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| Spemﬁcatmn of Letters Patent |
- B_pphuatlon filed J anuary 22, 1907 Serial No. 353 545,

To. aZZ whom 1t may concern:

Be it known that we, DANII]L E. MORAN, a mtrzen |
 of the United States, remdrng at Mendhmm in the |

- county of Morris and State of New Jersey, and Joux W.
Doty, a subject of the King of Great Britain, residing
in the horough of Brooklyrr county of Kingg, city and
- State of New York, have jointly invented certain new
“and useful Improvements in Means for Resisting Lat-

Touses and Similar
| hand poruon of Figs. 3 and 4 respectwely, Tigs. 7and 8

eral Hydraulic Pressures on Power-.
Structures, of which the following is a s_peczrﬁcatmn

s ydmuhc power houses are usua,ﬂy situated in such

a way as to receive at the side where the water enters

~ a lateral hydraulic pressure which isnot balanced, the
 water level of course being lower at the side where the |
This lateral pressure is so great as-

to exert a severe strain, tending to overturn the house
or to give it a bodily lateral dlsplacement and in the

water dlSChELI‘ﬂ'{ES

 course of time to force 1t into theriverinto which it. dlS-

_20

25

- in ctnnection with the other resistances occurring, any
- laterml movement of the power house.
arrangement the water in the forebay is held between |

S two walls which are tied to each other, arld 011@ of whlch-
45

charges. Ora break being made in the for ebay floor or

between this floor and the power house, Lhere Wlll bea |

resultmg flow below the power house causmg a waste
This tend- 3__

‘ency is most marked in the type of power houae whlch'_-
‘extends for a ‘considerable length- along the shore of
the stream into which it dlseharges carrymg a. number |

of water and endangering the power h0use

from a canal or fmebay extendmg along the entire |
 length of the bulldmg or-a great part-of such length.
Similar conchtlons exist in connectlon W1Lh dams and
V&ll(}uS other hydrauhc engmeermg structures, rmd.-
~such structures are considered equivalents of the power. |

-houses referred to for the purposes of this invention. It

“has been proposed to stay the movement 0f such pﬁwer |

~ houses by various e}::pedlents meore or less costly and
Our mvemwn provides |

~ difficult to put into practlce

a very mmple means for a,ttammg this end by the use 1
- house or othel bmldmg, and sub]ected to hydraullc q

- of a tension connection extendmg back from said power

~ pressure in a direction oppomte to the pressure upon .
the burldmg, and of sufficient magmtude to preven.t

Inthe preferred }

is composed in. whole or in part of the power. ‘house,

“each of the two WELHS thus supportmg the other aga,mst'
the outward pressure. due to the. pressure of the water. -

In such an mrlangement the connectmn between the |

two opposite walls may be made thraugh the floor or at
points above. the floor; being a tension connectmn 11;_ ._
should be of metal which may be well protected from .

 the water or from the atmosphele by embeddmg 11; in 2

5.5

concrete floor. . | |
| Other featm es of Lhe mventwn are referred to 111-_,

d_etaal h.eremmfter |

' | IT

| posite the power. house of steel. |
REfeleg now to the embodlment of the 1nvent10n:.-

|

| the water.

2l

The accompanymg dra,wmga 111ustra,te the apphca—
tion of the invention to a particular case. |
‘Figure 1-is a plan or map showing the arrangement

of the power house and adjacent water courses, includ-
60

ing the power canal; Fig. 2 is a plml on & larger scale

Patented Aug. 27,1907 "

‘showing the power house and for ebay; Fig. 3 isa trans-.

verse vertical section on the line 3-—3 of Fig. 2 and of

Fig. 4; Fig. 4 is a horizontal section on the line 4—4

‘of Fig. 3; Flga 5 and-6 are enlarged views of the left

65

are similar views of the right hand portions of Figs. 3

and 4; the former being taken on the line 7—7 of Fig.

8, smd the latter on the line 8—8 of Fig. 7; Figs. 9 and

10 are respectively a vertical transverse aectum a,nd &
plan partly in horizontal section showing an arrange-
ment of t1es abwe the floor of the foreb&y and des_lgned

for a forebay of varying widths.

‘Figs. 11 and 12 are

70

sectional views similar to Fig. > showmg the W&ll op- --_:ﬁ

111ustrated and. eapecmlly to Flg 1, the river passes

from a° hlgher 1eve1 at A over a fall or ra,plds B to a
lowel level C. - From the upper level of thisriver water -

“is drawn through a power canal D into a power house B,
~where after passing through the turbines or other watel |

of ‘water wheels, and receiving the incoming Wa,ter | wheels, 1t 1s discharged into the lower level of the river =

~C.. The power house e}:tends for 2 subatzmtlal dlsta,nce. R
a,long the shore, and in’ order that the water frcnn the
‘power canal shall be conveyed fy eely to all the points. at

“which it enters the power house, a forebay Fis prowded

85

at the back of the power house and into which the power = =
canal D debouches either at an intermediate pomt as. o

shown in the hgme or at one end of the bay.

The water from the forebay enters the Eeveml pen-
stocks G (Fig. 3) and passes through the turbines H | -
1 into. the tall mces J, from Whlch it runs to the lawel-"--- . o
_ The water in the forebay may be =

level of the river..

assumed to stand at substantmlly the level K, and o

exerts -2 lateral pressure tending to push the power
“house: into the river, and measured by the head of

95

‘water between the levels K and C, (disregarding back
pressures of the water at C upon the portion -of the -
‘power house Wthh is below the bottom of the forebay,.
and which back pressure is more or 1ess neutrahzed by .

earth and water pressures: e:certed upon the power

‘house by the materlal 1mmed1a,tely beneath the bottom RN
| of the forebay) | . |

~Ordinarily the 51(165 of the for ebay are merely pave d L

w1th riprap or the like sufficiently to. prevent erosion,.
and the bottom of the forebay 1s SUppoY ted on piles or

in any other suitable way and 1s designed to avoid

erosion, and usually to resist the vertical pressure of

bay from the power houae E, and adapted not only to,

'We propose however to provide a wall L

or equwalent structure at the opposite side of the fore- .
110
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- number-of ways.

~which are embedded in the concrete.

Py,

2.

resist erosion but to withstand the lateral pressure |

coming upon 1t by reason of the outward pressure of
water In the forebay, and we tie this wall to the power
house so that the two opposite pressures shall be ex-
erted upon a practically unitary structure, and shall

counterbalance each other either perfectly or to a suf-
ficient extent toreduce to a comparatively small amount
the tendency of the power house to shift laterally.
With such an arrangement the foundations of the power
house may be designed merely for supporting the ver-
tical strains due to the weight supplied, and may be of
the driven pile typeshown or of any other suitable type.
In connection with the use of the wall L as a lateral
support for the power house, 1t is important that the
outer face of the wall be relieved as far as possible of

pressure, preferably by sloping the earth back there-

from as shown at M, and by providing a drainage chan-
nel N built of concrete, stonework, or any other suit-
able material, from which water may be carried off by
underground drains, or by way of the ends of the power
house ag indicated in Fig. 2.

The connection between the pawer house and the
supporting wall L may be made:in any one or more of a
For example the floor O may be used
for this purpose, where the wall L and the power house
are sufficiently stiff to resist moments tending to over-
turn their upper portions. In the construction shown

in Figs. 3 to 8 inclusive, the specific means for tying

the wall and power house together is & steel connec-
tion,.or a combination of steel with the concrete of the

floor in which it is embedded for a.great portion of its.

length. Thefloor O of the forebay is of concrete arranged
at a level below that of the main floor P of the power
house, and 1s supported upon piles Q the heads of
Slightly above
the heads of the piles run steel rods or wires or the like
constituting the metallic tension:connection. At one
side these rods extend clear to ‘the outer edge of the
floor, the tensile strain thereon being preferably trans-

mitted upward through the wall by means of similar |

rods. At the other side these'fﬂoori-embe_dded rods
are connected to the power house. |

A proper arrangement for a distribution of the stralns
and for convenience in making connections, is shown
on a comparatively large scale in Figs. 5 to 8. The
main tension rods R in the floor extend from front to
back of the forebay at suitably close intervals, having
regard to the thorough distribution of the strains and
the avolding ot too close an arrangement which might
form horizontal cleavage planes in the floor.

S which serve to equalize the strains upon the several
main rods R, and which may be tied thereto laterally
by wires or other means at their crossing points, or
merely by their common engagement in the concrete.

These two systems of rods may serve the purpose of |

reinforcing the floor against the vertical strains at
points between the heads of the piles. At approxi-
mately the line where the floor O joins the wall L, the
rods R terminate, being connected however to exten-
sion rods T extending in the same direction to the
outer edge of the wall, and preferably anchored by
having bent outer ends U near the outer edge of the
structure. Crossing the extension rods T in a direc-
tion. inclined to.the horizontal, is a series of rods V

with a longitudinal stif

These |.
“main tension rods are connected by crossing tie-rods

864,383

L

which: follows approximately the curved inner face of
the wall L and extends nearly up to the top of the
wall, and which serves to form a tension connection
between the wall and the floor or the tension rods T

The rods V may carry a series of anchors or other de-

vices projecting laterally therefrom, such as the looped

70

wires or rods W designed to resist internal shearing '

stresses-within the wall. |
The arranging of the tie rods in the concrete has the
great advantage of protecting the rods against corro-

sion, and also of keeping the forebay and other water
an especlally important matter in -

passages clear,
countries where ice forms. It is desirable to preserve
the same advantages in the portions of the tie which are
connected directly to the house.

extending along the side faces of the walls Y between
the adjacent tall races J, and attached to anchor plates
7 upon the faces of the walls Y, or embedded in such
walls at some point inside of the exposed face. The

use of tie bars X arranged in the situation shown, is

particularly convenient for the supporting of power

houses already built and in position. It is a compara-

tively easy matter to apply the anchor plate Z and to
run the tie bars X along the exposed faces of the walls
or partitions Y, afterwards embedding them in con-
crete or not as desired.

In the plane of section shown in I‘lg 8, the rear
wall a of the tail race joins directly the floor O of the

forebay to which the wvarious tension members pre-
viously described run, this floor, however, being broken
| away to show the arrangement of the tension mem-
bers more clearly. The strain is carried from the

members X by a distributing connection to the main
tension rods R of the floor. For example these several
rods may be fastened to a plate b running along par-
allel with the wall of the power house, and provided
‘ening angle ¢ at the center.
‘The rods X at opposite sides of each partition Y

?engage a pin d carrying diverging straps e riveted by
means of suitable angle irons to the plate b.

This pro-
vides a very simple connection of the requisite great
strength. For taking up any slack in the tie between

_ For this purpose the
connection is preferably made by means of bars X
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the house and the opposite wall and putting the tie

under tension before embedding it in thé concrete, a

number of turn-buckles f may be provided for the va-
rious tension rods R of the floor,
make up for the temperature chanﬂ'es ‘may be 111tr0-

duced wherever necessary.
The above system for a canal entering the fmebay

at a central point as in Fig. 2, provides a lateral sup-
port for the power house thréughout its length, with
the exception of a space immediately opposite the

mouth of the canal where there is no lateral back pres-
sure tied to the power house. While there may be
such a back pressure farther up the power canal (and

is so in fact in the map shown in Fig. 1), it cannot be .

utilized by tying it to the power house. The unsup-
ported distance for large plants will be comparatwely
slight, and may be reduced to a minimum by a proper
width or direction of the canal. And the portion not
thus directly supported, say the portion ¢ (Fig. 2),
is connected indirectly to the adjacent portions of the

110

Expansion joints to

115

120

125

supporting wall, as shown by the cross rods S which

will have the effect of distributing the weakness.

130
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~ sides of the same tail race so-as to act-asa almple beam.

“higher point of the house.

o '-:'_'-':’86’14;353-

tom O of the fﬂrebay is widest just at this point, and

“is tied throughout to the power house, and therefore-

by its Welght and lateral resistance, will give a very

substantial degree of latersl support to the power house, |
~ and this lateral supp()rt will be by far the greatest at
.Lthe point where the direct lateral supp{)lt from the

wall L is missing. = | |
In place of the pa,rtlcula,r tension connectlon de-

scrlbed we may substitute other constructions better
Tor example as

adapted for particular conditions.
shown in Figs. 9 and 10, we may use at the short end of

the forebay tension: connections which are designated

as a whole by the letter j extending directly from the
house to the opposite wall, either within the concrete

floor or at a suitable point above; and where the fore-
bay widens we may, while nmmtmmng ‘the ﬂoor con- .
nections, useoblique tlesktmnsmlttmn*the strain to the

top of the wall (or conversely to an upper point of the

‘house); and as the forebay continues to widen we may

have the tiesjsupported at mtermedlate pamts either

by columns I or by dlagoml stays m running toward a
Any or all of these prmmn 1
ples may be applied to the tying of the opposite walls

of the forebay together or any other suitable prmmple

Instead of using a continuous plate b for distributing
. the strains from the rods X to the rods R, various other-

arrangements may: be used, such for example 2s sepa-

rate plates extending each the width of one tail race.

and connected at its ends to the rods X at opposite

1In which the strains can be easily computed

35
- of other materials than concrete

~The various parts of the structure are not necesmmly
of the ma,termls shown.

e}camples in which steel is used f01 this purpose

40

45

50

‘Referring to Fig. 11, the wall 1/ consists of a steel_
- plate inclined outward and supported at intervals by

beams 7, which in turn are supported by struts o, o/, 02

| connected at their lower ends to a series of rods p, the
“inner ends of which are connected in turn to the beams -
 n, the whole being connected to the tension rods R in-

“the floor O: Orasin Fig. 12 a vertical wall 1.2 may be
formed of steel plates backed by verucal heams n’/, the

lower ends of which are connected to the rods R in the

floor O; the upper en_ds bem connected to tie rods 7

such as are shown in Figs. 9 and 10. Therefore though

we have described with great particularity of detail cer-
tain specific embodiments of the inventi_on,*yet-it 1s not |

‘bination with q tensmﬂ membel tmnsmlttm

'latelal pressure of water

For example the wall oppo-'_

site the power house may be convemently constructed
Figs. 11 and 12 BhOW t

r..l]

stricted to the particular embodiments 'disclosed.

.'Varlous modlﬁoatmns thereof in detful, and in the ar-
‘rangement and combination of the parts, may be made
by those skilled in the art, w1th0ut depaltule from the
invention. |

~ What we c'lalm 18—

1. The combmation Wlt]’.‘t
honmntal pressure .of water in ome direction, of a wall

‘sustaining a horizontal water pressure in the opposme d1—-

rection and tied to said power house.
2. A power house sustaining a-lateral pressure, in’ com-

building a hydlaullc plesmue in the opposite duectmn
3. Means for supporting a power house hamnn a head

of ‘water bearing horizontally against it, comprising a
‘wall sustaining an opposmg plessme and tied to said -
“power house. - S

4, A bay havmt, a powm house on one . mde and a wall

at the other side tied to the power house.
. The combination with a power house sub_]ected 1,0'.
in a forebay alongside ot it,
of a wall at the opposite side of the forebay and subjected
to the plessuw of the water in the- oppomte direction,

and a tension connectmn between said power house and
said wall and extendmg through the: ﬂ001 of the forebay.
- 60 The combmatlon with a power house subjected Lo
lateral pressure of water in a forebay alongside of it,

of a wall at the opposite side of the forebay and subieded
to the pressure of the water in the opposite direction,
‘o strain-distributing
‘house, and a series of tension members connectmﬂ' S“ud

‘member connected to the power

strain-distributing member to said wall.

7. The combination with a power house Sumected to

Iatel al pressure of water in a forebay alongside of it,
of a wall at the opposite side of the forebay and sub,]ected

to the pressure of the water in. the opposite direction,
‘and a tension connection between said power. house and

-said wall and extending thmu gh the floor .of the ft}lemv,-, -
and a series of Substantmlly or appmmmately vertical

power house sustaining a

to said

.FurtheMdre it is .to'bebbéerved' that thé' ﬂOoi.'ar b.{i"c— ! t0 be understood therefrom tha,t the mventlon 15 re- N

e 55

60
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rods embedded in said wall and tmnsmlttlnﬂ* the stmms o

themon to the ﬂom

' 8. The combination with a power house sustaining a

-_ houxontal pressure of water in one duectmn of a wall

sustaining & horizontal pressure in the opposite’ direction

and tied to said power house, ‘the wall being suhstantmlly'
- free from pressure upon the side opposite the water.
- 9. The combination with a power house sustaining a

hmwontal pressure .of water in one dnectmn of a wall
sustalmng a horizontal p1essme in the opposite direction

and tied to said power house, and means for dmmmn the |

wa,tel from the outer face of the wall.

“In ‘witness whereof, we have heleuntﬂ signed om names |
'_111 the presence. 01 two subscllhmg w1tnesses

" DANIEL E. MORAN.
_  JOHN W. DOTY.
W_1tnesses I -

- M. AURICHE DEUTSCH,
 AUSTIN I_‘INDGAN
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