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TOWER AND METHOD FOR CONSTRUCTING A TOWER

CROXS REFERENCE TO RELATED APPLICATIONS
{0001}  This application claims priority to US. Patent Application No. 14/992 297, filed
Jamssary 11, 2016 ond under 353 U.S.C, §119{e) to UK. Application No. 82/101,617, filed January
9, 2013, the entire content of each of which is incorporated into the present application by
reference.
FIELD OF THE INVENTION
{G0B3]  The present invention relates 1 g tower and a method for constructing a tower.
BACKGROUND OF THE INVENTION

[B003]  Wind torbines are increasing relied on for power generation that does not create
pollutants. Wind turbines are generally move efficient when the turbine s above approximately
120 m from the surface of the carth, Stee! towers have been used to support wind turbines, but
steel can become costly above 60-70 m in height. Accordisgly, an cconomical tower that can

support a wind trbine 06-120 m or more in the air is desired.

SUMMARY OF THE INVENTION
[0884]  The present iavention broadly comprises a tower and g method and apparatus for
consiructing a tower. One embodiment of the invention may be implemented as an apparatus
including a foundation, a plurality of lower staves located on the foundation, and a plurality of
upper staves located above the lower staves, the upper staves having a poured in place concrete or

grouted join betwesn each adjacent upper stave,
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[B863] A method for constructing a tower may include placing a foundation; assembling & frst
set of staves nlo a first iower section on the foundation; assembling a second set of staves inlo a
second tower section: and moving the second tower section onto the first tower section.

[606]  Another embodiment of the apparatus may inclede a foundation; a pluality of lower
staves located on the foundation; and a plurality of upper staves located above the lower staves.
The first upper stave may be connected to a first lower stave by a rod extending through a passage

in each of the first upper stave and the first lower stave.

BRIEF DESCRIPTION OF THE DRAWINGS
{09877 A full and enabling disclosure of the present subject matter, including the best mode
theraof, directed o one of ordinary skill in the art, is set forth in the specification, which makes
reference w the appended figures, in which:
{G808]  FIG. | illusirates a side view of an exemplary embodiment of the present invention;
BO08]  FIG. 2 {llustrates a close up side view of an embodiment of the tower of the present
invention;
(00181 FIG. 3 illustrates a close up cross-sectional view of an embodiment of the top of the
tower of the present invention;
{0011 FIG. 4 illustrates  close up cross-sectional view of an embodiment of Ehé joint betweoon
the fower and upper staves;
{68121 FIG. 3 Hlustrates exemplary lower and upper staves of the present invention;
100133 FIG. & tlustrates a horizontal cross-sectional view of an embodiment of the tendon

anchors of the present invention;

23
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[0084]  FIG. 7 illustrates a horizontal cross-sectional view of an embodiment of the monostrand
tendons of the present im?e:nﬂ:{m;

{00151 FIG. 8 dlustrates a horizontal cross-sectional view near the top of an embodiment of
the upper staves of the preseat invention;

{0016]  FIG. 9 dlusirates 2 horizontal cross-sectional view of an embodiment of the siee]
adapter of the present invention;

0017 FIGS. 10 and 11 show an embodiment of a method to constrict a tower according to
the present inveniion;

[BBI81  FIG. 12 llostates an alteraaive embodiment of 4 tower as shown in Figure {;

{80181 FIG. 13 illustrates o culaway view of the core component assembly 120 shown in
Figure 12;

{00287 FIGS. 14, 15, and 18 Hlostrate alternative embodiments of foundations included in the
present invention;

0821 FIGS, 16 and 17 show side cross-sectional views of alternative embodimenis of a
horizonial joint between staves included in the present invention;

§00221 FIGS, 19, 20, and 25 tllusirate slternative embodiments of a vertical joint between
staves included in the present invention;

(OB231  FIGE. 21 and 22 show aliernstive embodiments of a horizoatal joist between 3 top-
miost stave and the tower top included in the present invention;

{68241 FIGS. 23 and 24 show a pre-assembly method for one level of the stacked stave tower;
and

166257  FIGS. 26-28 illusirate an slternative embodiment of the pre-assembly method shown

in Figures 23 and 24 for one level of the stacked stave tower,

Ee
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

{06261  Reference is presently made in detall to exemplary embodiments of the present subject
matter, one of maore examples of which are iHustrated in or represented by the drawings., Bach
example is provided by way of explanation of the present subject matter, not limitation of the
present subject matter, In fact, # will be apparent to those skilled in the ant that various
maodifications and variations can be made in the present sublect malter without departing from the
scope or spirit of the present subject matier. For Instance, fentures iHustrated or described as pant
of one embodiment can be used with asother embodiment to yield 2 still fusther embodiment.
Thus, it is intended that the present subject matter covers such modifications and variations as
come within the scope of the disclosure and equivalents thereof.

{0827 Figure | shows an exemplary embodiment of 2 tower 20 supporting steel tower 38,
which supports wind turbine 40, Tower 20 includes & plurality of lower staves 22 and a plurality
of upper staves 24. In the embodiments shown in Figures {-11, there are 12 lower staves 22 and
12 upper staves 24, However, any number of upper and lower staves are within the scope of the
invention. The lower staves 22 are mounted on foundation 21. The top of the upper staves is
connected to steel tower 30 through sieed adapter 32, Further, Figure 1 shows tower 20 supporting
turbine 40, However, tower 20 may be used o suppont sny kind of machine or structure known in
the at.

{BO28]  In this regard, Figure 1 shows that the steel portion is roughly two thirds of the total
height and tower 20 is roughly one third of the total height. However, other proportions are within

the scope of the invention, including 2 tower 20 with no steel structure above.
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[6028]  Further, Figure | shows a tower with two sets of staves, lower siaves 22 and upper
staves 24, However, the present invention iacludes towers having either one set of staves and
more than two sets of staves, such as towers 20} including one, three, or four sets of staves. [n these
cases, each sef of adjacent staves may be connected by the joint shown in Figure 4, and the top of
the staves are constructed as shown in Figures § and 9.

{00307 Figures 2 and 7 show that the tower 20 may be held together in part by monostrand
tendons 23 that pass through honzontal ducts in each of the staves 22 or 24, These monosirand
tendons 23 are then tensioned to provide force compressing the staves together. Figures 2 and 6
show tendons 23, which also pass through horizontal ducts in sach stave and are ensioned ©
compress the staves together. In the exemplary, embodiments shown in Figores 1-11, there are
two tendons 23 1o each of two locations near the foundation 21, o plarality of single tendons 23 ot
intervals nlong the length of the lower staves 22, four tendoas 25 near the joint between the lower
staves 22 and the upper staves 24, a plurality of single tendons 23 along the length of the upper
staves 24, double tendons 23 near the top of upper staves 24, and multiple sets of 4 tendons 25 at
the top of upper staves 24, However, different configurations and numbers of tendons 23 and 35
are possible and within the scope of the invention.

{0311 In this regard, Figure 6 shows plural tendons and Figure 7 shows monostrand endons.
However, the configuration of Figure & maoy be wed with monosirand tendons and the
configuration of Figure 7 may be used with plural teodons, and these modifications are within the
seope of the present invention.

{033} Figwre 3 shows a close up vertical cross-section of the top of upper staves 24 and the
adapter 32. Tower 20 also includes post tensioning teadons 30 that run through tendon ducts 54,

In the embodiment shown in Figures 1-11, there are four tendon ducts running the leagth of each

£5%
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of upper staves 24, However, any number of eadon ducts could run the length of each of upper
staves 24 and still be within the scope of the invention, In the lower staves 22, two of the ducts 54
run the Jength of the stave, and two run from the top of the lower stave w an endpoint near the op
of the lower stave. Thus, half of the 48 tendons 50 run from the top of the upper staves 1o the
foundation 21, and half run from the op of upper stave 24 {o the endpoint just below the joint
between the upper and lower staves, However, 25-100% of tendons 50 could run from the top of
the upper siaves 10 the foundation 21 (while 0-75% run from the top of upper stave 24 © the
endpoint fust below the joint between the upper and lower staves) and still be within the scope of
the invention. Each tendon 50 passes through a hole in adapter 32 and is terminated by a nut or
anchor 32. Thus, each tendon 30 serves 1o compress the joint between the respective upper and
lower stave, and also 1D compress the adapter 32 to the top of the upper staves 24, A grouted joint
33 may also be located between the adapter 32 and the top of the upper staves 24,

(8833}  Figure 4 shows the joint between the lower staves 22 and the upper staves 24, A layer
of grout 26 may be used to fill and seal this joint. Further, rod 27 may run through a duct in 2ach
stave through the joint. MNuts 28 at each of rod 27 can provide further compressive force on the
joint. Grout may also be used to fill empty volume sround rod 27,

[H034] Figure § shows that, in one embodiment, the bottom of lower stave 22 §s wider than the
top of lower stave 22, which is wider than the bottom of upper stave 34, which is wider than the
top of upper stave 24,

{0038} Figure 8 is 2 borizontal cross-section just below the tops of upper staves 24, Figure §
shows that in one embodiment the top portions of upper staves 24 are not in contact with each
other. Instead, gaps 56 exist between the {ops of the staves 24, These gaps 56 may extend 3 m

from the tops of upper staves 24 in one embodiment. Rebar 58 extends from inside of the tops of
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gach stave 24 and runs horizontally towards the adjucent stave 24, Further, vertical rebar 57 may
runy from the bottom of gap 36 to the top of the gap 56, In one embodiment, gaps 56 are filled with
poured concrete that envelops rebars 37 and 58 1o form a field concrete joint in each gap 56.
{8036] By pouring concreie into gaps 56 to form o field concrete joint in each gap 56, the op
of the upper staves 24 can be transitioned from a conical horizontal cross-section to a evlindrical
horizomal cross-section. This provides better support o the steel tower 30, and 3 better joint
between adapter 32 and the top of tower 20,

{8037} Figure Y shows a top view of the adapter 32 o the lop of the staves 24, Nuts or anchiors
32 (shown in Figure 3} which connect 1o the tendons 30 bold the adapter 32 1o the top of staves
24, Also, vertica! rebars 57 may pass through holes in adapter 32 and have fasteners 59 attached
thereto, This can add additional compressive force to the joint between the adapter 32 and the tops
of staves 24.

[B038]  Figure 1D and 11 show an exemplary method of supporting and locating the lower
staves 22. In one embediment, the siructure may be assembled as follows:

A} Burvey snd Lavout

I} Swevey foundation 21 and establish each stave node on the top of foundation 21,

2} Establish the tower centerline point on the temporary pole foundation as well as a
benchmark for elevation control. Set the nuis on the temporary pole foundation
correct setting elevation.

3} Weld the node point embeds into position.

B} Erect Center Pole Supnport Tower (Lower Section Only)

1} Erect the Lower section on the anchor bolts and use theee main braces o fine une (o

plumb. Tighten the remaining three main braces 1o 4 snug condition.
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) Erect Lowsr Staves 32

1} Rig, lift and swing the {irst stave indo position sitting i on the hydranlic jacks 70
shows in Figure 10, Lower and rise as necessary to get the top of the stave between
the bolting platform node plates and at the correct elevation. When set, place and
tighten bolts at the top, run down the support bolis at the bottom, weld the stave
corners 1o the node plates 72, {Crane can now slack the lines, unhook, and start on the

next plece) The erection order must be fullowed,

(%]
Rt

Bram the lower foundation to stave joint and immediately place the base grout on a
stave by stave basis,
3} Erect lower staves 22, groutiag the base connection as erection proceeds.

i Brect Ce

{} Erect the Upper section on the anchor bolts in the top of the lower section, Plumb and
align the Upper section using three main braces. Tighten the romaining three braces to

a snug condition,

£} Erect Upper Staves 24
I} Rig, lift and swing the first stave into position sitting i on the hydraulic jacks 70
previously used on the lower staves. Lower and rise as necessary to get the top of the
stave between the top bolting platform sode plates and st the correet elevation, When
set, place and tighten bolis at the top, run down the support bolis at the bottom,
{Crane can now slack the laes, unhook, and start on the next piece) The erection
order must be followed. During this process circumferential P.T. tendons 23 and 28

may be placed and stave 0 stave joinis between the lower staves may be grouted.
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3} At completion of erection of the upper staves 24 joint work at elevation 23m+- should
commence. This includes placing circemferential P.T. tendons 23 and 25 from
elevation 21 m o slevation 24 m and placing the 24 - 30 mm rods 27.

33y Immediately following 2 above the stave to stave joint from 2l m 0 23 mand the
horizontal stave to stave joint peeds o be grouted. When this is done grom the 30 mm
rods 27.

¥} Erect Sieel Adaptor 32
1} Place the steel adapter on shims to the correct vertical and horizontal alignment.

Check for tendon clearance for the wadons 30,

[N
Senro”

Pace circumferential P.T. tendons 23 and 23 from elevation 43 m w46 m.

3y Place reinforcement 57 in eoch stave 1o stave joints 56 {107 x 607 each }

4y Form the inside and ouiside of the joinis.

5) Pour each joint.

6} Stave to stave joints in the remainder of the upper staves can procesd concurrently
with these activities.

7y Circumferential post tensioning 23 and 25 can proceed as well. Stave joint grout must

be 3000+ psi at the level being stressed.

1} This can happen either before or after "H”

) Place and Stress Vertica! Post Tension Tendons 5@

I} Install Ladder snd Tower Inlernals

{00391 Further embodiments are shown in Figures 12-28. Figure 12 shows an alernative

embodiment of a tower 18 including ring foundation 112, core component assembly 120, tube
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clements 113, four sets of staves 114, centerling [ 16, and wind turbine 119, The core component
assembly 120 may be the same as that disclosed in U.S. Patent No. 9,175,493, which is
incorporated by reference herein in its entirety. There may be grout at the horizontal joints betwesn
staves {14, as well as additional securements as discussed herein,

[0840F  Figure 13 shows a cutaway view of the core component assembly 120 assembled in
ground 134, The assembly 120 may inclode mud slsb 138, foundation 132, core component 123,
work platform 190, and vertical post-tensioning tendons 118 that are capped at post-tensioning
tendon anchors 117, Grout joint 116 is located between core component 122 and stave 114,
8041 Figure 14 shows an alternative embodiment including vertical tendon 150 dhat runs
through the foundation 132, In this case, foundation 132 may be s disk or cosventional foundation
that is poured op site,

0042} Figure 13 shows an additional embodiment including a ring foundation 147 that is
poured on sie afier tendon anchor 162 at the end of tendon 160 s located in the foundation 142,
{0843]  Figure 16 llustrates an embodiment of 2 joint between 1wo staves 1144 and 1148,
Post-tensioning tendons |18 run along an inner surface of the staves 1144 and 114B. Shim 115
is put in place before grout 110A s added o fill and seal the joint between the siaves.

0044} Figure 17 illustrates an allerative embodiment of a joint between siaves 1144 and
F14B.  In this case, post-tension rod 170, capped on each end by nuts 172, runs theough
corresponding passages in each stave. Nuts 172 are tightencd to clamp the staves ogether. Pre-
stress tendons 180 ave included in the pre-cast stave 114 and run the length of each stave. Thus,
the load is bome by the pre-swress tendons 180 along the length of stave 1144, then the load is
transferred to the pre-stress tendons 180 in stave 1148 through post-tension rod 170, Shim 1153

and grout | 164 may also be used w0 secure the joint,

14
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{0645]  Figure 1B shows an additional embodiment for seouring the siaves o the foundation.
In this embodiment, post tension rod 170A is partially cast ino Held poured disk or ring foundation
132, Seave 1148 is then assembled onto the rod 1704, and nut 172 clamps stave 4B to
feundation 132, Shims 115 and grouwt 116 may also be used 1o secore the joint.

{9046]  Figure 19 shows an embodiment of 4 structure for securing the vertical edges of staves
114 10 the adjacent siave edges. Inltially, vertical reinforcement bars 1764 are placed into the
gaps between adjscent staves 114, (Beinforcement bars 1768 we external portions of
reinforcemnent bars 117 that are pre-cast into the staves and extend out of the vertical side edges of
the staves into the gap between adjacent staves.) Then, concrete joint 176 is field poured around
the veinforcement bars [76A and 1768 to secure the vertical edges of the staves with respect to
gach other.

{98471 An alternative embodiment of a joint between vertical edges of the staves is shown in
Figure 2¢. Similar subject matter is also shown in U8, Patemt Application No, 14/172,166, which
is incorporated by reference herein in its entirety, Staves 114 include channels 114D through
which horizontal post-tensioning tendons 192 are run, Easch stave 114 includes shear keys 1140
i a channel filled with a filler material 196, which may be a thixotropic filler material, Cross over
anchor 194 then secures the tensioned tendon 192 to clamp the staves 114 to sach other.

(048] Figure 21 shows an embodiment of the transition from the staves 114 1o the turhine
H%, Anchors 172A secure the tops of tendons 118 to the tower top adaptor 200, which may be
made of sieel. There may be grout 1168 in the joint between adapter 200 and top tube eloment
210, which may be 4 pre-cast concrele element.  An epoxy joint 2104 may be located between
tube top element 210 and second element 220, Shim 222 and grout 2204 may be locaied between

second element 220 and the top of top stave 114A.
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{B04%]  In addition, akernative embodiments can Include multiple elements 220 between twop
tube clement 21 and stave {14, or no clements 220 between top wbe element 210 and stave 114
{stave 114 directly connected with top twbe clement 2100 All of these modifications are within
the scope of the present mvention.

[BO56]  An alternative embodiment of the tower top 1s shown in Figure 22, Here, post tension
bolts 272 run from the top of stave 1144, through elements 210 and 220, and are capped off by
nuts 172 above adaptor 200. Thus, loads from pre-stress tendons 180 in stave 1144 are transferred
to adaptor 200 through post-teasion rod 172

051 Figures 23 and 24 show s pre-assembly method for one level of the stacked stave tower.
In one embodiment, the first level of staves is assembled on the foundation as discussed above.
Then higher levels may be assemnbled as shown in Figures 23 and 24 and then lifted a5 a completed
level onto the tower. Tower section 300 includes 1 leve) of staves gssembled on frame 400 (shown
in Figure 24}, which is placed on cribbing grade 312, Wall pipe 314 runs through a center of the
tower to support platforms 316, Brace 318 supports the pipe 314, Platforms 316 allow for ladder
placements 310, which in addition o ladder placements 330 and 360, allow workers to place and
remove the inner mold form wall for the joints shown in Figure 19, The outer mold form walls
can be easily placed and removed from the outside using » lift 380

[6632]  As shown in Figure 24, frame 400 includes members 410, deck 420, anchor bolts 420
and base bolt 430 for disassembling the sections for shipping.

{0053]  Figure 23 shows an alternative embodiment 500 of the joims shown in Figure 18, In
this case, the front (320) and rear (570} of the mold forms stay in place after the field pour. Mold
front 320 includes a hole for J-bolt 330 to pass through, which is held in place by nut 310, Gasket

330 is located betwsen mold front 520 and the staves 1o keep a tight seal for the cement.
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Reinforcement bars 580 are an extension of pre-cast reinforcement bars 117 of the staves 114
Vertical reinforcement bars 340 are added to the joint before the concrete is poured.

{00341  Figure 26-28 show an altemnative assembly method using scaffolding. In » similar
manner as shown in Figures 23 and 24, wower section 300 is assembled on frame 400 {shown in
Figure 27}, which is placed on cribbing grade 312, However, as shown in Figore 28, scaffolding
sysiem 600 is used to place and remove the mold forms for the vertical joints between staves.
System 600 is all supporied by frame 630, which is connected to work platform 310 and the tops
of the staves. Inner scaffolding 610 can be moved up and down within the tower section 300, and
outer scaffolding 620 is moved up and down outside of tower section 300, When tower section
300 is complete, it is then Hifted onto the tower 1o continug the erection process.

{0B35]  The present writlen description uses examples to disclose the present subject matter,
including the best mode, and also to enable any person skilled in the ant 1o practice the present
subject matter, including making and using any devices or systems and performing any
wncorporated andfor associated methods, While the present subject matier has been described in
detail with respect to specific embodiments thereof, it will be appreciated that those skilled in the
art, upon altaining an understanding of the foregoing may readily produce alterations to, variations
of, and equivalents to such embodiments. Accordingly, the scope of the present disclosure is by
way of example rather than by way of limitation, and the subject disclosure does not preclude
inchusion of such modifications, variations andfor additions to the present subject matter as would

be readily apparent to one of ordinary skill in the an.

13
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CLAIMS:
1. An apparatus comprising:
a foundation;
a plurality of lower staves located on the foundation; and
a plurality of upper staves located above the lower siaves, the upper siaves having ¢

poured in place conceete or growted joint between sach adjacent upper stave,

2. A method for constructing a tower comprising:
placing a oundation;
assembling a first set of staves into a first tower section on the foundation;

assembling a second set of staves Inio a second tower section; and

moving the second tower seetion onto the first tower section.

3. The method according to Claim 2, wherein the assembiir;g includes:

placing the second set of staves on a cribbing grade;

asing ladders within an aren surrounded by the staves 1o provide a back mold form
between adjacent staves;

using a machine outside of the area surrounded by the staves to provide a front mold
form: and

pouring a field poured conerete joint into a volume between the front mold form, the back

moid form, and adjacent staves,

4
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4. The method according to Claim 2, wherein the assembling includes:

placing the second set of staves on a cribbing grade;

using first sealfolding within an area surrounded by the staves to provide a back mold
form between adjacent staves;

using second scaffolding cutside of the area surrounded by the staves 1o provide a front
mold form: and

pouring a field poured concrete joint into a velome between the front mold form, the back

mold form, and adjacent staves.

5. An apparatus comprising:

a Foundation;

fa plurality of lower staves located on the foundation; and

a plurality of upper staves located sbove the lower staves, a first upper stave connecied ©
a fiest lower stave by a rod extending through » passage in cach of the first upper stave and the

firss Inwer stave,

8. The apparatus according to Clatm 5, wherein each of the first upper stave and the

first fower stave include pre-stress tendons that extend along a length of such stave,

[y
iz
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