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UNITED STATES PATENT OFFICE. 
EDMUND BECKER, OF WASHINGTON, DISTRICT OF COLUMBIA. 

y E - O D O F ER EC; " | A G Af A R N E STRU CU RES. 

SFECIFICATION forming part of Letters Patent No. 710,658, dated October 7, 1902. 
Application filed May 10, 1902, Serial No, 106,806, (No model.) 

To at 77, 7 u?ho7n, it tinuously concer,F,: 
lBe it known that I, EDMUND BECKER, a citi 

zen of the United States, residing at WVI ash 
ington, District of Columbia, have invented 
certain new and useful Improvements in Ma 
rine Structures and in Methods of Erecting 
the Same, of which the following is a specifi - || 
cation. 
My invention is an im provement in those 

methods of establishing subaqueous struc 
tures in which the foundation andi its super 
structure are bolilt and assen bled to form an 
integral structure which is floated from the 
place of construction to its destination, where 
it is to be set in place by being first, ground 
ed and then stun k in to the soil. 
The general object of my invention is to 

(:ure the old method of the principal defects 
which hat, ve caused its failures and restricted 
its general usefulness; and the main object 
of my invention is to avoid the dangers of 
scouring during erection of the structure. 
MI y method results in a new and improved 
narine structure which has, with other ad 
vantages, a high factor of stability and which 
is permanently safe against undermining by 
scouring. Scouring is a washing away of the 
soil at the foot of u pright marine structures 
and is caused by the eddies and whirls gen 
erated in the moving waters as they meet 
with the structure. This destructive agency 
where it existS is a constant menace to the 
safety of marine structures and is also one of 
the great evils to contend with in erecting 
them, as may be seen by perusal of the re 
ports of the United States Light-House Board. 
The report of 1S815, on page 127, gives an idea 
of the magnitude of scouring effects met with 
in the sinking of the light-tower of Fourteen 
lFoot Bank, and the report of 1891, on page 
91, describes the complete swamping and de 
struction of the Anderson and lBarr tower at 
Diamond Shoal. It may be assumed under 
ordinary circumstances that the scou ring ac- | 
tion does not extend in any direction farther 
than one and a half diameters from the base | 
of the tower. It rarely extends farther ex 
cept where the free motion of the water is 
furtherinterfered with by piling riprap around 
the foot of the tower. Riprap is, moreover, 
a form of protection that is expensive—that 
is, subject to be washed in and that requires 

constant attention and renewal. I do away 
witl the expensive and unreliable riprap and 
avoid the dangers of scouring both during : 
and after erection, and I also seeure other 
great advantages by extending the founda - 
tion laterally outward beyond the range of 
the scouring action due to the tower and by 
sinking the whole structure only so much as 
is necessary t o make the lateral extension a, 
continuation and virtually part of the sea 
bottom. 

In the accompanying drawings, Figure i is 
an elevation, partly in section, of a light-tower 
erected according to my in vention ; and Fig. 
2 is a similar view of the sa me as it appears 
in t, wo different phases of the process of erec 
tion. 

I use a rigid base C of the greatest, practi 
cable horizontai extent, upon which I erect 
the greater part or all of the pier or tower A, 
so that the two shall form an integral or rigid 
compound structure. This structure is to be 
floated as a whole from the place of construc - 
tion to destination, where it is allowed to sim 
ply sink of itself without any preliminary 
grading, piling, planking, cementing, or other 
preparation of the natural bottom S. After 
being grounded the structure is further sunk 
by excavating until its base C is embedded 
in and flush with the sea-bottom. The total 
height of base and attached superstructure 
should be greater than the height of the wa 
ter-level over the soil at the final place of 
erection or destination. It will be conven 
ient hereinafter to "express the same idea, by 
stating that the height of the compound struc 
ture must exceed the depth of the water at 
the final place of erection. The base itself 
is made shallow. It must extend laterally 
beyond the range of scour and must also have 
the surface necessary to reduce the load per 
unit of supporting-surface well below the safe 
limit as estimated from the nature and gen - 
eral conditions of the bottom. I prefer, how 
ever, to make it of greater extent than re 
quired by these conditions, and I therefore 
make it as wide and as long as it can be made 
without, exceeding the intended cost. Great 
extent of base permits of planning the struc 
ture so it shall be self-buoyant and non-cap 
sizable—that is, so as to dispense entirely 
with scaffolds, floating and sinking or other 
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external apparatus, which when used in run 
ning water must necessarily cause scour or 
spread scouring action. It will thus be seen 
that the tower or pier, with its footing, 
constitutes a structure which provides with 
in its own outline means for rendering it sta 
ble, self-buoyant, and self-sinkable and that 
this outline, which is its protection against 
scour, can be preserved throughout the proc 
ess of erection. The protective outline need 
not be preserved, however, except from the 
moment of grounding, and therefore auxil 
iary floats that, do change the outline could 
be used if the same should in any case be re 
quired for conveying the structure from the 
place of construction to the final place of 
erection. The operation of grounding re 
quires no special precautions, for the base is 
so extensive as compared with the depth of 
the water at the final place of erection that 
it will strike bottom with one edge before the 
structure can be inclined to the capsizing 
point. If the structure is leaned even as 
much as indicated in full lines, Fig. 2, it will 
by virtue of the great purchase of the right 
ing force simply turn on such edge as on a 
hinge until the base rests fiat on the soil, as 
shown in dotted lines. When the structure 
has been towed to destination and grounded 
that is, sunk to the position indicated by dot 
ted lines in Fig. 2—it is stable, and the work 
of sinking into the soil can be proceeded with 
leisurely and in perfect safety regardless of 
the weather. Even where the bottom is in 
clined there is no danger, because of the ex 
tensive hold had by the edges of the raft and 

* also because of the great factor of stability 
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of my structure as a whole. Should any scour 
occurat the edges of the raft before the same 
is intentionally sunk into the soil, the struc 
ture would sink until the base C had sunk 
flush with the soil S. The sinking would nec 
essarily be uneven and require subsequent 
correction; but with a base as extensive as 
mine it would neither endanger the stability 
of the Structure nor throw it much Out of 
plumb. Where the bottom is solid, there can 
be no danger of scour, and no sinking into 
the soil is required except for arighting. . 

I prefer to build my base C in the form of 
a caisson and have so shown it in the dia 
gram; but any raft – like foundation which 
may be floated, submerged, and then sunk 
into the ground will answer. In the draw 
ings the edge of the base C is at two diame 
ters from the tower, so it shall be well out 
side of the scouring-whirls. This proportion 
is not absolute; but in ordinary cases it se 
cures full protection against scour and cer 
taiinty that the base will strike bottom before 
the structure can be leaned to the capsizing 
point. At the same time it reduces the load 
per unit of bearing - surface to about one 
twentieth of what it would be according to 
the usual practice. The margin of safety is 
so large that borings for testing the soil be 
come superfluous. As such borings are costly 
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and often unreliable and also cause delays, 
the possibility of dispensing with them is a 
great advantage. My caisson may be higher 
than shown. I prefer, however, to make it 
not higher than required to secure the needed 
transverse stiffness and the buoyancy neces 
sary for floating the structure. In this way I 
reduce the draft, which is already very light 
owing to the great horizontal extent. Light 
draft is so great an advantage where shoals 
are shallow that upon it alone may depend 
the practicability of erecting a tower in a 
given location. When the structure, which 
is non-capsizable, is also made self-buoyant 
and self-simkable, the process of building and 
erecting in all its completeness reduces itself 
to the following simple steps, which are all 
performed without the aid of external appa 
ratus except such as may be required for tow 
ing, to wit: first, building at the nearest con 
venient place a rigid base of the horizontal , 
extent and of the height determined by the 
conditions specified above; second, building 
on this base a rigid superstructure firmly con 
nected with the base to form a riigid com 
pound structure having a total heightgreater 
than the depth of the water at the final place 
of erection; third, floating to the final place 
of erection; fourth, grounding; fifth, exca 
vating to righten the structure and to sink 
the footing into and substantially flush with 
the soil; sixth, completing the tower or pier. 
I prefer to design the base to float the whole 
of the tower, as shown in Fig. 2, so the tower 
may be completed in the second operation. 
This is generally possible in using my method 
and is one of its great advantages over the 
old practice. The fifth operation may, as ex 
plained earlier, in certain cases be automatic, 
and the excavating is then omitted except to 
perfect the righting of the structure. 
The apparatus necessary for floating, for 

grounding, and for excavating are all con 
tained within the structure. Every step of 
the process is simple, safe, and sure and in 
sures safety in the steps that follow. 
To better illustrate the differences between 

the old practice and mine, I have shown mine 
in the accompanying diagram as applied to 
a tower similar to the above-mentioned An 
derson and Barr or Diamond Shoal tower. 
This tower was lost before completion, as be 
fore stated, owing solely to the inherent de 
fects of the old system, which had been car 
ried outin as perfect a manner as possible 
and at great expense. The Anderson and 
Barr tower had a cylinder foundation ter 
minating in a caisson, both added in dotted 
lines at F and C'' in my diagram, where they 
are drawn exactly to scale as given in the 
report of the Light-House Board for 1890, 
page 222. 
My method when I use a caisson - raft is 

seen to be a radical departure from the old 
caisson method in that it changes the func 
tions of the caisson. In the old practice the 
caisson is virtually a continuation of the tower 
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amd is used to reach by sin king a solid sub 
stratum HR, immediately under the structure 
to be supported, substratum which may be 
deeper than the caisson can be carried. In 
my method the caisson is extended laterally 
to form a rigid table which is su n k in to the 
soil for the sole purpose of arighting the 
structure and of making the upper surface of 
the caisson as nearly as possible continuous 
with the sea-bottom. It covers those parts 
Of the Sea-bottom which vvotulli other wise be 
subject to the scouring action. It transmits 
the load to parts of the sea-bottom which are 
not beneath the to vwer, and t h t s distributes 
the load over the large area which in the old 
system is covered with riprap. Ri prap, as 
before stated, by producing secondary ed 
dies and whirls extends the scoturing action 
of the tower and is easily washed in, where 
as my caission being flush with the stur 
rounding sea-bottom opposes no resistance 
to the flowing water and could not possi 
bly be disturbed except, as a whole. Gen - 
eral disturbance is opposed by the stability, 
which in my structure is several times greater 
than in the old. The gain in stability due to in 
crease in horizontal extension is obvious; b) tu t 
there is an equal, if not greater, gain due to the 
fact that my base is established at as high a 
level as possible. For a light of given height 
raising the base of the tower shortens the 
tower, and therefore shortens the lever-arm of 
the overturning forces of wind and water and 
ice-foes, and thus adds to stability in the same 
way as widening the base does by increasing 
the lever-arm of the retaining force or weight. 
In the old practice the factor of stability has 
never exceeded five and could not be made 
greater without exorbitant outlay. In my 
system it would hardiy ever be as small as 
?ive and can cheaply be made as much larger 
is may be desirable. The great extent of 
the base allows for considerable inequality 
in subsequent settling without throwing the 
structure too much out of plumb, which is 
of great value, especially during erection. 
In the old practice the cylinders, owing to 
their limited factor of stability, often lean 
during erection to an alarming extent. 

i have shown my caisson as extending sym 
metrically in all directions; but in rivers and 
in other places where the water-currents are 
mainly in one direction the range of the scour 
is eccentric with respect to the axis of the 
tower and the foundation may to save meed 
less expense be made some what eccentric to 
correspond. 
My invention is seen to have for its specific 

object to establish the foundation at as high 
a level as practicable, making up for the want 
of certainty and solidity in the soil by hori 
zontal extension of the base, which base is, 
on the one hand, a riigid and integral part of 
the supported structure and, on the other 
hand, a mere continulation of the Sea-bottom. 
The advantages resulting from the above 

practice may be summarized as follows: 

avoidance of scour during and after erection, 
stability during and after ereçtion, avoid 
ance of deep sinking with its hardships and 
expense, avoidance of expensive riprap, re 
duction of draft, avoidance of the expense 
and trouble of testing of the soil by borings, 
and finally as a consequence of all these 
great saving in trouble and expense with in 
crease in general utility and practicability. 
What I claim as my in vention, and desire 

to secut re by Letters Patent, is— 
1. The method of erecting towers or piers 

on submerged groundi, which consists in : pro 
viding the tower or pier with an extended basea 
which will reach laterally beyond the region 
of scour when the tower or pier is finally lo 
cated; then floating the structure to the final 
place of erection ; then grounding the struc 
ture by allowing it to sink of itself, independ 
ent of external appliances. 

2. The method of erecting to wers or piers 
on submerged ground, which consists in : pro 
viding the towe" or pier with an extended base 
which will reach laterally beyond the region 
of scour when the tower or pier is finally lo 
cated; then dispensing with external erect 
ing apparatus by providing means within the 
outline of the structure as a whole, to make 
the structure self buoyant and sin kable. 

3. The method of erecting towers or piers 
on submerged soil, which consists in : provid 
ing the tower or pier with a rigid footing 
which will reach laterally beyond the region 
of scour when the tower or pier is finally 
erected; then sinking the structure to the 
bottom ; then allowing the structure to be fur 
ther sunk automatically by the scour which 
talkes place at the edges of the footing as long 
as the same remains projecting out of the 
soil; then excavating if necessary to righten 
the Structure. 

4. The method of erecting towers or piers 
on submerged ground, which consists in : pro 
viding the tower or pier with an extended base 
or footing which will reach laterally beyond 
the region of scour when the tower or pier is 
finally located; then floating the structure to 
the place of final erection; then grounding 
the structure; then excavating to righten the 
Structure and to further sink it un til the 
footing is embedded in and snbstantially 
flush with the soil. 

5. The method of erecting towers or piers 
on submerged ground, which consists in : pro 
viding the tower or pier with an extended 
base or footing which will reach laterally be 
yond the region of scour when the tower or 
pier is finally located; then providing means 
within the structure to make it as a vyhole 
self buoyant and sin kable; then floating the 
structure to the final place of erection; then 
grounding the structure; then excavating to 
righten the structure and sink it until the 
footii)g is sunk into and substantially flush 
with the surrounding sea-bottom. 

6. In the establishment of subaqueous foun 
dations for towers or piers, the method of 
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a voiding scour, which consists in first pro 
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viding the tower or pier before final erection 
with a footing which will extend laterally be 
yond the region of scour when the tower is 
finally erected; then erecting the structure by 
allowing it to sink of itself, independent of 
external appliances. 

7. In the establishment of subaqueous foun 
dations for towers or piers, the method. of 
avoiding scour, both during and after erec 
tion, which consists in providing the tower 
or pier, before grounding the same, with a 
footing which will extend laterally beyond 
the region of scour when the tower or pier is 
finally located. 

S. In the establishment of subaqueous foun 
dations for towers or piers, the means of avoid 
ing scour which consists in a laterally-extend 
ed foot of the tower or pier, substantially at 
the upper level of the soil beyond the scour ing region. 

9. A marine tower or pier provided with a 
submerged foundation integral there with and 
extending laterally therefrom at substantially 
the surface-level of the submerged ground. 

10. A marine tower or pier provided with a 
foundation integral there with and extending 
laterally there from to a distance beyond the 
normal action of the scour due to the wash of 
the water against the upright structure. 

11. A marine tower or pier provided with a 
foundation integral there with and extending 
laterally therefrom at substantially the sur 
face-level of the submerged ground to a dis 
tance beyond the normal action of the scour 
due to the wash of the water against the up 
right structure, whereby stability and safety 
against undermining are secured. 

710,658 

12. A marine structure comprising a raft 
like base and a superstructure connected 
with said base to form a compound rigid self 
buoyant and self-sin kable structure having a 
total height exceeding the depth of the water 
in which tlhe structure is to be sunk for erec 
tion. 

13. The combination with a metallic tower 
or pier, of a laterally-extending shallow me 
tallic foundation rigidly connected with the 

| tower or pier, to form there with an integral 
structure and adapted to be floated for trans 
portation and sunk for erection. 

14. The combination with a tower or pier, 
of a shallow caisson foundation having the 
horizontal extent necessary to reach beyond 
the range of the scouring action due to the 
tower or pier. . 

15. The method of erecting towers or piers 
on submerged ground, which consists in ex 
tending the foot of the tower or pier laterally 
beyond the range of scour, then räising the 
tower or pier to a height greater than the 
depth of the water at the place of erection, 
to form a rigid, light-draft, self buoyant and 
sin kable structure, then floating the struc 
ture as a whole to its place of erection with 
out external apparatus, then grounding the 
structure, finally, sinking it into the soil un 
til the extended base is sunk substantially 
flush with the surrounding sea-bottom. 

In testimony whereof I have signed my 
| name to this specification in the presence of 
two subscribing witnesses. 

EDMUND BECIKER. 
Witnesses: 

JOSEPH BECKER, 
(GUY E. PADGETT. 
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