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	Figure I.1
George Durrie, Ithiel Town Truss Bridge, 1853. Durrie’s nostalgic American scenes soothed an urbanizing nation. The bucolic aura of this image belies its subject: the quintessential industrial product. This lattice (Ithiel Town, 1823) spanned the Mill River at Eli Whitney’s gun factory near New Haven, Town’s and Durrie’s hometown. Durrie was a student of Nathaniel Jocelyn, who created the first lattice-in-landscape image (fig. 3.4). Courtesy and Collection of Mattatuck Historical Society.

	Figure I.2 
Franklin, New Hampshire. Bridges and roads, like religious and governmental buildings, help define community. This photograph shows the Republican Bridge, built in 1802 and later replaced with a lattice. It no longer exists, but the church still stands. Collection of the author.

	Figure I.3 
Railroad bridge on North Anna River, Virginia, 1865, destroyed during the Civil War to prevent Union troops from advancing. Infrastructure and its condition are inseparable from the nation and its apparent permanence and vulnerability. War Photograph & Exhibition Company, “Destruction of a Railroad Bridge,” photographed May 26, 1864, by Timothy H. O’Sullivan, photographer. Library of Congress, Prints and Photographs Division.

	Figure I.4
Ithiel Town sent a drawing with instructions to Boston bridge builder Jonathan Livermore, July 23, 1836. Marjorie and John Geiser, II Collection, Southeastern Architectural Archive, Special Collections Division, Tulane University Libraries.

	Figure I.5
Andrea Palladio, Bridge over Cismon River. Evolutionists typically present Palladio’s designs as the source of the truss bridge. Andrea Palladio, I quattro libri dell’Architecttura 3 (Dominico de’ Franceschi, 1570), 15 (image from 1601 ed.). The Getty Research Institute.

	Figure I.6
Sitter Viaduct (Carl Etzel, built 1853–56), Sitter valley, Bruggen, St. Gallen Railroad, Switzerland. Arch bridge in foreground: Kräzern Bridge (Ulrich Haltiner, 1812). Print, c. 1860. Collection of the author.

	Figure I.7 
Pont de l’Europe (Julien, built 1865–1868, demolished 1930). Caillebotte’s precise rendering of the iron lattice Pont de l’Europe in Paris portrayed a social space that provided views of tracks and trains, St. Lazare station, and a new neighborhood in a city transformed under Haussmann. Top: Gustave Caillebotte, Pont de l’Europe, 1877. Petit Palais, Geneva, Switzerland/Bridgeman Images. Middle: Pont de l’Europe, ca. 1900. Collection of the author. Bottom: Pont de l’Europe, Pierre-Auguste Lamy, ca. 1868. L’Illustration, April 11, 1868, 236. Musée Carnavalet, Histoire de Paris.

	Figure 1.1
Ernst Haeckel, Family Tree of Man. Tree pictograms laid out and justified evolutionary, human-centered hierarchies. From 1866, zoologist and Darwin advocate Ernst Haeckel published hundreds of such images, which provided scientific support worldviews based on race and nation. In the English edition, this image was entitled, “Pedigree of Man.” Ernst Haeckel, Anthropogenie oder Entwickelungsgeschichte des Menschen (Engelmann, 1874), table 12. Deutsches Museum Library.

	Figure 1.2
So-called wooden structures depended upon metal connectors, displayed here like natural history specimens. Amand-Rose Émy, Traité de l’art de la charpenterie (Carilian-Goeury et Anselin, 1841), pl. 116. Bibliothèque Nationale de France.

	Figure 1.3
Portage Bridge (Engineer, Silas Seymour; Contractor, Lauman, Rockafellow & Moore, built 1851–52) over the Genesee River, Livingston/Wyoming Counties, New York. One of the world’s largest “wooden” bridges contained tons of iron. Collection of the author.

	Figure 1.4
William Williams, The Iron Bridge, 1780. Cast-iron bridge (Thomas Pritchard, design; Abraham Darby III, manufacturer and builder, built 1777–1781) over the River Severn, Coalbrookdale, Shropshire, England. This image was commissioned as an advertisement for the foundry that produced the iron. Ironbridge Gorge Museum Trust.

	Figure 1.5
Thomas Viaduct (Benjamin H. Labrobe II, built 1833–1835), Patapsco River, Baltimore and Ohio Railroad, Elkridge, Howard County, Maryland; Jack Boucher, photographer, 1977. Maintenance and reconstruction enabled this granite bridge’s survival. Library of Congress, Prints and Photographs Division, HAER MD-14-ELK, 1.

	Figure 1.6
Genesee Valley, as seen through the Portage Bridge, Portage, New York. The Erie Railway offered touristic experiences featuring awe-inspiring forests, waterways, and bridges. Tourists viewed American scenery framed by wooden parts that were avatars of interchangeability. The Miriam and Ira D. Wallach Division of Art, Prints and Photographs: Photography Collection, New York Public Library.

	Figure 1.7
Failure of iron tension rods in a supposedly wooden Howe bridge, Tariffville, Connecticut, 1878. Daniel S. Camp, Hartford, CT. Connecticut Museum of Culture and History.

	Figure 1.8
Arch bridge at Asnières (Karl Etzel, 1836), before and after its destruction in 1848. The design of the temporary replacement (Eugène Flachat, 1848) was based on the bridges of Ithiel Town and especially Stephen Long. It needed to be very rigid and to accommodate irregularly spaced piers; it was designed to serve as scaffolding for the installation of its replacement, an iron box girder bridge, in 1852. Mémoires et compte rendu des travaux de la Société des ingénieurs civils 1 (1848): pl. 3. University of Minnesota.

	Figure 2.1
Lattice bridge, Jordan River, Salt Lake City, Utah (built c. 1860, demolished 1908). Courtesy of Smithsonian Institution, National Museum of American History.

	Figure 2.2
Frederick R. Spencer, Portrait of Ithiel Town, Esq., 1840. The First Church of Christ in New Haven.

	Figure 2.3
Ithiel Town’s residence and library (1837) on Hillhouse Avenue, New Haven, was a six-minute walk from the New Haven Green. Hood Museum of Art, Dartmouth College: Purchased through the Julia L. Whittier Fund PR.949.107.

	Figure 2.4
Early lattice bridge over the Farmington River, on Palisado Avenue near Congregational Church, Windsor, Connecticut (1833; washed away, 1854). John Warner Barber, Connecticut Historical Collections (J. W. Barber; A. Willard, 1836), 124. UC Berkeley Library, University of California.

	Figure 2.5
Ithiel Town’s “Truss Bridge” patent 3,169X (January 28, 1820). National Archives and Records Administration.

	Figure 2.6
Chord detail. The bottom chord was assembled out of planks that met end-to-end, without a joint; these meeting points in adjoining layers were staggered through the length of the chord. Planks were pinned together at the intersection of lattice diagonals. Todd Craig Radford, “Town Lattice Truss” (PhD diss., MIT, 2010), 108. Courtesy of Todd Radford.

	Figure 2.7
Ithiel Town’s second “Truss Bridge” patent 8,743X (April 3, 1835). National Archives and Records Administration.

	Figure 2.8
Lattice bridge, section and elevation of beam (“side truss”), and section of chord (“string piece”). Ithiel Town, Description of Ithiel Town’s Improvement in the Principle, Construction, and Practical Execution of Bridges (1839), 13. Courtesy of Smithsonian Libraries and Archives.

	Figure 2.9
Beam and truss: theoretical (ideal) models. A load applied to the center of a beam results in bending, with shortening (compression) in the top portion and lengthening (tension) in the bottom portion; these stresses increase the further they are from the neutral axis, where stresses vanish. A load applied to the center of a truss whose members are pinned (that is, free to rotate relative to each other) puts individual members into either tension or compression, instead of bending the entire structure. In actual conditions, the members are not free to rotate and develop bending and shear.

	Figure 2.10
Beam and truss. Technologist Jacob Leupold showed a beam bending (and failing) under a load, along with methods for enhancing rigidity: adding material or creating trusses. A single plank is adequate for carrying small loads over a short span; over a wide opening, it would bend and wobble. Increasing the depth (height) of a plank increases resistance to bending; this can be achieved by turning the plank sideways or adding material. The longer the plank, however, the more material required to keep it rigid; eventually the beam can’t carry much besides its own weight. A solution is to truss the beam, shown in the right column. Jacob Leupold, Theatrum Pontificiale, oder Schau-Platz der Brücken und Brücken-Baues (Zunkel, 1726): pl. 8. The Getty Research Institute.

	Figure 2.11
Lattice bridge cross section and elevation. The roadway might run between or atop the lattice beams, as shown here. The modularity of classical elements reinforced the structure’s industrial nature. Ithiel Town, Description of Ithiel Town’s Improvement in the Principle, Construction, and Practical Execution of Bridges (1839), 14. Courtesy of Smithsonian Libraries and Archives.

	Figure 2.12
Sixteenth-century joint, Essex, England. Mortise-and-tenon joints consisted of a hole or recess that received a projection at the end of another member. A peg sometimes secured the connection. Joint types included notched, keyed, dovetailed, and scarfed. Cecil A. Hewett, English Historic Carpentry (Phillimore, 1980), 282. The History Press.

	Figure 2.13
De l’Orme’s domed roof structure. Philibert de l’Orme, Nouvelles inventions pour bien bastir et à petits fraiz (Morel, 1561), book 1, chapter 7. The Getty Research Institute.

	Figure 2.14
Medieval latticework. This portrait features the carpenter Joseph, whose wife was Jesus’s mother. One panel of the Annunciation Triptych (Merode Altarpiece), workshop of Robert Campin (ca. 1427–1432). Image copyright © The Metropolitan Museum of Art. Image source: Art Resource, New York.

	Figure 2.15
In this concept for a lattice-arch bridge, iron hardware connected the wooden members. Leupold, Theatrum Pontificiale (Zunkel, 1726), 79–80, table 13, figure 2. The Getty Research Institute.

	Figure 2.16
Plan, section, and elevation of Schaffhausen bridge over the Rhine, Switzerland (Hans Ulrich Grubenmann, built 1756–1758, destroyed 1799). Plan view at center shows lattice-like cross-bracing in the floor. Christoph Jetzler, Beschreibung der hölzernen Brükke über den Rhein in Schaffhausen (Steiner, 1778); print, 1776. ETH-Bibliothek Zürich, Rare Books Collection.

	Figure 2.17
Inventor-builder Theodore Burr combined arch and truss. Franz Anton Gerstner, Die innern Communicationen der vereinigten Staaten von Nordamerika, vol. 2 (Förster, 1842–1843), pl. 27. Courtesy of Smithsonian Libraries and Archives.

	Figure 2.18
Chain suspension bridge (James Finley, tested 1801, patented 1808). A level bridge deck was the transformative feature of this design. Port Folio 3 (1810): 441. Internet Archive.

	Figure 2.19
Seppings’s lattice-like ship frame (1814). John Fincham, History of Naval Architecture (Whittaker, 1851), 200. San Francisco Maritime National Historical Park.

	Figure 2.20
Seppings’s structural design for ships. With a common field gate, Seppings demonstrated the rigidity of a triangle, that is, the effectiveness of diagonal bracing. Robert Seppings, “On a New Principle of Constructing His Majesty’s Ships of War,” Philosophical Transactions of the Royal Society of London 104 (1814): 290. Princeton University.

	Figure 2.21
New Haven State House (Ithiel Town, 1827–1831), New Haven, Connecticut. The architecture exemplifies Town’s modular strategy and nation-forming mindset. Postcard, collection of the author.

	Figure 2.22
Durand’s teachings exemplified geometric modularity, underpinned by ideas about economy and utility—the industrial ethos. Building plans, from Jean-Nicolas-Louis Durand, Recueil et parallèle des édifices de tout genre, anciens et modernes (1801): pl. 52. Reprint, Nördlingen Uhl, 1986.

	Figure 2.23
Building a trussed beam with inclined struts. A basic form of truss is the king post (7 above, single Hängewerk, in German). Rather than build a column underneath at the bridge’s midpoint, two inclined beams, fixed at the ends of the bridge, meet at an angle and hold a vertical member from which the midpoint hangs. To increase the span, it is necessary to heighten the apex with longer struts; after a certain point it is more practical to employ alternative designs, such as a queen post truss (8 above, double Hängewerk) with shorter struts. Christian Gottlob Reuss, Anweisung zur Zimmermannskunst, 3rd ed. (Breitkopf, 1764), pl. 13. Deutsches Museum Library.

	Figure 2.24
Upper Bridge over the Patapsco River at Elysville (Benjamin H. Latrobe, 1838–1839; demolished 1853). George Duggan, Specimens of the Stone, Iron and Wood Bridges, Viaducts, Tunnels, Culverts, &c. of the United States Rail Roads (Appleton, 1850), pl. 1.2. Courtesy of Smithsonian Libraries and Archives.

	Figure 3.1
Nathaniel Jocelyn, Ithiel Town, 1826. For Town, books represented learning, inspiration, communication, business, and a means of connecting with others. National Academy of Design, New York. © National Academy of Design, New York / Gift of George Dudley.

	Figure 3.2
William Russell Birch, Timothy Palmer’s Permanent Bridge (1805) over the Schuylkill, ca. 1820. The systematized structure, along with cladding (visible in the portrait in the foreground) that provided essential weather protection, attracted wide attention. Library Company of Philadelphia.

	Figure 3.3
Town’s final brochure, title page. Ithiel Town, A Description of Ithiel Town’s Improvement in the Principle, Construction, and Practical Execution of Bridges (1839). Courtesy of Smithsonian Libraries and Archives.

	Figure 3.4
Nathaniel Jocelyn, Town’s Bridge, 1821. A lattice bridge stretches across a genesis portrait of civilization and industrialization. Description of Ithiel Town’s Improvement in the Construction of Wood and Iron Bridges (1821), frontispiece. Courtesy of Dartmouth Library.

	Figure 3.5
US bridges (and one Swiss). Howard Douglas’s rendition of the lattice bridge (top left), adapted from Town’s brochure, removes the leafy obstruction. Middle right (landscape portrait), and top right, uncovered: Colossus Bridge (Louis Wernwag, 1811–1812) over the Schuylkill, near Philadelphia. Between these images and at the bottom right is the Permanent Bridge, uncovered and covered (Timothy Palmer, 1805) over the Schuylkill, Philadelphia. Directly above the bottom right image is the Schaffhausen Bridge (Hans Ulrich Grubenmann, 1756–1758) over the Rhine. Lower left: bridge over the Delaware at Trenton (Theodore Burr,1804–1806); not a typical Burr bridge. Howard Douglas, Essay on the Principles and Construction of Military Bridges, 2nd ed. (Boone, 1832), pl. 12. Courtesy of Sutro Library, California State Library.

	Figure 3.6
Lattice bridge. Poussin replicated the images that appeared in Town’s 1821 brochure. G[uillau]me Tell Poussin, Travaux d’améliorations intérieures projetés ou exécutés par le gouvernement général des États-Unis d’Amérique, de 1824 à 1831 (Anselin et Carilian-Goeury, 1834/1836), pl. 10. David Rumsey Map Collection, David Rumsey Map Center, Stanford Libraries.

	Figure 3.7
Charles Fenderich, Railroad Bridge over the Wissahickon, Near Manayunk (Philadelphia), c. 1834. This rare early image shows a lattice bridge (Moncure Robinson[?], completed 1833; demolished 1844) on the Philadelphia, Germantown and Norristown Railroad, the first in Pennsylvania accessible to the public. Michel Chevalier would likely have known of or visited the structure. See figure 4.1. Collection of the Historical Society of Pennsylvania.

	Figure 3.8
Chevalier enumerated the parts of the lattice bridge over the James River, Richmond, Virginia (Moncure Robinson, 1836–1838; destroyed April 2, 1865). Michel Chevalier, Histoire et description des voies de communication aux Etats-Unis et des travaux d’art qui en dépendent (Charles Gosselin, 1840–1841), 2: 575. Courtesy of Smithsonian Libraries and Archives.

	Figure 3.9
Lattice bridge, Philadelphia-Wilmington Railroad. Gerstner, Die innern Communicationen (1842–43), pl. 26.

	Figure 3.10
American Bridges Built in the Deparment of the Rhône. These provisional lattice spans replaced arch bridges without requiring the reconstruction of piers in the waterway. Joseph Hyacinthe Garella, “Note sur deux ponts provisoires en charpente construits dans le système américain de M. Town,” Annales des ponts et chaussées 2/2 (1842): pl. 34. UC Berkeley Library, University of California.

	Figure 4.1
William L. Breton, Bridge over Wissahickon Creek, near Manayunk (Philadelphia, 1833; demolished 1844), ca. 1835. It must have been startling, in the early years, to catch sight of these high, level, long-span structures. See figure 3.7. Breton Watercolor Collection, The Athenaeum of Philadelphia.

	Figure 4.2
Town and Long bridges appear with mechanical devices in an engineering journal’s illustration plate. Polytechnisches Centralblatt (Leipzig) 6 (1840), pl. 1. Deutsches Museum Library.
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Smart’s patent iron bridge consisted of four types of wrought-iron bars. Register of Arts and Sciences 2 (1825): 49. The New York Public Library.

	Figure 4.4
Frontispiece and title page of publication devoted to the Long bridge. Stephen H. Long, Beschreibung der von dem Oberstlieutenant Long erfundenden hölzernen Brücke (Hahn’schen Hofbuchhandlung, 1840). Deutsches Museum Library.

	Figure 4.5
Long bridge lattice cross-bracing and pier design. Stephen H. Long, Description of Col. Long’s Bridges, together with a Series of Directions to Bridge Builders (Brown, 1836), pl. 3. Courtesy of Smithsonian Libraries and Archives.

	Figure 4.6
Herman Haupt’s Improved Lattice Bridge (Patent 1445, December 27, 1839). The structure contains an arch-like overlay. Herman Haupt, “To the Editors,” American Railroad Journal 11 (1840): 199. University of Illinois at Urbana-Champaign.
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William Howe’s patent (August 3, 1840; reissued September 3). National Archives and Records Administration.
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Howe-lattice bridge. Lewis M. Prevost Jr., “Description of Howe’s Patent Truss Bridge, Carrying the Western Railroad over the Connecticut River at Springfield, Massachusetts,” Journal of the Franklin Institute 3rd ser. 3 (1842): 290–291. Harvard University.

	Figure 4.9
Howe bridge. This illustration makes visible the tie rods and cross-bracing usually simplified in one-dimensional depictions. Louis-Antoine Comolli, Les ponts de l’Amérique du Nord: Étude, calcul, description de ces ponts (Ambrose Lefèvre, 1879), pl. 7. Courtesy of Smithsonian Libraries and Archives.

	Figure 4.10
Howe’s third bridge patent (August 28, 1846). National Archives and Records Administration.

	Figure 4.11
US military railroad bridge (Herman Haupt), Bull Run, Virginia, Orange and Alexandria Railroad, ca. 1863. The army rebuilt this tied arch bridge more than seven times during the Civil War. Library of Congress.

	Figure 4.12
Culmann’s depiction of the Richmond Bridge (top, see figure 3.8) along with bridges composed of overlaid structures. Karl Culmann, “Der Bau der hölzernen Brücken in den Vereinigten Staaten von Nordamerika … in den Jahren 1849 und 1850,” Allgemeine Bauzeitung 16 (1851): pl. 396. Collection of the author.
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Iron lattice bridges (mostly 1870s) built in various countries in Europe. Philippe Croizette-Desnoyers, Cours de construction des ponts (Dunod, 1885): pls. 34–35. Courtesy of Smithsonian Libraries and Archives.

	Figure 4.14
Lattice beams in the Paris Opéra (Charles Garnier, 1861–1875) roof during construction, after 1865; beams later replaced as the result of a fire). Photographer: Louis-Émile Durandelle. © Beaux-Arts de Paris, Dist. RMN-Grand Palais / Art Resource, NY.

	Figure 5.1
Swann Bridge (Zelma T. Tidwell, 1933), Locust Fork of Black Warrior River, Swann Bridge Road, Cleveland, Blount County, Alabama; Jet Lowe, photographer, 2003. Tidwell, with fourteen to twenty workmen who lived at the site, built this structure in 1933 without heavy machinery. Lola Bennett, “Swann Bridge,” 4. Library of Congress, Prints & Photographs Division, HAER AL-201-10.

	Figure 5.2
Dillingham Street Bridge (Horace King, 1832–33, demolished 1910) over the Chattahoochie River, between Columbus, Georgia and Girard (now Phenix City), Alabama. Over the years, King repeatedly repaired the bridge, with a rebuilding c. 1870. François de Laporte, Columbus Bridge, ca. 1838. Courtesy of the Columbus Museum, Georgia; Museum purchase G.1983.75. Photograph, ca. 1900, Alabama Department of Archives and History.

	Figure 5.3
Tar River Bridge (James Herron, 1836–1840; possibly specified by Moncure Robinson), North Carolina. Engineer James Herron kept detailed notes regarding products used in the construction of double-lattice bridges on the Raleigh & Gaston Railroad, one of the first lines in North Carolina. Lattice bridges were also built over the Roanoke and Neuse rivers and Cedar and Crab Tree creeks. James Herron, “Location Book: Raleigh & Gaston Railroad” (1838–1840). David M. Rubenstein Rare Book and Manuscript Library, Duke University.

	Figure 5.4
Raising the lattice frame (presumed method). The lattice’s significant out-of-plane strength (which prevents bending) enabled ease and speed of construction. Illustration by George Daly; from Covered Bridges of the Northeast, by Richard Sanders Allen, copyright © 1957, 1974 by Stephen Green Press. Copyright renewed 1985 by Richard Sanders Allen. Used by permission of Viking Books, an imprint of Penguin Publishing Group, a division of Penguin Random House LLC. All rights reserved.
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Center Church roof truss (Ithiel Town, 1814). David T. Yeomans, The Trussed Roof: Its History and Development (Ashgate, ©1992), 133.

	Figure 5.7
Bowery Theater (Ithiel Town, 1826), New York. The roof was supported by what may have been Town’s earliest use of lattice trusses in a building. The image, which does not show neighboring structures, was probably created by Alexander J. Davis, who began to work for Town in 1826 and would become his business partner. The Miriam and Ira D. Wallach Division of Art, Prints and Photographs: Print Collection, The New York Public Library.
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Yard at Alexandria, Construction Corps Finishing Portable Bridge Trusses, ca. 1862. Andrew J. Russell, photographer, United States Military Railway Department. Photographs Illustrative of Operations of Construction and Transportation. As Used to Facilitate the Movements of the Armies of the Rappahannock, of Virginia, and of the Potomac (Wright & Potter, 1863), photo 42. Library of Congress Prints and Photographs Division.

	Figure 5.9
Pont Saint Michel, temporary bridge (Lagalisserie, ingénieur en chef and Vaudrey, ingénieur ordinaire, 1857), over the Seine, Paris, Auguste-Hippolyte Collard, photographer. École Nationale des Ponts et Chaussées.
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Bridge over the Kinzig (Carl Rupert, 1852–3, demolished 1883) at Offenburg, Baden. Edmund Heusinger von Waldegg, “Notitzen auf einer Reise durch Süddeutschland und die Schweiz über die Tannus und Hessische-Ludwigs-Eisenbahn, die Badische-Bayerische, und Würtemburgische Staats-Eisenbahnen,” Organ für die Fortschritte des Eisenbahnwesens in Technischer Beziehung 9 (1854): pl. 13. Deutsches Museum Library.
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Raising of the bridge over the Kinzig at Offenburg. Illustrirte Zeitung, March 25, 1854, 196–197. Deutsches Museum Library.

	Figure 5.12
Launch of Aar Bridge (Karl Etzel, 1856–1858). Workmen (see detail, below) advancing the structure over permanent and temporary, movable piers. (The lattice is not shown in the bridge elevation drawing.) R. Merian, “Gitterbrücke über die Aare bei Bern,” Eisenbahnzeitung 16 (1859): pl. 6. Deutsches Museum Library.
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Construction of Grandfey Viaduct (Wilhelm Nordling and construction engineer C. F. Mathieu, 1857–1862) over the Sarine, Freiburg, Switzerland by the firm Schneider (Le Creusot), see figure. 8.14. L’Illustration, June 21, 1862, 392. University of Michigan.
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Launch and construction of third pier of Grandfey Viaduct. Nouvelles Annales de la Construction 9 (1863): pls. 47–48. University of Illinois at Urbana-Champaign.
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Launch and pier construction of Cère Viaduct (Wilhelm Nordling, 1863–1866). L’. Illustration, August 19, 1865, 121. Collection of the author.

	Figure 5.16a
Three views of construction and launch of Bouble viaduct (Wilhelm Nordling, 1867–1869), Hélios, photographer; pier construction, Berthaud, photographer. École Nationale des Ponts et Chaussées.

	Figure 5.16b
Construction and launch of Bouble viaduct (Wilhelm Nordling, 1867–1869), Hélios, photographer. Éccole Nationale des Ponts et Chausssées.
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Pier construction, Bouble viaduct (Wilhelm Nordling, 1867–1869), Berthaud, photographer. Éccole Nationale des Ponts et Chausssées.

	Figure 5.17
Workers launching the Kehl bridge (Fleur Saint-Denis and Vuigner, 1858–61) over the Rhine. Courtesy of Deutsche Bundesbahndirektion Karlsruhe.
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The first pier of the Crumlin Viaduct (Charles Liddell and Lewis Gordon, 1853–1857) (see figure 6.11). Photograph, J. Paul Getty Museum, Los Angeles, 84.XA.871.6.38.
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Launch and pier construction, Sioule viaduct (Wilhelm Nordling, 1869). Hélios, photographer. École Nationale des Ponts et Chaussées.

	Figure 5.20
Crystal Palace (Joseph Paxton, William Barlow, and the firm Fox Henderson, 1851). During construction, workers prepared lumber within and for an iconic “iron” structure that contained a significant quantity of wood. Metal girders were lifted into place, a practice employed with lattice beams. Illustrated London News, January 11, 1851, 25. UC Berkeley Library, University of California.

	Figure 5.21
Images and reports of the railroad bridge (Silas Seymour, 1851–1852) at Horseshoe Falls, Portage, New York, broadcast constructional and structural possibilities to an international audience. Library of Congress.

	Figure 5.22
Portsmouth Arch Bridge (also called Piscataqua Bridge, Timothy Palmer, 1794). Depicted here with the lattice bridge is a structure seven miles from Portsmouth, New Hampshire known for its long span and inclusion of uniform, wedgeable parts; Palmer also built the Permanent Bridge (figure 3.2). Howard Douglas, Essay on the Principles and Construction of Military Bridges, 2nd ed. (Boone, 1832), pl. 11. Courtesy of Sutro Library, California State Library.

	Figure 5.23
Prototyping of high-performance structures for deep space. Scaling Omnidirectional Lattice Explorer (SOLL-E) robots perform simple, precise, repeatable tasks in order to build at a large scale. NASA / Dominic Hart.
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Tursocz Bridge over the Waag River, 1871. Alexander Schild, photographer. Albertina Museum, Vienna.
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Worker strength. Products, machines, and power sources, including human, were nationally comparable. John Gregory, Industrial Resources of Wisconsin (Langdon & Rounds, 1853), 251. University of Wisconsin.

	Figure 6.1
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PREFACE


Welcome to American Bridge, an exploration of the stories that shape our understandings of invention, design, and each other. I hope that this book will inspire you to consider why and how we might change these stories. This preface begins with a concise chapter guide, followed by acknowledgments and a few clarifications.

GUIDE

American Bridge is arranged roughly chronologically, stretching from early nineteenth to early twentieth centuries, but you can read the chapters, each organized in a different way, in any order. Here’s a quick description of what they’re about. The introduction, “Making History,” surfaces the evolutionism and nationalism that permeate our understandings of technology and history. Acknowledging and questioning these shared imaginings leads us to “Fabricating Materials” (chapter 1), where we see how tales about wood and iron signal the status of innovators and nations and determine how designers use these materials. In “Assembling the Parts” (chapter 2) we’ll investigate how new ways of putting structures together enabled construction on a mass scale. “Building Future States” (chapter 3) tracks techno-utopian aspirations and industrial archetypes that together propel the construction of national infrastructures. “Transforming Structures” (chapter 4) portrays a web of technologists making a new model the new normal, as “American” inventions inspire the creation of novel bridges and new methods of analysis. “Reinventing Building” (chapter 5) revolves around a transformative moment in construction that exposes the soul of industrialization. In “Engineering Nations” (chapter 6), engineers developing bridge types and forming professional communities make public diverse understandings of, and hide ambiguities inherent in, materials, structures, and national status. Then, in “Global Positioning” (chapter 7), we observe elite America-makers producing architecture and infrastructure intended to define national identities. We conclude by “Getting High” (chapter 8) on an examination of why high-rise building systems were developed long before the “invention” of the skyscraper. We also touch on height-activated national elation. At the very end of our journey, “Restoring the Story” invites you to build new bridges to collective pasts and futures. Confronting and dismantling the divisive identity tales endlessly pushed upon us can help us instead envision narratives that bring people together. Has there ever been a better time to scrutinize the construction of bridges, stories, and communities?

THANKS

There are an enormous number of individuals and institutions for me to thank. They supported a research project whose development spread across many years, places, and disciplinary domains.

The advice, encouragement, wisdom, and patience of Amy Slaton were foundational for this project and enabled me to complete it. I will never be able to thank her enough! Almost from the beginning, I benefited from the guidance, encouragement, and friendship of Helmut Hilz, who later became director of the Deutsches Museum Library, a crucial source for this book. Jacques Leboeuf, librarian at the Conservatoire National des Arts et Métiers, enabled me to spend weeks immersed in the stacks, surveying hundreds of journal volumes. Catherine Bishir’s generous and careful assistance was invaluable as I made a foray into the history of the antebellum South. The title of this book was bestowed upon me during a coffee with Christena Nippert-Eng, when she declared, “Call it American Bridge!”

These were only a few of the uncounted interactions that shaped this book. Some people I met once or twice; others I intermittently consulted; others provided book-saving interventions. I regret that, rather than adding another chapter with the details, I am able only to provide this incomplete, alphabetical acknowledgement. Thank you! Merci! and Danke! to Lynne Ambrosini, Jessica Blaustein, Hans Joachim Braun, Mike Chrimes, Susan Colangelo, Michel Cotte, Brian Crockett, Joe Dahmen, Françoise Domas, Dario Gasparini, André Guillerme, Katie Hafner, David Hounshell, Dana Hutt, Bruno Jacomy, Paul Jaskot, Andreas Kahlow, Anousheh Karvar, Kate Keleman, Gary Kulik, Karl-Eugen Kurrer, Bertrand Lemoine, Edward Lifson, Gunhild Lischke, Steven Lubar, Joanna Merwood-Salisbury, Brigitte Schroeder-Gudehus, Cecil O. Smith, John Ochsendorf, Jonathan Ochshorn, Ann Ostrander, Georges Ribeill, Brandy Savarese, Henry Schmidt, Ellan Spero, Michel St. Pierre, Eva Schöffel, Anna Slafer, John Staudenmaier, Jeffrey Stine, Martin Trautz, Will Truax, Jeff Ubois, Geert Verbong, Amy Vlastelica, Robert Vogel, Ulrich Wengenroth, and Denis Wornoff. Thanks to the five anonymous reviewers of the draft manuscript, who will be glad to know that I’ve revised it. Several times.

Special thanks to my Doktorväter, an old-school term for my PhD professors, who supported me in various ways over the years: Tom F. Peters, who brought me to Cornell and inspired and oriented my work; Ronald Kline, who immersed me in the complexities of the history of technology, and Mark Jarzombek, who guided me into theoretical and historiographic concerns. Before I embarked on the PhD, Norman Weiss provided life-changing encouragement and launched my research and career.

This project has taken so long to achieve that it includes a necrology. So I’m sending my gratitude into worlds where we all soon will reside. The enthusiasm for this project of Richard Sanders Allen, the seminal covered-bridge expert, meant so much. (Sanders’ personal archive, which I was unable to consult, awaits researchers at the Hudson Mohawk Industrial Gateway and the National Society for the Preservation of Covered Bridges.) HAER founder Eric DeLony was a supporter; Ellen Wells offered me a research spot in the Dibner Library; Knut Gabriel welcomed me in Stuttgart; David Fischetti provided encouragement and expertise, as did Daniel Fink, who was intending to focus on the Portage Bridge.

As a public historian with a full-time job in curatorial strategy and management, I lacked the time, research assistance, and colleague and student interactions available to university professors, but my ability to develop public engagement projects including Barn Again!, Between Fences, Architecture of Segregation, Me, Myself and Infrastructure, and Unbelievable, enabled me to investigate and hone this book’s themes. I’d like to thank my many collaborators.

Almost every preface includes an acknowledgment of a long-suffering family. Heartfelt thanks to Heather, Alula, Kai, and Ginger for bearing with me and offering unexpected perspectives and sly encouragement. I expect soon to be working with you on “American Bridge: The Musical.” Special thanks to Mona for heroic support in image and rights wrangling. Eternal thanks to my parents.

Amazingly generous institutional backing, along with the trust behind it, enabled this research and book to happen. I am indebted to Cornell University, whose monumental support is the basis for all. This included the Andrew D. White Fellowship, several research grants, and backing of the former Program in the History and Philosophy of Science and Technology and its successor, the Technology Studies Department. Essential also was the support of the German Academic Exchange Service (DAAD), the Bourse Chateaubriand of France’s Ministère de la Culture, the Deutsches Museum Library, and the Smithsonian Libraries’ Dibner Library Resident Scholar Program. I am beyond grateful to the Lemelson Center for the Study of Invention and Innovation at the Smithsonian Institution for supporting my research with a fellowship and agreeing to copublish this book; I’m indebted to Art Molella and my editor Joyce Bedi, who stuck with me over many years. And thanks to the MIT Press team including Justin Kehoe, Suraiya Jetha, and Katie Helke. A beautiful grant from Furthermore: a program of the J. M. Kaplan Fund, enabled the inclusion of more of the images this publication required. Like our postprint, posttext world, the nineteenth century was awash in images.

Most of the research behind this book was done via “immersive research methodologies,” otherwise known as spending a lot of time with paper documents.1 I’d like to thank the libraries, archives, and museums who preserve and share the materials that otherwise would have disappeared or become inaccessible. Often, publications are the only surviving traces of people, structures, and places, prominent or not. Digital networks and archives provide awe-inspiring access and search capabilities but often cannot substitute for actual documents and artifacts. Although most images in this book are in the public domain, I’ve been careful to credit, that is, show deep appreciation, for the institutions that safeguard irreplaceable originals. Organizations that were particularly important include Deutsches Museum Library, Library of the Conservatoire National des Arts et Métiers, Smithsonian Libraries at the National Museum of American History (thanks so much to staff including Nancy Gwinn, Leslie Overstreet, and Jim Roan), Library of Congress, New York Public Library, École Nationale des Ponts et Chaussées, and Bibliothèque Nationale de France. University libraries essential for this project include Cornell, Stuttgart, Munich, Columbia, Harvard, Yale, British Columbia, and Berkeley. I have frequently taken advantage of the invaluable, free card that enabled me to access public libraries in New York, Chicago, Vancouver (BC), Berkeley, and Oakland.

CLARIFICATIONS

This book’s title more accurately would be Les ponts américains or Amerikanische Brücken because the “American bridges” were not identified by that name in the United States any more than baguettes were called “French bread” in France. Moreover, the title should not be taken as an assertion that the bridges were American—that’s for you to determine. Inventors did patent bridges in the United States that were widely perceived as American. Of course, “America” refers to a territory and political entity that changed dramatically during the nineteenth century; it’s a nation that long had a narrow conception of who might enjoy all the benefits of citizenship and it’s a place whose meanings and potentials we continue to change.

Although the fundamental, formative role of evolutionism and nationalism in Western thought and far beyond have been noted and analyzed in depth, their pervasiveness often enables scholars and popular storytellers to render them invisible. Like all infrastructure, people take narrative framings for granted—until things go wrong or catastrophe occurs. During my initial phase of research, people were amused when I asked what “iron bridge” meant or why there was so much interest in the first one; now there are entire books on “firsting.” Historians once focused on “national technological cultures”; though such stereotyping appears still to be acceptable, increased attention to what’s now called “othering” may make it less so.

American Bridge welcomes readers without experience in engineering or physics or history. I hope that my concise clarifications will be helpful for both humanities- and technology-based readers.2 Please note that measurements are given in either meters or feet, according to the source; this will accommodate readers in both mensural camps. Although the length of a bridge span is an important factor for bridge designers, I have deliberately not played the numbers game common to historical accounts of engineering, in which longer is deemed superior. I’ve provided sources that enable anyone who wants the numbers to find them. It can be challenging to determine, even for well-known structures, the identities of the key designers. Many projects were team efforts, though often only the engineer responsible is named; regarding designers of the construction process, the task is even more difficult. When a range of dates is given for a bridge, this indicates the construction period; if just one date, this indicates the opening. I have tried to confirm all data with multiple sources. I am responsible for translations (pre-artificial-intelligence) from the French and German.

Because much here challenges two centuries of nationalist accounts, ample evidence is critical, though it won’t be necessary for many readers. Notes were condensed for publication, so reach out if you’d like further information.

Parts of this book had previous lives. Chapter 6 is an overhauled version of “Building Bridges and Boundaries: The Lattice and the Tube, 1820–1860,” Technology and Culture 51, no. 1 (2010): 126–163. Bits and pieces of the following may have found their way into several chapters: “History of Engineering, Reverse-Engineered,” Fifth International Congress on Construction History, Chicago, 2015; “Influence and Intercultural Exchange: Engineers, Engineering Schools and Engineering Works in the 19th Century,” History and Technology 12 (1995): 163–177; “Building Myths: The ‘Evolution’ from Wood to Iron in the Construction of Bridges and Nations,” Perspecta 31 (2000): 130–141; “Nouvelles inventions: L’interchangeabilité et le génie national,” Culture Technique 26 (1992): 213–220; “Technology, Biology, and History,” Technological Development and Science in the 19th and 20th Centuries, a conference in Eindhoven, Holland, 1990.



NOTES


	1. Thomas Smits, The European Illustrated Press and the Emergence of a Transnational Visual Culture of the News, 1842–1870 (Routledge, 2020), 13.


	2. Within the large literature that introduces structural concepts, see the classic Robert A. Heller and Deborah J. Oakley, Salvadori’s Structure in Architecture: The Building of Buildings, 4th ed. (Pearson, 2017).










INTRODUCTION: MAKING HISTORY


Stories are our bridges to the future. They connect us across place and time. They tell us who’s in our community—who we’ll remember and who we’ll forget. For two centuries, we’ve heard tales of inventors as evolutionary agents fulfilling national destinies in a struggle-to-survive world. Today, it’s challenging to think about history and innovation in any other way. Can we change the story?

American Bridge explores the shared narratives behind the reinvention of building, which enabled the construction of nations and their infrastructures. Our centerpiece is the lattice bridge, internationally known as the “American bridge” that crystallized the industrialization of building (figure I.1). Patented in 1820 by engineer-architect Ithiel Town (1784–1844), the lattice stood for a new way of putting things together and organizing the people doing the work. In the long view, it rivals the Model T as transformer. Almost a century before Ford’s car, this iconic structure was a buildable articulation of an aspiration that innovators had long been working toward: the making of long, level structures out of small, uniform parts, on a mass scale, and fast. More than just a bridge type, it demonstrated the reimagining of a basic building element: the beam. The lattice, which energized inventors, engineers, and industrialists, was a bridge to the future. It can serve that purpose for us, too: as inspiration for rethinking the interwoven construction of technology, story, community, and place.

[image: Painting of lattice bridge in the landscape, with trees around it. One man on a road walks towards it, two men, apparently going fishing, are on a road leading to the river. A fourth man appears to be drawing a picture of the bridge.]
Figure I.1

George Durrie, Ithiel Town Truss Bridge, 1853. Durrie’s nostalgic American scenes soothed an urbanizing nation. The bucolic aura of this image belies its subject: the quintessential industrial product. This lattice (Ithiel Town, 1823) spanned the Mill River at Eli Whitney’s gun factory near New Haven, Town’s and Durrie’s hometown. Durrie was a student of Nathaniel Jocelyn, who created the first lattice-in-landscape image (fig. 3.4). Courtesy and Collection of Mattatuck Historical Society.


A rethink will help us understand transformations in building, one of the world’s oldest professions and still essential to the wellbeing of individuals and nations. Our focus on the invention of process and processes of invention will reveal a historical double whammy: most storytellers have reinforced, instead of investigating, nineteenth-century technologists’ narrative framings of materials, structures, and places. Rather than continuing to amplify oft-told tales and raising a nostalgic toast to the covered bridge, we’ll exploit the explosive power of simple questions: Who did it? Why? Where? How do we know? We’ll blaze alternate paths to our pasts in order to construct stories that have not yet been told.



TELLING TALES

We know a little about the origins of the structures that shape our environments and perhaps a little more about the narratives that explain those origins, but rarely is the impact of their mutual making examined. Widely shared tales about engineering reveal many things, but they infrequently highlight far-flung designers sharing knowledge, manipulating meanings, and making history along with their creations. The predominant story, which tells us about individuals within a hierarchy of invention-molding nations, obscures the shifting, transborder spaces of innovative activities that precede, construct, and outlive the nations and empires they flow through.1

Why focus on a bridge? Ideas about infrastructure and landscape, and nation and community, are inextricably bound to bridges (figure I.2). People, goods, and information all flow across them. But bridges are more than essential links within the communication and transportation networks on which our lives and communities depend; bridges determine the layout of roads that lead to them and the routes we choose to travel.2 They have the ability to make a reputation by intensifying place and strengthening identity.3 Bridges are transitional structures; the journey across can transport individuals and groups from one state to another. They bring people together into community, leading to relationships that are the basis of invention. Bridges are local artifacts that enable and support ever-changing local, national, and international interests. They give a physical form to the political and economic might required for their design and construction, which is to say, they represent the potential of human connection to transform environments and lives.4 They advertise the power and wealth of communities with the resources to build and maintain them.5 Bridges are crucial, exposed connectors, wartime targets that span identity-shaping political and geographical divides. The rise of industrial capitalism depended on the bridges that conveyed cotton from field to factory to consumer. Communities that lack bridges pay an enormous toll, measured in prolonged travel times, financial disadvantage, and lives lost.6 Bridges are platforms for the public performance of trust: your life depends on the security of every bridge you pass over or under. We might honor bridges as a promise kept by the people who design, build, and care for them, sometimes at the cost of their lives. By taking as an example something as seemingly solid as a bridge type and examining the stories told about it, we’ll explore the apparent permanence and real vulnerability of infrastructures, nation-states, and landscapes (figure I.3).

[image: A photographic birds-eye view of a small New England town in the nineteenth century. Covered bridge in the foreground. Houses and church and hill in background.]
Figure I.2

Franklin, New Hampshire. Bridges and roads, like religious and governmental buildings, help define community. This photograph shows the Republican Bridge, built in 1802 and later replaced with a lattice. It no longer exists, but the church still stands. Collection of the author.


[image: Photograph of railroad tracks in foreground and stone pier are all that remain of a destroyed bridge.]
Figure I.3

Railroad bridge on North Anna River, Virginia, 1865, destroyed during the Civil War to prevent Union troops from advancing. Infrastructure and its condition are inseparable from the nation and its apparent permanence and vulnerability. War Photograph & Exhibition Company, “Destruction of a Railroad Bridge,” photographed May 26, 1864, by Timothy H. O’Sullivan, photographer. Library of Congress, Prints and Photographs Division.


A bridge can take us above the landscape, allowing us to see our surroundings in unique and surprising ways. Yet, in a train or car, sometimes we’re unaware we’re crossing a bridge. Infrastructure—technological or narrative—that functions reliably functions invisibly. Only when something goes wrong does it become visible. Lack of maintenance, short-term planning, inflexible public policy, and climate change mean that engineering infrastructure will become increasingly, perhaps catastrophically, visible. At the same time, political extremism, social and governmental dysfunction, and the normalization of misinformation seems to require a public questioning of the timeworn narrative infrastructure that determines our pasts and futures. American Bridge responds to these conditions by exploring why and how innovators, dispersed in different regions, developed processes and structures as they participated in the construction of nations.

At mid-nineteenth century, observers informally employed the phrase “American system” to refer to the mechanization of manufacturing in the United States; a few decades earlier, the phrase “American bridge” had referred, a bit more consistently, to novel structures that demonstrated concepts that would shape the manufacture of consumer goods. These included simplified, uniform parts, rapidity of production, and the lowering of labor skill. In the 1920s, the term “mass production” was applied to interchangeable parts, mechanization, and the assembly line of Ford factories. But more metal and more machinery were not essential to the reconception of a foundational industry, construction. The Ford idea was only one avenue of industrialization, rather than a model for all industrializations.7 Mass construction was different than mass production, but no less momentous.

A significant inspiration was the lattice, an open-source solution to builders’ long-standing challenges. Its perceived novelty elicited published reactions that will enable us to survey a variety of perspectives. But silence surrounds the lattice’s chief value: how it was built. Ithiel Town never publicly revealed the process, which could not be patented (figure I.4). An even deeper silence surrounds how Town developed his version of structural, constructional, and managerial changes that constituted a reinvention of building. In light of the impact of the “American bridge” as a constructional prototype, we might consider this to be one of the most consequential mysteries in the history of industrial capitalism. We’ll attempt to solve it by tracking the lattice, including its earliest iterations, and visiting a variety of little known and renowned structures with which it shared industrial imperatives, including the Portage Bridge, Britannia Bridge, Crystal Palace, and Quebec Bridge. It is not the intention of this book to elevate the status of Ithiel Town, though that may be an inevitable byproduct. He was a highly successful member of elite social and technological networks who after his death was mostly forgotten.

[image: Exterior of unfolded envelope with drawing of a portion of lattice bridge. Address, “July 24” rubber stamped, and random calculations visible.]
Figure I.4

Ithiel Town sent a drawing with instructions to Boston bridge builder Jonathan Livermore, July 23, 1836. Marjorie and John Geiser, II Collection, Southeastern Architectural Archive, Special Collections Division, Tulane University Libraries.


Town’s bridge and subsequent variations were a Rorschach test. How did designers read the lattice? They might see a beam. Or a truss. They might see a nation, America—which could trigger a surge of expectations or anxieties. The assemblage of simple parts was hard to comprehend and seemed as if it should not have functioned. Observers interpreted its level, tubular form and its uniform, interlaced members as a repudiation of tradition and an invitation to the construction of tomorrow. American Bridge embraces ambiguities and contradictions as it ponders: Who reinvented construction? How? What can a beam reveal? How does infrastructure define place—and vice versa? This means asking questions about the questions usually asked about technology.8 So let’s consider who’s been answering the questions, how, and why. Embedded in long-shared narratives are perspectives you may not share. Understanding how storytellers make history by constructing order across time and place will enable us to recognize and bridge divides in our understandings of technology and culture.



A HISTORICAL ROMANCE: ENGINEERING AND EVOLUTION

To the extent that there is an enduring historical understanding of invention in civil engineering (an anachronistic category that originally referred to nonmilitary activities), it is evolutionist. “Evolutionism” in American Bridge signifies the integration of evolutionary ideas, often but not always allied with thinkers in the biological and anthropological sciences, to human social history. Evolutionism represents a romantic recounting of technological change that links artifacts in a chain, usually implying superiority with respect to past artifacts, and usually associated with specific places or cultures—which means it often overlaps with nationalist beliefs.9 It is so deeply embedded and pervasive that it may seem odd to pause and think about it. When a storyteller evokes evolution, the idea often is so ambiguous that its implications are not clear, even to the person employing it. This brief introduction is unable to review all the mutations and permutations of two hundred years of evolutionist thought, but in order to explore a vast gap in the historical record—the reimagining of construction—we must understand how the designers of history did their work; in this case, that means investigating how they incorporated evolution and its closely allied partner, progress, into the conception of stories about materials, bridges, and inventors. Evolutionism contains a blend of beliefs about civilization, nationality, and race (which might refer to people sharing a national territory or a set of visible physical characteristics), as it highlights competition, reinforces difference, and authorizes exclusion. Its role as a rationale for, if not a driver of, dehumanization, aggression, and destruction is reason enough to identify the ramifications of this worldview and seek alternatives.10

Just discussing a myth can affirm it in the mind of believers, which might include you! With this hazard in mind, let’s briefly explore how evolutionist and nationalist perspectives reinforce each other; indeed, they share a genesis and serve as the basis for stories that feel factual, even when supporting facts are absent. These perspectives will repeatedly surface in American Bridge, as they operated in the minds of historical figures and the storytellers who reported on those figures and their creations, generating the evolutionist double whammy that presents a formidable challenge to our task of historical reconstruction.

Darwin remains the public face of evolution, but his work was plugged into a network of thinkers and popularizers; he believed that his key contribution was showing how species changed.11 Many ideas labeled “Darwinian” originated with others, such as naturalist Jean-Baptiste Lamarck, scientist Alfred Russel Wallace, and philosopher Herbert Spencer, who worked for several years (around 1840) as an engineer. Spencer’s widely read evolutionary philosophy and often-evoked 1864 phrase “survival of the fittest” made him a major force in the application of evolution to fields outside biology; he believed that evolutionary laws should replace traditional historical accounts that emphasized human agency.12

Anthropologists who studied the US patent system—which defines novelty and classifies objects—fortified the melding of innovation and evolution as they narrated technological development through a genealogy of inventions. Some crafted linear stories that described a universal evolution of decontextualized objects; others focused on specific social or political conditions within an evolutionary scheme.13 These models of culture map approximately onto evolutionism and nationalism, which have remained the key narrative frameworks aiming to explain invention. Within these perspectives, bridge building, iron making, and urbanization became criteria for identifying human groups furthest along in the civilization process. During the nineteenth century, the inhabitants of a place lacking a substantial collection of supposedly advanced technological artifacts might be labeled “savages” or “barbarians.” Technologies denoted a group’s status as potential collaborator, commercial threat, or target for conquest.14

The idea of evolution is as much biological as technological and cultural in its origins—in its DNA, per the popular expression. Biological analogies have pushed understanding of technology and vice versa. Technological metaphors based on computing and coding have shaped understanding of how the brain functions. People thinking about engineering and industry apply terms such as “ecosystem” and “meme” to nonbiological realms, no matter how misleading biopoetry may be.15 Darwin, for example, was reading about technological practices and contemplating nature as a technological system while forming his thoughts. When he wrote, “Almost every part of every organic being is so beautifully related to its complex conditions of life that it seems as improbable that any part should have been suddenly produced perfect, as that a complex machine should have been invented by man in a perfect state,” he was considering factors contributing to invention as he built his understanding of the natural world.16

“Evolution” appears once in the first edition of Darwin’s Origin of Species; since the seventeenth century, the word had implied only a sequence of events.17 It frequently surfaces in writings about bridges that aim to explain how the structures came to be, what they are, and what they will become.18 The concept endows invention with momentum. Engineering professor Jules Gaudard began his 1892 text on bridge construction by proclaiming, “Under the hand of man, things seem to come to life, join with his aspirations, and, like him, struggle for existence.” Engineer-historian Henry Petroski claimed a century later that “with the increasing production and application of iron in the nineteenth century, trusses naturally evolved into a plethora of types and styles employing the new material.” He believed that the development of lighter and more flexible designs for tall buildings could be understood because “such evolutionary developments are natural in engineering.”19

When Darwin drew a parallel between his study of animal breeding techniques and natural forces, he did not thoroughly examine the implications. Natural selection made biology machine-like and thereby scientific, but the use of the word “selection” gives the impression that nature, like a breeder, makes choices, rather than illuminating nature’s autonomous processes of variation, which was Darwin’s intention. As Karl Marx put it, “Darwin has interested us in the history of Nature’s Technology.”20 The evolutionary idea of change in small steps may help some people understand innovation; in this respect, it might be better than no model at all.21 But applied to a social process, evolution transforms technological development into a supernatural phenomenon: individual designers become enactors of a force that molds their behaviors. This force, called “progress,” is often integral to accounts in which technology is always getting better or more sophisticated or that is beyond humanity’s power to control. Darwin wrote of “progress towards perfection” in nature; this idea, dating at least from the eighteenth century, informs an understanding of technological development shared by many to the present day.22 Evolution is often portrayed as an antireligion, but technological progress thinking is rooted in religious thought: it is a faith-based account of the world that taps into “nature” while distracting from an absence of evidence. Evidence may be beside the point, however, as the objective is to communicate a perspective on the status of nations or races, technological and industrial change, and the people who profit most from it.

What does evolution tell us about bridge building? When Petroski writes that “the evolution of bridges can be traced back to primitive man felling a log across a brook,” he recalls hierarchies of human civilization that were once widely believed.23 It was all inevitable, he explains: “While each invention and artifact has its unique aspects, there is also a certain sameness about the evolutionary way in which a stylus develops into a pencil, a sketch into a palace, or an arrow into a rocket.”24 In engineering’s just-so stories, structures depicted by Renaissance architect Andrea Palladio (1508–1580) are frequently cited (figure I.5). Palladio did appear to be focusing on issues that two centuries later would occupy bridge designers: standard connections and parts and how to assemble them into rigid structures. His work may have intrigued nineteenth-century bridge designers, but at best this has a tangential connection to long-span bridges, railway loads, and strategies for building on a mass scale; experts question how well the structures Palladio portrayed would have functioned even in his own time. Some included very long members—which would have been challenging to obtain—and a truss-like appearance did not mean truss-like function; historian David Yeomans points out that Palladio’s designs were not the outcome of thinking of trusses as engineers later conceived of them.25

[image: Simple drawing of truss bridge in elevation and plan views.]
Figure I.5

Andrea Palladio, Bridge over Cismon River. Evolutionists typically present Palladio’s designs as the source of the truss bridge. Andrea Palladio, I quattro libri dell’Architecttura 3 (Dominico de’ Franceschi, 1570), 15 (image from 1601 ed.). The Getty Research Institute.


The Palladian example underscores the pitfalls of evolutionist thinking: a prior event may have no connection to a later one, even if both fall within a category (“bridge”). But historians, like nineteenth-century anthropologists, wanted to highlight progress through a demonstration of an “unbroken continuity that follows tools back to embryonic forms.”26 Physical resemblance, however, may or may not indicate a relationship. Structures that look alike may not function alike, and physical dissimilarity does not indicate the absence of a relationship. This means that a technology that looks nothing like a truss bridge and may not be a bridge at all might have been essential to the development of bridge structures. In biological terms, a bridge is as likely to be related to other “species” (such as ships or shoes, as discussed in chapter 2) as to other bridges. While it’s unlikely that Palladio’s designs contributed meaningfully to nineteenth-century engineering, they did bestow ancient Greek and Roman cachet—classical ideals and forms being the mark of Eurocentric “civilization.” Invoking Palladio established a lineage of Western achievement that provided a cultural sheen for the industrialist engineers.27

When evolutionists construct tales, they align artifacts of the past with contemporary cognates, which they deem the most highly evolved. An arrow becomes a rocket. The railroad becomes a stepping-stone on the path to automobility. We still hear in popular publications stories that link Stone Age tools to information technology or explain technologist’s behavior by referring to that of animals; digital tools represent the apogee of humankind’s innovative trajectory.28 In the evolutionary tale of industrialization, a peak is the mass-production factory. This encourages the devaluation of places of production such as the bridge-building construction site, which does not conform to the standard progress narrative. Although building processes were as important as the structures that were their outcomes, historians typically have kept their focus on tangible, drawable, patentable artifacts.29 Process, an abstraction, resists the objectification and codification necessary for easy evolutionary narrative. To an evolutionist who considers steam and electricity as progress benchmarks, people- and horsepower, which were sometimes essential to the building of vast bridges, cannot represent industrial progress.30 But, as we’ll see, human power advanced bridge construction, literally and figuratively.

Can evolutionists explain the behaviors of individual innovators, whose stories they purport to tell? Many scientists believe that the human mind is adapted to conditions faced for two million years by our ancestors, the Pleistocene hunter-gatherers, rather than being the product of quick alteration during the few thousand years since the development of agriculture.31 A link between, for example, changes in people’s brains over the last 250 years and technological development has never been shown, although cooperation—which would include inventors’ social networks—is so significant in human society that some consider it as important as natural selection.32 Cooperation, whether collaborative or competitive or somewhere in between, is the heart of this book’s story. While collaborative behaviors, whose outcomes include bridge building and religion and cities, may be the result of thousands of years of evolution, experts caution against interpreting specific inventive activities as instances of evolution. As zoologist Steven Vogel observed, “the familiar act of human creation is harder to explain in acceptably scientific terms than the way nature creates.”33 There is sharp disagreement about how one might distinguish human inventive behaviors that are due to evolution from those that are not.34 Nest-building birds may be appealing models for understanding the development of building technology, but natural history accounts for neither human inventors’ decisions nor the cultural and technological extinctions and resuscitations that these decisions set in motion and that are impossible in nature.35

This quick overview of evolutionism’s profound impact highlights how we understand invention: we wrap it in stories whose implications we may not understand. If the stories create a believable reality, facts may be irrelevant. In any case, evolution enabled biologists and engineers to become “scientific” and boost their professional status. It helped historians, too, by delivering a grand narrative that appeared to provide natural, scientific evidence for human history. It provided order, essential for the work of engineers and historians.36 Most significantly, evolutionist metaphors provide a shared narrative; individuals who use them forge identity and become members of a community.37 Whether it’s an evolutionary tree, timeline, or Bildungsroman, familiar, easily graspable narrative templates give the appearance of providing a coherent explanation of how the world works, along with a rationale for predicting the future. For example, an evolutionary panorama (figure I.6), created not long after the 1848 joining of cantons into a state, Switzerland, portrays a progression from untamed forest to humble wooden footbridge to stone arch to rectilinear iron lattice, upon which a puffing icon of technological supremacy passes. All this unfolds in front of the Alps, symbol of national identity. Railway and viaduct were badges of industrial competitiveness, enablers of unity, and markers of national strength and pride.38

[image: Engraved landscape with goats and tree left foreground and with simple wooden bridge, higher stone arch bridge, and very tall iron viaduct with train crossing, all in the receding landscape. Snowy alps in background.]
Figure I.6

Sitter Viaduct (Carl Etzel, built 1853–56), Sitter valley, Bruggen, St. Gallen Railroad, Switzerland. Arch bridge in foreground: Kräzern Bridge (Ulrich Haltiner, 1812). Print, c. 1860. Collection of the author.


Evolutionist narratives appeal to popular audiences: happy endings help sell magazines and movies. But even within the scientific community the pleasure of a speculative creation story is hard to resist: biologists have been known to attribute changes to adaptation without evidence that adaptation is actually the mechanism behind the change.39

In American Bridge, we’ll remember that a new form of storyteller, the historian, helped a new genre of designer, the civil engineer, build the conceptual and physical infrastructure of the nation-state. We’ll keep in mind that (evolutionist) narrative determines if, how, and where we seek facts, which ones we’ll embrace, and which ones we’ll never uncover. Technologists and the people who told their tales knew that successfully inventing structures and strategies meant inventing stories—an activity shared with clients and colleagues, competitors and critics, consumers and citizens.




FROM NATION TO NATION

Chroniclers of bridges and engineering artifacts of all types often locate their evolutionist understandings of design within a divided landscape. The conceptual bifurcations include wood versus iron, craft versus industry, and practice versus theory, with the last of each of these severings the more “civilized” to storytellers who sort them always with an eye on the crucial divide: nation versus nation. They align their tales so that, for example, “practical,” “wooden,” and “American”—mythic categories that helped drive personal, institutional, industrial, and national competition in the nineteenth century—became historical fact in the twentieth. But the great divides do not explain; they must be explained.40 Doing so allows us to see how national divides facilitate the fabrication of innovator relationships within a supposedly national community while obscuring relationships among communites.

The puzzle of why bridges seem to be different in various places of the world is as intriguing as the differences noted by Darwin between European and American weeds.41 Conditions in specific places always shape technologists’ work, but places don’t invent, people do. And place itself is territory that people define and redefine. Nationalism, “a celebration of the nation” that takes many forms and intensities, can bind people together and be a force for public good, though it’s often a stimulus for exclusion. Nationalism merges or submerges the diversities of language, race, place-based or political loyalties, ethnicities, and traditions of all kinds that were (and are) present in the nation-states formed during the last couple centuries. The “nationalization of humanity,” in geographer Peter Taylor’s apt phrase, has encouraged the prioritizing of “places over flows.”42 Flipping that perspective, that is, reorienting ourselves to flows among people, is what we’ll be doing here. This will allow us to see individuals pursuing personal and collective interests and working with and against each other within and across boundaries.

One of the earliest lattice bridges, built over the South Yadkin River near Salisbury, incited a North Carolinian to exclaim in a local newspaper in 1825: “There is nothing splendid or magnificent about it: the plan is indigenous to our free country—being the invention of Mr. Town, of Connecticut; and for simplicity, strength and symmetry, corresponds with the character of our government.”43 Eye-catching infrastructure typically inspires citizen-observers to express national values.44 In this case, the novelty of the lattice inspired a blending of ideas about Americanness, appearance, innovation, liberty, and the political system of a new nation. It made an implicit contrast to other nations. And it was an intriguing assertion, as enslaved people were making substantial contributions to the “free country,” preparing lumber, building bridges along with the roads that led to them, and clearing rivers that flowed beneath them. Over the succeeding two centuries, however, storytellers fortified a narrative infrastructure capable of sustaining such profoundly contradictory facts. “Nature’s progress” helped justify or paper over inconsistencies, disputes, persecutions, and gaps in knowledge about historical events.45

Historians for whom national boundaries are foundational have often explored the early United States and its interactions by wielding a sedentarist concept, “transfer.”46 It has inspired some to regard the United States as a “technological colony” and “debtor culture.”47 Transfer theorists detail the importation and adaptation of a technology, treating it as a taking, a one-way event between two points, rather than an ongoing interaction within and among networks of technologists acting within and across a diversity of nations, cultures, and communities. Inside the transfer scenario, the borrower is usually an adaptor of a completed artifact rather than manipulator of a changeable thing formed and reformed within dynamic relationships.48

Let’s take a quick look at how narrators envision the sites of transfer launch and landing. Ithiel Town built his earliest lattice bridges in North Carolina (see chapter 5), where the Raleigh and Gaston, a risky, high-tech undertaking completed in 1840, became one of the earliest railroads to include a lattice bridge. How do we understand the state, in two senses, of North Carolina, in relation to other states and nations? In 1836, a local bemoaned:


It is a lamentable fact, that there exists a mutual jealousy all over our State, not only between East and West, but between the Cape Fear, the Neuse, the Roanoke, &c. And the consequence is, whenever any improvement is proposed in one section, an opposition arises in another, and a resort must be had to that system, known by the name log rolling, to carry any point.49



North Carolina’s government wanted a railroad in order to promote commerce within the state, but various parts of the state had business relationships with parts of neighboring states, which had comparable internal issues of their own.50 This is similar to conditions today, when relationships among individuals and groups within a state may not align with or might contradict broader goals, which themselves are subject to change. Closely located urban and rural areas might have vastly different perspectives, while cities dispersed across the globe might share commonalities as meaningful as any that we might dream exist within a state.51 While the transfer concept does draw our attention to flows essential to technological development, it isolates a place and moment in an ongoing process. In transfer, the nation is the story. That’s why technology is not “transferred,” for example, from North Carolina to Connecticut, or from one region of North Carolina to another, but it can be “transferred” from Britain to the United States.52 (An agent of transfer might travel and learn and then decide to do something completely different, but this is unlikely to be recognized as transfer at all.)

Historians and politicians monumentalized the concept of nation-based innovation, in which the concept of transfer is grounded, with the Britishness of the Industrial Revolution, an event said to have occurred during the latter part of the eighteenth century and the beginning of the next. A peek into its national roots, however, complicates the story:


The conventional narrative of the Industrial Revolution … has often mistaken the first introduction of a device imported from abroad for a product of native ingenuity.… Foreign contact, either through the migration of men or ideas, has always played an important part in English industrial advancement. That English industrialists or craftsmen borrowed extensively and persistently from their European neighbors, and that the genius of the country has lain not so much in originality as in transforming and blending native and foreign traits, is acknowledged by many.… When parallel and concurrently-running local histories [in England] are compared, there is at least one event, the intrusion of craft-bearing strangers, which is recurrently, if not always, antecedent to recurrent events of innovation.53



Craft-bearing strangers drive technological development. During the nineteenth century, technologists working across the industrializing nations deliberately sought and imported ideas, technologies, and workers. They shared common industries (including textiles, iron, railways, mining, and chemicals) and developed technologies through colonization, collaboration, and competition.54 Recognition of transborder exchange as status quo and the establishment of new trades in Britain as “inexplicable except through the … settlement of Flemish, French, Dutch, and Italian workmen” means the United States might be regarded as less of a debtor and Britain less British than has been portrayed.55 Conspicuous is the fact that empires that stretched around the globe diversified the creative mix with craft-bearers from places well beyond European borders. Enslaved Black people were enmeshed in the development of industrial materials, tools, and management strategies.56 But the (mythic or real, per your belief) Industrial Revolution endowed Britain with special status because the concept itself was a product of British nationalism, even if the term was coined in France.57 The enslaved have not been visible on the transfer map; storytellers saw them as inhabitants of an inferior civilization, noncitizens who contributed nothing across the evolutionary divide. The idea that knowledge exchange among peoples of various Western and non-Western lands, regions, and backgrounds is in some way unusual, or that the borders of nation-states align with cultural or technological communities, is irreconcilable with transnational flows of people and products. That ideas and information might be contained by a political border—that is a hypothesis that requires copious proof.

Tales of firsts and transfers deepen nation-versus-nation divides as they erase participants involved in ongoing exchange. The presumption that invention has a starting point (within a group deemed a race, culture, or nation that embeds its “character”) and then spreads to other places is called “diffusionism” by political geographer J. M Blaut; in this scenario, “most humans are imitators, not inventors.”58 This is why it can be startling for people steeped in Eurocentric histories and nationalisms to discover that development of “British” iron, so long a symbol of industry and empire, likely capitalized on the minds of enslaved Africans. The big surprise would be if it had not.59 Likewise, India’s textile production made a marked impression on British inventors and industrialists, whose efforts subsequently created an industrial revolution that destroyed cotton manufacture in India, along with the lives of millions of Indians. This phenomenon is encapsulated in the word “factory,” which comes from European merchants’ trading centers in places including Africa and India.60 Though people subjugated in colonized lands or not granted citizenship in Western nations participated in world-changing technological and cultural practices, narrative makers omitted them and they received no meaningful share of the profits.61



WORLDVIEW

The grand historical narrative of the nineteenth-century United States rested on two pillars: the idea of progress in the West, with Western institutions representing a cultural apex, and the belief that the United States would be a wellspring of that progress. On the ground, the advance of civilization equaled the decimation of Indigenous peoples, unbounded exploitation of natural resources, and the transformation of nature through technologies including mapping, deforestation, wetlands destruction, agriculture, and the construction of transportation infrastructure—all eventually organized within a railway-driven standardization of time.62 In evolutionist eyes, the creation and use of tools that remade environments were evidence of “human industry [as] a natural expression of the development of the earth itself,” in the words of historian John Tresch.63

Foundational to environmental transformations was the building of infrastructure. Within the process of national self-construction, bridges served as indispensable physical links—and offered awe-inspiring nation-making experiences. Novel large-scale structures invited citizens and visitors to come together and experience national dominion over natural, rural, and urban landscapes. In 1800, for example, the future 8th arrondissement of Paris was countryside; by the 1870s it was a neighborhood marked by the bustling St. Lazare train station near a six-limbed lattice bridge, the Pont de l’Europe, which enabled vehicles and people to continue through the streets that converged above the tracks. Artists including Gustave Caillebotte and Claude Monet produced depictions of the bridge in artworks that showed the lattice structuring and symbolizing changes in big city life (figure I.7). The starkly geometric imprint in the street plan made the metallic hexapod emblematic of Haussmannization, a transfiguration more controversial than it might appear today.64 Such imposing, unclad structures in busy urban settings were new, though in less populated, more rural locations, bridges such as the Portage, Kinzig, and Grandfey, all of which we explore in American Bridge and which no longer exist, had long been industrial culminations and popular attractions. National infrastructural experiences reached climaxes with the pedestrian walkway of the Brooklyn Bridge and the observation decks of the Eiffel Tower, a supersized bridge pier. Citizens and visitors contemplated, climbed on, and gazed out through structures that framed mind-blowing views of landscapes, intensified perceptions of national power, and carried people through shared experience into national community (figure 8.16).65

[image: Painting of long perspective view of iron lattice bridge. Dog in foreground, man to the right looking over bridge at tracks, well dressed man and woman talking and walking. Parisian buildings in background.]
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Figure I.7

Pont de l’Europe (Julien, built 1865–1868, demolished 1930). Caillebotte’s precise rendering of the iron lattice Pont de l’Europe in Paris portrayed a social space that provided views of tracks and trains, St. Lazare station, and a new neighborhood in a city transformed under Haussmann. Top: Gustave Caillebotte, Pont de l’Europe, 1877. Petit Palais, Geneva, Switzerland/Bridgeman Images. Middle: Pont de l’Europe, ca. 1900. Collection of the author. Bottom: Pont de l’Europe, Pierre-Auguste Lamy, ca. 1868. L’Illustration, April 11, 1868, 236. Musée Carnavalet, Histoire de Paris.


Understanding the worldview embodied in the national-infrastructural experience—whose sharing occurred in person and through the endless reproduction of images sent around the world—may enable us to change the story and build new bridges to the future. Recognizing, as we will, the interactions of bridge builders who worked in places including Schaffhausen, North Carolina, Connecticut, Prussia, Paris, and Wales—not to mention shifting national boundaries, imperialist expansion, and industrial firms’ multinational work—leads us to wonder: Is the Eiffel Tower French? Though its première was deliberately drenched in French nationalist rhetoric, this question was salient at the time of its construction, when this supposed symbol of democratic society, lacking apparent connection to its surroundings or Paris’ past, was labeled American, foreign, and, by anti-Semites, Jewish. Popular prejudice, especially during periods of heightened anxiety about cultural, social, and economic change, portrays Jews as cosmopolitans who threaten national identity.66 The reinventors of building, connected far and wide, were the epitome of border-crossing cosmopolitans. With this in mind, American Bridge explores design, identity, and history through conceptual and material flows that enabled people to transform nations with bridges, towers, and stories.
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		Figure I.1

George Durrie, Ithiel Town Truss Bridge, 1853. Durrie’s nostalgic American scenes soothed an urbanizing nation. The bucolic aura of this image belies its subject: the quintessential industrial product. This lattice (Ithiel Town, 1823) spanned the Mill River at Eli Whitney’s gun factory near New Haven, Town’s and Durrie’s hometown. Durrie was a student of Nathaniel Jocelyn, who created the first lattice-in-landscape image (fig. 3.4). Courtesy and Collection of Mattatuck Historical Society.



		Figure I.2 

Franklin, New Hampshire. Bridges and roads, like religious and governmental buildings, help define community. This photograph shows the Republican Bridge, built in 1802 and later replaced with a lattice. It no longer exists, but the church still stands. Collection of the author.



		Figure I.3 

Railroad bridge on North Anna River, Virginia, 1865, destroyed during the Civil War to prevent Union troops from advancing. Infrastructure and its condition are inseparable from the nation and its apparent permanence and vulnerability. War Photograph & Exhibition Company, “Destruction of a Railroad Bridge,” photographed May 26, 1864, by Timothy H. O’Sullivan, photographer. Library of Congress, Prints and Photographs Division.



		Figure I.4

Ithiel Town sent a drawing with instructions to Boston bridge builder Jonathan Livermore, July 23, 1836. Marjorie and John Geiser, II Collection, Southeastern Architectural Archive, Special Collections Division, Tulane University Libraries.



		Figure I.5

Andrea Palladio, Bridge over Cismon River. Evolutionists typically present Palladio’s designs as the source of the truss bridge. Andrea Palladio, I quattro libri dell’Architecttura 3 (Dominico de’ Franceschi, 1570), 15 (image from 1601 ed.). The Getty Research Institute.



		Figure I.6

Sitter Viaduct (Carl Etzel, built 1853–56), Sitter valley, Bruggen, St. Gallen Railroad, Switzerland. Arch bridge in foreground: Kräzern Bridge (Ulrich Haltiner, 1812). Print, c. 1860. Collection of the author.



		Figure I.7 

Pont de l’Europe (Julien, built 1865–1868, demolished 1930). Caillebotte’s precise rendering of the iron lattice Pont de l’Europe in Paris portrayed a social space that provided views of tracks and trains, St. Lazare station, and a new neighborhood in a city transformed under Haussmann. Top: Gustave Caillebotte, Pont de l’Europe, 1877. Petit Palais, Geneva, Switzerland/Bridgeman Images. Middle: Pont de l’Europe, ca. 1900. Collection of the author. Bottom: Pont de l’Europe, Pierre-Auguste Lamy, ca. 1868. L’Illustration, April 11, 1868, 236. Musée Carnavalet, Histoire de Paris.



		Figure 1.1

Ernst Haeckel, Family Tree of Man. Tree pictograms laid out and justified evolutionary, human-centered hierarchies. From 1866, zoologist and Darwin advocate Ernst Haeckel published hundreds of such images, which provided scientific support worldviews based on race and nation. In the English edition, this image was entitled, “Pedigree of Man.” Ernst Haeckel, Anthropogenie oder Entwickelungsgeschichte des Menschen (Engelmann, 1874), table 12. Deutsches Museum Library.



		Figure 1.2

So-called wooden structures depended upon metal connectors, displayed here like natural history specimens. Amand-Rose Émy, Traité de l’art de la charpenterie (Carilian-Goeury et Anselin, 1841), pl. 116. Bibliothèque Nationale de France.



		Figure 1.3

Portage Bridge (Engineer, Silas Seymour; Contractor, Lauman, Rockafellow & Moore, built 1851–52) over the Genesee River, Livingston/Wyoming Counties, New York. One of the world’s largest “wooden” bridges contained tons of iron. Collection of the author.



		Figure 1.4

William Williams, The Iron Bridge, 1780. Cast-iron bridge (Thomas Pritchard, design; Abraham Darby III, manufacturer and builder, built 1777–1781) over the River Severn, Coalbrookdale, Shropshire, England. This image was commissioned as an advertisement for the foundry that produced the iron. Ironbridge Gorge Museum Trust.



		Figure 1.5

Thomas Viaduct (Benjamin H. Labrobe II, built 1833–1835), Patapsco River, Baltimore and Ohio Railroad, Elkridge, Howard County, Maryland; Jack Boucher, photographer, 1977. Maintenance and reconstruction enabled this granite bridge’s survival. Library of Congress, Prints and Photographs Division, HAER MD-14-ELK, 1.



		Figure 1.6

Genesee Valley, as seen through the Portage Bridge, Portage, New York. The Erie Railway offered touristic experiences featuring awe-inspiring forests, waterways, and bridges. Tourists viewed American scenery framed by wooden parts that were avatars of interchangeability. The Miriam and Ira D. Wallach Division of Art, Prints and Photographs: Photography Collection, New York Public Library.



		Figure 1.7

Failure of iron tension rods in a supposedly wooden Howe bridge, Tariffville, Connecticut, 1878. Daniel S. Camp, Hartford, CT. Connecticut Museum of Culture and History.



		Figure 1.8

Arch bridge at Asnières (Karl Etzel, 1836), before and after its destruction in 1848. The design of the temporary replacement (Eugène Flachat, 1848) was based on the bridges of Ithiel Town and especially Stephen Long. It needed to be very rigid and to accommodate irregularly spaced piers; it was designed to serve as scaffolding for the installation of its replacement, an iron box girder bridge, in 1852. Mémoires et compte rendu des travaux de la Société des ingénieurs civils 1 (1848): pl. 3. University of Minnesota.



		Figure 2.1

Lattice bridge, Jordan River, Salt Lake City, Utah (built c. 1860, demolished 1908). Courtesy of Smithsonian Institution, National Museum of American History.



		Figure 2.2

Frederick R. Spencer, Portrait of Ithiel Town, Esq., 1840. The First Church of Christ in New Haven.



		Figure 2.3

Ithiel Town’s residence and library (1837) on Hillhouse Avenue, New Haven, was a six-minute walk from the New Haven Green. Hood Museum of Art, Dartmouth College: Purchased through the Julia L. Whittier Fund PR.949.107.



		Figure 2.4

Early lattice bridge over the Farmington River, on Palisado Avenue near Congregational Church, Windsor, Connecticut (1833; washed away, 1854). John Warner Barber, Connecticut Historical Collections (J. W. Barber; A. Willard, 1836), 124. UC Berkeley Library, University of California.



		Figure 2.5

Ithiel Town’s “Truss Bridge” patent 3,169X (January 28, 1820). National Archives and Records Administration.



		Figure 2.6

Chord detail. The bottom chord was assembled out of planks that met end-to-end, without a joint; these meeting points in adjoining layers were staggered through the length of the chord. Planks were pinned together at the intersection of lattice diagonals. Todd Craig Radford, “Town Lattice Truss” (PhD diss., MIT, 2010), 108. Courtesy of Todd Radford.



		Figure 2.7

Ithiel Town’s second “Truss Bridge” patent 8,743X (April 3, 1835). National Archives and Records Administration.



		Figure 2.8

Lattice bridge, section and elevation of beam (“side truss”), and section of chord (“string piece”). Ithiel Town, Description of Ithiel Town’s Improvement in the Principle, Construction, and Practical Execution of Bridges (1839), 13. Courtesy of Smithsonian Libraries and Archives.



		Figure 2.9

Beam and truss: theoretical (ideal) models. A load applied to the center of a beam results in bending, with shortening (compression) in the top portion and lengthening (tension) in the bottom portion; these stresses increase the further they are from the neutral axis, where stresses vanish. A load applied to the center of a truss whose members are pinned (that is, free to rotate relative to each other) puts individual members into either tension or compression, instead of bending the entire structure. In actual conditions, the members are not free to rotate and develop bending and shear.



		Figure 2.10

Beam and truss. Technologist Jacob Leupold showed a beam bending (and failing) under a load, along with methods for enhancing rigidity: adding material or creating trusses. A single plank is adequate for carrying small loads over a short span; over a wide opening, it would bend and wobble. Increasing the depth (height) of a plank increases resistance to bending; this can be achieved by turning the plank sideways or adding material. The longer the plank, however, the more material required to keep it rigid; eventually the beam can’t carry much besides its own weight. A solution is to truss the beam, shown in the right column. Jacob Leupold, Theatrum Pontificiale, oder Schau-Platz der Brücken und Brücken-Baues (Zunkel, 1726): pl. 8. The Getty Research Institute.



		Figure 2.11

Lattice bridge cross section and elevation. The roadway might run between or atop the lattice beams, as shown here. The modularity of classical elements reinforced the structure’s industrial nature. Ithiel Town, Description of Ithiel Town’s Improvement in the Principle, Construction, and Practical Execution of Bridges (1839), 14. Courtesy of Smithsonian Libraries and Archives.



		Figure 2.12

Sixteenth-century joint, Essex, England. Mortise-and-tenon joints consisted of a hole or recess that received a projection at the end of another member. A peg sometimes secured the connection. Joint types included notched, keyed, dovetailed, and scarfed. Cecil A. Hewett, English Historic Carpentry (Phillimore, 1980), 282. The History Press.



		Figure 2.13

De l’Orme’s domed roof structure. Philibert de l’Orme, Nouvelles inventions pour bien bastir et à petits fraiz (Morel, 1561), book 1, chapter 7. The Getty Research Institute.



		Figure 2.14

Medieval latticework. This portrait features the carpenter Joseph, whose wife was Jesus’s mother. One panel of the Annunciation Triptych (Merode Altarpiece), workshop of Robert Campin (ca. 1427–1432). Image copyright © The Metropolitan Museum of Art. Image source: Art Resource, New York.



		Figure 2.15

In this concept for a lattice-arch bridge, iron hardware connected the wooden members. Leupold, Theatrum Pontificiale (Zunkel, 1726), 79–80, table 13, figure 2. The Getty Research Institute.



		Figure 2.16

Plan, section, and elevation of Schaffhausen bridge over the Rhine, Switzerland (Hans Ulrich Grubenmann, built 1756–1758, destroyed 1799). Plan view at center shows lattice-like cross-bracing in the floor. Christoph Jetzler, Beschreibung der hölzernen Brükke über den Rhein in Schaffhausen (Steiner, 1778); print, 1776. ETH-Bibliothek Zürich, Rare Books Collection.



		Figure 2.17

Inventor-builder Theodore Burr combined arch and truss. Franz Anton Gerstner, Die innern Communicationen der vereinigten Staaten von Nordamerika, vol. 2 (Förster, 1842–1843), pl. 27. Courtesy of Smithsonian Libraries and Archives.



		Figure 2.18

Chain suspension bridge (James Finley, tested 1801, patented 1808). A level bridge deck was the transformative feature of this design. Port Folio 3 (1810): 441. Internet Archive.



		Figure 2.19

Seppings’s lattice-like ship frame (1814). John Fincham, History of Naval Architecture (Whittaker, 1851), 200. San Francisco Maritime National Historical Park.



		Figure 2.20

Seppings’s structural design for ships. With a common field gate, Seppings demonstrated the rigidity of a triangle, that is, the effectiveness of diagonal bracing. Robert Seppings, “On a New Principle of Constructing His Majesty’s Ships of War,” Philosophical Transactions of the Royal Society of London 104 (1814): 290. Princeton University.



		Figure 2.21

New Haven State House (Ithiel Town, 1827–1831), New Haven, Connecticut. The architecture exemplifies Town’s modular strategy and nation-forming mindset. Postcard, collection of the author.



		Figure 2.22

Durand’s teachings exemplified geometric modularity, underpinned by ideas about economy and utility—the industrial ethos. Building plans, from Jean-Nicolas-Louis Durand, Recueil et parallèle des édifices de tout genre, anciens et modernes (1801): pl. 52. Reprint, Nördlingen Uhl, 1986.



		Figure 2.23

Building a trussed beam with inclined struts. A basic form of truss is the king post (7 above, single Hängewerk, in German). Rather than build a column underneath at the bridge’s midpoint, two inclined beams, fixed at the ends of the bridge, meet at an angle and hold a vertical member from which the midpoint hangs. To increase the span, it is necessary to heighten the apex with longer struts; after a certain point it is more practical to employ alternative designs, such as a queen post truss (8 above, double Hängewerk) with shorter struts. Christian Gottlob Reuss, Anweisung zur Zimmermannskunst, 3rd ed. (Breitkopf, 1764), pl. 13. Deutsches Museum Library.



		Figure 2.24

Upper Bridge over the Patapsco River at Elysville (Benjamin H. Latrobe, 1838–1839; demolished 1853). George Duggan, Specimens of the Stone, Iron and Wood Bridges, Viaducts, Tunnels, Culverts, &c. of the United States Rail Roads (Appleton, 1850), pl. 1.2. Courtesy of Smithsonian Libraries and Archives.



		Figure 3.1

Nathaniel Jocelyn, Ithiel Town, 1826. For Town, books represented learning, inspiration, communication, business, and a means of connecting with others. National Academy of Design, New York. © National Academy of Design, New York / Gift of George Dudley.



		Figure 3.2

William Russell Birch, Timothy Palmer’s Permanent Bridge (1805) over the Schuylkill, ca. 1820. The systematized structure, along with cladding (visible in the portrait in the foreground) that provided essential weather protection, attracted wide attention. Library Company of Philadelphia.



		Figure 3.3

Town’s final brochure, title page. Ithiel Town, A Description of Ithiel Town’s Improvement in the Principle, Construction, and Practical Execution of Bridges (1839). Courtesy of Smithsonian Libraries and Archives.



		Figure 3.4

Nathaniel Jocelyn, Town’s Bridge, 1821. A lattice bridge stretches across a genesis portrait of civilization and industrialization. Description of Ithiel Town’s Improvement in the Construction of Wood and Iron Bridges (1821), frontispiece. Courtesy of Dartmouth Library.



		Figure 3.5

US bridges (and one Swiss). Howard Douglas’s rendition of the lattice bridge (top left), adapted from Town’s brochure, removes the leafy obstruction. Middle right (landscape portrait), and top right, uncovered: Colossus Bridge (Louis Wernwag, 1811–1812) over the Schuylkill, near Philadelphia. Between these images and at the bottom right is the Permanent Bridge, uncovered and covered (Timothy Palmer, 1805) over the Schuylkill, Philadelphia. Directly above the bottom right image is the Schaffhausen Bridge (Hans Ulrich Grubenmann, 1756–1758) over the Rhine. Lower left: bridge over the Delaware at Trenton (Theodore Burr,1804–1806); not a typical Burr bridge. Howard Douglas, Essay on the Principles and Construction of Military Bridges, 2nd ed. (Boone, 1832), pl. 12. Courtesy of Sutro Library, California State Library.



		Figure 3.6

Lattice bridge. Poussin replicated the images that appeared in Town’s 1821 brochure. G[uillau]me Tell Poussin, Travaux d’améliorations intérieures projetés ou exécutés par le gouvernement général des États-Unis d’Amérique, de 1824 à 1831 (Anselin et Carilian-Goeury, 1834/1836), pl. 10. David Rumsey Map Collection, David Rumsey Map Center, Stanford Libraries.



		Figure 3.7

Charles Fenderich, Railroad Bridge over the Wissahickon, Near Manayunk (Philadelphia), c. 1834. This rare early image shows a lattice bridge (Moncure Robinson[?], completed 1833; demolished 1844) on the Philadelphia, Germantown and Norristown Railroad, the first in Pennsylvania accessible to the public. Michel Chevalier would likely have known of or visited the structure. See figure 4.1. Collection of the Historical Society of Pennsylvania.



		Figure 3.8

Chevalier enumerated the parts of the lattice bridge over the James River, Richmond, Virginia (Moncure Robinson, 1836–1838; destroyed April 2, 1865). Michel Chevalier, Histoire et description des voies de communication aux Etats-Unis et des travaux d’art qui en dépendent (Charles Gosselin, 1840–1841), 2: 575. Courtesy of Smithsonian Libraries and Archives.



		Figure 3.9

Lattice bridge, Philadelphia-Wilmington Railroad. Gerstner, Die innern Communicationen (1842–43), pl. 26.



		Figure 3.10

American Bridges Built in the Deparment of the Rhône. These provisional lattice spans replaced arch bridges without requiring the reconstruction of piers in the waterway. Joseph Hyacinthe Garella, “Note sur deux ponts provisoires en charpente construits dans le système américain de M. Town,” Annales des ponts et chaussées 2/2 (1842): pl. 34. UC Berkeley Library, University of California.



		Figure 4.1

William L. Breton, Bridge over Wissahickon Creek, near Manayunk (Philadelphia, 1833; demolished 1844), ca. 1835. It must have been startling, in the early years, to catch sight of these high, level, long-span structures. See figure 3.7. Breton Watercolor Collection, The Athenaeum of Philadelphia.



		Figure 4.2

Town and Long bridges appear with mechanical devices in an engineering journal’s illustration plate. Polytechnisches Centralblatt (Leipzig) 6 (1840), pl. 1. Deutsches Museum Library.



		Figure 4.3

Smart’s patent iron bridge consisted of four types of wrought-iron bars. Register of Arts and Sciences 2 (1825): 49. The New York Public Library.



		Figure 4.4

Frontispiece and title page of publication devoted to the Long bridge. Stephen H. Long, Beschreibung der von dem Oberstlieutenant Long erfundenden hölzernen Brücke (Hahn’schen Hofbuchhandlung, 1840). Deutsches Museum Library.



		Figure 4.5

Long bridge lattice cross-bracing and pier design. Stephen H. Long, Description of Col. Long’s Bridges, together with a Series of Directions to Bridge Builders (Brown, 1836), pl. 3. Courtesy of Smithsonian Libraries and Archives.



		Figure 4.6

Herman Haupt’s Improved Lattice Bridge (Patent 1445, December 27, 1839). The structure contains an arch-like overlay. Herman Haupt, “To the Editors,” American Railroad Journal 11 (1840): 199. University of Illinois at Urbana-Champaign.



		Figure 4.7

William Howe’s patent (August 3, 1840; reissued September 3). National Archives and Records Administration.



		Figure 4.8

Howe-lattice bridge. Lewis M. Prevost Jr., “Description of Howe’s Patent Truss Bridge, Carrying the Western Railroad over the Connecticut River at Springfield, Massachusetts,” Journal of the Franklin Institute 3rd ser. 3 (1842): 290–291. Harvard University.



		Figure 4.9

Howe bridge. This illustration makes visible the tie rods and cross-bracing usually simplified in one-dimensional depictions. Louis-Antoine Comolli, Les ponts de l’Amérique du Nord: Étude, calcul, description de ces ponts (Ambrose Lefèvre, 1879), pl. 7. Courtesy of Smithsonian Libraries and Archives.



		Figure 4.10

Howe’s third bridge patent (August 28, 1846). National Archives and Records Administration.



		Figure 4.11

US military railroad bridge (Herman Haupt), Bull Run, Virginia, Orange and Alexandria Railroad, ca. 1863. The army rebuilt this tied arch bridge more than seven times during the Civil War. Library of Congress.



		Figure 4.12

Culmann’s depiction of the Richmond Bridge (top, see figure 3.8) along with bridges composed of overlaid structures. Karl Culmann, “Der Bau der hölzernen Brücken in den Vereinigten Staaten von Nordamerika … in den Jahren 1849 und 1850,” Allgemeine Bauzeitung 16 (1851): pl. 396. Collection of the author.



		Figure 4.13

Iron lattice bridges (mostly 1870s) built in various countries in Europe. Philippe Croizette-Desnoyers, Cours de construction des ponts (Dunod, 1885): pls. 34–35. Courtesy of Smithsonian Libraries and Archives.



		Figure 4.14

Lattice beams in the Paris Opéra (Charles Garnier, 1861–1875) roof during construction, after 1865; beams later replaced as the result of a fire). Photographer: Louis-Émile Durandelle. © Beaux-Arts de Paris, Dist. RMN-Grand Palais / Art Resource, NY.



		Figure 5.1

Swann Bridge (Zelma T. Tidwell, 1933), Locust Fork of Black Warrior River, Swann Bridge Road, Cleveland, Blount County, Alabama; Jet Lowe, photographer, 2003. Tidwell, with fourteen to twenty workmen who lived at the site, built this structure in 1933 without heavy machinery. Lola Bennett, “Swann Bridge,” 4. Library of Congress, Prints & Photographs Division, HAER AL-201-10.



		Figure 5.2

Dillingham Street Bridge (Horace King, 1832–33, demolished 1910) over the Chattahoochie River, between Columbus, Georgia and Girard (now Phenix City), Alabama. Over the years, King repeatedly repaired the bridge, with a rebuilding c. 1870. François de Laporte, Columbus Bridge, ca. 1838. Courtesy of the Columbus Museum, Georgia; Museum purchase G.1983.75. Photograph, ca. 1900, Alabama Department of Archives and History.



		Figure 5.3

Tar River Bridge (James Herron, 1836–1840; possibly specified by Moncure Robinson), North Carolina. Engineer James Herron kept detailed notes regarding products used in the construction of double-lattice bridges on the Raleigh & Gaston Railroad, one of the first lines in North Carolina. Lattice bridges were also built over the Roanoke and Neuse rivers and Cedar and Crab Tree creeks. James Herron, “Location Book: Raleigh & Gaston Railroad” (1838–1840). David M. Rubenstein Rare Book and Manuscript Library, Duke University.



		Figure 5.4

Raising the lattice frame (presumed method). The lattice’s significant out-of-plane strength (which prevents bending) enabled ease and speed of construction. Illustration by George Daly; from Covered Bridges of the Northeast, by Richard Sanders Allen, copyright © 1957, 1974 by Stephen Green Press. Copyright renewed 1985 by Richard Sanders Allen. Used by permission of Viking Books, an imprint of Penguin Publishing Group, a division of Penguin Random House LLC. All rights reserved.



		Figure 5.5

Reconstruction of lattice assembly process. Todd Craig Radford, “Town Lattice Truss” (PhD diss., MIT, 2010), 295. Courtesy of Todd Radford.



		Figure 5.6

Center Church roof truss (Ithiel Town, 1814). David T. Yeomans, The Trussed Roof: Its History and Development (Ashgate, ©1992), 133.



		Figure 5.7

Bowery Theater (Ithiel Town, 1826), New York. The roof was supported by what may have been Town’s earliest use of lattice trusses in a building. The image, which does not show neighboring structures, was probably created by Alexander J. Davis, who began to work for Town in 1826 and would become his business partner. The Miriam and Ira D. Wallach Division of Art, Prints and Photographs: Print Collection, The New York Public Library.



		Figure 5.8

Yard at Alexandria, Construction Corps Finishing Portable Bridge Trusses, ca. 1862. Andrew J. Russell, photographer, United States Military Railway Department. Photographs Illustrative of Operations of Construction and Transportation. As Used to Facilitate the Movements of the Armies of the Rappahannock, of Virginia, and of the Potomac (Wright & Potter, 1863), photo 42. Library of Congress Prints and Photographs Division.



		Figure 5.9

Pont Saint Michel, temporary bridge (Lagalisserie, ingénieur en chef and Vaudrey, ingénieur ordinaire, 1857), over the Seine, Paris, Auguste-Hippolyte Collard, photographer. École Nationale des Ponts et Chaussées.



		Figure 5.10

Bridge over the Kinzig (Carl Rupert, 1852–3, demolished 1883) at Offenburg, Baden. Edmund Heusinger von Waldegg, “Notitzen auf einer Reise durch Süddeutschland und die Schweiz über die Tannus und Hessische-Ludwigs-Eisenbahn, die Badische-Bayerische, und Würtemburgische Staats-Eisenbahnen,” Organ für die Fortschritte des Eisenbahnwesens in Technischer Beziehung 9 (1854): pl. 13. Deutsches Museum Library.



		Figure 5.11

Raising of the bridge over the Kinzig at Offenburg. Illustrirte Zeitung, March 25, 1854, 196–197. Deutsches Museum Library.



		Figure 5.12

Launch of Aar Bridge (Karl Etzel, 1856–1858). Workmen (see detail, below) advancing the structure over permanent and temporary, movable piers. (The lattice is not shown in the bridge elevation drawing.) R. Merian, “Gitterbrücke über die Aare bei Bern,” Eisenbahnzeitung 16 (1859): pl. 6. Deutsches Museum Library.



		Figure 5.13

Construction of Grandfey Viaduct (Wilhelm Nordling and construction engineer C. F. Mathieu, 1857–1862) over the Sarine, Freiburg, Switzerland by the firm Schneider (Le Creusot), see figure. 8.14. L’Illustration, June 21, 1862, 392. University of Michigan.



		Figure 5.14

Launch and construction of third pier of Grandfey Viaduct. Nouvelles Annales de la Construction 9 (1863): pls. 47–48. University of Illinois at Urbana-Champaign.



		Figure 5.15

Launch and pier construction of Cère Viaduct (Wilhelm Nordling, 1863–1866). L’. Illustration, August 19, 1865, 121. Collection of the author.



		Figure 5.16a

Three views of construction and launch of Bouble viaduct (Wilhelm Nordling, 1867–1869), Hélios, photographer; pier construction, Berthaud, photographer. École Nationale des Ponts et Chaussées.



		Figure 5.16b

Construction and launch of Bouble viaduct (Wilhelm Nordling, 1867–1869), Hélios, photographer. Éccole Nationale des Ponts et Chausssées.



		Figure 5.16c

Pier construction, Bouble viaduct (Wilhelm Nordling, 1867–1869), Berthaud, photographer. Éccole Nationale des Ponts et Chausssées.



		Figure 5.17

Workers launching the Kehl bridge (Fleur Saint-Denis and Vuigner, 1858–61) over the Rhine. Courtesy of Deutsche Bundesbahndirektion Karlsruhe.



		Figure 5.18

The first pier of the Crumlin Viaduct (Charles Liddell and Lewis Gordon, 1853–1857) (see figure 6.11). Photograph, J. Paul Getty Museum, Los Angeles, 84.XA.871.6.38.



		Figure 5.19

Launch and pier construction, Sioule viaduct (Wilhelm Nordling, 1869). Hélios, photographer. École Nationale des Ponts et Chaussées.



		Figure 5.20

Crystal Palace (Joseph Paxton, William Barlow, and the firm Fox Henderson, 1851). During construction, workers prepared lumber within and for an iconic “iron” structure that contained a significant quantity of wood. Metal girders were lifted into place, a practice employed with lattice beams. Illustrated London News, January 11, 1851, 25. UC Berkeley Library, University of California.



		Figure 5.21

Images and reports of the railroad bridge (Silas Seymour, 1851–1852) at Horseshoe Falls, Portage, New York, broadcast constructional and structural possibilities to an international audience. Library of Congress.



		Figure 5.22

Portsmouth Arch Bridge (also called Piscataqua Bridge, Timothy Palmer, 1794). Depicted here with the lattice bridge is a structure seven miles from Portsmouth, New Hampshire known for its long span and inclusion of uniform, wedgeable parts; Palmer also built the Permanent Bridge (figure 3.2). Howard Douglas, Essay on the Principles and Construction of Military Bridges, 2nd ed. (Boone, 1832), pl. 11. Courtesy of Sutro Library, California State Library.



		Figure 5.23

Prototyping of high-performance structures for deep space. Scaling Omnidirectional Lattice Explorer (SOLL-E) robots perform simple, precise, repeatable tasks in order to build at a large scale. NASA / Dominic Hart.



		Figure 5.24

Tursocz Bridge over the Waag River, 1871. Alexander Schild, photographer. Albertina Museum, Vienna.



		Figure 5.25

Worker strength. Products, machines, and power sources, including human, were nationally comparable. John Gregory, Industrial Resources of Wisconsin (Langdon & Rounds, 1853), 251. University of Wisconsin.



		Figure 6.1

Britannia Bridge (Robert Stephenson, William Fairbairn, et al., 1846–1850) with Menai Suspension Bridge (Thomas Telford, 1819–1826) in the distance. Illustrated London News, March 23, 1850, 192. UC Berkeley Library, University of California.



		Figure 6.2

Britannia Bridge, section, and elevation. William Fairbairn, An Account of the Construction of the Britannia and Conway Tubular Bridges (John Weale, 1849), pls. 4 and 7. University of Chicago Library.



		Figure 6.3

Bridge over the Royal Canal near Dublin (John Macneill, 1844–1845). George Duggan, Specimens of the Stone, Iron and Wood Bridges, Viaducts, Tunnels, Culverts, &c. of the United States Rail Roads (Appleton, 1850), pl. 45. UC Berkeley Library, University of California. Also in Julius Pollack, “Metallbrücke zur Uebersetzung des Royalkanals bei Dublin für die Dublin-Drogheda-Eisenbahn nach Town’s nordamerikanischem Konstrukzionssystem gebaut im Jahre 1845,” Allgemeine Bauzeitung 13 (1848): pl. 148.



		Figure 6.4

Dee Bridge collapse. Hare, Illustrated London News, June 12, 1847, 380. UC Berkeley Library, University of California.



		Figure 6.5

Boyne Viaduct (John Macneill with James Barton, built 1851–1855). Courtesy of the National Library of Ireland.



		Figure 6.6

Comparison of the quantity of iron required by each beam type. James Barton, “On the Economic Distribution of Material in the Sides, or Vertical Portion, of the Wrought-Iron Beams,” Transactions of the Institution of Civil Engineers 14 (1854–1855): 449. UC Berkeley Library, University of California.



		Figure 6.7

Bridge over the Vistula at Dirschau (Tczew) (Karl Lentze, 1850–1857; structural analysis, Rudolph Eduard Schinz), elevation and section. Karl Lentze, “Die im Bau begriffenen Brücken über die Weichsel bei Dirschau und über die Nogat bei Marienburg,” Zeitschrift für Bauwesen 5 (1855): pls. 63, 65. Courtesy of the Library of the Deutsches Museum.



		Figure 6.8

Bridge at Cologne (Herman Lohse, 1855–1859). The structure’s axis aligned with the cathedral. The lattice’s geometric transparency, a pattern comparable to stained glass windows, may have made it more palatable to its ecclesiastical neighbor. One roadway served pedestrians and vehicles; the other, the railroad. Cologne, Rhine, and bridge, ca. 1896. Collection of the author.



		Figure 6.9

Bridge over the Rhine between Kehl and Strasbourg (Fleur Saint-Denis and Vuigner, 1858–1861). Firms based in Germany and France collaborated on the construction of the bridge that linked the two nations. Courtesy of Smithsonian Institution, National Museum of American History.



		Figure 6.10

Installing a Britannia tube. Thomas Jackson, The Tourist’s Guide to Britannia Bridge (Smith, 1851), 20, 28, 33. Ricker Library of Architecture and Art, University of Illinois Urbana-Champaign.



		Figure 6.11

Crumlin Viaduct (Charles Liddell and Lewis Gordon, built 1853–1857), Ebbw and Kendon Valleys, South Wales, not far from the Britannia Bridge. The Crumlin became a tourist attraction, like two nearby suspension bridges and the Britannia, Portage, Niagara and Grandfey bridges. William Humber, A Practical Treatise of Cast and Wrought Iron Bridges and Girders, and to Buildings Generally (Spon, 1857), frontispiece. The New York Public Library.



		Figure 6.12

Tubular bridge over the Aire at Brotherton, North Yorkshire (Robert Stephenson, 1851). William Weaver Tomlinson, The North Eastern Railway: Its Rise and Development (Andrew Reid, 1915), 502. UC Berkeley Library, University of California.



		Figure 6.13

Victoria Bridge (Robert Stephenson and Alexander Ross, 1854–1859) over St. Lawrence, Montreal, ca. 1865. Courtesy of Smithsonian Institution, National Museum of American History.



		Figure 6.14

Niagara Bridge (John Roebling, 1852–1855). The Miriam and Ira D. Wallach Division of Art, Prints and Photographs: Photography Collection, New York Public Library.



		Figure 6.15

Contoocook Bridge, Contoocook, New Hampshire (J. Parker Snow, 1889), Boston and Maine Railroad. The bridge, displaced on two occasions by floods, displayed tube-like rigidity. See fig. 7.5. Courtesy of the Contoocook Riverway Association.



		Figure 6.16

Octet truss lattice (2015), originally proposed by Buckminster Fuller, made of stainless steel using laser powder bed fusion. Courtesy of Dr. Thomas Tancogne-Dejean.



		Figure 6.17

Beams with plate web and lattice web. Julius Weisbach, Lehrbuch der Ingenieur- und Maschinen-Mechanik, 4th ed. (Vieweg, 1865), 2:159 (also in 3rd ed. of 1857). University of California.



		Figure 6.18

Victoria Bridge, Montreal, Quebec, from below, ca. 1876. William Notman, photographer. J. Paul Getty Museum, Los Angeles, 84.XC.873.8592.



		Figure 6.19

The I-beam form appeared in a book by Town’s business partner’s acquaintance, Harvard professor Jacob Bigelow’s Elements of Technology (Hilliard, Gray, Little, & Wilkins, 1829), 52. UC Berkeley Library, University of California.



		Figure 6.20a

Engineer as national messiah. The Last Supper is the template for one of the most renowned images in engineering history. John Lucas, Conference of Engineers at Britannia Bridge, ca. 1850. Institute of Civil Engineers, London / Bridgeman Images. Standing, left to right: Admiral Moorson, Latimer Clark, Edwin Clark, Frank Forster, George Parker Bidder, Hemmingway, Captain Claxton, Alexander Ross; seated, Robert Stephenson, Charles H. Wild, Joseph Locke, Isambard Kingdom Brunel. (Moorson and Claxton were nautical specialists; Hemmingway, a master mason.)



		Figure 6.20b

Juan de Juanes (Vicente Juan Masip), The Last Supper (1555–1562). Museo del Prado, Madrid.



		Figure 6.21

Robert Stephenson’s funeral in Westminster Abbey, London. Bridges portrayed include the Britannia (middle left) and the Victoria (bottom). Stephenson died two months before the first train crossed the Victoria. Illustrated London News, October 29, 1859, 423. UC Berkeley Library, University of California.



		Figure 6.22

Robert Stephenson (engraved by Henry Adlard after a photograph by Mayer and Pierson, 1858)



		Figure 6.23

Ithiel Town (seated, left of center) and family in his only known photograph. The two standing figures are likely his daughter, Etha, and her husband, William T. Peters; the seated woman, perhaps his mother. Probably ca. 1840. New Haven Museum.



		Figure 7.1

Thomas Cole, The Architect’s Dream,1840. This allegorical landscape highlights historic architecture available for inspiration and appropriation. Dedication: “Painted by T. Cole for I. Town, Archt. 1840.” Toledo Museum of Art (Toledo, Ohio). Purchased with funds from the Florence Scott Libbey Bequest in Memory of her Father, Maurice A. Scott, 1949.162.



		Figure 7.2

Chauncey Bradley Ives, Ithiel Town, 1842. Gift of Dr. William Thompson Peters, BA, 1825, MD, 1830, Yale University Art Gallery.



		Figure 7.3

Bridge on the National Road over the Scioto River, Columbus, Ohio (1832–1824) or over the Potomac, Alexandria, Virginia (1832). A Greek portal masked and reinforced the geometric rigor of the industrialized structure behind it. The bridge stands boldly in the landscape, as if in a Stuart and Revett engraving. Ithiel Town, A Description of Ithiel Town’s Improvement in the Principle, Construction, and Practical Execution of Bridges (1839), 16. Courtesy of Smithsonian Libraries and Archives.



		Figure 7.4

Demolition, 1889, of the State House (figure 2.21) (Ithiel Town and Alexander J. Davis, 1831), New Haven. New Haven Museum.



		Figure 7.5

The Boston and Maine bridge (J. Parker Snow, 1889; served the railroad till 1962) over the Contoocook River, Contoocook, New Hampshire. The oldest surviving covered railroad bridge in the United States was built the year the Eiffel Tower opened. See fig. 6.15. Amy James, artist; Library of Congress, Prints & Photographs Division, HAER No. NH-38.



		Figure 7.6

Alleghany River Bridge, Pittsburgh, Fort Wayne and Chicago Railway (Felician Slataper, built 1864–1868, demolished 1903), Courtesy of Pittsburgh History & Landmarks Foundation,



		Figure 7.7

Bridge over the Erie Canal at Canastota, New York (Charles Hilton, 1864). In this design for an early iron lattice bridge built in the United States, the parts were riveted (as each little circle indicates), including at each intersection, reflecting Town’s patent. George L. Vose, Manual for Railroad Engineers and Engineering Students (Lee and Shepard, 1874), pl. 22. UC Berkeley Library, University of California,



		Figure 7.8

Lattice bridge designs by Howard Carroll and Charles Hilton for New York Central Railroad; Design in Figure 2 dates from c. 1864. George E. Gray, “Notes on Early Practice in Bridge Building,” ASCE Transactions 37 (1897), 6. Princeton University.



		Figure 7.9

Bridge (probably Charles Hilton) over Erie Canal at Pittsford, New York, New York Central Railroad. Postcard, Canal Society of New York State.



		Figure 7.10

Rivet examples (in section). There was a diversity of rivets, riveting configurations, and types of plates. Note: E was used in the Conway and F in the Conway and Britannia bridges. Riveting of metal plates is comparable in some ways to pegging planks of wood. George L. Vose, Manual for Railroad Engineers and Engineering Students (Lee and Shepard, 1881), 170. UC Berkeley Library, University of California.



		Figure 7.11

The end of an eyebar used in pin-connected bridges. George H. Thomson, “Riveted Lattice for Railroad Bridges of Maximum Span: A Plea for a Return to Rational Design,” Engineering News 59 (January 23, 1908), 93. Princeton University.



		Figure 7.12

Cantilever bridge over the Kentucky River (C. Shaler Smith & Gustave Bouscaren, 1877), Cincinnati Southern Railway. This was a structure with riveted members and pin connections. The latter also served temporary members that supported the bridge during erection. Édouard Lavoinne and Ernest Pontzen, Les chemins de fer en Amérique (Dunod, 1880), vol. 1, pl. 20. University of Michigan.



		Figure 7.13

The first Verrugas Viaduct, with four Fink spans (C. Shaler Smith, Charles H. Latrobe, and consultant Walton White Evans, 1873), Oroya Railroad in the Andes, Peru. Ernest Pontzen, Der Varrugas-Viaduct mit einigen anderen Viaducten verglichen (Lehmann & Wentzel, 1875). Deutsches Museum Library.



		Figure 7.14

West River Bridge (A. P. Boller, 1879) collapse, Brattleboro and Whitehall Railroad, August 18, 1886. A span of the pin-connected bridge and a trestle failed, stripping the adjacent covered bridge’s siding in two areas. The crowd of onlookers in the photograph does not appear in the published image. George H. Thomson, “American Bridge Failures,” Engineering 46 (1888): fig. 3; Photograph courtesy of the Vermont Historical Society.



		Figure 7.15

Thomson’s examples of lattice “interdependence.” Left to right: wooden lath, a foundation for plaster walls; wooden lattice bridge members; early iron lattice bridge intersection. George H. Thomson, “Riveted Lattice for Railroad Bridges of Maximum Span: A Plea for a Return to Rational Design,” Engineering News 59 (January 23, 1908): 92. Princeton University.



		Figure 7.16

Forth Bridge (John Fowler and Benjamin Baker, built 1882–89), near Edinburgh. The renowned bridge is as evocative of Scotland as the nation’s traditional garb. Collection of the author.



		Figure 7.17

Graphic representing Quebec Bridge load.



		Figure 8.1

“Lattice-girder bracing” in the structural frame of the American Tract Society Building (William W. Crehore, engineer; Robert H. Robertson, architect, 1895; steel by Keystone Bridge Works). This early skyscraper still stands near City Hall in New York. Corydon T. Purdy, “The Use of Steel in Large Buildings,” Journal of Association of Engineering Societies 14 (1895): 200. UC Berkeley Library, University of California.



		Figure 8.2

Metal viaduct pier construction, 1850s–1860s, known to or built under Nordling.



		Figure 8.3a

Busseau d’Ahun viaduct (1863–65); Sioule and Bellon viaducts on the following pages. Official photographs shared at world expositions offered Nordling’s structures as high-tech exemplars, progenitors of a new aesthetic, and hallmarks of national achievement. Jules Duclos, photographer, École Nationale des Ponts et Chaussées.



		Figure 8.3b

Sioule viaduct (1869), Michel Berthaud, photographer, École Nationale des Ponts et Chaussées.



		Figure 8.3c

Bellon viaduct (1868–70), Michel Berthaud, photographer, École Nationale des Ponts et Chaussées.



		Figure 8.4

Piers of Sioule and Bouble viaducts. A man standing at the base of each indicates scale. Michel Berthaud, photographer, École Nationale des Ponts et Chaussées.



		Figure 8.5

Viaduct pier in the Neuvial ravine. The outward flare provided resistance to large bending forces at the pier base and turned what would have been shear into compressive force; this took advantage of cast iron’s compressive strength. Cast-iron columns were employed in early skeleton frames for tall buildings. Michel Berthaud, photographer, École Nationale des Ponts et Chaussées.



		Figure 8.6

Wind loading (without and with overload) studies for tallest and shortest piers of Bouble and Bellon viaducts. Wilhelm Nordling, “Documents relatifs aux viaducs métalliques de la ligne de Commentry à Gannat,” Annales des ponts et chaussées 4/1 (1870): pl. 215. UC Berkeley Library, University of California.



		Figure 8.7

Portage Bridge. Elevation drawings of bridge and trestle (1852). This is likely the only surviving drawing to include dimensions and a connection detail. It features scales for French, English, and German readers. The text compares its total cost (75,000 francs) to a stone alternative (6,250,000 francs); the masonry arch shown at the right end was not built. “Haut Pont de Partage [sic] dans l’État de New-York,” Nouvelles Annales de la Construction 1 (June 1855): pl. 24. University of Illinois at Urbana-Champaign.



		Figure 8.8

Portage Bridge (1852) pier (center), designed with a base three times as wide as the others, ensured lateral stability. “Pyramidal” design appeared in Nordling’s viaducts and the Eiffel Tower. Courtesy of Livingston County Historian’s Office, Mt. Morris, NY.



		Figure 8.9

Long Hollow Crossing bridge and pier, Little Schuylkill & Susquehanna Railroad (James F. Smith, 1840), Pennsylvania. In 1904, the Engineers’ Club of Philadelphia’s president presented front and side elevations of this pier, in order to highlight the beginnings of tall, industrialized structures. These pier drawings had been shared in Allgemeine Bauzeitung (1845) and George Duggan, Specimens of the Stone, Iron and Wood Bridges, Viaducts, Tunnels, Culverts, &c. of the United States Rail Roads (Appleton, 1850). (The lattice bridge drawing, however, was unpublished.) Edwin F. Smith, “Some Early Engineering Works in Pennsylvania.” Engineers and Engineering 21 (1904): fig. 1, and Public Works (London) 4 (1904): 13. Courtesy of Smithsonian Libraries and Archives.



		Figure 8.10

Derrick for High Bridge, also known as Harlem River Bridge (John B. Jervis, 1837–1848), New York. Proposed design for a derrick with cable-stayed boom for the construction of a 138-foot-tall stone arch bridge. Courtesy of Jervis Public Library.



		Figure 8.11

French Public Works Building, Centennial Exposition, Philadelphia, 1876. Visitors to the pavilion encountered two scale models of Nordling’s viaducts (right of center, perpendicular to each other, below the lower left corner of the image of the striped lighthouse). Courtesy of the Free Library of Philadelphia, Print and Picture Collection.



		Figure 8.12

Cère Viaduct (Wilhelm Nordling, 1863–1866). Designers and builders of tall structures could refer to research and design conducted under Nordling. “Cere Viaduct,” Scientific American 22 (March 1870): 167; also appeared in Building News (London), January 16, 1869, 68, 70. UC Berkeley Library, University of California.



		Figure 8.13

“ ‘Great Attraction:’ Birds of All Nations Flying to La Tour Eiffel.” An American stork is prominent within a flock that has some flying to do to reach 300 meters, which the Chrysler Building in New York did 40 years later. Punch, June 29, 1889, 322. Collection of the author.



		Figure 8.14

Grandfey Viaduct (Wilhelm Nordling and construction engineer C. F. Mathieu, 1857–1862), 78 meters tall and 380 meters long. Le Creusot was the site in France of its manufacture. “Civil Engineering in the Paris Exhibition,” The Engineer 23 (1867): 102. University of Michigan.



		Figure 8.15a

Bellon Viaduct. Catwalk through bridge span and bridge span support. Nordling wrote in 1864 of “a new example of the frequent coincidence of the laws of statics and the requirements of taste.” Michel Berthaud, photographer, École Nationale des Ponts et Chaussées.



		Figure 8.15b

Bellon Viaduct. Lower portion of pier. Michel Berthaud, photographer, École Nationale des Ponts et Chaussées.



		Figure 8.16

Portage Bridge (1852–1875) and Eiffel Tower, (France, 1889–present). Erie railway trains stopped on the Portage Bridge, allowing passengers to descend into the structure and stroll along pedestrian walkways. “Sectional view of Portage High Bridge,” Library of Congress. Eiffel Tower, 2019 Jack Young—Places/Alamy Stock Photo.



		Figure 9.1

Bridge (destroyed 1915) over the Thur, near Thann, Alsace, France. Postcard, collection of the author.



		Figure 9.2

Lattice bridge over the Vistula at Dirschau (today Tczew, Poland) (Karl Lentze, 1850–1857, still partially exists). At the very start of World War II, Polish defenders blew up the bridges in an attempt to halt the German army invasion. J. Gollnow und Sohn Stahlbau-Werk, Dirschau, die Eisenbahnbrücke über die Weichsel (Presentation album for Adolf Hitler, [1940]). Third Reich Collection, Library of Congress.



		Figure 9.3

“Destruction of the Kehl bridge by the Badois.” Located between France and Germany, this lattice bridge (Fleur Saint-Denis and Vuigner, 1858–1861), linking Strasbourg and Kehl over the Rhine, was strategically designed with a revolving drawbridge on each end. This allowed the link to be severed as needed (figure 6.9). Still, the eastern drawbridge was blown up at the beginning of the Franco-Prussian War in 1870. Subsequently, the bridge became part of Germany, where it remained until 1919. France blew up part of the bridge in 1940 and Germany did the same in 1944. Le Monde Illustré, July 30, 1870, 65. Collection of the author.



		Figure 9.4

Railroad Bridge over the Seine, Argenteuil, France. This bridge was bombed during the Franco-Prussian War, 1870–1871. Its surviving piers are visible in Claude Monet’s 1873 paintings of the bridge’s replacement. From Disasters of the War, Jean Andrieu, photographer. Paris Musées, Musée Carnavalet.
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T ER Z O. 5

DEL PONTE DEL CIS MONE. Cap. VII.

L Cifmone ¢ vn fiume,ilquale [cendendo da i monti,che diuidono I'Tealia dalla
Germania entranella Brenta alquanto fopra Baffano; ¢ percheegli ¢ velociffi-
mo,e per lui i montanari mandano git grandifima quantitd di legnami, i pre-
{e rifolutione di farui va ponte, fenza porre altrimenti pali nell'acqua. Percio-
chele traui,che vi fi ficcauano, erano dalla velocita del corfo del iume, e dalle
percoffe dei fafi,e de gli arbori,chq daquello cérinuar_nentc fono portatiall'in
gi,mofle,& cauate: Onde faceua bifogno al Conte Giacomo Angarano, il qua
le ¢ patrone del ponte,rinouarlo ognianno. La inuentione di quefto ponte,a mio giudicio,é mol-
to degna diauertimento,perche parrd feruire in tutee le occafioni, nellequali {i haneffero le dette
ditficoltd; perche i ponti cofi fatti vengono a effer forti, belli,e commodi: forti, perche tutte le Joro
parti {cambieuolmente {i foftentano ; belli,perche la tefficura de’ legnami ¢ gratiofa; & commodi,
perche fono piani,e fotto vnaifteffalinca col rimanente della ftrada. Il fiume nel luogo oue fi ordi
no queito poate,e largo cento piedi. Si diuife queftalarghezza in fei parti eguali,& oue &'l termi
ne di ciafcuna paree(fuor che nelle ripe,le quali fi fortificarono con due pilattri di picera) pofero
Ie traui,chre fanno il leteo, e la larghezza del ponte; fopra lequali,lafciatoui vin poco di fpacio nell'e-
ftremica loro, i pofero alere traui per il lungo,lequali fanno le fponde: fopra quette,al diritto delle
prime fi difpofero dall'vaa, e Ialtra partei colonnelli ( cofi chiamiamo volgarmente quelle traui,
chein fimilt opere fi pougono dirirte in piedi.)Quefti colonnelli fiincarenano con le rraui, lequali
ho detro,che fanno la larghezza del ponre,con ferri, che nominiamo Arpici,facti paffare per vn bu
<o fatto a quefto effereo nelle tefte delle dette traui, in quella parte, che auanza oltrale traui che
fanno le {ponde. Quefti arpici,perche fono ne la parte di fopraa lungo i detti colonnelli diritti, e
Piani, e forati in piu lochi, & nella parte di foteo vicino alle dette traui groffi,e con v fol foro affai
grande;furono inchiodati nel colonnello, e ferrati poi di fotto con ftanghetee di ferro fatte a que-
fto effetro,onde rendono in mods vaira tuttal’opera, che le traui, che fannola larghezza , e quelle
iponde fono come di vn pezzo coni colonnelli, & 1a tal modo vengono i colonnelli a foftentar le
eraui,che fanno la larghezza del poate;e fono poi effi foftentari dalle braccia, che vanno dava co-
loanello all'altro: onde turte le parti Uvna per l'altra fi [oftentano, e rale viene a effer la lor natura,
che quanto maggior carico & fopra il ponte,tanto pit {i ftringono infieme, e fanno maggior fermez
zadell'opera. Turte le dette braccia,e l'altre traui,che fanno la tefficura del ponte non fono larghe
pitt divn piede,né groffe piti di tre quarti . Ma quelle traui che fanno illetto del ponte,, cioé che
fono potte per il longo,fono molro pit fouili.
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