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In some cases the columns rest on solid rock, in others, 
wooden piles have to be driven inside the cylinders to ob-

The size of the 
In two docks

Proper depth of penetration, the reinforcement was in­
serted and the cylinder was filled with concrete.
Piles of each bent have a structural steel cap encased in 
concrete, with a system of diagonal bracing in a horizontal 
Plane connecting the tops ; there is also a longitudinal 
system of ties at the tops of the piles, above the reach of 
the water. This structure, as a whole, is said to possess 
considerable elasticity.

Long Beach, Cal.—In 1907 a concrete pile pier was 
built at Long Beach, extending some 1,300 ft. out into 
the ocean. The head of the pier is 100 ft. long and 300 
ft. wide, the approach being 1,299 ft. long and 32 ft. 
wide. The deck is 30 ft. above mean low water, so as to 
be kept clear of the 24-ft. waves which at times roll in 
fc°m the ocean. The piles and columns are 4y2 ft. in 
diameter, and are arranged in bents. Under the head of 
the pier the bents and piles are 16 ft. from centre to 

The approach bents are 20 ft. apart, with two 
columns each. The columns are sunk from 10 to 18 ft. 
into the sand, in order to be absolutely safe, as it is said 
that at times the undertow digs out the sand to a depth 
°f 13 ft. The pile caps consist of steel I-beams, on top of 
Which rest wooden stringers carrying a wooden decking.

Santa Monica.—At Santa Monica, an ocean pier, 
built in 1908-09, extends 1,600 ft. out into the ocean. It 
xvas built on driven concrete piling, ranging from 14 to 
22 'n. in diameter, in lengths up to 75 ft., with from 16 to 
20 ft. penetration. Although the pier was built primarily 
to support the outfall sewer carrying the sewage effluent 
to a point far seaward, it is also used for recreation pur­
poses. The pier is about 35 ft. wide at the deck line, with 
three platform spaces of 43 by 89 ft. at intermediate 
Points and at the end. The bents are 20 ft. from centre 
f°_ centre and consist of three piles, the piles being 13 ft.

In- from centre to centre. Each bent has a concrete cap 
?n which rest the wooden joists covered with 2-in. plank- 
'o?) and the latter is covered with a 3-in. wire-mesh con- 
Eyote slab, having the proper pitch to carry off the water.

he bents are tied together by three longitudinal rein- 
orced concrete tie-beams running from top of pile to top 

of Pile.

The
tain the necessary bearing support, 
columns varies according to conditions, 
built in 1910, 140 ft. wide and 780 ft. long, where the mud 
covering the rock was less than 50 ft., the columns were 
seated directly on the rock. Where the mud is more than 
50 ft. deep the columns rest on five 15-in. wooden piles 
driven to refusal, the piles being cut off 35 ft. below the 
water line and encased by the concrete columns, to that 
height. The columns are 6 ft. in diameter to a height of 
7 ft., and then 3^ ft. to the top.

In laying out a vast dock improvement proposition at 
Fort Mason, San Francisco, the government has planned 
for the immediate construction of three docks of the usual 
San Francisco type, each to be 500 ft. long, two 81 ft. 
wide, the third 118 ft. wide. The concrete columns are 
to be supported by groups of seven wooden piles driven 
in a circle 6% ft. in diameter, and 18^ ft. from centre to 
centre each way. The piers are to be 8 ft. in diameter up 
to 12 ft. above the dredge line, and are then to be reduced 
to a diameter of 4 ft. for the remainder of their length. 
The wooden piles will extend some 11 ft. up into the 
concrete columns, the bottom of the concrete being well 
below the mud line. In building the first of these docks, 
an attempt was made to construct the column forms of 4- 
in. staves, sufficiently reinforced with bands, and sink 
them into position by driving. The method did not prove 

, and resort was made to the steel cylinder 
caisson method, as described previously.

Up to 1911 there were only four modern reinforced 
concrete column docks under the control of the San Fran­
cisco port authorities. Since that time they have added 
largely to the number by replacing some of the older 
wooden pile docks with reinforced concrete structures. 
The first addition was Pier No. 17, 800 ft. long and 126 
ft. wide, with suitable railroad track accommodations. It 
consists of wooden piles protected by concrete shells, the 
deck-beams being of structural steel encased in concrete, 
and the stringers and decking are of timber—a sort of 
semi-concrete pile semi-concrete dock.

The next docks reconstructed were Piers Nos. 26, 28, 
30, and 32, all of the same type, having reinforced concrete 
columns resting on the hard bottom, without any piling, 
with a complete system of reinforced concrete deck-beams, 
girders, and slabs. These docks are equipped with up-to- 
date cargo-handling machinery.

The net addition was Pier No. 39, 15° ft. wide, this 
being in process of construction at the present time. The 
concrete columns rest on groups of from 4 to 10 wooden 
piles, the entire deck system being of reinforced concrete.

In another type of construction at San Francisco the 
wooden piles are wrapped with wire fabric, or otherwise, 
and a concrete shell is placed around them after the piles 
have been driven to place. This method, apparently, has 
proved successful, though it must be carried on in such 
a way that the concrete can be poured, set, and hardened 
in the dry, and not in sea water, if permanent results are 
to be obtained.

centre.

a success

The piles are bulb-pointed.
San Francisco Bay.—Although the dock engineers of 
York City have developed a type of semi-reinforced 

concrete dock, viz., a wooden pile structure supporting a 
^°ncrete slab, especially adaptable to local conditions, the 

®ck engineers of San Francisco have developed a type 
0 .full reinforced concrete dock based on wooden sub- 
P1 lngf, concrete column piers, steel or concrete deck- 
eams, and concrete floor slab, the concrete encasing the 

®^el beams and the floor being made monolithic, with de- 
afls varying to suit special conditions. Although the type 
® w°rked out presents no difficulty in the way of con- 
trU''tion, outside of building the main columns, that part 
. the work has been done successfully, but with con- 
•derable difficulty. The mud line at the bottom of the 
ay is said to be approximately level, yet, at the outer 

of some of the piers there is a depth of only about 
*n- of mud over the rock ; at the shore end, however, 

here is a depth of 35 ft. of mud. Piles can be driven to 
r°ck bearing in some places, but it is impossible to use 

'vO°den piles throughout. Along a portion of the water- 
where it is not possible to reach the rock, there is 

3rd soil capable of bearing from 4 to 6 tons per sq. ft., 
Us doing away with the necessity of any sub-piling.

. The method used in building the column piers is to 
,Vnk a hollow steel caisson, of such length that it wdl not 
. °vertopped by the water, dredge out the interior to the 
es,red depth, and build the reinforced column in the dry.

New

Recently, the City of Oakland, Cal., built a genuine 
reinforced concrete pile dock, 295 ft. long and 124 ft. 
wide, standing in 30 ft. of water. The piles are of pre­
moulded concrete, 16 in. in diameter, octagonal, and of a 
1: 1 }4:3 mixture for a distance of 5 ft. from the top, the 
remainder of the pile being of a 1:2:4 mixture, 
bents and piles are approximately 10 ft. apart. Each row 
of piles has a concrete cap or girder running athwart the 
dock, the deck-beams and deck-slab being also of con-

The


