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Interest in underfloor radiant heating has grown in the U.S. with increased social demand for energy-efficient and eco-friendly architecture.1 The number of companies producing and marketing underfloor heating systems has increased and simple electric systems are now commonly available at major retailers such as Lowe’s and Home Depot. From a Korean perspective, the U.S. popularity of underfloor radiant heating can be interpreted as a “K-housing” boom. But unlike K-pop or kimchi, underfloor heating is rarely associated with Korea. Instead, it is associated with Frank Lloyd Wright (1867-1959), the greatest architect in U.S. history. In this paper, I will discuss the history of underfloor radiant heating in the U.S. from the early 20th century to today,2 and focus on Wright’s experiments and their influence on other homebuilders.

Frank Lloyd Wright and underfloor radiant heating

During the 19th century, the U.S. grew to become one of the largest economies in the world. Though New York and Chicago were booming, most Americans still lived in rural areas. In the late 19th century, urbanization began to change this pattern. Rapid improvement in the quality of housing in the U.S. followed two main contours: technological

1 Alex Wilson, “Radiant Floor Heating Warms Up,” Architecture, July 1989, 124-126.
2 For an overview of the history of underfloor radiant heating systems since ancient times, see Robert Bean, Bjarne Olesen, and Kwang-Woo Kim. “Part 1 History of Radiant Heating & Cooling Systems.” ASHRAE Journal 52, no. 1 (2010): 40-47 and Robert Bean, Bjarne Olesen, and Kwang-Woo Kim. “Part 2 History of Radiant Heating & Cooling Systems.” ASHRAE Journal 52, no. 2 (2010): 50-55.
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improvements and the size of the housing market.3 Both of these came together in the early years of the 20th century. The booming cities and growing economy created demand for larger houses with technological improvements. Coal and oil replaced wood as the main form of heating, and these were replaced by natural gas and electricity as the 20th century progressed. These changes in energy use, along with other technological improvements, such as indoor plumbing and on-demand hot water, encouraged the construction of new types of houses and apartments.
Eager to cash in, real estate developers built neighborhoods of single-family houses on the outskirts of cities. These developments laid the groundwork for mass suburbanization after World War II. The Great Depression of the 1930s caused the housing market to collapse and technological progress slowed. During World War II, housing construction declined drastically because of the war effort. The housing market and building thus experienced an extended slump from 1930 to 1945.
The Great Depression stirred an interest in new ways of thinking about housing. To create jobs, New Deal programs promoted by President Franklin D. Roosevelt focused on wide-ranging public works projects. The most famous example is the Works Progress Administration (WPA) that was started in 1935. Many sidewalks in inner suburbs of U.S. cities were built by the WPA before the U.S. entered World War II in 1941. Federal support for public housing began through the WPA but was expanded in 1937 with the creation of the United States Housing Authority (USHA) to build low-cost housing. As part of New Deal banking reforms in 1934, the Federal Housing Administration (FHA) was created to insure mortgages to support the collapsing real estate market at the time. After World War II, the FHA played a key role in supporting suburban expansion across the U.S. 4 It also played a key role in “redlining,” which encouraged lenders to avoid neighborhoods with concentrations of African Americans and lower-income residents; the practice became illegal with the passage of the Fair Housing Act in 1968.
Construction of high-end houses continued during the Great Depression, which created a market, albeit small, for experimentation that helped keep technological progress alive. One of the most notable experiments was the Usonian houses designed by Wright from the mid-


3 For an overview of the social history of housing in the U.S. during this period, see Gwendolyn Wright, Building the Dream: A Social History of Housing in America (Cambridge, MA: The MIT Press, 1983), 158-176 and 193-214.
4 For details on the FHA, see Wright, Building the Dream, 240-261.
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1930s until the late 1950s.5 By this time, Wright had become America’s most famous architect. From his early years in Oak Park near Chicago, Wright sought to break conventions of the time by integrating nature deeply into his designs. In his autobiography, Wright stated, “No house should ever be on a hill or on anything. It should be of the hill. Belonging to it. Hill and house should live together each the happier for the other.”6
[image: ]
Figure 1. Photo of the Ho-O-Den (no date, but estimated around the time of the exhibition). Source: University of Chicago Photographic Archive, [apf2- 04518], Special Collections Research Center, University of Chicago Library.

Wright had a long interest in Japanese art and architecture. His first experience with Japanese architecture was at the World’s Columbian Exposition, held in Chicago in 1893, where he saw the Ho-O-Den (Phoenix Pavilion), a loose replica of the 11th-century-built Byodo-in Temple near Kyoto.7 He also took an interest in Japanese prints, which were popular among wealthy collectors in the U.S., and became a major

5 For an overview of Usonian houses, see John Sergeant, Frank Lloyd Wright's Usonian Houses: Designs for Moderate Cost One-Family Homes (New York: Watson-Guptill, 1984).
6 Frank Lloyd Wright, Frank Lloyd Wright: An Autobiography (San Francisco: Pomegranate, 2005), 168.
7 Kevin Nute, Frank Lloyd Wright and Japan: The Role of Traditional Japanese Art and Architecture in the Work of Frank Lloyd Wright (New York: Van Nostrand Reinhold, 1993), 47-72.

buyer and dealer himself. He organized important exhibitions of Japanese prints at the Art Institute of Chicago in 1906 and 1908.8
Wright first visited Japan in 1905 and developed important connections among the elite. He returned in 1913 to discuss a commission for a new Imperial Hotel. He received the commission and made several other long visits from 1917 until the hotel was almost complete in 1922. The hotel opened on the date of the Great Kanto Earthquake in 1923, but survived, boosting Wright’s reputation. It was torn down in 1968 to make way for a larger building, but the façade and entrance were moved to Meiji Village Museum (Meiji-mura) near Nagoya, where they have been preserved.
While in Japan, Wright was often the guest of wealthy business leaders. One such occasion was in the winter of 1917 when Okura Kihachiro (1837-1928), one of the wealthy patrons behind the Imperial Hotel project, invited Wright to dinner at his estate in Tokyo. During dinner, Wright complained about the cold, so Okura took him to a warmer place. Wright described his first encounter with ondol as follows:

As expected, the dining room was so cold that I couldn’t eat— pretending to eat only and for some nineteen courses. After dinner the Baron led the way below to the “Korean room,” as it was called. This room was about eleven by fifteen, ceiling seven feet, I should say. A red-felt drugget covered the floor mats. The walls were severely plain, a soft pale yellow in color. We knelt there for conversation and Turkish coffee.

The climate seemed to have changed. No, it wasn’t the coffee; it was Spring. We were soon warm and happy again—kneeling there on the floor, an indescribable warmth. No heating was visible nor was it felt directly as such. It was really a matter not of heating at all but an affair of climate.9

Wright went on to describe ondol in greater detail:

The Harvard graduate who interpreted for the Baron explained: the Korean room meant a room heated under the floor. The heat of a fire outside at one corner of the floor drawn back and forth underneath the floor in and between tile ducts, the floor forming

8 Nute, Frank Lloyd Wright and Japan, 151.
9 Wright, Frank Lloyd Wright: An Autobiography, 495.

the top of the flues (or ducts), made by the partitions, the smoke and heat going up and out of a talk chimney at the corner opposite where the fire was burning.

The indescribable comfort of being warmed from below was a discovery.10

There is speculation the “Korean room” that Wright experienced was Jaseondang that Okura had moved from Gyeongbok Palace in Seoul to his estate in Tokyo in late 1915.11 The building was reassembled in 1916, so Wright could not have visited it in 1914 as written in his autobiography. Wright could have confused the dates of his visit to Japan, making it likely he could have visited Jaseondang12 or he could have experienced a different room heated with ondol. Either way, ondol made a strong impression on Wright, and he quickly added electric underfloor heating to bathrooms in the Imperial Hotel:

I immediately arranged for electric heating elements beneath the bathrooms in the Imperial Hotel—dropping the ceiling of the

10 Ibid.
11 Hyon-sob Kim discussed this possibility in detail: “What kind of ‘Korean room’ did Wright experience in person? It could just have been an ondol room made in Okura’s Japanese house. Okura might have constructed a rather complex installation of fireplace-flue-chimney with a raised floor. However, there is also the possibility that it was a separate Korean building. We know that in September 1916, Okura built a Korean building in his Tokyo residence, named Chosenkan (Joseon-gwan in Korean pronunciation) or Korean House. It involved the removal of an existing building, named Jaseondang, from the Gyeongbokgung Palace, a process carried out under the Japanese cultural despoliation policy in colonised Korea. Despite the discrepancy of timing between the winter of 1914 in his own description and the reconstruction of Jaseondang in 1916, it was the Jaseondang that Wright had come across because the architect sometimes mixed up the years of his visits to Japan. Some studies clarify that he was in Japan in 1913 and in 1917, but not in 1914. If this was true, his experience of Korean architecture was more integral because he observed one whole Korean building. In any case, it is certain that Wright’s contact with Korean architecture inspired his later designs.” Hyon-sob Kim, “The Appearance of Korean Architecture in the Modern West,” Architectural Research Quarterly 14, no. 4 (2010): 356, 358, doi:10.1017/ S1359135511000145.
12 In a footnote, Hyon-sob Kim stated that the Jaseondang was destroyed in the Great Kanto Earthquake of 1923 and that the foundation stones were returned to South Korea in 1996. Ibid., 361.

bathrooms to create a space beneath each in which to generate heat. The tile floor and the built-in tile baths were thus always warm. It was pleasant to go in one’s bare feet into the bath. The experiment was a success. All ugly electric heat fixtures (dangerous too in a bathroom) were eliminated. I’ve always hated fixtures—radiators especially. Here was the complete opportunity to digest all that paraphernalia in the building—creating not a heated interior but creating climate—healthful, dustless, serene. And also, the presence of heat thus integral and beneath makes lower temperatures desirable. Sixty-five degrees seems for normal human beings sufficient. But neighbors coming in from super- heated houses would feel the cold at first. It is true that a natural climate is generated instead of an artificial forced condition—the natural condition much more healthful, as a matter of course.13

Wright’s enthusiastic memories of ondol are even more impressive given his efforts to downplay Japanese influences on his architecture. As Cronon noted, “Perhaps as a way of acknowledging his debt without admitting its direct architectural significance, Wright repeatedly asserted that it was Japanese prints, not buildings that had affected his mature style.”14
After completing the Imperial Hotel, Wright’s focus shifted back to the U.S. In 1923, he proposed underfloor heating for Nakoma Country Club near Madison, Wisconsin, but the building was not built in his lifetime.15 In the 1930s, he added underfloor radiant heating to the S.C. Johnson Wax Administration Building in Racine, Wisconsin. For this building, Wright originally thought of using hot air flowing under ceramic tiles, but opted for steam flowing under the floor.16 He first used copper but ran out and switched to wrought iron. The system was difficult to manage and the wrought iron pipes became corroded. Eventually the system was replaced, and the steam pipes were used for carrying updated electric wiring.
While designing the S.C. Johnson Wax Administration Building,

13 Wright, Frank Lloyd Wright: An Autobiography, 495.
14 William Cronon, “Inconstant Unity: The Passion of Frank Lloyd Wright,” in Frank Lloyd Wright: Architect, ed. Terrance Riley (New York: Museum of Modern Art, 1994), 21.
15 Wright, Frank Lloyd Wright: An Autobiography, 496. In the late 1990s, the building was constructed posthumously on a resort on Lake Tahoe, California.
16 Jonathan Lipman, Frank Lloyd Wright and the Johnson Wax Buildings (New York: Rizzoli International Publications, 1986), 77.

Wright was also working on the first of what would become known as Usonian houses. He wanted to design smaller, more inexpensive houses to reach a broader market. This reflected the weak construction market during the Great Depression. The first Usonian house is Herbert and Katherine Jacobs First House built in Madison, Wisconsin in 1937.17 Wright experimented with underfloor radiant heating and cut costs by shrinking the basement. Instead of steam, He developed a system using hot water running in wrought-iron pipes embedded in a concrete floor. He used the same system in about 60 other Usonian houses built 1937 to 1958. It stirred interest in underfloor radiant heating for the first time in U.S. history.
[image: ]
Figure 2. Description of underfloor heating system of Usonian house, 1940. Source: Architectural Record, September 1940.

In his writing, Wright noted that he had to convince Herbert and Katherine Jacobs of the advantages of underfloor radiant heating. He wrote that he asked them, “Would you like to be the first people in America to try this kind of heating in a home?”18 Steam heat through

17 Kim, “The Appearance of Korean Architecture,” 356.
18 Quoted in Kim, “The Appearance of Korean Architecture,” 356.

radiators was popular in the U.S. from late 19th century to mid-20th century, but the radiators took up space and became noisy and difficult to maintain over time. Because of these limitations, hot water heat was gaining popularity. A boiler would heat water and pump it through tubes that in radiators were often placed at the bottom on a wall. The radiators were thinner than system radiators, which allowed for better use of the living space. Wright took the idea of hot water running through tubes and put it under the floor to recreate the “climate” that he had experienced in Japan.
In their bestselling book, Tomorrow’s House, George Nelson and Henry Wright gave a brief history of underfloor radiant heating and extolled the advantages of adopting it in American homes. The book came out at the end of World War II and became an inspiration to many other architects and builders. Nelson and Wright noted that “There are probably no more than five or six hundred houses in the entire country which are kept warm in this manner, and that is a mighty small number compared to the twenty-odd million dwellings.”20 The overwhelming majority of those houses in 1945 were custom-built homes for upper-middle-class clients who wanted to try something different. They were, however, enthusiastic about the system: “Is radiant heating, then, the complete answer to all of our problems? It could be, in the opinion of many authorities, if other factors were present. One of the factors is house design. This kind of heating works at its best in a one-story house, although it has been successfully applied to those with two floors.”21

Other experiments with underfloor radiant heating

The most famous house with underfloor radiant heating from the immediate postwar era was Philip Johnson’s (1906-2005) Glass House in New Canaan, Connecticut, completed in 1949. Despite its renown, its underfloor heating is rarely mentioned. Another famous house from this era is the Farnsworth House in Plano, Illinois, designed by Mies van der Rohe (1886-1969). Architectural historians agree the Farnsworth House influenced Johnson.22 Built from 1945 to 1951, it has a dense network of underfloor pipes carrying hot water. Mies visited Wright in 1937 and the

20 George Nelson and Henry Wright. Tomorrow’s House: A Complete Guide for the Homebuilder (New York: Simon and Schuster, 1945), 86.
21 Ibid.
22 Nicolai Ouroussoff, “Through a Glass, Clearly, a Modernist’s Questing Spirit,” The New York Times, July 6, 2007, https://www.nytimes.com/2007/07/ 06/arts/design/06glas.html.

two talked at length about architecture. Wright was experimenting with underfloor radiant heating in the Jacobs House and other Usonian houses and would mostly likely have told Mies about these efforts.23
[image: ]
Figure 3. Design and construction of the underfloor heating system for a house in Lancaster, Pennsylvania, designed by Philip Hallock. Source: New Pencil Points, December 1943.

Lesser known is the work of Philip Hallock (1914-2013) who designed about 60 midcentury-style homes in Pennsylvania. In 1941, Hallock completed a house in Lancaster, Pennsylvania, that used underfloor radiant heating.24 He had followed the work of Wright closely and was clearly influenced by the underfloor heating systems used in Usonian houses. Houses designed by Hallock after World War II, however, did not have underfloor radiant heating.







23 James J. Williams, “Living with Nature: The Farnsworth House and The Environmental Successes and Failures of Modernist Architecture (1945-1951).” MA thesis, University of Cincinnati, 2015. 44.
24 Phillip Hallock, “Design and Practice of Radiant Heating,” New Pencil Points, December 1943, 69-71.
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Figure 4. Description of Solar Homes Company hot air underfloor heating system. Source: Progressive Architecture Pencil Points, June 1946.

Though most underfloor heating systems used pipes embedded into the foundation, George Fred Keck (1895-1980), a modernist architect active in the Chicago area, designed prefabricated homes that made optimal use of sunlight to heat the house. He also developed an underfloor heating system using warm air to heat the house when there was not enough sunlight.25 The houses were built and marketed by Green’s Ready-Built Homes from 1942 to 1946, but sales were poor and the company went bankrupt. Meanwhile, Solar Homes Company, a builder of solar-heated prefabricated homes in the mid-1940s, also developed an auxiliary heating



25 Anthony Denzer, “Prefab + Solar at Midcentury,” in ACSA Fall Conference Proceedings (Washington, DC: Association of Collegiate Schools of Architecture, 2012), 22-23.

system that used warm air to heat ducts under the floor.26 The ducts, which were formed from the joists under the floor, raised the floor above the concrete slab. The furnace fan blew warm air in through the ducts while drawing cold air down from the living area into the furnace to be heated. This system bears a closer resemblance to a Roman hypocaust and traditional ondol than the hot-water piping systems popularized by Wright. While Wright’s Usonian houses are the most noted experiment in underfloor radiant heating in U.S. history, the largest-scale application in history was in Levittown, New York, a planned suburban community built near New York City from 1947 to 1951.27 From 1952 to 1958, another Levittown was built near Philadelphia with some houses using underfloor radiant heating.28 Levitt & Sons, the developer of the Levittowns, was founded by Abraham Levitt in 1929. During the Great Depression, they first focused on custom-built housing. Under the leadership of Abraham Levitt’s two sons, William and Alfred Levitt, the company took advantage of the postwar housing boom that began in 1946 as soldiers returning from war began settling down and starting families. After 15 years of economic depression and war, the U.S. faced an acute housing shortage. The situation was worse in major cities in the industrial North that had
attracted workers from the South during the war.
To deal with the housing crisis, the U.S. government developed programs to spur housing construction. The FHA and the Veterans Administration, for example, sponsored the construction of Levittown, New York, and the FHA gave loans to new homeowners. These programs made it easy for developers to turn large areas outside of major cities into suburbs quickly. Levittown became the most famous of these developments because of its size, but the pattern was repeated many times over near other major cities. At the time, leaving the crowded city for a detached house with a yard was a symbol of the American Dream.
One of the hallmarks of Levittown was its construction speed. Levittown was the mass application of a Fordist assembly line to building

26 Progressive Architecture, “Complete, Contemporary, and Prefabricated,”
Progressive Architecture, June 1946, 60-61.
27 Dan Holohan, “A Look at Radiant Heating Systems: A Brief History on the 50-Year-Old Revolution of Radiant Heating,” Old House Online, Oct. 26, 2018, https://www.oldhouseonline.com/repairs-and-how-to/a-look-at-radiant-heating- systems.
28 Dianne Harris, “‘The House I Live in’: Architecture, Modernism, and Identity in Levittown,” in Second Suburb: Levittown, Pennsylvania, ed. Dianne Harris (Pittsburgh: University of Pittsburgh Press, 2010), 222.

houses. On average, 12 houses were completed each day. To build quickly, designs were simplified and standardized. Buyers could choose from a set number of designs and a limited number of options. Parts were standardized and brought to the site for assembly. Like Wright, Levitt built houses without basements to cut costs and speed up construction.
As in the Midwest where Wright built most of his Usonian houses, New York has cold winters. The Levitts turned to underfloor radiant heating to heat houses without having to build a basement. In 1937, Alfred Levitt spent 10 months observing the construction of the Ben Rebhuhn House, a Usonian house in Great Neck Estates, New York, and would have learned about Wright’s system then.29 In 1939, Abraham Levitt wrote to the Taliesen Foundation asking for information on Wright’s system, but no evidence of a reply from Wright exists. Abraham Levitt wrote, “Will you please send me a rough sketch (no particular scale) and an explanation in general of the heating system, utilizing the brick floor as the dispenser of heat, which Mr. Wright uses in his later dwellings.” 30 Following Wright, the Levitts used hot water pumped through pipes embedded in concrete. Between 1947 and 1951, 17,000 houses were built in Levittown, New York, and all of them had underfloor radiant heating. In Levittown, Pennsylvania, the Wright-inspired “Levittowner” houses had underfloor radiant heating systems.31
Of underfloor heating in Levittown, Dan Holohan wrote, “I grew up in Hicksville, next to Levittown. We played on warm floors as children and believed that anything was possible. Some of us became famous rock stars and some of us wound up writing stories about radiant heating. All of us remember its comfort.”32









29 Steve Sikora, “Willey House Stories Part 17 – Roll Down to Levittown,” The Whirling Arrow, Frank Lloyd Wright Foundation, Dec. 27, 2019, https://franklloydwright.org/willey-house-stories-part-17-roll-down-to-levittown.
30 Ibid.
31 Harris, “‘The House I Live in.’” 222.
32 Holohan, “A Look at Radiant Heating Systems.”


[image: ]
Figure 5. Construction of Levittown house foundation shows pipes used in underfloor heating system, 1947. Source: Levittown Public Library, NY.

The prestige of Wright and the popularity of Levittown in the late 1940s caused a boom in marketing of underfloor heating. Manufacturers of pipes and boilers were interested in promoting the systems to increase sales. Ads appeared in architecture and building magazines. Bell & Gossett Hydro-Flo Heating supplied boilers for Levittown and used that position to promote its products.


[image: ]
Figure 6. Ad for pipes used in underfloor heating systems (no date). Source: Holohan, 2018.


[image: ]
Figure 7. Ad for boiler used in Levittown underfloor heating systems, 1949. Source: http://advertisingcliche.blogspot.com/ 2013/01/bell-gossett-heating- for-plants-1949.html

Popular mass-market magazines also took an interest in underfloor heating. One detailed infographic introducing ondol in the September 1949 issue of Popular Mechanics used ondol to give underfloor radiant heating historical legitimacy.


[image: ]
Figure 8. Ondol in Popular Mechanics magazine, September 1949.

Wright was ambiguous about the interest in his underfloor radiant heating. In his 1943 autobiography, he wrote about the reaction to the Jacobs House:

There was great excitement and curiosity on the part of the “profession.” Crane Company officials came in, dove beneath the rugs, put their hands on the concrete in places remote from the heater, got up and looked at one another as though they had seen a ghost. My God! It works. Where were radiators now?

As usual.

Articles on “radiant heat” began to appear in testimonial journals. But it was in no sense “radiant heat” or panel heating or any of the things they called it that I was interested in. It was simply gravity heat—heat coming up from beneath as naturally as heat rises.33

By the mid-1950s, interest in underfloor radiant heating began to wane, despite high-profile support from Wright and Levittown. The U.S. is not a floor-sitting culture like Korea, so contact with the floors would have been mostly by children. Apart from lifestyle differences, the decline of underfloor heating had two main causes. First, problems with quality control in Levittown meant some copper pipes began leaking hot water, creating wet spots in the concrete.34 Repairs were difficult and expensive. Construction speed made it difficult to control quality in building a system that was new to workers at the time. Copper pipes had to be soldered together which added another layer of complexity. The weight of the cement often caused cracks in soldered areas. Copper itself was subject to corrosion.35 Instead of repairing underfloor heating systems, residents replaced them with forced air which had spread rapidly in the postwar period. Over time, the heating systems were replaced. This also occurred in some of Wright’s houses as William Cronon noted: “At the first Jacobs House, the radiant heating system beneath the floor had never been wholly successful, but when its cast iron pipes finally began to leak, there was no way to gain access to them. The only solution was to remove the entire floor and start over.”36 Many recent Wright house owners, however, are

33 Wright, Frank Lloyd Wright: An Autobiography, 496.
34 Holohan, “A Look at Radiant Heating Systems.”
35 Wilson, “Radiant Floor Heating Warms Up,” 124.
36 Cronon, “Inconstant Unity,” 26.

aficionados who have tried to restore the houses to their original condition. Edith Payne, for example, reported on a project to restore the Usonian Richardson House. 37 The original underfloor heating system was no longer in use, but new owners dug up the floor and rebuilt the entire underfloor heating system.
The other problem was the lack of a basement. Because of the cold winters in northern states, most houses were built with basements. Basements help reduce the cold while protecting the foundation from the effects of seasonal freezing and thawing. Despite notable exceptions such as the Levittowns, most houses built in colder climates during the postwar boom had basements. Houses without basements were considered inferior and were often harder to sell or rent. The desire for a basement is less important in the southern half of the U.S. because most homes are built without a basement. Except for the West Coast, in the immediate postwar period economic growth in the South and the interior west lagged behind colder areas in the Northeast and Midwest. The big economic boom from 1945 to the mid-1960s benefited the colder areas of the country, which meant that most experimentation in house design, such as Wright’s Usonian Houses and the Levittowns, happened in the colder areas.

Conclusion

An exhibition titled Tomorrow’s Small House opened at the Museum of Modern Art in New York in September 1945, a month after World War II ended. The catalogue presented underfloor radiant heating as an innovative design. “The architects have all voluntarily rejected cellars and attics. Each house is designed for erection on a concrete floor slab, with provision for radiant heating incorporated in floor, walls or ceiling, and the compact, fully automatic heating plants are logically placed on the ground floor.”38 After years of pent-up demand for housing, architects and builders were excited about the prospect of applying new ideas to build better houses more inexpensively to meet expected demand. Underfloor radiant heating was one of many new and exciting ideas that captivated architects and builders. It failed to catch on, however, because implementation and maintenance were difficult.
The desire for basements and rise of forced air heating through

37 Edith Payne, “Making a Wright House a Home: Restoration of the Richardson House,” SaveWright 2 (Fall 2010): 12-15.
38 Elizabeth B. Mock, ed., Tomorrow’s Small House (New York: The Museum of Modern Art, 1945), 6.

ducts as the de facto standard in colder states also caused interest in underfloor heating to fade by the mid-1950s. Interest did not revive until the Oil Crisis of the 1970s stirred support for energy conservation movements. Improvements in PEX tube piping made it possible to build better hot-water underfloor heating systems, and companies in Germany and Scandinavia developed hot-water underfloor heating.39 The same improvements contributed to the spread of hot-water underfloor heating in Korea in the 1980s.
Now, more than 80 years after Wright put underfloor radiant heat in his first Usonian house, Americans are giving underfloor heating a second look. The easy availability of electric systems and the rapid diffusion of solar panels encourage more owners to put underfloor heating in parts of their homes. Hot-water systems are increasingly being installed in new buildings, including commercial and institutional structures. The ease and cost of installing electric systems suggests underfloor heating in the U.S. may spread as an auxiliary method of heating. Over time, however, hot-water and perhaps even hot-air underfloor heating systems designed as the primary heating source may become economical enough to challenge the hegemony of forced-air heating because as Wright stated so clearly, “There is no other ‘ideal’ heat. Not even the heat of the sun.”40
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39 Holohan, “A Look at Radiant Heating Systems.” Also see Wilson, “Radiant Floor Heating Warms Up,” 124-126.
40 Wright, Frank Lloyd Wright: An Autobiography, 496.
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Above, welding the wrought iron floor coil. This was
fabricated on the job by the heating contractor. The
coil is set dead level on gravel fill. After testing, this
was covered with the concrete subfloor. Several months
were allowed for the floor to dry out before the pre-
finished wood surfacing was applied.
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SOLAR HOMES CO., Brattleboro, Vt. DONALD DURELL and ASSOC., Designers and Builders
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IS RADIANT HEATING MODERN?

Radiant heating—modern by American
standards — has been warming Korean
homes for more than 2000 years, accord-
ing to L. G. Nonini, of Wallace, Idaho, who
worked in Korea for some time. The home
builder first digs ditches along the site of
his new home. Over the ditches he lays
thin slabs of stone, and over the stone he

PLAN VIEW SHOWING ARRANGEMENT OF DITCHES.

smooths a layer of mud. The mud is cov-
ered with heavy oiled paper. The ditches
are connected to a firebox on one side of the
home. Smoke and hot gases pass through
the ditches, warming the floor which radi-
ates heat throughout the home. A chimney
from 10 to 20 feet high provides sufficient
draft to draw heat through the ditches.

CLAY OR MUD
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FIG. 8: Prefabricated 2-in. wrought-iron coils imbedded about halfway
between top and bottom of a 9-in. coarse-gravel fill in a new Missouri
house. This is topped with a reinforced-concrete mat and finish floor.
Heating medium is 130° water. FRANK LLOYD WRIGHT, Architect





