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A Flexible Bulkhead for the New York Harbour

Un Quai en Palplanches Flexibles pour le Port de New-York

by J. M. K y l e , Chief Engineer, and M. S. K a pp , Soils Engineer, The P ort o f New Y ork A uthority, U.S.A.

Sumraary

Construction has started on a 2000 ft. long flexible Steel bulkhead 
in the Brooklyn-Port Authority Pier area. A requirement for 35 ft. 
dredge depth necessitated tie-rod connections below low water and 
a technique was developed for accomplishing this without divers. A 
deep bed of varved clay also posed serious questions concerning 
depth of pénétration and stability and is covered in this report. 
Deflection measurements of the bulkhead and strain measurements in 
the tie-rods will be made during and after construction.

Introduction

To provide modem facilities for the rapid and economic 
handling of ships and cargoes in the Brooklyn-Port area, con
struction of a new 2000 ft. long flexible bulkhead by the Port 
Authority was started in July 1956. So that this modem port 
will be able to handle large-size cargo transports expected to 
use this facility, a minimum 35 ft. channel depth has been set

Sommaire

Un quai en palplanches métalliques, de 670 m de long, est en voie 
de construction près des jetées du Brooklyn-Port Authority. Les 
13 m de profondeur requise nécessitant l’installation de tirants au- 
dessous du niveau de marée basse, une méthode a été développée 
pour installer ces tirants sans l’aide de scaphandriers. La employée 
d’une épaisse couche d’argile ainsi que la profondeur de ce quai ont 
également créé de sérieux problèmes de stabilité. Ces questions ont 
été traitées ici. Des mesures des inclinaisons des palplanches ainsi 
que de la déformation dans les tirants seront prises durant et après 
la construction.

for the face of the new bulkhead. Fig. 1 shows the location of 
the existing wharf, and its proposed relocation.

Geology of the Site

The Brooklyn-Port Authority piers are located on the fringe 
of the last glacier to cover the north-eastern part of the United 
States of America. A typical soil profile along the line of the

Fig. 1 Aerial photo of Brooklyn piers
Photos aériennes des jetées de Brooklyn
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Fig. 2 Geological profiles 

Profils géologiques

new bulkhead would consist of river silt, glacial sand, lake 
deposited varved clay, a sand and boulder layer and bedrock. 
Fig. 2 shows the results of 15 borings made along the line of the 
bulkhead. No definite explanation can be given for the lack 
of the full sand layer above the clay in certain localized areas. 
However, as will be pointed out later in the paper, strength 
tests results and possible modification of the construction 
procédures, allowed for the same continuous design along the 
entire bulkhead.

The river silt is of recent origin and very soft. In many 
places it is oily and varies in colour from grey to black.

The glacial sand layer is erratic in both thickness and grada
tion, ranging from a fine silty sand to some pockets of almost 
pure pea gravel. The density of the sand, if based on a standard 
pénétration test, varied considerably. However, actual driving 
records of pénétration résistance for test sheet piles in three 
diffèrent locations proved to be remarkably uniform.

The varved clay layer ranges in colour from grey to brown ; 
the varves consisting of altemate layers of clay, silt and very 
fine sand, varying in thickness from mm to ft. This cohesive 
layer has been pre-consolidated by the aforementioned glacier. 
This pre-consolidation shows up in the consolidation test 
results (see Fig. 8).

The sand, gravel and boulder layer underlying the clay is 
usually 10 to 20 ft. thick and difficult to penetrate. Rock is 
mostly a gneiss, jointed at the top.

Physical Characteristics of the Soil

No tests other than the routine ones were made on the river 
silt. Grain sizes were obtained for the glacial sand and triaxial 
tests made on typical samples. Fig. 3 is the actual result of a 
triaxial test sériés made on a sample of silty sand obtained from 
the glacial sand layer.

The varved clay material literally defied solution. Uncon- 
fined compression tests made on adjacent samples gave entirely 
différent results. Samples having higher water contents in 
many cases had higher strengths than those samples with lower 
water contents. Values of unconfined shear strength range 
from 600 lb./sq. ft. to 4000 lb./sq. ft. with no apparent différence 
in material. At this point a detailed study was made to déter
mine the cause of these erratic results. The results of the study 
placed the blâme on the silt layers of the varved material. It

was found that a sample containing varves placed carefully on 
a table would resist compression and seem very stiff. However, 
only a slight vibration was necessary to cause the material to 
flow and fall under its own weight.

Thereafter, cutting, pushing out and trimming of ail remain- 
ing undisturbed samples were handled with extreme care. 
Triaxial compression tests were run on a sériés of samples, and 
resulted in more reasonable strength value. Because the

Normal stress t./sq .ft:

Fig. 3 Triaxial test on sand 

Essai triaxial sur sable

stability of the proposed structure was critical and on the 
border-line, depending upon which test results were accepted, 
in place vane shear tests were made at the site. The results 
were encouraging and can be found in the table.

Consolidation tests indicated a large expected seulement 
which would require construction procédures for eliminating 
any harmful settlement after completion of construction. 
Fortunately, the sand layers of the varved material act as drain
age layers and the time for consolidation to take place was 
relatively short.

Requirements and Altemate Methods of Design

To provide efficient docking accommodations for ships that 
move cargo between New York and ail parts of the world, a 
minimum 35 ft. depth below mean Iow water was the first 
requirement. A safe and economical structure to make this
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Table

Tabulation of shear strengths 

Résistances au cisaillement

Sample
No.

Elévation WV.

Ton per sq .  ft.

crjr ai —  <73 °3 Varie

48-5 253 0 30 0-9 — ___ —

48-7 249 0 32 0-4 — — —

48-7 249-0 27 — . 1-9 0-5 —

57A-5 248 0 21 1-1 1-3 0-5 —

56-9 247-0 32 0-9 — — —

56-9 247-0 24 — 2-0 0-5 —

57 247-0 — — — — 0-3
57A 246-7 — — — — 0-6
56 245-5 — — . — — 0-5
51-5 245-0 34 1-1 — — —

34-7 239-0 26 1-7 — — —

48-11 234-0 27 0-7 — — —

48-11 234-0 35 — 0-7 0-5 —

59 233-5 — — — — 1-3
58-6 233-2 25 1-0 — — —

58-6 233-2 23 — 0-7 0-5 —

52 231-5 — — — — 1-2
58 231-5 — — — — 2-1
51-7 231-0 25 1-7 — — —

51-7 231-0 28 .— 1-6 0-5 —

55 230-1 — — — — 0-6
52 230-0 — — — — M
51 229-5 — .— — — 1-4
57A-9 228-5 26 1-9 — — —

50-12 228-5 32 0-8 — — —

50-12 228-5 24 — 1-0 0-5 —

48-12 228-0 32 0-3 — — —

38-14 228-0 27 1-0 — — —

54 227-0 — — . — — 2*3
57A 227-0 — — — — 1-7
50 227-0 — — — — 1-3
34-11 224-0 27 1-8 — — —

53 223-6 — — — — 1-6
48-14 223-0 33 0-3 — — —

56-14 221-8 24 0-6 — — —

56-14 221-8 22 — 1-2 0-5 —

51 220-5 — — — — 1-9
56 220-4 — — — — 0-9
55 219-5 — — — — 1-6
57A-11 218-0 26 0-6 — — —

57A-11 218-0 25 — 1-7 0-5 —

52 217-5 — — — — 1-2
53 217-1 — — — — M
57A 216-5 .— . — — — 1*7
54 216-0 — — — — 1-6
38-17 216-0 33 0-6 — — —

56-16 211-6 25 0-8 — — —

56-16 211-6 25 — 1-1 0-5 —

51 210-9 .— .— . — — 1-2
56 210-1 — — — — M
38-19 208-0 37 0-5 — — —

58-12 207-5 35 0-9 — — —

58-12 207-5 29 — 1-0 0-5 —

52 207-5 — — — — 1-2
50 207-5 .— .— — — 1-3
48-17 207-0 36 0-3 — — —

53 206-1 — — — — 1-3
58 206-0 .— . — — — 20
56-18 201-5 27 0-5 — — —

55 200-8 — — — — 1-4
56 200-0 .— . — — — 1-2
51 200-0 — — — — 1-4
53 199-6 — — — — 1-6
38-22 199-0 40 0-5 — — —

34-18 199-0 32 0-5 — — —

48-19 197-0 35 0-3 — — —

52 197-0 — — — — 1-3
50 196-5 — .— — — 1-4
51 190-8 — — — — 0-9
50-18 186-5 40 0-5 — — —

50 185-0 — ■ ■— • -- 1-6

facility self-supporting was the second. Other requirements 
were:

(1) A 300,000 sq. ft. transit shed for storage and movement 
of goods.

(2) A truck platform, back-up areas and parking areas.

(3) 600 lb./sq. ft. wharf apron and building floor loading.

(4) Minimum maintenance upkeep.

Generally speaking, our experience has been that simple 
bulkheads are the most economical method of retaining filled 
areas if soil and loading conditions permit. Because of the soil 
conditions at Brooklyn (erratic sand layer thickness, varved 
clay stratum), large free depth of water at face of bulkhead, 
limited section modulus sheeting available in this county, 
attention was given to certain alternate designs :

(1) A high-level concrete platform on timber piles.

(2) A low-level relieving type platform on timber piles.

(3) A bulkhead with relieving type platform in back.

(4) Cofferdams.

(5) Master piles supporting fiat sheeting in tension.

(6) Master piles supporting a precast concrete wall.

Fig. 4 shows the détails of some of the alternatives.

Fig. 4 Alternate designs 

Projets envisages

AU the above alternative designs and others were considered 
and evaluated. However, after cost estimâtes were made, the 
flexible bulkhead design remained the most economical and was 
chosen.

Design of Flexible Bulkhead

The design of the bulkhead was naturally dépendent upon 
the type of fill available for placing in back of the bulkhead. 
Because of the varied location of source and types of granular 
fill in the New York Harbour area, our engineers were faced 
with the problem of predicting the physical characteristics of the
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fill that would eventually be placed in the final construction. 
Spécifications for the fill were as follows :

Steve No. 10 
Sieve No. 80 
Sieve No. 200

% Passing 
40-100 

0-20 
0-3

With these restrictions, we can almost be certain that the fill 
will have an angle of internai friction (<f>) of at least 30 degrees 
and more likely approaching 34 degrees.

At the very beginning it became apparent that in order to use 
available sheeting having a maximum section modulus of 46-8, 
the location of the tie-rod connection to the bulkhead would be 
required to be below mean low water. To eliminate the need 
for expensive de-watering or underwater divers, our structural 
engineers devised a method for placing the tie-rods through 
slots in the sheeting, connecting them to walers on the water 
side of the bulkhead and lowering the walers to their final 
position, 5 ft. below mean low water. This procédure is 
described further under ‘Methods of Construction’ and 
shown in Fig. 5.

is

using the fill in front of it for developing the required passive 
pressure. This anchor wall was set back far enough so as to 
be out of the active earth pressure wedge. It was also located 
in a manner to allow for it being installed from above low water.

Fig. 6 Final design of bulkhead 
Projet final

Methods of Construction

With the design of the bulkhead established, the next problem 
was to work out a construction schedule that would ensure a 
stable project. Démolition of piers to be removed and dredging 
out river silt were placed as the first order of work. The second 
order was to place the hydraulic fill up to the élévation of the 
tie-rods. The bulkhead and anchorage could then be installed 
without excavation of the tie-rods and sheet pile anchorage (see 
Fig. 7 for construction procédure).

M.L.W

Stage 1

M.LW

Fig. 5 Method of lowering tie-rods

Méthode pour placer les tirants

Only a few borings were available during the initial design 
State. These borings indicated a minimum 20 ft. of sand avail
able for sheet pile pénétration, and the depth of pile pénétration 
was calculated accordingly. When additional borings showed 
the sand layer to be very thin, even disappearing in some local 
areas, the depth of pénétration was re-evaluated on the basis of 
the shear strength of the underlying varved clay. This resulted 
in a slight increase in length together with an allowance for 
increasing the sheet pile pénétration if needed in certain areas 
during construction.

The question of possible failure due to a circular slide in the 
varved clay also had to be considered. Preliminary attempts 
with the Swedish method of slices resulted in factors of safety 
below 1 -0 when using the low shear strength values obtained 
from the first set of soil strength tests. After the modification 
of testing procédures and with the results of the in-place vane 
shear tests and quick triaxial tests available, the factors of 
safety against sliding rose to 1 -3 on a conservative basis.

In any case, the uncertainty of the true value of the varved 
clay strength directed our engineers to insist upon surcharging 
the clay both from the stand-point of increasing its strength and 
also for eliminating future settlement after completing construc
tion of the transit shed supported on spread footings.

The anchorage is designed as a continuous sheet pile wall

Stage 2

M.LW
O________0______ □

Stage 5

Fig. 7 Stages of construction
Méthode de construction

Every sixth sheet pile is to have a 10 ft. long, 4 in. wide slot 
eut out of it as shown on Fig. 5. When the sheeting is in place, 
tie-rods are to be placed through two adjacent slotted sheets 
and connected to walers supported on floating rafts on the water 
side of the bulkhead. The walers will then be lowered to their 
final position, 5 ft. below mean low water and the tie-rods

position

position
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wedged into their final position by means of a plate covering 
the 10 ft. long slot. This détail should eliminate the need for 
any expensive underwater divers.

The second fill will then be placed including the surcharge 
and left to consolidate the underlying clay for a period of 
approximately four months. After surcharging, the excess sur
charge fill will be used to fill in the remaining triangle and the

InitiaI void ratio

Fig. 8 Pressure-void ratio curve

Courbe pression-indice des vides

fill on the outside of the bulkhead will be dredged out to a 
— 35 ft. depth. This material will be used for filling certain 
back areas that are to be paved later.

The sheet pile bulkhead will have a concrete cap and timber 
fender system installed and the sheet piling, tie-rods and anchor 
wall will be protected by a Cathodic Protection system. A 
300,000 sq. ft. transit shed will then be constructed, supported 
on spread footings buried in the hydraulic fill, and the apron

area in front of and in back of the building will be paved with 
asphaltic concrete.

Measurements and Instrumentation

It is only within the past few years that money and time have 
been spent on field measurements of bulkhead deflections. 
Recently, Professor Tschebotarioff of Princeton University has 
contributed enormously to our knowledge of bulkheads with 
the measurements he has made using the Wiegmann Slope 
differential instrument. In most cases, however, measurements 
have been made after the bulkheads have been in place for 
many years.

The bulkhead (see Fig. 6) to be constructed in Brooklyn gives 
us an excellent opportunity for measuring deflections of a bulk
head during its installation, during construction adjacent to it, 
and periodically after it is completed. For this reason, under 
the supervision of Professor Tschebotarioff, slopes of the new 
bulkhead are to be measured at différent stages of construction 
and after completion.

Other measurements to be made for this project include 
settlement levels, piezometers in both the varved clay and the 
hydraulic fill sand, and strain gauge measurements on the tie- 
rods. We hope the results of these measurements will be of 
future benefit to the engineering profession.

Conclusion

By the time this paper is made available to the Conférence 
in August 1957, the construction of the subject bulkhead will 
have been completed. Any modifications in design or con
struction procédure will be reported at the Conférence, as well 
as ail physical measurements made on the bulkhead and tie-rods.

The authors wish to express their appréciation to the staff o f  
the Port Authority Engineering Department who designed the 
bulkhead project: spécial mention is made o f  Mr. John S. Wilson, 
Structural Engineer, who was responsible for co-ordinating the 
spécial détails for lowering the tie-rods below mean low water.
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