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lntroduction

pier A is one of the most important remaining physical l inks to the

r ich mar i t ime h is tory  of  the Por t  o f  New York.  Due to i ts  un ique design,

which oioneered the use of structural concrete underwater, the pier has

outl ived 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  remain ing concrete p iers  of  the b lock and br idge design s t i l1

standing. Of even more importance is i ts national signif icance for i ts

vital role in the development and operation of what many consider the

wor ld 's  most  impor tanl  por t .  The Por t  o f  New York has been the gateway

for the peopl-e and commerce that have made America the greatest nation in

the worl-d.

Much of the responsibi l i ty 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 legislat ion, the department virtual ly

took control of and rebuil t  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 lhe great feats of harbor

engineering. The walls have provided engineels with important

information regarding the design and performance of concrete placed

underwater, fr ict ion pi l ings, f loati-ng foundations, and retaining walls'

Numerous art icles 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

civi l  engineer and inventor of the drif t ing or shift i-ng head for

engineers' transits which was universally uti l ized. Howevet, i t  was the

success of his public works projects accomplished during his 22 years aL

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 civi l  engi-neers as we1l, al l  three

having served as Direetor of the American Society of Civi l  Engineers.

George Greene, Sr. r luas one of the eight founders of that society'

carleton Greene is noted for his 1917 treatise, hlharves and Piers. The

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

was quickJ-y acclaimed as the engineering textbook on the subject '



New York DePartment of Docks

Pier A is located on the southern t ip of Manhattan, known as

the Bat tery .  The ear l iest  known dock was bui l t  on the s i te  in  1554

by Danie l  L i tchoe,  a tavetn keeper .  In  1650 and again in  1672,

taxes were levied on merchants and shipowners for the purpose

bui_lding of docks and maps and other documents indicate that several

were in fact buil t .  Maps from 1728 and 1782 drawn from actual

surveys show that dozens of piers were buil t  and rebui- l t  in this

area and that the shorel ine was moving seaward through constant

f i I l i ng .

Early docks rlrrere constructed of t imber cribs f i t led 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, net^J ones were buil t  out

in front and f i l led in behind. This process continued unchecked

unti l  1857 when a Board of Harbor Commissioners established pierhead

and bulkhead l ines for the pulpose of improving the eff iciency and

volume of marine commerce entering and exit ing the city'  (1) This

was the f irst effort by the City of New York to bring some semblance

of order to the haphazardly buil t  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 f ive commissionels' The f irst Board

of  commiss ioners consi ted of  wi lson G.  Hunt ,  wi l l iam wood,  John T.

Agnew, Hugh smith and Richard M. Henry. The Dock Department was

vested with "the exclusive charge and control of al l  wharf property

belonging to  the c i ty ,  inc lud ing a l l  the wharves,  p iers ,  bu lkheads '

and structures thereon, and water adjacent thereto, and al l  the

s l ips,  bas ins,  docks,  water  f ronts ,  land under  water  and st ructures

thereon."  ( i l  Addi t ional ly ,  they were vested wi th  the power to

govern and regulate al l  the same property not owned by the



City .  Thei r  f i rs t  ob ject ive was " the lmprovement  of  the water f ront

of the city, and the establishment of permanent wharf accomodations

for  specia l  commerc ia l  in terests . "  (3)

"The Depar tment  found the vast  t rust  proper ty  thus

committed to i ts exclusive govelnment in a condj-t ion

utterly inadequate to accommodate the immense commerce of

t h e p o r t , a l l t h e e x i s t i n g w h a r v e s , p i e r s , a n d b u l k h e a d s

being bui l t  o f  per ishable mater ia l -s ,  in  a very imper fect

manner; the piers being too narrow to al low vessel-s to

load or discharge cargo at both sides thereof

simultaneously, and of insuff icj"ent length to afford

accommodations for large steamers engaged in European

trade. In consequence of this want of accommodation

several l ines 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 exist ing piers and bulkheads were found to

reouire extensive repairs, and many of them to be wholly

or part ial ly rebuil t ,  their condit ion being such as to

render them total ly unfit  for commercial purposes." (4)

The Department advert ised that public hearings would be held for

al l  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 al l  the plans and discussion

among the board and the department engineels' a rrPl-an of Docks" was

proposed which would "protect the r iverf lront with a permanent wall  of

masonry carried out from the present bulkhead l ine a suff icient

distance to make a r iver street 250 feet wide on the North River and

200 feet  wide on the East  River . " (5)

0n the 15th of  Ju ly  1870,  Gen.  George B.  McCle l len was appointed

the f irst Engineer in chief of the Dock Department. Three mil l ion

dollars had been appropriated for operations and McClel]en immediately

proceeded with the dredging of sl ips and the repair of piers and

bulkheads belonging to the city. (r ig. 1) Placards were posted on al-1

private waterfront structures, parcels and permanently f loating



structures giving notice that application must be made to the

Depar tment  for  permiss ion to  reta in  the i r  use.  In i t ia l ]y ,  the

Department "met with much opposit ion in the removal of obstructions on

the wharves and bulkheads and in the sl ips, from many who, from long

occuoation of publi-c property, have supposed themselves entj-t led to

exc l_us ive possession."  (5)  In junct ions h ie le  obta i -ned rest ra in ing the

action of the Department, but by Apri l  of 1872 the courts had set al l

o f  these ef for ts  as ide.

McClel len vr1as chalged with designing the proposed bulkhead wall

a long 25 mi les of  Manhat tan 's  water f ront .  He launched a massive

engineer ing ef for t  which inc luded the gather ing of  f ie ld  data '

obta in ing 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'

G e n . A . A . H u m p h r e y r C h i e f o f E n g i n e e r s , U ' S ' A r m y ' c o n s u l t e d o n

the location of the bulkhead and pierhead l ines so they would not

interfere with navigation or impede the f low of the r ivers.

Department survey part ies were dispatched along the shore to establ- ish

the pier and bulkhead l ines and elevations. This information, along

with 24,350 soundings, t4las 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 characterist ics 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, Mcc1e1lan concluded that " i t  is believed that no form of

foundation and superstructure has escaped attention and

examina t i on . " (7 )

Gen.  Q.  A.  Gi lmore,  o f  the U'S '  Army Corps of  Engineers was

consulted on the selection of construction materials for the

b u l k h e a d . ( B ) I t w a s d e c i d e d t h a t t h e w a l l s s h o u l d b e c o n s t r u c t e d o f

beton (the French term for concrete) and masonry' The design called

for J-arge beton blocks to be cast on shore, I i f ted by a derrick and

"laid up,, underwater by divers in the same manner that a stone masonly

wall would be constructed. The cost of the bulkhead was estimated at

2 .5  m i l l i on  do l l a rs  Pe r  m i l e -  (9 )



In  September of  1871,  the New York State Legis la ture of f ic ia l ly

conveyed ownership of al l  the submerged J-and bordering ManhatLan

Island to the city of New York. This cfeared the way for the

construction of the new river walls. The great derrick that woul-d

place the huge concrete blocks was completed, yards for the

flabrication of the beton blocks were clealed, contracts for the supply

of  cement  and stone were s igned and eonstruct ion began'  ( f ig '  2)  In

1874, Van Buren presented a paper before the American Society of Civi l

Engineers (ASCE) describing the manufacture of the beton bl-ocks and

the bulkheads. He stated that "the idea of using large beton blocks

for  th is  work is  due,  I  be l ieve,  en l i re ly  to  Gen.  McCle l len,  and the

late operations of the departmenl show that the plan is an exceedingly

expedi t ious and cheaP one.r r  (10)

The bulkhead project was an early use of concrete underwater in

the united states on a large scafe and engineers watched the new

technology closely. The economic and seientif ic soundness of

McClel len'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 cubie yards of beton blocks by manual ]abor

between 1B7l and 1874. Blocks ranged in size from 13 Lo 5O tons and

were found to be economically and easily produced by manual labor' A

detai led 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

condit ions 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 l ike than beton

b locks . . . " (11 ) ,  and , , t he  mak ing  o l  t he  b locks  t ^ l as  pa r t  o f  a  sys tem fo r

the bulkhead wall that was, after ful l  consultation with General Q.A'

Gil lmore, inaugurated by General George B. McClel len. " (12)

However , in 1873 Gen. MeClellen resigned from the Department and

a Gen.  Char les K.  Graham took over  as Chief  Engineer '  (11)  Whi le  Gen'

Graham continued to use the pre-cast blocks, he also implemented a ne|^,

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 entai ls sinking a form into which wet concrete is

poured or dumped and al lowed to harden into a single mass. Exactly

why Gen. Graham vrras compelled to try to further improve a method which

was a l teady a vast  improvement  over  prev ious technology is  unc lear .

Accord ing to  Van Buren,  the en-masse method was inst i tu ted "on the

ground of  economy".  (14)  Graham gives a defence of  h is  dec is ion in

h is  renor t  to  the Dock Commiss ioners in '1875 and descr ibes in  deta i l
v H v r  v  v v

his study of the technique as i t  was being used in Europe by French

and  Br i t i sh  eng inee rs .  (15 )

Structural concrete underwater by any means was sti l l  a new

practice in Europe and the United States. I ts use as a foundation

mater ia l  for  massive and expensive c iv i l  works pro jects  l ike

breakwaters and other  harbor  works was st i t l  in  i ts  in fancy.  In  1856'

! i l .R.  K in ipp le,  a  Br i t ish e iv i l  engineer ,  began exper iment ing wi th

port land cement concrete placed underwatel. Kinipple designed and

directed numerous projects including major harbor works in England and

Canada and claims to have originated most methods of uti l izing

concrete underwater including concrete-en-masse' precast blocks'

tremmie pours, and sl ip-form casting. However, i t  was not unti l  1BB5

that he presented a paper to the Insti tute of Civi l  Engineers in

London describing the results of his 30 years of experience and the

problems he had encountered with en-masse concrete underwater. (15)

By that t ime, most of his lessons had already been learned the hard

way by the Dock DePartment.



George S.  Greene,  Jr .

Structural fai lures in Graham's en-masse type dock wall-s appeared

wi th in  a yeal  or  two.  ( f i .g .  3)  This  resut ted in  an invest igat ion in

1875 by a special commission of three esteemed engineers: General John

Newton,  Gen.  Q.  A.  Gi l lmore,  and Wi l l iam E.  Worthen,  Past  Pres ident  o f

the ASCE. At this same time, George S. Greene, JI. was appointed the

new Engineer in Chief of the Department of Docks. He took immediate

charge of the work and insti tuted his own investigation of the

problems by having a diver inspect the bul-kheads 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 fotmwork used to cast

the walls was buil t  and special ly reinforced to be l i f ted out of the

water by the derrick. The form was lowered underwater and f i l led with

concrete-en-masse as i f  i t  was to be a permanent seeti-on of wal-L. One

month after the pour, the block tntas Iemoved from the water by the

derrick, the f lormwork removed, and inspection and testing performed.

The results of the investigation confirmed the fai lures in the

concrete that were being observed in the f ield: the methods in which

the concrete was deposited underwater resulted in a separation of the

cement and aggregate, the latter often fal l ing to the bottom of the

pour; the outer layers of the block were the weakest, with large

sections of the conerete fal l ing away aS the forms were removedl the

bond between each batch or pour was weak or non-existant result ing in

a seam, along which structural fai lure would occur. In the

commission's report, Gen. Gil lmore explained the l i-kely mechanical and

chemical mechanisms behind the problems and made recommendations for

new procedures and techniques to be fol]otrued in buildj-ng the

dockwalls. First, deposit ing concrete en-masse underwater should be

Iimited to sub-bottom placement or for "heart ing" (f i l I i -ng the core of

the bulkhead to consolidate the blocks and masonry into a single

mass), where it  wil l  not come in direct contact with wave action.

Second, deposit ion of the wet concrete underwater should be done with

a tremie rather than a bottom dump bucket. A tremie i-s basical ly 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 "poul"

to  e l iminate mix ing of  the concrete and seawater .  (7)

Mr. Greene implemented these recommendations and further improved

on the effectiveness of the pre-cast block system developed by

McCle l len.  Greene devised severa l  d i f ferent  bu lkhead systems for  the

varying sub-surface condit i-ons found along New York's waterfront '  At

the heart of each of these designs was an improved block which V\,as not

only  large in  s ize (70 tons) ,  but  bat i red or  s loped on i ts  face to

accomodate the curvature of shi-p hulls. This design al lowed the

center of gravlty of the wall to be set back from the toe ofl  the wal} '

thus increasing the res is tance of  the wa1l  lo  over turn ing '  (F ig '   )

In areas where bedrock was close to the surface, the wal"l  was founded

directly on the rock, with concrete in bags used to ]eve] the surface"

In areas where the mud v\las very deep and bedrock essential ly out of

reach, the wall was founded on piJ. ings driven to a given resistance'

This was determined by the number of blows of a certai-n weight pi le-

driving hammer needed to drive the pi le another inch or foot '  (Fig' 5)

The resist ing force i-s a result of the fr ict ion between the pi l ing and

the mud or c1ay, hence the name "fr ict ion pi les". several sources

credit Greene with essentiarly proving the validity of the engineering

pr inc ip les behind f r ic t ion p i les.  (18)  I t  is  l ike ly  that  Greene h jas

the f irst to design and implement a gravity retaining wa1l supported

by fr i-ct ion pi les constitut ing what became known as a "ffoatinE

foundation.,, In the fol l0wing yeals Greene continued to improve his

designs for the r iver walls and another cross section is presented in

F i g .  5 .

In September of 1881, the commissioners of the Department of

Docks requested Newton, Gil lmore and lnJorthen to once again evaluate

the construction of the r iver walls, this t ime as designed by Greene"

After three months of extensive observations' measurements and

testing, they presented their report on the 27Lh of December'

1 8 8 1 . ( 1 9 ) T h e i r f i n d i n g s i n c l u d e d a d e t a i ] e d d i s c u s s i o n o f t h e m e r i t s

of the overaf] design, part icularty i ts unique character of being

essent ia ] ly  a  , , f loat ing foundat io f l , . '  3  des ign in  which ' 's l ight



movement is inherent, and yet in no way destabil i-zing or worthy of

concern." (2O) Their only recommendation was that the concrete mix

was too rich in port land cement, and yielded a block that posessed

excessive strength and durabil i ty to a degree that uvas unnecessaly'

In concl-usion they found "the present cross-section of the wal1, as

designed by your Engineer in Chief '  we regard as founded on correct

pr inc ip les of  s tab i l i ty  and economy. . .  "  (21)  ! 'J i th  th is  approval  o f

Greene's  des igns,  the bui l -d ing of  bu lkheads and p iers  by the Dock

Department moved forward at a rapid pace. The Department grew in size

and the need for a ner.al headquarters became a pri-ority'



Pier  A.  Nor th River

It is not evident from the Annual- Reports of the Dock Department

when ta lk  of  bu i ld ing Pier  A began or  how i ts  des ign and locat ion were

selected.  The p ier  is  located on the southern t ip  of  Manhat tan Is land

on the North River between Castle Garden, also known then as the

Bat tery  and now as Bat tery  Park,  and Pier  1 ,  which is  now demol ished.

According to a report of operations from 1872, i-t  is evident that the

earl iest work of the Dock Department invol-ved the construction of a

grani te  bulkhead a long th is  sect ion of  shore l ine.  (F ig.  7)  This  whar f

was known as the "boat landing" and was used by the city to t ie up

their various f loating barges and derricks for the construction of the

r iver  wat l  f rom that  po int  nor th a long the r ivers.  Q2)

The f irst mention of the Pier A project appears in the Appendix

of the 14th Annual Report of the Department of Docks for the year

ending Apri l  30, 1884. (Appendix A) It  refers to the I 'Proposed New

Pier  between the Cast le  Garden and Pier  New 1,  N.R. ,  fo t  the use of

the Police Department and the Department of Docks," and states that

between November i5th to the 24th, lBBf' an examination of the site

for the proposed new pier was made by the boring machine

"Woodcock " . (2 t )

The fol lowing year's report (Appendlx B) provided this

information:
"0n the frd of July, 1884, i t  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 f inished in early August, the underwater

construction began on al- l  the pier foundations. Work continued

rapidly with the intent on f inishing by January 1, 1885. Greene

states in his work reports that had the furnishers of the granite

delivered the stone on t ime as promised, this goal would have been

1 n



met.  Instead the sub-p iers  were not  completed unt i l  Apr i l  o f  1885"

The deck was f in ished in  September,  and the bui ld ing on the p ier

completed in  March of  1885.  (25)

The substructure of  P ier  A is  a  type of  p ier  des ign known as

block and br idge.  Accord ing to  Car le ton Gteene in  h is  '1917 book '

Wharves and Piers,  there are three genera l  types of  p iers :  p i le-

p lat form,  b lock-and-br idge,  and so l id  f i I l .  Q6)  Greene states that

" the b lock and br idge model  is  ra ther  l imi ted in  i ts  appl icat ion '  as

j-t is economical only for small piers in shallow water and on hard

bot tom. "  (27)  Al though Pier  A is  re la t ive ly  smal l  and bui l t  on

bedrock in shallow water, i t  is interesting that the f inal square f loot

costs  for  deck and substructure of  $11.50 per  squale foot  are roughly

10 t imes the cost  o f  p i le-p lat form p iers .  {2B)  Consider ing l i fe-cyc le

costs, that is, the init ial cost plus maintenence costs over the

number of years in service, Pier A proves Very economical in the long

run. It  has outl ived three pi le-platform piers which due to marine

bolers or colrossion have estimated l ives 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 t ime for

repai rs  or  rebui ld ing.

As of 1917, there were only two block and bridge piers ever buil t

in  New York,  P ier  i  in  1876,  and Pier  A in  i885.  Q9)  Both of  these

piers consisted of widely spaced (10-50') masonry block piers bridged

by a structural deck.

Pier A is 45 feet wide and 285 feet long and is supported by B

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 f loundation of mass concrete in burlap

bags resting on the bedrock, pre-cast concrete blocks extending to -2'

Mean Low fr later ( l , t . t-. t 'J.),  and granite block on top of the concrete up

2 '  a b o v e  M . H . W .

Spanning each of the piers are six wrought iron I-gi-rders and two

side girders, spaced approximately eight feet apart. Between these

girders is sprung a cast-in-place arched concrete deck. (J0)

1 1



The construction of Pier A entai led the fol lowi-ng steps z (31)

1 .  D redg ing :

In each pier location the river mud was excavated down to bedrock

ut i - l iz ing a c lamshel l  bucket  on a f loat ing derr ick.  ( f ig '  1)  From

drawi-ngs it  is evident that as much as 20 feet of mud and rock was

removed to reach bedrock.

2.  P ier  Foundat ions:

Large rJr,ooden cribs , 50' x 15' with sides averaging f ive feet in

height ,  depending on the contours of  the bedrock,  were lowered to

the bot tom and leveled us ing the Derr ick "Ci ty  of  New York" . (F ig.B)

These cribs hetd back the mud and provided a containel 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

t o d i v e r s w h o p i l e d t h e m i n s i d e t h e c r i b s d i r e c t l y o n t h e u n e v e n

rock bottom unti l  a level surface was obtained. The cribs were

then f i l led to the top with lo to 50 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 1evel and uniform surface to receive the

massive precast  concrete b locks-  ( f ig .  9)

3.  Concrete b locks:

Concrete blocks of various sizes were cast on the surf lace and then

lowered and stacked on the concrete footings to form piers

approximately 5'5" deep and 45' wide. The heights of the piers

varied depending on the footing elevalion, but al l  stopped 2' below

Mean Low Water to receive granite blocks in the intert idal zone.

Divers guided this operation by communicating with their tender on

the surface via ] ine-pu]I 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 posit ion, and by him bells are IUng'

which enables the attendant at the engine to execute the necessary

movements." (3D Drawings indicate that the f irst course consisted

of  overs ize b locks approx imate ly  5 'x  9 'x  15 '  la id  f la t  to  prov ide a

12



wide foot ing.  ( r ig .  10)  The fo l lowing courses l^Je le la id  on edge

(on the 5 '5 , ,s ide)  and were probably  keyed together  wi th  concrete

bags p laced in  recessed keyways cast  in to the jo in t  face '  This  is

def in i te ly  t rue lor  the top course of  b tock where i t  jo ins wi th  the

grani te  b locks as ev idenced by sect ion drawings of  the p iers '

. a \

( F I g .  t t )

4 .  Gran i te :

G r a n i t e b ] o c k s w e r e d r e s s e d a n d s e t i n m o r t a r o n t o p o f t h e

conc re te  b locks  up  to  e leva t i on  2 'M .H .hJ .  A  ho l l ow  a rea  beh ind  the

grani te  was f i l ]ed wi th  concrete to  bond the b locks in to a uni f ied

m a s s . S e a t s w e r e c u t i n t h e t o p c o u r s e o f t h e g r a n i t e b } o c k s t o

receive the i ron g i rders.

5.  Gi rders,  Centers and Deck:

Iron girders were l i f ted by the 10 ton derrick and seated in place

atop the granite piers. (r ig. lD Arched wooden forms called

,,centers,, were l i f ted into place between the girders and brought to

bear on the piers. (r:.g . 1, Iron t ie-rods t,\ lele instal led across

the width ol the pier connecting the two side girders and running

through each of the main girders. lnlhen drawn up t ight, the girders

effectively clamped the centers making tight formwork ready to

receive the eoncrete for the deck. The centets l^Jele oiled and 95

yards of concrete was set between the girders for each span' Upon

eompletion of each span in this manner, the deck was "f loated off"

with 85 c.y. of mortar to achieve a smooth surface with a 3" clot^ln

in the center. A more complete descript ion of the construction

process is contained in Appendices C & D'

5.  The Bui ld ing on Pier  "A" :

The building on the pier was begun in september, 1BB5 and completed

in March of 1886. Mr. Charles 0. Brown was the general contractor,

w i t h p } u m b i n g , g a s a n d h e a t i n g c o n t r a c t s g o i n g o u t t o s e p e r a t e

firms. A detai led account of the construction of the building is

given in the "summary of the Journal of the work for the Year

Endi-ng Apri l  fOth' 1886' ' ,  contained i-n the 15th Annual Report of

t h e D e p a r t m e n t o f D o c k s a n d p r e s e n t e d i n i t s e n t i r e t y i n

Appendix  E.

I t



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 marit ime engineering. At the outset, it was known that

the Pier represented early concrete technology and might be worthy of

reconition as an engineering }andmark. What was not anticipated

however, was the significant impact that Greene and the Dock

Department have had on America's marit ime heritage. Not only was the

physical character of the New York City waterfront permanently

altered through lheir 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 of the waterfront

Ied 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 1885. Greene worked with the Dock Department unt,il 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 'rMemoir of George Sears Green, Jr.rr in the

1925 Ttansactions of the American Society of Civil Engineers:

"0n 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

2fd Streets, North River', in which he stated:

1 4



'This City owes a part icular debt of grati . tude 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 chi ld. He originated it ;  and he

aIone. By his forceful advocacy he has kept i t  al ive during al l

these years and has won for i t  the approval of al l  the many

Commissioners that have come and gone, and al l  the intel l igent

men who have given him a hearing. This is indeed his day of

tr iumph. He has occupied his present posit ion for more than

twenty-two yearsr under commissioners of every shade of

poli t ics; always giving service of the upmost professional

va1ue. A man of the highest character, of an integrity so known

of al l  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 quali f ications are recognized'

even in off icial l i fe. 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 al l  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. '  04)
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FIGURE 1

(Scientif ic American, June 5, 1896. p.355)

Dredging out slips was one of the first tasks undertaken by the Department

Docks after its formation in 1870. This same dredge with its clamshell

bucket may have done the dredging for the footings of Pier A.

FIGURE 2

(Scientif ic American, June 6, 1896. p.355)

The floating derrick is of a design known as a "Bishop's Plan accordi.ng to
Van Buren who state's that it was "designed by Mr. Issac Newton of this city,
a very complete and excellent machine." (13) Issac Newton was an assistant
engineer with the Dept of Docks when it was first organized in 1870. The
machine was desiqned and built in 1871.

o f

TEE GREAI DEBBICK OF TEE DOCK DEPABTUENT.
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FIGURE 3

(Engineering Record, Sept. 3, 1892. p.211)

Section Drawing of the dock wall built between 187f and 1875 by Engineer in

Chief Gen. CharLes K. Graham. Graham implemented the concrete-en-masse
method which, for numerous reasons, 1itera1ly fe11 apart. Graham resigned

and George S. Greene, Jr. was hired to replace him.
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BUTEEEAD WALL OI{ BOCK.

FIGLRE 5

(Scientif ic American, June 6, 1895' p'100)

Variations of Greene's bulkhead nalls dependi.ng on bottom conditions'

Fig.  2.  Concrete Block Used in Bulkhead Construc '

t ion.  New York.

FIGURE 6

(Engineer ing News,  Feb- 2,  1893.  p '104)

D e t a i l o f G r e e n e , s i m p r o v e d c o n c r e t e b l o c k f r o m a n a r t i c } e b y h i m r e f e r e n c e d
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FIGJRE 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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Drawing of wooden cribs for holding mass concrete for the sub-piers of Pier

A. These cribs were ballasted with rock and lowered into position by a

floating derri.ck.
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FIGURE 10

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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