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To all EL’]LO?JL vb Ty cr:f?wm 7L

Be it known that I, WILLIAM Y. J UDSON,
first lieutenant borpe of Engineers, United
States-Army, a citizen of the United States,

stationed at Galveston, in the county of Ga,l-_

veston and State of Texas, have invented cer-
tain new and useful Improvementsin Retain-
ing-Walls, Bulkheads, Revetments, and Pro-
tectwe Faemws for Moles Docks, Banks &C.;
and I do hereby declare the followmﬂ' to bea
full, clear, and exact description of the in-
ventlon stich as will enable others skilled in
the art to which it appertams to make .and
use the same. - -
My invention relates to 1mprovement&, in
retaining - Walls and non-erosive facings for
sea-wallb, piers, moles, and the like, and also

for banks of streams and other plaees where

it 18 desired to pmteet the bank or face of the

ground from erosion, either by the beating of

the waves or the wa;shmg of rain or from the

bulging out due to the preqsure of retained

earth or other material.

The said invention eonsmte in pI‘OVldlI]G‘
for the face to be protected a 1a,ye1 of cement
or concrete stiffened with I-beams or other

similar stiffening made of metal or wood, but
preferably of metal and in also prowdmo_
such additional stlffemnﬂ'and bracing as may

be required.
My invention will be understeod by refer-
ence to the accompanying drawings.

Figure 1 represents a sectional view of one
form of my invention, showing the same in

use on a sea-wall. Flﬂ' 2 represents a Sec-
tion of the device shown in Fig. 1 along the
line 2 2 of the said figure.

Fig. 1 along the line 3 3 of the said figure.
Fw 4 leplesents another form of my inven-
tmu adapted to protect the soft bank of a

river which is liable to overflow and earth
slopes in general liable to constant or occa-

sional wash. Fig. 5 repr esents a section
through the device shown in Fig. 4 and along
the 1111e 5 5 of the said figure. Fl_cr 6 repre-
sents my invention as applied to protecting
one edge of a pier or mole. FKig. 7 represents
a section along the line 7 7 of Kig. 6 and look-
ing down. Fig. 8 represents a modified form

of the mventlon in which the concrete is 1n
the arch form. - Fig. 9 represents a section

eye by a concrete coping, as at A%,

Flﬂ' 3 repr esentst'
q transverse section ef the devme shown in

' showing the tWo suflee of:.a pler or breakwater
proteeted according to my invention; and
Fig. 10 represents a perspectwe viewof a form
of my improved protective facing, showing
the concrete with planes of weakness.

" In all the various figures similar letters re-
fer to eorreSpondmg parts throughout the

several views.

A represents the. pwteetwe face, which i 18
made up of concrete A’ and I- beams B, em-

bedded in the concrete, as shown in Flfrs 1 to
5, or between which the coner ete 1s held as

shown in Figs. 8 to10.
‘In the devwe shown in Fws 1, 2 and 3 the
protective face extends down beneath the sur-

face of the ground, and stability isadded and

the effect Of massiveness produced upon the

of concrete, as at A%, stone or other material

may be used.

In the form of device shown in Iigs. 4 and

5 the beams B are in the shape of the ordi-
~nary bulb-rails, and old worn-out rails from
‘railways are eminently adapted for use in
“this connection. -

 In Fig. 4'and also in Flﬂ‘ 1 theslant of the

,.protectmw-faee should be sufficient to pre-
vent the pressure of the earth when moist
from tilting over the said face, except that
the heavy. 1et1red coping, plaeed as shown in
- Fig. 1, may be rehed upon to assist in effect-
j 1ng Stabﬂlty -

In the f01m Shown in Figs. 6 and 7 the pro-

‘tective face is ‘made perpendleular with the
‘ends of the beams projecting into the ground
‘below the bottom of the harbor, and they are

anehored against pressure toward the water

by means of transverse beams C’' or other
‘suitable anchors connected by the rods D to
‘the transverse beams C, which may be se-
-cured to the protective fa,ee in any conven-
1ient way, as by means of the straps b, or, if
preferred, these beams C may be plaeed out-
side of the protective face, as shown in dotted
‘lines in Fig. 6.

I propose to construct the. walls shown in
Figs. 6 and 7 in the following manner: First,
dredﬂ‘e a trench along line of proposed wall
to a depth slightly gre&tel than is subse-

‘quently to exist along the face of said wall;
‘second, pump or drive I-beams or sunﬂa,r
_ stlffeners sufficiently into the earth in a row
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In the trench, as shown; third, drive a row
or rows of piles at a-suitable distance back
of the wall, to which temporarily affix the
anchor-beam, so that it shall be in its proper
relation to the wall, as shown in the drawings;
fourth, bolt or otherwise affix a horizontal
beam to the outer face of the row of I-beams

or other stiffeners and by means of tie-rods.

connect this horizontal beam to the anchor-
beam, as shown; fifth, place temporary mov-
able shutters against the I-beam, so that the
Interval between two adjacent beams is made
into a mold. These shutters may rest against
the beams or be held out by battens to insure
the covering of the outer and inner faces of
the beams with concrete. The shutters are
fastened by being tapped into the ground at
the bottom and by clamps across the top. Fill
in the space between the shutters with con-
crete or other composition with or without
planes of weakness, as hereinafter deseribed :
and shown in Fig. 10.

In the device shown in Fig. 7 the concrete
1s shown arched, as at a, and in this ease the
flat side of the protective face should be
placed on the side from which the maximum
pressure comes, whereby economy of material
1s effected. Horizontal planes of weakness
may be produced, as at ¢’, by introducing dur-
Ing construction tar-paper or other separator.
This would prevent irregular cracking of
concrete due to excessive earth thrust bend-
ing the beams or due to blows of vessels or
to contraction and expansion.
maximum pressure is from the water side,
the curved side should be next the earth, and
where the maximum pressure is from the

~earth side the arches should be next the
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water.

In the form of device shown in IFig. 9 the
opposite sides of the mole, pier, or break-
water are protected by vertical facings simi-
lar to those shown in Ifigs. 6 and 7, except

“that the beam €' is on the outside of the mole

and serves as a fender therefor, while the two
facings are tied together by stay-bolts D', and

thus the two sides mutually support each

other. The same method of buildin g the side
walls of an aqueduct may be adopted. At
the left of Fig. 9 the beam ' is shown con-
nected by the straps c to the bolt D', between
the vertical I-beam B, while in the right of
sald figure the strap incloses both I-beams B
and C'.  Either method of securing the bolt

to the horizontal beam ¢’ may be adopted, or

any other suitable means of accomplishing
the same result may be adopted.

In the form of device shown in Fig. 10 the
vertical I-beams are projected so far into the
bottom of the harbor at the side of the mole
that the transverse bracing—such as the tie-
bolts D" in Fig. 9 or the anchors ¢’ and bolts
D 1n Figs. 6 and 7—may be dispensed with.

Where the

By any of the above structures it will be
noted that a stiff, strong, durable, and com-
paratively non-erosive face iz secured,which
combines great structural strength with com-
parative cheapness of construction. .

In the various figures, E represents the
carth to be protected, and E' represents the
earth forming the bottom of the stream or
harbor.

The various advantages of the herein-de-
scribed invention will readily sugeest them-
selves to any competent hydraulie engineer.

Having thus described my invention,what
I claim, and desire to secure by Letters Pat-
ent of the United States, is—

1. Inaprotective face for banks, moles and
the like, thre combination with a layer of con-
crete or cement, of a plurality of I-beams ar-
ranged parallel to each other and rigidly em-
bedded in the said conecrete, other I-beams
in the rear of the said facing and stays secur-
ing the said I-beamsto those embedded in the
concrete, substantially as deseribed.

2. In a protective face for banks, moles and
the like the combination with a wall of con-
crete or cement having planes of weakness,
of a plurality of I-beams rigidly embedded
therein, other I-beams in the rear of said wall
and stays securing the said I-beams to those
embedded in the wall, substantially as de-
scribed. ‘

3. In a protective face for banks, quays,
lock and dock walls, moles, and the like, the
combination with a layer of conerete, of ver-
tical I-beams or other similar stiffeners em-
bedded therein, and transverse I-beams or
other stiffeners secured to the face of said I-
beams, and stays attached to said transverse
I-beams,substantially as and for the purposes
deseribed.

4. In a protective face for banks, beaches,
and the like, the combination of a heavy re-
tiring coping with an inclined or vertical fac-
ing of concrete, and I-beams or other similar
stilfeners, substantially as and for the pur-
poses described. |

5. In a proteclive face for banks, quays,
lock and dock walls, moles, and the like, the
combination with a layer of conecrete, of ver-
tical I-beams or other similar stiffeners em-
bedded therein, and transverse I-beams or
other stiffeners secured to the face of said I-
beams, and stays attached to said transverse

I-beams or other similar stiffeners and to a

similar wall or facing adapted to form the
other side of a pier or mole, substantially as
described.
In testimony whereof I affix my signature
in presence of two witnesses.
WILLIAM V. JUDSON.
Witnesses: | |

il. C. WILSO'N,
I£. M. ITARTRICK.
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