
M. M. UPSON, 
CONCRETE PILING RETAINING WALL STRUCTURE. 

APPLICATION FILED JUNE 13, 1910, 
981,822. Patented Jan. 17, 1911. 

5 SHEETS-SHEET l. 

N N &vs. 
- - - NN 

HRPra M 

N N N 

C 

N ls 

A 
y 

assis 33: 

th . \ N i. : 
N > 's N s 

Inventor: 
4%zzez ZZ. Zisov 

v s by 

4%Z%2- /affiliar Atty 

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

    

  

  

  

  



M. M. UPSON. 
CONCRETE PILING RETAINING WALL STRUCTURE, - 

APPLICATION FILED JUNE 13, 1910, Patented Jan. 17, 1911. 
5 SIEETS-SHEET 2. 

St 22 2 
s lier its sets - ----- Ramir 

N 

S 

s 
SS 

S. 

n 

2. 2%. s 

& 
ir it is 3. s 4. 

In Ventor eSt. 

  

  

  

  

  

    

  

  

    

  

  

  

  

  



M. M. UPSON, 
CONCRETE PILING RETAINING WALL STRUCTURE, 

APPLICATION FILED JUNE 13, 1910. 
s 981,822 Patented Jan. 17, 1911. 

5 SHEETS-SHEET 3. 

In VentOr. 
Azeez ZZZZgorz 

by 
4...des Atty 

3 

  



M. M., UPSON, 
CONCRETE PILING RETAINING WALL STRUCTURE, 

APPLICATION FILED JUNE 13, 1910, 

S 

1. 

3. 

SA 

?,“ 7+~~ ~ ~ !* <! - 
- - - - - - - - - +T.T.Li - TT),- ROETT. LITT 

u|-' • 

5 SHEETS-SHEET 4. 
Patented Jan. 17, 1911. 

In Ventor 

w 

W 7&w or Atty 

4 ------ 
t’re sessess-s-s-s-ads class 

981,822. 

-4 Zz6. S2 

  

  

  
  



M. M. UPSON, 
CONCRETE PILING RETAINING WALL STRUCTURE, 

APPLICATION FILED JUNE 13, 1910. 
981,822. Patented Jan. 17, 1911. 

5 SHEETS-SEET 5, 

NS 
f 

S-T-N- .. 

15 (3 : y : i: ) is is a (d : : ) is 1.3 ) . . . . 

s S s in Vera for 

4. 

. . . 

Aziz-Z77. Asare/ 
by 

7421441/ear Afty 

  



10 

5 

20 

25 

30 

35 

40 

45 

UNITED STATES PATENT OFFICE. 
MAXWELL M. UPSON, OF ENGLEWOOD, NEW JERSEY. 
CONCRETE-PILING RETAINING-WALL STRUCTURE. 

981,822. specification of Letters Patent. Patented Jan. 17, 1911. 
Application filed June 13, 1910. Serial No. 566,591. 

To all whom it may concern: 
Beit known that I, MAXWELL M. UPSON, 

a citizen of the United States of America, 
and a resident of Englewood, New Jersey, 
have invented certain new and useful Im provements in Concrete-Piling Retaining 
Wall Structures, the principles of which are 
set forth in the following specification and 
accompanying drawings, which disclose the 
form of the invention which I now consider 
to be the best of the various forms in which 
the principles of the invention may be em 
bodied. - 

This invention relates to concrete-piling 
bulkheads or retaining-wall structures par 
ticularly adapted for installation adjacent 
to or in water-courses, especially involving 
the use of reinforced - concrete as distin 
guished from timber or structural steel, par 
ticularly when such retaining-wall is sub 
jected to great horizontal loads as of re 
claimed land behind the retaining-wall or 
of a breakwater-fill, or to heavy vertical 
loads as of traveling cranes or other corre 
spondingly-heavy vertical loads on ore 
docks, etc., and particularly where the 
structure is exposed to the alternate action 
of high and low water-levels, as of tides, especially during installation. 
The general object of the invention is a 

strong and permanent structure of econom 
ical cost which shall be adequate for the 
stated conditions of materials used, of loads 
imposed, and of variations of water level, or 
any of them. . 
The invention is embodied in the retain 

ing-wall structure disclosed herein, wherein the sheet-piling wall itself is composed of 
piling units of concrete, but having such 
construction that they constitute a longitu 
dinally-interlocked tight wall, and that they 
have sufficient strength, as individuals, to 
take absolutely all of the horizontal load, 
and also, if desired, to take all the vertical 
load of and on the concrete superstructure 
or horizontal-beam; and also, that the con 

50 

55 

crete units of the sheet-piling wall have 
sufficient strength, in coöperation with the 
horizontal-beam, and preferably but not 
necessarily the buttress-walls, to serve to 
buttress the entire structure, even in the 
absence of any extra piles which may other 
wise be used to assist the buttress-walls in 
preventing the horizontal-beam from over 
turning from of the concrete-pile retaining 
wall. In other words, the invention is a 

perfected form of a concrete-pile-and-con 
crete-superstructure, in which the entire re 
taining-wall, from penetrating points down 
below mud-line and up to surface, consists 
of concrete piles. 

Since each individual concrete sheet 
piling unit must be, and is in accordance 
with this invention, of such strength that 
the sheet-piling exclusively may take the 
horizontal load, these concrete units are also 
strong enough to take greatly increased ver 
tical loads; and also, since they are located, 
in the sheet-piling, continuously adjacent to 
each other, it is possible, by suitable con 
struction of their concrete superstructure or 
horizontal-beam, for enormous loads to be imposed upon them, by distributing a given 
load over a large number of continuously 
adjacent piling units; and also the units, 
being interlocked longitudinally along the 
line of the wall, are functionally the equiva 
lent of a solid concrete wall, but in addi 
tion possess the great advantage of installa 
tion as separate pre-molded units. Also 
these concrete piling units, having substan 
tially wide and deep footings, as distin 
guished from slabs or similar sheet units, 
themselves serve as buttress-piles, prefer 
ably coöperating with the buttress-walls to 
make rigid the entire structure, no buttress 
piles in front of the sheet-piling wall being 
necessary, except that the same may be de 
sirable in some cases to assist in maintain 
ing the vertical alinement of the concrete superstructure carrying unusually great ver 
tical loads. 
Gne of the most notable facts concerning 

the invention is the simplicity of construc 
tion which it permits, the same resulting in 
great economy of materials and labor of 
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installation. In some cases even the usually 
important concrete buttress - walls may be 
dispensed with, by reason of the great 
strength and stability of the concrete re 

zontal-beam. 
The invention consists of the embodi 

ments hereinafter described in full and ex 

Of the drawings, Figures 1 and 2 are a 
section and plan of one embodiment. (Fig. 1 being taken along 1-1, Fig. 2); Fig. 3 is a 
front elevation generally typical of any em 
bodiment; and Figs. 4,5 and 0 are sections 

100 
taining-wall and its constituent sheet-piling 
units, and of the coöperating concrete hori 

05 
act detail, and particularly specified, as to 
features of novelty, in the claims. 
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of parts, Fig. 5 being enlarged; and Figs. 1" resist, without bulging or breakage, the 
and 2, and 4,5 and 6 are views, similar great horizontal thrust on their thirty feet 
to Figs. 1, 2, 4, 5, 6, of another embodiment, 
the face view, Fig. 3, being generally appli 
cable to this also; and Figs. 1 and 2 are 
views similar to Figs. 1 and 2, of a typical 
form similar to that of Fig. 3. All the draw 
ings except Figs. 6 and 6 are on a scale of 
about one to one hundred. - 
In the case shown in Figs. 1 and 2, the 

structure is located along the shore of a river 
or harbor, the concrete piling retaining-Wall 
and foundation A keeping in the earth fill 

15 

20 bulkhead, dock and crane-way. 
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at the right, and protecting it from the ac 
tion of turbulent water, at the left. The ore 
or other commodity is brought to or from 
the dock by ships, and by railway trains. On 
tracks I. on the earth-fill behind wall A. 
In the case of this installation, the complete 
structure is a combination retaining-wall, 

The stock 
pile may be located at the right of Fig. 1; 
or it may be located in place of tracks I, 
and furnaces may be located at the right of 
Fig. 1; or any other suitable arrangement 
may be adopted. 
The installation shown in Figs. 1 and 2 

consists essentially of the retaining-wall A 
consisting exclusively of the specially-con 
structed concrete piling units shown in detail 
in Figs. 2, 3 and 5, and of the top concrete 
horizontal-beam B, particularly the lower 
right hand part thereof, Fig.1, which is 
centered over wall A and which transversely 
engages with all the several concrete piling 
units of the wall, as by way of recess R, to 
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take the respective horizontal thrusts on the 
several units, and thereby take care of the 
entire horizontal load on the upper portion 
of the wall as a whole. The entire horizon 
tal load on the lower portion of the wall as 
a whole, constituted of the respective hori 
zontal thrusts on the concrete piling units 
A, is taken by the earth below the mud-line, 
into which the units A penetrate, in the case 
shown to a depth of ten feet, more or less. 
This depth of penetration insures a wall 
footing which is more effective and less ex 
pensive than any other outside of my inven 
tions of this and prior applications and pat 
ents of mine. It also insures against the 
passage of material beneath the wall. Units 
A themselves are about forty feet high, and 
extend several feet above high water into 
horizontal-beam B, the bottom of which is 
about three feet above high water and about 
thirty feet above the mud-line at the wall A. 
The result is that about thirty feet of the 
wall, constituted exclusively of concrete 
piles, is exposed to the horizontal load of 
the earth-fill on one side, and that that ex tent of thirty feet of individually-vertical 
units is entirely unsupported on the other 
side, except by the water. . . . 
In order that the units A may severally 

sistance to compression strains. 

or more of exposure to the load of the earth 
fill, they are specially constructed as follows. 
Into the molds for the concrete units are 
placed a PE of steel bars X (Figs. 3 and 5) of about seven-eighths of an inch in 
diameter. The four bars near the sea-face 
of the unit (left, Figs. 1 and 5) take, by 
tension, the horizontal-thrust. The relative 
arrangement of these bars is preferably as 
shown in Fig. 3, i. e., those in the corners 
extend the entire length of the unit (forty 
feet), or at least into the horizontal-beam B 
and below the mud-line; and those bars be 
tween the corners are thirty and twenty feet 
long, respectively, and located so that they 

70 

75 

80 

extend equidistantly from the vertical center 
of the unit, one bar for fifteen feet above 
and below said center and the other bar for 
ten feet above and below said center. Thus 
for ten feet above and below said center, the 

85 

unit has four bars acting against the effect 
of the horizontal thrust; for five feet above 
and below the ends of the shortest bar it has. 
three bars, and for the rest of its exposure 
to the horizontal thrust, but nearer the hori 
zontal-beam B and the mud-line, it has two 
bars. Also the units are of solid masses of 
concrete, in order to provide maximum re 

All this 
adequately provides for the effect of the hor 
izontal thrust, which gradually increases to 
ward the vertical center of the unit from the 
parts of the unit which are supported in hor 
izontal-beam B and below the mud-line; 
particularly in connection with the special 
construction of the joint-faces of the adja 
cent units, as shown in Fig. 2, and to be de 
scribed. The units. A have a substantial 
width, of eighteen inches or more, and their 
joint-faces are formed with integral con 
crete longitudinally-interlocking hooks A 
preferably as shown. By interlocking the 
units, parts of the thrust at a given point on 
one unit are transmitted to adjacent units, so 

90 

95 

100 

105. 

110 

that those parts of the thrust are distributed . 
among a plurality of units, the result being 
that the several units act coöperatively as a 
wall as distinguished from units acting en 
tirely independently. And by means of the 
bars X, the effect of a horizontal thrust at 
a given point of a unit is transmitted up 
ward or downward along the unit to hori 
Zontal-beam B or below the mud-line, and, 

or break are overcome. 
The feature of the longitudinal interlock 

ing of the pile-units in this invention, is of 
great importance, in that it not only pro 
vides a permanently tight wall, after the 
horizontal-beam B is emplaced, but also 
holds the units longitudinally in place dur 
ing the installation of the wall and prior 

15 

120 

by means of the integral concrete hooks, to 
adjacent units; so that all tendencies to bend 

125 

30 
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to the enplacement of beam B. The hooks 
A also keep the units from transverse move 
ment in one direction, and if desired, trans 
verse movement in the opposite direction is 
prevented by similar or equivalent means. 

In addition to the left hand row of re 
inforcing bars X (Fig. 5) in each sheet-pil 
ing unit, it is desirable to have also a right 
hand row, located near the right hand face 
of the unit, as shown, to assist the concrete 
of the piling unit in resisting the strains of 
compression which are exerted by the hori 
zontal loads on the land side of the sheet 
piling, and to coöperate with the left-hand 
row of bars in transmitting said horizontal 
loads to the top beam B and in generally 
stiffening the piling and in additionally 
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strengthening the units to enable them to 
withstand the strains incident to handling 
prior to and during their installation. It is 
also advisable to provide the sheet piling 
units A with the integrally-molded quarter 
inch steel hoops shown at A, Figs. 1 and 5, 
these being disposed horizontally, and lo 
cated, in the example shown, about a foot 
and a half apart along the length of the 
unit. These hoops serve to reinforce the 
piling-unit against the strains of horizontal 
shear between the top and bottom supports, 
and they coöperate with the bars X in talk 
ing the strains incident to handling the unit 
in getting it into position for sinking, and 
during sinking, particularly if driving blows 
be then administered to it. 
The wall A is installed prior to the mold 

ing in place of horizontal-beam B, the units 
A being molded and permitted to set prior 
to their installation. When units A-are in 
stalled, as by driving or jetting, or both, 
there is usually no earth-fill behind them, so 
that they are successively lowered through 
the water down to the bottom, and sunk, just 
as any ordinary sheet piling installation as 
for jetting, etc., except that the integral con 
crete hooks A on their joint faces, permit a 
unit to be sunk in alinement with a previ 
ously-sunk unit, the unit being sunk being 
held in place from movement either trans 
versely or longitudinally from its adjacent 
unit which is already sunk. The hooks A 
also serve, during installation of the wall 
and prior to placing beam B and making the 
earth-fill, to keep the entire wall in place. 
The hooks are also of special importance in 
preserving tight joints between the units, to 
prevent the passage of solid or semi-solid 
matter through the wall between the units. 
If desired, concrete units A may be so placed 
that their greater dimension is in the line of 
the piling-wall instead of across the width 
of the wall. 
As is shown, the concrete units A are sunk 

so that their tops extend several feet above 
high water. After wall A is completed, the 

s 

placed on top of it, the reinforcements 
placed therein, and the concrete placed in 
the forms around the reinforcements. The 
previously hardened or set concrete of the 
units. A renders them permanent and inde 
pendent of the alternate action of water and 
air on their upper portions. Also the ex 
tension of units A substantially above high 
water, permits the concrete of beam B to 
set or harden independently of the alternate 
action of high water and frost in air, so that 
the concrete of beam B is of a permanent 
character. The lower right-hand part of 
the entire beam B shown, Fig. 1, which is 
centered over wall A, is the principal part 
of that beam, so far as concerns its function 
as a horizontal-beam, and this engages with 
all the several units of the wall (as at R) 
to take the horizontal load of all the hori 
Zontal thrusts on said several units. As the 
thrust on a single unit is distributed among 
several units and upward to beam B, so the 
thrust of each unit A is distributed trans 
versely along beam B and along its rein 
forcement against the horizontal loads. This 
reinforcement consists chiefly of the left 
hand vertical row of horizontally-disposed 
one-inch steel bars N, extending transversely 
along the entire length of beam B on its 
tension side relative to the horizontal load 
from units A and the earth-fill. Beam B, 
including its upward extension as a vertical 
wall preferably has also a right hand row of 
similar and similarly disposed and extend 
ing bars O, but located on its tension side 
relative to horizontal loads from the left 
such as occasional shocks from shipping. 
Beam B preferably has also a plurality of 
sets of half-inch steel bars P extending ver 
tically, and at intervals of about a foot and 
a half along the entire length of the beam, 

70 
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105 

these bars resisting vertical and horizontal 
shearing strains. , 
From all the above it is clear that all the 

concrete molding of beam B may be done 
above. Surface, and that no concrete mold 
ing of retaining-wall A is done below sur 
face. Furthermore, not only do concrete 
piling-units A take all the horizontal load 
of the earth fill, but they take all the verti 
cal load of and on beam B, which is centered 
over the line of the piling. This they can 
do, not only on account of the column-re 
inforcement of their bars X, but because 
they are located adjacent to each other so 
that several units support and reinforce each 
other in respect of a vertical load on one of 
them. By increasing the height of beam B, 
as by doubling the height up to the top of 
the lower vertical row of bars N., as shown, 
Fig. 1, (as distinguished from Fig. 3), so 
that the beam becomes dimensionally a wall, 
the load on top of B can be increased to an 
enormous weight, because the resulting mold-forms for horizontal-beam B are height, or depth, of beam B distributes a 

10 
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load at a given point on it, over a consid 
erable number of successive piling units A. 
In the case shown in Fig. 1, the weight of 
the crane-load, shown as centering on beam 
B, may be as great as a hundred and fifty 
tons on each of two four-wheel trucks, not 
withstanding the fact that units A are of 
concrete and have thirty feet of their height 
unsupported, except by water, against the 
horizontal load of the earth-fill; and not 
withstanding that the wall A is so readily 
made as by simply successively sinking the 
individual piles. The form of Figs. 3, 1 
and 2, has all the advantages of Fig. 1 ex 
cept that of the actual utilization of the full 
ability of wall A to take vertical loads, as 
by making B in the form of a wali; the beam 
B of Fig. 3 being no deeper than is desir 
able for its function as a horizontal-beam. 

In cases, as in Fig. 1, where beam B is 
top-heavy, and there is a consequent danger 
of its overturning fróm off the top of wall 
A, it is best to provide buttress-and-anchor 
connections in the form of walls C, of con 
crete, and having reinforcements compris 
ing a set of half-inch steel bars Karranged 
vertically near each of its sides, and also 
near each of its sides, a set of half-inch steel 
bars L arranged horizontally and extending 
into and through beam B. 

Retaining-wall A, by virtue of the special 
construction of its units, above described, 
and also because it has a footing of con 
siderable width as compared with thin sheet 
piling, coöperates with buttress-walls C in 
buttressing beam B. from' overturn from off 

40 
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wall A. No buttress-wall is needed for each 
or any concrete piling unit of the wall A, 
this also being due to the special construc 
tion of units A. 
Walls C, like beam B, are molded in place 

above high water, although on occasions it 
may do no harm if a 
as for example, the lower right hand part 
of the walls. Walls C are preferably mold 
ed integrally with beam B. They constitute 
a skeleton buttress, and permit beam B to 
be quite narrow, thus not only saving con 
crete but reducing the vertical load on wall 
A. Walls C may be solid from top to bot 
tom, but their buttressing action is due to 
the fact that their upper and lower points 
of connection (Fig. 1) with beam Bare a 
considerable distance apart, and that the 
walls themselves extend back a considerable 
distance from beam B (to the right, Fig.1). 
The mold-forms for walls C may rest on 

piles E, which may be ordinary wood piles, 
and need not be concrete piles because their 
tops need not extend above water level. 
Preferably piles E are left in place so that 
they serve as buttress-piles for walls C, and 
as anchors, by way of walls C acting as ties, 

portion of them be 
molded near the 'surface but just below it, 

981,822 

for the horizontal load taken by beam B 
from piling units A. 
Walls Care permitted to be limited so as 

not to extend below the surface, by virtue 
of the secondary anchorage to the rear of 
anchor-piles E. Likewise walls C are con 
neeted to the secondary anchorage by beams 
E. preferably of concrete molded in place, 

65 

70 

and preferably integral units with walls C 
and beam B. 

In accordance with one feature of the 
present application, the wall A and beam B 
take care of the traveling crane; but this is 
as to only one leg of the latter. To take 
the load of the other leg of the crane, there 
is provided a rear structure corresponding 
generally with the front structure A, B, 
except that in place of wall A. there are 
simply two series of ordinary wood piles H, 
(and preferably batter piles H), the piles 
serving to support the beam G, in the form 
of a vertical wall, which takes the weight 
of the crane and distributes it among the 
several piles, the piles H being preferably 
staggered, as shown, in order to better dis-- 
special anchorage for beams F, is dispensed 
with, and the crane-support G, H, is made 
to serve in the capacity of Secondary an 
chorage, the wall-beam G being specially 
constructed to serve its two functions of an 
chorage and crane-support, and beams F 
being anchored to G. In G a plurality of horizontally-disposed 
one-inch steel bars S are arranged in a ver 
tical row and extend longitudinally of G 
near its right-hand face and comparatively 
close together, chiefly to take, by tension, 
and by way of beams F, walls C and beam 
IB, the effect of the horizontal load taken 
by B from wall A. Near the vertical left 
face of G is a vertical row of seven-eighths 
inch steel bars T which also extend longi 
tudinally of G.; and near the top and bot 
tom surfaces of G, are two seven-eighths inch 
steel bars U, likewise extending longitudi 
nally of G; and hoops V, of five-sixteenths 
inch steel, are located vertically inside G 
about a foot and a half apart along its 
length; all serving to strengthen G in re 
spect of the internal strains due to the great 
mass of the concrete (G is nearly fourteen 
feet high and five feet wide) and the load 
of the crane amounting to nearly one hun 
dred and fifty tons on G. Although G is 
also a skeleton part, relative to the functions 
sit serves, (taking the horizontal load from 
beam B, assisting in buttressing beam B, 
tying together beams F and walls C at the 
secondary anchorage, and taking the verti 
cal load of the right of the crane), yet it 

tribute, the vertical loads. In this case a 

has considerable mass; and if a naturally 
existing anchorage for F and foundation 
for the crane-load be convenient, such an 
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chorage will preferably be used, at least to 
the extent available. 
In order to provide a continuous beam 

effect in G, certain of the right-hand bars 
S are extended over to the left as shown 
in Fig. 2. That is, two or three of the ver 
tical row of bars S (Fig. 1), these 2 or 3 
being preferably alternate bars in the ver 
tical row, are bent to the left (Fig. 2) as 10 they approach beams F, so that they serve 
as additional steel located at the léft and 
extending to and along the row S at the 
right, to take the tension which exists at 

5 

20 

the left hand side of those portions of G 
from which beams F extend. G well serves 
to buttress the successive parallel beams F 
(and thereby the successive parallel walls () by tying them together. 
Beams F and G are preferably molded in 

place, as in the case of beam B and walls 
C, the mold-forms for F and G being sup 
ported on piles E and H, and on any earth 
existing under G and under the right hand 
ends of F. Preferably also, F and G are 

... 25 molded integrally with walls C and beam B. 
To provide a suitable structure for beams 

F, there are placed in their wooden forms 

30 

or molds prior to the placing of the concrete, 
six inch-and-a-quarter steel bars J. Three 
of these bars, located at the bottom, as 

, shown, take tension, and the three at the 

35 

top assist the concrete in taking compres 
... .sion, thus giving the concrete beam con 

siderable strength to act as a vertical-beam 
to take top loads such as the superficial fill, 
and the railways indicated at I. All these 
bars J. extend to the right nearly through 
the concrete of beam G, and they may be 
interlocked, if desired, with the steel re 

40 inforcements of G, or bent in the concrete 
of said beam; but in the case shown, the 

45 

beam B, especially when G has adequate 
strength as a continuous beam (Fig. 2) as 
described. Quarter-inch steel hoops J are 

50 
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wall 

adhesion between the bars and the three 
feet of concrete of G in which they are em 
bedded, is sufficient to provide for an ade 
quate anchorage for the horizontal pull of 

also placed in the molds for concrete beams 
F, about two feet apart, to take horizontal 
shear. The bars J extend to the left through 
walls C. The upper bars J, near the top 
surface of the concrete beams F, are in 
clined upwardly to the left as shown, as to their portions which extend through the 

and beam B. Beam F has a cross 
section of concrete about two feet high and 
fifteen inches wide, and with its reinforce 
ment has ample strength to carry vertical 
loads such as the earth-fill and transverse 
railways; and the bars J, which are located 
at top and bottom of beam F, and anchored 
at the rear in beam G, also provide ample 

65 tensional resistance to any tendency to up ward or downward movement of wall C 

whole. But the coöperation of piles D is not 

caused by a tendency of the load on beam B 
to overturn it. 

Fig. 3 is an elevation of the seaward face 
of the front structure consisting simply of 
wall A and that chief part of the beam B. 
which acts as a horizontal-beam. In many. 
cases, however, it is desirable to provide a 
seaward overhang from beam B, for various 

70 

purposes. Thus here (Fig. 1), a part M 
of concrete is molded integrally with beam 
B and is actually a part thereof, but used 

75. 
chiefly as a support for bollards for ships. 
hawsers, as shown. (So in Figs. 1 and 2', 
beam B is vertically extended simply to 
serve as a convenient front wall for the 
docks.) 80 
M (Fig. 1) has reinforcements to resist shearing strains, consisting of a number of 

half-inch steel bars Q looped around near 
its surface and extending into the part of 
beam B which is centered over A, 

85. 
these 

looped bars being about a foot and a half 
apart along the length of M and B. Mex 
tends throughout the length of beam B, 
(Fig. 2) and is supported, as a vertical 
beam, upon a series of projections B, t 

lly line with walls C and molded integra 
with B and C. 

bars K which extend up 

90. 

(Similarly in Figs. 1 and . 
2). These projections contain reinforcing 

into M. The bars 95: 
J of beams F, which extend through walls 
C and beam B, also extend into B, C, where 
they may turn or bend upwardly, as shown; 
but their extension through the fifteen feet 
of the concrete walls C, beam B and beam 100 
portion B, C, provides ample adhesion to. 
enable the bars to take from beam B. the 
horizontal load on the 
footing of the latter. The projections B, C, 
in turn are supported on concrete piles D 
sunk in the mud, as shown. 
Figs. 1b and 2). Piles D, like piles E, co 
operate with buttress-walls C to buttress. 
the beam B and prevent its overturn from 
off wall A; piles D being here desirable to 
so serve, on account of the enormous load. 
on beam B, the beam being extended up 

piling A above the 

, 105 (Similarly in 

110 

wardly as a wall in order to distribute this 
load over a plurality of units A. Also piles 
D coöperate with piles E, by way of beam B, 5 
in maintaining the vertical alinement of 
wall A. Piles D also coöperate with both E 
and A in maintaining the vertical rigidity 
of the entire structure. And finally, piles 
D take the vertical load of those portions of 20 

beam B, such as projections B, C, and the 
seaward overhang M of beam B, which are 
off the center of wall A, but not including 
the crane-load here. In this respect, piles 
D, when used, may coöperate with wall A 
in taking the vertical load of beam B as a 

needed in respect of the almost unlimited 
vertical loads which A is competent to take, any more than it is needed adjacent to A 
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to buttress A against the horizontal load. I preferably in sections of under a hundred 
In the retaining-wall, composed of the units 
A constructed as above, as shown in face 
view in Fig. 3 without auxiliary piles, is 

5 concentrated all the strength necessary to 
take all the vertical as well as the horizontal 
loads which take effect in the vertical plane 
between land and water where there is noth 
ing else to support said loads. No auxiliary 

o piles, such as D or E, are necessary to assist 
A in respect of said loads, although such 
piles may be so used if desired, as shown. 
The piles D, when used, as frequently pre 

ferred for special uses as described above, 
15 are so put in place that their tops extend 

above high-water, as in the case of units A, 
and are likewise of concrete. Piles D are 
preferably provided with column reinforce 

20 Y (Fig. 6) one at each corner, since they 
sustain greater vertical loads than wood 
piles E. They have also, preferably, an in 
termediate bar at each side, as shown, to re 
sist handling strains; and they may have 

25 also the quarter inch steel hoops shown 
(Fig. 1) located about a foot and a half 
apart along their length, to assist in column 
reinforcing, when desired, and in taking 
handling strains. In the case shown, the 

30 four corner bars Yin each pile D extend up 
three feet into concrete member B, C, as 
shown in Fig. 1; or, as an alternative, B, C 
might be cast with an opening or recess in it 
for D, as in the case of recess R for uints A 

8 or in the case shown of the projection of 
the tops of piles E into walls C, or piles H. 
into beam G. - 
As in the case of piles A, piles D are cast 

and allowed to completely set or harden 
40 above surface, preferably; but, not beinglo 

cated adjacent to each other and requiring 
tight joints, as in the case of the sheet 
piling A, they need not be sunk in direct 
engagement with the earth, but may be low 

?ered into a hollow hole-former first sunk 
into place, as by a pile-driver operating 
above surface; or, they may be molded in 
place in such hole-former, first sunk, the 
latter serving, during the setting of the con 
crete, to keep the water away from the con 
cretelying between the varying water-levels, 
all as is well known in this art. In all such 
cases, such methods may be made economi cally by using a temporary hole - former, 
either by using a thin shell which may be left in place, or by upwardly withdrawing 
the hole-former after the concrete has set. 
All the above statements as to the prepara 
tion of piles D are applicable to piles E and 
H in cases where it may be desirable to make 
those piles of concrete. . 
The distance of Figs. 2. and 3, between the 

centers of piles D and buttress-walls C is a 
little less than thirty feet. The entire front 
age may be of hundreds of feet, but this is 
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ments consisting of four one-inch steel bars the disposition of the reinforcements are 

feet. V 

Striking characteristics of the entire 
Sructure, which contribute to strength, and 
to economy and efficiency of the operation 
of installing as well as the cost of materials, 
are that the concrete structure, preferably 
throughout, is essentially of true reinforced 
concrete (as distinguished from a mere con 
crete-protected combination of structural 
steel), in which neither the concrete alone 
nor the steel reinforcements alone need take 
all the strains, and in which preferably no 
expensive structural steel is used, but only 
the small separate steel bars or rods, prefer 
ably and usually in the form of bars averag 
ing less than an inch in diameter. Also 
the general arrangement of the parts and 

such that the concrete elements are permissi 
bly in skeleton form as distinguished from 
greater masses required prior to my inven 
tions; and particularly, the entire structure 
has two main parts, first, the substructure 
below the level of high-water and below the 
normal surface of the land, consisting of the 
most important element, the sheet-piling of 
concrete piling units, all sunk in place in 
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separate vertical units each of which is pro-. 
vided with special reinforcements, and 
molded and allowed to set in air before be 
ing sunk; and the second main part, i. e., 
the superstructure, including essentially the 
horizontal-beam, located above the surface 
of land and water, and consisting, prefer 
ably entirely, of reinforced concrete, molded 
in place, preferably into a single unitary or 
integral structure. By thus dividing the 
entire concrete structure into two different 
ly-installed concrete parts, above and below 
surface respectively, all the difficulties of 
concrete-installation above enumerated are 
completely obviated, as will be seen, and a 
rigid and adequate combined structure is 
provided, the foundation-portion of which 
may consist exclusively of the retaining 
wall of readily sunk concrete sheet-piling 
units. 
I have found that, in structures of this 

class, when the concrete, during the process 
of hardening or settling, is located between 
high and low water, so that it is alternately 
subjected to water-saturation at high water 
and to frost in air above low water, the re 
sulting concrete is inferior and subject to 
progressive erosion such that it is not a 
proper element of a structure desired to be 
permanent. Furthermore, in such condi 
tions of varying water-level, the higher lev 
els have either required the intermittent 
temporary suspension of the operation of in 
stalling structures prior to mine, or at least 
have seriously interfered with expeditious 
work. Finally, prior structures of this gen eral class, which involved concrete-molding 

95 

00 

105 

10 

115 

120 

25 

30 



10 

15 

981,822 7 

below the surface of land or water, were the tion throughout its length, and, in addition, 
cause of serious trouble and expense; in the 
case of land, on account of the excavation 
required; and in the case of Water, on ac 
count of the difficulties in manipulating 
mold-forms down in the water, or the great 
expense of caissons or heavy columns. 
Structures embodying this invention avoid 
all the above disadvantages by virtue of the 
fact that all or substantially all concrete 
molding is permissibly and preferably done 
above the surfaces of naturally-existing land 
and of high water, notwithstanding that the 
entire structure, including all or most of the 
parts below surface, and especially those lo 
cated between high and low water, are also permissibly and preferably of reinforced 

20 

25 

30 

35 

40 

45 

50 

55. 

65 

concrete molded and set prior to being 
placed. 

In embodying the invention in its pre 
ferred forms, advantage has been freely 
taken of the similar coefficients of expansion 
of steel and concrete, of the compression 
strength, low cost and durability of con 
crete, of the tensile strength of steel, and of 
the effective adhesion between concrete-ce 
ment and steel; and the structure largely 
and in many cases preferably entirely, con 
sists of concrete and steel, the former in relatively very large masses as compared 
with the latter, as distinguished from instal 
lations of structural steel provided with a 
protective covering of concrete; although 
the invention, in certain aspects, permits 
great economy of concrete as well as steel; 
all whereby the resulting structure has both 
maximum strength and minimum cost. 
The retaining-wall structure of this in 

vention, absolutely permanent in character, 
capable of taking the great horizontal and 
vertical loads indicated above, and consist 
ing of the economical combination of ma 
terials described, has proved of great value 
as a highly useful and novel proposition. 
The embodiment of the invention which 

is shown in Figs. 1 and 2, etc., on Sheets 4 
and 5, is in substance the same as that of 
Sheet 1, except the modification of buttress 
wall C and its intermediate support on piles 
E; and in many respects this embodiment 
is like that of Sheet 1 even in details. This 
embodiment is an excellent illustration of 
the capabilities of use of the invention in 
establishing a structure adapted not only for 
very heavy loads but also for location at a 
place where no land previously existed. As 
shown, the molded reinforced concrete 
superstructure is placed on the sheet piling 
A and on the various piles, all of which are 
placed in nearly twenty feet of water, the 
fill being afterward made behind the sheet 
piling A. Even the rear piles H., H have 
only their lower ends engaging in the earth, 
as shown, prior to the making of the fill. 
That is, the structure permits land-reclama- to any tendency to upward or 

very heavy loads, such as the crane-way 
bulkhead and ore-dock shown. In this case 
the walls C and beams IF of Sheet 1 are com 
bined to form the deep buttress-wall C, F. 
extending from front beam B to rear beam 
i; so that beam G is buttressed against 

overturn, as well as front horizontal-beam 
B'. That is, either the beams F of Slieet 1 
are increased in depth, or else the walls C of 
Sheet 1 are increased in length, so that at 
F, Sheet 4 Fig. 1", they buttress rear beam 
G from overturn by its load, just as C in 
Sheet 1 buttressed front beam B, and just 
as the part C of wall C F in Fig. 1, but 
tresses front beam B. Walls C, F also 
have a special support on piles E, intermedi 
ate beams B and C, to be described. 

In Sheet 4, concrete piles A are identical 
with concrete piles A of Sheet 1. Beam B. 
is substantially the same as beam B of Sheet 
1, in that its vertical extent up from A is in 
effect a wall; and the vertical load (of the 
crane-way on top of the upward extension 
of beam B) is likewise centered over piling 
wall A which engages in recess R of beam 
B. Beam B is extended to the left at M. 
(as B at M on Sheet 1) to serve as a sup 
port for bollards for ships' hawsers. The 
left-hand lower extension of B, above, but 
tress-piles D, is made transversely continu 
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ous, instead of being intermittently extended 
to the left as at B, C, Sheet 1; but there is 
no significance in this, except that the mold 
forms were not so located here as to obtain 
the maximum economy of concrete which 
the invention permits, as was done in Fig. 
1. Piles D are the same as piles D of Sheet 
1, and the parts of beam B which rest on 
them are in effect left-hand extensions of 
buttress-walls C, F. Piles E, H and H 
are of wood, like piles E and H of Sheet 1. 
Piles E are located further toward beam 
G than are piles E on Sheet 1, so that 
they can coöperate with piles H, H' as 
buttress-piles for part F of the entire but 
tress-wall C, F; wood piles H being in 
clined or battered as shown, to assist in the 
buttressing action. Piles E also coöperate 
with piles ID in assisting the buttressing ac 
tion of part C of the entire buttress-wall 
C, F. All the piles D, A, E, H and H 
serve as supports for the mold-forms for 
the superstructure, as there is no initial fill, 
even at the rear, on which those forms might 
be supported. Railways I, as before, may 
be placed on top of the subsequent fill to 
the right of wall A. 

In the part C of buttress-wall C, F, the 
reinforcements J, K, L are similar to those 
of wall C of Sheet 1; and the part F of 
the extended wall contains extensions of 
those reinforcements, which, anchored in 
beam G., provide ample tensional resistance 
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movement of F caused by a tendency of the 
load on beam G to overturn it from off 
piles H. H. . 
The bars N of beam B have the same 

function as bars N of beam B of Sheet 1; 
although their location in Sheet 4, on the 
tension side of the horizontal beam B', 
(relative to the horizontal load of the sub 
Sequent fill), happens to be beyond piles D 
to the left, this being due simply to the im 
material transversely-continuous extension 
of beam B to the left, explained above. 

5 

Piles D here, as in Sheet 1, take no part in 
sustaining the vertical load on beam B. 
which is centered over piling A; but only 
take the load of that part of beam B which 
extends of the center of the vertical load, 
the chief function of piles D being to assist 
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wall C, F in buttressing beam B1 with 
respect to its overturning tendency from 
of A. The horizontal bars O in the right 
hand vertical row in beam B', act, as in 
Sheet 1, to take the tension of shocks or 
horizontal thrusts from the seaward side of 
piling A or beam B. The bars or stirrups 
P, Q of Sheet 1 are combined, in Sheet 4, into a single bar or stirrup P, Q, having 
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similar effect. 
In beam G. of Sheet 4, the reinforcements 

S, T, U and V are substantially the same 
as S, T, U, V of Sheet 1; but in Sheet 4, two 
additional sets of stirrups V are used, one 
at top and one at bottom, on account of the 
modified shape of beam G as compared with 
beam G., Sheet 1. 

Piles H of sheet 4 are in a closely continu 
ous row (Fig. 2), and certain of batter 
piles H at the left of piles H are staggered 
with respect to piles H at the right of 
piles H. Between each pair of walls C, Ft 
there are four more piles II at the left of 
piles H than at the right, because piles H. 
at the left assist beam G in anchoring the 
horizontal load conveyed by walls C, F1 
from beam B, in addition to sustaining the 
vertical load on G, and in addition to serv ing as buttress-piles coöperating with but 
tress-walls C, F to buttress beam G. Piles 
E, serving as buttress-piles for wall C, F, 
extending to left and right from said piles 
E, also serve to take a substantial part of 
the vertical load of said wall. There is a 
pair of these piles E for each wall C, F, 
and each pair supports a cradle W. (Fig. 4), 
of concrete molded integrally with the wall 
C, F, and having the buttress-wings W1 
which hold the long narrow wall C, F in 
rigid alinement between beams B and G. 
Stirrups Z are embedded in cradle W, and 
stirrups Z in wings W. Relative to these 
wings W, the piles E of each pair are but 
tress-piles, in addition to being buttress 
piles for the wall C, F itself. If the length 
of wall C, F requires it, additional sets of 
piles E and cradles W, to take the weight 
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of the wall as a vertical-beam, may be lo 
cated between beams B and Gl. 

It may be possible, in an inferior form of 
the structure additional to and including 
Wall A and beam B, (in the case of any of 
the drawings), to omit the continuity of the 
concrete at the joints between members B, C, 
F or G, making the essential connections by 
way of the reinforcements where concrete is 
not desirable for any purpose other than to 
protect the steel; and it is not necessary that 
all the concrete be dumped at once into all 
parts of the molds for said principal parts. 
But it is preferred to have the entire super 
structure of integrally molded reinforced 
concrete, such that all the strains or loads 
are taken by their proper elements or mate 
rials, concrete or steel, and wherein said principal parts may be molded or cast in 
one continuous mass of concrete and prefer 
ably in one continuing operation. And 

the total elimination of structural steel and 
the use of concrete to take compression 
strains, the strains of tension being taken by 
"small steel bars, yet most of the advantage 
ous features of the structure might be re 
tained in a case where one or more of the 
parts were made of structural steel in an 
attempt to obtain a beneficial use of the in 
vention. Thus, for example, beams F might 
be modified in various ways and yet retain 
their functions of coöperating with walls C 
in buttressing and anchoring the horizontal 
beam B. Also, wall-units A, considered as 
parts of the entire structure shown, might 
have their portions below water of other 
construction or material than as shown and 
described herein, so long as their parts above 
low water are of concrete. Other examples 
might be given, but that is believed to be 
sufficient to explain the situation. 
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the whole structure above is that it permits. 
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Figs. 1 and 2 illustrate, like Fig. 3, a 
single typical form of the invention, wherein 
the whole ability of wall. A to take vertical 
loads is not utilized, the horizontal-beam 
not being extended vertically on the center 
of wall A for the purpose of distributing 
vertical loads over the piles of A. Likewise 
there is no rear anchor-beam adapted to 
distribute vertical loads, but the anchor or 
deadman G serves chiefly in respect of the 
horizontal load on beam B, in connection 
with piles H. In Figs. 3, 1 and 2, where 
the longitudinal interlocks A" do not in 
tions, metal guides 2 may be used to keep 
the units from moving toward the right 
(Fig. 2). In Fig.2 said metal guides are 
not necessary, on account of the inclination 
of the pile-surface to the right of the inter 
locking hooks. 
I claim: 
1. An element of a retaining-wall struc 
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terlock or guide in both transverse direc 
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ture, which comprises a series of substan 
tially solid concrete piling units individually 
penetrating down into the earth bottom and 
extending up above the bottom substantially 
to the surface, and arranged successively ad 
jacent to each other in a row and longitudi 
nally interlocking, to constitute a tight 
sheet-piling retaining-wall of concrete; and 
a concrete horizontal-beam maintained in 
position transversely along the upper por 
tion of the retaining-wall and coöperating 
therewith to take the horizontal loads from 
the respective individual constitutent con 
crete piling units thereof; the concrete of 
said horizontal-beam having embedded in it means disposed horizontally along its length 
for reinforcing it against the horizontal 
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loads of the retaining-wall as a whole; and 
the concrete masses of the respective piling 
units having embedded in them vertically 
disposed means for reinforcing the indi 
vidual units against the horizontal loads 
along their lengths intermediate their earth 
footings and the horizontal-beam, to there 
by vertically transmit the horizontal loads. 
downwardly and upwardly. 

2. In a retaining-wall structure, the com 
bination with a series of concrete piling units individually penetrating down into the earth 
bottom and extending up above the bottom 
substantially to the surface, and arranged 
successively adjacent to each other in a row 
and longitudinally interlocking, to consti 
tute a tight sheet-piling retaining-wall of 
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concrete; of a concrete horizontal - beam 
maintained in position transversely along 
the upper portion of the retaining-wall and 
coöperating there with to take the horizontal 
loads from the respective individual con 
stituent concrete piling units thereof; the 
concrete of said horizontal-beam having em 
bedded in it means disposed horizontally 
along its length for reinforcing it against 
the horizontal load of the retaining-wall as a 
whole; and concrete buttress-walls extend 
ing from the horizontal-beam and coöperat 
ing with the individual units of the retain 
ing-wall in buttressing the horizontal-beam. 

3. In a retaining-wall structure, the com 
bination with a series of concrete piling 
units individually penetrating down into the 
earth bottom and extending up above the 
bottom substantially to the surface, and ar 
ranged successively adjacent to each other 
in a row and longitudinally interlocking, to 
constitute a tight sheet-piling retaining-Wall 
of concrete; of a concrete horizontal-beam 
maintained in position transversely along 
the upper portion of the retaining-wall and 
coöperating therewith to take the horizontal 
loads from the respective individual con 
stituent concrete piling units thereof; the 
concrete of said horizontal beam having em 
bedded in it means disposed horizontally 
along its length for reinforcing it against 
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the horizontal load of the retaining-wall as 
a whole; and concrete buttress-piles sepa 
rated from the retaining-wall and from each 
other, but located beneath and extending up 
to the horizontal-beam and coöperating with 
the individual units of the retaining-wall in 
buttressing the horizontal-beam. 

4. In a retaining-wall structure, the con 
bination with a series of concrete piling units 
individually penetrating down into the earth 
bottom and extending up above the bottom 
Substantially to the surface, and arranged 
successively adjacent to each other in a row 
to constitute a sheet-piling retaining-wall of 
concrete; of a concrete horizontal-beam 
maintained in position transversely along 
the upper portion of the retaining-wall and 
coöperating therewith to take the horizontal 
loads from the respective individual con 
stituent concrete piling units thereof; the 
concrete of said horizontal-beam having em 
bedded in it means disposed horizontally 
along its length for reinforcing it against 
the horizontal load of the retaining-wall as a 
whole; concrete buttress-piles separated from 
the retaining-wall and from each other but 
located beneath and extending up to the 
horizontal-beam; and concrete buttress-walls 
extending from the horizontal-beam; said 
buttress-piles and buttress-walls coöperating 
with each other and with the individual 
units of the retaining-wall, in buttressing 
the horizontal-beam. 

5. In a retaining-wall structure, the com 
bination with a series of concrete piling 
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units individually penetrating down into the 
earth bottom and extending up above the 
bottom substantially to the surface, and ar 
ranged successively adjacent to each other 
in a row to constitute a sheet-piling retain 
ing-wall of concrete; of a concrete horizon 
tai-beam maintained in position transversely 
along the upper portion of the retaining 
wall and coöperating therewith to take the 
horizontal loads from the respective indi: 
vidual constituent concrete piling units 
thereof; concrete buttress - walls extending 
from the horizontal-beam; and buttress-piles separated from the retaining-wall, but lo 
cated beneath and extending up to the but 
tress-wall, and coöperating with the indi 
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vidual units of the retaining-wall in but 
tressing the horizontal-beam. 

6. In a retaining-wall structure, the con 
bination with a series of concrete piling 
units individually penetrating down into 
the earth bottom and extending up above 
the bottom substantially to the surface, and 
arranged successively adjacent to each other 
in a row to constitute a sheet-piling retain 
ing-wall of concrete; of a concrete horizon 
tal-beam maintained in position transversely 
along the upper portion of the retaining 
wall and coöperating therewith to take the 
horizontal loads from the respective indi 
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vidual constituent concrete piling units 
thereof; concrete buttress - walls extending 
from the horizontal-beam; concrete buttress 
piles separated from the retaining-wall and 
from each other, but located beneath the 
horizontal-beam in front of the retaining 
wall and extending up to the horizontal 
beam and coöperating with the buttress 
walls and with the individual units of the 
retaining-wall in buttressing the horizontal 
beam; and buttress-piles in rear of and sepal. 
rated from the retaining wall, but located 
beneath and extending up to the buttress 
walls. 

7. In a retaining-wall structure, the com 
bination with a series of concrete piling 
units individually penetrating down into the 
earth bottom and extending up above the 
bottom substantially to the surface, and ar 
ranged successively adjacent to each other in 
a row to constitute a sheet-piling retaining 
wall of concrete; of a concrete horizontal 
beam maintained in position transversely 
along the upper portion of the retaining-Wall 
and coöperating therewith to take the hori 
zontal loads from the respective individual 
constituent concrete piling units thereof; a re 
inforced concrete rearanchorage located 
substantially at the surface; and reinforced 
concrete ties between the horizontal-beam and anchorage and also located substantially 
at the surface. 

8. In a retaining-wall structure, the com 
bination with a series of concrete piling 
units individually penetrating down into 
the earth bottom and extending up above the 
bottom substantially to the surface, and ar 
ranged successively adjacent to each other 
in a row to constitute a sheet-piling retain 
ing-wall of concrete; of a concrete horizon tafbeam maintained in position transversely 
along the upper portion of the retaining 
wall and coöperating therewith to take the 
horizontal loads from the respective indi 
vidual constituent concrete piling units 
thereof; a reinforced concrete rear anchor 
age located substantially at the surface; 
piles located beneath and extending up to 
the rear anchorage; and reinforced con 
crete ties between the horizontal-beam and 
rear anchorage and also located substan 
tially at the surface. 

9. In a retaining-wall structure, the com 
bination with a series of concrete piling 
units individually penetrating down into 
the earth bottom and extending up above the 
bottom substantially to the surface, and ar 

60 

ranged successively adjacent to each other 
in a row and longitudinally interlocking, 
to constitute a tight sheet-piling retaining 
wall of concrete; of a vertical concrete wall 
maintained in position transversely along 

85 

the top of said retaining-wall, whereby loads 
on the former are distributed over a plu 
rality of units of the latter, said vertical 

981,822 

concrete wall also taking the horizontal load 
on the retaining-wall and having embedded 
in it means disposed horizontally along its 
length for reinforcing it against such hori 
zontal load; the concrete masses of the re 
spective concrete piling units having em 
bedded in them vertically disposed neans 
for reinforcing the individual units against 
vertical loads on the vertical concrete wall 
and against horizontal loads upon the parts 
of the units intermediate said vertical wall 
and the earth-footings of the units. . 

10. In a retaining-wall structure, the com 
bination with a series of concrete piling 
units individually penetrating down into the 
earth bottom and extending up above the 
bottom substantially to the surface, and ar 
ranged successively adjacent to each other 
in a row to constitute a sheet-piling retain 
ing-wall of concrete; of a vertical concrete 
wall maintained in position transversely 
along the top of said retaining-wall, where 
by loads on the former are distributed over 
tical concrete wall also taking the horizon 
tal load on the retaining-wall; concrete but 
tress walls for the vertical wall; an anchor 
age in rear of the buttress-walls; and rein 
forced concrete ties between the anchorage 
and the buttress-walls, and located substan 
tially at the surface. w 

11. In a retaining-wall structure, the com 
bination with a series of concrete piling 
units individually penetrating down into 
the earth bottom and extending up above 
the bottom substantially to the surface, and 
arranged successively adjacent to each other 
in a row to constitute a sheet-piling retain 
ing-wall of concrete; of a vertical concrete 
wall maintained in position transversely 
along the top of said retaining-wall, where 
by loads on the former are distributed over 
a plurality of units of the latter, said ver 
tical concrete wall also taking the horizontal 
load on the retaining-wall; a vertical rein 
forced concrete wall in rear of the retaining 
wall; and reinforced-concrete buttress-walls 
located substantially at the surface, extend 
ing between the two vertical walls, and ty 
ing the same together. 

12. In a retaining-wall structure, the com 
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bination with a series of concrete piling 
units individually penetrating down into 
the earth bottom and extending up above 
the bottom substantially to the surface, and 
arranged successively adjacent to each other 
in a row to constitute a sheet-piling retain 
ing-wall of concrete; of a concrete horizon 
tal-beam maintained in position trans 
versely along the upper portion of the re 
taining-wall and cooperating therewith to 
take the horizontal loads from the respec 
tive individual constituent concrete piling 
units thereof, concrete buttress-walls ex 
tending from the horizontal-beam; an an 
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chorage in rear of the buttress-walls and 
located substantially at the surface; and ties 
also located substantially at the surface and 
connecting the anchorage and buttress-walls. 

13. In a retaining-wall structure, the com 
bination with a series of concrete piling 
units individually penetrating down into 
the earth bottom and extending up above 
the bottom substantially to the surface, and 
arranged successively adjacent to each other 
in a row to constitute a sheet-piling retain 
ing-wall of concrete; of a concrete horizon 
tal-beam maintained in position trans 
versely along the upper portion of the re 
taining-wall and coöperating therewith to 
take the horizontal loads from the respec 
tive individual constituent concrete piling 
units thereof; concrete buttress-piles sepa 
rated from the retaining-wall and from each 
other but located beneath and extending up 
to the horizontal-beam; an anchorage in 
rear of the buttress-piles and located sub 
stantially at the surface; and ties also lo 
cated substantially at the surface and con 
necting the anchorage and horizontal-beam. 

14. In a retaining-wall structure, the com 
bination with a series of concrete piling 

ing-wall of concrete; of a concrete 
tal-beam maintained in position transversely 

35 
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units individually penetrating down into the 
earth bottom and extending up above the 
bottom substantially to the surface, and ar 
ranged successively adjacent to each other 
in a row to constitute a sheet-piling retain 

OZO 

along the upper portion of the retaining 
wall and coöperating therewith to take the 
horizontal loads from the respective indi 
vidual constituent concrete piling units 
thereof; concrete buttress - piles separated 
from the retaining wall and from each other 
but located beneath and extending up to 
the horizontal beam; concrete buttress-walls 
extending from the horizontal-beam; said 
buttress-piles and buttress-walls coöperatin 
with each other and with the individua 
units of the retaining-wall, in buttressing the 
horizontal-beam; an anchorage in rear of 
the buttress-walls and located substantially 
at the surface; and ties also located substan tially at the surface, and connecting the an 
chorage and buttress-walls. 

15. In a retaining-wall structure, the com 
bination with a series of concrete piling 
units individually penetrating down into the 
earth bottom and extending up above the 
bottom substantially to the surface, and ar 
ranged successively adjacent, to each other 
in a row to constitute a sheet-piling retain 
ing-wall of concrete; of a concrete horizon 
tal-beam maintained in position transversely 
along the upper portion of the retaining 
wall and coöperating therewith to take the 

85 
horizontal loads from the respective indi 
vidual constituent concrete piling units 
thereof; concrete buttress-walls extending 

earth bottom and extending u 
bottom substantially to the surface, and ar 

ill 

from the horizontal-beam; buttress-piles sep 
arated from the retaining wall, but located 
beneath and extending up to the buttress 
walls, and coöperating with the individual 
units of the retaining-wall in buttressing the 
horizontal-beam; an anchorage in rear of 
the buttress-walls and located substantially 

70 

at the surface; and ties also located substan 
tially at the surface and connecting the an 
chorage and buttress-walls. 

16. In a retaining-wall structure, the com 
bination with a series of concrete piling 
units individually penetrating down into the 
earth bottom and extending up above the 
bottom substantially to the surface, and ar 
ranged successively adjacent to each other in 
a row to constitute a sheet-piling retaining 
wall of concrete; of a concrete horizontal 
beam maintained in position transversely 
along the upper portion of the retaining 
wall and coöperating therewith to take the 
horizontal loads from the respective indi 
vidual constituent concrete piling units 
thereof; concrete buttress - walls extending 
from the horizontal-beam; concrete buttress 
piles separated from the retaining-wall and 
from each other, but located in front of the 
retaining-wall beneath the horizontal-beam 
and extending up to the horizontal-beam and 
coöperating with the buttress - walls and 
with the individual units of the retaining 
wall in buttressing the horizontal-beam; but 
tress piles in rear of and separated from the 
retaining-wall, but located beneath and ex 
tending up to the buttress-walls; an anchor 
age in rear of the buttress-walls and located 
Substantially at the surface; and ties also lo 
cated substantially at the surface and con 
necting the anchorage and buttress-walls. 

17. In a retaining-wall structure, the com 
bination with a series of concrete piling 
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units individually penetrating down into the 
above the 

ranged successively adjacent to each other 
in a row to constitute a sheet-piling retain 
ing-wall of concrete; of a concrete horizon 
tal-beam maintained in position transversely 
along the upper portion of the retaining 
wall and coöperating therewith to take the 
horizontal loads from the respective indi 
vidual constituent concrete piling units 
thereof; concrete buttress - walls extending 
from the horizontal-beam; concrete buttress 
piles separated from the retaining-wall and 
from each other, but located in front of the 
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retaining-wall beneath the horizontal-beam 
and extending up to the horizontal-beam 
and coöperating with the buttress-walls and 
with the individual units of the retaining 
wall in buttressing the horizontal-beam; 
buttress piles in rear of and separated from 
the retaining-wall, but located beneath and 
extending up to the buttress-walls; a rein 
forced concrete rear anchorage located sub 
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0. 
tained in 

9. 

stantially at the surface; and reinforced con 
crete ties between the buttress-walls and an 
chorage and also located substantially at the 
surface. - 

18. In a bulkhead, the combination with a 
plurality of concrete piles individually pene 
trating down into the earth bottom and ex 
tending up above the bottom substantially to 
the surface; of a vertical concrete wall lo 
cated substantially at the surface and main 

PE transversely along the 
tops of said concrete piles, whereby vertical 
loads on the former are distributed over a 

98i,832 

plurality of the latter; a second vertical con 
crete wall in rear of the first, and also lo 
cated substantially at the surface; a second 
set of piles supporting the second wall and 
individually penetrating down into the earth 
bottom; and reinforced concrete ties located 
substantially at the surface and extending 
between the two vertical walls and tying the 
same together. w 

MAXWELL M. UPSON. 
Witnesses: 

M. W. HEALY, 
P. D. CASE. 
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