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The invention described herein may be manufactured
and used by or for the Government for governmental
purposes, without payment to me of any royalty thereon.

The present invention relates generally to certain
improvements in mounting means and anchorage instru-
mentalities for Tainter type hydraulic gates as installed
in dam constructions for controlling flow of water
through the dam.

More particularly, the present invention relates to an
improved anchorage for Tainter type spillway or crest

gates as used on any type of dam or similar structure, -

the improvements of the invention consisting of a single
anchorage girder, that is, a single vinculum member or
girder having an anchor block at its upstream or forward
end and a trunnion pin at ifs downstream or rear end,
both being substantially normal to the axis of the vincu-
lum girder. The anchor block and a considerable por-
tion of the anchorage or vinculum girder are embedded
in the concrete spiliway pier, and the trunnion pin ac-
commodates trunnions located on side arms, the oppo-
site ends of which are affixed to the gate. Additionally,
a thrust block designed to overcome unbalanced lateral
loadings from the side arms of the gate, is embedded in
the concrete pier, and engages the bottom of the an-
chorage or vinculum girder almost directly under the
trunnion pin. This arrangement differs from the con-
ventional construction in two principal particulars, viz.
(1) in that the latter normally has two embedded mem-
bers corresponding to the single anchorage girder of the
present improved construction, and (2) in that the trun-
nion girder in the conventional consiruction is eliminated
in the present improved coastruction.

The above generalized statement of invention is indica-
tive of the objects of the present invention, one of which
objects is to provide an improved anchorage for Tainter

type spillway or crest gates as used on any type of dam ¢

or similar structure, by means of which improved an-
chorage the gates may be operated under balanced load-
ing conditions with the supporting members for the gates
carrying only tensile stresses, instead of both direct and
flexural stresses, and, when flexural stresses are present
due to unbalanced gate loading, there results only a par-
tial direct loading of the gate anchorage, thereby per-
mitting a more economical design of the said anchorage.
In the present construction, the center lines of all struc-
tural members converge in a single point, this structural
arrangement resulting under normal loading conditions
in the members carrying tensile stresses only instead of
both direct and flexural siresses which occur in anchor-
ages of conventional design. In the present construc-
tion, in the event that flexural stresses exist, due to unbal-
anced gate loading, the single vinculum anchorage is only
partially loaded, whereas the conventional anchorage is
under maximum stress as a result of cantilever action.
In the present construction, the stress distribution at
the upstream end in the masonry of the pier is always
symmetrical about its center line, since the major hydro-
static and gate loads are transmitted by the single vincu-
lum or anchorage girder, to an upstream or forward
anchor block centrally located midway between the faces
of the pier, whereas, in the conventional anchorage hav-
ing two vinculum girders, the stresses are concentrated
near the face of the masonry and are unequally distrib-
uted whenever the gate loads are unbalanced.
Additionally, in the present construction, the gate
girders or trusses spanning between the inclined gate
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framing arms for ‘a Tainter type gate having inclined
arms, are shortened materially; also in the present con-
struction, the masonry piers are shortened at their down-
stream or lower ends and are less difficult to comstruct.
Since, in the present construction, the gate anchorage
transfers to the pier the hydrostatic thrust on the gate,
both the vinculum member and the anchor block are
identical in loading and design regardless of whether the
gate framing arms are parallel or inclined to the face
of the pier. The single vinculum construction of the
present construction is superior to the conventional an-
chorage owing to its greater structural efficiency, sim-
plicity of fabrication due to elimination of members and
components, economy due to shorter lengths and lesser
weights of components including reduction of concrete
volumes in piers, and ease of handling and erection.

It may be noted also that, differing from the conven-
tional anchorages which are eccentrically loaded and
employ two anchorage members, one for each trunnion,
to transfer the gate thrust to eccentrically loaded an-
chors near the upstream or forward end of the masonry
pier, the single vinculum anchorage of the present con-
struction employs a single connecting member having a
single, relatively short trunnion pin at its downstream or
rear end and a single anchor block centrally loaded, at
its upstream or forward end.

Further objects and advantages of the present con-
struction will become apparent as the description pro-
ceeds and the features of novelty will be pointed out in
particularity in the appended claims.

Before proceeding with a detailed description of the
present construction, it may be noted, by way of exem-
plary explanation of the foregoing statements, that dam
structures of the type now constructed generally include
in a portion of their length a series of spillways which
are separated by piers. The piers may be spaced apart
any suitable disiance and exiend upwardly for a suitable
height above the crest of the dam, and in order to in-
crease the depth of the water back of the dam, a gate
is pivotally mounted in the opening between each of the
piers.

Heretofore, the conventional anchorages for such
gates have been eccentrically loaded and have utilized
two anchorage members, one for each gate trunnion, to
transfer, through trunnion girders, the gate thrust to ec-
centrically loaded anchors near the upstream end of the
pier. By the improvements comprised within the scope
and concept of the present invention, the gate-mounting
consiruction, constituting a single vinculum anchorage,
has been sp improved as to employ only a single an-
chorage member having a single, relatively short trun-
nion pin at its downstream or rear end and a single
anchor block, centrally loaded, at its upstream or for-
ward end.

V/ith the foregoing and other objects and advantages
in view, the invention consists in the construction and
arrangement of the several parts which will be herein-
after more fully described and claimed.

In the accompanying drawings:

Fig. 1 is a plan view of the gate;

Fig. 2 is a side elevation of the gate, a part thereof
being shown in section;

Fig. 3 is a side elevation of a portion of the gate
showing the gate anchorage and gate interconnecting

5 joint;

Fig. 4 is a sectional view of the gate and anchorage
interconnecting joint, taken along line 4—4 of Fig. 3;

Fig. 5 is a sectional view of the gate anchorage vincu-
lum girder, taken along line 5—5 of Fig. 2;

Fig. 6 is a vertical sectional view of the gate inter-
connecting joint, taken along line 6—6 of Fig. 3;

Fig. 7 is a side elevation of the vinculum girder and
anchor, the pivot or trunnion pin being shown in section;

Fig. 8 is a plan view of a portion of a modified form
of Tainter gate anchorage;

Fig. 9 is a side elevation of the modified gate an-
chorage shown in Fig. 8;

Fig. 10 is a sectional view of a portion of the modi-
fied anchorage member taken along line 10—10 of
Fig. 9;
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Fig. 11 is a sectional end elevation of the modified
form taken along line 11-—11 of Fig. 8;

Fig. 12 is a vertical section of the modified form,
taken along line 12—12 of Fig. 8; and

Fig. 13 is a transverse section of the vinculum girder
for the modified form taken along line 13—13 of Fig. 12.

In the drawings, where like reference numerals are
used to designate like parts, the reference numerals 10
and 12 designate respectively the crest of the dam and
the structural pier or portion of the flume or spillway
within which the Tainter gates 14 operate, the pier be-
ing preferably constructed of concrete.

The gate 14 is formed of a structural steel frame-
work, carrying at its upstream end an arcuate wall 16
preferably formed from plate steel or the like. The
framework of the gate 14 includes downstream di-
vergently extending pairs of side arms 18, Fig. 1, each
pair of side arms being connected at its downstream or
rear extremity to an intercomnecting joint consisting
of a journal 20 which is rotatably mounted on a pivot
pin 22 carried by a vinculum girder 24 mounted with-
in pier 12 as will be hereinafter described.

In Fig. 1 of the drawings, two piers 12 are shown,
but it will be understood that the dam may be of any
length and have as many piers as desired, each inter-
mediate pier supporting, as shown in the right hand
pier of Fig. 1, an anchorage designed to be used with
a plurality of Tainter gates. As shown in Fig. 2, the
top of each pier 12 is higher than the crest 10 of the dam
and has at its rear end an offset 26 somewhat higher
than the crest 10 of the dam providing thereby a base
support for the gate and vinculum girder interconnect-
ing joint.

As shown in Figs. 5 and 7, the vinculum girder 24
consists of a rectangular section built up from four
plates 28 and has at its upstream or forward end a
fabricated anchor 30. This anchor 30 includes a pair
of channel irons 32 welded to the top and bottom plates
28 of the vinculum girder, and an end plate 34 welded
to the ends of the said channel irons. This end plate
encloses the upstream or forward end of the vinculum
girder. The downstream end of the vinculum girder
24, Fig. 4, projects outwardly from each pier 12 to
define a free end for the girder, and is provided with
a passage through its side plates 28 reinforced by plates
38, which as shown in Fig. 6 are welded to the inner
and outer sides of the said side plates. The inner
plates 38 are provided with a stiffener member 40,
Fig. 6, which extends between and is welded to the
said inner plates. Through the passage of the vinculum
girder passes the trunnion pin or pivot 22 which is po-
sitioned within the said girder by plates 44 which are
secured to the outer reinforcing plates 38 and seated
within recesses provided therefor in the said trunmion
pin. To this pin are rotatably connected the journals
20 carried by the downstream or rearwardly extending
gate arms 18. Rigidly secured to the bottom. plate of
the girder adjacent to its downstream end is a sliding
bar 46, Figs. 3 and 6, which is adapted to be received
by a thrust block 48 anchored within the pier offset
26 by concrete bonding hooks 50.

In the assembled form shown in Fig. 2, the upstream
or forward end and a large portion of the body of the
vinculum girder are set within the pier 12 with a sup-
porting member 52 providing vertical support for the
forward end of the girder during construction of the
dam. The body portion of the girder set within the
pier is surrounded with a cork sleeve 54 to prevent bond-
ing of the concrete thereto for a purpose which will
be hereinafter explained. The rear or downstream
end of the girder has the sliding bar 46 seated within
the thrust block 48 and has the trunnion pin or pivot
22 rotatably carrying the journals 20 of the gate arms
18 locked within the girder passage. To permit longi-
tudinal movement of the vinculum girder while resist-
ing lateral movement, the thrust block is provided with
suitable bearing means which as shown in Fig. 6 con-
sists of a pair of stainless steel plates 49 positioned in-
termediate the sides of the sliding bar and thrust block.
The gates in their lowered position have their lower
edges resting upon the crest 10 of the dam, Fig. 2, and
may be raised by a crane or any other suitable means
as is commonly used for raising Tainter gates.

1t is to be noted from Fig. 1 that the centerlines of
all the structural members involved in the anchorage
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tioned previously herein, this structural arrangement
results, under normal loading conditions, in these mem-
bers carrying tensile stresses only, instead of both di-
rect and flexural stresses which occur in anchorages
of the conventional design. However, when flexural
stresses are present, due to unbalanced gate loading, the
single vinculum anchorage is only partially loaded,
whereas the conventional anchorage is under maximum
stress as a result of cantilever action. The resulting
stress distribution in the pier from the vinculum girder
and anchor block is always symmetrical about its cen-
ter line since all the longitudinal gate loads are trams-
mitted by the single vinculum or anchorage girder to
the forward or upstream anchor block centrally located
within the pier. This is insured by placing the cork
sleeve 54 previously mentioned around the body por-
tion of the vinculum girder preventing bonding to the
body portion of the said girder by the concrete pier.

It is to be recalled that the above-described structure
is for downstream divergently extending gate arms 18.
It is therefore believed axiomatic that, for gate arms
which are straight or parallel to the piers, a modifica-
tion of the above structure is required. Figs. 8 through
i3 illustrate such a modification, which consists in
modifying the construction of the vinculum girder 24
to include a trapezoidal trunnion frame 80, and addi-
tional thrust block means to carry the added flexural
stresses presented through the longer moment arm oc-
casioned by connecting the said downstream extending
gate arms 104 to the outer extremities of the said trun-
nion frame which extends beyond the ends of the piers.

The numeral 60 is used to designate the modified
vinculum girder, the forward or upstream end of which
is identical in construction to the forward or upstream
end of the girder 24, previously described, and for this
reason is not shown in Figs. 8 through 13. The girder
60 includes side plates 62 having passages 64 adapted
to receive the trunnion frame as will be hereinafter de-
scribed, and a bottom plate 66 having a pair of sliding
bars 68 and 70 secured adjacent to the downstream end
of the girder and the upstream side of the girder pas-
sages 64 respectively. A top plate 72 completes the
frame structure of the girder 60 and carries another

sliding bar 74 directly above the sliding bar 70.

50

60

70

80

The trunnion frame 80 is a fabricated frame mem-
ber including an upstream member 82 consisting of a
pair of base plates 84, normal to the vinculum girder
60 and interconnected by a pair of angle irons 86 pass-
ing through the passages 64 of the said girder, and a
pair of side members 88 extending downstream in a
converging manner to the downstream end of the
vinculum girder 60 to which they are welded. The
side members 88 include top and bottom plates 90 se-
cured in a vertically spaced relation to each other by
side plates 92 welded to the edges of the said top and
bottom plates thereby forming a box construction hav-
ing spaced stiffener members 94 mounted within.

The trunnion frame 80 carries a pair of steel cast-
ings or ears 96 secured to the base plates 84 by fasten-

ers 98 which receive trunnion pins or pivots 100 car--

rying journals 102 secured to the straight gate arms 104,
providing thereby a pivotal interconnection between
the gates and vinculum girder.

The girder 60 is installed within the downstream face
of the pier 12 with its sliding bars 68, 70, and 74 rest-
ing within corresponding thrust blocks 68’, 70°, and 74’
anchored within the piers by means of concrete bonding
hooks 106. The thrust blocks are arranged to permit
longitudinal movement of the girder, while providing
resistance to any lateral movement. This resistance to
lateral movement while permitting longitudinal move-
ment is developed by providing the thrust blocks with
suitable non-rusting plates 108 positioned intermediate
the sides of the slide bars and the thrust blocks which
will act as a bearing surface for the longitudinal move-
ment of the girder, but which will resist any lateral
movement of the said girder. It has been found that
by using stainless steel plates in the thrust block 68’ and
bronze plates in the thrust blocks 70’ and 74’ the desired
result is achieved.

In this assembled form the trunnion frame base plates
84 abut against a cork liner 110, Figs. 8 and 10, pre-
venting bondage of the concrete pier to the base plates
as well as to the body portion of the girder which is

means converge in a single point. As has been men- 88 covered by a cork sleeve 114 as was the girder 24,
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thereby permitting free longitudinal movement of the
downstream end of the vinculum girder which is centrally
located within the pier 12, as it was with the girder 24.

Having thus described my invention, what I claim as
new and wish to secure by Letters Patent is:

1. In a dam structure provided with a series of suc-
cessive water gates for controlling flow of water through
the dam, the improvements which comprise means for
mounting, anchoring and operating the gates into a plu-
rality of structural piers, there being a pier intermediate
each pair of successive gates, said piers comprising a
base portion and an upper portion, the base portion pro-
jecting beyond the upper portion and defining a project-
ing ledge, the said means including a vinculum girder
embedded in each pier with an end of each girder pro-
jecting outwardly from the pier above the ledge thereof,
a single pivot mounting extending transversely through
the projecting end of the girder so that the pivot mount-
ing is common to successive sets of side arms inter-

connecting successive gates of successive pairs thereof, Z

bearing means in the girder for the pivot mounting pre-
venting rotation of the pivot mounting relative to the
girder, supporting and anchoring means for the project-
ing end of the girder extending from the end of the girder

into the base ledge of the pier and embedded therein, °

and additional anchoring means for the girder embedded
with the girder in the pier.

2. In a dam construction provided with a series of
successive water gates for controlling flow of water
through the dam, the improvements which comprise
means for mounting, anchoring and operating the gates,
which means include a plurality of structural piers, there
being a pier intermediate of successive gates, a vinculum
girder embedded in each pier for the major length of
said girder with the downstream end of the girder pro-
jecting outwardly from the pier, a single pivot member
mounted transversely or laterally through the projecting
end of the girder and extending laterally from the said
girder. on opposite sides thereof, bearing means in the
said girder for the pivot member preventing rotary
motion of the pivot member relative to the girder, actu-
ating arms for the gates connecting successive gates to
the said single pivot member on each side of the girder
so that a single pivot mounting holds and anchors oper-
ating arms from successive gates, one on either side of
the pier in which the vinculum girder is embedded, sup-
porting and anchoring means for the projecting end of
the girder extending from the said end into the pier and
embedded therein, and additional anchoring means for

the girder attached to portions of the girder embedded ;

in the pier, the said anchoring means also being embedded
in the pier.

3. In a dam construction provided with a series of suc-
cessive water gates for controlling flow of water through
the dam, the improvements which comprise means for
mounting, anchoring and operating the gates, which
means include a plurality of structural piers, there being
a pier intermediate of successive gates, each of which
piers is constituted of a base portion and an upper por-
tion, the base portion projecting rearwardly beyond the
upper portion and forming and defining a projecting
ledge, a vinculum girder embedded in the upper portion
of each pier from a forward end of the girder to a loca-
tion adjacent to the rear end of the girder, the said rear
end of the girder projecting outwardly from the pier
above the said ledge, a single pivot mounting through the
projecting rear end of the girder, bearing means in the
girder for the pivot mounting preventing rotation of
the latter relative to the girder, the said pivot mounting
projecting laterally beyond the girder om each side
thereof, actuating arms for the gates connecting succes-
sive gates to the single pivot member on each side of
the girder so that a single pivot mounting anchors and
holds operating arms from successive gates, one on each
side of the pier, a thrust block for the girder embedded
in the pier ledge almost directly beneath the pivot mount-
ing which engages the girder beneath the exposed end
thereof, anchoring means for the thrust block embedded
in the ledge, and an anchor block for the girder adjacent
to the embedded forward end of the girder, this also
being embedded in the pier.

4. In a dam construction provided with a series of suc-
cessive water gates for controlling flow of water through
the dam, the improvements which comprise means for
mounting, anchoring and operating the gates which
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means include a plurality of structural piers, there being
a pier intermediate of successive gates, a vinculum girder
embedded in the pier from a forward end of the girder
to a location adjacent to a rear end thereof, an anchor
block embedded in the pier secured to the girder adja-
cent to the embedded forward end of the girder, the
said girder having rear end portions projecting rear-
wardly from the pier, a single trunnion pin extending
through the projecting rear end portions of the girder
and extending laterally therefrom on each side thereof,
both the anchor block and the trunnion pin being sub-
stantially normal to the longitudinal axis of the girder,
the said pin accommodating trunnions on the side arms
of successive gates on each side of the pier, a thrust
bleck embedded in the pier engaging the projecting end
portions of the girder directly beneath the trunnion pin,
and anchoring means for the thrust block projecting
therefrom into the pier and being deeply embedded in
the pier, the said thrust block and anchoring means there-
for overcoming unbalanced lateral loadings from the side
arms for the gates.

5. In a dam structure wherein there are successive
upright concrete piers and spillway openings between
them and water gates mounted in the spillway openings,
side arms for the successive gates, a vinculum girder
anchoring successive gates and having a forward end, a
body portion, and a rear end, the forward end and the
body portion being embedded in the pier with the rear
end projecting from the said pier, a trunnion pin in the
projecting end of the girder extending substantially
beyond the girder on each side of the girder, side arms
for the gates having an end secured to the gates and
an opposite end mounted on the trunnion pin, anchor
means for the girder rigidly secured thereto adjacent
to the forward end of the girder and embedded in the
pier, jacketing means enclosing the body portion of the
girder and embedded within the pier, a thrust block
embedded in the pier beneath the projecting rear end of
the girder, anchoring means for the thrust block deeply
embedded in the pier, the thrust block being positioned
beneath the trunnion pin in the girder, and means engag-
ing the girder to the thrust block, the said jacketing
means for the girder preventing bonding of the girder
to the pier and facilitating the transmission of longi-
tudinal forces from the gate side arms to the anchor
means adjacent to the forward end of the girder, while
the thrust block acts to overcome unbalanced lateral
loadings from the gate side arms.

6. In combination with a dam structure having a plu-
rality of spillway openings, each of the openings having
vertical, or near vertical, side walls, rotatable spillway
gates for controlling flow of water through said open-
ings, the said gates including a plurality of side arms hav-
ing an end secured to said gates and trunnions on oppo-
site ends of said arms, a vinculum girder embedded with-
in each of the vertical walls with rear end portions of
the girder projecting from the said walls as a free end,
a trunnion pin mounted in the free end of the girder and
extending laterally of the girder on each side thereof, the
said trunnion pin being received in the trunnions of suc-
cessive side arms of successive gates on opposite sides of
the vertical side wall intermediate successive gates and
spillway openings.

7. The combination with a dam structure having a
plurality of spillway openings, successive openings being
separated by a structural pier, rotatable gates mounted
in the openings for controlling extents thereof, the said
gates including a plurality of side arms having an end
secured to said gates, trunnions on opposite ends of the
side arms, a vinculum girder embedded in each pier but
having a free end projecting therefrom, a single trun-
nion pin mounted in the free end of the girder trans-
versely thereof and substantially normal to the longitudi-
nal axis of the girder, the single trunnion pin being re-
ceived in the trunnions on the side arms of successive
gates, and thrust means for the free end of the girder
anchored in the pier.

8. The construction defined in claim 7 including means
operatively connecting the trunnions of successive gate
side arms to the girders, the said means including a trun-
nion frame secured to the girder and extending laterally
therefrom on each side thereof, and pivot means connect-
ing the trunnions of successive side arms to the trunnion
pin.

9. The construction defined by claim 7 wherein the
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girder comprises an assembly including side plates, a top
plate and a bottom plate, the girder having a forward
end, a body portion, and a rear end, an anchor secured
to the forward end of said girder, a plurality of sliding
bars in engagement with the girder, the body portion of
the girder having a sliding bar rigidly secured to its top
plate and a second sliding bar rigidly secured to its bot-
tom plate, the rear end of said girder also having a slid-
ing bar rigidly secured to the bottom plate, a correspond-
ing plurality of thrust blocks, the said thrust blocks being
anchored within the structural pier intermediate succes-
sive gates and adapted to receive the aforesaid sliding
bars, a trunnion frame rigidly secured to the rear end
of the girder, means enclosing the body portion of the
girder for preventing bonding of the pier to the said body
portion of the girder while permitting stresses resulting
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from balanced gate loadings to be transmitted to the
anchor carried by the forward end of the -girder, and
anchoring means for the thrust blocks embedded in the
pier, the said thrust blocks acting in conjunction with
the sliding bars to overcome unbalanced lateral loadings
from successive side arms of successive gates connected
to the said trunnion frame at both sides thereof.
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