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To all whom it may concern:

Be it known that I, WILLIAM WALLER CAR-
SON, a citizen of the United States, residing
at Knoxville, in the county of Knoxand dState

of Tennessee, have invented anew and useful

Improvement in Ripraps; and I do declare
that the following is a full and clear deserip-
tion of myinvention,which will enable others
skilled in the art to which it appertains to
malke and use the same. -

The principal use of riprap is to. plotect
the shore or bed of a stream, lake, or ocean
from scour. - It mmay act main]y by breaking
or deflecting the waves or currents, or it may
act mainly by retarding them. Natural rip-
rap—that is, stone—is nearly always used
when the action is tobe of the first kind,pro-

-vided the stone can be had at low enough cost;
but when stone is costly or when to induce

action of the second kind the riprap must be
of special shapes resort must be had to ar-
tificial riprap. 7This last has played but a
small part in the engineering history of the
world, for in the very nature of the case ar-
tificial riprap must in most cases be made
largely of wood, since no other known mate-

rial able to resist waves and currents com-

pares with it in cheapness and in the facility
with which it may be worked into desired
shapes; but for the reasons given a few lines
farther on the eifort to use Wooden riprap has
only met with successin exceptional cases,and
so the engineering profession has been so se-
riously hampel ed in some places by the lack
of a riprap su
the lack of a riprap suifable as to form and

size of its unit-pieces, that great engineering

problems otherwise possible remain unsolved
as yet. 'T'his 1s nombly tme in the matter ot
river control.

In order to use wood as a riprap, a sinker
is needed, and the great hindrance to the use
of wood as a riprap, and hence to the filling
of this deep-seated engineering want, is the
fact that the world has not hitherto had a
suitable method of applying the sinker. One
method of applying the sinking substance 1s
to place it loose upon the wooden structure.
Obviously this method is limited to shallow
water or to structures of large area, such as
a mat made of brush or poles. The method

ficiently cheap, in others by |

' as a sinker only and contributes nothing to

the strength or shape of the wooden strue-
ture, :ELtld there is reason to believe that the
destruetlon of many mats has resulted from
the shifting of the sinkers, the shifting being
due sometimes to the tilting of the mm while
being sunk, sometimes to the fact that the
mat rested here and there on slopes too steep

originally, and sometimes to the fact that the
i'slope was subsequently made too steep In

places byalocal flow of earth beneath the mat.
It will be seen farther on that my invention
overcomes these difficulties, for I carefully de-
termine beforehand thesize and placeforeach
sinker, and I malke the sinkers of such shape
and firmly attach them to thestructurein such
manner as to aid in giving the latter form and
strength. Moreover, my method of attach-
ment is cheaper than the methods heretofore
used and free from at least one of the objec-
tions shown belowtoinhere to them. In cases
where the sinkingsubstance is not placed loose
upon thestr ucture the oeneral practice 18 to1n-
case it in crates or internal pockets built in the
structure itself. As profusion in use, which
is dependent on cheapness is oneé of the un-
derlying ideas of riprap,itis plain that there
can be no general use of artificial riprap un-
til some cheaper way of applying the sinker
than thatof crating itis devised. Moreover,
the crates themselvesinduce whirls and scour
and so it is scarcely possible to make a good
design for riprap, especially for one to pro-
tect by a gentle and cumulative retardation
of the cnrrent without first devising a better
method of :aJtta,chlzn*DF the sinking substance
than the presentone of cr ating it. Abundant
proof of the correctness of “this conclusion
may be seen in the fact that almost the sole

‘examples in practice of the method of attach-
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ing the sinking substance by placmﬂ it 1n -

cmtes oY pockets are to be seen in cribs, cails-
sons, and spur-dikes, and even these are gen-
er ally too large and on account of their cost
are used too sparingly to be elassed with What
commonly goes by the name of “‘riprap.”

The O‘eneml ideas calling for my invention
ancd met by it may now be Smnmarlzed as fol-

lows:

Tirst. Inorderto minimizethe da,maﬂ e done
to a riprap by a local flow of earth, _the, for-
mer should not be made in large continuous
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areas, (as mats are now made,) but in unit-
pieces, each complete and stable in itself.
Thus a local flow of earth would bring only

local damage to the riprap.

Second. The sinking substance for each
unit-piece should be fir mly fastened to it, but
not by crating.

Third. The sinking substance should aid

~1n holding other members of the unit-piece
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In relative position, so as to save, as far as
possible, the cost of providing special mem-
bers for this service.

Fourth. For service between the levels of
high and low water, as will appear more fully
farther on, the design of the unit-piece should
be such as to allow the wooden members to
be removed and replaced alternately and re-
peatedly without distarbing the position of
the sinkers. ,

IFifth. A unitin order to facilitate placing,
especially if the current is swift, should sink
quickly and without sailing or swaying back
and forth. Ilence it should go down endwise
and,revolvingaboutthe end first striking bot-
tom, should be laid out by the current, and
this upstream end, as it has now become,
should be heavytopreventrolling.
two reasons the sinkers should be applied
largely near one end.

Sixth. It is evident that the second and
third require the sinking substance to be
worked to designed forms or features.

In carrying my invention into effect I am
of course governed in each individual case by
what 1 wish to accomplish, how I wish to ac-
complish it, and by the peculiarities of the
caseitself. Thesedeterminethesizeandstyle
of the unit-pieces of the riprap, the number
of unit-pieces to be placed on a given area,
and the manner of placing them. - Trueecon-
omy often requires that risks be taken, as it
is often cheaper to rebuild in places than to
insure stability at every point, and so I do
not always cover the whole of the exposed
area. »sometimes I place the unit-pieces of
the riprap more or less separale the one from
the others. Sometimes I cover certain areas
by compact groups of unit-pieces and leave
intervening areas bare. It will generally be
preferable, but by no means always neces-

sary, in cases where the protection is to be
of this intermittent type or wher'e there 1s
reason to suspect that a local flow of earth

may cut a swath through the mass of riprap

and so reduce the protection to the intermit-
tent type to use a form of riprap that will act
mainly by retarding the current. For such
service the unit-piece should be an open
frameworl. The particular pattern of frame-
work 1s largely a matter of personal taste.
My own preference is for such a design as is
shown in Figurel of the accompanying draw-
ings; but I use several times as many bents
to the frame as are shown in the drawings;

but in shallow water the frames would some-
times be objectionable on account of their
liability to be struck by passing boats and |

I'or these

607,215

driftwood. Again, for the protection of the

zone between Lh.e levels of high and low wa-
ter on streams which rise only once or twice
a year it is highly desirable that the riprap
shall be of a style which will allow (more

easily than the frames would do) its wooden
members to be taken out and sheltered from
the weather and again replaced when needed.
In these cases, just as in the first case, the
particular pattern of the unit-piece is largely
a matter of personal taste. My own prefer-
ence, for use in shallow water, is for such a
pattern as is shown in Iig. 6 of the accompa-
nying drawings, and for the zone between
high and low water my preference is for such
a patteru as 18 shown in Ifig. § or in Ifig. 10.

The accompanying drawings, already re-
ferred to, consist of two sheets.

IFig. 1 shows part of such a frame as I have
already said I have a personal preference
for for general use. I3 DB are the posts. CC
are the stringers. A A are combined sinkers
and spacers, preferably of brick or concrete.
E is a denser sinker, preferably of metal.
D D are rods upon which the posts, stringers,

spacers, and sinkers are strung and so con-

nected together. I? shows one of a number
of planks or slats which I sometimes add to
ald in retarding the current.

Fig. 2, representing a block A with a hole
through 1t, shows, to a larger scale, the form
in which I make a brick or concrete sinker
when it is to serve also as a spacer.

Ifig. 3 shows, likewise to a larger scale, how
I string the posts I3, stringers C, and the com-
bined sinkers and spacers A on the rods D.
It also shows that I sometimes mold a cap
R, of asphalt or other waterproof material,
around the nuts on the ends of the rods D.

Fig. 4 shows a non-metalliec separator If,
which I use to prevent contact of metals when
a metal sinker K is to be strung upon a bolt,
rod, or other metal member. |

Fig. 5 shows the metal sinker & with its
non-metallic separator I strung upon the
metal rod D, the separator serving also in
this case as a spacer.

FKig. 6 shows the style of unit-piece for rip-
rap which I prefer for use in shallow water.
H LI are planks or scantlings passing between
scantlings ( G, which in turn pass through
metal sinkers IC I¥ and are clamped by wedges
V V. Wooden pins L L, which may be long
enough to stick into the bed of the stream, so
as to make sliding on the bottom more diffi-
cult, aid in holding the structure together.

Fig. 7 gives a side view of a sinker I, with
a sectional view of the scantlings G G and
wedge V.

- Iig. 8 shows a paltern of unit-piece I often

use between the levels of high and low water.

N isasinker, preferably of metal or concrete.
IT I are wooden members which may readily
be slipped out and put under shelter when
the water falls.

Fig. 9 shows how I sometimes strengthen a
concretesinker N by metal rods or straps U U.
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Fig. 10 shows by a pm*tly-sectitmal end .

view of a unit-piece how I apply the sinker
G & and H H are the
wooden members, as shown in Ifig. 6. O 18
the sinker, or ‘‘anchor,” as it might be called
if buried in the earth X, as shown. M is a
bolt and nut or other connection easy to
detach. Thus when the flood subsides the
sinker may be left in place and the wooden

stricture removed as a whole and sheltered

from the weather.

IHaving thus explained the drawings, I pro-
ceed to explain more fully how I carry my in-
vention into effect.
as shown In FKig. 1, I generally use two-by-
four-inch lumber. I place the posts I about
seven feet apart, measured along thestringer
C, making the shortest post about three feet
long and the longest about seven feet. No

matter what style of unit-piece I use, except

where excessive cost or manifest harm would
result, I make sliding more difficult by caus-
ing one or more edges, ends, or points to pro-
ject, so as to indent the bed of the stream.
Thus in these frames I cause the posts I3 to
project, and I generally sharpen their ends,
as shown. I generally make the stringers C
from thirty to sixty feet long, building them,

when cheaper, of several pieces of lumber.

I place the bents from one to four feet apart
and use enough of them to make the frame
about thirty feet wide.
meaning easier to understand, I will here.re-
mark that the part of the frame which I eall
a ‘““‘bent” has its plane at right angles to the
rods D. Thus each of the fonr bents shown
in Kig. 1 consists of a pair of intersecting
stringers C and the series of posts B adjacent
thereto. For the rods D, 1 generally use
round iron one inch in diameter. Ior sink-
ers I generally use brick or concrete or other
cheap and heavy substance capable of being
fashioned according to design; but in order
to induce the frame to sink small end fore-
most (when thrown overboard from a boat)
I weight that end most heavily.

sinkers on the posts and stringers near that
end; butgenerally I simply placein that part
of the structure a few sinkers L of greater
density, preferably of cast-iron. Whenever
possible, I interpose a non-metallic separator
to prevent the contact of two metals and the
more rapid oxidation that would result there-
from. Isometimesincrease the retarding ef-
foct of a frame on the current by adding a few
planks, as shown at P in Ifig. 1. 1 make the
frames,as, indeed, I makeall other unit-pieces
to be nsed in deep water, with tops and bot-

toms as nearly alike as possible, since either

side may turn uppermost in sinking. |
When the water is shallow or when for any

‘reason I desire a riprap that will not project

much above the bottom, I generally select the
style of unit shown in ¥Iig. 6. 1 build this
of planks, say, one by six inches by twenty
feet, placed from one to three inches apart,

If Iselect anopenframe,

In order to makemy

To do this,
1 place larger sinkers or string additional

| a waterproof covering.

passed between and held together by pairs of
scantlings, which in turn are passed through

sinkers K—say of cast-iron and weighing one

hundred pounds each. I place most of the
sinkers near one end to cause that end to
sink foremost and to prevent it from being
raised by the current after it has taken posi-
tion on the bottom as the upstream end; but
the full description which I have already
ogiven in connection with the drawings, both
as to this and as to the other styles of uni-
pieces shown, makes further deqerlptwn SU-
perfluous.

In laying riprap in deep water it 1s gener-

ally cheaper to use an excess of unit-pieces
than to place them carefully where wanted.
So generally in such cases (and speaking now
of the frames of Iig. 1) I simply cast them
overboard from a bo&t with rods D at right
angles to the current. I of course dotermine
theu final positions, as far as may be conven-
ient, by having the boat in proper positions
at time of casting them overboard, estimat-
ing of course theu probable drift. The small
end being weighted most heavily strikes bot-
tom f‘rst, and the frame, carried forward by
the current, revolves about that end until 1t

| finally lies along the bottom with stringers

C appro‘um%tely parallel to the eurrent
When the current is tolerably uniform-and

when I drop overboard just the number of

frames needed to cover 1311e oiven area, they
no doubt lie on the bottom with considerable
regularity. Inothercasesthey withoutdoubt
drift and pile more or less upon each other.
This of course means bare places here and
there; but the mat of slats, stringers, posts,
and spacers, whether a uniform covering or a
tan ﬂ‘led mass retards the current and so pro-
teets not only the areas actually covered, but

uncovered areas in the vicinity, upstream as
This is one of the great ad-

well as down.

vantages possessed by this style of riprap,
for when a flow of earth (such as has so often
brought destruection to the brush mats on our
Western rivers) cufs a swath through the
mass of riprap the surviving portions proteet
the area thus laid bare. In a similar way 1
place unit-pieces of other styles when I lay
them in deep water. When the water 1s

shallow or absent, I of course place them ac-
In such cases

curately where I want them.
my habit is to lay such a unit as is shown
in Figs. 6 or 8 with its heavy end upstreaimn
and ove.]:-laid by the lighter end of its up-

‘stream neighbor, after the manner of a shin-

ole roof. In using such units in deep water

I sometimes throw them overboard in much

oreater numbers than would suffice to cover
the given area.

I often protect the metal, especially the
wrought-iron, that may be used by one or

other of the well-known coatings or protec-

tion processes. I do not claim novelty for
the cap R (shown in Fig. 3) over the nut on
the end of the rod D on the ground that 1t 18
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terproot coverings are put on daily both with
a brush and by immersion. WhatIclaim as
novel is the use of a cap put on by molding.

It is evident that in Fig. 10 a mass of wood
or other light substance, if buried in the earth
X, might be subsmtuted for thesinker O; but
this construction would be but a particular
application of myinvention, asisreadily seen
by regarding the earth asthesinker. Itonly
remains to add that myinvention, whose cen-
tral idea is that of an external sinker fash-
1oned according to design, furnishesa riprap
superior to all others in river-work where it
1S necessary to prevent a bank from caving,
a bed from scouring, a levee from washing, a
crevasse from widening or deepening, in nar-

rowing a channel, closing a chute, directing |

the flow, &e. It may also be used to reduce
the discharge through a crevasse and may
even aid in closing the break in the levee.
It may also be used for submerged sills.

[Having thas fully deseribed my invention,
what I claim as new, and desire tosecure by
Letters Patent, is—

1. A riprap made largely of sawed lumber
and composed of unit-pieces, each of which
1s definite in design, complete in itself, and
1s weighted by one or mor e sinkers of deﬁmte
deswn attached externally.

2. A unit-piece of definite design, for a rip-
rap largely of wood, in which one or more

“planks, scantlings, rods or bars pass through

one or more sinkers.

3. A riprap made of open frames construct-

ed largely of sawed lumber and weighted by
external sinkers made with one or more eyes
or slots to facilitate attachment.

4. A riprap, constructed largely of sawed
lumber, in which external sinkers, shaped ac- |
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cording to design, are attached to the unit-
pieces in such manner as to determine, with
more or less room for play, spacings and di-
rections of the wooden members. |

5. A riprap, constructed largely of sawed
lumber, in which external sinkers, fashioned
according to design, are attached to the unit-
pieces in such manner as to determine, with

‘more or less room for play, spacings of the

wooden members. w

6. A wooden riprap with anit-pieces most
heavily weighted at or near one end.

7. A unit-piece forariprap, largely of wood,

welghted externally and having pm,]ectmn'

members to indent the bottom Gf the stream
so as to make sliding more difficult.

8. Aunit-pieceforariprap, largely of wood,
welghted externally and having pointed pro-
jections to ald in preventing slulmfr on the
bottom.

0. Ina wooden riprap, a anit- -piece, with ex-
terna,l sinkers, constructed with hottom and
top practically alike, sothat whether the one
or the other turns uppermost in sinking the
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same action and manner of action will re-

sult.
10. A unit-piece, for a wooden riprap, with
one or more detachable external sinkers.
~11. In a riprap, largely of wood, a molded
cap of waterproof material over the nut on
the end of a metal rod, to prevent the more

rapid oxidation that would otherwise result

from contact of the metals in presence of
water.

WILLIAM WALLER CARSON.,
Witnesses:
THaHOS. D. MORRIS,
EDWIN WILEY.
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