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Unusual Foundations at the Hoboken Ter-
minal of the Lackawanna R. R.

The new passenger terminal station of the
Delaware, Lackawanna & Western R. R. at Ho-

boken, N. J., is being erected on a site covered .

-with about 20 ft. of water, below which is a
layer of soft silt to a depth of 60 to go ft., with
a stratum of sand and gravel between the silt
and a ledge of solid rock that lies at a depth of
100 to 118 ft. The general design of the station
building and an outline of the manner in which
it was to- have been constructed in sections to
avoid interference with traffic were described in
The Engineering Record April 29, 1905. The
intention then was to remove only a part of the
old station at a time and build the successive
parts of the new one in its place, utilizing the
old structure as much as practicable for handling
traffic during the reconstruction. The complete
destruction of the old terminal by fire on Aug.
7, however, required a change in the plans for
carrying on the erection of the new terminal. It
also required the construction of an entirely new
arrangement of temporary terminal facilities for
handling traffic. A temporary station and ferry
slips have been built which permit the construc-
tion work to progress with probably no more in-
terference with traffic than would have been
occasioned by the plans necessarily adopted be-
fore the old terminal was destroyed.

The new terminal will have 14 tracks, 700 ft.
long, covered in pairs by low, reinforced-con-
crete shelters, with 2o-ft. reinforced-concrete plat-
forms between each pair of tracks. Owing to
the outer track on each side of the group being
separate there will be 9 platforms. The tracks
and platforms will cover a space 308.5x700.5 ft.,
which is nearly all on made ground that has been
filled in for a number of years, but is not suffi-
ciently stable to carry the platforms and shelters
on spread footings. An ingenious method of
driving at one operation the piles under the con-
crete piers on which the platforms will rest, and
the forms for the piers, was described in The
Engineering Record Sept. 30, 1905.

At one corner of the site for the new tracks
an irregular space 250 ft. long by 8o to 120 ft.
wide, back of the bulkhead line, had never been
filled in, and was covered with 4 to 6 ft. of water
at mean low tide, mean high tide being 5 ft.
above that level. A pile dock carrying several
car storage tracks had been built over this space
and was first entirely removed. The old timber
bulkhead which surrounded the area on the two
land sides was next cut down 2 ft. below mean
tide, or where it was in bad condition, removed
and ftebuilt to that elevation. Piles were then
driven over the portion of the site of the tracks
and platforms outside the line of this old bulk-
head, cut off at 2 ft. below mean tide and capped.
A heavy timber floor was placed over the caps,
and the concrete piers which carry the platforms
and the concrete footings for the cast-iron col-
umns of the shelters built on it. A retaining wall
was also built areund the edgés of this work
on the two sides abutting on the water. The
space enclosed by these walls and the old fill will
be brought up with sand and cinders to the level
of that portion of the latter on which the re-
mainder of the tracks are to be laid.

The platforms and shelters in all this area will
be carried directly by their piers and footings
which rest on the heavy timber floor and are en-
tirely independent of the fill for support. The
tracks, however, will be laid on the fill, which
forms a cushion that will distribute the jar of the
traffic and the braking effect of trains. As the
floor on which the fill rests is tight it is con-
sidered that little settlement will occur, but in
case there is a shrinkage the tracks can easily
be surfaced up to their proper position.
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The ground under the site of this work is
much the same as that on which the station
building will be erected and is covered by soft
silt to a depth of 6o to 8o ft. The piles under
the floor on which the fill and the concrete foot-
ings are placed are in transverse rows, 9 ft. on
centers, with the piles in each row 3 ft. apart.
The concrete piers for the platforms are 2 ft.
square and 7 ft. high, being built large enough
to prevent displacement when the fill is made.
Those for each platform are in three longi-
tudinal rows, one under each edge and one under
the center line, with the piers in each row g ft.
on centers. Every third pier in the central row
is replaced by a footing for a cast-iron column of
the shelters. These footings are 5 ft. square at
the base, 7 ft. high and 3 ft. square at the top.
The center lines of the transverse rows of piles
are 4.5 ft. from the center line of the transverse
row ‘of piers on each side of it, and under each
pier an extra pile was driven, while under each
column footing 4 extra piles were driven. The
single row of piles under the concrete retaining
walls on the water sides of the work are on 3 ft.
centers. A part of one of these walls is a con-
tinuation of the wall perpendicular to the line of
tracks between the outer end of the latter and the
station building, and will be covered so as to be
protected from direct impact from the water
side. It has been built 3 ft. wide at the bottom,
vertical on its outer face and battered on its back
face to a width of 2 ft. at the top. The other
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which reaches 3 to 4 ft. above their bottoms. One
1-yd. and four J4-yd. Smith mixers are used in
making the concrete for the platforms and all
the substructures. Three of these are each set
in a flat car at one end of a string of flat cars
containing the concrete materials. These strings
of cars are shifted as the work progresses. Run-
ways are laid over the cars the length of each
string and the materials hauled to the mixer in
wheelbarrows. The concrete is dumped directly
from the mixer into the forms in the work on the
old fill. In work where the fill is being made
runways are built out from the mixers and the
concrete wheeled into place. The other two
mixers are set up on the docks convenient to
the off-shore work on the building footings.

A triangular-shaped dock, 350 ft. long, 110 ft.
wide at the in-shore end and tapering to a heavy
daulphin of piles at the outer end, joins an ex-
tended track and its platform on one side and
one of the ferry slips of the new terminal on
the other. This work is intended chiefly to ac-
commodate boats plying between the government
immigrant station on Ellis Island and an immi-
grant station recently constructed along the site
of this outer track as a part of the terminal im-
provements. This dock is built on transverse
rows of piles, 9 ft. on centers, the piles in the
rows being 5 ft. apart.

The concrete retaining wall along the end of
the tracks and platforms is on the outer line of
permanent construction. The station building will
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Cross-Section of Platform Showing Cinder Fill on Timber Floor.

wall is partially along the edge of a dock wHere
steamers will land; the remainder is along the
water line of a dock on which tracks for car
storage will be built. The more exposed part
will be built 4 ft. wide at the base and 3 ft. wide
at the top; the other part will be 3.3 ft. wide at
the base and 2.5 ft. wide on top, the front face
of all the walls being vertical.

The first work in reconstruction on the track
and platform site was to remove the old dock
and drive the piles which carry the heavy timber
floor. The piles were then sawed off under
water at the required height by a 48-in. circular
saw on a vertical shaft run by a hoisting engine
on a platform on a track laid on temporary pile
bents. The caps over the piles are 12x12-in. tim-
bers drift-bolted to the transverse rows. The
floor over these caps consists of 8x12z and r12x12
in. timbers, laid longitudinally with the platforms,
the two sizes being alternated to form a corru-
gated floor surface which will prevent the con-
crete footings from slipping on it. The top of
the pile caps is at mean low tide. They and the
timbers in ‘the floor were all floated in position
as needed during high water, then spiked in place
at low tide.

The forms for the piers, column footings and
retaining walls are 2-in. lumber dressed on one
side. They are built in sections on land and
floated into place, then at low tide they are erected
on the timber floor and well anchored to the lat-
ter by toenailing at the base and by braces above
that to prevent their displacement at high tide,

be constructed entirely outside of this wall on
280 concrete footings of various sizes, carried on
heavy timber grillages resting on piles driven 8o
to 9o ft. through the silt into the sand over the
rock. The load on these footings varies from zo
to 460 tons, and they are carried by 6 to 40 piles.
The piles are cut off at 2.3 ft. below mean tide
and capped with 12x12-in. timbers. A solid floor
of 12x12-in. timbers, with two or more 8xIz-in.
timbers, is placed over the caps. The concrete of
the footings is laid on this grillage and carried
up with vertical sides to 1.5 ft. above mean tide.
At this elevation it is stepped off 12 in. on all
four sides of the footing and then built up to 3.15
ft. above mean tide, or 0.65 ft. above mean high
tide, which is just about the extreme tide level.
The bases of the steel columns of the buildings
will rest immediately on the concrete. The gril-
lages of the column footings are tied together
by 12xI2-in. timbers in such a manner as to
make the whole timber framework continuous.
Wherever the span of the timbers extending from
one footing to another exceeds 20 ft. a pile is
added at the middle of the span to furnish addi-
tional stability.

About 50 of the footings are completed and the
erection of the steel framework of the station
building has been commenced. The piles for
nearly half of all the building column footings
have been driven, and it is expected that con-
crete for this portion of them will be placed be-
fore the season closes. The construction of these
footings outside the bulkhead line has been at-
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tentled with considerable difficulty. A few of
the piles were driven by drivers mounted on plat-
forms running on tracks laid on the temporary
pile bents. Most of them, however, have been
driven by four floating drivers with extra long
leads. The greater part of the piles are over So
ft. long. They drive extremely easy at the start,
but as thgir points approach the sand under the
silt they resist driving sufficiently to give good
supporting power. They are sawed off by the
mounted circular saw used on other parts of the
work, and the cap and grillage timbers drift-
bolted in place during low water. The holes in
these timbers for the drift bolts are made by bits
driven by compressed air, which is supplied by a
compressor plant mounted on a scow. The con-
crete forms are securely anchored to the gril-
lage timbers. The concrete is wheeled to them
from the mixers on plank runways laid on tem-
porary bents built up from the timbers.

The concrete for all this work is being mixed
very wet in the proportions of 1 of Atlas Port-
land cement, 2 of sand and 3 of broken stone,
with the dust screened out, that will pass through
a z-in. screen. The forms on the concrete in the
filled ground are removed in 48 hours after the
concrete is placed, if necessary. Those on the
concrete exposed directly to the water will be
left on all winter to insure protection to their
surfaces against ice until they are completely set.
The water around the site is very heavily charged
with sewage, but it has been determined from
other structures in the vicinity that concrete laid
in it, when properly mixed and placed and when
made sufficiently rich, has not been affected by
the presence of the sewage in two years.

The foundation work on the terminal will in-
volve the driving of more than 13,000 piles for
permanent construction, while a large amount of
temporary piling is required to carry on the vari-
ous parts of the work. The piles in docks which
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measured out from that line by triangulation.
The foundation work on the terminal is being
carried on by the regular forces of the Delaware,
Lackawanna & Western R. R., Mr. L. Bush, chief
engineer. Mr. J. E. Snell, superintendent of the
department of buildings and docks, has general
supervision of the work, which is under the im-
mediate direction of Mr. F. L. Wheaton, assistant
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Gravel Roads in Ontario.

In the Province of Ontario, where there are
about 60,000 miles of country roads maintained
by township and county councils, there has been
a great improvement in highway construction  and
maintenance since a provincial highway depart-
ment was organized to aid in the work. A large

Part of the Forms for Concrete Retaining Walls and Column Footings, Looking In-Shore.

A Portion of the Concrete Footings for Station Building Columns, Looking Off-Shore.

have been built for at least 30 years and are now
being removed to make room for the new work
are apparently as sound as when driven, it being
considered the sewage has prevented the action
of the teredo. The accurate placing of each of the
piles in the new work has been attended with
special difficulty, since the reference base line had
to be established back of the outer line of per-
manent construction and all centers off shore

engineer. The plans for the foundation and all
of the substructure work were developed under
the direction of Mr. G. T. Hand, assistant en-
gineer. :

Tuae Firrr Arpantic CABLE has recently been
completed by the Commercial Cable Co. from
Canso, Nova Scotia, to Waterville, Ireland, a
distance of nearly 2,500 miles.

amount of gravel road-building has been domne,
and from the experience gained in this way Mr.
A. W. Campbell, commissioner in charge of the
department, has recently prepared the following
suggestions concerning the selection and handiing
of gravel.

The best gravel in Ontario for road purposes
is obtained from banks and ridges, and consists
of clean pieces up to 1% in. in size, with enough
fine stuff to make a compact mass. The face of
a good pit is a solid mass of pebbles from the
size of a marble up to 1% in.,, and such a bank
which will keep an upright face after the spring
thaw is fairly certain to furnish good material.
The defects of gravel are usually an excess of
sand, large stones, clay, loam and earthy mat-
ter, and the management of a pit should be such
that these materials are removed with the least
expense. It is a good plan to strip the sod and
earth from the top of the bank, so that they will
not fall to the bottom, and the loading of the
teams must be done carefully so that nothing
of the sort is carted to the road.

If there are only a few large stones, these
can be raked out as the gravel is spread on the
road, and sometimes it may be desirable to have
a man at the pit who will remove them as the
gravel is shoveled into the carts. Where there
are many large stones it is best to run the gravel
through a crusher and then screen the product.
If the gravel contains fine sand and earth, it
must be screened, and care should be taken in
laying out the screens to avoid all unnecessary
lifting of the material.

The common claim that a proof of the good
quality of gravel is its ability to pack readily
under traffic is not entirely correct, Mr. Camp-
bell points out, for this property may indicate
the presence of too much clay and earth, which
will cause the road to become muddy or slushy
in the wet season. The stone is what is needed,
although it is sometimes said that screened gravel
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is undesirable because it packs slowly. *'It is true
that such gravel consolidates more slowly than
the. unscreened pit product, but, on the other
hand, the bond is much better when finally ob-
tained.

The cost of gravel roads can be materially
reduced in .many cases, Mr. Campbell believes,
by attention to the way in which the teaming
is done. Care should be taken that the teams
move in a regular order and are not' allowed
to crowd into a small pit. A definite number of
loads, each of a given quantity, should be speci-
fied as a day’s work and payment made accord-
ingly. As large loads as possible should be re-
quired, ‘and Mr. Campbell is emphatic on the
economy + which results from the use of wagons
made so as to dump their contents rapidly. These
are particularly useful when screenings are used
for a“top coat, for they distribute their loads so
uniformly that labor in spreading is saved. Where
the work is sufficiently extensive a number of
such wagons hauled by a traction wagon may
prove the most economical outfit.

In building gravel roads where a scraper is
available, Mr, Campbell advises first rounding
up the natural soil to a slightly smaller crown
than the finished road will have. The scraper
is then passed over one side of the center, cut-
ting off the top and turning the loosened dirt to
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Corrugated Concrete Foundation Piles.

The 100 x 1Z0-ft. Lattemann Building at St.
Edwards and Sycamore Streets, Brooklyn, is six
stories high and is intended to be used as a shoe
factory. It is of slow-burning construction with
brick walls, wooden columns and heavy wooden
floors, and is being built under a contract award-
ed to Mr. Frank B. Gilbreth. The site is a dry
fill of from 15 to 20 ft. on a deep dense stratum
of hardpan, the surface of which is about at high
tide level and the ordinary level of ground water
in that vicinity. Thirty preliminary test holes
were sunk on the site with a 1-in. jet pipe and a
3-in. casing pipe, which were jetted down to an
average depth of 10 ft. and then driven to hard
bottom. From the indications of these tests and
a careful examination and study of the condi-
tions, it was decided that the character of the
soil was such that wooden pile foundations should
not be used on account of danger irom decay.
Estimates for masonry foundations carried down
to hardpan and of concrete pile foundations driven
from the surface of the ground were in favor of
the latter, and they were adopted and a centract
for them was awarded to the Corrugated Con-
crete Pile Co., 34 West 26th St., New York.

There are in the foundation about 480 piles,
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forced by a conical frustum of Clinton wire cloth
which clears the corrugations about 34 in. It is
made from a 1725-ft. by 62-in. sheet with 3 x 12-
in. meshes of No. 3 and No. 10 wires, the large
wires running longitudinally and intended chiefly
tn reinforce the pile against bending stresses to
which it is subjected. during handling before be-
ing driven. .

At the site molds were provided with each side
made from a 10 x 2-in. spruce plank 18 ft. long,
dressed to the required dimensions and having a
2Y4-in. half round wooden strip with 4-in. cut
from the flat side, nailed to the center of the
piece inside to make the corrugation.

Concrete mixed in a Stanley mixer, manufac-
tured by the United Concrete Machinery Co., dnd
made 1:2:4 with Atlas Portland cement and 1 in.
broken stone was delivered to the molds by
wheelbarrows, care being taken to work it thor--
oughly with bars so as to fill all cavities and ‘air
spaces and flush the mortar to the surface. It
was made so wet that it readily passed through
the meshes of the reinforcement. After about
24 to 48 hours the mold was stripped from the
pile and used again, and the pile was kept sprink-
led daily for two weeks, after which it was con-
sidered ready for driving. .

The piles were driven by two ordinary machines
with 3,200-1b. hammers and leads about 30 ft.

Laying Heavy Timber Floor on Pile Caps; Part of the Piers and Column Footings, Floored-Over Area, Hoboken Terminal, Lackawanna R. R.

the side. This is repeated on the other side,
leaving a flat surface in the center of the road-
way, along each side of which is a shoulder of
loose earth, forming a shallow trench. The gravel
is spread over this trench and consolidated with
a heavy roller, and the loose “dirt at the sides
is leveled off to conform to the shape of the road-
way.

Old gravel roads are commonly flat, in ridges,
with square shoulders at the edge of the ditches.
In this case the better plan, Mr. Campbell be-
lieves, is to cut off these shoulders, throwing the
loosened earth outward.
ually very wide and flat, the road having been
graded by drawing the earth out of the ditches
with a scraper, so that the shoulders thus turned
outward merely widen the graded roadway with-
out interfering with the drain. If, however, these
ditches are sharp and deep, the loosened earth
may drop down so as to obstruct the water, in
which case it will have to be thrown across the
drain to the roadside by hand, a proceeding sel-
dom necessary. Usually a sufficient depth of
gravel is found on these roads, requiring only
that the center should be raised by cutting off
the sides. After this is done as above described,
a light coating of clean gravel to fill the ruts
and depressions and restore the crown will make
a good road.

The ditches are us- -

most of which are loaded to a maximum of 25
tons each and are arranged in groups of four

under the walls and under the column piers. They
are capped at about the level of the ground with

4 x 4-ft. concrete footings 20 in. thick, surmount-
ed with stone pedestals and enclosed by the back-
filling. All the footings are reinforced by crossed
34-in. rods, and in several places there are special
ionger footings supported on several groups of
piles. These footings have special steel reinforce-
ment and are virtually distributing or cantilever
girders.

The piles are of a new type of reinforced con-
crete, recently invented by Mr. Frank B. Gilbreth,
and were cast at the site before being driven.
They are special in the design and in the methods
of construction and driving, the former being in-
tended to afford extra bearing value in soft ground
by increased sKin friction and the latter to insure
uniformity and preserve the integrity of the pile.
For this work they were all made 18 ft. long
with an octagonal cross-section 16 in. in diameter
at the top and 11 in. at the bottom. In thc middle
of each side there is a corrugation whose secticn
is the segment of a circle 274 in. in diameter
which extends from  the bottom end to within
6 in. of the top. In the axis of the pile there is
a circular jet hole 4 in. in diameter at the top
and 2 in. at the bottom. The concrete is rein-

long. The pile was dragged from its place of
molding by a line from the pile driver and hoisted
up by one end like a wooden pile, and in all cases
endured this treatment without injury. The pile
was seated and the hydraulic pipe and nozzle in-
serted through its axial hole so as to facilitate
driving by the hammer. The piles were driven
to refusal in the hardpan, the heads usually pro-
jecting a few inches above the surface of the
ground and not being injured by the driving.

In order to reduce the shattering effect of the
hammer impact on the concrete, the piles were
driven with a cap which consisted of a riveted
steel plate sleeve 3 ft. long fitted over the top of
the pile with about %4-in. clearance and overlap-
ping about 3 in. Several layers of burlap were
placed in the bottom of the sleeve and then it
was filled nearly to the top with short pieces of
old rubber hose to form a cushion on which was
set a solid oak plunger about 2 ft. long, project-
ing above the top of the sleeve to receive the blows
of the hammer. For an experiment the cushion
cap was replaced by a 2-in. oak plank, and after
it had received several blows of the hammer the
pile appeared uninjured. The piles were driven
at the rate of from 7 to 18 daily per driver and
the work, which commenced the last of August,
was practically completed about the middle of
September.
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