward march of the Industrial Revolution. Morris could not learn to try to make industry to turn out goods as well made as the hand crafted ones. This would happen later in Germany. 

The English Domestic Revival began in England in the last third of the 19th century with relatively modest middle class houses. These were informal, asymmetrical, anti-classical, solid, spacious, unpretentious and comfortable. People with industrial wealth had a longing to return to pre-industrial lifestyles. The style was created in the 1860s and 1870s by the trio of Philip Webb, William Eden Nesfield and Richard Norman Shaw and was divided into two main branches: Old English and the Queen Anne.

Shaw transformed the vernacular rustic English into Old English style with its saddle roofs, multiple chimney stacks, dormers, weather boardings, large bay windows divided into many panels. Whereas the plans of the original buildings were quite chaotic, Shaw’s buildings were more sophisticated compositions of elegant proportions, complex rhythms and very asymmetrical. The Queen Anne style was less rustic and more formal. Shaw’s own house at Hampstead (1874-76) was a good example.

By the 1880s, the Queen Anne style was over and the Domestic Revival had entered its final phase. Charles Voysey was the single dominant figure. His plain country houses were among the first buildings not to have any kind of historicist imitation. He worked on small cottages and tried to find non-historical designs which provided great flexibility. A new form of aesthetics was developed which would no longer remain the privilege of the upper class or refer to historical details. Voysey’s cottages had free plans, often L-shaped. The designs followed serial alignment of related functions e.g. scullery, kitchen, pantry, dining room and drawing room and also allowed maximum window space. The buildings had a strong sense of horizontality due to the near continuous bands of windows- an important detail for Modernism- and the overhanging eaves of the hipped slate roofs. There were chimneys, plain walls and no concern for symmetry.

The Domestic Revival died out in England by the turn of the century but caught on in the 1880s in America as the Shingle Style. The use of shingles as a cladding was an old American tradition imitating British tile-hanging. But the use of wooden frames instead of brick walls made these buildings much more free and open in planning and massing than their British counterpart. There was less compartmentalization and greater spatial flow among the rooms as well as with the exterior. The open planning was also a reflection of the hot climate and democratic lifestyle of the continent where women, children and servants were not segregated. Some good examples of the style are Kragsyde, Massachusetts 1882-84 by Peabody and Stearns and the Low House by Mckim, Mead and White, Rhode Island 1887. Many, however, consider the Stoughton House, Cambridge Massachusetts 1882-83 by Henry Hobson Richardson to be the masterpiece of the Shingle style.

Richardson, who was educated at the Ecole, was also famous for what was termed as the Richardsonian Romanesque. His Marshall Field Store, Chicago 1885-87, shows strong Romanesque character but also shows the discipline of the Ecole tradition. The seven storey building was built around a courtyard and because of its relatively low height, the outer walls were of masonry while the inner frame was of metal whose construction has still to be mastered at the time. The ideal triadic structure of the stylobate-column-entablature emphasized by the Beaux-Arts instruction was achieved in the building in a subtle way: the massive segmental arches of the basement, the tall extended arches of the main floors and the horizontal sweep of the trabeation at the top. The rhythm of the arches doubled and redoubled in the trabeation. A subtle interplay between the stone mass and openings and the overlay of the entablature recalled the use of Classical formula, yet it did not resemble any historical building. It was a true post-historicist building. Although Richardson cannot be called a Modernist, his influence among the following generation of Americal architects would lead America to Modernism.

