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The Development of Fireproof Construction in Great Britain and
the United States in the Nineteenth Century

SARA WERMIEL

Introduction

Although the word “fireprool™ has disappeared from the builder’s lexicon, nineteenth century
architecture and engineering journals routinely discussed fireproof construction. To modern ears,
“lireproof building”™ is an oxymeoron, since, as I am frequently told, it is the contents of a building
that burn, not the structure. But this is true only for certain buildings — in fact, only for fireproof
buildings. The vast majority of homes in the United Statcs are not fireproof and burn very well.
On the other hand, new buildings in city centres generally are [ireproof, as they are compelled to
be by building laws. Today, because most buildings which the public can enter are, in the
nineteenth century sense, “fireproof™, there is no reason to distinguish them from “non-fireproof”
buildings, and so the designation has fallen out of use. The predominance of fireproof buildings is
a twentieth century phenomenon. In 1800, only a handful of buildings that could be called
fireproof existed in Great Britain and the United States. By the end of the century, fireproof
construction was standard for tall buildings in the United States, a type which increasingly
dominated the downtowns of large American cities, and a great variety of systems for constructing
fire-resisting buildings was available in both nations. As fireproof buildings replaced buildings of
ordinary construction, the danger of general conflagration decreased. After the first decade of the
twentieth century, the era of great urban conflagrations in the United States was over.

What, then, is a fireproof building? In nineteenth century terms, it was a building constructed
of incombustible materials; in other words, wood was not used structurally or if used, was
protected with some non-inflammable material. The discarding of wood applied particularly to
the interior of structures — to the spanning parts — since exterior walls were easily made
incombustible. Indeed, since the seventeenth century, public authorities in London and Boston,
Massachusetts, for example, required that walls of buildings in the town centres be made of brick
or stone, as a fire protection measure. Yet the interiors of even masonry-walled buildings — the
floors, partitions, and roofs — were made of wood, as well as the window frames, doors, cornices,
and so forth, which could communicate a fire on the gutside of a building to the inside.

Despite steady development in practice, and contrary to popular belief, a fireproof building
conferred no magic immunity from harm. “Fireproof construction must not be understood o
mean a mode of constructing buildings in which no fire can arise; nor does it even imply that the
buildings so called fireproof are absolutely safe from destruction or damage by fire”, Building
News explained in 1861, Rather, “fire-proof construction ... is little more than construction in
which incombustible materials only are employed,"2 Likewise, Peter B, Wight, an American
architect and authority on fireproof construction, observed in 1879 that “the most that can be
attained by the best known systems of fire-proofing — and this is the main thing after all — (is) the
preservation of the constructive portions of a building™.” In so defining the term, neither writer
meant to minimise the importance of fireproof construction but rather to caution what a fireproof
building could and could not do. Fireproof buildings were intended to check the spread of a fire
and eliminate the structure itself as a source of fuel. The building should be designed so that the
floors and roof act as horizontal firebreaks, just as masonry party walls and parapets made
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vertical firebreaks. By creating fire-resisting compartments, and thus containing a blaze, a
fireproof building bought time, for occupants to escape and firefighters to do their work. Thus,
fireproof buildings had to be more than merely compositions of uninflammable materials, and
they had to be backed up by a means of suppressing a fire. ldeas about what constituted best or
prudent practice changed over the course of the century, as understanding of the performance of
materials and the relative value of certain design features and fire protection appliances increased.

In this paper, I trace the development of, and attempt to account for differences between,
fireproof construction practices in Great Britain and the United States in the nineteenth century.
To know what in theory constituled the best fireproof construction I rely on contemporary
authorities ~ the architects, engineers, fire insurance underwriters, and construction materials
manufacturers who studied, worked on, and wrote about fireproof buildings.

Fireproof Buildings Before Iron and Brick Arched Floors

The British engineer Charles Sylvester, commenting on developments in structural fire protection
in an 1819 pamphlet, wrote that before the intreduction of the iron and brick system, fireproof
buildings had been made “with ceilings and roofs of stone”, Already in the mid-eighteenth
century the architectural writer Batty Langley proposed a solid masonry building system “1o
prevent the sad consequences of fire in dwelling-houses”. It consisted of “brick floors, with
arches, groined, or coved ceilings”, as well as stucco trim, stone staircases, brick interior
partition, and lead covering for the roof.’ Whether or not dwellings were built this way, at least
some small industrial buildings at the Royal Dockyards were constructed with brick vaulted roofs
for fire protection. Also at the dockyards, cellars in buildings for holding fammable stores were
covered with brick vaults.” While evidence is very scanty as to how extensively the system was
used in Britain, it is probably safe to take Sylvester's word that “such buildings are very
uncommeon, very expensive, and the principle upon which they are constructed is not at all
adapted for the common purposes of life”." However, vaulted cellars continued to be built in
Britain in the nineteenth century for secure storage.’

In the last quarter of the eighteenth century, fires occurred in London with “alarming [requency™,
prompting calls for public intervention.! In the first significant revision of London's building laws
since the Great Fire over one hundred years before, the Act of 1774 added metal, artificial stone
{concrete), and tile to the list of materials allowed in exterior walls, which materials came to be the
principal ones used in new systems of fireproof construction.” Al this time in Britain, however, no
one had yet proposed a substitute for wood in floors (save for impractical vaults).

Rather, invention went in the direction of better protecting wood, thereby creating fire barriers.
One invention, patented by David Hartley in 1773, wrapped wood floor members in thin sheets of
iron called “fire-plates™.”” Although Hartley tested his invention in a building known as the
Fireproof House, the plates were a way of making ordinary construction slower burning, not of
making a fireproof, or incombustible, building. The plates were used in public and industrial
buildings ~ for example, at storehouses in the Royal Dockyards in the 1780s'' — and dwellings.
While Hartley's plates seem to have gone out of use by the turn of the century, some building
owners continued to wrap sheet iron around wood structural members for fire protection. For
example, in 1807, the roof timbers of an existing corn mill, which became a wing of the new
fireproof Armley textile mill in Leeds, were wrapped in thin sheets of iron.* A second proposal
was an application of a kind of concrete, such as was used to deaden floors, to fire protection. In
1778, Lord Mahon proposed that the spaces between joists be filled with a mixture of lime, sand,
and chopped hay to a depth of about one and one half inches.”” Like Hartley's plates, this system
could be applied to existing buildings. In the same vein, building owners sometimes placed
plaster around beams and under flooring with the idea of making floors more fire resistant. But
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such measures could create structural problems, While common lime plaster was found not to
exclude air from wood, plaster (a natural material, so of varying compositions) could cause dry
ot un].ess the wood beneath was ventilated, as could sheets of iron tightly wrapped around
wood." Various methods for protecting wood were improvised over the years: wire lath and
plaster, paints made with alum, interlocking tile plates, and slabs of “[ibr'uus plaster”. But to
make a truly fireproof building a substitute for wood had 10 be found.

By the 1790s, just as British building owners started experimenting with iron joinery, solid
masonry fireproof buildings began to appear in the United States. The masonry system continued
to be the method of building fireproof in the United States until the late 1840s. Unlike in Britain,
where extant examples suggest that such buildings were small, the American masonry fireproof
buildings were relatively large public buildings. Commissioned by federal and state governments
for the most part, they often were several storeys high, with floors formed of bricck barrel or
intersecting arches carried on exterior walls and interior partitions or columns of stone or brick
levelled with conerete, and covered with stone or terracotta tiles. The system probably was ﬁrs;
yse(f in Philadelphia, where a prominent early example was the Bank of Pennsylvania, desi ghed
in 789 I:_')' Benjamin Latrobe. Latrobe had recently immigrated to America, having apprenticed
and practised architecture in his native England, and probably brought knowledge of this method
of construction with him." Latrobe’s apprentices, Robert Mills and Wiilian;Strickland and
Strickland’s student Thomas U. Walter, went on to design most of the fireproof buildings eréc[cd
in the United States in the first half of the nineteenth century. )

Robert Mills was especially prolific, designing many fireproof buildings while serving as
m‘cl?itect and engineer for the state of South Carolina in the 1820s, and lu]er as architect and
engineer for the national government. Several of his fireproof custom houses and court houses
still stand, as do his Treasury, Patent Office, and Post Office buildings in Washington, DC, the
last three built between 1836 and 1842, (Fig 1.) Despite his experience designing such buildings
and atlempts at innovation, Mills was unable lo overcome the limitations of the system. For
example, in the U.S. Treasury building, he tried to make the exterior walls thinner by
constructing the floor arches with “hydraulic cement”, which he believed “constitute them like

Fig 1: Stone columns and freproof vaults in the Old U.S. Patent Oflice, Washington, D.C., buill 1836-40 (Collection of
the National Portrait Gallery, Smithsonian Institution),
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one mass of masonry, relieving the lateral, and increasing the perpendicular press of the arches”.
This building became the target of a Congressional commniltee, inquiring whether it was unsafe

" and Mills incompclenl.m While politics and professional rivalry muddled the investigation,
nevertheless it seems that there was no settled practice for constructing such buildings. And
indeed, these cave-like buildings were not very practical. An unhappy resident of Newburyport,
Massachusetts, described Mills’ damp custom house fifty years after it was built: “...there was not
in the city a more dreary and desolate place than the Custom House™."” But although
unsatisfactory as buildings, they undoubtedly were fire resistant.

Fireproof Construction in Britain, 1790-1860

The search for less expensive and more practical systems for constructing horizontal fire barriers,
principally floors, wenl in several directions in Britain in the late eighteenth century. One was
brick floors, springing from cast iron beams; a second was floors of hollow clay products,
supported by walls or iron beams; and a third was floors of concrete, with or without embedded
iron joists. Iron first began to be used for structural members at this time. Improved methods of
smelting iron ore, using coke rather than charcoal, spread rapidly in the last quarter of the
eighteenth century, contributing to a much increased output of pig iron and its use for a greater
variety of purposes, including construction materials. Tron was considered fireproof because it
could not burn, and became an important component of the new systems of fireproof

construction.

Iron and Brick

In the 1790s, the iron and brick arch system of construction, which came to define fireproof
construction, was introduced by William Strutt and Charles Bage in their multi-storey,
mechanically powered textile mills. A considerable literature on the history of this systerm in mill
buildings in Great Britain is available, so I shall only mention a few points about them. "
Fireproof mills appeared in the major textile areas of Lancashire and Yorkshire, though because
they were much more expensive to build than ordinary timber mills, only well capitalized
manufacturers built them.” Often fireproof mills were built to replace mills that had burned
down. Not until the end of the nineteenth century did fireproof construction become standard for
new mills.

The mills were built with bearing walls of brick or stone, typically in a rectangular shape. Cast
iron beams ran across the narrow dimension, resting on the exterior walls and in between on one
or two rows of cast iron columns. Brick segmental arches, which sprang from the beans, were
levelled with sand, ash™ or “hard rubbish™ and at this time were paved with tiles or ﬁags.l' The
shallow arches reduced the thickness of the floor but created narrow bays. Improvements in beam
design were in the direction of using metal more efficiently and creating wider bays, but all
beams had an angle or flange projecting from their lower portions to start brick arches or carry
the skewbacks for an arch. Typically, the roofs of fireproof mills were built of wood, covered
with slates.

A second system of fireproof mill construction, developed perhaps to increase the span
between beams as well as 10 reduce the weight and depth of the floors, consisted of an
iron framework filled in with large flag stones, making a flat floor. A number of mills and
warchouses constructed this way date from the 1820s and 1830s, of which the Beehive
Mill, Manchester, is an extant i:xarm')k:.22 Also in the 1830s, a Mr. Farrow patented a version ol
this type of floor, using small wrought, rather than cast, iron joists in the shape of an inveried T
such as were being rolled in France, on which were placed stones of the depth of the joist, which
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could i'm"m giLher the floors or roofs of fire-resistant buildings. These floors were used in som
sugar rc[.llnle‘;es - a very hazardous business.” However, experience soon showed lh:;l stone wa:
Ei-;sat;sidcmry material for fireproof buildings, since most kinds could be badly damaged in a
Space in textile mills and warehouses could be compartmentalized with relative case:

50 I.hc noq~i11dustriul buildings which were constructed with brick and iron ﬁ;e mnf'ﬂc‘J n'( 4
b.e_guming in the 1820s and 1830s. Mills needed vertical openings for little bcéidcs :ﬁe stairwi? Ii‘
11]15, power, water service, and heat pipes, all of which could be walled off froml the m‘:i-‘
ﬂolor,l or in the case of staircases, put in a separate tower. Architects of public and instituti ‘mrll
buildings, the type which tended to be built fireproof, generally relied on the incomi}u‘r'b"—.l"

of Llhc materials to protect the buildings rather than compartmentalizaion.™ Chilflﬁ: ;3;;?
dc~51_gned a nugnbcr of buildings in which incombustible materials were used for thc 8 k?:
of fire protection, but the buildings as a whole probably were not conceived as fire }d f
st.ruu[urcs. For example, only after his design for the H‘ouscs of Parliament w;I\: d[‘? llmd
did thc ‘Gnvcnrnmem order the building to be built fireprool, This was accom iisl?gglz‘s

suhsn[lutwn of iron girders and brick arches for ordinary floors, and iron roofs insle?ud of %lﬂ['g
cmfttrln,g_s" — the latter modelled on roofs of public buildings in France Iaclcordiln j

the archllcc_l’s son, Edward Bairy. He also described the ﬁoorshof the lowery as “fire fo(r)
receptacles for records and papers of value™.™ Thus the bui Iding was Cl)rllpﬂr[IIICIltL'iﬁZCd \iheue
necessary, but not generally. Office buildings, not containing the kinds of Iiurnma{ble cont rt

found m_warchouscs or mills, were considered low risk sifuclurcs. Parts of Charles B: cn'%
Reform (_.}ub (1838-41), such as the floors over the basement where the kitchen was locatercljrr-yg
over the first floor, were made of iron beams and brick arches: and the public Sl:lirW'l s \-m

ellC].DSE:(‘L th_uugh wlhclher this was [or fire protection, I can not say. Al Lhr:.:sa;ne 1‘1311;‘ \Slr:
;;; \r Lz:};shl ;l.gl]l; :p Tr(i?ft_‘l Tsc:rmc: partitions, and finishes were made of wood, so the building was not

Hollow Tile

)_ix 1793 Fepan of a committee of architects, which tested David Hartley's and Lord Mahon'
fjrcproohng systems, mentioned a hollow tile which also could be used for fireproof ‘[l D ﬂ‘
Arches uf.Cnnes__ or Bricks, or Tiles ... will answer the purpose, but thcy‘m'é lnlj)rc wcil fl"’t"
un‘d expensive.” Tile is the general name for materials made of fired clay, with (he excepti ‘g } }Ir
brlck.l "T!u: advantage arising from the use of Cones, when cmnparcd‘ with Bricks‘ ri,s.ut,ln ;
superior l_Lghmcss (being twice the bulk and only half the weight) and their being a ‘l‘ic;‘ bl 15:’
Arches of a very small rise™.™ The cones referred Lo were made by a pm[crvr :m:r Lrj)lzld ; fi‘hn
top floor of William Strutt’s fireproof mill in Derby, under cunstruciion in that e“1r was Ol-l d 3 {;
i!anw [_)o(s. manufactured in Britain. Pots also formed the top floor, of riot (;[h::!: lpl:ijmcezr
?;{;[;fgot buildings: a warehouse in Milford built in 1793, and West Mill in Belper built in
fl'hc pot idea probably came from France, where floors of brick arches carried by timber beams

= like those first introduced in Britain by Strutt, save for the shape of the beam ~ were bei ltm'li5
in the I.u.te eighleenth century, Benjamin Franklin described them in a 1771 leer: “InL:'.i;gn)‘m;
the Pu.m: Buildings the Floors are thus formed. The Joists are farge and square, & ‘l'lid wrlht; 0
of their C'.(_Jmers up and down, whereby their sloping Sides uffordeutmean [(Jl: the ‘inlc 1 ‘d’?wj
Archf:x of Brick. Over the whole is laid an Inch or two of Loom, and on that the ”;‘I* ‘mtl'
the Floor...” The joists were tied with iron bars and a ceiling undér the joists made l)Iﬁ\: Dh
and plaster. “But it is heavy, taking up more Room, requires great strength (IJi"Timber‘emd‘l[is
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Fia 2: French method of constructing a floor of hollow pots and ll'Ol'l_‘b'tllﬂ'lh {from Charles Eck, Traité de Construc
s en Poteries ef Fer, 1336}

French builders had with these heavy floors that prompted a search for a ll.gh}&t fil}'uctllrul c:lyr
product. At any rate, hollow pots —a rediscovery of unrold mt:lhnl)d ut‘ L:on‘s,ir‘Lu.lm.nf;i z;pp ‘
in about the 1780s, and soon were used in conjunction wulh_ rolled iron in uﬁyst{?{n gqﬁ: p‘nfo
construction known as “poteries et fer”. The pots, wrote an:huc_ct Charles Eck mt}lus 1 ::f zj.:&:’e
on the system, in combination with iron, created very light, solid aj&i absolu:ep‘ : 1Ie[la_1l‘on?“3“m[éci
and could be used in the construction of partitions, roofing, \:';iu‘lrs. ﬂoorx and sl.n;.b.u‘ € IF st
examples of the system, as used in theatres, government bulld}‘ngs, zim.l murkf’,l‘ .f 5 ml 1—rqlt m.l )
Several kinds of tiles are illustrated in Eck's book, bu} the “cone ty[?c Was ndrrovu_,e- g o
end than the other; they were placed alternately right side up and up side down to k?un .11L "15
floor, or narrow side down Lo form an arch. The pots were made by hand, thrown on a potter
wheel. (Fig. 2)
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Hollow pots springing from stone skewbacks resting on iron beams were used for fireproof
floors in buildings in England from about the 1790s to the 1840s, including several government
buildings, a mansion or two, and the domed rool of Soane’s Bank of England. But they were
never used in as many buildings, or applied to as many structural purposes, in Britain as in
France. This may be because, as built in Britain, they offered no great advantage over brick: pot
floors were relatively deep and average spans, at 4% — 744 feet, were less than those of brick arch
floors.™ In addition to pots, hellow bricks also were used in France and a couple hollow brick
systems were introduced in Britain, but they were little used.”

John Webster, in his comprehensive 1890 survey of fireproof construction materials, was
probably correct when he suggested that the ability to produce hollow tiles by machine was
important 1o the success of this system. He gave 1845 as the date of the first successful tile
forming machine.” But there is evidence of machine-made hollow Liles at an earlier date, though
the specific product may not have been widely used. In the 1830s, a builder, JTames Frost,
introduced square, hollow tubes “made by a machine” for constructing floors and flat roofs. The
“machine™ may have been like the sewer pipe press used to make hollow tiles in the U.S. some
five decades luter. Frost’s whes, 2V inches square and a foot long, were laid flat in two layers at
right angles to each other, bonded with a “cement” of chalk and clay, and 1opped with mortar,
While the floors were only perhaps 6-7 inches deep and comparatively light, they were not
designed to have intermediate supports, so apparently were intended for small rooms.™ The
desideratum of lightness combined with greater span was not accomplished until Joseph Bunnett

patented his hollow tile system in 1858,

Concrete

Probably the first fireproofl concrete floor in Britain was that installed by Henry Fox in the 1830s at
his private asylum near Bristol. The floors of this building are made of cast iron joists, of inverted T
section, with heavy laths resting on the bottom flange, forming a permanent centering, A layer of
mortar covered the laths, and then a thicker layer of mortar mixed with an aggregate, followed with a
finish layer of lime and sand.™ Although patented in 1844, the system seems not to have been used
until some years later, after Fox joined with James Barrett, a building contractor, who promoted the
system. Barrett claimed his floor weighed 78 pounds per foot, comparable to a floor made of half-
size brick arches but about two-thirds the weight of full-size brick arches. By his calculation, in
1853, 2 63 x 28 foot mill floor built his way cost about 40 per cent less than a brick and iron floor.”
In the 1850s, Barrett began using rolled iron joists rather than cast iron; however the joists continued
o be closely spaced, about 1% feet apart. The eventual product, known as the “Fox and Barrett”
Hoor, was installed in hospitals, residences and office puildings,“

Also by the 1850s, French methods of constructing concrete floors began to receive attention in
Britain. For example, in 1854, H. H. Burnell read a paper at the R.LB.A. on the French “iron
floors”™. He described two systems used in Paris, both of which consisted of closely spaced rolled
iron joists which carried small iron bars; the iron was covered with plaster. These floors apparently
had not been developed in France as a fire protection measure; rather, they were improved versions
of floors which came into general use following a carpenters’ strike in the previous decade.”

Thus, in Britain by mid-century, the cast iron and brick arch system was well established, a number
of patented systems of floor and roof construction were in use, and certain principles of fireproof
construction — the concept of compartmentalization and the need for fire breaks in wall cavities — had
been discussed in print in several places." However, few kinds of buildings were built fireproof —
mainly prominent government and institutional buildings, the better capitalized textile factories, some
warehouses, and model housing. London’s building laws did not require any building to be wholly
fireproof. Rather, the Building Act of 1844 codified the tendency to concentrate fireproof materials
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where they maight, theoretically, do the most good. Thus access ways in the public building class,
and stairs in multi-unit buildings in the dwelling class, were required to be fireproof. Large
buildings such as warehouses could not exceed 200,000 cubic feet, although openings in party
walls between warchouses were allowed, if protected with iren doors.”

In American cities, such building regulations as existed were concemned with exterior malerials
of construction. Very few fireproof buildings existed, mainly the solid masonry type, built mainly
for government or institutional owners. Manufacturers did not build fireproof buildings. Iron and
brick construction was just beginning 1o be taken up. Not until the 1840s did American iron
production increase to the point where it could be used extensively in building construction.
Belore this time, cast iron columns were impm‘ksdf11

Introduction of the Iron and Brick Fireproof Building in the United States,
1850 - 1870

The American production of castings for buildings increased considerably by mid-century, as
urban foundries — what became known as architectural iron works ~ began to manulacture
building facades, columns, lintels, stairways and so forth. Int the late 1840s, a few fireproof
buildings modelled on the British iron and brick fireproof non-industrial type were commissioned
by government clicnts. By 1854, one of the nation’s leading iron manufacturers — Trenon Iron
Works in Trenton, New Jersey — succeeded in rolling T shaped beams, referred to by
contemporaries as “deck beams” since they were shaped like those used in iron sahlps.'13 This new
product came on the market at a propitious time, when the U.S. Congress was busy voting
approbations for the construction of government buildings in newly seltled regions as well as
replacements for out-dated buildings in the East. Between 1854 and 1857, about seventy custom
houses, court houses, post offices, marine hospitals, and specialised buildings were authorised.
All were fireproof, and all were built with internal iron struclures, using the new beams from
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brick arches in the governme gs . : sy i R e
1 G i ;. Concrete did not beg .
e HEs } carlier masonry fireproof buildings. . S TR
grehies.n = s LM‘I;LLH 186(}3’"‘ Third. the roofls of the American buildings were made of 11_u1:31, o
o ‘ iy ; i i 5 itis
B and corrugated iron covering (Fig. 7). The rloofs. of Br _1
; L le was used in the Amerncan

the system for constructing indu

rolled 5 ts ;
cast and rolled iron suppor 2.1 : ‘i
mills usually were framed in wood. Lustiy.du.s hftlc “;::)i;icpzyme g i LT
i ’ /i ; frames and stairways w h : : ki
ildings: thus the window [rames : . i L e
bu“credgwith stone or Lile, The buildings alse were supplied with iron shutter
cov :

fireprool mills.
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Fig 7: Details of the roaf, Custom House, Portsmouth, New Hampshire (from Plans of Public Buildings, 1856).
Why wrought iron beams, which were available in Britain in the 1840s, were not more used in
British iron and brick mill buildings — as Joists, as in the non-industrial buildings, or as girders —
is something of a mystery. Even the most exemplary plants, for example the huge integrated mill
in Yorkshire built 1850-53 by William Fairbairn for Titus Salt, was constructed with cast iron
beams carried on columns.” Fairbairn’s important book on the construction of fireproof
buildings, published in 1834, discussed the superiority of wrought iron over cast iron for beams,
but did not suggest that they might be used as jaists in combination with girdcrs,“ The girder and
beam system began to be used in railway warehouses in Manchester in the later 18505 or
18609s™, and in textile factories in Lancashire by the last decade of the century.” Nevertheless
factories throughout the century continued to use cast iron,

Fireproof buildings were built around the country, but especially in New York, which was
located near to Trenton. The example of the government buildings undoubtedly helped
popularize the system. Fireproof buildings built for commercial clients in the 18505 and 1860s
include the American Exchange Bank, Continental Bank, Hupfel's Brewery, Metropolitan Gas
Works, and Mutual Life Insurance Co. Building in New York City;
Society and the Tribune Building in Chicago. Nevertheless, the numbe
constructed was small. Iron was still an expensive m,
Moreover, American-made rolled beams were sold at

the Chicago Historical
r of fireproof buildings
aterial in America compared with wood,
fixed prices, and imported iron was taxed.
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j ation’ ¢ took a
Consiruction of iron and brick buildings slowed after 1857, whz?n the -n:}:wwnlsr ;ign:;‘r:);nﬂmim
d"we and dried up in the first part of the 1860s during the American Civil Wa 1

that followed.

Rise of Fireproofing — the 1870s

idi aterial. James Braidwood
Already in the 1840s in Britain, iron was under attack as a building material. Idineshifnm thr,l
; s i ast i ams and columns
Superintendent of the London Fire Brigade, argued that cast 1r?n bzag};c c‘;n\:;th I T
used in large buildings with open expanses, slaircases, and wells, an i
g;)odq “are mot practically speaking, fireproof™. Cast iron, he ubs::rve( g _\:;as lwmm i
" " i i / ess fi — loading; girders,
inc awed casting or weakness from over g i % '
many reasons, including flawed casting _ . e | o
b; d);a heat of a fire, could push out walls; iron tie rods [rug_hl ?1ve when 33181 :E[ur o
and heated iron might [racture when cold water was thrown on 1[j For. these al? il l_am.v -
the firemen are not permitted to go into warehouses supported by iron, when y
L
fire”.
Braidw _ : .
London’s most serious conflagration since 1666 — A
and spread among the dreaded iron wal-ehotfscs, m.any 0 T o saekel
Calls for new laws lo protect the public typicaily follow s'.ut.d tragedies. e
: iding [ : er government &
itan Fire £ roviding for a fire department under & i
the Metropolitan Fire Act, provi . £ VERBIER i
to rcpl’lccpthe organization Braidwood led, which was financed by fllrr: m.sur‘;::::lir cr;mdsm
iy i I isi ildi sgulations. Rather, :
However, no clamour was raised for revisions to the building regu i o
of structural iron increased. The Tooley Street fire showed {Ilramanc.} ) w ey
W ;mn in a serious blaze. AS a Building News reporter described the lr; sl;cn‘e_“ed Cofumm
Iart of the premises...now lie in shapeless hills of bricks, broken and a,;I-e v bé
Ig]irdt:rs iron doors... Such a heap of broken ironwork as that hcrle co!icctem |:ba.=;n” o
; fect d are cen i short lengths, others, ha ,
irders fi fect deep are broken into s
seen — girders from two to three ) i H iy
have ru%- into strange forms...”” Bven the insurance offices considered iron a more " bmmct
) 4 o 1 -3 1 Erel] o ]
material than woudﬁ1 The solution to the iron problem was either to avoid using it, or 0 P

It

[alli ; i i at was perhaps

d is death i shed by a falling wall while fighting what was per :
S S = o Lhc-gToolr:y Street fire. The fire smrtr:d.m
which had been very well buill.

Shaw, w aded London’s
In the iron-avoidance camp was the redoubtable Capt. E. M. Shaw, who next headed

‘s warnings iability of iron.
firefighting erganization and repeated his prcdec.cslsor s w(zmu_l,t:;.» ibourl] tll'::;:r;:: ;TE:}:E{G s
He wrote that hardwood posts with girders and joists h_lled with u,n}a e :an vable 1o ron
.ombined with brick.™ Shaw, in fact, was highly sccphca! of lheI: idea of fireproof i
(:m l:d‘:'arnncd the use of stone, the usual material for making stairways (a1 Loudnq in colmp 1an_t£L
u.r‘i:llf(;he Building Act, and thought hollow hlrick (:‘ﬂulfl C.l'ilCF( wtl:clr‘u‘ll‘{n; [Illjz\:::)(:u::i m : r::u::;lo);'
expandcd.55 He recommended limiting the size of bu1ldu'1g:\ - Cli E 11‘ B e
trying to make them fireproof. Regarded as a hero u:‘{d ummpmc‘ha ¢ .;u m u{éhhcd Al
{ted and echoed by writers in the architectural press if’rr years to come. As c b .d el
ilt“_ dlt,onduded ina 1865 paper: “Nothing short of diminishing the size of W.lt‘t‘,hﬂli\‘:t; and ol ey
oh bid o rpg Nan: ick arches rick piers (as in solid masonr
Su'ch'b“”din'gs‘ - PTUI@U“?E thﬂ‘m 1?:: ZOx:lclinatrI:eltﬁ;dOfﬁfbbrick l;rchcs on iron girders is the
buildings), will n;mlcr lhl-;:mu::?.:;eb,
54 U us that can be used. a .
mogzdliig::::i—l%()s several new methods of building Iirle?r.mé Eiﬁ: [tl,l.llnnlcc 10: gig&ﬂ:ﬁ;;ﬁ:ﬁ
 which were made of concrete, a less expensive materia in 3 an clay \\.“ ..
ﬁi\?;g:z:]% j::) addressed the problem of how t? prolect iron bea:;ls‘; t[:ugc 052:31:: :;E:::ii
less attention, perhaps because the new tireproof ﬂom_‘ s_vster?s mr‘] ::h.\ aﬂ e In. w 1872
where walls and partitions rather than CUILIITH‘lS u.n‘d glrdcr.ls carrie ;- L.r ﬁwdc.m ihl;wnmms‘” :
article in Building News on “how to build scientifically with the aid o :
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writer listed Phillips” and Dennett’s fire resisting floors as the kinds most generally used.”
Phillips’ floor was like Fox and Barret's, with small T iron replacing wood lath between rolled
iron joists, and the concrete made with Portland cement.”® But with joists spaced two
feet apart, the floor required a great deal of iron, Dennett’s consisted of gypsum combined
with an aggregate to make “Nottingham concrete”, and was shaped in an arch usually, but
was not reinforced with iron although it sometimes was built between iron girders. This floor
was used in a “long list of buildings”, including government buildings, St. Thomas’s Hospital,
and at least one Yorkshire mill in the 1870s.” As well, a type of concrete arch floor, unreinforced
like Dennett’s, or with reinforcement when constructed fat for landings or corridors, made
by W. B. Wilkinson & Co. was installed in railway stations, a building at Edinburgh
University, and “in many warehouses and stables”.”’ These new foors led one writer to
exclaim: “What changes have not come over the meaning of fire-proof! Among my
carly experiences no building was considered fire-proof that had not iron joists and brick
arches ... Now it is generally admitted that no floor can be called ... fire-proof that has iron
used in its construction — such is the present position of iron”."" Somehow, though, these
new truths had passed by mill designers and owners, as they continued to build with iron,
unprotected. ’

That iron is unreliable in a fire was amply demonstrated to Americans by the fire which
consumed Chicago in 1871. It oceurred a few weeks before the annual convention of the
American Institute of Architects (A.LA.), and was a hot topic at the meeting. Peter B. Wight, an
architect with a great interest in fire protection, visited Chicago shortly after the fire and reported
to the meeting on lessons learned from the destruction of Chicago’s fireproof buildings. Wight
held the cast iron columns responsible for the failure of the fireproof Post Office, believing that
they shatiered. Iron was again put to the conflagration test (he following year, when the centre of
Boston, Massachusetts, burned down. After surveying the Boston wreckage, R.G. Hatfield, an
architect with an interest in technical aspects of construction, concluded “all iron had been
proved untrustworthy; cast iron, however, had stood much better than wrought iron”.”* How did
iron behave in a blaze?

American architects lacked technical information regarding new construction systems
and materials. As one complained in 869, architects did not have the means to test new products
for themselves (though they often required manufacturers to perform load tests on items ordered,
as did British architects), and manufacturers did not divulge complete information about
their products.” Another remarked a few years later, “notwithstanding our seventy
years” experience in iron, we now really know very little with certainty as to its action under
varying circumstances of stress™.™ How American architects got information is still a question.
The A.LA. chapter and annual meetings were venues for discussing such topics and the New
York chapter collected product samples, but the organisation was elitist and only a small number

of all building designers were members. The papers read at the annual meeting were published
in Proceedings. The first American architecture magazine to survive for more than a few
years began publication in 1876, and it printed the papers given at A.LA. meetings and articles
on technical subjects. No doubt designers also relied on the material manufaclurers, and
the handbooks they published, 1o a great extent. Some read British periodicals. While still
scanty, by the 1870s the sources of information on technical matters for architects at least were
growing.

And their interest in fireproof construction was great, judging from the number of articles
on the topic appearing in American Architect and Building News and the patents for fireproof
materials — or, now, “fireproofing” materials, as the age of structural protection rather
than incombustibility had arrived. Though the men who wrote the articles about fireproof
construction were well acquainted with British hostility te iron, they alse believed that
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the strength of iron, especially columns, was indispensable; rather, they too made the diﬂlinc}lon
between hincombustihle and fireproof, and emphasized that iron had to be protected. As an.ht
wrote in 1878, in an approving comment on the plans for a new city building in Chiu:{lga: “In Fl.\'
constructive features the materials are not alone incombustible — a word 100 often mistaken tqr
fire-proof — but are to be made fire-proof in the irue acceptation of the term. All the iron- work is
to be protected””

Two great problems of fireproof construction — how 1o make it altordable ;fnd how to protect
iron — led to two different styles of fireproof building in the United States in the 1870s, both
of which made use of an old material, clay, employed in a new way. The iron and brick ﬁruprpof
building was very heavy, requiring extra material in the exterior walls, a'mq foundations. One
wav to lighten floors was to use hollow tiles rather than bricks. From this idea, the system of
iircaprt‘:ofbconslrucl'mn which became standard practice in America umil_ the first decade (_Jf
the twentieth cenury evolved. However rolled iron girders and joists Ve slill very B‘:&pf':l'lswﬂ. in
part, contemporaries believed, because of price fixing by the mumtl.zu?‘lurers', t_he mill poql".
as well as tariffs on imported beams.™ A more economical method of fire resisting colystrucuon
was Lo protect ordinary wood floors by suspending ceiling tiles from thera. _A n_umhcr of Ernducis
for this purpose began lo be patented in the 1870s. With respect to protecting ron, mtctlmgn wias
first directed to protecting iron columns, perhaps because iron columns were u_sen] in ttulicl-lllgs of
all types, whereas iron beams were used principally in the few [h_nroughly [ireproof bmlc%mgs.
Several methods were patented to protect columns; beam coverings were not used until the
1880s. i o

Tile fireproafing products first came into commercial use in the fireproof buildings constructed
after the Chicago fire. Some months before the fire in 1871, George H. Johnson, a manger
with the Arclﬂlchclurul [ron Works in New York (and Fnglish by birth) and Balthasar Kreischer,
a manufacturer of brick products, patented a large tile which spanned betwe«?n iron floor
beams. Their tile was shaped like a tile patented about 15 years before by the German born
engipeer and archilect Frederick Peterson. Peterson’s tile is unlike the pots, lubgs and
hoi-low bricks used in England. The Patent Office illustration shows a one piece unit, restmgAnn
the lower flanges of beams of Hodgkinson section, with an arched top nnd\ flat bottom. Accolrdmg
to Peter Wight, these tiles were only ever used in the first storey of the Cooper Ins_m.ult:,
desiened by Peterson and built in the 1830s, where they were set between double 6 m.ch
chm{hel bars bolted together, 2 feel 6 inches on centre; they were made by hand of semi-fire
clay.” ‘

It was not this tile but one patented by Johnson a year luter, in the shape of hollow voussoirs,
that Johnson installed in the Kendall Building (1872-73) in Chicag&, along with hollow blU(_Ik
partitions, in the first instance of the use of this material in Amcriﬁ. " (Fig. 8) Hollow voussour-
shaped tiles were being manufactured in France in the late 1860s." Although IhehFrcych_bloc_ks
generally had interior webs, unlike the Chicago flocr, they were probably Flw ll'I..‘ipll'i!uUOl'I. for
Johnson’s floor. Johnson may have received help selling the idea ol hollow tile floors from the
example of a 12 foot wide terracolta arch made [rom blocks sent over from England, put up on a

Fig 8: Mollow rile loor, as used in the Kendall Buildings, Chicagn, 1872 (From LK. Freitag, The Firproofing of Steel
‘ Buitdings, 1899y
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BUNNETT. _ Figo: 35.36. 37,34, 39, M\\:

Fig 9: Joseph Bunnett's patent hollow tile Hoors {from Minutes of the Proceedings of the Institution of Civil Engi
LHO0-1}. ’

REers,

vacant lot in Chicago afier the fire."” (Fig. 9) Joseph Bunnett, inventor of this floor, patented his
system same 13 years before, and it had been used in Grosvenor Hotel and the London and
Brighton Railway Station, Pimlico.” His interlocking blocks tied with an iron rod could form
spans of 21 feel, with a rise of only 2% inches. The blocks came in two patterns. one for a “side-
pressurc“ arch — with the hellow cavity running perpendicular with the tie rod — and the other, an
“end o pressure™ arch — with the cavity running parallel to the tie rod. The tiles were made by
machine, with the clay pressed through dies. Whether Bunnett ever sold his blocks in the United
States is not known, but he made no headway in Chicago, in part because local firms had entered
the hollow tile business, and in part because, in the hurry to rebuild Chicago, “there was no time
to study up the subject” of fireproof building. )

For owners who could not afford to build with iron — and most were in this group — inventors
devised a new version ol wood protection, a la Hil[‘“C}’ and Mahon, in the forrh of interlocking
ceiling tiles. A number of patents for such tiles were granted in this decade.™ In addition, patcnl;
Iﬁ,ar the materials of which tiles were to be made were granted. Materials used in making tiles
included ordinary clay, fire clay, and mixtures of different kinds of clay. The i"irc-prcrof]?-lﬁlding
Co. of New York manufactured tile from a mixture of “French cement”, plaster, and coke breeze,
according to methods used in France, In Chicago, a method of making porous terracotta invented
by the architect Sanford Loring and patented in 1874, consisted of clay mixed with sawdust or
other vegetable maiter which burned out in the firing.™ Porous tile could be nailed and sawed
and was used rather than lath and plaster for ceilings under floor joists, ,

The problem of protecting iron columns was first addressed in the United States by Peter
Wight _:m(l his partner William Drake (English by birth) who in {874 patented a IIIE{I'ID(] of
pr(_)tc:r;lmg cast iron columns of cruciform section with insulating wedges."‘" For larger columns,
Wight came up with the idea of having small flanges cast on to cylinders to hold tile wedges.
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{from J.X. Fretag, The Fireproofing of Steel Frame Buildings.

fjp 10: Pl dght's systems of col fureproofing
Fig 10: Pueler Wright's systems of colunn furep o

Columns of this type were used in the 18805 in a vu‘riel)’ _ui' bui%dlingg _l'he n1f:u:’.-;i%:: (i:;:?lrz
used to cover Phoenix columns, which were made qk ﬁcchons n?l‘ mUI:-;!d 1r€:n1;f(1)w U; . ,:nujn - ,Cim
meet the specifications for federal gm-‘e,rnme_m‘l)utlldmgs, .thth‘ fm noh;IId aivl e
iron columns, Wight developed a system of tile rings with a groove, P

band.” (Fig. 10)

Many of these inventions appeared
18705, due to the general cconomic slow
‘o improvi ot ors continued to
for improving hollow tile floors . e, 2 s
direction of wider spans, made possible with terracotia ol new LOI]IPUISITKTIIE. e e

inforcing webs inside the blocks. Several New York area companies, in additor ! 3 o P .
reinforc s in: : . ) i S5 S e
lﬂinoi%ab;\;ctl firm. entered the business, including Huvelman, [lli.w_\:n &lﬁn_ Lu;ldmmt G

81CE. : : -aniractors for installation, although s also ¢
ildi o. Tile manufacturers were the contractors for installa : s
Building Co. Tile manufacturers wer tract S e e
; i ir li sinesy came to be knowrn as “hrep g
i 1S crs, and their line of business came ‘ :
their products to builders, an _ e (e e st
Allhoggh these companies advertised in the national :uchllet..tur‘nl press, h_,w F;wnu: A
New York City and Chicago (with the exception of the federal government) boug
ew Ty ag

products.
Why Americans did not adopt any
concrete for making walls as was tried in the Peubudy WO K
itis ilding construction, “concrete !
mystery to the British. In building cons ion, “co G T s
iniludi);lg cement, was used in America for foundations to some extent before the 1880s,

after the 1873 Panic and were not used in buildings in the
down during the rest of the decade. Nevcnhelcss,l ideas
be patented, and the system developed in the
i the placement of

of the conerete flvor systems used In Brimlp, or even use
rkers' houses in London in 1871, was a
of varying compositions, not always
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levelling brick arches. A type of fireproof Hloor made of concrete or mortar poured over sheet
iron plates, with or without corrugations, flat or arched, had been installed in a few buildings in
America.”” C.C. Dennelt obtained a U.S. patent for his concrete arch in 1870.” But a writer in
1869 remarked that Americans lacked an understanding of “management of the material in large
masses”, and users found they ended up spending as much as if they had used brick.”™ Production
of Portland cement did not begin in the United States until the 1870s, and even as domestic
production increased, far more cement was imported, from England and Germany, al great
expense, than was manufactured locally. As late as (896, about twice as many barrels were
imporled as were produced in America.” The architect Richard Hunt, writing in 1877, believed,
“with the experience gained by the more general use of these materials (concrete and beton) in
this country, the same (uniform) results will undoubtedly be attained™ as were achieved in
Europe.” On the other hand, tile had much to recommend it. Clay was abundant in America,
whereas concrete was a cheaper allernative to brick in Britain. In this pericd, tile floors ook less
time to install than did concrete Aoars, which was a selling point for time-conscious Americans.™

British inventiveness in the decade of the 1870s was also stimulated by the Chicago and
Boston fires. Archibald Dawnay, “one of the piuneersi of the Hat or suspended concrete floor”,
began working on a concrete, floor in 1868 when rolled iron joists were first imported 1o Britain.®
His floor was a flat slab of cement conerete reinforced with bars or small joists of iron, and could
be used to create spans up to 20 feet. It was used in “over 3000 buildings”. Another slab, made of
rolled joists embedded in concrete but with no other reinforcement, was patented in 1871 by
Homan and Rudgars,“] The Liverpool architect, Lewis Hornblower, invented a method of
constructing floors, partitions and roofs which combined iron rods, hollow tiles, and concrete
made of Portland cement and aggregate. The iron rods ran through tile tubes, between which
larger tiles were suspended, forming a permanent centring which was covered with concrete.™
This system was used in the Manchester Pantechnicon, the Liverpool Corn Exchange, and
several buildings in Glasgow.” Homblower also invented a method of fireproofing iron columns
and girders in existing buildings by covering them with fire-clay tubes held in place with
Portland cement concrete. Another form of column protection, available from Dennett and Co.,
consisted of concrete laid on to cast iron columns, held in place by longitudinal strips of
corrugated iron or wire mesh on wood strips." The objection to such coverings was that they
increased the diameter of the column.

While London archilects may have abandoned iron and brick arches for fireproof construction,
mill architects did not. Some innovations were introduced to increase the span and reduce the
depth of arches, for example A. H. Stoit’s iron column brackets, patented in 18717 Iron in mills
rarely was protected, a fact noticed by American fire insurance officials who visited English
fireproof mills.™ American mills in the nineteenth century rarely used structural iron, since large
dimension wood for columns and beams was much less expensive.

The First and Second Waves of American Skyscrapers

The American economy picked up at the beginning of the 1880s, and the new fireproofing
products were adopted in new buildings constructed in the bricf booms that punctuated the
decade. Production of fireproof products increased as new hollow tile, or “fireproofing”
companies entered the business. The flat or curved arched floors made of terracotta were called
“American floors” in Britain. Many of the buildings constructed in this decade were “office
buildings”, practically a new type of structure. Rental space in the commercial city before this
time could be found in lofts comparable Lo what were called warehouses in Britain, which lacked
facilities for the convenience of tenants. But demand for office space, coincident with the
growing number and scale of some businesses, increased to the extent that cver larger buildings
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could be profitably filled; the new buildings had to have elevators, lavalories, and appointments
ers who built for their own use occupied only a few floors of their

to attract tenants. Even own
dings apparently were not being

buildings and rented out the rest™ Such speculative office buil
built in Britain to the same exlenl.

American fireproof building of the 1880s was constructed of either incombustible materials or
with wood floors protected with terracotta ceiling tiles. Many buildings were constructed in both
styles until mid-century, after which they thoroughly incombustible style came to be preferred for
first class buildings. A fire in the Grannis Block, a fireproofed wood floor type of building, in
1885 helped turn the tide in favour of using iron and tile cxclusively for office buildings in
Chicago. As Henry Ericsson, a builder and later building commissioner for the city, recalled: “In
4 real sense, more was learned from the burning of the Grannis than from the great fire of 1871;
at least, its lessons were taken Lo heart and lenants became aware and aler! as regards the perils of
fire”.™ Also, the first wave of il building construction fiad begun, and concerns were being
raised over Lhe safety of buildings which stood beyond the effective reach of fire hoses. By mid-
decade, laws were passed both in New York and Chicago which forbade the constructive use of
wood in buildings over a certain height within the fire limits.” After mid-decade, then, the
progress of the tall building and the fireproof building became completely entwined. Tall
to be built fireproof, by law if for no other reason, and fireproof buildings had to be

buildings had
ruction affordable.

tall, in order to return a significant rent ta make their hi gher cost of const

The story of the tall building has been told many times, but the fact that it is also the story of
the fireproof building is not always appreciated. The tall fireproof buildings of the early 18805
were impressive for their height, but also for their weight. One of the first skyscrapers, the ten
storey Montauk in Chicago (1878-82), was completely fireproofed by Wight Fireproofing Co. It
was also notable for having rail grillage foundations on isolated footings, a new type of
because of the depth of bedrock under the city.” With grillage
foundations, a heavy building would setile on the upper layers of clay, but cvenly and not oo far,
and the basement would still have room for mechanical equipment, As Peter Wight explained the
g. height, weight and foundalions in 1893:

foundation made necessary

connections between fireprootin

“The use of steel {rails in) foundations, and later of steel- framed constructions, are
the natural outcome of the use -of light hotlow fireproof Blocks. In order 1o huild
fireproof structures and make them pay, they mist be many storeys higher, so as to
decrease the relative cost of the land 1o the improvement, Building higher on
compressible soils necessitated economy in weights. Hollow materials onfy made
this feasible. It was then found that the heights of buifdings could be increased more
and more by using steel frames, but only in case those frames were protected by the
light fireproof material. Hence the latest and most improved buildings contain very
few bricks, the exteriors being of cellular terracoita, and the interior faces of the
exterior walls of helfow fire-clay ocks."™

In 1883, construction began on the pioneer skeleton building, the Home Insurance Building in

Chicage. It was actually of a type of construction that came to be known as a “cage”, mearning
that the frame carried the floors but the walls were self-supporting, Putting columns in the piers
was a way of reducing the size and weight of the piers. This building was fireproofed by Wight.
In the second half of the 1880s, many cage buildings werc built in Chicago and New York.

The second wave of tall buildings, beginning at the end of the 1880s, was characterised by the

introduction of the skeleton system and steel. Architects were aware of the potential advantages

of steel, but had rarely used it before 1890, both because of cost and because of doubts about the
* But as steel prices fell in the 1890s and

reliability of Bessemer steel, then the principal kind.
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production of open hearth steel increased, they began to use it to a greater extent. Cast iron conti

to be used for columns, especially in cage-style buildings. But i[? the skeletor-l—sr :Ie I-;u['klt'mtmm':d
which the exterior walls as well as floors are carried by the metal frame — mllelcl }s’.tccl ble E"g e
us‘fsd_ for .the entire frame. Tile floors were standard for such buildings, with the end- n:w%dn m'be
gaining favour after well publicised tests of tile arches in 1890, Allh’oua'h a numbcl:-'J ohf. '11’5 -
floor systems had been introduced, they were adopted 1o the lareest en‘(lcnl in San F f»m}f:”f‘le
prexumabi)_' because English Portland cement there was rc[ativel‘:'- chearp These d: “lmnusm?
‘“'_1110wcd hLlnldings to be constructed ever taller, In major cilies, all buildin;ls hei(lj o I:J? p‘m'em:\'
l_DL]CC(!, building codes had the effect of spreading and standardising this systetx'n OfCD[I‘iII'UClli:FII) !"?irl
codes in Boston, New York and Chicago, for example, contained much technical inll)r;nalit'all »\;I i le
pave gtlul;lr!'fﬁ on such matlers as the loads 10 be assumed in designing Moors and roofs, the ' 11CI1
of wrought-iron and stee! beams and cast iron columns, and l'ur:mlu: wilieh should h:: uq;j“:f‘“gl‘

The State of Structural Fire Protection at the Close of the Century

.NU m??l[ur surge of interest in new materials of constraction occurred in Great Britain although
iwer-, ors wn!mycd to patent ideas for fireproof products in the last two decades of the century
o S £ ] \
‘ gain, n;ost of the fireproofing systems used concrete. Two syslems perhaps the mo:;t
;minnon‘ ¥y used ones, combined hollow tile, in end-pressure, and concrete.”” Homan 'm>d
M S v ol (s, 1 S I ) :
: odgers hﬂ.ni floor, putented in 1885, used hollow tubes which were shaped like trapezoids
},\I;‘mliu;jg Lt\;\rgcr; ;.)Hcd beams, and were covered in concrete. A similar idea was imrod-uccd b‘y:
dark Fawce ; % S etadd of 1ile o ‘ ] ¥
e .IWWE in 1888, ..md consisted of tile tubes with arched tops and flat soffits, laid diagonally
ﬂn Joists and covered with concrete. The tiles allowed an air space under the beam soffit.™ These
LT e o .t 1 : ‘ ) ¢
ﬂuors 5.1\,ch the cost of centring and were light: however, as joists were placed two feet apart
ey required : i o . 3 X % - ) :
r*. 3y u,;:u‘l;Ld a good deal of iron compared with American hollow tile Hoors. Nevertheless, the
aw ate ildi 8 i i meric \di
- ‘Ct: Iennlfmd BL{JJdm_ﬂ_, Co. floors were installed in a number of American buildings
especially in Philadelphia and other Pennsylvania cities.” o
Yaknifa R 5
N i pite the I\dmt} of systems available for building fireproof, the kinds of buildings in which
oy WL . . 1 o % ) o 1 H i ‘ ) .
i ¥ were u]se( continued 10 he those owned by institutions and government, textile factories and
some wi sricans found the Brit f ‘ ) :
e larle 10USEs. Americans found the British complacent about fire protection, as their
atively belter lire record might lead the i v -
3 i3 m to be. For example, a writer
e i fire record might | 0 ple, riter who compared the
[h slish .mld American fire services found that the number of fires in London and New York wals
: _]5;111-, (in 1885} even though London had three times the population, five times the number of
= o« ol o o l 1 : I
uildings, dm! three qu,s the land area."" Yet the city's better fire loss record could not be due
to :{r.s fire service, which he found very slow in responding to calls -
ath 2 quiring that new buildines d fi .
o “me‘;‘llhl in ra;ﬂulrm__, that new bu1!dmgs be constructed fireproof, London authorities relied on
'; e l.;ll%ﬂll, \he ;vun:lmuse class of buildings had been [imiled to 200,000 cubic feet in the
¢ uilding Act; 216,000 in the 1855 Act; a § i ¢ wi
g ; 00 2 1853 i and up to 450,000 cubic feet with 1551
< i o g : . 50, with permission and
hhz? 1} IL“F”?(E to 60 leet high in the London County Council Act passed 1890, with a general
cight limitation of 90 feet plus two storeys i oof. T itect Y, i
g storeys in the roof. The architect Horac i
ol e & 3 . ect Horace Cubitl compared
: s laws 1 those of New York and Bos I i
! h oston, and found American laws i ;
mere rules governing construction: fir i * certai i el e oy
B - fireproeling of certain buildings, stricter egress requi
T e et o Blg ; g5, SITICLET egress requirements,
l :Jlr,Llulr_-d ;egulmong for safe construction." With respect to fireproof building ianril‘lin he
noted that “the greater proportion of th ] s of buildi i ot
: gre: ] e best class of buildings (in Britain) : 0 E
il o : gs {in Brilain) are now erected of
sisting struction, but entirely at the option of fessi r
3 y & on ol the owners, profession: ini
b : : s, al opinion her
i oy =Y W 1 [ M .
c]zp(ucn][ly not having yet reached the point of considering compulsory measures desirable.” A
omprehensive revision of London’s buildi i - the bl .0
g s building laws in 1894 reduced the s ; i i
2l i iy . law reduced the allowable height of
'.dv_d;nb]s as a hire salety measure, with no objection from the R.LB.A. commiltee l‘om?cd to
H 1% o 3| A tare > s Fi 1 ) v ‘
se the code writers. But not everyone found this strategy satisfactory. Edwin O. Sachs. an
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architect and a leading figure in Britain's early fire protection enginecring movement, was critical
of London’s Fire Brigade and of building construction in London. He helped form the British
Fire Prevention Committee, an organisation devoted to increasing the adoption of “prevenlive
measures” by conducting independent tests of materials, methods and appliances; publishing
papers and reports; collecting information on fire prevention; and holding meetings.'”

This committee got started following a tragedy, the fire in London’s Cripplegate in 1897.
Cripplegate was a district of warehouses that had been rebuilt in the 1870s, but the best practices
of the period had not been observed, and the buildings were never updated. In a report about the
fire, Sachs wrote that there were no fireprool buildings in the burned area: no fire- resisting doors,
no protected iron work “as is generally understood today, either by plaster or terra-cotta™, no fire
shutters or sprinklers. Many buildings in the area were combined horizontally, and the fire doors
installed to protect wall openings failed in the fire.""

How does one account for the variety of systems available and the fact that traditional methods
continued to be used? In answering this question, I take a hint from Marian Bowley, who
pondered the problem of why British architects were slow (o adopt the steel frame:

“{The) developments of modern steel frame construction amd of reinforced concrete were not
necessary to fullil any obvious requirements in the country in the late nineteenth century. They

offered new and beiter ways of providing buildings to perform functions already performed by
4

existing buildings™.
Was fire safety a problem that was not being addressed? Or was anxiely about fire safety low? Did
the fact that much land in Britain was leased rather than owned by those who owned the
improvements discourage construction of more substantial buildings? Were British fireprool materials
too expensive? I do not know the ultimate reasons, only ils manifestations: a building law in London
that did not require fireproof construction, and little agitation to allow fireproof skeleton buildings.
This situation changed in the first decade of the twentieth century, when new laws in London
addressed fire safety, and allowed skeleton frame construction. Also in this decade in the United
States. conerele came to be used to a much greater exlent in fireproof buildings, following
favourable reports of its performance compared with terracotta in the great fires in Baltimore and
San Francisco. Thus British and American construction practice began to look more similar, after

a century of developing differently.

Conclusion

British building designers and construction materials manufacturers were leaders in introducing
fireproot construction systems in the nineteenth century. American practices were adapted from
or anticipated by British systems. However, fireproof construction became much more general in
America than in Britain at the end of the nineteenth century. The question I address is why,
having pioneered so many fireproof building systems, British inventiveness slowed down and
adoption never spread beyond a limited set of clients, while the variety ol fireproofing systems in
America increased and fireproof construction became standard for many kinds of buildings. |
conclude that the ditference stems from different levels of anxiety with respect to the likelihood
of general conflagration, which was reflected in the different building laws in the two nations, In
both countries, building laws originated in order 1o control fire. American cities, unlike British
cities, suffered serious fires throughout the nineteenth century. The approach to the problem
eventually adopted by American cities was 1o require that buildings over a certain height within
designated fire limits, or of a certain type (e.g. theatres), be constructed lireproof. But tall
buildings had to be fireproof not only because of building laws; as a practical matter, there was
no other way to build them, and thus the progress of the development of the tall building and the
fireproof building became thoroughly intertwined in the last two decades of the century. In
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?I'le‘l!.l]. a dftruslfult( I;Jrgc I?mlding,& as fire hazards, long was embodied in building laws. Just as the
irst generation of skeleton frame buildings was goi i i wa
st gener: < going up in the United States, the allow: ig 3

; + ; joing g, able height of
bluﬂ:ilmgh 1111 tnndpn was reduced, in an 1894 revision (o the building laws, as a fire safety mi:‘u;re In
short, n;lujn L; dl;ertl(,dns dcu_:ptc: tall buildings but wanted them fireproof, a situation which cncéumécd
research @ velopment in the field of structural fire i i

i ; ld of ¢ 3 protection. Britons forbade tall buildings fi
sake of fire salety, and could protect the buildi o
5 Y. he buildings that were ; red wi
. I e allowed with the methods already at ha

The century e ‘ — i 5 already at hand.
”1.? u;n;l :- Ixnéled with the .‘Jppl‘m:ntly paradoxical situation of American cities having both more
serious lires and yet more buildings being constructed fireproof, using the latest pralct;ce
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