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Introduction

Pier A is one of the most important remaining physical links to the
rich maritime history of the Port of New York. Due to its unigue design,
which pioneered the use of structural concrete underwater, the pier has
outlived many generations of conventional piers and unquestionably stands
as a monument to the early days of harbor engineering. Pier A may be one
of the last remaining concrete piers of the block and bridge design still
standing. Of even more importance 1is its national significance for its
vital role in the development and operation of what many consider the
world’s most important port. The Port of New York has been the gateway
for the people and commerce that have made America the greatest nation in
the world.

Much of the responsibility for the development of the Port of New
York during the latter part of the nineteenth century rested with the
Department of Docks. Through state legislation, the department virtually
took control of and rebuilt the entire waterfront of Manhattan. The
building of the New York Dock Walls, which encircled the island with a
continous bulkhead, is recognized as one of the great feats of harbor
engineering. The walls have provided engineers with important
information regarding the design and performance of concrete placed
underwater, friction pilings, floating foundations, and retaining walls.
Numerous articles on the Dock Walls appeared in American and European
engineering journals between 1875 and 1900.

The operations of the Dock Department during the building of the
Dock Walls and its headquarters at Pier A were directed by the Engineer-
in-Chief, George S. Greene, Jr. (1837-1922). Greene was a respected
civil engineer and inventor of the drifting or shifting head for
engineers” transits which was universally utilized. However, it was the
success of his public works projects accomplished during his 22 years at
the Dock Department that established him as the leading American
engineeer in dock and pier contruction. Greene’s father and also his
son, Carleton, were accomplished civil engineers as well, all three
having served as Director of the American Society of Civil Engineers.
George Greene, Sr. was one of the eight founders of that society.
Carleton Greene is noted for his 1917 treatise, Wharves and Piers. The

book drew heavily on the theories and practices proven by his father, and

was quickly acclaimed as the engineering textbook on the subject.



New York Department of Docks

Pier A is located on the southern tip of Manhattan, known as
the Battery. The earliest known dock was built on the site in 1654
by Daniel Litchoe, a tavern keeper. In 1660 and again in 1672,
taxes were levied on merchants and shipowners for the purpose
building of docks and maps and other documents indicate that several
were in fact built. Maps from 1728 and 1782 drawn from actual
surveys show that dozens of piers were built and rebuilt in this
area and that the shoreline was moving seaward through constant
filling.

Farly docks were constructed of timber cribs filled with stone.
If they bulkheaded the shore so that a ship could dock along-side,
they were known as wharves. Piers extended out perpendicularly from
shore and often consisted of the cribs spaced about twenty feet
apart and bridged with wooden walkways.

As the bulkheads rotted and collapsed, new ones were built out
in front and filled in behind. This process continued unchecked
until 1857 when a Board of Harbor Commissioners established pierhead
and bulkhead lines for the purpose of improving the efficiency and
volume of marine commerce entering and exiting the city. (1) This
was the first effort by the City of New York to bring some semblance
of order to the haphazardly built waterfront.

In 1870, due to the demands of shipping interests for better
wharves and piers, the New York Legislature established the
Department of Docks, headed by five commissioners. The first Board
of Commissioners consited of Wilson G. Hunt, William Wood, John T.
Agnew, Hugh Smith and Richard M. Henry. The Dock Department was
vested with "the exclusive charge and control of all wharf property
belonging to the City, including all the wharves, piers, bulkheads,
and structures thereon, and water adjacent thereto, and all the
slips, basins, docks, water fronts, land under water and structures
thereon." (2) Additionally, they were vested with the power to

govern and regulate all the same property not owned by the



City. Their first objective was "the improvement of the waterfront
of the City, and the establishment of permanent wharf accomodations
for special commercial interests." (3)

"The Department found the vast trust property thus

committed to its exclusive government in a condition

utterly inadequate to accommodate the immense commerce of

the port, all the existing wharves, piers, and bulkheads

being built of perishable materials, in a very imperfect

manner; the piers being too narrow to allow vessels to

load or discharge cargo at both sides thereof

simultaneously, and of insufficient length to afford

accommodations for large steamers engaged in European

trade. In conseguence of this want of accommodation

several lines of steamers now occupy wharves in New

Jersey, which doubtless would have come to New York had

the proper provision been made for them here. The greater

number of existing piers and bulkheads were found to

require extensive repairs, and many of them to be wholly

or partially rebuilt, their condition being such as to

render them totally unfit for commercial purposes." (4)

The Department advertised that public hearings would be held for
all those wishing to submit plans or suggestions for the improvement
of the waterfront. Five meetings were held and seventy different
plans were submitted. Upon review of all the plans and discussion
among the board and the department engineers, a "Plan of Docks" was
proposed which would "protect the riverfront with a permanent wall of
masonry carried out from the present bulkhead line a sufficient
distance to make a river street 250 feet wide on the North River and
200 feet wide on the East River."(5)

On the 15th of July 1870, Gen. George B. McClellen was appointed
the first Engineer in Chief of the Dock Department. Three million
dollars had been appropriated for operations and McClellen immediately
proceeded with the dredging of slips and the repair of piers and
bulkheads belonging to the city. (Fig. 1) Placards were posted on all

private waterfront structures, parcels and permanently floating



structures giving notice that application must be made to the
Department for permission to retain their use. Initially, the
Department "met with much opposition in the removal of obstructions on
the wharves and bulkheads and in the slips, from many who, from long
occupation of public property, have supposed themselves entitled to
exclusive possession." (6) Injunctions were obtained restraining the
action of the Department, but by April of 1872 the courts had set all
of these efforts aside.

McClellen was charged with designing the proposed bulkhead wall
along 25 miles of Manhattan’s waterfront. He launched a massive
engineering effort which included the gathering of field data,
obtaining the advice of prominent engineers in the U.S. Corps of
Engineers and the studying of other great harbor works around the
world such as those at Liverpool and London.

Gen. A. A. Humphrey, Chief of Engineers, U.S. Army, consulted on
the location of the bulkhead and pierhead lines so they would not
interfere with navigation or impede the flow of the rivers.

Department survey parties were dispatched along the shore to establish
the pier and bulkhead lines and elevations. This information, along
with 24,350 soundings, was put onto a set of maps. Twenty-two hundred
borings were done along the proposed bulkhead line to determine the
depth of the mud and the characteristics of the substrata.

John D. Van Buren was an assistant engineer in the Department who
was given the task of researching designs for the bulkhead walls.
After Van Buren’s exhustive study of one hundred and thirty different
plans, McClellan concluded that "it is believed that no form of
foundation and superstructure has escaped attention and
examination."(7)

Gen. Q. A. Gilmore, of the U.S. Army Corps of Engineers was
consulted on the selection of construction materials for the
bulkhead.(8) It was decided that the walls should be constructed of
beton (the French term for concrete) and masonry. The design called
for large beton blocks to be cast on shore, lifted by a derrick and
"laid up" underwater by divers in the same manner that a stone masonry
wall would be constructed. The cost of the bulkhead was estimated at

2.5 million dollars per mile. (9)



In September of 1871, the New York State Legislature officially
conveyed ownership of all the submerged land bordering Manhattan
Island to the City of New York. This cleared the way for the
construction of the new river walls. The great derrick that would
place the huge concrete blocks was completed, yards for the
fabrication of the beton blocks were cleared, contracts for the supply
of cement and stone were signed and construction began. (Fig. 2) In
1874, Van Buren presented a paper before the American Society of Civil
Engineers (ASCE) describing the manufacture of the beton blocks and
the bulkheads. He stated that "the idea of using large beton blocks
for this work is due, I believe, entirely to Gen. McClellen, and the
late operations of the department show that the plan is an exceedingly
expeditious and cheap one." (10)

The bulkhead project was an early use of concrete underwater in
the United States on a large scale and engineers watched the new
technology closely. The economic and scientific soundness of
McClellen’s methods was further reinforced by Hamilton Schuyler’s
paper on the the subject presented in May 1875 before the ASCE.
Schuyler worked for the Department of Docks and supervised the
construction of 9293 cubic yards of beton blocks by manual labor
between 1873 and 1874. Blocks ranged in size from 13 to 60 tons and
were found to be economically and easily produced by manual labor. A
detailed discussion of the methods, materials, material suppliers and
labor employed is given in Schuyler’s paper. Extensive testing was
performed to determine crushing strengths depending on various
conditions underwhich the blocks were made and cured. Schuyler
observed that "nothing can be cheaper or better for the abutments of
bridges, for the bases of piers and the like than beton
blocks..."(11), and "the making of the blocks was part of a system for
the bulkhead wall that was, after full consultation with General Q.A.
Gillmore, inaugurated by General George B. McClellen. " (12)

However, in 1873 Gen. McClellen resigned from the Department and
a Gen. Charles K. Graham took over as Chief Engineer. (13) While Gen.
Graham continued to use the pre-cast blocks, he also implemented a new
and unperfected method of placing concrete underwater known then as

concrete-en-masse. This technique is known today as cast-in-place and



when used underwater entails sinking a form into which wet concrete is
poured or dumped and allowed to harden into a single mass. Exactly
why Gen. Graham was compelled to try to further improve a method which
was already a vast improvement over previous technology is unclear.
According to Van Buren, the en-masse method was instituted "on the
ground of economy". (14) Graham gives a defence of his decision in
his report to the Dock Commissioners in 1875 and describes in detail
his study of the technique as it was being used in Europe by French
and British engineers. (15)

Structural concrete underwater by any means was still a new
practice in Europe and the United States. Its use as a foundation
material for massive and expensive civil works projects like
breakwaters and other harbor works was still in its infancy. In 1856,
W.R. Kinipple, a British civil engineer, began experimenting with
portland cement concrete placed underwater. Kinipple designed and
directed numerocus projects including major harbor works in England and
Canada and claims to have originated most methods of utilizing
concrete underwater including concrete-en-masse, precast blocks,
tremmie pours, and slip-form casting. However, it was not until 1886
that he presented a paper to the Institute of Civil Engineers in
London describing the results of his 30 years of experience and the
problems he had encountered with en-masse concrete underwater. (16)
By that time, most of his lessons had already been learned the hard

way by the Dock Department.



George S. Greene, Jr.

Structural failures in Graham’s en-masse type dock walls appeared
within a year or two. (Fig. 3) This resulted in an investigation in
1875 by a special commission of three esteemed engineers: General John
Newton, Gen. Q. A. Gillmore, and William E. Worthen, Past President of
the ASCE. At this same time, George S. Greene, Jr. was appointed the
new Engineer in Chief of the Department of Docks. He took immediate
charge of the work and instituted his own investigation of the
problems by having a diver inspect the bulkheads underwater.

In conjunction with Greene, the commission performed an
experiment to test and analyze the structural integrity of en-masse
concrete in seawater. A duplicate of the wooden formwork used to cast
the walls was built and specially reinforced to be lifted out of the
water by the derrick. The form was lowered underwater and filled with
concrete-en-masse as if it was to be a permanent section of wall. One
month after the pour, the block was removed from the water by the
derrick, the formwork removed, and inspection and testing performed.
The results of the investigation confirmed the failures in the
concrete that were being observed in the field: the methods in which
the concrete was deposited underwater resulted in a separation of the
cement and aggregate, the latter often falling to the bottom of the
pour; the outer layers of the block were the weakest, with large
sections of the concrete falling away as the forms were removed; the
bond between each batch or pour was weak or non-existant resulting in
a seam, along which structural failure would occur. In the
commission’s report, Gen. Gillmore explained the likely mechanical and
chemical mechanisms behind the problems and made recommendations for
new procedures and techniques to be followed in building the
dockwalls. First, depositing concrete en-masse underwater should be
limited to sub-bottom placement or for "hearting" (filling the core of
the bulkhead to consolidate the blocks and masonry into a single
mass), where it will not come in direct contact with wave action.
Second, deposition of the wet concrete underwater should be done with

a tremie rather than a bottom dump bucket. A tremie is basically a



funnel attached to a long pipe which reaches the bottom where the
concrete is being placed. The concrete is poured into the funnel at
the surface and the pipe is kept continually submerged in the "pour"
to eliminate mixing of the concrete and seawater. (17)

Mr. Greene implemented these recommendations and further improved
on the effectiveness of the pre-cast block system developed by
McClellen. Greene devised several different bulkhead systems for the
varying sub-surface conditions found along New York’s waterfront. At
the heart of each of these designs was an improved block which was not
only large in size (70 tons), but batired or sloped on its face to
accomodate the curvature of ship hulls. This design allowed the
center of gravity of the wall to be set back from the toe of the wall,
thus increasing the resistance of the wall to overturning. (Fig. 4)

In areas where bedrock was close to the surface, the wall was founded
directly on the rock, with concrete in bags used to level the surface.
In areas where the mud was very deep and bedrock essentially out of
reach, the wall was founded on pilings driven to a given resistance.
This was determined by the number of blows of a certain weight pile-
driving hammer needed to drive the pile another inch or foot. (Fig. 5)
The resisting force is a result of the friction between the piling and
the mud or clay, hence the name nfriction piles". Several sources
credit Greenme with essentially proving the validity of the engineering
principles behind friction piles. (18) It is likely that Greene was
the first to design and implement a gravity retaining wall supported
by friction piles constituting what became known as a "floating
foundation." In the following years Greene continued to improve his
designs for the river walls and another cross section is presented in
Fig. 6.

In September of 1881, the Commissioners of the Department of
Docks requested Newton, Gillmore and worthen to once again evaluate
the construction of the river walls, this time as designed by Greene.
After three months of extensive observations, measurements and
testing, they presented their report on the 27th of December,
1881.(19) Their findings included a detailed discussion of the merits
of the overall design, particularly its unique character of being

essentially a "floating foundation," a design in which "slight



movement is inherent, and yet in no way destabilizing or worthy of
concern." (20) Their only recommendation was that the concrete mix
was too rich in portland cement, and yielded a block that posessed
excessive strength and durability to a degree that was unnecessary.

In conclusion they found "the present cross-section of the wall, as
designed by your Engineer in Chief, we regard as founded on correct
principles of stability and economy..." (21) With this approval of
Greene’s designs, the building of bulkheads and piers by the Dock
Department moved forward at a rapid pace. The Department grew in size

and the need for a new headquarters became a priority.



Pier A, North River

It is not evident from the Annual Reports of the Dock Department
when talk of building Pier A began or how its design and location were
selected. The pier is located on the southern tip of Manhattan Island
on the North River between Castle Garden, also known then as the
Battery and now as Battery Park, and Pier 1, which is now demolished.
According to a report of operations from 1872, it is evident that the
earliest work of the Dock Department involved the construction of a
granite bulkhead along this section of shoreline. (Fig. 7) This wharf
was known as the "boat landing" and was used by the city to tie up
their various floating barges and derricks for the construction of the
river wall from that point north along the rivers. (22)

The first mention of the Pier A project appears in the Appendix
of the 14th Annual Report of the Department of Docks for the year
ending April 30, 1884. (Appendix A) It refers to the "Proposed New
Pier between the Castle Garden and Pier New 1, N.R., for the use of
the Police Department and the Department of Docks," and states that
between November 15th to the 24th, 1883, an examination of the site
for the proposed new pier was made by the boring machine
"Woodcock". (23)

The following year’s report (Appendix B) provided this
information:

"On the 3rd of July, 1884, it was directed by unanimous
resolution of the Board to proceed with the construction
of a pier for the uses of the Department and also the
Police Department, in accordance with a plan submitted
to the Board on that day."(24)

Twenty days later the construction of Pier A began with the Union
Dredging Company excavating 4000 cubic yards of mud and rock from the
pier site. When the dredger finished in early August, the underwater
construction began on all the pier foundations. Work continued
rapidly with the intent on finishing by January 1, 1885. Greene
states in his work reports that had the furnishers of the granite

delivered the stone on time as promised, this goal would have been
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met. Instead the sub-piers were not completed until April of 1885.
The deck was finished in September, and the building on the pier
completed in March of 1886. (25)

The substructure of Pier A is a type of pier design known as
block and bridge. According to Carleton Greene in his 1917 book,
Wharves and Piers, there are three general types of piers: pile-
platform, block-and-bridge, and solid fill. (26) Greene states that
"the block and bridge model is rather limited in its application, as

it is economical only for small piers in shallow water and on hard
bottom." (27) Although Pier A is relatively small and built on
bedrock in shallow water, it is interesting that the final square foot
costs for deck and substructure of $11.60 per square foot are roughly
10 times the cost of pile-platform piers. (28) Considering life-cycle
costs, that is, the initial cost plus maintenence costs over the
number of years in service, Pier A proves very economical in the long
run. It has outlived three pile-platform piers which due to marine
borers or corrossion have estimated lives of approximately 35 years.
Pier A has also remained in continuous service without any expenditure
for maintenence and without a loss of income due to down time for
repairs or rebuilding.

As of 1917, there were only two block and bridge piers ever built
in New York, Pier 1 in 1876, and Pier A in 1885. (29) Both of these
piers consisted of widely spaced (30-507) masonry block piers bridged
by a structural deck.

Pier A is 45 feet wide and 285 feet long and is supported by 8
concrete and granite piers. Each pier is 45° wide, spaced 35° apart
and extend from 2.5 above Mean High Water (M.H.W.) down to the
bedrock, which varies in elevation from approximately -18" to -45°
M.H.W. Each pier consists of a foundation of mass concrete in burlap
bags resting on the bedrock, pre-cast concrete blocks extending to -2°
Mean Low Water (M.L.W.), and granite block on top of the concrete up
2" above M.H.W.

Spanning each of the piers are six wrought iron I-girders and two
side girders, spaced approximately eight feet apart. Between these

girders is sprung a cast-in-place arched concrete deck. (30)
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1.

The construction of Pier A entailed the following steps: (31)

Dredging:
In each pier location the river mud was excavated down to bedrock
utilizing a clamshell bucket on a floating derrick. (Fig. 1) From
drawings it is evident that as much as 20 feet of mud and rock was
removed to reach bedrock.

Pier Foundations:
Large wooden cribs, 50° x 157 with sides averaging five feet in
height, depending on the contours of the bedrock, were lowered to
the bottom and leveled using the Derrick "City of New York".(Fig.8)
These cribs held back the mud and provided a container to hold
bagged concrete. Divers, using powerful water jets, "blasted" any
remaining mud out of the cribs to provide a clean rock surface.
Between 50 and 75 c.y. of wet concrete in burlap bags was lowered
to divers who piled them inside the cribs directly on the uneven
rock bottom until a level surface was obtained. The cribs were
then filled to the top with 30 to 60 c.y. of mass concrete
deposited with a bottom dump bucket, and leveled off by divers
using heavy straightedges. This consolidated the concrete bag sub-
footing and provided a level and uniform surface to receive the
massive precast concrete blocks. (Fig. 9)

Concrete blocks:
Concrete blocks of various sizes were cast on the surface and then
lowered and stacked on the concrete footings to form piers
approximately 576" deep and 45° wide. The heights of the piers
varied depending on the footing elevation, but all stopped 2° below
Mean Low Water to receive granite blocks in the intertidal zone.
Divers guided this operation by communicating with their tender on
the surface via line-pull signals. "The signals of the diver are
communicated verbally by the attendant (tender) to a director
stationed upon the derrick, by which the buckets of concrete or
blocks of beton are moved into position, and by him bells are rung,
which enables the attendant at the engine to execute the necessary
movements." (32) Drawings indicate that the first course consisted

of oversize blocks approximately 5°x 9°x 15”7 laid flat to provide a
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wide footing. (Fig. 10) The following courses were laid on edge
(on the 576" side) and were probably keyed together with concrete
bags placed in recessed keyways cast into the joint face. This is
definitely true for the top course of block where it joins with the
granite blocks as evidenced by section drawings of the piers.
(Fig. 11)

Granite:
Granite blocks were dressed and set in mortar on top of the
concrete blocks up to elevation 27 M.H.W. A hollow area behind the
granite was filled with concrete to bond the blocks into a unified
mass. Seats were cut in the top course of the granite blocks to
receive the iron girders.

Girders, Centers and Deck:
Iron girders were lifted by the 10 ton derrick and seated in place
atop the granite piers. (Fig. 12) Arched wooden forms called
vcenters" were lifted into place between the girders and brought to
bear on the piers. (Fig. 13) Iron tie-rods were installed across
the width of the pier connecting the two side girders and running
through each of the main girders. When drawn up tight, the girders
effectively clamped the centers making tight formwork ready to
receive the concrete for the deck. The centers were oiled and 95
yards of concrete was set between the girders for each span. Upon
completion of each span in this manner, the deck was "floated off"
with 85 c.y. of mortar to achieve a smooth surface with a 3" crown
in the center. A more complete description of the construction
process is contained in Appendices C & D.

The Building on Pier "A":
The building on the pier was begun in September, 1885 and completed
in March of 1886. Mr. Charles O. Brown was the general contractor,
with plumbing , gas and heating contracts going out to seperate
firms. A detailed account of the construction of the building is
given in the "Summary of the Journal of the Work for the Year
Ending April 30th, 1886", contained in the 16th Annual Report of
the Department of Docks and presented in its entirety in

Appendix E.
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CONCLUSION

The original intent of this study was to investigate the
importance of Pier A and it’s builder, George S. Greene, Jr. to the
history of maritime engineering. At the outset, it was known that
the Pier represented early concrete technology and might be worthy of
reconition as an engineering landmark. What was not anticipated
however, was the significant impact that Greene and the Dock
Department have had on America’s maritime heritage. Not only was the
physical character of the New York City waterfront permanently
altered through their actions, but the cultural aspects of how
waterfronts are used and controlled was also permanently changed.
Just as the congestion of buildings led New York City to set their
much copied example of zoning law, the congestion aof the waterfront
led the city to set the example of waterfront regulation some fifty
years earlier.

Within the scope of this report it was not possible to
thoroughly analyze and discuss all of the new information that was
uncovered. The findings that have been presented often raise larger
questions about the historical impact of the events discussed. This
resulted from limiting the study to the years prior to the completion
of Pier A in 1886. Greene worked with the Dock Department until 1897
and many of the journal articles which spread his influence came out
in these later years. (see Bibliography) More work is needed to
properly establish the national significance of Greene, the
Department and Pier A.

In closing, to all those that may go forth in the study,
preservation and reuse of Pier A, I offer for inspiration the
following excerpt from the "Memoir of George Sears Green, Jr." in the
1925 Transactions of the American Society of Civil Engineers:

"On December 27, 1897, the Hon. Henry F. Dimock, Dock Commissioner
made an interesting address at the “placing of a stone to
commemorate the work of dock improvement between Charles and West
23d Streets, North River”, in which he stated:

14



‘This City owes a particular debt of gratitude to one man whose
merit is only equalled by his modesty. That man is Mr. George
S. Greene, Jr., the accomplished Engineer in Chief of the
Department. This plan is his child. He originated it; and he
alone. By his forceful advocacy he has kept it alive during all
these years and has won for it the approval of all the many
Commissioners that have come and gone, and all the intelligent
men who have given him a hearing. This is indeed his day of
triumph. He has occupied his present position for more than
twenty-two years, under commissioners of every shade of
politics; always giving service of the upmost professional
value. A man of the highest character, of an integrity so known
of all men that no breath of suspicion has ever reached him. He
has stood there as an object lesson to prove that sometimes the
highest professional and personal qualifications are recognized,
even in official life. His retention for such a period has done
infinite honor to the long line of commissioners under whom he
has served. It is certainly the hope of all who are interested
in the water front that the time may be far distant when the
City must be subjected to the loss of his services.’ (34)

15



NOTES

1 John D. Van Buren, Jr., "The Waterfront of the City of New York," Transactions of
the American Society of Civil Engineers 3 (1874): 172-189.

2 First Annual Report of the New York City Department of Docks (New York: Evening Post
Job Printing Office, 1871): 10.

3 Ibid., 9.
4 Ibid., 10.
5 Ibid., 14.

6 Second Annual Report of the New York City Department of Docks (New York: Evening
Post Job Printing Office, 1872): 20.

7 Ibid., 49.
8 Ibid., 38.
9 Ibid., 41.

10 van Buren, 178.

11 Hamilton Schuyler, "Fabrication of Beton Blocks by Manual Labor" Transactions of the
American Society of Civil Engineers 4 (1875): 93.

12 Ibid., 98.

13 "New York Dock Walls," Engineering Record (Sept. 3, 1892): 211.

14 Ibid.

15 Fifth Annual Report of the New York City Department of Docks (New York: Evening Post
Job Printing Office, 1875): 18.

16 Walter Robert Kinipple, "Concrete Work Underwater," Proceedings of the Institute of
Civil Engineers 87 (16 November 1886): 67.

17 Fifth Annual Report of the New York City Department of Docks, 39.

18 See: Allen Johnson and Dumas Malone, Dictionary of American Biography vol.4 (New
York:Schribner and Sons, 1964): 566-568; and "Memoir of George Sears Greene, Jr.,"
Transactions of the American Society of Civil Engineers 88 (1925): 1392-1395.

19 Twelfth Annual Report of the New York City Department of Docks (New York: Evening
Post Job Printing Office, 1882): 39-45.

20 Ibid., 41.

16



21 Ibid., 45.

22 “Statement of Operations Since the Date of the Last Annual Report. Engineers Bureau.
February 9, 1872," (Addendum to the) Second Annual Report of the New York City Department
of Docks (New York: Evening Post Job Printing Office, 1872): 6.

23 Fourteenth Annual Report of the New York City Department of Docks (New York: Evening
Post Job Printing Office, 1884): 127.

24 Fifteenth Annual Report of the New York City Department of Docks (New York: Evening
Post Job Printing Office, 1885): 111.

25 Ibid., 127.

26 Carleton Greene, Wharves and Piers (New York:McGraw Hill Book Co., 1917): 1i2.

27 Ibid.
28 Ibid., 238.
29 Ibid., 154.

30 Fifteenth Annual Report of the New York City Department of Docks, 112.

31 Ibid., 127.

322 Park Benjamin, Ed., Appleton’s Cyclopaedia of Applied Mechanics (New York: D.
Appleton and Co., 1885): 455.

33 van Buren, 178.

34 Memoir of George Sears Greene, Jr." Transactions of the American Society of Civil
Engineers 88 (1925): 1394.

17



BIBLIOGRAPHY

Albion, Robert G. The Rise of the Port of New York. New York: Charles Scribner’s Sons,
1939.

Annual Reports of the New York City Department of Docks. No. 1 (1871) - No. 19 (1889),
New York: Evening Post Job Printing Office.

vaA Simple Process for Placing Concrete Underwater." Engineering News and American
Contract Journal, June 13, 1885.

Benjamin, Park Ed. Appletons Cyclopaedia of Applied Mechanics. New York: D. Appleton and
Co., 1884: 376-384, 453-455.

Greene, Carleton. Wharves and Piers. New York: McGraw Hiil Book Co., 1917.

Greene, George S., Jr. "Bulkhead Construction in New York." Engineering News, May 25,
1889: 470.

. "New York Bulkhead Construction." Engineering News, Feb. 2, 1893: 104.

Holmes, H. C. "Waterfront Engineering in American Cities," Engineering Record, 40 (8 July
1899):126-128; (15 July 1899):150-151; (July 23, 1899):172-175; (July 29, 1899):198-199;
(August 5, 1899):224-226.

Johnson, Allen and Malone, Dumas. Dictionary of American Biography, New York:Schribner
and Sons, 1964: 566-568.

Kinipple, Walter Robert. "Concrete Work Underwater." Proceedings of the Institute of
Civil Engineers, 87 (16 Nov, 1886): 65-75.

Klawon, Marion J. Cradle of the Corps. A History of the New York District U.S. Army Corps
of Engineers, 1775-1975. New York: U.S. Army Corps of Engineers, June 1977.

"Memoir of George Sears Greene, Jr." Transactions of the American Society of Civil
Engineers, 88 (1925): 1392-1395.

New, J. C. "Portland Cement." The Miscellaneous Documents of the House of
Representatives. (1st Session, 52nd Congress), washington: Government Printing Office,
1892: 615-624.

"New York Dock Walls." Engineering Record, Part 1: (Sept. 3, 1892): 211-212; Part 2:
(Oct. 1, 1892): 276-277.

"On the Use of Concrete in Marine Construction." Scientific American Supplement, 387
(June 2, 1883): 6169.

18



Patton, William, C. "Deep Foundations." Engineering News and American Contract Journal,
July 18, 1885: 42-43.

Raymond, Charles Ward, Jr. "The Bulkhead or River Wall, New York City." Engineering News,
(Jure 12, 1880): 202-205; (June 26, 1880): 216-219.

Schuyler, Hamilton. "Fabrication of Beton Blocks by Manual Labor." Transactions of the
American Society of Civil Engineers 4 (1875): 93-103.

Taylor, W. D. "Depositing Concrete Underwater." Engineering News, April 26, 1894: 349.

"The Improvement of the North River Waterfront, New York City." Scientific American, June
6, 1896: 360,

"The Improvement of New York Harbor." Scientific American Supplement, 660 (August 25,
1888): 10540-41.

“The Leixoes Breakwater, Portugal." Scientific American, Jan 1, 1887: 8.

van Buren, John D., Jr. "The Waterfront of the City of New York." Transactions of the
American Society of Civil Engineers 3 (1874): 172-189.

19



FIGURE 1

(Scientific American, June 6, 1896. p.355)

Dredging out slips was one of the first tasks undertaken by the Department of
Docks after its formation in 1870. This same dredge with its clamshell
bucket may have done the dredging for the footings of Pier A.

THE GREAT DERRICK OF THE DOCK DEPARTMENT.

FIGURE 2
(Scientific American, June 6, 1896. p.355)

The floating derrick is of a design known as a "Bishop’s Plan according to
Van Buren who state’s that it was "designed by Mr. Issac Newton of this city,
a very complete and excellent machine." (33) Issac Newton was an assistant
engineer with the Dept of Docks when it was first organized in 1870. The
machine was designed and built in 1871.
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FIGURE 3
(Engineering Record, Sept. 3, 1892. p.211)

Section Drawing of the dock wall built between 1873 and 1875 by Engineer in
Graham implemented the concrete-en-masse

Chief Gen. Charles K. Graham.
Graham resigned

method which, for numerous reasons, literally fell apart.
and George S. Greere, Jr. was hired to replace him.
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FIGURE 7
(Appletons Cyclopaedia of Applied Mechanics, 1885. p.454)

Dock Department diver constructing an early section of bulkhead entirely of
granite, probably near the Battery and Pier A.
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FIGURE 9

Section through piers 5-8. The cribs were leveled and the space between the
bedrock and the crib bottom was filled with concrete in burlap bags. Mass
concrete was dumped in the crib and leveled. The concrete block piers were
then constructed on these sub-footings.
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Isometric drawing of typical pier supporting the deck of Pier A.
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FIGURE 13

Detail of the wooden centring, the wooden form used to cast the arched
concrete deck between the girders.
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Page 127 of the Twelfth Annual Report of the
Department of Docks, 1882.

. Pages 111 - 113, of the Fifteenth Annual Report
of the Department of Docks, 1885.

Pages 127 - 143 of the Fifteenth Annual Report
of the Department of Docks, 1885.
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Pages 109 - 121 of the Sixteenth Annual Report
of the Department of Docks, 1886.

Pages 95 and 117 of the Seventeenth Annual
Report of the Department of Docks,; 1887.



APPENDIX.

SUMMARY OF THE JOURNAL OF THE WORK FOR THE'

YEAR ENDING APRIL 30rm, 1884,

WORK OF CONSTRUCTION UNDER THE
NEW PLAN. '

NORTH RIVER WATER FRONT.

J
Prorosep Nxw Prea sxrwzen rae Casriz Gamoxx axp Prze New i,
N. R., ror Tux vsz or Tne Porick DxrartyENT AND TIE
Derl;n(lNT or Dooxs,

November 15th to 24th, 1883.—An examination of the site for the
new plor was made with the boring machine “ Woodcock.”

CHAMBERS STREET SECTION,
Resolutions of Board, November 24(h, 1871, and November 2141, 1878,

Fieuve v Reax or tax Warr, |

May 1at to 27th, 1883—1,218 loads of earth filling were received on
tickets, and placed where sottlement had taken place. 503 loads of the
above were used to £ill up between tho elils for the roadway to Pler
New 21, North River, Vi
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APPENDIX F




