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WHEN the problem of · devising a scheme for rehabilitation of 
the wharf structures at the Army Base, as described by Mr. Basso, 
was undertaken in the summer of 19 53, there were many conditions 
which influenced the thinking. It will be helpful if a few are kept in 
mind during this discussion. · 

1. The steel sheet pile bulkhead was so badly corroded in the 
low tide area that there were many large holes through it and in many 
places the metal was paper thin. 

2. The commercial and military shipping interests desired berth 
depths of 35 feet at M.L.W., but this depth was available in only 
two of the ten berths and deeper dredging · of the others had been 
avoided for many years to safeguard the structures. 

3. The subsurface material in which the new structure would 
be built varied from a deep layer of soft clay extending down to 
60 feet below M.L.W. at the Summer Street end of the property to 
ledge rock higher than the desired 35-foot depth of berth at the out-
board end. · 

4. The reconstruction scheme must permit the continuous oper
ation of the base and. most of the ships' berths during the construc-
tion period. · 

5. No type of structure was excluded froll?, consideration, but 
little enthusiasm was indicated for a second steel sheet pile structure. 

REHABILITATION SCHEMES CONSIDERED 

A great variety of rehabilitation schemes were considered, many 
of which were found to be impractical and were discarded at an 
early date. Those which appeared more practical were devel
oped in sufficient detail to permit study of the· methods of con-
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struction, the advantages and disadvantages of the finished struc
ture, and the approximate consfruction cost in each case. These 
schemes included some structures · which would make use of 
the present· steel sheet piling by adding buckstays or other strength
ening members, new steel and concrete sheet pile structures to 
be driven in front of the present bulkhead, floated-in-place con-
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crete caissons to be sunk in front of present bulkhead and filled to 
make a gravity wall, relieving platform type structures in front of 
present bulkhead, cast-in-place ·gravity walls of concrete, gravity walls 
of precast concrete blocks, and open pile and deck structures with 
earth slopes. · 

From the various schemes studied in this preliminary manner, 
four were chosen to be developed more fully as to detail of design . 
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and construction, and as· to utility and maintenance. This selection 
was made with the assistance of representatives of the Office of Chief 
of Engineers, the First Army, the Boston Army Base, and the New 
England Division at conferences held in Boston and Washington. 
The four schemes chosen were: 

1. Open wharf as shown on Figure 1. Installation of a new 
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FIG. 2. 

open deck wharf, removing the existing steel sheet pile bulkhead 
and sand fill, and using a new concrete deck supported on creosoted 
timber and concrete-filled steel pipe bearing piles, with the new struc
ture located, as far as possible, within the present wharf area. 

2. Concrete bulkhead as.shown on Figure 2. Installation of a new 
concrete sheet pile bulkhead located outside of the present wharf 
face at the West Open Wharf and Wharf Shed areas where the rock 
is low and located inside the present wharf face at the East Open 
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Wharf and outer end of the 'Pier Shed areas where the rock is high, 
the installation of a new narrow open wharf structure in front of the 
new and existing concrete bulkheads at the East Open Wharf and Pier 
Shed areas, and the restoring to service as a bulkhead the existing con
crete sheet pile structure at the Pier Sheds. 
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3. Cast-In-Place wall as shown on Figure 3. Installation of a 
cast-in-place concrete gravity wall outside of the present sheet pile 
bulkhead, using the sheet pile bulkhead as the rear form and canti
levering the deck forward from the wall. 

4. Precast Block wall as shown on Figure 4. Installation of a 
gravity wall made up of large precast concrete blocks outside of the 
present sheet pile bulkhead and filling the space between the pres-
ent bulkhead and the new wall. 
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Before proceeding with the comparison of these four schemes 
which were developed in detail, it may be of interest to discus? the 
reasons for discarding some of the others. 

STRENGTHENING PRESENT BULKHEAD IMPRACTICAL 

There are several reasons why the schemes involving continued 
use of the present steel sheet pile bulkhead were not considered prac-
tical. · 
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TIM.BER PILES 

The badly corroded area of the sheet piling· extends below mean 
low water, making it difficult to provide proper connections between 
the submerged undamaged · portion of the sheeting and any new 
members which might be installed above. 

Removal of some of the sand fill, as required to relieve the bulk
head, would necessitate protection of many of the timber piles by 
other means and introduce the hazard of damage to the piles during 
the sand removal process. 

The depth of berth would be limited by the present bulkhead to 
30 feet in Pier Shed and East Open Wharf Areas. 
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The anticipated life of the repaired structure would be compara
tively short. 

These schemes were all more or less makeshift in character, did 
not furnish any permanent solution, and did not possess the factor· 
of safety of the other schemes. 

Concrete Caissons Expensive. The use of caissons in the shape 
of reinforced concrete boxes, floated into position, sunk into place, and 
filled with rock, gravel or other material to form a gravity wall was not 
recommended because the estimated construction cost would be great
er than tp.at of a gravity wall of mass concrete while the length of life 
was believed to be less. The hazards accompanying such construction 
are great, particularly in this case where a tall but narrow caisson 
would be required, and an accident would be expensive in both con
struction cost and construction time. · 

RELIEVING PLATFORM LIFE UNCERTAIN 

While the cost of a relieving platform type of structure was esti
mated to be slightly less than that of a gravity wall, this type of struc-

. ture was not recommended because it would require a great deal of 
underwater work on the platform, the lower portions of the present 
steel sheet piles ( from a few feet below mean low water to the lower 
erids) must be continued in service, and the life of the reinforced con-

. crete platform which would have to be placed under water would be 
uncertain at best and surely shorter than that of a mass concrete 
wall. 

OPEN WHARF IN FRONT OF PRESENT STRUCTURE Too WmE 
The use of an open wharf located entirely in front of present 

structure with an earth slope from the bottom of the dredged berth 
up to the top of the present fill would be the least hazardous of any 
scheme considered as far as construction difficulty is concerned, and 
its construction cost was estimated to be practically the same as that 
of the gravity wail of mass concrete. However, it would increase the 
width of the wharf about 60 feet and would require widening both 
the Wharf Shed and Pier Shed. Its maintenance over the years would 
be more than that of the gravity wall. 

NEW STEEL SHEET PILE BULKHEAD UNATTRACTIVE 

Estimates of cost made for a new steel sheet pile bulkhead in 
front of the present one, using ordinary carbon steel shapes, were 
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found to be nearly as much as for a concrete sheet pile bulkhead. 
Considering the experience with the previous structure, a second sheet 
pile structure would not be attractive unless longer life could be as
sured. The use of cathodic protection, combined with surface coat
ings, is probably the best means developed to date of preventing 
the type of corrosion which has occurred in the present structure, but 
this protection is still believed to be uncertain as to cost and effective
ness. The possibility of using nickel alloy steel was investigated. It 
was found that low alloy steels which. cost considerably more than 
carbon .steel are no more resistant to sea water than carbon steel. 
Monel metal has shown greater resistance to corrosion in sea water 
when tested in small samples. However, it is feared by some of the 
corrosion specialists that Monel may suffer the same destructive cor
rosion by galvanic action as the carbon steel has if it is immersed as 
a long member extending from below the mud line to the high tide 
line. In any case, Monel metal was not available in the shapes and 
quantities required for such a structure and has never been used for 
such purposes. Its cost is high, the base cost being about ten times 
that of carbon steel. · 

COMPARISON OF SCHEMES 

Each of the four schemes which were developed in full was be
lieved to be a satisfactory solution to the problem and each had its 
advantages and disadvantages, the comparative value of each depend
ing much upon the point of view of the evaluator. In the following 
tabulation we have rated each scheme in the order of desirability 
in which we .believe it stands for any particular qualification: 

Open Concrete Gravity 
Deck Sheet Pile Gravity Wall Wall of 
Wharf Bulkhead Cast-in-Place Blocks 

Length of Life 3 4 2 1 
Economy of Maintenance 3 4 2 1 
Construction Disturbance 3 4 1 2 
Construction Hazard 4 3 2 1 
Utility in Operation 1 2 4 3 
Factor of Safety 1 4. 3 2 
Fire Danger 4 3 2 1 
Resistance. to Explosion 3 4 1 2 
Construction Cost 3 1 2 4 
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Length of Life. The life of the precast block gravity wall with 
granite facing of the upper portion of its vertical face should be very 
long with little maintenance. The cast-in-place gravity wall with timber 
fa<;:ing on the upper portion of its sloped face and cantilever deck would 
require replacement of timber facing in time and the cantilever deck 
would have a shorter life than the simply supported deck located be
hind the vertical face wall. The concrete sheet pile structure would 
have the shortest life, the limiting· features being the spalling of the 
concrete and the corrosion of the steel in the pilei themselves and 
the corrosion of the tie rods.· In the schemes in which an open deck 
is used, it is expected that creosoted timber piles would have a longer 
life than the concrete sheet piles, barring disastrous fire, and without 
any maintenance work. Concrete-filled pipe piles would be expected 
to have a life as long or longer than the creosoted piles, but with 
considerable maintenance work, such as jacketing in the severe cor
rosion range. 

Maintenance. With a gravity wall the maintenance would be 
reduced to a minimum on the wall itself and, although replacements 
would be required to the structure behind the wall in time, it is be
lieved that the work would be small for a number of years. With the 
new open deck schemes, the deck which is replaced would be free of 
maintenance for a long time but the exposed piles would need main
tenance or replacement sooner than the gravity w<1,II. Concrete sheet 
piles and their tiebacks would probably require the earliest and most 
extensive maintenance of any of the parts and would be least able 
to stand the deferring of maintenance, should economic or national 
emergency conditions require it. · 

Construction Disturbance and Hazard. It would be necessary 
to interrupt somewhat the operation ·of the terminal to make any 
of the installations. The gravity wall schemes constructed outside of 
· the present steel sheet piling would cause the least interference to 
the operation of tracks, sheds and open areas and would tie up a 
berth for a shorter period than the scheme of removing the sand fill 
and installing new piles. 

The hazard of an accident during constructio~ which might lead 
to collapse of part of the wharf and Wharf Shed was believed to be 
the least during the installation of the gravity wall, the hazard in this 
case being that caused by pile driving in front of the present struc~ 
ture and preparation of the bottom for placing the concrete base. 
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When the base is placed, the present structure should be relieved. con
siderably. 

Utility in Operation. Constructions included in the gravity wall 
schemes would extend about 31 feet beyond the original face of the 
wharf and hence require · relocation of crane rails and railroad 
tracks. Under these schemes, the width of apron is more than would 
ordinarily be provided, and while it was believed that the cargo 
handling operation would be entirely workable, changes to the sheds 
would be needed to make operation as satisfact9ry as before or as 
provided by the concrete sheet pile and open deck schemes. 

Factor of Safety. In general, it was felt that any scheme in 
which the horizontal earth loads are taken by side slopes and tpe · 
loads_ to be resisted by structures are principally vertical is the safest. 
In this particular case, there would be more construction hazard in 
bringing about this open wharf scheme, but after the construction, it 

. was felt that· the factor of safety against normal conditions would 
be the greatest. 

Against such hazards as explosions in a ship, bombs or earth
. quake, the gravity wall structures would probably have the greatest 

resistance and the concrete sheet pile the. least. 
Against such a hazard as an oil fire, the straight face gravity 

wall should be the most resistant and the open deck the most seriously 
affected. 

Construction Cost. Considering first cost only, the least expen
sive scheme would be that of the concrete sheet pile bulkhead and the 
most expensive the gravity wall of block construction. However, when 
the cost per year of life is considered, the order changes and the 
cast-in-place gravity wall becomes the most economical, the block wall 
second, the open deck wharf third and the. sheet pile bulkhead the 
most expensive. This condition holds whether an interest rate on 
the money invested is included or not. The determination· of the cost 
per year is made by assuming a maintenance free service life of the 
gravity wall of precast blocks to be 7 5 years, of the gravity wall of 
cast-in-place concrete to be 60 years, of the new open deck structure 
to be 40 years, and of the. concrete sheet pile bulkhead to be 2 5 years. 

SCHEME ADOPTED 

The scheme adopted for construction is the cast-in-place con
crete gravity type sea wall (Figure 5) located immediately outside 
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the present steel sheet pile bulkhead. The wall has a sloping front 
face and cantilever deck to make most efficient use of the mass of 
material and to utilize the present bulkhead as a form for the rear 
side of the wall. 
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FIG. 5. 

The wall is supported on 14-inch, 89-pound steel H-piles driven 
to rock, except in the few areas where the rock is so high that the 
piles are omitted. The piles project up into the concrete which is 
placed under water by the tremie method. The tremie concrete ex
tends from the ground line at Elev. -35 up to a point just above 
the low water line. The remaining concrete is placed in the dry. The 
concrete is placed directly against the present sheet pile bulkhead from 
the ground line to the top of the sheeting. 

The present steel sheet pile bulkhead and the structures be
hind it are retained in place without change, except for some neces-
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sary repairs to the deck in front of the Pier Shed, changes to the 
gantry cranes to make them full-portal_ rather than semi-portal in 
style, and minor rehabilitaHon of the Wharf and Pier Sheds. By the 
installation of the new wall, the wharf is widened about 2 7 feet 
with the fender system and the gantry crane rail at the face of the 
wharf moved seaward the same distance. One additional railroad 
track is installed on the new portion of the deck, making three tracks 
in the Wharf Shed area and two tracks in the Pier Shed areas. 

With the new construction, the width of the apr9n becomes 60 
feet from the side of the Wharf Shed to the face of the wharf and 
becomes 54 feet from the side of the Pier Shed to the face of the 
wharf. These widths are greater than would be recommended in a new 
installation for efficient handling of freight, particularly that handled 
between the second floor and the ship by use of ship's tackle, but they 
are entirely workable. The wide aprons are advantageous for trailer 
truck operation. 

Fresh water service to ships is furnished through 2-inch hose 
connections in pits at the face of the wharf at each berth. The 6-inch 
service piping is not protected from frost but is sloped to drain back 
to the valves located underground back of the sea walls. 

Electric service to ships is furnished at 120/208 volts through 
dock receptacles also located in pits at the face of the wharf at each 
berth. 

Provisions are made for telephone connection to ships at each 
berth through · outlets at the wharf face, but the conduits only are 
being installed at this time. 

The entire deck area is paved with a bituminous pavement 
2 inches thick. · 

In the original construction the gantry crane rails were installed 
only at the Wharf Shed and East Open Wharf which cover four 
berths. In the present reconstruction, crane rails are being installed 
in nine of the ten berths, the berth omitted being No. 3 which is 
across the outer end. 

BASIS OF DESIGN 

The wall is designed as a gravity section to withstand full earth 
pressure and an unbalanced head of water of 7 feet. The earth fill 
extenps up to Elev. 110, which is about a foot above mean high 
water. In the design no advantage is taken of the strength of the 
present sheet pile bulkhead which is left in place, but it is assumed 
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to provide a permanent cutoff at the bottom of the masonry wall. The 
drainage system which was in place behin~ the sheet pile bulkhead · 
at the West Open Wharf and at the Wharf Shed is continued in oper
ation and a system of weep holes installed in the Pier Shed area. The 
drainage system discharges through new outlets extended through the 
wall. 

The 14-inch, 89-pound steel piles supporting the wall as designed 
for a maximum load of 77 tons with full vertical live and dead loads 
and the lateral .earth and water pressures. The pile load for the nor
mal conditions of dead load only and full lateral earth and water 
pressure is 65 ·tons per pile. At the few locations where the rock is 
high, the wall is placed directly upon it, a small amount of under
water rock excavation being required to make the 35-foot depth. At 
the transition. points adjacent to high rock, where piles less than 
10 feet long are required, the use of a few heavy 193-pound piles 
cored into the rock to provide adequate resistance to the wall against 
sliding is anticipated. To date, the use of such anchor piles has not 
been necessary. · 

The deck is designed for the standard A.A.S.H.O. H20-S16-44 
truck loading, plus a 30 per cent impact factor. The railroad track 
supports are designed for Cooper's E-40 locomotive loading and 
100-ton total load railroad cars, plus 25 per cent impaGt factors. The 
crane rail supports are designed for trucks of four 16-ton wheels, 
plus a 25 per cent impact factor. The cantilever deck of the cast-in
plate wall is designed for the most severe combinations of these loads. · 

The wall is designed for a depth of berth of 35 feet at mean low 
water. If desired in the future, the depth of berth can be increased 
to 40 feet at a point 10 feet in front of the wall by maintaining a 
sloped surface between the wall and the 10-foot line. 

Before designing the concrete mixes, the New England Division 
of the Corps· of Engineers made an exhaustive study of aggregates 
available in this vicinity. Alternate mixes were designed for con
crete using crushed stone and gravel and for the use of subaqueous 
concrete placed by the tremie method and that placed by the Prepakt 
method. The mixes using crushed stone aggregate contained less 

. cement and fly ash per cubic yard than those using gravel aggregate. 
The most favorable price received was for crushed stone co11crete 
placed by the tremie method and the contract was awarded on that 
basis. 
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The concrete was designed to produce a minimum compressive 
strength of 3000 psi at 90 days, and consisted of crushed stone coarse 
aggregate with a maximum nominal size of 2 inches, sand, type I Port
land Cement and fly ash. Approximately one-half bag more cement 
per cubic yard is used in the tremie concrete than is required to ob
tain the specified strength, to compensate for losses or uncertainties 
for concrete placed under water. ' 

The mix established for the tremie concrete has the following 
composition per yard: 

Cement 
Fly Ash 
Sand 
2-inch Crushed Stone 
¼-inch Crushed Stone 
Water 

423 lbs. 
141 lbs. 

1,225 lbs. 
1,206 lbs. 

805 lbs. 
260 lbs. 

Darex 10 oz. 
W /C Ratio 5.2 

It will be noted that the mix has a total of six 94-pound bags of ce-
. men ting materials, 1 ½ bags of which are fly ash. · 

The average compressive strength of the concrete cylinders made 
in the first several months of operation is 

at 7 days 
· at 28 days 
. at 90 days 

1,973 psi. 
3,290 psi. 
4,173 psi. 

Shores and forms supporting concrete are kept in place until the 
concrete develops a minimum compressive strength of 2,000 psi, 
which required the supports be retained an average of approximately 
seven days through the warm months. 

The studies conducted by the Corps of Engineers indicated that 
the use of fly ash, replacing 2 5 per cent of the cement, would have 
the following benefits: 

1. Increase the durability of the concrete, especially where ex
posed to salt water and freezing temperatures. 

2. Permit the use of Type I cement without losing the resistance 
to salt water ordinarily obtained with Type II cement. Adequate 
supplies of Type Il cement have not been available for a project of 
this size. 

3. Increase the workability of the concrete. 
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4. Minimize cracking due to contraction. 
5. Produce a saving, because the cost of fly ash is less than the 

cost of cement. In this case, there is a saving of approximately 
62 cents per cubic yard of concrete. The additional costs of handling, 
storing and weighing of the fly ash, as observed on this job, raises 
some doubt as to whether the difference in price is entirely justified. 

To protect the concrete within the tidal range from damage by 
the salt water and by temperature changes, a permanent facing of 
creosoted timber plank is provided. The creosoted plank is used as 
a liner inside the tremie concrete form from a point about 2 feet be
low low tide up to the top of the tremie concrete, and as the form 
itself for the wall which is poured in the dry. The forms for the 
underside of the deck are also left in place, but they are of untreated 
lumber. 

The fender system consists . of Greenheart fender piles backed 
up by rectangular rubber blocks, 7 iriches wide by 10 inches deep by 
12 inches long with a 3-inch diameter bore, which are compressible 
from a thickness of 7 inches to about 3 inches. The force required to 
compress each rubber block this amount is about 50 tons. The piles 
are blocked in place with creosoted pine chocks and wales. 

The railroad track is of girder rails embedded in the concrete 
deck, the rails weighing 128 pounds per yard and being set on steel 
plates. The new crane rail is of heavy tee section also set on steel 
plates. 

EXPECTED LIFE 

The service life of this structure is expected to be long as com
pared to most of our wharf structures, and with a minimum of main
tenance expense. The steel H-piles which are completely buried in 
the harbor bottom and in concrete are believed to be permanently 
protected from corrosion unless strong stray electric currents should 
develop or destructive chemicals become present in the soil. · Inspec
tion of the present steel sheet piling shows practically no loss of metal 
at the mud line after being in place 20 years .. Actually, in the bear
ing piles the stress is low, so that a considerable area of the steel 
could be lost without danger to the wall. The gross area of metal 
of the pile is required not to satisfy the stress requirements of the pile 
itself but to provide a satisfactory connection between the pile and 
the concrete and between the pile and the rock, points which are . 
believed to have the greatest protection against corrosion. 
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Mass concrete has been used in many dry dock, bridge pier, and 
sea wall constructions, and below the tidal range it has generally 
proven to have lorig life with little deterioration. In the cases where 
repairs have been necessary below the tidal range, it has generally 
been at locations where there were strong currents. Until recent yearsb 
walls of this type were made without the use of air-entraining cements 
or fly ~sh, and it appears to be conclusively established that the re
sistance of the concrete is increased by the use of such materials. 

Experiences on several· structures in place twenty years or more 
indicate that the creosoted timber sheathing used will protect the con
crete in the vulnerable tidal range as long as the sheathing itself re
mains intact; that properly creosoted plank should have a life of at 
least twenty-five years, and that it can be replaced without too much 
difficulty as replacement is necessary. 
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