A Real Root Pile
GEURRELIA)

Support of Vancouver’s Hollow Tree

Parallels to Wind Turbine Foundations

By Horst Aschenbroich Dipl. Ing.
President / CEO

@ Con-Tech Systems Ltd.
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HOLLOW TREE |
S|TE 4

LOCATION PLAN

The North Western part of the park was devastated by a severe
hurricane force wind which fell over 3000 trees and dangerously

tilted the tree.

@ Con-Tech Systems Ltd.
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The tree was condemned to be taken down after it was tilting into a
dangerous position of tipping over.

@ Con-Tech Systems Ltd.
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Two proposals were considered
by the Vancouver Parks Board

« 1. Keep the tree standing with external braces.
« 2. Takethe tree down and replace it with a replicate out of plastic.

Both proposals were criticized by the public.

@ Con-Tech Systems Ltd.
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Our proposal to keep the tree
standing with a new (artificial)
root system using Micro Piles
as Root Piles, (as a donation
to the city of Vancouver), was
eventually accepted by the
Parks Board.

@ Con-Tech Systems Ltd.
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Limited access and stringent environmental restrictions prohibited
large equipment brought into the park, this opened the opportunity to
suggest the use of Titan-IBO Micro Piles.

The project was done in four stages.

@ Con-Tech Systems Ltd.
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Straightening of the tree.
Braces with a hydraulic jacking system were used to push the tree

. : to its original vertical position.
@Con-ﬁch Systems Ltd.
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Second Stage
Installation of Micro Piles
8 inside and 7 outside the tree
Con-Tech Systems Ltd.

15 Titan Hollow Bar Micro Piles

(Root Piles)
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IBO (Injection Boring) Titan Micro Piles (Root Piles)
Installed with a hand held Drill inside the hollow tree

@ Con-Tech Systems Ltd.
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Exposed Piles
@Con-ﬁch Systems Ltd. Notice good grout cover
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Before placing Pile Cap Concrete

@ Con-Tech Systems Ltd.
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Reinforcing Pile Cap

@ Con-Tech Systems Ltd.
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SCRIBED To THE INSIDC OF TREE A ¢
C/W EPOXY FILLED 17# STEEL v « EXISTING TEMPORARY SUPPORTS
KOT SHOWN FOR CLARITY BUT

STUDS @ 6" 0,C
TO REMAIN [N PLACE UNTIL
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NOTE: ALL STEEL TO
BE HOT DIPPED
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NEW LOCATION —" k . FELD WELDING TO BE CAREFULLY
CONTROLLED TO AVOID DAMAGE

A I W To TREE

SCRIDED TO THE INSIDE OF TREE :

c/w EPOXY_FILLED 1% STEEL : I ﬁﬁm ﬂéiﬂ. Eﬂis__ﬂt AT
STUDS @ &" 0/8 @——— "om STRUCTURAL SHAPES 350W

HOLLOW STRUCTURAL SECTIONS 3S0W
CLASS ©
FLATE & BAR STEEL 260W
" BY QUALIFIED WELDERS o CoA £7.1
SLOME TOP OF BEAW . GALVAMIZE FEILD WELDING MATERLAL

AWAY FROM TREE BY TORCH APPUED METHODS
- WICRD PILES ARE MOH GALVINIZED

/A™_FRONT ELEVATION
5-3/ 1/8"=1"-0"

LIME OF EXISTING GRADE

Z0kike GROUTED TITAN 30
MICRD FILES

FACTORED AXIAL
EESIE'I'AHCE = 2&k

UPLIFT = 18k
BY COW-TECH SYSTEMS ——

(B™_SIDE ELEVATION

\s:y 1/8%=1"-0"

Root Piles after straightening of the Tree

» Con-Tech Systems Ltd.




PALI RADICI

Third Stage
BRI

PROVIDE COMPRESSION CAP \ 1 i

C/W 5/5 BOLT AND WASHERS H L"ﬂ'ﬂ?r
| ™ RS

1"® 316 STAINLESS STEEL THREADED 4 : —
ROD C/W MIN 87 EMBEDMENT INTO

TREE WALL, USE POWERBOKD

ADHESIVE BY INDUSTRIAL FORMU_ATORS

OR APPROVED EQUIVALENT.

TRIM 5/5 ROD TO SUIT AND [-]
FROVIDE 5/5 1”8 CAP NUT
AND 5/5 SADDLE WASHER |

5/5 WASHER TO SUIT HOLE IN TREE
FOR EPOXY RETENTION

. FILL_PIPE 'IV{ CONC.
SLURRY 45 PLE
CAFP |5 FLACED

ELLEI?SHE%EEﬁg"F{ﬁND o — K"# 316 STAMLESS STEFL THREADED

BELOW THE TOP OF FILZ CAP, ROD C/W MIN 4™ EMBEDMENT INTO \

o T S e S e e

MININUM OF 1'—0" QUTSIDE § A _

TREES ROOT ? ! OR APPROVED EQUIVALENT, PROVIDE /2% SECTION
) SUITABLE CAP WUT Py

3¢ SCH 40 FMPE SUPPORT
GALYANISED

Gx6x3/4 PLATE WASHER 4 SECTION
2'-3" s-8/ 1"=1"-0"

—15M TIES @ 16" 0/C |

S0MM & ROD

~—-15M TIES & 16" 0/C

GROUTED ANNULUS
AFFRUK. 478

2'-3"

Lok ' & 15M T&B BILECAP COWCRETE SPECIFICATION
5,_5:2“}'3T§!‘ u%EE. ;- DISTRIBUTE BARE + 2B DAY STRENGTH 25MPa - —
AS  FORMWORK - AROUND TREE RCOTS +  CEMERT TYPE 10 3, SECTION @ e
" . AS REQU'D FOR WIN. +  MAX, AGGREGATE SIZE  10mm S=8/ 1 1/2°m1'=0" Seadengine=ingrenp
TITAN WICRO PILE —— - & . e OF 3=15M T&B EACH | + AR ENTRAINMENT 3-5% Py R p———
&

e == . SIDE OF ROOTS | O RED P [HOC
! S MIN. COVER TO ALL REBAR =75mm
b - .

. b REBAF TO BE 300MPa FOR 10M AND
s SMALLER & 400MPa FOF 15M AND LARGER
ro : ENGINEER TO FIELD REVIEW PLACEMENT OF DETAILS
REINF. PRIOR TO CONCRETEING

SECTION
s-8/ 1 =1"—0" =
- STANLEY.PARK'S

HOLLOW.TREE

Connecting the tree to the Micro Piles

» Con-Tech Systems Ltd.
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LOCATION 30MM# TITAN MICRO
PILES @ MAX. 40" 0/C

ALL FILE LOCATIONS ARE
APPROYIMATE AMD SUBJECT TOD
THE APPROVAL OF THE ENGINEER

SHADID LINE INDICATES
TREE ABOVE PILING LEVEL

EE\EFEL ROOTS AT PILING APPROX|IMATE TRiE MATERIAL

CROSS SECTION AT
LOWER STAVE BAND

EPOXY EMBEDDED
STEEL STUDS

R 3/4" STAVE BAND
HES 122x104 S|AVE
BAND BACKING NEMBER

H55 102x102 STUB DOWN
TO CROSS BEAMW

1. ENGINEER TO V¥ISIT SITE TO SELECT
ACTUAL STAVE BAND LICATION

2. TREE INSIDE SURFACE TO BE
SCIIBED AT SELECTED LOCATIONS AND
/1", TREE SECTION BELOW GRADE /2™ TREE SECTION @ PIPE CONNECTION TO TREE  TEWFLATE FITTED TO TREE

\g:q//' 1/47°=1"=0" \3—_5} | fa"=1"-0" 3. FINAL LOCATIONS OF EPOXY
EMBEDED STUDS TO BE MARKED ON

TEWPLATE AKD PHOTOGRAFHIC
APPRCXIMATE TREE MATERIAL : MATERIAL EVIDENCE FORWARDED TO THE
ICHEI.%%{‘ESDEQ.’I!}!: N A e manD ENGINEER FOR REVIEW PRIOR TO
STAVE BAND FABRICATION

|~ EFOXY EMBEDDED
STEEI..—.?'UDS

4. WHERE POSSIBLE EXISTING BRACING
A AND REINFORCEMENT TO REMAIN IN
/ - PLACE UMTIL STAVE BANDS ARE
________-{—l'. 3/4" STAVE BAKD INSTALLED AND EPOXY IS SET

R a,fA" STAVE BAND

.’f 7 T 5. REMOVE TREE MATERIAL BELOW

X GR4DE ONLY TO FACILITATE
/ % INSTALLATION WIGRO FILCS AND PILC

CA® REBAR
!%_55 6. EXCAVATE AND REPLACE EXISTING

EARTH WITH CLEAN FREE DRAINING
GRANULAK FILL AFILE SIAVE BAND
INSTALLATION IS COMPLETE

/3™ TREE SECTION @ INTERMEDIATE STAVE BAND /4 TREE SECTION @ UPPER STAVE BAND

)
1 7 =1—0" 5-4 1/4"=1'=0" 7. AS MUCH AS POSSIBLE MAIMTAIM
\s-¢/ 1/ \s-¢/ V/ EXISTING TREE ROOTS DURING
EXCAVATION,

» Con-Tech Systems Ltd.
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Hollow Tree outline (approximate) —— Centre \nominal) X
Micropile location —

Pile cap (=46 G thok, 2x thick or mmore around 15 cm dia. poles) edge ——
Drairage pipe PVC 100 mm schedule-40 Drainage pipe access point

Base of 7.5 cm diameter poles » Base of 15 cmdia. poles @
Scale 1:50 metric millimetres

@ Con-Tech Systems Ltd.
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Fourth Stage

Placing a Cap
on the Hollow Tree
to extend its life time

@ Con-Tech Systems Ltd.
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Thie Holfow Tree Team. June 3, 2010,

Con-Tech Systems Ltd. € group which made it happen
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’ ; He approves
@ Con-Tech Systems Ltd.




The Root Pile Support
Paralleling to Wind Turbine Foundations ?

@ Con-Tech Systems Ltd.
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Example:

Catastrophic failure of
several wind turbine
foundations near
Vechta/Lower Saxony,
Germany

ground anchor system
- (or Root Piles),
| 37 this type of failure could
- be avoided.

Con-Tech Systems Ltd.
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i ‘-Jl!Lmﬂlhhﬂj_!'ll Conventional Spread Footing
with Mass Concrete

Similar to the ones
which failed in Germany

500 to 600 cubic yards
of concrete are required

Con-Tech Systems Ltd.
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Footing Concrete Volume (yd®) vs. Rated Power (MW)

Figure 1

Source: Morgan, K., Ntambakwa, E., Garrad Hassan America, Inc., Wind Turbine Foundation Behavior and
Design Considerations, AWEA Windpower,Conference, Houston, June 2008

@ Con-Tech Systems Ltd.




The Solution:

Alternative Foundation Systems with
Micro Piles, Post-Tensioned Ground

Anchors, and New Groutable Void
Form (GVF) Technology

@ Con-Tech Systems Ltd.
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Deep Foundation Post-
Tensioned Ground Anchors
use ground mass to resist

the overturning moment.

The foundation is pre-tested
to its design loads and
higher.

- S e T e T
.:l"m.&aﬁ_"- P g }:‘3%‘ e
o e B i wE -
L 'd.'l I-'D'I"=$-_1‘ﬂ-l""rr SBL 8

@ Con-Tech Systems Ltd.




PALI RADICI

GTMO WINDTURBINE
EMBED #4 DRILLING
ROCK ANCHORS

-

Only small equipment is required and the
amount of concrete is largely reduced

@ Con-Tech Systems Ltd.




Types of Tendons used for
Post-Tensioning Wind Turbine Foundation
Ground Anchors

e 7 Wire strand anchors 270 ksi low
relaxation

e Solid bars 150 ksi for post-tensioning

* Injection Bore Anchor, hollow bar system

@ Con-Tech Systems Ltd.




The Key to Post-Tension and Testing
Wind Turbine Foundations Is
The Groutable Void Form (GVF) Concept

(patent pending)

@ Con-Tech Systems Ltd.




Wind Turbine
Foundation with
Post-Tensioned
Ground Anchors

using Groutable
Void Form (GVF)

@ Con-Tech Systems Ltd.
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Ground Anchor Tendan

- Concrete Foundation Cap
Groutakle

Groutable Void N N
FOrm .' i ’EP : [The groutable void form creates a

temporary space between the top of
the anchor and the bottom of the
foundation cap to permit unrestrained
movement during post-tensioning.

~ Void between e s
ground anchor ) |\ockecon

and foundation . =l Skin Friction at concrete

Cap f|||ed W|th S oy ‘| to soilinterface

cement grout ’ 73 & : Concrete Ground Anchor
after tensioning s

@ Con-Tech Systems Ltd.




CTS Groutable Void Form

Hard Plastic or
sheet metal shell

Barbed fittings

for rout tube

@ Con-Tech Systems Ltd.
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DESIGNED CRITERIA

EXTREME WIND LOADING PROVIDED BY TOWER AND TURBINE MANUFACTURER:
Fr (VERTICAL LOAD)=594,000f (2640 kN]

Fr  (HORIZONTAL LOAD)=158,850f [705 ]

W (MAYIMUM MOMENT)=34,758 ft-K [47,125 &N m]
SEISMIC LOAD DOES NOT GOVERN, 2009 INTERNATIONAL BUILDING CODE,

229'=7|29/32"

B: ADKAINISTRATOR
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CON-TECH GROUTABLE VOID FORM FOUNDATION

CON-TECH SYSTEMS LTD 24424 MANZANTA DRIVE

DESCANSO, CA 91916
TITLE SHEET

|
FOUNDATION
FOR WIND TURBINE
SCALE: 17°=50'=0"

|
—a

PATH: CHZZZWPOY 29403982 CON TECHYPUBLICHT1.DWG

FLIOT DATE= 25/2008 10:50 AM

@Conﬁech Systems Ltd. Foundation for a present project in Canada




Conclusions

Over: (5% red
Over 40% red

Qver 70% rec
consumption

uction in foundation area
uction In concrete consumption
uction in reinforcing steel

20% to 30% preliminary estimated total
foundation cost reduction

Pre-tested foundation in tension and
compression to design loads or higher

Con-Tech Systems Ltd.




Thank you
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