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To all whom it may concern:
Be it known that I, Liars JorGENSEN, a
citizen .of the United States, residing at

- Berkeley, in the county of Alameda and
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State of California, have invented certain
new and useful Improvements'in Dam Con-
struction, of which the following is a full,
clear, and exact description. -

. This invention relates to dam construc-
tions, and has for its object the development
of a dam body, the volume of which is re-
duced to a minimum while affording a maxi-
mum  of efficiency and strength. My im-

proved dam construction therefore results’

in the production of a dam which is econom-
ical of comstruction, and the formation or
contour of which is distinctively novel; and
in which the material is disposed to the best
possible advantage. : ’_

The dam in question is of the general type
known as arch dams. As heretofore con-
structed, to the best of my knowledge,
dams of this type, and, indeed, of all others,
have been designed with the object in view
of providing sufficient sheer weight of dam
to prevent the overturning thereof by the

water pressure. This is a very uneconomical |

way of using the material, such for example

" as concrete, of which the dam is to be con-
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structed, as such material at the toe.of the -

dam is very highly compressed, while.other
parts have little or ne compression at all.
In so far as T am aware, arch dams as here-
tofore constructed have used an arch of sub-
stantially but a single radius; that is, the
radius of the arch at the bottom where the

‘valley or cafion is narrow, has been the same,

or substantially the same, as the radius of

the arch at the tep; the only increase in’

radius which has at all been provided:for
being due to the slope of the face of the
dam; all of the radi: being struck from a
common center or axis.

As above indicated the principal objects
of my invention have been to economize ma-
terial and, correlatively, labor; practically
every portion of material in' the dam body

being disposed to the best possible advan- -

tage. )

Other objects of my invention will be
hereinafter set forth and more particularly
pointed out in the appended claims.

Referring to the accompanying drawings,
which form a part hereof: Figure 1 is a plan

; Appliéation filed October 14, 1910. Serial No. 586,969.

view of a giaﬁl constructed in accordance
with the principles of my invention; topo-

- graphical or contour lines of a cafion in

which the said dam is positioned being in-

-dicated. Fig. 2 is a plan view of an arch

dam; illustrating the usual assumption that
any curved dam is a-portion of a cylinder

ring ; this figure being used as a basis for the

computation hereinafter referred to. TFig. 3

shows a curve utilized in determining values

used.in said computation. Fig. 4 is a verti-
cal transverse section taken on the line A—B
of Fig. 1. Fig. 5 is a similar section taken
on the line C—D of said figure. Fig. 6 isan
enlarged fragmentary section corresponding
to that portion of the section shown in Fig.

4 which lies between levels TI—IIT; but
:showing the substitution of hollow-cylinder.
:sectors for the frustum of a cone or approxi-

mate cone indicated in Fig. 4, at such por-

‘tion of the section. Fig. 7 is a eomparative

study of several forms of dam sections;
showing the material decrease in volume ef-

-fected by constructing the dam in accord-
‘ance with the principles of the invention

herein described. '

Referring to said drawings, in which like
reference characters designate like parts
throughout the several views; and starting
with the assumption which is usually made
that any curved dam, such as that for exam-
ple shown at 1, in Fig. 2, is'a portion of a
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cylinder ring 2, in which the average stress -

g, expressed in pounds per square foot, is
equal to the radial load-P (in pounds per
square foot), multiplied by the radius of the

90

exterior face and divided by the area of the -

section; as per equation 1:—
PR+
1 q =—_(T‘)

in which ¢ equals the thickness of the dam
at any given point, R is the inner radius
and A, the area of the section. Further, the
velume of concrete in any arch dam is equal
to the area of the dam section, times the
mean radius, times the inciosed angle, times
a ‘constant. ' '

. /
@) V=AXR.X20XC

V being the volume, R, the mean radius, 26
the incloged angle indicated in Fig, 2, and

C, . the constant. The mean radius—Ru,
equals the inner radius plus half the thick-
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nesst, andialso’ eqﬁals half the width W,'df

the cafion divided, by the sin. of half the | ]
IR - - |-arch shaped slices of the dam lying between

inclosed angle: .

. ® Ra=R+
R - sing
Now as the area of the dami: section varies
~with -the mean radius;. the volume of
9 masonry :— ' B

5

_Ex0
_8in24 .

L (W
. . R '
R R A ¢ Rad
S ~sin2g . .
15.in which C’.and K are constants, the latter
' .depending upon’the width of the cafion.
© From equation 4 it is seen that the volume -
varies with =~ - - .. v -
- and in. Fig. 2 the relative values of this
-~ - term are graphically shown by the curve 3,
. in which the various angles representing 26
25 constitute the abscisse and the values of
_ sin?g -
constitute the ordinates; the latter for rea-
30 sons above set forth corresponding to the per-
centages of volume of masonry. From this
" eurve it will be seen that the amount of
- masonry required for any curved or arched
" dam, at least in .a_cafion with relatively
35 steep walls, will be a minimum when the
‘mean radius is so chosen that the inclosed
angle 29 'is about 133°; and the curve also
~ -shows that .the variation in the amount of

1nasonry required for a given dam will only |

40_be. about oné per cent. provided that the
~values of 26 be held between the. limits of
-120° and 146°. OQOutside of these limits the
- increase in amount of masonry required is
-~ “very rapid; and hence the length of the
‘45 different radii used in.the dam construction
- ‘described hereinafter will, as far as possible,
-.be so chosen that 20 can be kept between

. these limits. \ T
-~ The dam must of course be safe when the
50 reservoir is empty and excessive overhang
_ must, in some cases, be prevented by increas-
“ing the thickness above that found from the
- formula, in which case it is most economical
: to throw.normal load on the total area by in--
‘55 creasing the length of the up-stream radius,
for the reason that a relatively flat arch
requires less material than a' more curved.
- one. By flattening the arch the inclosed .
- angle is necessarily decreased and.in. order !
.60 o cover practical ‘cases of this character I
_desire to state that I consider the varying of
- tle inclosed angles 26 of the dam sectors be-
tween the limits 60° and 140° to be within |
.~ the purview of my invention, =
65. " The method of dam construction, herein |

986,

sidered primarily as an independent struc-
.| ‘ture; such slices-being thereafter supetrposed

‘determining the contour of the walls of the

limit (146°) for great economy, and at- the

718
di§d0§ed involves the independent deter-
mination of the dimensions of successive

predetermined levels; each slice being.cqn-
70

or substantially superposed to form*he dam

.-_bOdy-' .

_ Referring now to Fig. 1, the procedure of "
dam therein $hown is substantially as fol-
lows: A topographical survey of the cafion
or yvalley should first be made and ‘the con-
tour lines should be plotted as indicated in
the said figure. 'In the present instance six
élevations or levels have been established

80

forming respectively the contour lines I, II, -

III, TITX, V and VI, the contour lines VI

| corresponding to a level which will be sub-
| stantially ‘that of the level of the water re-

85
tained by the dam when the latter is com-
pleted, while the contour lines I—I corre-
spond to substantially the lowest dam level
in the gorge or valley; the remaining lines
being tﬁose of intermediate levéls. . The dis-
tance across the cafion W, at the top con-. - - -
tour VI of the dam is ascertained.. Thdn
the mean radius, o ‘
Ret+ 9 »

'which will give the dam the greatest

strength with the least volume of material
is found by means of Fig. 2. ‘At this par- 100

“ticular elevation (VI) the most economical
mesn radius will be: - - o -
LTy ,
- Sn.g - .. 1056

6 being selected by means of Fig. 2. - At the
top of the dam it will be generally found
of advantage to choose 24 mnear the upper .
110
bottom to ‘correspondingly choose 26 near
the lower limit (120°), ~ After the most
economital mean radius for this elevation
has been ascertained, the thickness z, may

be algebraically determined, from the fore- 115
going equations. The first relatively abrupt.”
change of slope of the cafion sides prefer-
ably -coincides with elevation or level V;

‘the distance:across the cafion at this eleva-

tion being measured and the most economi-
cal mean radius of the section at such eleva-
tion is found by means of the curve shown
in Fig. 2, in" the same way as the. corre-
sponding mean radius was determined for
elevation VI: After the radius has been
settled upon; the thickness ¢, is computed
and the up-stream radiug (R,+#,) is cor-
resporidingly also determined. The center

120 -

125

\ of curvature of the arch slice at elevation V

with a thickness 7, does'not neeessarily lie 130
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on -the same center line as the cemter of
curvature of the arch slice at elevation VI;
in faet it practically never will do so, as per-
fectly even slopes of the respective cafion
sides or walls will rarely be found. Hence
the shape of the surface of the up-stream

face of the dam between elevations VI and

V cannot be described as resembling that of
any known geometrical body. In general it
may be said to hawe a surface resembling
that of a sector of the frustum of a cone.
Elevation {III is coincident with another

change of slope in the sides of the cafion;

and the most ecomomical mean radius cor-
responding to the fixed distarice W, across
the cafion at this level is found in the same

manner as were found - the corresponding |

mean radii for elevations VI and V; and the
location of the center of curvature of the
arch slice at this elevation is again chosen
regardless of the location of the centers of
the slices at elevations VI and V. -In, other
words, the dam has no common center line,

and centers are located principally with a"

view to getting the length-of the arch as
short as possible for a given distance across
the cafion, and in view of the deducted most

economical mean radius for such given dis--

tance. Theradii and thicknesses at elevations
ITL, IT and I arecorrespondingly determined
in accordance with the procedure above out-
lined. After having calculated the différ-
ent radii and respective thicknesses of the
several sectors of the dam, the top thickness’
is set off and the arcs of two concentric cir-

- cles with radii R, and (R,+17,) respectively

are drawn in on the contour map; and the

centers of such-circles will'be, of course, on"

a line drawn perpendicular to the .center
of the chord W,. The thickness #; is then
set off ; and the arcs of two other concentric

- circles, - respectively with radii R, s&nd
(Rs++%;), .are drawn in until intersection
occurs with the contour line V—V; bearing .

ip mind that the center common fo these
latter two circles does not need to be on the
¥erpend1cular to the chord W, above re-

.ferred to. These circles, concentric only in

pairs, determine the contour of the dam be-

tween elevations VI and V, It is usually.

convenient and. preferable to assume the
down stream faces of the upper slices of the
dam adjacent the center thereof, to be ver-
tical, at least for the-first- trial; although

after the lower slices have been laid in, it |
may at times, be found desirable to slope "
- the central portion of such face pne way or

the“other.  The center of the arch slice at

elevation V—V is correspondingly disposed

on a perpendicular drawn through the cen-
tér of the chord W,; and the thickness ¢,
ig set off, assuming initially again that the
eeptral portion of the down stream face is

_substantially vertical here also; although |
:soine slope may thereafter be given to it. It

a8

‘has been found in practice that a vertical
‘wall at this point usually affords the most

economical construction. At other points - -

the down stream face will ordinarily have
some slope, due to the above method of ‘con-
struction. Thearcsof two concentric circles
with radii R, and (R,}¢,) respectively are

70

then drawn in uritil intersection occurs with -

contour linesIV—IV ; bearing in mind again
that the center common to these two circles

does not need to and hardly ever 'will lie on.

a center line drawn perpendicularly to the
centers of chords W, or W,. The same pro-
cedure as outlined above is thereafter fol-
lowed to get the up and down stream face
lines at elevations II1, IT and I. - ‘

A certain amount of discretion must - be
exercised in locating the centers of the re

‘spective sectors, especially where a.very ab-

rupt change occurs only at one side or upon

80

one wall of the cafion. In general, too, it-is* - -

"desirable, where possible, to bring the sets

of arcs of concentric circles which are dis-
posed in the. pext succeeding elevation as
nearly beneath those in'the adjoining ele-
vation as possible, so that the respective

90

sectors of the dam may be gs nearly su-

perposed .as ‘the contour. of their faces will:
permit. Of course it will be impossible ow-
ing to, the differences.in’contour of the re-
spective sections to secure exact coincidence,

95

and- hence the respective complete lateral

faces of the dam both upon the stream side

and upon the concave -side thereof will be’

of rather irregular contour, each  of said

100 .

gurfaces somewhat resembling a warped sur-. -

fice. -In practice, as will be seen from an

inspection of Fig. 1, portions of contigu-
.ous horizontally alined points :in one or

the other faces of the -dam. will normally
project out laterally in varying degrees be-

105

yond other horizontally alined points which. -

are disposed substantially .in parallelism

with those first mentioned.  "For example,

considering the convex or stream side of

110 .

the dam, it will be seen that the substan- -

_tially vertical surface of one of the lower

sectors will project out laterally in varying . v

degrees beyond the corresponding points in

“one of the upper sectors; on in other words,

the distance « indicated in Fig. 1 will be
different from the distance & inh .the same
figure, although such distances are measured
in the same horizontal plane. - :

While it is generally preferable to so
form the respective slices or sectors of the
‘dam, which lie between the several eleva-

‘tions of such configuration, that the respec-

tive. tops and bottoms of adjoining slices
may be regarded as being superposed in

Figs. 4. and 5, it.is desirable in some lo-

115

120

1256

‘striet coincidence in the manner shown in-

calities to face the dam with ashlar, cut- .

stones, or the like, and it'may be of advan-
tage in such case to step the faces of the dam

130
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off as shown in the enlarged fragment of
section A—B shown in Fig. 6. Thé dam
will then consist of a number of partial
cylinder rings or hollow - cylinder sectors
which are”superposed upon each other.
The up and down stream radii in such case,

- however, are ascertained in exactly the same

‘10

manner as in the foregoing, and these hol-
low-cylinder sectors when viewed from the

top each appear substantially as an-arch |.

like that shown in Fig. 2, while each step

. of the section shown in Fig. 6 corresponds

15

20

to -a sector and shows the height of the
same; the height of each sector being. uni-
form throughout the length thereof, and in
this exemplification of my invention the
width T being of course also uniform
throughout. It is also desirable for various

-practical considerations, to thickén some-

what the upper section, or at least the up-
per portion thereof; so that the thickness
of the dam at this point will be greater

~than the calculated thickness, as shown at

25

30
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435

" 4 in Tig. 7.

In conclusion I desire to call attention

to the fact that while I have proposed sub- |

stantially 133° as the best angle for use in
the dam construction, in practice it is fre-
quently desirable to choose a larger angle at
the top, as for instance 140°; since in many
cases the use of 'a considerably smaller

angle may be necessitated near the bottom. |

What 1 claim, is:— R
. 1. An arch dam for a cafion or the like
comprising a plurality of superposed arch
shaped elements of varying radii the radii
of such elements varying with the widths of
the cafion at the corresponding levels of such
elements and bearing a definite relation to
such widths. '

2. An arch dam comprising superposed
arch shaped elements of varying radii, the
centers of curvature of such elements being
out of vertical alinement. - ’ .

8. An arch dam comprising superposed
arch shaped elements of varying radii and
thickness, the radii and thickness of such
elements. varying with the widths of the
cafion at the corresponding levels of such
elements and bearing a definite relation to
such widths and to the pressure to which
they are.subjected. | .

4. An arch dam for a cafion or the like
comprising a monolith, a wall of which is
of irregular contour and resembles a warped

. surface;

60

5. An arch dam having .a face thereof of
irregular * contour, resembling a warped
surface, parts of the lower portion .of said
surface lying in the same horizontal plane

_projecting in varying degrees out beyond

the upper portion thereof- corresponding

086,718

parts in an upper portion of said surface,
lying in a second horizontal plane.
6. An arch dam having the -convex face

thereof of irregular contour, the lower por-

tions of said face projecting out beyond the
corresponding upper, portions, and the lower
portions adjacent the center of the dam pro-
jecting farther than corresponding portions
adjacent the sides of the dam. y

‘7. An arch dam for a cafion or the like
having a convex face of irregular contour,
an extended group of contiguous horizon-
tally alined points in said face projecting
out laterally in varying amounts, along the
length of said group, beyond other hori-

85

70

75

zontally alined points disposed substantially -

in parallelism with, but vertically displaced'

with respect to, those first. mentioned.
8. An arch dam having the concave face
thereof of irregular contour, the lower por-

‘tions of said face projecting out beyond the

corresponding upper portions, and the lower
portions adjacent the sides of the dam pro-

80

86

jecting farther than those adjacent the cen-

ter thereof.

9. An arch dam formed of a plurality of
sectors the angles of which are between sub-
stantially 60° and 140°, said sectors being
of different radii of curvature, the axes of
curvature of the respective sectors being
non-coincident. ' : ‘

10. A ‘'dam body for a cafion or the like,

‘comprising a plurality of superposed hol-

low. sectors of differing radii, the radius of

the middle element of the convex face of

each of said sectors bearing a definite rela-

tion to the width of the cafion at the level

of such element, and the mean radius proper
of each of said sectors being substantially
that corresponding to the minimum volume
of material employed in the construction of
said sector. :

"11. A dam body for a cafion or the like
comprising a plurality of hollow sectors of

- differing radii, the relative heights of said

sectors being determined'by the vertical dis-
tances between levels taken through abrupt

_changes’in the slope of the cafion sides.

12. A dam body formed of a plurality of
hollow_sectors of differing radii, the axes

90
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of curvature of said sectors being non-coin-".

cident, and the lateral thickness of each sec-
tor, along any given horizontal level, being
substantially uniform throughout the length
of said sector. S o :

In witness whereof, I subscribe my sigria-
ture, in the presence of two witnesses.

-LARS J ORGENSEN.

Witnesses:*
‘Wwu. H. HARRELSON,
F. G. Baum. ‘
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