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BYLVAIN LOUIS BAVIER, OF PARIS, ¥ B

- SHEETING-PILE OF REINFORCED CONCRETH,
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: } A-]ipiicatiop filed: $eptgﬁ;ber'15;"1909. s'i;rial No. :517;810.,

To all whom it may concern;:

- & citizen- of the Republic of Erance, and. a
- resident of Paris, 'France, have, invented ‘a.
5. Sheeting - Pile of Réinforced Concrete,” of

- which the following ig a specification: . -
The ep cf)lc'ylnen"t, of piles’ of reinforced

or ‘hooped cement concrete rammed Jike’

~ wooden piles has become very. general, more--

10- over, sheeting piles of the same kind like-

wise rammed. are also made.’ T
... -The subject of the present-invention is'a
pile ‘which i of-normal form for a portion.

- of its length . (preferably the lower. portion)
15 combined with:sheeting formted in one.there-’
“with or independéntly and mounted thereon.
and extending pver a portion of the length:’

: Lo Fi' 26 is a ergsé section oft‘he_bo%g of the
... Be it known that I, Syvain Louis Ravies, . pil%, 1
-a.plan of a ‘modified form of . interlock be- . -

above or-below the sheeting; Fig, 7 is -
“tween. the edges. of adjacent; piles;. Fig. 8 is
a broken elevation.of another farm o ile; 6
Fig. 9 is a section thereof on the .line;C}liC,.
Fig-!é_s; Fig, 10'is a section on the line A—

.or B—B, Fig. 8; Fig. 11.is'a broken fleva-
tion of a further modified form of - ile; .

 line A—A..or B—B, Fig: 113 Fig. 14 is a
side " elevation ‘of a structure showing: my

-|.pile employed in. connéction with anchor
plates therefor; Fig. 15 is n}%lan‘ of the same 70 .
i

_showing the anchor plates; Fig. 161s a side -
-elevation ‘of another form.ef stfucture in

-of the-pile, (preferably the upper. portion) | which my' improved pile and anchor “plate

. so that the pile is'adapted to be driven in. s
. 20. readily as ‘the usual plair pile while at the
~ desired. point it ‘has the width. of ‘Sheeting
and is thus adapted for.use-in -foriming -
uays, dams, embankments, jetties and dikes,

-for preventing the underminixg of the foot -
25 of quays, ete. - o oo

At its apper_extremify the pile is:prefer-
- ably“formed of normal cross sedtion to fa- ,
. cilitate ramming.  "For man ‘applications -
_the part forming thé pile will.-be driven in
30 while'the part forming’ he.sheet;iﬁg‘:wm;ngsﬁ;‘
"-above the ground. In other -gases-the en:
larged part will'also enter: the ground 1o s
_greater oriless extent. ..~ . T
~ The"improved  sheeting pile ‘ma¥" in, ac--
35 cordance va')ith"the‘ present 'igverxti()i;y be con-.
structed in varieus ways. - The body formed,
of concrete may have embedded therein steel’
. .bars which are suitably arranged in any suit."
. _-able ‘manner. in “accordance. with erdinary |
_ 40 -principles obtaining in reinforced Concrete -
" -structures: -Generally..it would . appesar: to.
be advantageous to so"construet the pile.hat ;
& core in-substantially the form of, theinox--
1, .- al.straight pileds maintained throughout
48] its lengtl, the sheéeting being ‘added. to, the -
-desired fraction of the height.', .; :
the ac lying diagrammatic draw:
isa ,brgken'.jeg_’lrg‘ ationof a pile
If)d.i.@d in one

. ings—Figure 1 i en-eleva
in which my invention is emfx
- 50 form: Tig.'2'ls a"section of f )
Imed (;g Fig: 1;Fig g iga ion’ on tl
line A—A ‘or BB, Fig. 1t Fig. 4 is'a
broken é_le?ﬁt’-ion:bf-"a_mod%ﬁed rm of pile;

are employed ; Figs. 17 and 18 are side ele:”

‘pile is employed in different forms for. dif-
?erent purposess Fig: 19 is a plan view of &
. sufgested -arrangement of the ?iles' for a
breaglivi(ater'; .Fig. 20 is,a side elevation-of

~two portions; Fig. 21 is a.cross section o ‘the
“lower: ‘portion of ‘a .pile. having: _sheeﬁmg
adapted to be ‘driven. Into the ground; and; .
Fig. 22 is a plan of ‘another suggested .ir:
 Tnthe -wirious figures the concrete body

of the pile and it& sheeting' is shown in- dot--

‘ted lines, and. the reinforcing: bars :in full
- lings, and tke size of the sheeting ‘is reduced *

.or_core.. The pile- proper is of Square sec-
tion as shown in-Fig. 8. dnd is-reinforced
by longitudinal bars o with transverse con-
nections b, the lagter: being spdced closer to--

the same and, enable it to withstand injury.
diiring ramming. * The gheeting, the section ,
:of which is indiedted jn Fig. 2, at Ol fimpr

‘nected one with;the other at their points of

infersection ;in. sccordance with ‘the usual

+{ Practiee in concréte structures,: At its lower 1
e | extrerhity the pile may be

: 3 fitted with a sheet
metal cal ¢ the end of which-is filled with
.¢ast iron and ‘cappe its’ head for ram--
ing in_accordatice wit "the processes -

o Flg. 5 is'a plan thereof;<llustrating also the
55 metiiod of interiock between'adjacent piles;

used :for r¢inforced concrete piles: Instead 1

N

0.

 Fig.'12 i assection thereof on the line —C, 65
| Fig. 11; Fig. 131 a-section thereof op the

vatigns of structures.in which my improved: 75.
modified . form of pile with the sheeting in g¢
—ra%émént_éf the piles for a breakwater.. gg

in proportion to the size of the pilé proper. 80

gether at the top of theypile to strengthen ps

is:veinforced by transverse bars 4 and ¢ and . .
longitudinal. bars j and ‘%, the.number of 100
.-| which ' yaries according. to .circunistances,
> {-The .bars,.axe 0f, course appropriatély con-.

c5
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. of being of 4 constant width for special pur-
poses the sheeting may be of variable width
and present a.more or less complicated or
irregular contour. R

6 “In Figs. 4, 5 and 6 the pile coré is hooped
w5'¢ the reinforcing of the sheeting is a
plate of expanded metal D. The edges of
the sheeting are offset to afford a convenient

joint with the edge of the adjacent pile, to’

10 which it may be united by pouring ceinent
or other filling material into the space z, ¥,

z;¢. Instead of a joint like that illustrated -

in Fig. 5 that shown in Fig. 7 may be sub-
‘stituted or an
15 tion may be adopted. In Figs. 4 and 5, the
_ slieeting is strengthened by buttresses the

- form of which is indicated at m, n, p, ¢, In

- Plig. 4 and &, 7, 5, f in Fig. 5, these but-

_ tresses being themselves reinforced by bars ?
20 a5 shown in Fig. 5. Vertical reinforcing
. ribs might likewise be provided in certain

- cases, in. the manper indicated in Figs. 14,

- 17 and 18, Instead of a single reinforcing

bar {, two bars may be provided at each pier

25 or counterfort as shown in Figs. 8.and 9.
Figs. 8, 9 and 10 represent a.modification
* in: which' the sheeting is not integral with
- the pile but is merely fitted on it. This ar-
rangement is specially intended - for cases

30 where the irregularity of the driving of the

.. piles is troublesome and for sea works where
- the sheeting would constitute an impedi-
ment during the ramming owing to the ac-

_ tion exerted upon it by the waves. The piles.
35 are first rammed and then the sheetings are-

fittéd on _them and allowed to descend.
When desirable, for example in' forming a
dam,  the - sheeting itself may be slightly

been driven in and which serve to support
. the gheeting. o R
InFigs. 8,9 and 10 the sameletters of ref-
" erence are used ag in the preceding figures
45 for like parts. In order to simplify the
~ drawing the reinforcing bars of the pilé
havelmot ‘been indicated in Fig. 8 through-
out the entire length of the pile but only at
the ends.  The square », w, ¥, #z in Fig. 9
represents both the exterior of the pile and
the hole in the ribs of the buttresses of the
sheeting by means of which the said sheet-

50

helix & coiled upon a rectangle of round
‘bars a. "Theé sheeting™is” reinforced verti-
“cally upon one of its faces by a sheet of ex-
Eanded_ metal D and. upon the other face
o 0¥ Yertical bars j.and . o :
°. - -Figs. 1.to 10 represent.the sheeting piles
~-with a lighter sheeting. "Figs. 11 to I3 rep-
“resent a strong and simpler censtruction 1n

" which ‘the sheeting is only an enlargement

o5 ‘of the pile without diminution in thickness.

7
7

- other of suitable construe--

rammed subsequently by special means, in- |

-dependently of the piles which have-already -

ing is passed on ‘to the pile. "By way of
example the (i)ile‘ is shown hooped with a-

062,784

cially applied to the écoriomical corstrictioft

of jetties or dikes. . In this case the sheeting
piles are strengthened to resist the waves by
means of ordinary wooden piles or prefer-
ably reinforced cement. or _I})looped cement .70
piles arranged behind them. The arrange-
ment shown in Fig. 14 is given by way of ex-
ample where A D is the sheeting pile and E

H and J M are ordinary piles;. B.G,.F, L~

and A Farestruts and BF, F K, A ¥, and 75

E J are horizontal’ connections. Tle: piles
may be provided in advance at one or more
points in their height with fittings for the
connections to be made at the points-A and -
B; E I and G; J K and: L. “The fittings 80
for the points G- and L are specially -de-
vised for a connection easily effected under
water. " As far as possible the points B F
and X should be a little.above the level of -
low water & m the high water level being 85

represented ‘by A n. The lengths of the

rammed piles may then be reduced to B D,

I’ H, K M, the upper parts A B, EF,J K,
being constructed and  connected subse-
quently. The sheeting piles might also be 90
consolidated by piles planted obliquely as
shown in Fig. 16; the arrangements in Figs.

14 and 16 might also be combined. Owing

to the great pressure exerted by ‘the waves
each sheeting pile AB C (Fig. 14 or 16) will 95
act in the manner of a part subjected to greal
flexure between A and B on the onéhand and
betiveen B and C on the other hand.. Tn
order to resist this flexure the pile may be
given a rectangular-section elongated in the
direction perpendicular to the sheeting and
strongly reinforced or there may be added to
the sheeting preferably behind (on thejetty

100

side) vertical ribs of strongly reinforced ce-

ment forming one with it and .of uniform
height or rather in form of equal resistance
corresponding to the curve of-the bgnding
moments. . I R 1

The jetty of the type illustrated.ih Eig.
14 or 16 may be completed in case of urgency 110
by large slabs of reinforced céfnentarranged -
flat on' the ground extendin considera%ly

105

in front of the piles which! pass through .

them with a square or rectangular fitting
which snaintains: th# slabs well in: position.. 115 -
The object of this /arrangement:isfto pre-
vent the hollowing action of the waves in
front of the jetty. -The slabsrepresented at
N G in Fig: 14.4nd at P Q' R S i Fig. 15

overlap slightly-at the lines of jinction if 120

necessary. They may be more-or Jess com-’
-plicated in form -an

construction; so as to

adapt' themselves to the ground and resist

.the lifting action of the waves. -

* Rigs. 14 and 16 show sheeting piles on ope 125

 side 'of the jetty only, that is to say the. out--
- side but if desirableé they may he provided
‘on both ‘sides and then the supplementary
: ; .piles and struts are arranged for .resisting-
. The improved. sheeting pile may be spe- |-

the waves which may come up on the two 130
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sidgs’ res%)éctiv'ely. _ Another ma;?itime a{)pii-
cation of the sheeting pile consists in p

Py

pendent of each other as shown in Fig. 17,
A line of sheeting
will break the action of the waves and ren-
der the water calm behind it in proportion

to- the ratio between the filled and vacant

spaces in the seort of vertical grating opposed
to the ‘waves. If it be desired to prevent

agitation of the surface while at the same

time allowing the water to flow freely be:
neath, the arrangement illustrated in Fig. 18
may be adopted.

Jorder to shortenthe piles they may terminate |
- foot of the sheeting piles when the arrange-

Lelow the level of high water which arrange-
ment allows the agitation of the surface to
pass freely at high water and only stops the
ground swell as shown in the right hand of
Fig. 17. If at a certain distance behind a
line of shéeting piles of one of these three
types, another line is arranged a fresh dead-
ening of the waves will result. Three suc-

cessive lines or even moré may. be provided

according to circumstances so as to obtain
behind the last line either a perfect calm or
merely the degree .of calmness desired. In
order to produce a perfect calm the sheeting
of the last line may be arranged almost con-
tinuous as shown in Fig: 19. The lines of
sheeting piles thus formed are readily main-
tained because if some of the piles are de-
molished by a storm it is only necessary to
add others at the side. ' o
In order to vendar the sheeting piles bet-

ter able to .esist the effort of the waves ver-
tical cement ribs strongly reinforced may:

be ndded to them or the pile.proper may be

given a rectangular section elongated in the

irection perpendicular to the sheeting,
Each pile maﬁ
t

the level of the ground or slightly below -it

as having to experience at this point the

strongest bending moment so that it is at

_this height that the ribs or the inerease of

section of the pile in the direction perpen-
dicular to the sheeting should be greatest.
By forming -a suitable hypothesis ag to the

pressure of the waves per unit of surface it |

ssible in each case fo calculate the bend-
moments of the pile at the different

18
ing

heights and to deduce therefrom a rational |
system of ribbing or reinforcement.

In order thut the embedding may be iin:
proved in proximity to the place where the
pile enters the ground and especially if this

eropld is not stable, it is advisable to drive .

the'sheeting in slightly or if the sheeting is

of (he type represented in Fig. 18 to add to.

the pile-a wing of sheeting at the place
where it* enters the ground (¥Fig. 20).
I'rom (he same point of view the pile might
be given a T-shaped cross section for the
whole or a part of its embedded length-as

eenrd

ant-'|
. ing the sheeting piles in disconnected lines’
where the piles remain completely inde-

piles thus constituted

On the other hand in-

be considered as embedded to .

.showﬁ in Fig.'21; the tpper bar of the T
thus constituted is appreciably narrower
than the sheeting existing above: = =

- Fig. 22 represents for the lines of sheet-

ing pil_e_s,' a modification consisting ‘in- ar-
ranging the units slightly obliquely. With

0

‘this arrangement the force of the sea passing -

through the first line of piles will be. par-
tially deflected laterally parallel with this
line as indicated by the arrows which will

upon the second line of -piles which -may
either be of the same oblique type with &

| different inclination or of the known oblique
-type previously described.. '

In order to prevent uh_dermining at t'hé_

ments illustrated 1 Figs, 17 to 19 and 22
are adopted, slabs of reinforced cement may

_be used; the piles pass through these slabs
' and retain them as described with réference’
to the arrangement shownin Fig.14. Holes

may be provided in. these slabs for the re-

<75
"be “advantageous in diminishing" the effort .

80

85 .

ception of supplementary piles in case - g

‘repalrs are necessary. The screens. of lines
of sheeting piles formed in the manner de-

90

scribed may be used for protecting works of -

any kind. In particular if the sea is gen-
erally very rough in the locality such screens
may be arranged-in front of jetties of the

type represented in Fig. 14 of the present
ed the strain on -
such jetties. On-the other hand if the con- -

invention thereby ‘reducing

.ditions of the sea dre relatively calin so that
the piles are not subjected to excéssive shocks
and so. that there 1

that the waves in br%u’ ing against the piles
‘will send up excessively high jets or sheets
-of water, it is possible in a screen of lines of
disconnected -sheeting piles of-the type illus-
trated in Fig. 19.to connect the heads of the

95

100

ractically no danger

lob

sheeting piles, arrange planking upon the -

 transverse connections and thereby. consti-

tute a jetty differing from that represented
in Fig. 14 owing to'the fact that the ses will
become deadened below instead of in front.
Ties half way up and obliquely arranged
may be also fitted between the piles as shown
in Fig. 14. - o s

I claim as my invention:
1.- A single pile of reinforced
concrete having an enlarged portion extend-
ing beyond both sides of the pile and con-

| stitufing a monolithic sheeting, but being

of ordinar

cross-section at its.lower "or
pointed énd. - '

2. A pile of reinforced or hoaped concrete |

or hooped -

110

115

120

having an enlarged portion “constituting -

~sheeting, ‘said sheeting portion being inde--
-pentent of the pile. core and being adapted-
to be passed on said core after the latter has.

been-ramined, substantially as ‘described. -

3. A»single pile having
tion . extending beyond both sides’thereof
constituting a morolithic.sheeting, the ver-

125

an ‘enlarged “por-

180
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tical edges of said sheeting bein%' shaped ‘to | permit the passage of said’ point‘edb end:
engage the edge of an adjacent sheeting and -therethrough, substantially as -described.

form an open joint therewith adapted to.be
filled with a suitable binder, substantially as

5 described. ' ,

4. A pile of reinforced or hooped concrete
having an enlarged portion  constituting
sheeting but being of ordinary cross section
at its lower or pointed end, in combination
10 with anchor plates of concrete perforated to

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

SYLVAIN LOUTS RAVIER.
Witnesses: T o
Cuarres DrURY,

Eveexn HeMET.



