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(57) Abrégé/Abstract:

An equipment tower (100) having a ladder (130) formed of a plurality of ladder segments (132) each joined to a respective tower
segment (105) by a pivotal connection (152) prior to the tower segments being stacked during erection of the tower. The pivotal
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(57) Abrégé(suite)/Abstract(continued):

connection provides a degree of freedom of movement which facilitates the interconnection of adjoining ends of the ladder
segments after stacking of the tower segments. Additional accommodation of as-built spacing of the adjacent ends of the ladder
segments may be provided by a connecting segment (158). The pivotal connection may be a rod (154) inserted through a rung
(138) of the ladder and supported by a support assembly (134) attached to the tower segment.
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plurality of ladder segments (132) each joined to a respective tower segment
(105) by a pivotal connection (152) prior to the tower segments being
stacked during erection of the tower. The pivotal connection provides a de-
gree of freedom of movement which facilitates the interconnection of adjoin-
ing ends of the ladder segments after stacking of the tower segments. Addi-
tional accommodation of as-built spacing of the adjacent ends of the ladder
segments may be provided by a connecting segment (158). The pivotal con-
nection may be a rod (154) inserted through a rung (138) of the ladder and
supported by a support assembly (134) attached to the tower segment.
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LADDER INSTALLATION FOR EQUIPMENT TOWER

FIELD OF THE INVENTION

This invention relates generally to the field of equipment towers:; and
more particularly, to a ladder and method of installing a ladder in an equipment tower;
and in specific embodiments, to a ladder and method of installing a ladder in a

precast concrete equipment tower.

BACKGROUND OF THE INVENTION

It is known to form equipment towers by stacking precast concrete
tower segments to a desired height. The segments may be identical, or they may
have reduced diameters over the height of the tower. United States Patent No.
9,175,670 B2 issued on November 3, 2015, to Lockwood, et al. describes a post-
tensioned concrete tower formed by stacking precast concrete annular segments on
a foundation, wherein the diameter of the respective segments varies in stages over
the height of the tower, with a group of segments having one diameter being
separated from a group of segments having a different diameter by a transition
segment. This tower geometry simplifies the formwork used to precast the segments
when compared to tower designs wherein each segment is different as the tower
varies gradually in diameter over the height of the tower.

It is also known to provide a ladder in the interior of an equipment tower
to facilitate access from ground level to equipment mounted at the top of the tower,
for example a wind turbine installed on a nacelle of the tower. Such ladders are
typically installed in the tower after the tower has been erected, or they may be
installed in stages as the tower is erected.

United States Patent No. 6,782,667 B2 issued on August 31, 2004 to
Henderson describes a tower design utilizing telescoping tower sections that are
nested within each other while in a horizontal position and which are then extended to
a full height after being rotated to a vertical orientation. Henderson also describes a

nested telescoping ladder design which has sections corresponding to the nested

CA 2998120 2019-01-31
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tower sections which are extended to a full length as the tower sections are
extended. The ladder is uniquely designed for use with the telescoping tower
sections, and a complicated arrangement of pivot members, slotted and solid
brackets, folding brackets, removable plates and stop blocks are required to
accomplish its extension and support functions.

Accordingly, further improvements in equipment tower ladder design
and installation are desired.

According to one aspect of the present invention, there is provided a
method comprising: precasting a plurality of concrete tower segments; attaching a
respective ladder segment to each tower segment; stacking the tower segments
together to form an equipment tower; and joining respective ends of adjoining ladder
segments of the equipment tower together to form a continuous ladder, wherein the
step of attaching a respective ladder segment to each tower segment further
comprises: attaching a support assembly to each tower segment; and passing a rod
of each support assembly through a rung of the respective ladder segment.

According to another aspect of the present invention, there is provided
a method comprising: attaching a respective ladder segment to each of a plurality of
tower segments; joining the tower segments together when erecting an equipment
tower with respective ends of adjacent ladder segments in proximate alignment;
joining the respective ends of the adjacent ladder segments together to form a
continuous ladder; attaching at least one of the ladder segments to its respective
tower segment with a pivotal connection providing a degree of relative movement
between the at least one ladder segment and its respective tower segment, the
pivotal connection effective to facilitate the joining of the respective ends of the
adjacent ladder segments together; and attaching the at least one ladder segment to
its respective tower segment with a secondary connector after the step of joining the
respective ends of the adjacent ladder segments together.

According to another aspect of the presnet invention, there is provided
a method comprising: attaching a respective ladder segment to each of a plurality of
tower segments; joining the tower segments together when erecting an equipment

CA 2998120 2019-01-31
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tower with respective ends of adjacent ladder segments in proximate alignment;
joining the respective ends of the adjacent ladder segments together to form a
continuous ladder; and attaching at least one of the ladder segments to its respective
tower segment by inserting a rodsupported from the respective tower segment
through a rung of the at least one ladder segment.

According to another aspect of the present invention, there is provided
an equipment tower comprising: an upper tower segment and a lower tower segment;
an upper ladder segment pivotally attached to the upper tower segment and a lower
ladder segment pivotally attached to the lower tower segment; and a connecting
segment attaching a top end of the lower ladder segment to a bottom end of the
upper ladder segment; a respective support assembly attached to each respective
tower segment ; and a rod of each respective support assembly passing through a

rung of the respective ladder segment of the respective tower segment.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is explained in the following description in view of
the drawings that show:

FIG. 1 is an equipment tower according to an embodiment of the
present invention.

FIG. 2 is a top view of a ladder segment installed in a tower segment
prior to erection of the tower.

FIG. 3 is a perspective view of a ladder segment and support assembly.

FIG. 4 is a closer view of the connection between the ladder segment
and support assembly of FIG. 3.

FIG. 5 is a partial elevational view of two ladder segments joined
together during erection of the tower segments.

FIG. 6 is a plan view of a connecting segment for joining adjacent
ladder segments.

FIG. 7 illustrates a method of installing a ladder into an equipment

tower.

2a
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DETAILED DESCRIPTION OF THE INVENTION

The present inventors have recognized that the installation of a ladder
into the interior of an equipment tower can be a time consuming and risky operation.
Traditional installation techniques often require the use of a construction crane to
deliver the ladder into the annular interior of the tower from above and to support the
ladder until it is secured to the tower wall surface. This places the ladder installation
on the critical path of the overall tower construction schedule. Accordingly, the

present inventors have

2b
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developed a new ladder design and installation method which eliminates the need for
use of the construction crane, and which allows the ladder installation to proceed off of
the tower construction critical path.

FIG. 1 illustrates an exemplary equipment tower 100 in accordance with an
embodiment of the present invention. The tower 100 is a wind turbine tower, which
supports various types of equipment. Such equipment may be affixed at or proximate
the top of the equipment tower 100 or affixed at desired locations along the length of the
equipment tower 100 depending on a particular application. Tower 100 may include a
foundation 102, a bottom tower portion 104, a middle tower portion 106, a top tower
portion 108 and a steel tip adapter 110. The steel tip adapter 110 may be used to
support the nacelle of a wind turbine (not shown). Each tower portion 104, 106, 108
may be formed with a plurality of tower segments 105, 107, 109, respectively, that may
be formed of precast concrete. Each tower segment 105 may have a first constant
diameter and a first height, each tower segment 107 may have a second constant
diameter and a second height, and each tower segment 109 may have a third constant
diameter and a third height. As illustrated in FIG. 1, the first constant diameter of tower
segments 105 may be greater than the second constant diameter of tower segments
107, which in turn are greater than the third constant diameter of tower segments 109,
thereby forming an equipment tower 100 that decreases in diameter from the bottom
tower portion 104 to the top tower portion 108. Transition segments 114 and 116 are
positioned between appropriate tower portions 104, 106, 108 to accommodate the
progressive change in the diameter of tower segments 105, 107, 109 from the bottom to
the top of equipment tower 100.

FIG. 1 further illustrates foundation 102 that may include a platform 118 and a
subsection 126 extending below ground level 128. A pedestal or plinth 120 extends
from platform 118. The tower 100 and has an inside surface that defines an internal
chamber 124. A ladder 130 is installed within the internal chamber 124 to provide
access to upper sections of the tower 100 from the platform 118. In other
embodiments, the ladder may extend upward from a structure which rests on the
platform 118 or from an intermediate height within the tower, and it may extend upward
to any desired height in the tower. The design and installation of ladder 130 is

discussed more fully below.
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FIG. 2 is a top view of tower segment 105 of FIG. 1. In this view, a ladder
segment 132 has been attached to the tower segment 105 after fabrication of the tower
segment 105 but prior to the erection of the tower 100. Tower segment 105 partially
defines the internal chamber 124 of the completed tower 100. The ladder segment 132
forms part of ladder 130 after it has been joined to other ladder segments of the tower
as described more fully below. Ladder segment 132 is attached to and is supported
from the tower segment 105 by a support assembly 134 which is also described in more
detail below. Ladder segment 132 includes two rails 136 connected to opposed sides
of a plurality of parallel rungs 138. As known in the art, a person ascends the ladder by
sequentially standing on ascending ones of the rungs 138 while holding onto the rungs
138 and/or rails 136. An optional cable tray or cable ladder segment 140 is attached to
the ladder segment 132 for supporting electrical and signal cables (not shown) that are
routed along the height of the tower 100.

FIG. 3 is a partial perspective view of the ladder segment 132 and support
assembly 134 of FIG. 2, more clearly illustrating design details of those structures.
Ladder segment 132 includes two rails 136 and interconnecting rungs 138. A safety rail
133 runs between the rails 136 for connection of a climber’'s safety harness support
system. Support assembly 134 includes two horizontal support beams 142 and two
oblique support beams 144, with respective left and right horizontal and oblique support
beams 142, 144 being connected to respective left and right rails 136. The support
beams 142, 144 are attached to the wall of the tower segment 105 through anchors
146. Anchors 146 may be any known design, such as wall anchors provided by Dayton
Superior Corporation. The horizontal support beams 142 are illustrated as L-beams
and the oblique support beams 144 are illustrated as flat plates, although other designs
can be used in other embodiments. Horizontal stiffness is provided in this design
primarily by the horizontal portions of horizontal support beams 142, and two cross
brace beams 148 are also provided to increase that stiffness in order to minimize sway
as a person ascends or descends the ladder 132. Horizontal support beams 142 are
attached to the tower segment 105 through L-brackets 150, whereas the oblique
support beams 144 are connected directly to the tower segment 105 through flanged

ends 153 formed by bending distal ends of the beams 144. Other methods of
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connecting the support assembly 134 to the tower segment 105 may be used in other
embodiments.

Support assembly 134 functions not only to support the ladder segment 132 from
the tower segment 105, but also to do so at a predetermined distance from the wall of
the tower segment 105. One may appreciate that in a tower 100 that varies in diameter
over its height, it is necessary to use different sizes of support assemblies for different
diameter sections of the tower if it is desired to keep the ladder 130 straight, such as at
the vertical centerline of the tower. Alternatively, a landing or work platform may be
used at one or more intermediate heights of the tower to accommodate a shift of the
horizontal position of different ladder sections.

FIG. 4 is a magnified illustration of a pivotal connection 152 between the ladder
segment 132 and support assembly 134 of FIG. 3. The term “pivotal connection” as
used herein refers to an interconnection which allows for some relative movement
between the ladder segment and the support assembly after being affixed. The relative
movement may typically include rotation of the ladder segment about an axis passing
through the pivotal connection, but other directions of freedom of movement may be
envisioned in other embodiments. To facilitate the interconnection of two adjoining
ladder segments, at least one of the ladder segments and preferably both of the ladder
segments should be supported by a pivotal connection.

For the pivotal connection 152 illustrated in FIG. 4, a rod 154 passes through
holes formed in the horizontal support beams 142 and oblique support beams 144 on
both sides of ladder segment 132. The rod 154 also passes through holes formed in
both rails 136 of the ladder segment 132 and through a hollow center of one of the
rungs 138. The rod 154 may be threaded to engage with nuts 156 which hold the
ladder segment 132 and support assembly 134 in spaced engagement on the rod 154
while providing a degree of relative rotational movement about the longitudinal axis of
the rod 154. In accordance with an aspect of the invention, the pivotal connection 152
is used to attach the ladder segment 132 to the tower segment 105 (via the support
assembly 134) after fabrication of the tower segment 105 but before the tower segment
105 is lifted into position during erection of the tower 100. In this manner, the ladder
segment 132 is passively carried into position during the lifting and placement of the

tower segment 105 without any separate critical path step in the construction schedule.
5
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Adjacent ladder segments attached to the tower segments adjoining tower segment 105
in the tower 100 are then connected to ladder segment 132, eventually forming
continuous ladder 130. The relative movement allowed between ladder segment 132
and tower segment 105 by the pivotal connection 152 provides a degree of spatial
adjustment effective to facilitate the connecting of the respective ends of the adjacent
ladder segments. Adjacent cable tray segments 140 may also be mechanically joined
or left unjoined.

Pivotal connection 152 provides a degree of rotational freedom about the axis of
the rod 154, and it also provides a degree of horizontal movement by adjustment of the
location of nuts 156. Connection 152 may also provide a small amount of vertical
movement depending upon the gap between the diameter of the rod 154 and the inside
diameter of rail 138’, however, such gap may typically be kept small (e.g. 1-2 mm).
Vertical adjustment is more conveniently accommodated by the interconnection
between adjacent ladder segment ends, as described more fully below. Other
embodiments of pivotal connections may be used, such as a hook, a cable, a tongue in
groove arrangement, and/or a slotted connection, as long as the connection supports
the ladder segment onto the tower segment with sufficient accuracy to facilitate the
interconnection of the adjacent ladder segments, while at the same time providing a
degree of relative movement between the ladder segment and the tower segment to
facilitate that interconnection. Should a pivotal connection design be used which does
not have the required load carrying capacity for the completed continuous ladder 130,
one or more secondary connectors 139 may be added to connect the continuous ladder
130 to the appropriate support assemblies 134.

FIG. 5 is a partial elevational view of two ladder segments 132’, 132" joined
together after erection of the tower 100. Ladder segment 132’ is attached to lower
tower segment 107’ by support assembly 134’ and ladder segment 132” is attached to
upper tower segment 107" by support assembly 134”. When the two tower segments
107’, 107" are joined together during erection of the tower 100, the respective ends of
ladder segments 132’, 132" are placed in proximate alignment. The term “proximate
alignment” as used herein means that the facing ends of the adjacent ladder segments
132, 132" are brought near enough to each other to be connected together either

directly or with some type of connecting segment at a later step in the construction
6
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schedule. One type of connecting segment 158 is illustrated in FIG. 6 as a simple
rectangular plate having a plurality of holes 160 and/or slots 162 formed therein to
accept fasteners such as bolts at any of several different locations. The connecting
segment 158 is sized to interface with the rails 136 of the ladder segments (one per
rail), with a plurality of holes 160 and/or slots 162 to accommodate a range of as-built
spacing of the respective adjacent ends of ladder segments 132, 132”7, thereby
mechanically connecting the ladder segments 132°, 132” together. In other
embodiments, a work platform (not shown) may be positioned proximate the juncture of
adjacent ladder segment ends, and the work platform structure may function as at least
part of the connecting segment.

FIG. 7 is a block diagram illustrating steps in a method 164 of installing a ladder
130 in an equipment tower 100. A plurality of tower segments are formed at step 166,
such as by precasting concrete segments or forming metal segments. A respective
ladder segment is then attached to each tower segment at step 168. The ladder
segments may be attached at anchors which are included in the concrete casting mold
for concrete segments, or by welding for metal segments, or by any other desired
method. The tower is then erected by stacking the tower segments together at step
170, bringing adjacent ladder segment ends into proximate alignment. The adjacent
ladder ends are then connected together at step 172 to form a continuous ladder 130.

While various embodiments of the present invention have been shown and
described herein, it will be obvious that such embodiments are provided by way of
example only. Numerous variations, changes and substitutions may be made without
departing from the invention herein. Accordingly, it is intended that the invention be

limited only by the spirit and scope of the appended claims.
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CLAIMS:

1. A method comprising:
precasting a plurality of concrete tower segments;
attaching a respective ladder segment to each tower segment;
stacking the tower segments together to form an equipment tower; and

joining respective ends of adjoining ladder segments of the equipment

tower together to form a continuous ladder,

wherein the step of attaching a respective ladder segment to each

tower segment further comprises:
attaching a support assembly to each tower segment; and

passing a rod of each support assembly through a rung of the

respective ladder segment.
2. The method of claim 1, wherein the support assembly comprises:
a horizontal support beam attached to each rail of the ladder segment;

an oblique support beam attached to each rail of the ladder segment;

and

the rod passing through holes formed in the horizontal and oblique

support beams.
3. The method of claim 1, comprising:
precasting a plurality of concrete tower segments;

attaching a respective ladder segment to each tower segment;

CA 2998120 2019-01-31
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stacking the tower segments together to form an equipment tower; and

joining respective ends of adjoining ladder segments of the equipment
tower together to form a continuous ladder, wherein the step of joining respective
ends of adjoining ladder segments together comprises attaching the respective ends
with a connecting segment comprising a plurality of holes or a slot spaced to

accommodate a range of as-built spacing of the respective ends.

4. The method of claim 1 comprising:
precasting a plurality of concrete tower segments;
attaching a respective ladder segment to each tower segment;
stacking the tower segments together to form an equipment tower;

joining respective ends of adjoining ladder segments of the equipment
tower together to form a continuous ladder; and

attaching a respective cable tray segment to each tower segment along with the

respective ladder segment.
5. A method comprising:

attaching a respective ladder segment to each of a plurality of tower

segments;

joining the tower segments together when erecting an equipment tower

with respective ends of adjacent ladder segments in proximate alignment;

joining the respective ends of the adjacent ladder segments together to

form a continuous ladder;

attaching at least one of the ladder segments to its respective tower

segment with a pivotal connection providing a degree of relative movement between

CA 2998120 2019-01-31
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the at least one ladder segment and its respective tower segment, the pivotal
connection effective to facilitate the joining of the respective ends of the adjacent

ladder segments together; and

attaching the at least one ladder segment to its respective tower
segment with a secondary connector after the step of joining the respective ends of

the adjacent ladder segments together.
6. A method comprising:

attaching a respective ladder segment to each of a plurality of tower

segments;

joining the tower segments together when erecting an equipment tower

with respective ends of adjacent ladder segments in proximate alignment;

joining the respective ends of the adjacent ladder segments together to

form a continuous ladder; and

attaching at least one of the ladder segments to its respective tower
segment by inserting a rodsupported from the respective tower segment through a

rung of the at least one ladder segment.
7. An equipment tower comprising:
an upper tower segment and a lower tower segment;

an upper ladder segment pivotally attached to the upper tower segment

and a lower ladder segment pivotally attached to the lower tower segment; and

a connecting segment attaching a top end of the lower ladder segment

to a bottom end of the upper ladder segment;

a respective support assembly attached to each respective tower

segment ; and

10
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a rod of each respective support assembly passing through a rung of the respective

ladder segment of the respective tower segment.

8. The equipment tower of claim 7, wherein each respective support

assembly comprises:

a first horizontal support beam and a first oblique support beamattached

to a first rail of the respective ladder segment;

a second horizontal support beam and a second oblique support beam

attached to a second rail of the respective ladder segment; and

a cross brace beam connected between the first and second horizontal

support beams.
9. The method of claim 1,

pivoting the support assembly during the attaching the support assembly to each

tower segment.
10. The method of claim 9,

wherein the attaching the support assembly a respective tower segment is prior to

eretion of the tower.
11. The method of claim 1,

wherein the attaching the support assembly a respective tower segment is prior to

erection of the tower.

11
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