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Heretofore various forms of sheet piling 

which have been used have an interlocking or tongue and groove style of longitudinal 
joint between the piling sections which igint 
is located at or near the center of the piling 
wall. This form of construction applies es 
pecially to those styles which are known as 
deep arch, channel or trough shape piling the 
sections of which are preferably of steel, 

0 formed in a rolling mill. 
Piling arranged in this manner is not 

adapted to develop in use its full flexural 
strength to resist the forces or loads to which 
it is subjected, comprising the pressures of 
earth, water, mud, sand, loose rock or mix 
tures of such or other materials. 

Joining the piling by merely transversely 
interlocking the sections thereof at or near 
the center of the piling wall, causes such an 

0 arrangement to be structurally weak for the 
reason, that in flexure, the longitudinal shear 
is the maximum along the practically loose 
interlock at or adjacent to the center line of 
the combined sections or near what is known 
as the neutral axis of the combined sections, 
and thus causes the different and opposing 
sections to slide past each other under the con 
ditions of use and in such a way that the 
combined strength of the sections is not de 

80 veloped. Such a wall has a flexural strength 
only equal to that of a series of single sec 
tions not interlocked or joined. In order 
to obviate this difficulty I provide piling, "of 
sections which can be produced by rolling 

85 in a rolling mill, and before driving or put 
ting them into position I-secure two or more 
of said sections together along what will be 
E. the intermediate portion of the piling 
W. 

Such joined sections form a piling wall 
which when subject to flexure, will develop 
their full or combined strength and such con 
struction may be about twice as strong in 
flexure as a combination of the sections con 
sidered separately as they must be when 
merely loosely interlocked, as previously de 
scribed. 

In calculating the strength of such sections 
by engineering mathematic's the section mod: 

'ulus is used, which is a function of the area of 
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tegral and of much greater strength than 

the cross section of a member in flexure, or: 
dinarily calculated about the neutral axis of 
the section passing through its center of 
gravity. The flexural strength of a member 
is directly proportional to its section modu 
lus, which is a function generally expressed 
in inches to the third power. 
This section modulus is determined from 

what is known as the moment of inertia of 
the cross section which is the sum of the prod 
ucts of all the infinitesimal or elementary 
areas of the cross section by multiplying 
these areas by the squares of their respec 
tive distances from the neutral axis. 
This expression of the moment of inertia 

is generally stated in inches to the fourth 
power. The section modulus is derived from 
the moment of inertia by dividing it by the 
normal distance in inches from the neutral 
axis to that portion of the section most re 
mote from that axis, producing then an ex 
pression of function which is, as before 
stated, in inches to the cube or third power. 

Each of the piling sections is substantially 
as large or deep as certain rolling mills can 
produce and these, as heretofore assembled 
in a piling wall do not develop the flexural 
strength which could be had by their com 
bination. 
By securing these together by welding or 

otherwise, I produce a combined section 
which is larger and deeper than such roll 
ing mills can produce but substantially in 
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the prior piling walls which is only that of 
the separate members. 
One of the forms of sheet piling which I 

use may be of channel or trough shape with 
hooked or interlocking portions of various 90 
shapes at the ends of its legs adapted to 
be locked thereby to the adjacent section 
by sliding lengthwise thereof. 
Such a joint however by reason of the con 

struction, method of assembling or so-called 9. 
interlocking, has substantially no structural 
strength, to resist the longitudinal shear." 
and in order to provide this I weld or other 
wise join two or more sections together at or near their interlocking portions. The ' 
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ends of the joined legs may also be plain, 
provided with hook joints or otherwise. 
The welds may be comparatively short, 

but preferably arranged and distributed at 
such distances apart as to best withstand the 
longitudinal shear at their respective loca 
tions. 
In other words I may make more welds 

at the locations where the longitudinal shear 
is greatest and arrange them substantially 
in number or proportion to the longitudi 
nal shear stress. 

I may either make the welds of the same 
length and space them at different distances 
as indicated, or space them substantially 
equally and make them larger where the lon gitudinal stress is greater. 
The longitudinal shear is the stress length 

wise of the legs or of their junction, which 
has a tendency to cause one section to move 
longitudinally of the adjacent section and, 
when this is not resisted by firmly securing 
the sections together, the flexural strength of 
the combination is not developed. This in 
vention, however, is such that, by securing 
the two adjacent sections together by weld 
ing or otherwise, the full strength of the 
combination is had and is several times 
greater than that of the two sections not so joined. 
The method of calculating the longitudi 

nal shear by engineering mathematics is 
based upon the cross section and arrange 
ment of the piling and a knowledge of ? 
pressures to be resisted, the locations and 
characters of the supports of the piling sec 
tions including the resistance of the earth 
or other material at their lower ends, and 
the supports given by tie rods or other brac 
ing near the top or elsewhere. 
The resistance of the piling to flexure i? proportional to the sectional modulus, and 

the longitudinal shear at various locations 
throughout the length of the piling when 
acting as a unit, is determined from a knowl 
edge of the perpendicular shear or that at 
right angles to and at various points along 
the longitudinal axis of the piling, produced 
by the various forms of loading and sup ports. 
The longitudinal shear at any location is 

the product of the aforesaid perpendicular 
shear by the statical moment of the area of 
the section included between the longitudi 
nal surface of shear at that point and the 
extremity of the section on the same side of 
the longitudinal axis, divided by the mo 
ment of inertia of the section around its neu 
tral axis through that point. 

I may use other means of securing the sec 
tions together including riveting, if the sec 
tions lend themselves to such joinder, but in 
other cases may use welding or other means, 
whereby two or more sections may be joined 
together before driving in position, or in 
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Some cases where the walls are accessible, 
the joining may be done after the sections are in place. 
Under certain circumstances the piling sec 

tions could even be welded under water, if 
necessary, but generally such construction 
would be avoided on account of the unneces 
sary amount of trouble and expense. 
?? securing the sections together in the 

manner indicated I provide a wall the section 
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modulus of which is about twice as great as 
that of the sections when not so secured. 
Having thus given a general description of 

my invention I will now, in order to make the 
matter more clear, refer to the annexed sheets 
of drawings which forms part of this specifi 
cation and in which like characters refer to like parts:- 

Fig. 1 is a vertical cross sectional elevation 
through a bulkhead provided with my piling. 

Fig. 2 is an elevation of the same looking 
from the outer or water side. 

Fig. 3 is a cross section on a larger scale of 
one form of my piling, showing the sections 
in interlocked position. 

Fig. 4 is a front elevation of two sections of 
piling showing the approximate locations of 
the welds or other fastenings for securing the 
two sections together. 

Fig. 5 is a cross section, on a larger scale, 
of one form of interlocking joint, provided 
with welds for securing two sections together. 

Fig. 6 is a cross section on a larger scale of 
e the interlocking ends of two sections secured 

together by welding to filler bars and to the 
sections. 

Figs. 7 and 8 are cross sections of other 
forms of my sheet piling showing two sec 
tions secured together. 

Fig. 9 is a cross section of a ball and socket 
type of joint, some of which may be welded 
or secured together and others not so secured. 

Fig. 10 is a cross section of a hook type of 
R some of which may be welded or se 
CeC 

The styles of ioints shown in Figs. 7, 8, 9. 
and 10 have the joint portions made as small 
as possible to conserve material, as little steel 
is needed at or near the neutral axis, 
but it must be secured together in order to 
produce proper resistance to shear. 

Fig. 11 is a cross section showing the plain 
legs of two sections secured together by rivets. 
Referring now to the characters of refer ence on the drawings:- 
A section of piling in general is indicated 

by 1, and is provided with legs 2 and flange 3, 
while the ends of the legs are formed to pro 
vide the interlocking portions 4 and 5. As 
shown in the modified forms of Figs. 7 and 11, 
the end portions 6 of the legs are straight and 
overlapping as shown, while in Fig. 8 the in 
terlocking or hooked portions 7 are somewhat 
Smaller and lighter for the sake of economy, 
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Preferably two of these piling sections are 
secured together by the welds 8 or otherwise 
as desired, or more than two can be secured 
together in cases where a greater number can 
be handled, driven and put into final position. 
As illustrated in Fig. 6 filler pieces or bars 

9 may be introduced with a weld 8 on either 
side to facilitate the joinder. 
As illustrated in Fig. 4 the welds or join 

ings of two sections are indicated at 8 and at 
other locations similarly marked by dark 
lines and these are shown as of approximately 
the same length but spaced at distances apart 
corresponding to the extent of the longitudi 
nal shear of the piling in flexure, due to the 
pressure of the earth or other material which 
This arrangement of joining will be differ 

ent for different cases for the reason that the 
positions and amounts of the longitudinal 
shear will vary with changed proportions and 
dimensions of the structure, the pressure of 
the fill and loading, the relative locations, 
character and resistance of the earth or other 
support for the lower ends of the piling, and 
the number and positions of the anchors 
or other bracing for the other and upper por 
tions of the piling. 
The arrangement of welds or joinings 

therefore is merely suggestive and subject to 
such modification as may be desirable. 
The welds as shown are arranged to proper 
resist the longitudinal shear and where the 

shear is less they are arranged at greater dis 
tances apart for the purpose of economy, but 
where needed they are closer together. 

It should also be noted that longer welds are 
shown at the top and bottom of the piling to 
more securely join the ends together to better 
resist the stresses of driving. 
The welds or joinings can also be arranged 

at substantially equal distances apart, but 
of different lengths or strengths sufficient to 
properly resist the shear stresses. 
The earth or other bottom of a harbor is 

indicated at 10, the water surface is 11, while 
12 and 13 indicate timber fenders secured to 
the upper part of the piling wall; 14 is a 
waling strip composed of two channels ex 
tending longitudinally of the piling wall and 
15 is one of a series of tie rods which, in con 
nection with the waling strip, holds the upper 
portion of the wall, the inner ends of the tie 
rods being secured to a braced system com 
posed of the approximately vertical piles 16, 
the batter piles 17 and the horizontal timbers 
18 and 19 as illustrated. 
The fill of earth or other material retained 

by the wall is indicated as 20 and the pave 
ment on top of the bulkhead is indicated as 
21. 
The approximate location of the maximum 

bending moment and the zero or minimum 
shear is indicated at 22. 

Referring to Fig. 9, one or more piling sec 

3 

tions may be welded or secured together at 
the location indicated as 23 and referring to 
Fig. 10 one or more piling sections may be 
welded or secured together at the location in 
dicated as 24. 
As shown in Fig. 11 the end portions 6 of 

the plain legs are secured together by a row 
of rivets indicated as 25. 
The number of sections which may be se 

cured together will depend upon the ability 
to handle and place them in position, that 
is:-to interlock one of the outer ones with 
an outer section of the piling. 
In general however the piling wall will 

have its full flexural strength to resist shear 
if only two of the piling sections are secured together. 

In order to produce a piling wall of the 
greatest efficiency and maximum of strength 
with a minimum amount or weight of piling 
metal II prefer to make the legportions ? 
each piling section as thin and the flange 
portions as thick as practicable dependent 
upon the possibilities of producing the same 
in a rolling mill and straightening or finish 
ing them after rolling, and also with due 
regard to the relative proportions of these 
parts to perform the duty required. 
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I also prefer to make the interlocking 
hooks, if such are provided, small and light 
in weight with only sufficient strength to 
serve their purpose, that is, to hold the piling 
sections in proper relation. The hook por 

95 

tions of my piling sections need not be as 
strong as those of the prior forms for the 
reason that my unitary construction, pro 
vided by rigidly securing two or more sec 
tions together, will obviate the necessity of 
the heavier and stronger types of hooks or 
interlocking members. 
Such a construction provides the greatest 

practicable amount of metal the farthest re 
moved from the neutral axis of the piling 
wall and also uses the least amount of hook 
and leg metal at or near the said axis, all 
of which conduces to economy of material 
by furnishing the maximum of strength and 
section modulus per pound of metal. 
Where great strength is necessary I prefer 

to make the separate sections of deep trough 
form as the strength in flexure is proportional 
to the square of the depth. 

But where flexibility is desired, in order 
that the sections will, due to pressure of use, 
be forced together to close the interlocking 
joints and thus make the walls more water 
tight, I then make them of less depth for this 
reason. 

Each portion of piling will consist of a 
plurality of sections rigidly united by their 
inner legs, and more loosely connected to the 
adjacent portions by the interlocking of their 
outer legs. 
Having thus described my invention what 
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I claim and desire to secure by Letters Patent S: , 

1. Sheet piling composed of at least two trough sections having their edges joined to ether by two part interlocking portions 
ormed thereon, and welds arranged at varied 

intervals along the interlocking portions, in 
proportion to the stresses produced by the 
longitudinal shear due to the tendency to 
flexure thereof. . 

2. Sheet piling composed of two or more 
sections of trough form, each provided with 
two part interlocking hook portions, adapted 
to hold them together transversely, and welds 
arranged along the interlocking portions in 
proportion to the longitudinal shear due to 
the tendency to flexure, said welds being 
adapted to resist relative longitudinal move 
ment. of the joined sections. 
1:3. A plurality of sheet piling sections of 

... trough form, each having a flange and two 

interlocking 

trough-shaped sections, each provided with 
integral two part hookends, adapted to join. 

legs projecting therefrom, said legs each hay 
ing two part hook portions at their ends 
mutually interlocked, said sections being 
furthersecured together by welding their 

... hooks, said welds being of strength in proportion to the longitudinal 
shearing stresses due to the tendency to 
flexure. . . . 

4. Sheet piling composed of a plurality of 

adjacent sections to resist transverse st 
groups comprising two or more adjacent sec 
tions secured firmly together by welds which 
are of strengths proportional to the longi 
tudinal shearing stresses due to the tendency to flexure. . . 
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5. Sheet piling composed of a plurality of 
trough-shaped sections provided with in 

???{ to the longitudinal shear due to exure, the end portions being more strongly secured togethelion itudinally to ? 
resist the driving and resistance stresses. 
- 8. Sheet piling, comprising a plurality of 
trough sections, each having a two part hook 
on one edge and a one part hook on the other 
edge adapted to interlock with the adjacent 
sections on each side thereof, the one part 
hooks being further and firmly secured to 
gether by means adapted to resist longitudi 
nal shear due to flexure. 

70 

. 9.. Sheet piling composed of a plurality of 
trough sections each of which has a two part 
hook on one edge and a plain unhooked other 
edge, a pair of which are interlocked by their 
hooked edges, the other plain edges being 
adjacent and secured firmly together at in 
tervals by means proportional to the longi 
tudinal shear at their respective locations. 

Bethlehem, Pa., April 18, 1929. 
?EORGE E. THÁ?KRAY. 
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OS tegral two part hook edges adapted to be interlocked, arranged in groups comprising 
two or more adjacent sections R se 
cured firmly together at their hook edges, 
said latter securing being in substantial pro 

rtion to {{{1????????????? stresses ue to flexure and stronger at the ends to 
resist the stresses of driving and the re 
sistance thereto. 

6. Sheet ? composed of a plurality of 
sections of trough form, each having a flange 
and two thinner legs projecting therefrom, two part hook ends on said legs adapted to 
interlock and hold the sections transversely, 
two or more adjacent sections being secured firmly together by means whose resistance is 
proportional to the longitudinal shear due to 
flexure. . . . . . . . . . 

7. Sheet piling composed of a plurality of 
sections of trough form, each having aflange 
and two thinner legs projecting therefrom, two part hook ends on said legs adapted to 
interlock and hold the sections transversely, 
two or more ???????? sections being secured firmly together by means whose resistance is 
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