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Preface

This report, a composite publication, has been prepared with two main objectives
in view. Part One constitutes a description of the Mohawk-Hudson Area Survey
itself: an account of its rationale, its organization, and the mechanics of its conduct.
These matters, some of which may appear obvious and others trivial, when taken
together should be a useful guide for future surveys, as well as constitute a record of
the summer’s activities.

Part Two contains the records of the fifteen structures that were covered by the
Survey: copies of the measured drawings of the six primary structures that were
measured and drawn, selected photographs of all the structures and the historical
accounts of each. These accounts are not intended, in most cases, to be the final
word on the development of the particular structure, but rather to be “skeleton”
histories serving as a starting point for further research. Exceptions to this are the
accounts of the Delaware Aqueduct, the Troy Gaslight Company Gasholder House,
and the Watervliet Arsenal Cast-Iron Storehouse, which are believed to be as
complete as possible on the basis of known sources. Although several histories of
Troy, Albany, and some of the other immediate areas exist, most were written in
the nineteenth century and treat industry and technology only incidentally. An
all-inclusive history of the Mohawk-Hudson area’s industrial development to the
present day is bady needed. Nothing would be more gratifying to the Survey’s
participants than to have this study inspire an analytical project of that nature.

In a seizure of optimism, I began the preparation of this report anticipating that
it could be completed in two or three weeks. The grossness of this miscalculation
soon became clear, particularly to R. Carole Huberman of the Historic American
Engineering Record staff, who undertook the editing and reconciling of the historical
accounts. That unrewarding task occupied her for the entire summer and fall of
1970. Further, there appeared many gaps in the collected information, requiring
her to conduct a substantial amount of additional research. Ms. Huberman has
also contributed heavily to the general arrangement of the report, which, with her
other contributions, has added enormously to its clarity and usefulness.

I owe an especial debt of gratitude to two members of the Smithsonian
Institution Press staff: Joan Horn, the Report’s copy editor, and Series Production
Manager Charles L. Shaffer, its designer. The manuscript put into their able hands
was so complex, so far from being the routine bundle of copy with a few neat
illustrations, that only their quite extraordinary talents have made possible its
translation from what would otherwise have been an editorial disaster into what
I hope and trust is a cohesive, intelligible publication. If it is neither of these, the
fault certainly is not theirs.

RoBErT M. VoGEL
Smithsonian Institution
City of Washington
November 1972
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PART ONE

The Survey



The Background

HAER and the Recording of
Industrial Structures

The Mohawk-Hudson Area Survey (M-HAS) was
conducted during the summer of 1969, using the
techniques of industrial archeology,! to produce a
historical record of a selected group of nineteenth-
century engineering structures. For the most part the
survey concentrated its attentions in the vicinity of
Troy, New York, on the Hudson River 150 miles
above New York City. Funding and staff support
were furnished by the Historic American Buildings
Survey for the sake of determining the feasibility of
purely engineering surveys, but the survey was con-
ducted and organized by the Historic American Engi-
neering Record (HAER).

The HAER was organized in 1969 to identify and
record, by graphic and verbal means, American struc-
tures of all periods having significance in the history
of engineering, the M-HAs being its first undertaking.
HAaER’s goals and activities thus almost parallel those
of the Historic American Buildings Survey (HaBS),
established within the National Park Service as a
wpra (Works Project Administration) professional
project during the Depression. The maABs took
advantage of the skills of unemployed architects to
record outstanding examples of historic American
architecture by measured drawings and photography.
The HAER is co-sponsored by the National Park Serv-
ice, the American Society of Civil Engineers, acting
as professional advisor, and the Library of Congress,
acting as the custodian and distributor of the records
produced. There is likelihood that other of the pro-
fessional engineering societies will become principals
of the HAER as well. The backbone of the field surveys
is a corps of engineering and architectural students
employed during the summer, the present-day practice
followed by the HaBs.

1The industrial archeologist, as do all others in the
various branches of archeology, studies man’s past achieve-
ments on the basis of physical, rather than written, remains.
The concern here is expressly with the remains of technology,
engineering, and industry: the products of the industrial era.

The Survey was largely the product of a growing
concern among historians of technology over the
geometrically increasing rate at which early engineer-
ing structures were being demolished under the
destructive influences of freeway and urban renewal
programs, not to mention the attrition due to normal
change with time. Compounding the tragedy is the
unfortunate fact that the loss of these structures is
actually occurring at a rate proportionately higher
than the destruction of buildings of other types,
simply because most industrial structures are less
adaptable to functions other than those for which
they were erected. Only rarely can they justifiably
be preserved on the basis of continued usefulness once
their original purpose has ended.

Historic houses, for example, often are sympatheti-
cally preserved by continued existence as dwellings.
If too large for convenient functioning by today’s
domestic standards, or if bypassed by changing neigh-
borhood patterns, they are readily converted into
professional offices or institutional headquarters. A
historic bridge, on the other hand, can never be any-
thing but that, and once it is no longer needed at
a certain place; or cannot cope with modern traffic
loadings; or has deteriorated beyond repair; only
rarely will its original owner or any organization be
willing to carry the continuing maintenance costs for
its preservation merely as a monument.

There are other factors that commonly militate
against the preservation of industrial structures:
unattractive surroundings; poor condition due to lack
of maintenance during the final years of use or long
abandonment; and in the case of buildings, normally
a size too great or a layout too specialized for most
adaptive uses. There is also an unpleasant psycho-
logical element that clearly influences all historic
preservation campaigns of this type. Most industrial
structures, particularly factories and mills, railroad
structures, bulk processing works and the like, have
had traditionally associated with them certain nega-
tive characteristics: noise, dirt, bad smells, hard labor,
long hours, and other forms of human assault and
exploitation. Whether or not such attitudes are justi-
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fied, either in general or in regard to a particular
structure, they do prevail; and it is a consequent
fundamental fact of life that the advocate of indus-
trial preservation normally finds his cause bolstered
by only the most meager popular support.

The net result of this melancholy array of factors
is that since the actual preservation for posterity of
the physical evidences of our early technology, indus-
try, and engineering is so rare, we are obliged to
resort to a poor second course in order to insure the
survival of at least a knowledge of these things. We
must substitute for the structures themselves a form
of artificial or indirect evidence: deliberately pro-
duced graphic and verbal records. The graphic
records generally take the form of scale drawings
produced by direct measurement or photogrammetry,
photographs, and occasionally motion pictures; the
verbal records are usually written accounts based on
direct observation, prior descriptions, and interviews.
In the M-HAs, the recording techniques were in most
respects similar to those used for three decades by
the National Park Service in recording historic achi-
tecture, but with certain differences necessitated by
the differences between pure architecture and engi-
neering structures.

It should be noted that no clear boundary line
exists between architectural buildings and engineering
structures, either in general or for particular pur-
poses of definition on a recording project such as the
M-HAS. If a structure is defined as any large, generally
immobile, man-made assemblage of materials erected
to perform a particular function; and if a building is
all that but in addition, encloses a volume of space;
it is evident that all buildings are structures, but
not all structures are buildings. Hence, if a survey
is undertaken to record a group of engineering
structures, buildings and bridges may fairly and
equally be included. Less evident is what engineering
should encompass in this context. Practically, the term
has been considered broadly to include not only struc-
tures produced by the several recognized branches
of professional engineering, but also those related to
all branches of industry, transportation, and com-
munication. In fact, one of the most interesting and
valuable aspects of an “area” survey of engineering
structures is the variety of types and authorships
involved. The M-HAs, as will be seen later, recorded
structures ranging from actual “buildings” as the
Harmony Mills “Mastodon” Mill and the Burden
Office Building, to such framed structures as the

Hawk Street Viaduct and the Whipple Truss Bridge,
to masonry canal locks and such ‘“nonstructures” as
the Cohoes system of power canals. The designers
of this collective group ran in professional stature
from the eminent civil engineer John A. Roebling
(the Delaware suspension aqueduct) to an anonymous
architect (the Rensselaer & Saratoga Railroad Green
Island Shops).

The common element of all these structures was
their association with some branch of engineering or
industry. Some of the recorded structures—notably
the Delaware Aqueduct—were in themselves of pri-
mary structural interest and historical significance;
others, such as the Burden Office Building, were
included because of their association with an impor-
tant industrial firm. More will be said later about the
selection process. It is important to note that in cases
like the Burden office, where the line between engi-
neering and architecture becomes fuzzy, a given
structure might just as properly be recorded by an
architectural as by an engineering survey. Firm dis-
tinctions and classifications of this sort are usually
unnecessary, however. The Burden Office Building
was recorded by a HAER team because it happened to
be working in the area. Had a HABs survey been
covering Troy, it could also as appropriately have
recorded the building. In practical terms, indexes
that eventually will be fully cross-referenced between
both organizations will make it possible to locate
material on any structure, regardless of its type or
the sponsorship of the survey. This will be particularly
useful in denoting the many engineering structures
recorded by the HABs in the years before the advent
of the HAER.

Selection of the Mohawk-Hudson Area

In organizing this initial or “pilot” project of the
HAER, we felt it vital to select an area that, at once,
had a rich engineering heritage, contained a large
number of surviving early engineering structures in
a wide variety of types, and was not so concentratedly
urbanized that logistics would be a problem. The area
near the confluence of the Mohawk and Hudson
rivers, taking in Troy, Albany, Cohoes, Waterford,
and Watervliet was suggested as fulfilling these con-
ditions almost ideally, having had a long and varied
industrial development. This development began
early in the nineteenth century, flourished to the
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Ficure 1.—Cover sheet for the Survey drawings.

(This drawing was duplicated and included
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graphs.)

twentieth, and then began a slow decline that left in
its wake an impressive array of technological relics.
Here was the hub of a conglomerate of early trans-
portation ventures: eastern terminus of the Erie
Canal; southern terminus of the Champlain Canal;
center of the pioneer Mohawk & Hudson and later
the Rensselaer & Saratoga railroads, and head of
Hudson River navigation. The TFalls of the Mohawk
were exploited early at Cohoes in a hydraulic power
complex of dams, canals, and textile mills rivaling
in scale the largest of New England. For many
decades Troy was second only to Pittsburgh as a
center of iron and steel production—the Burden Iron
Works becoming the largest manufacturer of horse-

shoes in the world. The first Bessemer steel plant in
America was here. The area was at one time or
another a nationally important center of stove, bell,
and valve manufacture, and the list goes on.

The names of many of America’s most prominent
early engineers and industrialists are associated with
the area through projects they initiated or supervised:
Benjamin Wright and Canvass White of the canals;
John B. Jervis of the Mohawk & Hudson Railroad;
Squire Whipple, pioneer structural theoretician and
practical iron bridge builder; Theodore Burr, builder
of timber bridges; Henry Burden, Erastus Corning,
and Alexander L. Holley, enterpreneurs and inno-
vators in iron, and later steel, production.
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Ficure 2.—The concentration of industry and transportation systems in the Troy area is
apparent in this 1881 birdseye view (looking south), in which are seen the Gasholder House
(left center), the Rail Mill (center), and Burden’s Lower Works (top center), as well as a
multitude of other mills and factories. The Erie Canal is on the right. (Beck and Pauli, [Birds-
eye Lithographic Map of] Troy, N.Y. Milwaukee, 1881, detail.)

Beyond the vast number of physical survivals of
that extraordinary era are several additional indus-
trial monuments having no direct derivation from
it, e.g., the singular all-iron prefabricated storehouse
of 1859 at Watervliet Arsenal, unquestionably the
most remarkable of these. The area altogether is
filled with fascination for the historian of American
technology and in virtually every way was a perfectly

suited location for the proposed survey. An excellent
headquarters and drafting facility was available at
the School of Architecture, Rensselaer Polytechnic
Institute (re1), Troy; there appeared to be adequate
housing for the resident survey team; and there were
several public and private organizations as well as
individuals having parallel historical interests, from
whom it was anticipated assistance mght be obtained.



Planning and Conduct of the Survey

Although nominally the first HAER survey, there
had been two earlier surveys with similar goals that,
in fact, were HAER precursors in establishing certain
procedures, namely, the New England Textile Mill
Surveys I and II, of 1967 and 1968. The principal
operational sponsors, as with the M-HAs, had been
the Smithsonian Institution’s National Museum of
History and Technology (Division of Mechanical and
Civil Engineering (pm&ce)) and the National Park
Service’s Historic American Buildings Survey.? The
project’s basic objective was to record the physical
plant of the textile industry in New England, whose
mills were the first American industrial structures.
The principal departure from traditional HABS sur-
veys was that as much attention was devoted to the
structural, mechanical, and industrial aspects of the
mills as to their purely architectural features.

The central organizational framework upon which
the M-HAS was assembled was simply an extension
of the existing hamonious working relationship be-
tween the HABs and the pm&ce. The Committee on
History and Heritage of the American Society of
Civil Engineers (asce) also joined as a funding
sponsor, as did the New York State Historic Trust
(NysHT; now [1973] Division for Historic Preserva-
tion), the state’s official agency concerned with his-
toric preservation and inventorying. The rp1 School of
Architecture, which provided drafting and office
facilities for the Survey’s field headquarters, was the
fifth principal sponsor. The sources of funds are
shown in the Survey budget.

Selection of the structures to be recorded was the
first matter of concern, beginning in August 1968
with a two-day exploration of the area by this editor,

*A full account of the objectives and conduct of the
1967 project is in NETMS I—A Report of the First Sum-
mer’s Work, published by the Division of Mechanical and
Civil Engineering, Smithsonian Institution, 1968 (out of
print). The historical accounts, the measured drawings, and
representative photographs from NETMS I and II were
published by the National Park Service as Selections from
the Historic American Buildings Survey No. 11, September
1971, Ted Sande, Editor.

and the subsequent projecting of a survey with
James C. Massey, then Chief of HaBs. That fall, by
which time the Survey had been fairly established,
a long list. of structures having potential recording
interest was assembled.

In February 1969, the Survey was formally
launched with a meeting in Troy of those principally
concerned:

Richard S. Allen, NysuT Survey Consultant.

Neal FitzSimons, Chairman, Asceé Committee on the His-
tory and Heritage of American Civil Engineering.

Bernd Foerster, Acting Dean, School of Architecture, Rer,
and author of guides to the historic architecture of
Rensselaer and Albany counties (presently Dean, College
of Architecture, Kansas State University).

James C. Massey, Chief, uass.

Robert M. Vogel, Curator, Division of M&ce, Smithsonian.

John G. Waite, Jr., NysuT Historical Architect and former
HABS architect.

In one of the season’s worst blizzards, the group
spent a day and a half tramping about among the
sites of most likely interest for the next summer’s
work, and discussing logistical and organizational
detail.

Preliminary (Gross) List of Sites and Structures For
Recording, June 1969 (* — actually recorded)

Suggested variously by: Richard S. Allen, Bernd Foerster,
James C. Massey, Robert M. Vogel, and John G. Waite, Jr.

Troy * Burden Iron Works sites
* Albany and Rensselaer Iron Com-
pany sites
* Gasholder House
* Gurley Building

J. M. Warren Building

Lion Shirt Building

Piers of Waterford Bridge (first
with icecutters)

Fire houses

Watervliet * Arsenal—“Iron Building”
Site of first Whipple trapezodial
truss bridge
Watervliet side-cut locks, Erie

Canal
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Watervliet-Cohoes

Watervliet-Green Island

Green Island

Cohoes

Cohoes-Waterford
Waterford

Albany

Rexford

Fort Hunter

RENssELAER COUNTY

Buskirk

Eagle Bridge
Schaghticoke

Johnsville

Valley-Falls vicinity
ALBANY COUNTY

Rensselaerville

Alcove
Cooksburg

CorumBia COUNTY

Canaan
Livingston

Copake
Stottville

Chatham

SMITHSONIAN STUDIES IN

Flight of ascending Erie Canal
locks
Iron highway bridge and stone
railroad bridge
* Rensselaer & Saratoga Railroad
Shops
Green Island bridge sites (1830s)
* Harmony Mills complex
Original Erie Canal locks
* Enlarged Erie Canal locks (dou-
ble lock)
* Extensive power canal system
* Power canal gate house
Champlain Canal Locks
Eddy Valve Works (abandoned)
Matton Boat Works
* Side-cut flight of locks, Cham-
plain Canal
Roadbed of Mohawk & Hudson
Railroad
* Iron- Whipple bridge (Normans-
kill)
Western Union Building
Delaware & Hudson
Office Building
* Hawk Street Viaduct
* Rexford Aqueduct remains, Erie
Canal
* Schoharie Creek Aqueduct re-
mains, Erie Canal

Railway

Covered timber Howe truss bridge

Railroad station

Railroad station

Black powder works—remains

Mill houses

(Buttermilk Falls) (Berlin Iron
Bridge Co.) parabolic truss
bridge

Railroad station

(Groton Iron Bridge Co.) iron
bridge—1891

Albany Northern Railroad berme

“Period-piece” village (originally
seat of woolen mills)

Old mill

Old mill

Railroad tunnel—1841

Burden ore roasting
1870-80

Iron works buildings

(Hudson River Bridge Works)
iron bridge—1881

(Morse Bridge Co.) Spangler’s
Bridge—1880

ovens—

New Lebenon

Stuyvesant Falls

SaraTOGA COUNTY

Northumberland

Mt. McGregor to
Saratoga Springs

Half Moon
Mechanicville

HISTORY AND TECHNOLOGY

Tilden Pharmaceuticals buildings
(since destroyed by fire)
Mill group

Harris
(ruins)

Steam and first 3rd-rail-electric
railroad—1833  (berme re-
mains)

Anthony baking powder factory

(grist) Mill — 1830s
)

(Willow Glen) Early concrete
interurban railway bridge—

1902

SurLivan CouNTY,
New York to
Pixe CounTy,
PENNSYLVANIA
Minisink Ford, N.Y.
to Lackawaxen, Pa.

* Delaware Aqueduct

The Field Team

The heart of a recording survey is, of course, the
field team, which measures the structures and translates
its field sketches into the formal drawings that make
up the principal element of the permanent record.
The available funding permitted a team of three
plus a supervisor. These men were recruited by the
HABS from architectural schools, chiefly by informal
communication with the deans. It was already recog-
nized, and has since been confirmed, that even on
purely “engineering” surveys, there is rarely any chance
of employing engineering students for such work
because of the sad fact that drawing has been vir-
tually abandoned as a required skill in engineering
schools. Consequently, today’s students are severely
limited in that area, and simply cannot express them-
selves graphically at a level satisfactory for historical
recording work. The M-HAS team consisted of:

Richard J. Pollak, Associate Professor, College of Architec-
ture and Planning, Ball State University. Supervisor.

Eric N. DeLony, graduate, Ohio State University 1968;
student architect NETms 1, 1968. Architect.

David L. Bouse, graduate, University of Nebraska 1969;
student architect NETMs 1, 1968. Architect.

Charles A. Parrott m, Iowa State University. Student
Architect.

The team was remarkable for its efficiency and
skill, the ultimate evidence of which is the quality
of the finished drawings. An innovation introduced
by Prof. Pollak was the assignment of each structure
to one of the team, who acted as job leader, co-
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FiGURE 3.—M-HAS team members Parrott and Bouse measur-
ing cornice of the Gasholder House from an aerial ladder
truck furnished by the Troy Fire Department, June 1969.
(Pollak)

Fictre 4.—DelLony and Parrott atop the Gasholder House,
June 1969. (Vogel)

Ficure 5.—DeLony (top) and Bouse preparing the final
survey drawings, RPI School of Architecture, September 1969.
(Vogel)

ordinating both field work and drafting, resulting in
increased efficiency and better morale.

The return of Messrs. DeLony and Bouse after
similar work the previous summer was of huge bene-
fit to the project although the spontaneous enthusiasm
of Professor Pollak and Mr. Parrott was certainly as
great an asset. With the exception of Mr. Bouse, all
members of the team returned to HAER surveys the
following summer: Prof. Pollak to supervise the
State of Virginia Survey; Mr. DeLony to supervise
and Mr. Parrott to be an architect on the Baltimore &
Ohio Railroad Survey. Mr. DeLony has been on the
HAER permanent staff since February 1971.

The Historians

The accumulation of historical documentation on
each of the recorded structures was considered, from
the outset, of primary importance. Since the scope
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of the task would have required more of the super-
visor’s time than was available, it was decided to
contract for the work. Three Principal Historians
were employed, all having a recognized interest in
the area’s history as well as professional historical
qualifications:

Samuel Rezneck, Professor Emeritus of History, ReI

Diana S. Waite, former Architectural Historian, HABS; con-
sulting architectural historian.

Richard S. Allen, Survey Consultant, NYSHT; consulting
historian.

Each was assigned a group of the finally selected
structures, related largely to his own specialized
interests, with instructions to prepare a historical

N0
N
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= 9 N
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£

account from research in available primary and
secondary sources. These contracts were on a flat-fee
basis proportioned from the basic funds allotted for
the purpose in the Survey budget. Each historian
was obliged to determine on the basis of his fee how
much time he could afford to expend on the work.
In all cases, it is only fair to observe, the product
was cheaply bought; the personal interest of all of
the historians in their assignments impelled them to
far deeper involvement and the production of con-
siderably fuller accounts than could reasonably have
been expected. The particular background and
orientation of each historian is reflected in the style
of his accounts, resulting in a variety of perspectives.

Ficure 6.—Dimensions recorded directly on an 8- X 10-inch photograph as a means of
expediting field measurements (anchorage eye-bars and strand loops, Delaware Aqueduct).
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Early in the summer the Hudson River Valley
Commission, as a contribution to the Survey, assigned
its Historian, Lewis C. Rubenstein, to prepare the
accounts of the Watervliet Arsenal Cast-Iron Store-
house and the Rensselaer Iron Works’ Rail Mill.
Although he gathered a great deal of valuable mate-
rial on both buildings, his normal duties at the Com-
mission had expanded by summer’s end to the extent
that he was unable to begin the reports. The report
for the Rail Mill and a number of the other accounts
that had not been otherwise assigned were written
by R. Carole Huberman of the HAER staff, who also
performed the basic research for the Watervliet Cast-
iron Storehouse, the account of which was written
by Selma Thomas.

The historical description of the Delaware Aque-
duct was extracted from the editor’'s monograph,
“Roebling’s Delaware & Hudson Canal Aqueducts”
(Smithsonian Studies in History and Technology,

Ficure 7.—Field photograph (35 mm) with measuring
pole placed against the structure, another method of increas-
ing recording efficiency (abutment face, Whipple Bridge).

9

number 10), inspired by the M-HAs recording of the
structure. Table 1 lists the Principal Historian for
each structure.

The Photography

Photography was by Jack E. Boucher of Linwood,
New Jersey, on contract, except for coverage of the
Delaware Aqueduct, which was photographed by
David Plowden of Sea Cliff, New York. Mr. Plowden
was selected because of his familiarity with the struc-
ture and the fact that he planned to be at the site
in the course of his own work on American bridges.
Mr. Boucher, who for many years has photographed
for the HaBs as a free lancer, is presently on the
HABS-HAER permanent staff. In the course of three
visits to the area, he took about 130 photographs,
most of which are reproduced in this report.

All recent photographs not otherwise credited are
by Jack E. Boucher for the Historic American Engi-
neering Record, in most cases on 5” x 7” negatives
filed in the HAER Collection at the Library of Con-
gress. The same is true for David Plowden’s photo-
graphs of the Delaware Aqueduct.

Most of the remaining recent photographs are by
Eric N. DeLony, HAER; Richard J. Pollak, Ball State
University; and Robert M. Vogel, Smithsonian Insti-
tution, on 35 mm negatives filed in the Division of
Mechanical and Civil Engineering, National Museum
of History and Technology, Smithsonian Institution.
Copy negatives (5 x 7”) of some of these are in the
HAER files. Other photographers and their affiliations
are noted directly in the credit lines.

The sketching of a structure and its elements
generally occupies far more time than the actual
measurement and recording of dimensions. As a
means of reducing recording time of the Delaware
Aqueduct, dimensions were recorded directly on pre-
viously made photographs of the structure. If an
expeditious means could be found for developing
such photographs in the field, this method would
increase greatly the efficiency of data collecting
(Figure 6). Another time-saving device was the
photographing (35 mm) of certain elements of the
structures—generally relatively simple ones—with a
calibrated measuring pole in the view, a time-honored
archeological technique. It was possible therefrom to
derive a great deal of dimensional data for the final
drawing directly from the photograph (Figure 7).
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Final Selection of Structures for Recording

At the start of the Survey on 15 June, a list of
nearly sixty structures and sites in Rensselaer, Albany,
Columbia, and Saratoga counties was on hand for
consideration, the combined suggestions of all who
had taken an interest in the project (pp. 17-18).
Obviously many would have to be eliminated. In
order to set the team in immediate motion, however,
it was decided that the Troy Gaslight Company’s
great circular Gasholder House of 1873—unanimously
acknowledged to be a structure of primary interest—
would be a rational starting point.

A second decision made at the outset was that
Roebling’s Delaware Aqueduct (1848), a work of
exceptional significance in the history of American
civil engineering, should be included. Despite the
fact that it appeared to be in no immediate jeopardy
and was over 100 miles from the survey area, it was
considered more efficient to bring in a team as part
of this Survey than to mount a special one at some
future date.

Beyond that, the process of selection consisted of
eliminating those entries on the gross list that were
essentially structureless sites (e.g., Whipple’s first
trapezoidal truss bridge, Watervliet) ; those where
later modification had been so extensive that virtually
nothing of the original fabric survived (e.g., the early
railroad tunnel at Canaan, 1841); and those that
were clearly of minor engineering interest (e.g.,
Matton boat works, Cohoes). The remaining struc-
tures were arranged in three priority categories (Table
1). Those in the Priority One group, judged to be
of greatest importance, were further subdivided into
two groups: structures to be fully measured and
drawn (eight); and those for which only selected
details would be drawn (six).

Five Priority Two and Three structures also were
to be selectively drawn as time permitted. All twenty
structures on the net list were to be formally photo-
graphed. Table 1 reveals the extent to which the
initial net list was both adhered to and deviated
from in the course of the summer’s work.

A variety of criteria was used in finally selecting
the six principal (marked “F” in Table 1) and ten
secondary structures recorded. The particular signifi-
cance of each is discussed at some length in the
individual essays, but it may be of interest to speak
here briefly of the different reasons for inclusion.
Under the general self-explanatory concept of pri-

mary historical importance, fell such structures as the
Delaware Aqueduct, already mentioned, and the Cast-
iron Storehouse at Watervliet Arsenal. The latter,
perhaps the only surviving all-iron building in the
country, was built by the Architectural Iron Works
of New York, one of the largest and most successful
in the industry. While thousands of mid-nineteenth
century iron-front buildings remain, the Watervliet
storehouse is of especial importance in that the iron
is employed in all of the building’s structural func-
tions: in the form of cast-iron bearing walls, columns,
and beams (the latter with tensile assistance from
wrought-iron bottom-chord ties), and composite cast
and wrought-iron roof trusses. There is not the
bastardization of the iron with masonry walls and
wood beams that characterizes virtually every other
so-called iron building of the period that still stands.
As a precursor of metal-framed skeleton structures,
the building appears to be ungiue.

The Whipple Truss Bridge in Albany is of impor-
tance as the nearly sole surviving representative of a
once large family of distinguished ancestry. Although
not the first American to build framed bridges of iron
rather than wood, Squire Whipple was the first to do
so on a large commercial scale, and on the basis of
fully rational structural designs. In that sense, he
can be described as one of the men most influential
in introducing the age of structural iron to the United
States. Hundreds of his iron highway bridges were
built (most of them in New York State) : by Whipple
himself; by licensees; and following expiration of his
basic patent, by a number of others. Of this number,
only two are known to have survived: the Normans-
kill span and the Whipple truss over Cayadutta
Creek, north of Fonda, New York.

Like the Whipple Bridge, the significance of the
remaining three principal structures was their being
typical in one way or another. The Schoharie Creek
Aqueduct was viewed as a structure of consequence,
not only because of its scale and architectural quality,
but because it was a good example of the massive
masonry aqueducts constructed during the great
enlargement of the Erie Canal in the 1840s, when
permanence was an objective. A property of the
New York State Historic Trust, the aqueduct was
studied also to furnish the Trust with data for its
restoration.

Troy’s circular Gasholder House was in the same

general category—a representative of a once fairly
common class of structure—but here the type itself



NUMBER 26

TaBLE 1.—Final list of structures (F=full measured drawings and photography;
S—selected drawings and photography; P—photography only; n.d.=not done)

As planned
(20 June) As done
Location Structure treatment historian treatment historian

PRIOKRITY ONE

Watervliet Iron Storehouse S Rubenstein F Huberman/
Thomas
Troy Gasholder House F Waite F  Waite
Rensselaer Iron Works Rail
Mill S Rubenstein F Huberman
Burden Iron Works Office S Rezneck P Rezneck
Normansville Whipple Cast- & Wrought-
(Albany) Iron Bowstring Truss
Bridge F Allen F Allen
Cohoes Harmony No. 3
(“Mastodon”) Mill S Waite P Waite
Power canal system S Allen P  Allen
Power canal headgate house S Pollak P  Huberman
Rexford Mohawk River Aqueduct
remains, Erie Canal F open P  Huberman
Rotterdam Jct. Plotter Kill Aqueduct,
Erie Canal F open n.d.
Ft. Hunter Schoharie Creek Aqueduct
remains, Erie Canal F open F  Huberman
Cohoes Double Lock, Erie Canal F Waite P Waite
Waterford Locks, Champlain Canal F open P Huberman
Lackawaxen, Pa.- Delaware Aqueduct,
Minisink Ford, N.Y. D&H Canal F Vogel F Vogel
PRIORITY TWO
Green Island Rensselaer & Saratoga
Railroad shops S Allen P Allen
Albany Hawk Street Viaduct P Pollak P  Rezneck
Livingston vicinity Burden’s ore-roasting
ovens (ruins) S open n.d.
PRIORITY THREE
Hoosick Falls l Wood Brothers Factory
(agricultural
implements) S open nd.
Ballston Spa West’s Paper Mill S open n.d.
Cohoes Cohoes Rolling Mill S open n.d.

NOT ORIGINALLY INCLUDED

Troy W. & L. E. Gurley Building P Rezneck
SPECIAL ESSAYS

Historical Addendum: Ludlow Valve Manufacturing Company Rezneck

Chronological Notes: Troy Iron and Steel Companies Allen

Cohoes: the Historical Background Rezneck

11



12 SMITHSONIAN STUDIES IN HISTORY AND TECHNOLOGY

was less widely distributed than the Whipple Truss
Bridge, for example, and the survivor is clearly the
most spectacular architecturally and interesting struc-
turally of the remaining dozen or so.

Finally, the Rail Mill, while of interest because of
its original function and not without a certain archi-
tectural merit in the rendering of the gable walls,
was selected mainly because it so perfectly typified
the ubiquitous brick and heavy-timber machine-shop
building of the last half of the nineteenth century.
The absolutely classical plan of high main aisle
commanded by a traveling crane, low side aisles
beneath galleries for the light machine tools, and roof
and galleries carried by heavy timber framing, is
rapidly becoming extinct.

In the case of the secondary structures, which were
only photographed, a somewhat lower order of justifi-
cation proportional to the lesser investment of time
was applied, but their selection was based on the

same general philosophy. Certain structures were not
drawn simply because of the difficulties involved or
their inherent complexity—the Hawk Street Viaduct,
for example. Others, like the Cohoes power canals,
could be represented better by photographs and exist-
ing maps than by drawings.

A factor that inevitably influenced our selection
process was the security of the structures. Where
there existed a recognizable and imminent threat to
a given structure, there was clearly more reason to
record it than when it was apparently in safe hands
and in good use. On the other hand, the ever-present
threats of fire, flood, and other catastrophic possi-
bilities must always be in the evaluator’s mind. “Safe
hands” and ‘“good use,” however, are subject to
human whim, economics, and even the death of
principals. These considerations, therefore, shaped our
attitude toward the Delaware Aqueduct. While it
was (and still is) in safe hands, they were only those

Ficure 8.—Rensselaer Iron Works Rail Mill, 1866, destroyed by fire in October 1969, two
months after its recording by the m-mas. (Paul R. Huey for [N.Y. State] Division for
Historic Preservation.)
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of a private individual. Because of its uniqueness and
immense importance, failure to measure it then would
have been foolhardy.

The harsh realities of the danger constantly threat-
ening old buildings could hardly have been more
vividly expressed than by the total destruction of the
Rail Mill by fire in October 1969, barely three months
after it had been recorded (Figure 8).

Miscellaneous Matters

The day-to-day operations of the Survey were
thoroughly and entertainingly detailed by Prof.
Pollak in his bi-weekly reports, Good News From
Troy, N.Y., copies of which are filed at HAER head-
quarters and in the Smithsonian’s Division of
Mechanical and Civil Engineering. The Survey was
overseen by the editor who spent a total of about
five weeks in Troy.

The notations (HAER NY-2, HAER NY-12, etc.) on
the title pages of the accounts of the sixteen structures
recorded are the Historic American Engineering
Record numbers, which are consecutively assigned to
all structures recorded within each state in the order
recorded.

Budget and Costs

A fairly detailed account of the Survey’s costs has
been set down below and in Table 2. A bright spot
was the totally unexpected and generous midsummer
donation of $500 by the Mohawk-Hudson Section
of the asce, which, in view of the general attenua-
tion of the budget was a gift of very real conse-
quence. The various types of “in-kind” assistance
by others will be mentioned in the next section.

The Survey Budget*

SOURCES OF SUPPORT:

National Park Service $ 3,597
Smithsonian Institution, National

Museum of History and Tech-

nology 3,694
American Society of Civil Engi-

neers, National Headquarters 1,000
New York State Historic Trust 2,500

AsCE, Mohawk-Hudson Section 500
Granp TorAL
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PrincipAL SURVEY CosTs:

Miscellaneous supplies, phone, etc. $ 141
Travel for team: local and field

trips 125
Travel for R. Vogel (for over-

seeing trips) 694
Salaries: 7,840

$5,527
2,313

Team
Supervisor
SuBTOTAL

Historians:

S. Rezneck 1,000

D. Waite 300

R. Allen 300
Photographers: 891

J. Boucher 761

D. Plowden 130

Granp TotaL

$ 8,800
1,600

$11,201

* Direct costs only. Not accounted for are staff salaries
and overhead, costs of February 1969 preliminary trip,
costs of this report, and other indirect and general support
costs.

One of the most interesting and potentially useful
secondary results of the Survey was the accounting,
maintained by Prof. Pollak, of the time expended on
each of the measured structures (Table 2).

From these figures, costs per-sheet-of-drawing have
been derived that reveal a number of things about
the costs of recording engineering structures. The
most striking characteristic of the figures is the dis-
parity among them. The range—between extremes
of $489 per sheet for the Gasholder House and $159
per sheet for the Schoharie Creek Aqueduct (a ratio
of over 3:1)—seems astonishing until the various
factors, accounting for the variation, which indeed
are the most instructive elements of this comparison,
are examined.

The one factor probably most directly responsible
for the difference is that of experience and adjust-
ment. The Gasholder House was the first structure
measured; the Schoharie Creek Aqueduct the last.
A certain amount of time inevitably was expended
at the start of the project in “shaking down,” while
by summer’s end operations in both field and draft-
ing room were being conducted with an efficiency
that reflected the experience of twelve weeks. The
other major factor was that of physical accessibility.
The greatest part of the Gasholder House interior
was far above the ground and accessible only by
means of a precarious arrangement of ladders and
catwalks. Parts of the roof trusses, the most complex
element, could be measured only by standing on the



TaBLE 2.—Cost of the survey in terms of per-sheet costs*

Time expended (hours) Sheet cost
No. of % & % E
Structure sheets 5 ‘g 2 o :% § © e
i Ef JF 4 Bl =& B4
< = o i o | % - 3 o 9
g ® 2 b}
s £4 g4 £ ala 5 <%
Title Sheet ............. 1 26 26 211 $ 91 $091
2 100 100
3 108 108
4 157 157
Gasholder House ........ 3 74 135 172 381 29| 1 1334 445
2 1468 489
3 1577 526
4 2278 759
Rensselaer Iron Works
Rail Mill ............ 3 25 74 82 181 14| 1 633 211
2 699 233
3 751 250
4 1083 361
Watervliet Arsenal
Cast-Iron Storehouse .. 5 89 86 252 427 331 1 1494 299
2 1654 331
3 1775 355
4 2557 511
Whipple Bowstring
Truss Bridge ......... 3 12 86 91 189 14 | 1 662 221
2 728 243
3 782 261
4 1132 377
Delaware Aqueduct ..... 3 27 59 97 183 14| 1 640 213
2 706 235
3 759 253
4 1096 365
Schoharie Creek Aqueduct 2 13 14 56 83 6] 1 290 145
2 318 159
3 342 171
4 497 248
Misc. team time: travel,
discussion, etc. ....... 109 8|1 381
2 419
ToTALSs .......... 20 |240 454 776 1579%* 120 1 $5144  $257
2 5670 284
3 6091 305
4 8800 440
* Average hourly rate—team members $ 3.50 (1579 hours)
Hourly rate—supervisor 4.70 (480 hours)
Survey cost—salaries only 7,840.00
Total survey cost, except historians and photographers 8,800.00
Total survey cost, all items 11,291.00

The supervisor’s time was divided approximately: 25% actual field and office supervision
of the team (120 hours) and 75% administration, PR, local arrangements, scheduling, etc.
(360 hours). Accordingly, 25% of his time and salary have been prorated among the six
structures, on the basis of the time for each, to derive costs under bases 2 and 3. His full
time and salary are considered in the total project cost figures (Basis 4).

1 Basis of cost computations: (1) Team salaries only, not including miscellaneous (non-
production) time; (2) team -+ supervisor salaries, not including their miscellaneous time;
(3) team + supervisor salaries including their miscellaneous time, prorated; (4) all project
costs except historians and photography, prorated by team hours.

** Includes overtime (paid at straight-time rate).
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truss lower chords. The need to record the cornice
from a fire truck aerial ladder was a final impedi-
ment. The high figure for drafting time is a reflection
of both structural complexity and, again, of the con-
siderable amount of slack that can (and should) be
anticipated at a project’s outset. The Schoharie Creek
Aqueduct, conversely, was fairly accessible; the only
difficulty there being the need to use a rowboat and
ladder to reach certain surfaces. Also in contrast to
the Gasholder House was its simplicity. It was, in
fact, the least complex of the six structures.

If the two extreme cases are disregarded, the figures
take on an entirely different meaning. The range for
the four remaining structures runs only from $331
per sheet for the Watervliet Storehouse down to $233
for the Rail Mill. The variation of less than 35 per-
cent is readily accounted for by the relative com-
plexities of the two.

The apparently high sheet costs of the M-Has
(project average $284) initially provoked alarm when
viewed against the average figure of about $150 per
sheet for traditional HABs architectural surveys, based
on the same factors as the comparable M-HAs figures
(i.e., team salary plus a portion of the supervisor’s).
The explanation for the difference in cost is once
again a matter of comparative complexity. The aver-
age engineering structure is of a higher order of
complexity than the average building. (Note that we
are speaking of average, for here especially, the
indistinctness of the territory between purely “archi-
tectural” buildings and “‘engineered” structures is
a major point.) Much of this difference has to do
with materials and techniques. Until fairly recently,
most of the structures surveyed by HABS were built
prior to the middle of the nineteenth century and
so were free of the more exuberant Victorian orna-
mental elements in later use. These buildings were
essentially simple, the decorative features based largely
on linear forms (moldings), a reflection of the fact
that wood in the form of planks and timbers was
the primary material employed. Such forms are
relatively simple to measure and draw. The same
can be said of the earlier engineering structures in
masonry and wood, up to the period when structural
iron was introduced. Cast iron is a material whose
principal advantage to the designer was that it was
neither axially nor dimensionally restrictive: formed
from a molten, fluid mass, iron castings could be
produced in almost any size and any configuration,
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and in almost any degree of structural (as well as
decorative) complexity required or desired. Wherever
the designer wanted metal, and in whatever form,
it could readily and cheaply be placed. For the first
time he was freed of the restrictions imposed by the
inherent spatial characteristics of masonry and wood.
Derivative of the built-up wood patterns from which
they were produced, iron castings tend to be essen-
tially sculptural, formed of complex curvilinear and
other highly irregular surfaces. Thus they are rela-
tively difficult to measure and draw. A good example
is the elaboration required for adequate graphic
explanation of the cast-iron gallery beams of the
Watervliet Storehouse. There lies the principal cause
of the expense of the drawings for the Storehouse
and the Whipple Truss Bridge, both of which are
composed mainly of intricate castings. It is predict-
able that later structures of wrought iron and steel,
with members formed by rolling and therefore once
again linear, will take relatively less time to record.

A second reason for the high cost of historical
engineering versus architectural drawings is the need
to record more structural detail. The methods of
attaching and joining the relatively simple structural
members of a house or small building are so straight-
forward and generally familiar that there usually
is little need for their extensive detailing. Engineering
joints are quite another matter, particularly in framed
structures. Note particularly the Gasholder House
roof truss (Figure 27)—which it was necessary to
draw exploded for clear exposition—and the involved
lower-chord connections of the Whipple Truss Bridge.
Complex when compared to most building elements,
even the relatively simple cast-iron cable saddles of
the Delaware Aqueduct required a separate detail
drawing for explanation.

A final factor resulting in elevated costs was the
decision to make ink rather than pencil drawings.
An intuitive estimate of the relative time required
for the two techniques would be approximately 5:4,
or 25 percent more for ink. This factor, however,
would affect only the final drawing stage, and so
would elevate the total measuring and drawing figures
by considerably less—perhaps 15 percent—and the
total project cost by less. The ink decision, made at
the project’s start for the sake of improved clarity,
reproducibility, and durability of the drawings, is
believed to have been a rational one, justifying the
additional cost.



Epilog

Future Work in the Area not all, of the structures and sites on the initial gross
list could justifiably receive attention of one sort or

An area so rich in engineering history could hardly another.
be adequately covered by a survey in three months That singularly active and enthusiastic professional
with a three man team. Clearly, only the cream was body, the ascE Mohawk-Hudson Section, made a sub-
skimmed, and probably not all of it at that. Many, if stantive contribution to the M-HAs (or rather, to any

AMERICAN
SOCIETY OF
cviL

AMERICAN SOCIETY OF CIVIL ENGINEERS

MOHAWK-HUDSON SECTION
July 1969 Newsletter

A July Newsletter is probably unprecedented, but here is something
that can't wait. We want your ideas.

A four-man team is in the Capital District area this summer, coll-
ecting data on historic engineering projects. This survey is the first in
the country, and is jointly sponsored by ASCE (national HQ), the National
Park Service, and the Library of Congress; the Smithsonian Institution and
the New York State Historic Trust are also involved in the arrangements.

Your Mohawk-Hudson Section Officers have endorsed this survey and have app-
ropriated $500 to help support it. Engineering history has received all

too little attention, and we hope that this pilot survey will serve to stimu-
late similar studies in other parts of the United States.

The preliminary list of the landmarks that the team plans to include
in its study appears below. We suspect that some of the Mohawk-Hudson mem-
bers may know of other engineering landmarks of a by-gone era (not more than
about 40 miles from Troy) which they believe to be of significance equal to
that of some on this list.

Do you know of any such landmarks?

The survey team will welcome your suggestions, the only stipulation
being that they receive your information early enough in August to allow
time for fitting into their schedule for visiting the sites; their field
work ends shortly after Labor Day.

Please send me any leads that you have--an informal note will do--
with instructions as to reaching the landmark, if remotely located. I will
promptly forward the information to the team and you will have done your
bit for the preservation of engineering history.

Rl & Ealmor

Section Vice President
Troy Bldg, R.P.I.
Troy, N.Y. 12181

Preliminary List: Rexford, Schoharie and other Erie Canal Aqueducts; Cohoes
Power and Transportation Canal Systems; Watervliet Arsenal cast iron
warehouse; Harmony Mill complex at Cohoes; Burden Iron Works sites;
Gas Holder Building at Troy; Whipple Bridge at Normansville; Hawk
Street Viaduct at Albany; Gurley factory building at Troy; D & H
Car Shops at Green Island; B & A Tunnel at Canaan; B & A Bridges
at Green Island.
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successor it might have) by suggesting additional area
structures of historical significance. A request to the
membership for suggestions was made through the
kindness of Professor (of Civil Engineering, rRp1) Rob-
ert Palmer, Section Vice President and newsletter
editor, by means of an “Extra” newsletter, here repro-

duced.

Suggested Historic Structures

Structure Suggested by

Sewage treatment plant, Glovers- Frank O. Bogedain
ville. Early (1912) attempt to
treat domestic sewage and indus-
trial waste conjointly.

Covered bridge, North Blenheim,
possibly longest span covered
bridge in United States.

Grist mill between Brookview and
Rices Corners.

Abandoned Rutland Railroad on
Route 7 near Vermont border;
abondoned New York Central
Railroad near Niskayuna.

Berlin Iron Bridge Company para-
bolic truss bridge over Sacandaga
River near Hadley.

Toll Gate House, Western Avenue,
Albany.

Shussan covered bridge over Batten-
kill, 200-foot span.

West Point Military Academy struc-
tures.

Fortifications, 1775-1779

Central Barracks with cast-iron
beams, 1845-1850

Administrative Building with 161
foot, 3 inch, masonry tower,
1909.

Carroll F. Blanchard

Bernard G. Briggs

Bernard G. Briggs

J. Lawrie Hibbard

J. Lawrie Hibbard
J. Lawrie Hibbard

Lt. Col. William K.
Stockdale

Although none of these structures was actually re-
corded, all appear to be of sufficient consequence that
they should be considered if future recording is under-
taken in the area.

A final element in any subsequent work should be
the elaboration of certain of the M-HAS’ recordings.
For example, several of the structures that were only
photographed should be fully drawn, e.g., the early
and extremely important Holyoke water turbines (in-
cluding the runners inside the casings) in the Har-
mony No. 3 Mill, the Cohoes Canal Head Gate House,
and details of the Watervliet Storehouse. If the area
is extended westward, structures in cities like Amster-
dam that contain many interesting industrial features,
such as mills, specialized manufacturing and process-
ing equipment, and railroad buildings, would be in-
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cluded. A continuation of the Mohawk-Hudson Area
Survey could, in short, go on almost indefinitely.

Assistance and Cooperation

In addition to the chief forms of support already
mentioned, many other individuals and organizations
provided valued assistance. This survey, where much
of the recording was of the interior of structures, was
entirely dependent upon the cooperation of their
owners. It is gratifying to be able to relate that in
every single instance, where access to any part of any
of the structures was needed, it was granted with con-
siderably more than mere assent. Even where the pres-
ence of the team or photographer may have affected
operations or required the attendance of a representa-
tive of the owner, the Survey party in all cases was
accommodated with genuine interest and goodwill.
Below are listed all who offered help to the Survey.
Included are the professional consultants, all of whom
contributed so far in excess of their contractural re-
quirements that they may be regarded as benefactors
to the project.

The contributions of several people deserve particu-
lar mention. Eric DeLony, as part of his work for
Columbia University’s unique Seminar in Restoration
and Preservation of Historic Architecture, produced a
full sheet of additional details of the Watervliet Store-
house roof trusses, which he donated to HAER. Mrs.
Frances Van Buren and her staff of the rpr School of
Architecture were of continual help during the course
of the summer in guiding the team through the prob-
lems of daily life, particularly the locating of housing.
Special gratitude must be expressed to the men who
made equipment available, without which it would
have been impossible to reach portions of certain of
the structures. The brothers Sage, owners of the Gas-
holder House, generously provided the ladders needed
to make the upper reaches of its interior accessible,
while Chief Edward Zapf of the Troy Fire Depart-
ment, with a large aerial ladder truck, furnished the
only practical means of gaining the cornice fifty feet
above the ground. Similarly, Watervliet Arsenal Post
Engineer John C. Kacharian made available ladders
for obtaining access to portions of the Storehouse, and
Joseph F. Wolff of the Schoharie Crossing State His-
toric Site provided not only the necessary ladders for
work on the aqueduct, but the necessary rowboat as
well.
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Those who contributed to the Survey (titles and
other information as of 1969) are:

Richard S. Allen, Historian

Frank Bloomfield, Manager, Normanskill Farm (Whipple
Truss Bridge)

Jack E. Boucher, Photographer

Edward Chapman, Librarian, rPI

Eric N. DeLony, Architect; Team Member

Peter Dereski, Superintendent, Troy Plant, Republic Steel
Corp (Burden site)

Bernd Foerster, Acting Dean of Architecture, rp1; Survey
advisor

Richard G. Folsom, President, rPI

Edward H. Huber, President, Lackawaxen Bridge Co.,
Scranton, Pa. (Delaware Aqueduct)

John C. Kacharian, Post Engineer, Watervliet Arsenal;
Secretary, Arsenal Historical Committee

Raymond Lague, Plant Engineer, Ludlow Valve Manufac-
turing Co. (Rensselaer Iron Works Rail Mill)

H. C. Lumb, Vice President, Corporate Relations, Republic
Steel Corp.

William J. Magee, Executive Vice President, Cohoes Indus-
trial Terminal, Inc. (Harmony Mills complex)

Henry T. Maloy, Public Information Officer, Watervliet
Arsenal

Keith McPheeters, Dean of Architecture, rPI

James V. Murray, History Officer, Office of Public Infor-
mation, Watervliet Arsenal

Robert K. Palmer, Vice President, Mohawk-Hudson Sec-
tion, Asce; Professor of Civil Engineering, RPI

Thomas Penman, Executive Director, Troy Chamber of
Commerce

David Plowden, Photographer

Samuel Rezneck, Professor Emeritus of History, RPL;
Historian

Lewis C. Rubenstein, Historian

William and Thomas Sage, President and Vice President,
Sage Maintenance & Repainting Corporation. (Troy
Gasholder House)

Mark Stevens, Normanskill Farm, Albany (Whipple Truss
Bridge)

Archie Stobie, Director, Rensselaer County Historical Society

Selma Thomas, Historian

Frances Van Buren, Secretary to the Dean, School of
Architecture, RPI

Edward J. Vandercar, Cohoes City Historian

Diana S. Waite, Historian

Sheila A. Williams, Historian, State University of New York,
Albany

Joseph F. Wolff, Maintenance Superintendent, Schoharie
Crossing State Historic Site

Edward Zapf, Chief, Troy Fire Department
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THE M-HAS PROSPECTUS

National Park Service
Smithsonian Institution
American Society of Civil Engineers
New York State Historic Trust

PROSPECTUS
for a Historic American Engineering Record Demonstration Project
MOHAWK-HUDSON AREA SURVEY

New York
Summer, 1969

The long-neglected field of engineering history has slowly, over the past decade,
been gaining the attention of scholars. The profession itself has become increasingly
active in this direction and several of the major professional societies now have
historical programs. During this same period, local history and landmark preservation
programs have accelerated. The proposed “Mohawk-Hudson” Area Survey will be
a demonstration project of the Historic American Engineering Record, to be
conducted under the aegis of the Historic American Buildings Survey in a pioneer
program in historical research integrating engineering history, local history and
landmark preservation studies into a single research and recording operation. It is
proposed that the Mohawk-Hudson Area Study will be jointly sponsored by the
National Park Service, the Smithsonian Institution, the American Society of Civil
Engineers, and the New York State Historic Trust, with cooperation and assistance
from other concerned groups.

Program Constraints

It is realized that initial efforts in this field must perforce proceed deliberately
because the methodology must be developed simultaneously with the study itself.
Fortunately, the thirty-year experience of the Historic American Buildings Survey
(HABS) provides a solid foundation for the technical approach and full advantage
is being taken of it. This experience indicates that a field survey is an essential part
of a total program in engineering history and the sooner such a survey begins, the
more rapid advances can be expected. Haps experience also indicates that a
summer pilot study conducted on a scholarly basis will cost a minimum of $13,000
to produce a meaningful body of measured drawings, photographs, and documenta-
tion. Funding, in turn, influences staffing which is another constraining factor.
Professionals are indeed rare who have a background in history and technology, and
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who are also familiar with historical survey techniques. One intention of the
project is to encourage selected scholars to enter this field.

Mohawk-Hudson Area

The area about the confluence of the Mohawk and Hudson Rivers is remarkable
from the standpoint of American engineering history and landmarks. Its technological
development began with the start of the 19th century just as the nascent engineering
profession was being recognized. The Erie and Champlain Canals, both American
technical triumphs, are found here, as is the Mohawk and Hudson Railroad, one of
the first in the country. In addition to these transportation routes was an extensive
development of the region’s water power potential. The numerous waterways in
the area demanded bridges and among the more famous men who fulfilled this
need were the pioneer structural engineers Theodore Burr and Squire Whipple.
Other names associated with the area are Benjamin Wright, John Jervis, Amos
Eaton, and Canvass White—all major contributors to the early engineering develop-
ment of the Nation. Industrial innovators, such as Henry Burden, were active there.

The Historic American Engineering Record Organization

This historical engineering survey has been organized at a national level, by the
National Park Service (nps), the American Society of Civil Engineers (AscE),
and the Library of Congress (Lc) under a long range tripartite cooperative agree-
ment. The products of the survey, in the form of drawings, photographs, and
documentary material, are to be deposited at the Library for public use and
reproduction.

Project Organization

This Mohawk-Hudson survey is being set up under the aegis of the Historic
American Buildings Survey as a demonstration study to explore the implementation
of the Historic American Engineering Record program, and to measure the public
and professional interest in engineering history. The sponsoring organizations and
supporting groups will guide the project through an ad hoc advisory committee.
The project will be administered by the National Park Service for convenience.

The survey will be carried on in the summer of 1969, tentatively with an office
at Rensselaer Polytechnic Institute. The team will consist of engineers and architects,
assisted by historians and photographers, drawn from the universities—professors,
graduate students and undergraduates. They will produce the records—measured
drawings, maps, photographs, and historical research, as well as attempt to establish
a methodology for the study of engineering history based on physical remains. The
completed records will be placed in the Library of Congress. A publication based
on the records is intended. An exhibit is also being considered. Coupled with the
rich engineering heritage and many landmarks found in the Mohawk-Hudson Area,
there is fortunately much local interest in supporting the HAER project.

The Landmarks for Study

At this time it is not possible to do more than establish a preliminary list of
landmarks to be studied. Some will require a thorough field study and measurement
as well as document research. For others, photography alone will suffice.
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New York State

Rexford, Schoharie and other aqueducts, Erie Canal
Cohoes Power and Transportation Canal Systems
Watervliet Arsenal Cast-Iron Warehouse, Watervliet (1859)
Harmony Mill Complex, Cohoes (1836-1880s)

Burden Iron Works Sites

Gasholder Building, Troy (1873)

Whipple Bridge, Normansville (1867)

Hawk Street Viaduct, Albany (1890)

W. and L. E. Gurley Company Building, Troy (1860s)

10. Green Island Car Shops, D & H RR

11. Canaan Railroad Tunnel, B & A RR (1841)

12. Green Island Bridges, B & A RR

13. Map of sites of historic engineering interest in survey area.

© e gy

Washington, D.C.
March 1969
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The Record: Manufacturing



Cast-Iron Storehouse 1859

Watervliet Arsenal, Watervliet

(HAER NY-1)

Selma Thomas

Location: Building No. 38, immediately southwest of the intersection of Westervelt Avenue
and Gibson Street, in the southeast corner of Watervliet Arsenal, Watervliet, Albany County,

New York.

Latitute: 42° 43’ 00” N. Longitude: 73° 42’ 30" W.

Date of Erection  1859.

Fabricator: Architectural Iron Works, New York, New York: President, James Reed; Super-
intendent, Daniel D. Badger (in conjunction with designs presented by Major Alfred
Mordecai, C.E., commanding officer of Watervliet Arsenal).

Present Owner and Occupant:
Command.
Present Use:

U.S. Government, Department of the Army, Army Materiel

Warehouse and museum of ordnance materiel.

Significance: May be the only remaining all-iron building still used for its original purpose.
It is also an early example of prefabricated construction, all of its parts having been con-
structed by Architectural Iron Works in New York and shipped up the Hudson for erection

on the site.

HISTORICAL INFORMATION

Physical History

In 1813 the United States and Britain were engaged
in military skirmishes that later historians document
as the War of 1812. One of the problem spots to the
Americans was the area around present-day Troy,
New York. Expecting an attack from the north at
Lake Champlain, or from the west, at Niagara Falls,
the U.S. Army Ordnance Department (that depart-
ment of the Army which purchases, manufactures and
repairs weapons and ammunition) decided to locate
an arsenal in that vicinity. To that purpose the U.S.
Government purchased twelve acres of land from

Historical Information: Research material complied by R.
Carole Huberman; preliminary notes from Charles Peterson,
Lewis Rubenstein, and Robert M. Vogel. Architectural
Information: Prepared by David Bouse, Charles A. Parrott
111, and Richard ]. Pollak.
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James Gibbon and his wife for the sum of $2,585
(Watervliet Arsenal, 1968). This land was on the west
bank of the Hudson River, in the village of Gibbons-
ville, directly across the river from Troy. In later years
the name of the arsenal (and the surrounding town)
was changed to Watervliet (flooding waters) and the
installation grew and achieved national attention
under that name.

Watervliet, since its beginning, had been subject to
floods from the Hudson. With the construction of the
Erie Canal (about 1820), the problem was magnified,
since many of the arsenal buildings were below the
level of the canal. By the middle of the century, the
arsenal had degenerated to a disorganized and dis-
oriented installation as a result of the combined effect
of these natural disasters and the failing leadership of
Commanding Officer Major John Symington, who
had been ill since 1854.
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Perhaps the arsenal’s most significant years of
growth began under the leadership of Major Alfred
Mordecai, commanding officer from July 1857 to
May 1861. A civil engineer and member of the Ord-
nance Board, Mordecai had been sent by Army Ord-
nance to an ailing installation and his substantial
training and experience proved a great aid in the re-
habilitation of the arsenal.

Within two weeks of his arrival, Mordecai was mak-
ing recommendations for building plans to the Chief
of Ordnance. In a letter to Colonel H. K. Craig,
10 July 1857, he discussed the need for more “‘suitable
offices” (1416-M-494-498).* The existing ones were
too small and too near the Canal; the spring flood, an
annual event, had left its watermark at four and one-
half feet that year. He also noted, in the same letter,
the need for a storehouse:

At an arsenal like this, where it is often necessary to expedite
large orders for gun carriages which are not to be kept long
on hand, what is chiefly required, as a gun carriage store, is
a large shed in which the work may be conveniently shel-
tered as soon as it is turned out of the paint shop and
from which it can be easily removed for shipment.

The need for a storehouse became the more pressing
for the arsenal had just begun to manufacture Iron
Sea Coast Carriages, and Mordecai immediately
began to work on plans for its construction. He wanted
“to cover a large space with a shed under one roof
and one story high (something like a railway depot)

., a shed about 125 feet wide and 250 feet long.”
Specifying that the warehouse should have room for
300-350 gun carriages, Mordecai also argued that
“the floor should be paved with stone and sufficiently
raised to secure it from floods and the drainage of the
Canal. . ..”

Following the common practice of engineers to con-
sult with various builders and contractors, Mordecai
apparently discussed his building plans with James
Reed, president of Architectural Iron Works (Aarw) in
New York, during a chance meeting at West Point.
On 29 October 1857, Mordecai made further over-
tures to Alw when he sent a sketch of a building to
Daniel D. Badger, the foundry’s superintendent
(1416-M-599). In his remarks to Badger, Mordecai
enclosed a sketch of the building he needed and in-
vited Atw to submit a design and estimate. He also

® This notation—Entry 1416; Letter-Book “M”; pages
494-498—is used hereafter for citations from the National
Archives Record Group 156 (see Unpublished Sources of
Information, p. 37).

noted that he wanted a fireproof building and was in-
terested in comparing the costs of iron and brick struc-
tures. The initial estimate seemed prohibitive, but by
17 December 1857 Mordecai was able to supply Colo-
nel Craig with a drawing from arw and his own rec-
ommendation regarding the storehouse:

Thinking that it is desirable to adopt in our Arsenal the
modern improvements, to make them durable and fireproof,
by the extensive use of cast and rolled iron in their con-
struction, I have had a drawing made of an iron building
(1416-M—-642).

The design referred to was submitted by arw and
since the $60,000 estimate attached was higher than
Army appropriations promised to be, Mordecai in-
vited other bids the following spring and summer. He
suggested that if funds proved insufficient for an ade-
quate storehouse, the Army could construct a simple
shed. He invited A. H. Vancleve of Trenton [New
Jersey] Locomotive & Machine Manufacturing Com-
pany, to submit a bid for that reduced structure ad-
vising that
In an unfinished state, as a shed consisting of a roof sup-
ported by pillars, it would still be very useful . . [and]
I would have the parts so made and arranged that the

building could at any time be finished according to the plan.
. (1416-M-721).

Interestingly, Mordecai added to his demand for a
fireproof building, the request that “it also be orna-
mental. To answer these conditions,” he wrote, “I
have procured plans and estimates of iron buildings”
(1416-M-838).

In an effort to “answer these conditions,” Mordecai
procured many plans and estimates. Though most
came from iron foundries, the Major also considered
a brick building since it would be cheaper; and he
received a plan from Harris & Briggs, of Springfield,
Massachusetts, that furnished more store room at a
lower cost than the iron proposals (1416-M-780—
781). For his final plans, however, Mordecai returned
to Architectural Iron Works and on 5 January 1859,
he announced to Craig: “I enclosed herewith a con-
tract with the Architectural Iron Works Company of
New York, for building an iron store house at this
arsenal” (see p. 37 for copy of contract).

In the person of James Reed, atw agreed to build
the storehouse on a site to be selected by the com-
manding officer. The foundation was to be prepared
by the Army and the foundry promised to have the
building finished “‘on or before the thirty-first day of
August, 1859.” It was also subject to inspection by
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WATERVLIET ARSENAL CAST-IRON STOREHOUSE - /859
THS BEMARKABLE EXAMPLE OF EARLY PREFABRICATED CONBTRUCTION
TECHMOLOGY MAY WELL BE THE QWLY BULDING N THE US. ALMOST

mhl TOTALLY OF CAST IRON. — UMLIKE THE WUMEROUS “CAST-IRON FRONTS,
UL THE PRINCIPH. BTRUCTURAL ELEMENTS ANO ALL EXTERVOR SURFACES

EXCEPT THE ROOF ARE OF CAST IRON; ROOF TRUSS TENSION MEMBERS
ARE WROUGHT. THE BULDING WAS DESIGHED AND FABRYCATED &Y
DUNIEL D BADGER OF ARCHITECTURAL /RON WORKS CO., NEW YORK CITY.

‘

IT MS BEEN WELL MANTANED AND CONTIVES TO SERVE THE ARSEAAL
W ITS ORISIKAL CAPACITY AS A WAREWOUSE.

THE STOREHOUSE 15 A FNE EXAMPLE OF THE TRANSFERENCE OF
CLASSICAL GREEK AND ROMAN ARCHITECTURAL DETAL FROM 870KE 70
CAST IPON, NOT OWNLY THE WALL PANELS, BUT MOST OF THE
BTRUCTUIRAL WORK BEMNS HNIGHY EMBELLISHED.

POSSIBLY UWIQUE ARE THE DUPLEX COLUMNS CONS/STING OF SWORT,

LIGHT BECTIONS CARRYNG THE GALLERY BEAMS AND LONGER, KEAVIER
SECTIONS BUPPORTING THE CENTER AND SIDE AISLE ROOF
TRUSSES, BOTH SECTIONS JOWED BY WTEGRAL WEBBING.
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the commanding officer. Because of the expense in-
curred for materials and casting before construction
could begin, the United States was to pay almost one-
half of the fee before atw’s builders ever arrived at the
site.

Army Ordnance agreed to pay aiw a total sum of
$47,360, in several installments. The first $10,000 was
due when half of the building parts were completed
at the foundry in New York. Upon full completion of
iron work at the foundry another $10,000 was due;
and the third on its delivery to the Watervliet Arsenal.
The remainder was promised upon full erection and
satisfactory inspection of the storehouse. “The stipula-
tions with regard to the mode of payment,” Mordecai
admitted, were “unusual.” But he added:

They appear to me proper, inasmuch as the company must
incur a very considerable expense before the opening of
navigation [around May 1] permits them to deliver the
work at the arsenal, and there is a great gain in the cost
of the work as well as in time, by letting it be done during
the winter (1416-N-1-2).

Mordecai considered the contractual agreements
equitable under the circumstances; but to spare the
Army any embarrassment he demanded a $20,000
bond from Reed before they were binding.

By 17 March 1859, half of the work at the foundry
was completed (1416-N-18-19), and in early May
Mordecai notified Reed that the foundation would be
ready and dry well before June 1. As the building
progressed, Mordecal invited other Ordnance officers
to inspect the work and on 16 June 1859, the Inspec-
tor of Armories and Arsenals, Lt. Colonel James W.
Ripley, recorded his approval of it.

The position, plan and general appearance of this structure
meets my approval and it will be at once an ornament to
the grounds as well as a valuable addition to the storage
room of the Arsenal (1003: to Craig).

Ripley’'s comments on the storehouse reveal a
satisfaction that was not initially felt by either him-
self or Mordecai. In the planning and construction
of the building, the two men encountered several
problems and even clashed over their proposed solu-
tions. When Mordecai first wrote to Craig 10 July
1857 concerning the need for “a shed about 125
feet wide and 250 feet long” (1416-M-494-498), he
also specified the exact site on which he wanted to
place the structure. Close to the canal, so as to facili-
tate shipping, and convenient to the machine shops,
where the iron carriages were built, the location was
on the southeast corner of the arsenal grounds and

was already occupied by the arsenal laboratory. While
he admitted that the removal of the laboratory might
raise “objections,” Mordecai nevertheless recom-
mended it because the buliding was “unfortunately
placed.” Its floor was a good deal below the level of
the canal, resulting in flooding and water damage.
Mordecai had no hesitation in replacing a brick
building with cracked walls and decayed floors with
the storehouse, especially since he proposed to raise
the foundation level and thereby avoid flooding. He
requested, however, “the benefit of consultation . . .
with some other officer of experience,” and Ripley
arrived shortly thereafter to survey the situation.

Ripley agreed with Mordecai that the arsenal
was badly in need of a warehouse, but he had different
views in the matters of size and location (1003).
He preferred “a much larger building . . . say 500
feet long by 200 feet wide” in an area west of the
canal, then occupied by a group of timber sheds;
and he specified a fireproof structure. Ripley rejected
Mordecai’s site because it was on low and damp
ground. His own choice, however, posed more of a
problem since the carriages to be stored would have
to be transported across the canal (the machine
shops being south of the laboratory) and then up to
the level of the timber sheds (to be replaced by the
storehouse). The debate over size ultimately was
settled by Colonel Craig who preferred the small
structure.

The introduction of Iron Sea Coast Carriages will greatly
diminish the space required for their storage, whilst they
remain on hand, and their indestructibility will enable us to
send them to the Forts nearly as fast as made; thus reducing
the necessity of large Stores of these carriages at the
Arsenals (6-vol. 18-236-267).

In addition to the choice of size, Craig also sided
with Mordecai in regard to location, voicing the
opinion that “the movement of heavy carriages to
and from high ground would be attended with in-
convenience and expense.”

With the decision to build a relatively small store-
house on the east bank of the canal, in close proximity
to the machine shops, Mordecai once more faced a
problem. He now admitted himself reluctant to tear
down the laboratory and instead suggested a site
north of the paint shops (1416-N-89-92). Ripley
again disapproved “on account of its low and damp
situation” and Mordecai admitted that Ripley’s objec-
tions carried “a good deal of force.” The final solu-
tion came from an earlier decision of Ripley which
was entirely incidental to the plans of the storehouse.
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Ficure 15.—Site plan of Watervliet Arsenal, 1972.

“On the ground adjoining the front of the Arsenal
on the south side and facing on the Canal there [was]
a lumber yard, on too close proximity to [the] work-
shops™ (ibid.). Ripley proposed to buy the property
in the interests of future expansion and permanent
improvement. The land was purchased on 7 April
1859 from Albert G. and Harriet D. Sage at a cost
of $5,300 and it was here that Mordecai finally
decided to locate the storehouse. Little more than
20 feet away from the machine shops, the ground
was easily raised to the level of the canal bank, “above
the reach of inundation from the river” (ibid.).
Although the question of size and location caused
disagreement between the Ordnance inspector and

the commanding officer, both men agreed on the
need for a fireproof building and both voiced the
hope that it would also be ornamental. The choice
of a cast iron structure satisfied both these stipula-
tions. Cast iron is made by directly remelting the pig
iron that comes from the blast furnace and thus
is high in carbon and impurities (Condit, 1960:
280-281). Comparatively inexpensive, it is easy to
pour into any mold that can be made from founder’s
sand. It is also “fairly hard and resistant to abrasion
and relatively high in compressive strength.” Because
it is stronger and proportionally lighter that masonry,
cast iron is easier to work with than brick. It is also
cheaper to erect because the elements can be factory-
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produced, which reduces the need for skilled crafts-
men on the job. While it will not withstand much
tensile stress (the presence of carbon graphite flakes
makes it brittle), it can be reinforced by wrought
iron which has a much greater tensile strength.
Moreover, although it will warp and buckle at high
temperatures, it will continue to support its load
thus making it a perfect choice of material for a
warehouse whose contents are more valuable than
its own walls.

At any rate, the choice proved satisfactory in the
case of the Watervliet Arsenal storehouse. By 22 July
1859, a little more than two months after on-the-site
construction had begun, Major Mordecai instructed
the E. & D. Bigelow Company to “commence for-
warding [flagging] stone for the iron building” (1416—
'N-76), suggesting that the iron workers’ job was
completed by that date. Finally, on 10 November
1859, Mordecai announced “the flagging was finished
yesterday” (1416-N-126).

The completed storehouse satisfied all the specifica-
tions outlined by Mordecai, and seconded by Colonel
Ripley. A long, one-story structure, it was slightly to
the south of the workshops where the Iron Sea Coast
Carriages were painted. On the east bank of the canal,
it was also downhill from the shops so as to facilitate
the transporting of the heavy carriages. Relatively
safe from fires, the structure was also secure from
flood waters as Mordecai had raised the level of the
floor above that of the canal.

Architectural Iron Works was able to meet its
contractual obligations in a matter of six months.
Working at the foundry during the inclement winter
months, the designers and the molders produced the
parts of the structure for later assembly at the arsenal
site. The use of brick would have delayed the process
by almost as many months, since all work for a
brick structure would have had to be executed on
the site. In addition to meeting the Major’s demands
for a fireproof and decorative structure, therefore,
the design in cast iron proved more efficient, in terms
of time saved.

"Mordecai was generally satisfied with the building,
as indicated by a letter of 22 February 1860 answer-
ing an inquiry from James Reed regarding the ware-
house. He wrote: “I have to say that the building
which you put up last summer at this Arsenal has,
so far, stood very well” (1416-N-158). The Major
registered, in the same letter, a mild complaint that
the ventilators had allowed some rain and snow leak-

age, but for 54 years, the building withstood heavy
regional rains. In March 1913, the Hudson River,
“exceeding all previous flood records,” left a water
mark of ten inches on the first floor level of the
structure (R.G. 156-Gen. Corres.). No major damage
was incurred and the building still functions as it was
intended. Due to the arsenal’s expansion, however,
the cast-iron storehouse is no longer convenient to
the manufacturing facilities, and it is now used for
dead storage. In addition, some 6,000 square feet of
the building have been converted to use as an
ordnance museum.

Biographical Information

“During the first half of the nineteenth century the
United States procured its engineers from three main
sources” (Rae, 1967:331-332, passim). The first was
Europe, site of the first notable technological experi-
ments. The second source was the United States
Military Academy, at West Point. Founded in 1802
as a training ground for the Army Corps of Engineers,
the institution became a full-fledged military academy
after the War of 1812; and, at the same time, its
engineering curriculum became strongly influenced
by the Ecole Polytechnique (from which it recruited
some of its early professors). Because of its superior
engineering department, the academy attracted many
young men who would not otherwise have chosen the
military as a career. The Corps of Engineers became
the elite corps of the Army and the one usually chosen
by" top-ranking graduates. Though many engineers
left shortly after fufilling their required years of
service, as many graduates remained in the military
and some of the most distinguished civil engineers
of the nineteenth century were Army officers.

The third and largest source of nineteenth century
engineers was those self-educated men who received
their training on the job. The men who built the
Erie Canal, for example, Canvass White, James
Geddes, and Benjamin Wright, were local landowners
with some training and experience in surveying. Their
knowledge of the building craft and their awareness
of specific needs to be met combined to provide
many remarkably innovative structures.

The iron storehouse at Watervliet Arsenal reflects
in many ways the representative skills of America’s
nineteenth century engineers. An expression of the
vernacular in the building arts of the nineteenth cen-
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Ficure 16.—Later copy of an early design drawing of the Storehouse, differing from the final
scheme in the roof trussing, lack of siamese [duplex] columns, and in the arrangement and
spacing of window and door openings. (Courtesy of the Post Engineer, Watervliet Arsenal.)
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Ficure 17.—Engraving of the Storehouse from Badger's catalog of 1865, representing the
building as constructed.
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Ficure 18.—Details of the Storehouse from the Badger catalog.

tury, the warehouse was the product of both the
client, Major Alfred Mordecai, and the builder,
Daniel D. Badger and Architectural Iron Works.

A client with unusual qualifications, Mordecai
(1804--1887) was a graduate of West Point, class of
1823 (paB; Watervliet Arsenal, 1968:32-37, passim).
Appointed to the Academy from his native state of
North Carolina, he graduated first in his class and
was commissioned second lieutenant, Corps of Engi-
neers, 1 July 1823. A brilliant student, Mordecai
became a brilliant ordnance officer, being appointed
captain in that department in 1832. In 1855 he was
one of three officers sent to study military develop-
ments in Europe, especially in the Crimea. Unable
to visit the Crimea, the Major nonetheless travelzd
throughout the rest of Europe and returned to the
States with a detailed knowledge of engineering, as
well as military, developments.

Appointed commanding officer at Watervliet
Arsenal 23 June 1857, Mordecai found the arsenal

57 Secton ol Cormee and Areh
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ARCHITECTURAL IRON WORKS . NEW-YORK

in a state of substantial decay. Less than two weeks
after his arrival, he recommended changes in the
building plans to the Ordnance Department. Among
these changes was the request for an iron storehouse.

His familiarity with the uses and properties of iron
was based on his engineering background reinforced
by his observation of the iron structures, especially
railway depots, he had seen on his European tour.
It served him well in this case and he was able to
specify a building suited to his particular needs.

Less than two years after completion of the cast-
iron warehouse, civil war broke out. Though Mordecai
continued to direct the arsenal—so well that it was
better prepared for war than it had ever been—his
Southern birth incited much animosity and hostility
“from various sources” within the Army. On 2 May
1861, he found it necessary to resign from the Army
and shortly thereafter he left the country for Mexico.
There he remained until after the war, directing the
construction of a railroad running from the Gulf of
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sented by the ehisel, will acent that of castings of iron, and hence that iren i
cheaper for work of un ornamental character., Tt may be added that iron admits
of more delicate tracery and sharper outlines than any other nterial.

Tron is of course incombustible, and, though it may be affected by intenwe
leat, it is far more nearly fire proof than stone, granite, marble and other build-

ARCHITECTURAL IRON WORKS.

This well known Corporation has heen in existenco nhout twenty years,
and is the soveessor of the firm off Danid D Badger & Co,, who had been for a
pecind of yenes ezl in the Tron busioess, and had made a specinlty of Teon
Wark for buildings. Mr Badzer, the President of this Compinay, is regarded as
the pivneer of Tron Architecture in Aweriea.  This Company may therefore cluin
o bee thie oldest establishtavnt o its kind in our gonntry, and w have had the

ing watcrials.

One of the great advantages orising from the use of iron is that it ad-
wits of unusnal rapidity of construction aud erceting

The sanitary advaotages of the use of iron dexerve alu 1o bo consider.
Occupying but swall space in piers and columns, it freely admits the air Al

Targest experivnce,

The works of the Company are situnted in” the City of New York on 14th
Street aear the Eact River, oceupying about fitty Iots of 100 by 25 feet cach
covered with their buildings.  ‘Thearen of gese lots and the floors of the buildings
esered four acres The shops are Btted with all kinds of wachinery required

for the work to be done, and have every improsement and facility for making
Iron Wk for all kinds of buildings, as well as fur moany other piisposes,

The varions departments are conducted by skilled and expenienced workinen,
and the Cotwpany is thas enabled to perform the several branches of work for ali
iron structures teo the ineeption, design-
ing, drafting, patierning, cisting; fitting
and setting. to the final completion for oc-

light which arc hoth essential to health
always has o volue, ond the old material finds an imnedints sl

fresh cont of puint

VIEW OF ARCHITECTURAL IRON WORKS,
New York.

Tron hs of late years been used to advantage ond with general approval
. i + wtore fronts,

for tnany purposes, amnng which nuy be cnomerated e fillswing:
hotely, depots, grain warchonses, public Duildings, r fe,
balustrades, stairways, colummns,

dours, brackets, gunrds, lamp posts, railings, crestings,

ferry howses, arsemals, ete., et

Ax a foal argument in favor of its nsv, it way be stated that iren

work beeotmes defaced, it cun be eaxily rextorl o itw pristine appearance by o

danpes, verandas,
cnpitolr, arches, window Jintels and sills, saslies,

hank counters, rolling
shutters, venstian blineds,  patent lights,
sidewalks, bridgs, light honses, churches,

cupaey This company has during the last tsents
years erecterd a great number of iron build-
ings in wll the principal citicx and fowns
throughout our country, of a great variety
of styles, designed Ly the bust architects.
Amoog these may be mentional  the
Grand Central Depot, an illustration ot
which will be sevn on this page, Munbattan
Market, 800 feet long, 200 feet wide, 100
feet high; Hudson River Railroad Depot.
St Juhn's Park ; Kemp Builling, Singe
Sewing Machine Corapany Building, Gil-
Scamen's Bank for Savings,
antic Savings Dank, ete, in the City
of New York, IPost Oftice and Sob-Trea-
aury, Boston Post Building, Stores fi
Hannewell  extate, Messrs. Fitch, Snow.
White, Rich, Gy, Hanley, Folom &
Martin und others in Boston.  Congres-
sional Libeary, Consersatory , ete., in Wash-
ington. Buildings in Chivay Philadel
phin, Troy, Rochester, Springficld. New
Haven, New Orleans, and iodeed in almost
every gection of our country, and even in

It hus the capacity to employ more than
a thowsand men, atd to produce thonsands
of tuns of iron work anuanlly. Tt will be
seen that, for the suceessful condnet of a
business of this magnitude, alarge capital,
extended fucilitivs and a Jarge experiencs
are nevdel, and that thereture this extals-
lishment possceses many advantages which
commend it to the potice of all owners,
capitalists and corporations, dusigning to
erect iron buildiogs of nny deseription.

Iron architecture encountered at  the
time of its introduction the bitterest oy-
position from  builders, insorance com-
panies, fire departments and the public
generlly ; but it has Levn persisted in by
‘ts originators and tested by use, until at
lingth all objections to it hnve been re-
moved, and it 18 now conceddest that iroo is
entitled 1o be regarded ax oue of the most
useful and enduring of known Luilding
materials

A briet eoumeration of the advantages
of the use of iron will confirm this asser-
tion,

Tt possenses the greatest possible strength
in proportion to its weight und bulk
Henee, it allows of grace and lightuess of
eopstruction, the greatest possible armount
of leantiful ornamentation ; it will be
obvious that the cost of elaborute desigos
in stone or uny other durable materinl ¢x-

~ for furnishing the iron
work for building purposes, of u superio
quality and finish, arc unsurpassed in thi-
country, ws their long experience in- archi-
tect work hax been used to the very host
advautige, in brioging forward inprove

ments of great importance and architectural
beanty. For particulars address the com-
pany us abive

GRAND CENTRAL DEPOT, NEW YORK.
IRON WORK CONSTRUCTED BY ARCHITECTURAL IRON WORKS.

Ficure 19.—Badger’s greatest undertaking probably was the ironwork for Vanderbilt’s original
Grand Central Depot, 1869-1871, memorialized in the New Columbian Railroad Atlas and
Pictorial Album of American Industry [opposite plate 75].

Mexico to the Pacific Ocean. Returning to the United
States in 1867, he worked for twenty years for coal
and canal companies controlled by the Pennsylvania
Railroad. He died in Philadelphia in 1887.

If Mordecai’s excellent credentials were a result
of his West Point training, the varied experience and
practice of Daniel D. Badger, founder of Archi-
tectural Iron Works, point to another representative
example of the nineteenth-century engineer (Condit,
1960, passim; Sturges, 1970: vii-ix, passim). Born in
Portsmouth, New Hampshire, in 1806, Badger began
his career as a contractor in Boston in 1829. There
he engaged in on-the-job training and advanced his
building skills. In 1842, he constructed a store build-
ing on Washington Street with iron columns and
lintels on the first story. Badger did not identify the
building, however, and nothing more is known about

it. A year later he bought the patent of Arthur L.
Johnson of Baltimore for a rolling iron shutter for
use with his iron fronts. The shutter afforded protec-
tion to the wide show windows which the new struc-
tural material made possible. With success, Badger
found Boston too small a market and he moved to
New York in 1846. There he built his foundry,
Architectural Iron Works, on Duane Street between
13th and 14th Streets.

Badger advertised his product widely and business
flourished from 1850 to 1870. Responding to the
concept of mass production, which was gaining in-
creasing importance in many industrial areas, he
employed a standard structural system that adapted
nicely to urban building requirements. He repeated
this system with no essential change from one struc-
ture to another—consciously imitating the more costly
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Ficure 20.—The appearance of the Storehouse has remained practically unchanged during
its lifetime: south and east faces, May 1875 (top); east face, August 1972 (bottom). (Top:
Courtesy of the Public Information Office, Watervliet Arsenal; bottom: Boucher.)

stone architecture of the period. “With his team of
anonymous architectural designers, modelers [pattern
makers] and molders [Badger] sought to reproduce
. . in iron whatever could be produced in stone”
(Sturges, 1970: viii).

The iron foundry nevertheless produced its own
impressive style of urban architecture; and the struc-
tural uniformity of most of Badger’s commercial
buildings makes a general description possible
(Condit, 1960:31). Most of them were from two to
six stories high, the stories ranging in height from
nine to fourteen feet; spandrel depth was usually two
feet. Column spacing in the facade was usually six
feet; and the hollow columns were seldom less than
twelve inches in diameter. Interior framing generally
consisted of iron columns and timber floor beams.

Illustrations of Iron Architecture (in Sturges, 1970)
is the 1865 catalog of Badger’s Architectural Iron
Works. In its preparation Badger made many mis-
takes: inaccuracies in dates, dimensions, and struc-
tural detail abound. He did not err in the choice of

his lithographers (Sarony, Major & Knapp, New
York), however, and the Illustrations are themselves
a work of art. Nonetheless, Badger’s impressive heri-
tage does not lie exclusively on the pages of his
catalog. Fie was a pioneer in the use of prefabricated
construction—of which the Watervliet iron store-
house is an excellent example—and his exploitation
of iron technology anticipated, in a crude fashion,
the steel frame of the twentieth century skyscraper.
One of many self-trained engineers of that period,
Badger’s contributions are not unique. They are
significant, however, for the technological develop-
ments which they represent and for the building skills
which they summarize.

Though Badger named his foundry Architectural
Iron Works, the basic sameness in structure and
obvious derivation of style do not denote any archi-
tectural ingenuity. His use of iron, on the other hand,
in both facades and framing, reveals an innovative
and daring engineering mind; and his buildings
enrich engineering history.
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Addendum

NaTioNAL ARrRcHIVES, RECOrRD GrOUP 156.
Recorps oF THE WAR DEPARTMENT,
Orpnance ConTract, REED, . M.

Iron Store House, Watervliet Arsenal, 1859, MS
J. M. Reed
President of Architectural Tron Works of New York
Contract for an Iron Store House at Watervliet Arsenal

Articles of Agreement between Major Alfred Mordecai,
of the Ordnance Department Commanding Watervliet
Arsenal, on behalf of the United States, and Mr. J. M. Reed,
on bchalf of the Architectural Iron Works in New York for
building an Iron Storc House at Watervliet Arsenal:

1. The Architectural Iron Works agree to build at
Watervliet Arsenal an Iron Store House, conformably to
the drawings and specifications signed this day by the con-
tracting parties above mentioned, and deposited with the
Commanding Officer of Watervliet Arsenal.

2. The Site for the Said building is to be selected by the
Commanding Officer of the Arsenal, and the foundations
for the building are to be prepared by the United States.
The Work on the foundation is to be commenced as early
in the Spring of the present year as the Season will permit,
and to be continued with due diligence, so as not to delay
unreasonably the erection of the superstructure, after the
materials for the latter shall have been delivered at the
Arsenal.

3. The building is to be completed on or before the
thirty first day of August 1859.

4. The work on the building is to be subject to inspec-
tion, in all its Stages, by the Commanding Officer of
Watervliet Arsenal for the time being, and by Such persons
as he may appoint for that purpose; and it is to be exe-
cuted, as regards both Materials & Workmanship, in a
Manner satisfactory to the said Commanding Officer, or
the inspector appointed by him, having regard to the
drawings and Specifications above referred to.

5. The United States agrec to pay to the Architectural
Iron Works, for the said building completed according to
the foregoing stipulations the sum of forty seven thousand
three hundred and sixty dollars, which is to be paid
in installments as follows: that is to say: First: The Sum
of ten thousand dollars is to be paid on the completion
of one half of the iron work of the building at the Com-
pany’s works in the City of New York. Second: The further
sum of ten thousand dollars is to be paid on the completion
and reception of the whole of the iron work at the said
works in New York. Third: The further sum of ten thou-
sand dollars is to be paid on the dclivery of the whole
of the iron of the building, at Watervliet Arsenal. Fourth:
The remainder of the Stipulated price of the work is to be
paid on the completion of the building and its acceptance
by the Commanding Officer of the Arsenal as aforesaid.

6. The valuation of the work on which the first install-
ment of ten thousand dollars is to be paid shall be made by
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the Commanding Officer of Watervliet Arsenal, or by an
inspector appointed by him for that purpose.

7. If the money appropriated by Congress and applicable
to the construction of the building should not be sufficient
for making the final payment of the work on the completion
of the building, the party of the Second part shall not be
entitled to receive or claim from the United States any
interest on the amount of which payment may be deferred
until funds are provided for the purpose.

8. No Member of Congress shall be admitted to any
share in this Contract or receive any benefit to be derived
therefrom.

9. This Contract shall not be considered in force until
the party of the Sccond part shall have made a Bond to
the United States, with good Sccurity, in the Sum of twenty
thousand dollars, for the faithful completion of the work;
nor until this contract and the said bond shall have been
approved by the Secretary of War.

Done at Watervliet Arsenal the fifth day of January 1859.

Watervliet Arsenal
January 5" 1859 By
(Signed)

(Signed) Architectural Iron Works
J. M. Reed, Presdt.
A. Mordecai
Major of Ordn.
[Bond Follows]

Sources of Information

UNPUBLISHED

Araklian, R. J., LTC, CE. “Analysis of Existing Facilities.”
Paper submitted by the Executive Secretary, Installation
Planning Board, Watervliet Arsenal, Watervliet, New
York, June 1969. [Multilithed from typed copy.]

National Archives Record Group 156: Records of the Office
of the Chief of Ordnance. Entry 3, Miscellaneous Letters,
Endorsements, and Circulars, volumes 50, 51.

. Entry 5, Letters (Sent) to the War Department,
volume 12.

. Entry 6, Letters, Telegrams, and Endorsements
Sent to Ordnance Officers and Military Storekeepers,
volumes 18, 19.

—————— Entry 20, Register of Letters Received (1857—
1861).

. Entry 21, Letters Received 1858, volume 28,
7 April (295M): 1858, volume 28, November 3 (385M).
[Original letters from Major Alfred Mordecai to the
Chief of Ordnance, as indicated in Register, Entry 20.]

. Entry 176, Military Service Histories of Ord-
nance Officers, pages 42, 44.

——————— Entry 1003, Spccial File 1812-1912, Reports
of Inspections of Arsenals and Depots. (Inspection re-
ports of 9 August 1858, 11 June 1859, and 5 June 1860).

. Entry 1020, Register of Drawings.

——————— Entry 1416, Watervliet Arsenal Letters (Sent)
Book “M” and Letters (Sent) Book “N.”

—————— [No entry number] General Correspondence
1894-1913. New Series 1894. Letters 30025D/441 and
30025D/227.
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ARCHITECTURAL

General Statement

Architectural Character: A building detailed in
Renaissance Revival style, proportioned for stone, but
prefabricated almost entirely of cast- and wrought-
iron components in New York City by the Archi-
tectural Iron Works. The parts were then shipped up
the Hudson River and assembled by that company
on site.

Summary Description: A rectangular warehouse
100-0” x 196’-0" containing 16 transverse bays and
three longitudinal aisles. In addition to a ground
floor, the outer aisles each contain a gallery in the
14 inner bays. The structure, as built, is nearly identi-
cal to the onc in Badger's catalog, Illustrations of
Iron Architecture made by the Architectural Iron
Works of the City of New York, 1865, Plates 12, 13.

Condition of Fabric: Good to excellent.

Structural Description

Foundation: Cut limestone sill over random rubble
footings on perimeter. Interior columns have ashlar
bases dressed similarly to the sill.

Wall Construction: Cast-iron panels connected by
flathead, countersunk machine screws through flanged
and lipped surfaces, only the countersunk heads
appearing on the exterior. The paired cast-iron

Sturges, W. Knight. “Cast Iron in New York.” Architec-
tural Review, volume 114 (October 1953): 233-237.

. cditor. The Origins of Cast Iron Architecture
in America (including “Illustrations of Cast Iron Archi-
tecture Made by the Architectural Iron Works of the
City of New York,” Daniel D. Badger, President (1865),
“Cast Iron Buildings: Their Construction and Advan-
tages,” James Bogardus (1856)). New York: DaCapo
Press, 1970.

Watervliet Arsenal. A History of Watervliet Arsenal 1813-
1968. Watervliet, New York, 1968.

U.S. Congress. “Report of the Secretary of War” (John B.
Floyd, December, 1859), Senate Executive Document,
volume 3, no. 2, serial set 1025, 36th Congress, st ses-
sion, 1859-1860.

“Report of Major Alfred Mordecai of the

Ordnance Department.” Senate Executive Document,

volume 15, no. 60, serial set 1037, 36th Congress, Ist

session, 1860.

INFORMATION

pilasters, Va-inch thick, are part of load-bearing
channels that provide stiffening for the walls and
support one end of the gallery roof trusses on the
side walls. Corner pilasters are built up box columns.
The fenestrated panels and the rusticated detail
between the pilasters, both generally 5jg-inch thick,
are nonloadbearing. The walls on end and side
elevations are topped, respectively, by horizontal plates
forming an asymmetrical “H" section and by a
additional
longitudinal stability and supporting the gallery-truss
ends.

The end-wall gables are sheathed with corrugated
iron framed with various structural sections above
the top plates of the end walls. The end walls sub-
sequently were stiffened by the addition of welded-
steel frames each composed of two struts spanning
between each end column and the wall plate, at
cornice level.

shallow horizontal channel, providing

Structural System: The fourteen 12-foot interior
bays and two 14-foot exterior bays are delineated by
transverse cast- and wrought-iron Fink trusses over
the center aisle and modified Fink trusses and com-
posite beams over the side (gallery) aisles. The
center-aisle trusses span about 50 feet, the side-aisle
trusses and beams about 25 feet. Both trusses are
about 8 feet deep, maximum. Both center and
side-aisle trusses share the same colinear top chord.
All truss members and purlins are wrought iron
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Ficure 21.—Storehouse: «, North elevation; b, west elevation; ¢, detail of west elevation
from the northwest; d, east elevation from the northeast.

except for the cast-iron cruciform compression struts.
Turnbuckles allow the tensile stress on the l-inch-
diameter rod of the lower chord to be adjusted. All
truss connections are bolted.

Longitudinal stability, in addition to that provided
by purlins, perimeter plates, and walls, is provided
by shallow channel plates, which unite the trusses
atop the two rows of interior columns. These plates
also provide seats for the center-truss end connections.

The columns that jointly support the center and
side-aisle trusses are 28’-634” high and taper from
10 inches to 6V, inches in diameter. The 16 wood
gallery joists, 314" x 11”7 at 19 inches on center, are
supported by the shorter section of the unique,
integrally webbed, duplex (or siamese) columns on
the inside and single columns at the exterior wall.
These columns are both 5 inches in diameter.

The composite gallery beams are principally cast

iron, containing 22 circular openings in the web.
A 2V, inch wrought-iron rod, integral with the
bottom flange of each beam, provides the tensile
strength. These beams are =27 inches deep at
midspan. They are nearly identical to the ‘“tension
rod girder no. 273” in Illustrations of Iron Archi-
tecture, plate 63.

The siamese columns and composite beam between
the fifth and sixth bays from the north on the east
have been replaced by a steel beam and two steel
columns.

Architectural Description

Floor Plans: The ground-floor plan is virtually a
single arca. The 100-0” transverse dimension is
divided into two 25-foot side aisles and a 50-foot
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Ficure 22.—Storehouse: a, Inside of original cast-iron rolling door; b, outside of original
door (now secured), south face; ¢, window detail, south face; d, personnel door, south face;
e, vehicular door, south face; f, circular window, south gable end; g, detail of cast-in

builder’s plate.

center aisle, and the 196’-0” longitudinal dimension
into sixteen bays (14 12-0” inner bays and 2 14—0”
outer bays), by two rows of siamese columns. The
side aisles each contain a gallery floor the length of
the inner 14 bays. As evidenced by the gallery floor-
joist brackets on the interior of the end walls, the
galleries originally were the full 16 bays in length.

It may partially have been the removal of these
end-bay gallery sections that necessitated the sub-
sequent stiffening of the end walls with steel braces.
Stairways: Cast-iron stairways, one in each corner,
lead to the gallery level. In a single run they turn
90 degrees in the lower five steps. The risers are
perforated with circular openings while the treads
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detail of southeast stairway.

contain a grid pattern of quatrefoil and circular
openings.

Openings: Doors: The gabled, end elevations are
divided into eight bays. Nos. 1 and 8 contain window-
less cast-iron personnel double doors with coffered sur-
face ornament. These doors are not now operative.
Bays 3 and 6 contain wider doorways. Originally
each had a rolling, iron vehicular door, 8 feet wide,
two of which still remain, although inoperative, in
the respective westerly bays (for a description of their
operation see “Mechanical Equipment”). The easterly

Ficure 23.—Storehouse: a, General interior view from the west
gallery, looking north; b, general interior view of north end and
east side from the west gallery; ¢, detail of southeast stairway; d,
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rolling doors have been replaced by double, wood,
half-glazed doors with glazed transoms. This door
is at grade level on the south elevation and up three
steps on the north.

Windows: The openings on the side elevations are
randomly either glazed or closed with fixed iron
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plates. From the left, the openings in bays 1, 2, 3, 4,
5, 6,9, and 11, west elevation; and bays 5, 7, 9, 10,
11, 13, 14, and 15, east elevation, are glazed, with
iron frames and muntins. Each of the remainder is
covered with five cast-iron plates, serrated to appear
as closed louvers. Originally, the eight windows and
eight panels on each side alternated. Windows 1, 2,
and 3 of the west elevation are presently boarded.
A few windows on the west elevation have been
modified to double hung sash. The end elevations
contain windows in bays 2, 4, 5, and 7. The fixed,
semicircular-arched, single sashes each contain 30
lights below the semicircular portion. In the semi-
circular portion the vertical muntins are continued
in a circumferential pattern to contain an additional
six lights delineated by radial muntins. In each end-
wall gable is a 7-foot-diameter round window con-

taining circumferential and radial muntins delineating
41 lights. The round windows originally pivoted on
horizontal axes for ventilation, but the operating
hardware has been removed.
Roof: Shape, Covering: Gable roof with a slope of
1:3, corrugated asbestos replaces the original covering.
Eave, Entablature: On the side elevations the
entablature and coffered eave soffit is comprised of
single castings supported by iron brackets bolted to
the vertical load-bearing channels of the exterior wall
and spaced 6 to 7 feet apart. An unusual angle is
attached to the outermost part of the eave. This
angle has its horizontal leg formed in a wave pattern
with an amplitude of 6 inches. This is the amplitude
of the existing corrugated-iron covering of the gables,
which is original. Thus it is quite likely that the
original roof covering was the same type and size of
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Ficure 24.—Storehouse: a, View under east
gallery; b, connection between composite
gallery-beam and siamese gallery column, east
gallery; ¢, gallery beams and columns, east
gallery.
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corrugated iron. On the end elevations the cornice
is separately cast and bolted to shorter brackets
similarly located and spaced.

Monitors, Skylights: Three combination ventila-
tion monitors and skylights are located at approxi-
mately the quarter points on the roof ridge. The sides
and ends of the monitors (except two ends which
have been replaced with blank panels) contain adjust-
able iron louvers from which the operating hardware
has been removed. The roofs of the monitors contain
lapped glass pane skylights which replace a corrugated
covering, like that formerly on the main roof, since
the same wave patterned angle remains attached to
the monitor eaves. Each roof slope also contains four
corrugated fiberglass skylight sections set within the
corrugated asbestos roof panels in a horizontal line.

Flooring: The concrete ground floor replaces the
original stone flagging. A 1J4-inch plywood deck has
replaced 174 x 4-inch wood decking on the galleries.

Wall Finish: The building exterior was painted
light gray in 1969, similar to its original color. By
1971 the exterior had been repainted buff. Interior
iron surfaces are painted a metallic silver. Interior
faces of the wall panels in general reciprocally reflect
exterior detailing and decorative features.

Notable Hardware: Several columns above the
gallery level on the west side support pivoting, cast-
iron, cantilevered jibs fitted with hoist rope pulleys
for raising and lowering material to the gallery level.

Mechanical Equipment: Lighting: Originally there
was no provision for other than natural light through
the alternating glazed openings on the side elzvations
and the four windows and round window on the end
elevations. Additional natural light has been pro-
vided by the monitor and roof skylights. Area electric
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lights have been installed on every third column,
aimed to light the center aisle.

Plumbing and Heating: No systems incorporated.

Ventilation: Ventilators incorporated into the
monitors and round windows have been mentioned
above. In addition, the bases of the nonload-bearing
window panels on all elevations contain a row of
2V4-inch diameter ventilating holes.

Rolling Iron Vehicular Doors: Operated by
original (although inoperative) sprocket pulley, chain,
and hand crank. The door is made up of a shutter
of horizontal iron slats hinged together. To open, the
shutter was reeled around an iron windlass driven
by the sprocket pulley on one side, aided by a counter-
weight suspended from a pulley on the other. This
“rolling iron shutter,” an early and particularly em-
phasized Badger product, is similar to the one in
Illustrations of Iron Architecture (Badger’s plate 29,
in Sturges, 1970).

Site

Orientation: N 16°E—S 16°W (with true north)
along the longitudinal axis.

Setting: Southeast corner of Watervliet Arsenal.
Approximately 145 feet tapering to 75 feet east of
the filled bed of the former Erie Canal. A (now
filled) basin of the former canal was located about
45 feet north of the building. The Hudson River
parallels the building about 475 feet to the east.
A state highway, parallel to the river, passes along
the east boundary of the arsenal about 275 feet east
of the building. Brick buildings, directly west and
across the former canal site, house various machine
and gun shops.



Gasholder House 1873

Troy Gas Light Company, Troy

(HAER NY-2)

Diana S. Waite

Location: Northwest corner of Jefferson Street and Fifth Avenue (formerly Fifth Street), Troy,

Rensselaer County, New York.

Latitude: 42° 43’ 10” N. Longitude: 73° 41’ 30” W.

Date of Erection: 1873.

Designer: Frederick A. Sabbaton (1830-1894), engineer.
Present Owner and Occupant: Sage Maintenance and Repainting Corporation.

Present Use: Storage of heavy equipment.

Significance: The Gasholder House of the former Troy Gas Light Company is one of the few
remaining examples of a type once common in northeastern urban areas. Sabbaton was a
prominent New York State gas engineer. Originally sheltering an iron holder for coal gas,
the brick gasholder house is an imposing structure from a significant period in the history
of Troy. The handsome exterior reflects the standing of the company that for twenty-seven
years held a monopoly on the manufacture of illuminating gas in the city.

HISTORICAL INFORMATION

Physical History

Engineer: Frederick A. Sabbaton, a specialist in
the construction of gas works, was superintendent of
the Troy Gas Light Company from 1862 to 1890.
A gas engineer, well known throughout New York
State, Sabbaton came from a prominent family of
engineers. His father, Paul A. Sabbaton, a close friend
of Robert Fulton, prepared plans and specifications
for the Clermont, and at the time of his death was
also a gas works engineer. Frederick Sabbaton’s two
brothers and his two sons were all employed as gas
engineers. Sabbaton at various times supervised, con-
structed, and owned gas works in Connecticut, Massa-
chusetts, and throughout New York State. He was
also involved in the manufacture of aniline colors

Historical Information: Additional data by Robert M. Vogel
and Charles Granquist. Architectural Information: Pre-

pared by Richard J. Pollak.
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(which were made from coal tar) and designed a gas
governor valve.

Original and Subsequent Owners: In the block on
which the structure is situated, the Troy Gas Light
Company (TGL Co.) owned lots 55 through 79.
The gasholder house itself was situated on lots 71,
73, 75, 77, and 79. The history of ownership of this
property is reflected in the land records of the
Rensselaer County Recorder’s Office, Troy, New
York, as shown on bottom of page 45.

Original Purpose and Construction: A gasholder
house is a structure that surrounds an iron gasholder,
in which gas is stored until needed. Originally most
gasholders were constructed without houses. In the
early 1870s, however, the construction of gasholder
houses began in upstate New York, following a prac-
tice already fairly common in the Northeast, par-
ticularly New England. The gasholder house in Troy
bears a builder’s plaque dated 1873, and the structure
appears on an insurance map published in 1875.
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OF PREVENTING FREEZING OF THE WATER SEAL THAT PERMITTED THE
HOLOER TO RISE AND FALL WITACKYT LOSS OF GAS. THERE /S SOME BELIEF
T00 THAT ENCLOSIHG THE HWOLDER WOULD ALLAY THE FEARS OF THE TIMID
ABOUT A DOZEN o+

ABOYT THE

PROPORTION AND ODETAULING .

onawn oV CHIRLES AIRGOTT X - /565
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ARE USED FOR STORSGE AS IN THIS CASE.

THE TROY HOUSE 5 ABCHITECTURALLY THE FINEST OF THE GRouP W /75
THE UPVER CHORDS OF THE WRAMGHT IRON
RADIL TRYSSES SUPPORTING THE LOW DOMED ROOF ANO VENTUATING
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TROY GAS LIGHT COMPANY GASHOLDER HOUSE

NW _CORNER-JEFFERSON ST AT STH AVE, TROY, NEW_YORK N¥2 BEXT D OF . Semw

HAE;" HISTORIC AMERICAN
ENGINEERING RECORD

Lots
57,59,61
63,65,67
69,71

73,75

77,79

Transfer Date
12 Nov. 1866

14 Nov. 1866

Jan. 1867

6 Feb. 1867

19 Oct. 1943

29 Apr. 1968

RENSSELAER COUNTY,
Ficure 25
Seller
Purchaser Liber
Maria J. Cushman 134
TGL Co.

Jonas C. Heart and Catherine, 134
his wife

TGL Co.

Thomas B. Carroll and Caroline 134
B. Carroll

TGL Co.

William S. Sands and Eliza, his 133
wife

TGL Co.

New York Power & Light Corp. 686

Oscar C. Buck

Oscar C. Buck

Sage Maintenance & Repainting
Corp.

1196

Page

369

536

79

167

252

Recording Date
20 Nov. 1866

10 Dec. 1866
2 Feb. 1867

13 Mar. 1867

20 Nov. 1943

24 May 1968
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Gasholder houses were constructed for a variety of
reasons. The structure protected the iron holder from
the elements and enabled it to be built of thinner
plates since the holder itself would not have to with-
stand wind pressure. Wind pressure acting on one
side of the holder; snow loads on the top of the
holder; and icing of the guide and counterbalance
pulleys all tended to interfere with the holder’s free
and consistent vertical movement. The enclosure also
prevented freezing of the water in the holder pit that
formed a seal to prevent loss of gas, while allowing
the holder to rise and fall. There is some belief too
that enclosing the holder would allay the fears of
the timid, anxious about explosion. The house was
also considered an economical measure by reducing

the condensation of gas in the cold weather and was
seen as an attractive architectural element of the gas
works complex.*

* Gasholder houses were constructed in England as early
as about 1825, although the mild climate would not com-
monly nccessitate them. Recently, at the demolition of a
small circular house at the Bean Ing woolen mills in Leeds,
researchers were able to discover that only two other
gasholder houses (and a possible third) had been built in
the county. The Bean Ing House was 40 feet in diameter,
of brick, with an iron-plate domed roof supported by six-
teen T-shaped iron ribs. (Architectural Review, November
1970, pages 275-276.) A very large gasholder with brick
house was built at Erdberg, near Vienna, in 1886, having
an inside diameter of 208 feet. (Scientific American Sup-
plement, 26 March 1887, pages 9354-9355.)
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Ficure 27

Gasholders still are sometimes called “gasometers,”
an old-fashioned term surviving the industry’s early
period when the holder also was used to measure
the gas by graduations on the tank’s side. By the
1870s the term “gasholder” was preferred since sepa-
rate meters were then in use for measurements. The
Troy Gas Light Company had been using meters as
early as 1855, if not before.

Iron gasholders were usually double- or single-lift
types, although a triple-lift type was also constructed
by some companies. The New York Times (7 April
1872) described how the holders looked and worked:

To the untutored eye they present the appearance, when
fully distended, of circular castles or forts, without port-
holes, embrasures or sally ports, or to the less military mind
they might suggest selections of two enormous boilers, one
sliding within the other, and set vertically into the ground.
This [ground] tank [or pit] contains sufficient water to pre-
vent the gas from escaping under the edge of the holder.

When exhausted, the sections slide one within the other,
like a telescope when shut up, and the whole affair sits down
in the tank so that the top is nearly on a level with the
surface of the ground. As the gas is let in and the pressure
increases, the huge iron cylinders rise up and the inner one
slides up until the holder is fully extended. These are called
telescopic holders. Some are made with only a single section,
or ‘“single lift” as it is called. The average dimensions of
holders approximate seventy feet in diameter with height
of about 60 feet, and a capacity of less than 850,000 [cubic]
feet.

The Troy holder was a telescoping two-lift type.
Its top section had a diameter of 100 feet and a
height of 22 feet, and the lower section had a
diameter of 101 feet-6 inches and a height of 22 feet.
It had a capacity of 330,000 cubic feet of gas. The
gas passed through inlet and outlet lines 12 inches
in diameter. The weight of the holder provided the
pressure of the gas in the mains; at the Troy holder
the pressure was 4%, inches. Gas pressures were too
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low to be practically measured by the conventional
pressure-standard of pounds-per-square-inch and so
was expressed in terms of the height of a column of
water, in inches, that the pressure would support,
i.e., so many “inches” (of water column).

The underground tanks of the gasholders were
made of stone, brick, concrete, or cast or wrought
iron. The brick tank under the Troy holder had a
diameter of 103 feet 2 inches and was 23 feet deep.
Together the Troy holder, tank, and house were
yalued in 1892 at $68,093.95. The various mechanical
problems resulting from the cold climate were ulti-
mately overcome by improving the holder and thereby
eliminating the need of a house.

The dozen gasholder houses that are known to
survive in upstate New York and New England were
built in the 1870s, with the exception of one in
Concord, New Hampshire, dated 1888.

SMITHSONIAN STUDIES IN HISTORY AND TECHNOLOGY

Location Date  Material Present use

South Boston, Mass. ? Brick Storage

Valley Falls, R.I. ? Stone Utility company
garage

Warren, R.I. ? Brick Utility company
garage

Concord, N.H. 1888  Brick Gasholder
(unused) house

Concord, N.H. ? Wood  Gasholder
(unused) house

Albany, N.Y. ? Brick Utility company
garage (demol-
ished 1971)

Saratoga Springs, N.Y. ? Brick Utility company
garage

Seneca Falls, N.Y. ? Brick Automobile show-
room

Syracuse, N.Y. ? Brick Glass and paint
store

Troy, N.Y. 1873  Brick Warehouse and
garage

Batavia, N.Y. (2) ? Brick Storage

Location D ] . oy v s .
A:tc]‘;};:om Falls, Mass a:e g?ctli"al g:;i;’;i e Alterations and Additions: Originally the Gasholder
Salem, Mass. ’ 1873 Brick  Gasholder House had a small, one-story brick porch located in
(unused) house the center bay of the south side facing Jefferson Street.
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Ficure 28.—Map:

a, Fifth and Jefferson site, 1881; b, site of Liberty Street Works, Troy

Gas Light Co., two blocks north of Fifth and Jefferson. (a: Hopkins, 1881, plate 55, detail;

b: plate 50, detail.)
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Ficure 29.—View of the Gasholder House from the northeast.

The porch has been removed but the markings on the
brick of the gasholder house wall suggest that the
porch had a gabled roof. Judging from other gas-
holder houses extant in New England, this room was
used for an entranceway and as a governor room.
According to an 1875 atlas, the house originally had
“windows all around”; some of these have been
bricked in. The present owners have cut a large
entrance into the central bay of the north side for
truck access. By 1892 a boiler house and a purifying
house had been constructed north of the Gasholder
House; in 1910 a separate governor house was built.

The Gasholder House at Jefferson Street was in
operation in 1912, and was probably taken out of
service during the 1920s when a new central plant
was built at Menands. In 1930 the holder itself was
removed and sold as scrap metal. The house sub-
sequently was used for storage by Oscar C. Buck,
a circus manager, and for marching practice by local

bands. It is used for storage and as a garage by the
present owner. The works at Liberty Street was in
service in 1892 but not in 1912, when it probably
had been superseded by a new works built at Smith
Avenue.

The Troy Gas Light Company, which first supplied
the city with illuminating gas in 1848, maintained a
monopoly for the manufacture of gas in Troy until
1875 when the Troy Citizens Gas Light Company was
founded. Ten years later, in 1885, the Troy Fuel Gas
Company was founded. On 11 October 1889 these
three companies were consolidated to form the Troy
Gas Company. The Troy Electric Light Company,
founded in 1886, merged with the Troy Gas Com-
pany about 1893, followed by the merging of the
Beacon Electric Light Company in 1908. In 1926
the Troy Gas Company joined with the Mohawk
Hudson Power Corporation, which in turn joined
with the Niagara-Hudson Power Corporation in 1929.
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Ficure 30.—Gasholder House: u, Partial west elevation; b, details of the pilaster and belt-
course brickwork; ¢, the cornice and cupola from the east; d, tablet on the south face: e, the
radial roof trussing from below.
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History of the Physical Plant

The Troy gasholder and its house were just one
facet in the manufacture of illuminating gas. The
other elements of the works of the Troy Gas Light
Company were located about two blocks northeast
of the holder on the irregularly shaped block bounded
by Liberty, Fifth, Hill, and Washington Streets and
by the tracks of the New York Central Railroad. This
block was the original site of the works of the Troy
Gas Light Company, which was chartered in 1848.
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Ficure 31.—Gasholder House: a-b,
The cupola and roof sheathing has
survived as soundly as it has, despite
the weathering of much of the original
galvanizing, because of the inherent
rust resistance of the wrought-iron
sheet; ¢, roof plates; d, interior of
the cupola (alternate “windows” are
blind, painted on the exterior in
imitation of sash; a ventilating cupola
was a vital necessity on gasholder
houses to prevent the accumulation of
gas under the roof). (Vogel)

At the time the Gasholder House was constructed,
there were several buildings used for the manufacture
of coal gas on that block. Extending along Fifth
Street to the corner of Liberty Street was a coal
shed. It was rectangular in plan, approximately 200
feet along Fifth Street and 34 feet along Liberty.
The shed was of brick, with iron doors along Fifth
Street; it had a wooden cornice, measured 28 feet to
the eaves and had a “skylight” running the entire
length of the roof. Although the Sanborn map (1875)
indicated “skylight,” it would be more reasonable to
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assume that it was a “monitor” because: (1) there
was need for ventilation of the stored coal; (2) there
was no need for light; (3) it was uncommon for a
skylight to run the full length of a roof; (4) a non-
technical map publisher might be apt to call a monitor
a skylight; and (5) the same atlas indicates that the
roof of the Rensselaer Iron Works Rail Mill also con-
tains a ‘“‘skylight,” shown on both buildings by the
same convention (parallel dotted lines). The rail mill
had a monitor roof at that time.

Adjoining the south end of the coal shed was the
heart of the system, the retort house, trapezoidal in
plan, measuring roughly 200 feet by 50 feet, with its
longitudinal axis running east to west. A brick struc-
ture with iron roof beams, this building measured
22 feet to the cornice, which was of brick or metal.
In the retort house the coal was burned to produce
crude gas.

Fronting on Hill Street and adjoining the retort
house at its southwest corner was the condenser
building. This was a small rectangular brick building
of one story, approximately 10 by 20 feet with a brick
or metal cornice. In the condensers tar was separated
from the crude gas.

Adjoining the condenser building on the north was
the exhauster building, which contained a 12 horse-
power engine to drive the exhauster, or pump, that
forced the gas through the system and ultimately into
the holders. Opening off the north side of that build-
ing was another small building housing a 75 horse-
power steam boiler. These two buildings were also
of brick and were one story high each.

In the open space in the center of the block, north
of the retort house and west of the coal shed, there
were two iron gasholders, each approximately 50 feet
in diameter, neither protected by a gasholder house.

At the northwest corner of the lot was the purifying
building, where sulphur was removed from the gas.
This building was a two-story brick structure with
an iron roof and a brick or metal cornice. The build-
ing measured approximately 35 x 40 feet. Adjoining
this building on the south was a two-story brick
structure containing the meters and the steam-heated
office.

At the south end of the lot was another coal shed.
This was also of brick and measured 24 feet to the
cornice. A tar well also was located there. In the
1870s the company burned gas coal supplied by
Freeman Butts of Cleveland, Ohio. All the buildings
on the block described above have been razed; only
portions of a brick wall now remain.

The company also had a coal shed on a dock at
the foot of Division Street, one block north and seven
blocks west of the works. Approximately 130 feet
north of the Gasholder House was another coal shed,
which still stands. It extends from Fifth Avenue west
to the alley, a distance of approximately 100 feet,
and is about 30 feet wide. Between that shed and
the Gasholder House there originally were gas pipes
scattered about. The area was enclosed by picket
and board fences.

Sources of Information

UNPUBLISHED

“History Diagram, Drawn by K. W. Heldt, Jan. 1932, Drg.
No. 2236-40, Niagara Hudson System, Western, Central
& Eastern Division, Northern New York Utilities Inc.”
Public Relations Office, Niagara Mohawk, State Street,
Albany, New York.

Interview with Mr. McColl, Niagara Mohawk Power Corp.,
North Albany, New York.

Public Service Commission, Case 2682: “In the Matter of
the Application of the TrRoy GAs coMPANY under section
69 of the Public Service Commission Law for authority to
issue Capital Stock and convertible notes.” State of New
York, p.s.c. Second District, Division of Capitalization,
Report, 10 November 1913.

Plaque on the Gasholder House, dated 1873, which states
that E. Thompson Gale was president and T. W. Lock-
wood was treasurer of the Troy Gas Light Company, and
that F. A. Sabbaton was the engineer.

PuBLISHED

American Gas Light Journal and Chemical Repertory, vol-
ume 18 (2 May 1873), pages 148-149, and volume 20
(2 May 1874), page 157.

Anderson, George Baker. Landmarks of Rensselaer County.
Syracuse: D. Mason & Co., 1897.

“Gas and Gas-Making.” Harper’s New Monthly Magazine,
volume 26, pages 14-28.

Hopkins, G. M. City Atlas of Troy, New York. Philadelphia,
1881.

New York Times, 7 April 1872.

R. D. Wood & Co. Water & Gas Works Appliances. Phila-
delphia, 1896.

Sanborn, D. A. Insurance Maps of the City of Troy, New
York, Including West Troy and Green Island. New York,
1875.

Troy Daily Press. 1873, 1894,

Troy Directory. 1861-1894.

Troy Gas Light Co. Rules and Regulations of the Troy Gas
Light Company, for the Introduction of Gas and for
Extensions and Alteration of Gas Fittings. . . . Troy, 1855.

Weise, Arthur J. History of the City of Troy. Troy: William
H. Young, 1876.

. Troy’s One Hundred Years 1789-1889. Troy:
William H. Young, 1891.
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ARCHITECTURAL INFORMATION

General Statement

Structural Character: This is one of the largest
gasholder houses still standing in the United States.
None of the original gasholder remains except the
guide rails and counterweight pulleys. The tank has
been filled in, leaving only the space above grade
level for use. Cylindrical one-story structure with ten
radial bays and low dome surmounted by a cupola.

Condition of Fabric: Fair to poor.

chord tic rods; ¢-d, truss details. (DeLony)

Ficure 32.—Gasholder House: a, Upper-chord connection of the
roof trusses (the tangential strapping overcomes any tendency of the
system to rotate about the vertical axis); b, connection of the lower-

Description of Exterior

Overall Dimensions: Outside diameter: 109-2";
47"-11” to top of brick cornice.

Foundations: Not accessible; probably stone.

Wall Construction, Finish, and Color: The red
brick bearing walls are of American bond with a
header course every seven courses. The bricks have
the following identifying marks: MB, RBco, and
BLEAU.
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Ficure 33.—Gasholder House: a, Center bay, south
side, showing evidence of former entrance porch;
b, partial interior view showing gasholder guide rail
and counterweight chase; ¢, cast-iron roof-truss
bearing and upper-to-lower chord connection; d,
counterweight sheave and upper end of gasholder
guide rail. (a-b: Pollak; c-d: Vogel.)
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Structural System, Framing: The wrought-iron roof
trusses were probably fabricated by Phoenix Iron
Company, Philadelphia. There are twenty major and
twenty minor trusses radiating from a central point.
The bottom chords are adjustable, and the trusses
are supported on the circular brick bearing wall
which has pilasters at the truss bearing points. Each
truss has a 1:7 depth-span ratio.

Governor Room: Stone foundations and wall mark-
ings give indication of a brick “porch” originally at
the south entrance, which contained the gas-pressure
governor.

Openings: Doors and Doorways: The original
wooden frame and door are on the south face, but
a later wooden frame and door were added on the
north.

Windows: The frame and sash of the double-
hung windows are of wood, boarded up at present.

Roof: Shape and Covering: The low dome is
covered with 14o- to 14g-inch galvanized-iron trape-
zoidal panels, overlapping 2 inches, with stitch rivets
one inch on center. They are stitch riveted to purlins
11 inches on center.

Cornice and Eaves: Brick corbeled cornice with
galvanized metal eaves.

Cupola: Galvanized sheet-iron cupola, 19'-2"
outside diameter, divided into 20 bays. There are
double-hung, wooden windows in alternate bays. The
alternate blind panels are painted with windows in
imitation of the actual ones.
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Description of Interior

Floor Plan: Circular plan 104'-0” in diameter.
The original gasholder tank has been filled with
blast furnace slag to the level of the exterior grade.
The tank would have been about 23 feet deep,
enough to accommodate the two-lift gasholder, each
section of which was 22 feet high.

Stairway: Leading to the level of the trusses at the
cornice is a stairway cantilevered from the interior
wall. It is supported by cast-iron brackets and has
wood treads and cast-iron handrails. There is a radial
catwalk leading from the balcony to the cupola.

Special Decorative Details: The brickwork is em-
bellished, especially the cornice. The two rows of
windows, beltcourse, and pilasters create a well-
proportioned two-story illusion. The beltcourse and
pilaster capital bricks are diagonally lain in a saw-
tooth moulding. Shallow brick hoods accent the
window arches. The cupola repeats the rhythm of
the brick wall surface.

Site and Surrounding

Setting: An area of mixed use, principally com-
mercial and low-income residential.

Outbuildings: Northwest of the Gasholder House
is a simple rectangular brick building, with timber
trussing, 6 bays by 12 bays. At present it is used as a
warehouse; the interior has recently been remodeled.



Rail Mill 1866

Rensselaer Iron Works, Troy

(HAER NY-3)

R. Carole Huberman

Location: Foot of Adams Street and Hudson River, north of Poesten Kill, Troy, Rensselaer

County, New York.

Latitude: 42° 43’ 15” N. Longitude: 73° 41’ 50” W.

Dates: Erected 1866; major alterations after 1904; burned October 1969.

Designer: Alexander L. Holley, C.E., M.E. (1832-1882).

Last Owner: Triple-A Machinery Company, Cleveland.

Last Occupant: Ludlow Valve Manufacturing Company (Patterson-Ludlow).

Significance: A typical example of nineteenth-centry masonry and heavy-timber factory con-
struction; part of an important nineteenth-century iron works.

HISTORICAL INFORMATION

Corporate History

The rail mill of the Rensselaer Iron Works, even-
tually part of one of the largest nineteenth-century
iron and steel manufacturing complexes (Albany &
Rensselaer Iron & Steel Company), played an
important role in the heavily industrial economy of
Troy.

Troy’s first rolling mill was erected on the south
side of the Poesten Kill by the Troy Vulcan Com-
pany in 1846. That company was succeeded by the
Troy Rolling Mill Company in 1852 and sold to the
illustrious and inventive iron manufacturer Henry
Burden, who in 1853 conveyed the property to the
Rensselaer Iron Works, owned by John A. Griswold &
Company. Until 1875 the Rensselaer Iron Works
was owned by John A. Griswold & Company, a firm
consisting of Griswold, Erastus Corning, Jr., and
Chester Griswold. It was under this ownership that

Historical Information: Material compiled by Lewis Ruben-
stein. Architectural Information: Prepared by Charles A.
Parrott, I1I; additional data by Robert M. Vogel.
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the Rail Mill was built on the north side of the
Poesten Kill in 1866. The following year the Albany
Iron Works, owned by Erastus Corning & Company,
consolidated with the Rensselaer Iron Works. In 1868
the Bessemer Steel Works, owned by Winslow, Gris-
wold, and Holley since 1863, and Erastus Corning &
Company merged with the Rensselaer Iron Works;
the titles were transferred to John A. Griswold &
Company. By 1870 the Rail Mill had been converted
to produce steel rails. In 1875 the Albany Iron Works,
the Bessemer Steel Works, and the Rensselaer Iron
Works were incorporated as the Albany & Rensselaer
Iron & Stecl Company, thus embracing one of the
oldest iron works in the United States and the
pioneer Bessemer plant in America. The principal
shareholders were Erastus Corning, Jr., Chester
Griswold, and Selden Marvin.

Ten years later, in 1885, the corporation was
reorganized as the Troy Iron & Stecl Company. The
rail mill was abandoned in 1896 and re-occupied by
the following year by the Ludlow Valve Manufactur-
ing Company. Ludlow ostensibly was the last occu-
pant of the structure. Triple-A Machinery Company
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controlled Ludlow from 1960 to 1968 as Patterson-
Ludlow. The plant was dismantled during the
summer of 1969 and the building destroyed by fire
the following fall.

Physical History

Date Stone: Northeast corner: 1866.

Alterations and Additions: The roof was raised
after 1903 (Sanborn Map Company, 1903) at which
time the monitor was replaced by skylights and the
gallery-level windows were added immediately be-
neath the cornice on the heightened side walls,
penetrating the belt-course on the north gable end.
Ancillary buildings were connected to the main mill
structure; the large open archways were filled in or
otherwise altered at various times.

Operational History

Although Holley had obtained the American rights
for the Bessemer steel process in 1863, the mill
originally was intended for rolling iron rails, and did

so until 1868. It was idle for several months during
conversion to the rolling of steel rails, which com-
menced early in 1869 (John A. Griswold Papers,
Griswold to Babcock, 1868-1869).

Property of the Albany & Rensselaer Iron &
Steel Company, Troy, New York °

[partial listing]

RAIL MILL

Brick Building 100 x 400 feet

10 Rail heating furnaces and boilers attached
Three-high 21-inch train, 3 stands of rolls

2 Sturtevant blowers

Rolls for pattern steel rails, 35 to 71 pounds [per yard]
Also rolls for rounds of iron and steel of large sizes

3 duplex Worthington pumps

3 straightening presses
2 rail punches

3 circular saws
Fairbanks 10-ton scales for rails

Gustin’s patent straightening machine for hot bed

Main engine: 800 horse power, 36 x 44 [inches, cylinder size]
Blower engine: 15 x 22 [inches, cylinder size]

Each with separate engines

® John A. Griswold Papers, 28 pages (n.d.:
1875) ; up-dated by hand, page 20.

probably
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Ficvre 37.—Early views of the iron works: a-b, View {rom the river; ¢, view from the city
side. The squat brick chimneys were from the rail-heating furnaces, seen in the plans of the
mill (Figure 384, b). The original monitor roof shows in all views. (a: John A. Griswold papers,
box 2, folder 97; b: Barton, 1869 [1858]; c: Weise, 1886, page 312.)

SHEAR ROOM

1 Engine: 15 x 22 [inches, cylinder size]
3 Double plate shears

3 Double header lathes

1 Disc Press

1 Heating Furnace

2 Grind Stones

1 Double Emery Wheel

1 Fairbanks Scale

Dimpfel blower and machine for cutting axles, etc., etc.

TANK HOUSE

Brick building adjoining rail mill, elevated wrought-iron
tank, capacity 25,000 gallons. Auxiliary boiler with steam on
at all times when mill is not running and connected to 2
duplex Worthington pumps having hose attachment.

An extensive, illustrated account of the Albany &
Rensselaer Iron Company by Alexander Holley and
Lenox Smith appeared in 1880 in Engineering in
which the rail mill is specifically described.
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Ficure 38.—Rail Mill: a, Design plan by Alexander Lyman Holley, c1866. All machinery
in the mill was driven by steam engines. Two large beam engines driving the principal roll
trains are shown, as well as a sizable family of smaller ones. All were supplied by the inter-
connected battery of ten horizontal boilers combined with reheating furnaces, arranged in
pairs around the mill’'s periphery. The mill, as built, differed slightly from the plan in the
number of its door and window openings. b, Plan of the mill, 1880, showing various altera-
tions, resulting probably from the change from rolling iron rails to steel (the entire roll
train with engine and boilers has been removed from the north end). (a: Holley Collection;
b: Holley and Smith, 1880, page 590.)
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. . . A brick building 375 ft. x 98 ft. with wings [Figures
38, 40). There are ten coal-fired heating furnaces, each
having a horizontal overhead boiler 5 ft. x 22 ft., with
return flues. There are five auxiliary boilers, like those in
the Bessemer department. The train is 21 in., three-high,
with three stands of merchant rolls arranged to deliver to
the rail sawing and finishing apparatus. The whole mill can
thus be utilized as a merchant mill for medium and heavy
work, when this pays better than rails; or both rails and
merchant steel can be produced on different turns, when
there is not demand enough for either product to alone
fill the mill. The rail-train engine, vertical and condensing,
has 3 ft. stroke and a 44 in. cylinder with Corliss valve
gear, revolutions 80, boiler pressure 70 lb. The Gustin hot-
curving apparatus is employed. . . . The rails, being uni-
formly curved without twisting by hand movement, are
nearly straight when they get cold, and so require little cold
straightening; they are therefore not subjected to that dis-
tortion and weakening which formerly caused so many
fractures at the gag-marks. The double hot-bed with finishing
machines are of good type and capacity. Eighty 7-in. blooms
are charged into the ten furnaces per ‘“‘round,” and there
are seven rounds per turn, thus producing 1120 rails per
24 hours. The heating coal, which also produces the greater
part of the steam for the engines, is 460 lb. per ton of rails.
The wing at the finishing end of the rail mill is devoted to
the manufacture of 120 tons per week of agricultural shapes,
such as harrow discs, etc. Materials and product are at this
group of works received and delivered by the New York
Central & Hudson River Railway on one side, and by the
Hudson River on the other side.

Historical Associations

Industrial Development: The historical position of
the Rensselaer Iron Works in Troy can be established
and understood within the context of American indus-
trial development by Holley and Smith’s description.
They list several key factors which encouraged the
growth of an extensive nineteenth-century complex,
150 miles up the Hudson from New York City.
(Actually, the seed of industry in the south Troy
area was John Brinkerhoff’s nail factory, established
at the mouth of the Wynants Kill in the late
eighteenth century, and his rolling mill, built on the
north bank of the stream in 1807.) The Hudson
itself and the “remarkable pass at West Point” (the
only major break in the Appalachian Chain) were
the first factors on Holley’s list. Troy, at the head
of the Hudson’s tidal waters, provided linkage with
transportation systems to east, west, north, and south;
three miles of wharves lined its waterfront; and a
network of railroads radiated from it—the New York
Central, Boston & Albany, Delaware & Hudson, Troy
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& Boston, and the Boston & Hoosac Tunnel—connect-
ing Troy to anthracite and bituminous coalfields 200
miles west, to the Lake Champlain ore mines 100
miles north, to the limonite beds 30 to 60 miles south
and east, and to numerous markets. The Erie Canal,
as well, afforded cheap transportation to the Great
Lakes and westward. Flowing up the Hudson from
New York City came a steady supply of immigrant
labor, seeking whatever work the entrepreneurs could
provide. Good markets for merchant and specialized
iron and steel in New England and New York were
as accessible as the sources of raw material and labor.
Further, as the territories in the West filled in follow-
ing the Civil War, there was an increased demand
for manufactured goods such as steel rails and farm
implements that were already being produced by
Troy industries.

The Monitor: The reputation and productivity of
the Rensselaer Iron Works can be emphasized by the
part it played in fabricating iron plates for the
Monitor during the Civil War. An 1880 account of
the building of the ship notes the company’s par-
ticipation (Sylvester, 1880:22).

Among the ennobling acts of patriotic men during the sev-
eral dark crises of the late Civil War, is the memorable
service rendered the government by John A. Griswold, of
the Rensselaer Iron-Works, and by John F. Winslow, of
Albany Iron-Works, who, profoundly impressed with the
deplorable ineffectiveness of wooden vessels of the United
States Navy, earnestly urged upon the authorities the con-
struction of that novel iron-battery, the Monitor, invented
by John Ericsson. For not only did these men strongly
advocate the building of the vessel, but they had the courage

and enterpise to willingly hazard their reputations and money
in building their experimental warcraft.

Contracts were let expediently to Corning, Winslow,
& Company and to the Rensselaer Iron Company for
all the rolled-plate armor and rivets to be used in
construction of the ship. Work began immediately
and proceeded with rapidity. The Monitor was
launched 30 January 1862, only 101 days after the
contract date.

Biographical Information

Alexander Lyman Holley: An engineer who has
been recognized as the father of modern American
steel manufacture, Alexander Holley was born 20 July
1832 in Lakeville, Connecticut. His father, Governor
of Connecticut in 1357, manufactured cutlery. At an
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I EX E:

Albny o sl row e Co,

TROY, IW. ¥.,
PROPRIETORS OF

The Albany Iron Works, The Rensselaer Iron Works
The Bessemer Steel Works, The Fort Edward Blast Furnace,
The Columbia Blast Furnace.

MANUFACTURERS OF

RAILROAD SPIKES.

Railroad, Car, Truck, Engine and Street Car olvles; Iish Plates;
Bolts and Nwts for Fish Joints, all sizes; Merchant
and Angle Iromn;

MERCHANT, BAR AND SPRING STEEL,

Steich-Shoe Steel, Tire Steel, Steel Shafting, Steel Crow Bars,
Boiler Rivets, Finger Dars and Shapes;
JAgricultural Steel, all kinds.

CULTIVATOR AND SAFE STEEL CUT TO PATTERN.

Special Drop Forgind,Gun and Cotton Roller Steel.

All orders addressed to us will receive prompt attention,

NEW YORK OFFICE, 56 BROADWAY.

Ficure 39.—Advertisement, c1882, of the combined iron and sheel companies, which incor-
porated two basic iron furnaces as well. With the amalgamated firm and Burden’s, the number
of iron and steel works in the area was reduced to two. (Files of Division of Mechanical and
Civil Engineering, Museum of History and Technology, Smithsonian Institution.)
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early age Holley exhibited an extraordinary talent
for writing and drawing as well as a keen under-
standing of the machinery in his father’s factory.
He also had a particular interest in locomotives.
Before graduating from Brown University in 1853,
he had already invented a steam engine cut-off. From
1853 to 1854 he was a draftsman and machinist at
the famed Corliss & Nightingale steam engine works
in Providence, Rhode Island, where he worked on an
experimental (and spectacularly unsuccessful) loco-
motive equipped with the Corliss valve gear. From
1854 to 1855 he was employed by the New Jersey
Locomotive Works in Jersey City; at this time, Holley
edited the journal Railroad Advocate with Zerah
Colburn, superintendent of the locomotive works. In
1856 he bought Colburn’s interest and edited the
journal alone, changing the title to Holley’s Railroad
Advocate. He soon enlisted Colburn’s support, and
the journal became Holley and Colburn’s American
Engineer. After only three issues publication was
suspended. Holley and Colburn then went ot Europe
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to study foreign railroad practice, publishing a com-
prehensive report upon their return in 1858.

From 1858 to 1863 Holley was actively writing and
traveling. He patented a variable cut-off valve for
steam engines and a rail chair in 1859; the following
year he prepared a list of engineering terms, defini-
tions, and drawings for Webster’s Dictionary. During
this period he was scientific editor of The New York
Times, for which he wrote over 200 articles on engi-
neering and traveled to Europe as a correspondent.
As a technical consultant to Edwin Stevens, he went
to England in 1862 to investigate ordnance and
armories, a subject on which he subsequently wrote
a treatise.

Holley’s most noteworthy activities began, however,
when he went to England in 1863 for Corning,
Winslow, & Company to obtain information and the
American rights for the Bessemer steelmaking process
(which were subsequently combined with the con-
flicting Kelly patents). Holley supervised the estab-
lishment of the first Bessemer plant in the United

.. ' Fieure 40.—Site plans of Iron
- ~§.] Works: a,
] ] o A =~

1881; b, 1885; ¢,
1903; d, 1955. (a: Hopkins,
1881, plate 55, detail; b: San-
born Map and Publishing Co.,
1885, volume 1, plate 10; c:
Sanborn Map Co., 1903, volume
2, plate 101; d: Sanborn Map
Co., 1955, volume 2, plate 101.)
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Ficure 41.—Interior of the mill, 1958, occupied by Ludlow. (Courtesy of Ludlow Valve
Manufacturing Company.)

States at Troy, New York, in 1865, and its enlarge-
ment in 1867, as well as other Bessemer works
throughout the country. Holley devoted the rest of
his life to the development and refinement of the
Bessemer process. He became the foremost steel-plant
engineer in the United States and conducted an
extensive consulting practice in the design of iron
and steel plants and equipment. Of the sixteen
patents he obtained, ten were related to improve-
ments in the Bessemer manufacturing process.

In 1875 Holley helped to organize, and served on,
the U.S. Board for testing structural materials. He
lectured on the manufacture of iron and steel from
1879 to 1882 at Columbia College School of Mines.

His technical writing, profuse and seminal, included
forty-one articles on American iron and steel, written
in collaboration with Lenox Smith for the London
journal, Engineering. Among his other professional
activities, Holley was founder and president of the
American Institute of Mining Engineers, founder and
vice-president of the American Institute of Mechani-
cal Engineers, and vice-president of the American
Society of Civil Engineers. Holley died in Brooklyn
on 29 January 1882. A bronze bust by J. Q. A. Ward
memorializes him in Washington Square in New
York City.

John A. Griswold: The principal partner in the
Rensselaer Iron Works, Griswold was born in Nassau,
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New York, in 1818 and came to Troy in 1839 where
he lived with his uncle, General Wool. In 1850 he
was elected Mayor of Troy. Griswold’s Civil War
effort included not only his cooperation in building
the Monitor, but also his activity in raising regiments.

In 1862 he was elected to the United States Con-
gress as a War Democrat and subsequently served
in the House of Representatives, 1863 to 1867, as a
Republican; he is appropriately identified with the
Committee of Naval Affairs. In 1868 he was defeated
for the governorship of New York. Griswold served
as a trustee of the Rensselaer Polytechnic Institute.

He died in October 1872.

Sources of Information

UNPUBLISHED

John A. Griswold papers. Manuscripts, New York State
Library, Albany, New York.

A. L. Holley collection. Manuscripts, Division of Industries,
National Museum of History and Technology, Smithsonian
Institution, Washington, D.C. [Holley’s plan of Rail Mill.]
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American Iron and Steel Association. The Ironworks of
the United States. Philadelphia, 1876.

Barton, William. Map of the City of Troy and Green Island,
N.Y. Troy, 1869. [Map printed 1858, bound later.]

Beers, S. N., and D. G. Atlas of Rensselaer County. Phila-
delphia, 1876.

Dictionary of American Biography. New York: Charles
Scribner’s Sons, 1933.

Holley, Alexander L., and Lenox Smith. “The Albany and
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