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My invention relates, more particularly, to
steel sheet-piling structures, as for example to
form the walls of a dock and along one side of
which the filling extends or a breakwater formed
of spaced apart walls with filling interposed
therebetween.

As a preface to the following description it
may be stated that my invention presents, gen-
erally stated, two phases, one directed to the
feature of the tie rods by which the piling struc-
ture is anchored in place to resist the thrust of
the filling back of it, and the other phase relating
to the provision of braces or struts so disposed
as to increase the resistance of the sheet piling
to the forces exerted by the filling and tending
to flex the sheet piling, and thereby permit of the
use of sheet piling presenting commensurately
less inherent resistance to flexing with conse-
quent saving in material.

As to the first-referred-to phase of the inven-
tion, it may be stated that, as is known, the lower
the points of connection of the tie rods with the
sheet piling, within certain limits, the greater the
re§istance- of the sheet piling to flexing under
the forces exerted against it by the filling. How-
ever, as the fill-side of the piling is immersed in
water substantially to the level of the water
at the water side of the piling, it is not possible
in the case of structures as hitherto provided,
to-make the connections of the tie rods with the
sheet piling at the most desirable low elevation
without employing divers for this purpose, with
resultant great expense. )

Tt is therefore one of the objects of my invention

5 to provide for the connection of the tie rods with

the sheet piling at such low elevations without
requiring divers for this work.

Asto the other of the above-referred-to phases
of the invention it may be stated that as struc-
tures have hitherto been constructed, the sheet
piling, under the forces exerted by the filling
and resisted by the tie rods, is flexed into a
single curvature vertically the sheet piling bowing
outwardly between its lower edge and the points
of connection of the tie-rods therewith and curv-
ing rearwardly as a continuation of the upper arc
of its bowed portion, above said points of con-
nection.

My object in this connection is to provide a con-
struction whereby the inward deflection cf the
sheet piling at the portion thereof above the
points of connection of the tie~-rods with the sheet
piling, will be prevented thereby causing a 1e-
verse flexure of the upper portion of the sheet

- piling which causes the sheet piling to be much

(CL. 61—39)

more highly resistant to the forces exerted by the
filling permitting of the use of sheet piling of
commensurately less inherent resistance to flex-
ing than otherwise would be required with conse-
quent saving in material.

Other objects of the invention will be apparent
from the following description.

Referring to the accompanying drawings:

Figure 1 is a broken sectional view of a dock-
wall structure constituting one embodiment of 10
my invention, .

Figure 2 is a broken plan view of the struc-
ture of Fig. 1.

Figure 3 is an enlarged fragmentary plan view
of the sheet-piling forming an element of the 15
structure of Figs. 1 and 2 with the adjacent tie-
rods associated therewith.

Figsure 4 is a view like Fig. 1 of another
embodiment of the invention.

Figure 5 is a plan view of the structure of 20
Fig. 4.

Figure 6 is an enlarged fragmentary plan view
of the sheet piling of Figs. 4 and 5 and the ad-
jacent tie-rods and struts.

Figure 7 is a view like Fig. 1 and of the con-
struction therein shown illustrating the flexing
of the sheet piling.

Figure 8 is a view like Fig. 4 and of the struc-
ture therein shown illustrating the manner in
which the sheet. piling flexes.

Figure 9 is a view like Fig. 1 and of still an-
other embodiment of the invention.

Figure 92 is an enlarged plan sectional view
taken at the line 92 on Fig. 9 and viewed in the
direction of the arrow.

Pigure 10 is a broken plan view of the struec-
ture of Fig. 9.

Figure 11 is a view like Fig. 1 of still another
embodiment of the invention.

Figure 12 is a broken plan view of the struc- 40
ture of Fig. 1L

Wigure 13 is a view like Fig. I of still another
embodiment of the invention.

Tigure 14 is a broken plan view of the struc-
ture of Fig. 13. : 45

Teure 15 is a view like Fig. 1 of still another
embodiment of the invention. :

Figure 16 is a broken plan view of the struc-
ture of Fig. 15.

Tigure 17 is & view like Fig. 1 of a breakwater
construction embodying my invention.

Tigure 18 is a broken plan view of the struc-
ture of Fig. 17; and

Figure 19, a fragmentary plan view of the gy
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sheet piling of Flgs 17 and 18 w1th the adjacent
tie-rods. ;

Referring to Flgs 1, 2 and 3 which show a
dock-~wall - structure - embodying - the' first-re-
ferred-to phase of my invention, 20 represents
sheet-piling driven to position to form the wall
:at one side- of which the body of water, repre-
sented at 21, extends, and at the opposite, land,

- side. of which filling would be positioned on the

ground represented at 22 gs for example to the

- level indicated by the dotted line 23.

The sheet piling may be of any desirable form.-

--As shown it is formed :of vertically- disposed

20

" -cured to.the web portions.-26 at the. opposite-

80
35.:

©

-+ sheet-piling sections 24 of a well known channel
N
. .-posed as'shown and connected together by inter-

form alternate ones of which are reversely dis-

locking slip-joint-forming portions 25 which, in
this particular construction; are located midway
between the planes occupied by the web portions
26 of the sections 24, The -upper- edge of the
structure formed of the piling sections 24 is pro-
vided -with-- & wale,- forming stiffening means,
shown as formed of angle irons 27 and 28 se-

sides of the sheet piling; and extending substan-

tially the full width of the sheet piling and a
"plate 29 extending along the tops of the hori-

zontal flanges of the angle plates:27 and 28 and
secured -thereto in any desirable way.
~ The wall structure also comprises tie rods 30
acting in tension at the land-side of the wall and
connected with the sheet piling 20 and with
‘anchorage = structure = comprising anchors 31
shown as formed of pairs of anchor piles 32
and 83 driven into the ground to converge up-
wardly ‘and braced as indicated at -34, and a
cross timber 35 extending along the. series of
piles 32 and 33 and connected therewith.

The tie rods 30, shown as connected with the
-outermost: row of ‘web portions 26 and with the

"“eross-timber 35, each comprises a plurality of

- 45
49 secured ‘at their other flanges 41 to the web

50

60

sections 36 and 37, the rod sections 36 being
pivotally secured to the web portions 26 referred
to, as by pivot pins 38.extending through eyes
362 on .the rod-section 26 and carried by the
‘opposing spaced-apart flanges 39 of angles plates

portions 26 referred to, the other ends of the

‘rod-sections 36 being connected at clevises 36b
-with the adjacent ends of the rod sections 37, as,

"by. pivot pins 42, The rod sections. 36 extend
at their inner,. threaded, -ends 43 through the
_cross-timber 35; and are provided with nuts 44
screwmg thereon for adJustlng the tension of the

stie rods.

The. rod sections 36 Whlch in practlce would

_ be'connected with- the sheet piling 20 as stated

before the latter is driven.to place, are prefer-
ably of such length that-when swung upwardly
-substantially into. the dotted position shown in

"Fig. 1 they will extend at their upper ends

- slightly. below the top.edge of the sheet piling 20

857

0

and ‘in the flnal position to which the. sheet

-piling. is driven they will extend above the level

of the water on the land-side of the wall struc-
“ture and which level is the same as the level of
the water at the opposite 51de of the Wall as
shown in Fig. 1. - -

The sheet piling 20 having been driven to ﬁnalr c
.position as shown, ‘the rod sections 37 are con-

‘nected with-thé free ends of the rod sections 38

. by the pivot pins 42 ‘and these sections then

16

relatively - swung: toward -straightened position,

the sections 37 being inserted through the cross- -

timber-35 and the nuts 44 then applied to the

~a dock-wall structure,

2,018,423

tie rods and adJusted It w111 be obvious that, if
the sheet piling is not in true alignment after

'driving, it may be brought to alignment by ten-

sioning some of the tie rods more than others or
in extreme cases by leaving some of the rods
icose, whereupon the latter will be tensioned
against the nuts by pressure of the filling when
placed.

By providing the tie rods 30 In sections as
stated, they may be connected with the sheet
piling 29 to extend at such points of connection
at any desired elevation in the finished structure
without requiring the connecting of any parts
while submerged. in the water.
in Fig. 1 the tie rods 30 may be connected with
the piling at an elevation far below the level of

10

Thus as shown .

15

the water and highly effective in the functioning .-

of -the sheet piling in resisting flexing forces. to
whiech it is subjected by the filling charged into
the ground at the land-side of the wall.
Referring to Figs. 4, 5 and 6, which also show
the - structure - therein
shown incorporates not only the sectional tie-rod
feature of the preceding figures but also the other

~ of the above referred to phases of my invention..

This structure is the same as-that shown in Figs.
1, 2 and 3, the same numerals being applied to
similar parts, with the addition of means inter-
posed between the upper portion of the sheet
piling 29 and the anchors 3f for resisting deflec-
tion of the top edge portion of the sheet piling,
toward . the filling, under the forces exerted by
the filling and outwardly flexing the sheet piling,
these means comprising struts, or braces, 45; con-
nected, as for example, by welding, to the angle
irons 21 at the land-side of the wall structure
and, in any suitable way, tothe cross-timber 35.

The functioning of the struts 45 is illustrated

by the comparative showings in Figs. 7 and 8

representing, respectively the structures shown in
Figs. 1 and 4; Fig. 7 showing the manner in
which the sheet piling 28 flexes under the forces
exerted thereagainst by the filling when no such

- struts - are used, from which showing it will he

noted that the sheet piling flexes into a single
bowed condition; and Fig. 8 showing the man-
ner in which the sheet piling flexes when. asso-

ciated with the struts 45, from which showing it-
-will be noted that the sheet piling 20 assumes .

double reverse curvature with the plane of con-

tra~flexure between the points of connection: of

the tie rods with the sheet piling and the lower

20
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edge of the sheet piling, thereby greatly enhanc- -

ing the stiffness of the sheet piling and permitting
of the use of sheet piling having much less in-
herent resistance to flexing and thus of much
lighter weight, for any given amount of force to
be resisted, than in the case of ‘a structure 1n
which the struts 45 are omitted,

Figs.'9 and 10 illustrate the fArst above re-

ferred to phase of my invention as incorporated-

in a dock wall structure built adjacent, and be-
yond, a line of piling, such as a previously in-
stalled dock wall and represented at 46,

In -this  construction - the sheet p111ng repre-
sented at 47 is shown as of the same construc-
tion as the sheet piling of the: precedmg ﬁgures
of the drawings.

55
60

65

.The tension means co—operatmg Wlth the sheet

piling 47 comprise tension rods represented at

48 and connected at one end with the sheet piling

as in the case of the rods 36 in the preceding

figures of . the drawings, these rods being pro-
vided in-pairs and converging as shown and con=

A
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nected at their other ends, formed with clevises
49, to ears 50 provided on webs 51 connected
with upper and lower plates 52 and 53 super-
posing, and spiked through holes 54 in the plate

;8 93 to, a timber 55 secured to the top of the piling
46. The tension means also comprise rods 56
connected at clevises 57 with the webs 51 and ex-
tending to anchorage structure represented gen-
erally at 58 and of the construction shown in

10 the preceding figures tc which these rods are se-
cured in a similar manner as shown,

The sheet piling 47 is thus anchored to the
anchorage 58 which resists the tensile stresses
exerted in the rods 56 by the sheet piling 47 under

18 the forces exerted by the filling at the land side
of the sheet piling. =~

As will be apparent the provision of the tie
rods 48 pivoted to the sheet piling 47 permits of

the connecting of the tie rods with the sheet’

20 piling at a relatively low elevation with the ad-
vantages as hereinbefore set forth.

The construction shown in Figs. 11 and 12 is
the same as that shown in Figs. 9 and. 10, to sim-
ilar parts of which the same numerals are ap-

28 plied, except for the addition of struts or braces
represented at 59 which extend between the up-
per terminal edge of the sheet piling 47 and the
members which connect together the rods 48 and
56 and serve the same purpose as the struts of

30 the preceding figures of the drawings, the struts
59 being secured to the sheet piling as for exam-
ple at the angle iron 27 as shown and to the
means connecting the rods 48 and 58, in any suit-
able way, as for example by welding them in

3% position.

The construction shown in Figs. 13 and 14,
which also involves the two above referred to
phases of the invention, is likewise a dock wall
structure and is provided where an obstruction,

4¢:>such as an old dock wall, would extend hetween’

the location of the sheet piling and the anchors
and it is desired that the tension means for the
sheet piling clear such obstruction.

This construction involves sheet piling 68, as

45" for example as in the case of the construction of
the preceding figures of the drawings, which
would be located outwardly beyond an obstruc-
tion, such as an old dock wall represented at 81.
Tie rods represented generally at €2 connect

50:~the sheet piling §9 with the anchorage structure
represented generally at 63 and of the same con-
struction as that shown in Figs. 1, 2 and 3, these
tie rods being formed of a rod section 64 pivoted
at its outer end to the sheet piling 60 at a rela-

55 tively low elevation below the level of the water,
a, second rod section 65 pivoted at its outer end
to the upper edge of the sheet piling §0 and a
third rod section 86 connected, by means of a
pin 67 carried by a clevis 68 on the outer end

60::0f this rod, with the inner ends of the rod sec-
tions 64 and 65 and at its inner end with. the an-
chorage structure 83 as explained of the rod sec-
‘tion 37 of Fig. 1, the length of the rod sections
64 and 65 being such that the tie rod structures

65-"referred to clear the wall 61.

The sheet piling 60 is associated with struts &8
shown as interposed between the top of the
sheet piling €8 and the anchorage structure rep~

.~-resented generally at 63 and located between the
s “tension rods referred to of each pair thereof as
shown,  these struts serving the purpose of the
struts as provided in accordance with the preced-
ing figures of the drawings.
ys' 0 Figs. 15 and 16 show a dock wall structure hav-

ing tie rods provided substantially at the water
line in accordance with common practice, the
dock wall structure shown having incorporated
therein means in accordance with one of the
phases of my invention for bracing or strutting g
the upper edge portion of the sheet piling.

In this construction the sheet piling repre- |
sented at 78 and which by way of example may be
the same as in the construction of the preceding
figures of the drawings, is associated with single 109
tie rods 7i connected at the water line with the .
sheet piling 70 and anchored to anchorage struc-
ture T2 as for example of the same censiruction
as the corresponding anchorage structure of the
preceding figures of the drawings. 15

To strut or brace the upper edge of the sheet
piling 79, struts, or braces, 73 are interposed be-

ween the sheet piling 76 at its upper edge and the
anchorage structure 72 and operate as in the case
of the struts of the preceding figures of the draw- 20:
ings.

Figs. 17, 18 and 19 represent a breakwater con-
structicn embodying both phases of my inven-
tion. In this construction two sheet piling struc-
tures T4 spaced apart to receive the fill 75 and 2§
each shown as constructed of sheet piling sec-
tions as in the case of the construction of the
preceding figures, are provided, their upper edge
portions having wales 76, forming stiffening
means, shown in the form of I-beams. 30

The sheet piling structures 74 are associated
with tie rods 77 shown as connected with the sheet
piling at a substantial distance below the water
line and inclining upwardly toward the opposite
sheet piling structure and connected at their up- 3§::
per ends with the wales 18, these tie rods thus
extending in Intersecting relation thereto as
shown.

The tie rods 71 comprise lower sections 18 at
the lower ends of which they are pivotally con- 40
nected at 79 with the sheet piling 74 as in the case
of the structures of the preceding figures of the
drawings, upper sections 83 connected with the.
wales 16, and intermediate sections 81 which are
connected at their lower ends, as by pivot pins 82, ¢5:
with the upper ends of the rod sections 18, and
at their upper ends with the sections 88 by turn
buckles represented at 83. Thus provision is made
for connecting the tie rods with the sheet piling T4
at an elevation considerably below the level of the 503
water and without requiring the use of a diver.

The upper edges of the sheet piling 74 are braced
against inward deflection under the forces exerted
against them by the fill 75, by means of struts 84
shown as cross beams, extending from one to the 54::.
other of the sheet piling structures 74 to which
they are connected in any suitable way as through
the medium of angle plates 85 connected to the
ends of the struts and to the inner flanges of the
wales T6. 60y

Under some conditions the struts, when used,
may engage the strut piling at a point considerably
below the upper edge of the sheet piling, in which
case the wales would be secured to the sheet piling
section at the elevation at which the outer ends 65:-
of the struts would be located.

While I have illustrated and described certain
particular embodiments of my invention I do not
wish to be understood as intending to' limit it
thereto as the same may be variously modified and 70
altered and the invention embodied in other
forms of structure without departing from the
spirit of the invention.

What I claim as new, and desire to secure by
Letters Patent, is: 75
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1. A wall structure comprising sheet piling, an-
chored tie -rods engaging said sheet piling and
formed -of sections certain of which are pivotally
connected at one end with said sheet piling below
the surface of the water for movement downward-
Iy from a substantially vertical position and are
of a length less than the distance from their pivots
to the top of the piling, and pivoting means con-
necting said pivotally connected sections with the
anchored ones of said sections.

2. ‘A wall structure comprising sheet piling, tie

rods associated with said piling, anchorage struc- -

ture for the tie rods extending adjacent the sur-

- face -of the water, said tie rods being formed of

sections certain of which are pivotally connected.
at one end to said sheet piling below the surface
of the water, and pivoting means connecting said

- pivotally .connected sections with ‘the adjacent

20

28

ones of said sections and the opposite ends of said

‘tie rods being connected with said anchorage

structure adjacent-the surface of the water.
3. A wall structure comprising sheet piling, tie
rods engaging said sheet piling and formed of sec-

tions certain of which are pivotally connected at
oéne end with said sheet piling below the surface.

of the water for movement downwardly from a
substantially vertical position and are of a length

. no greater than the distance from’ the points of

T80

38 ‘whereby the sections may be connected ‘together

connection thereof ‘with said sheet piling to the

“top of said sheet piling, pivoting means connect-

ing said pivotally connected sections with the ad-
jacent ones of said sections and the opposite ends

‘of said tie rods being connected with anchorage.

structure adjacent the surface of the water,

without requiring a diver and then straightened to
submerged condition of the connection.

4. A wall structure comprising sheet piling,
tie rods associated with said piling, anchorage

“structure for the tie rods extending -above the

surface of the water, said tie rods being formed
of sections certain of which are pivotally con-

) “nected at one end to said sheet piling below the
- surface of the water and are of a length not great-

45

- er than the distance from-the points of connection .

““thereof with said sheet piling -to the top of said

" quiring ‘a’ diver and:then straightened- to sub-

85
“structure located along the land side of said sheet

sheet piling, pivoting means connecting said pivot-
ally connected sections with the adjacent ones of
said sections and the opposite ends of said tie rods
being connected with said anchorage- structure

-~ adjacent the surface of the water, whereby the

sections may be connected together without re-

merged condition of the connection.
5. A" wall structure comprising sheet plhng,

piling, tension means for tying said sheet-piling
to said second-referred-to . structure -and com-

- prising ‘elements pivotally connected with said

.60

]

sheet. piling, an anchorage structure, and means.
‘connecting - said - second-referred-to:

structure
with said ‘anchorage structure.

‘6. A wall structure comprising - sheet . piling,
anchorage means for said sheet piling connected

“with the-latter below- its upper edge, and struts-
- engaging said sheet piling .above the connections

" of said means with said sheet piling for resisting

inward deflection -of the upper portion of said

-~ sheet plhng under - tensmn produced in said

70

‘means.

T.A Wall structure comprising - sheet piling,
anchorage structure, means for tying said sheet

4'p111ng below -its  upper edge to said . anchorage

“wg

~structure, and struts engaging said sheet piling
above the connectlons of sald tying means with. -

2,018,428 .
" said sheet piling for resisting inward deflection

of the upper portion .of said sheet piling under'
tension produced in ‘said means.
8. A wall structure comprising sheet pihng,

-anchorage means for said sheet piling connected B

with the latter below its upper edge, and struts
engaging said sheet piling substantially at the.
top of said sheet piling for resisting inward de-
flection of the upper portion of said sheet piling.
under tension produced in said means. : 10

9. A wall structure comprising sheet piling, . -
anchorage structure, means for tying. said sheet
piling below its upper edge to said anchorage
structure, and struts engaging said sheet piling
substantially at the top of said sheet piling for 18
resisting inward deflection of the upper. portion
of said sheet piling under tensmn produced in-
said means.

10. A wall structure comprising sheet plling, -
anchorage structure, means for tying said sheet 20-
piling below ifs upper-edge to said -anchorage
structure, and struts engaging said sheet piling
above the connections of said tying means with
said sheet piling and engaging said ‘anchorage .

‘structure for resisting inward deflection of the 25

upper portion of said sheet piling under tension
produced in said means.

11. A wall structure comprising sheet p111ng,
anchorage means for said sheet piling connected
with the latter substantially below the water level, 30
and struts engaging said sheet piling above the
points of connection of said means with said
sheet piling resisting inward deflection of the

_piling under tension produced in said means:

12. A wall structure comprising sheet piling, 88
anchorage means for said sheet piling connected
with the latter substantially below the water
level, and struts engaging -said sheet piling sub-
stantially at the top of said sheet piling, resist-
ing inward deflection of the piling under tension ¢n..
produced in said means.

13. A wall structure comprising sheet piling,
anchorage structure, means for tying sald sheet
piling to said anchorage structure and- engaging . -
said -sheet piling substantially below the water &5
level, and struts engaging said sheet piling-above
the points of connection of said means with said
sheet piling, resisting inward deflection of ‘the
piling under tension produced in said means.

14. A ‘wall structure comprising sheet piling, 80
anchorage structure, means for tying said sheet

" piling to said anchorage structure and engaging

said sheet piling substantially below the water
level, and struts engaging said sheet piling sub-
stantially at the top of said sheet piling, resisting 88 7

- inward deflection of the piling under tension pro-

duced in said means.

15. A wall structure r'ompnsmg spaced apart
sheet piling structures for receiving fill there-
between, and anchorage means for said sheet pil- 60
ing- structures comprising sectional elements piv<

“otally connected together, one section of each piv- .

otally connected at one end-with said sheet piling
structures below the surface of the water, said-
anchorage means inclining upwardly and opera- 68,
tively connected at.their upper ends w1th theop-"

posite sheet piling structure.

16.'A wall structure.comprising spaced apart
sheet piling structures for receiving fill therebe-
tween, and anchorage means for said sheet pil- 70

. ing structures comprising tie rods.inclining up-

wardly from said sheetf piling structures and op- -
eratively connected at their upper ends with the
opposite sheet piling structures, said tie rods com="_ "~
prising elements plvotally connected - at their ﬂ.j
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lower ends with said sheet piling structures below
the surface of the water for movement down-
wardly from a substantially vertical position.

17. A wall structure comprising spaced apart
sheet. piling structures for receiving fill therebe-
tween, anchorage means for said sheet piling
structures connected with the latter below the
upper ends thereof, and struts engaging said sheet
piling structures above the points of connection of
said means with said sheet piling structures for
resisting inward deflection of the upper portions
of said sheet piling structures under tension pro-
duced in said means.

18. A wall structure comprising spaced apart
sheet piling structures for receiving fill therebe-
tween, and anchorage means for said sheet pil-
ing structures comprising tie rods inclining up-
wardly from said sheet piling structures and op-
eratively connected at their upper ends adja-
cent the surface of the water with the opposite
sheet piling structures, said tie rods each com-
prising sections pivotally connected together, one
section of each tie rod pivotally connected at its

5

lower end below the surface of the water with
one of the piling structures.

19. The method consisting in driving sheet
piling having a tie rod connected thereto and
temporarily in a substantially perpendicular po-
sition to a depth with the connection materially
below the surface of the water, and from adja-
cent the surface of the water connecting anchor-
ing means to the upper end of the said tie rod and
swinging the latter downwardly from said sub-
stantially perpendicular position to operative po-
sition.

20. A wall structure comprising sheet piling,
tie rods pivotally connected to said piling mate-
rially below the surface of the water, said tie rods
being carried by said piling in substantially per-
pendicular position when the latter is driven, and
anchoring means to which said tie rods are at-
tached adjacent the surface of the water, the

10

construction thus enabling installation and an- 20

choring without the aid of a diver.

WALLACE W. SMITH.



