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The surveying procedures and unique Core Wall Control Survey method statement have been applied succesfully to most of top
high-rise buildings and towers worldwide. CGEOS is owning the knowledge and capacity in High-Rise surveying engineering and
monitoring operations and is contracted by TEODOLITEN AB Sweden for the KARLA Tower Project in Goteborg

ORGANISED BY ‘i PLATINUM SPONSORS
u @ 9748 Ali Afsahi - Joel van Cranenbroeck @esrl @ Trimble

THE SCIEWCE OF WHERE'



B FIG WORKING WEEK 2019

22-26 April, Hanoi, Vietnam

"Geospatial Information for a Smarter Life and Environmental Resilience”

A

« Generally speaking, accuracy requirement for as | oo 7 T

construction in the past were about £ 1 em while |0 | ™ FEITETHT

nowadays pre-fab and modularity changed the rule | ‘ '

of the game. o Jricorencn |
* In High Rise building construction, accuracy

requirements are dictated by the verticality of the I P

core walls (lift cages) and fagades, cladding & o |

glazing and tolerances are expressed in £ X mm H::j{m S
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CONCRETE STRUCTURE VERTICAL TOLERANCES
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The main constraint regarding surveying accuracy performances are dictated by fagades,
glazing, cladding and lift shafts verticality + 3-5 mm
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High Rise Surveying Techniques Review

« 1.0 Traditional survey techniques using optical plummets and theodolites
« 2.0 Traditional surveying techniques using Total Stations and resection with laser plummets
« 3.0 Core Wall Control Survey method invented at first for the Burj Khalifa in Dubai
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 Due to many obstruction on building top,
since the Burj Khalifa we are processing

the “Active GNSS control points” in PPK
mode (forward & backward)

* For the Abu Dhabi Landmark tower we
have been asked to process in RTK and

Target Residuals

we applied filtering techniques but T
ambiguities fixing process is challenging @ c@sy S mn s 0 2
and less accurate. | ogmEsmin
* Operating in RTK requests also much == a2 e W EE
attention and add-on and higher the cost wee =« § R
without significant benefit. s et L
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3.0 Core Wall Control Survey

Survey Static GNSS all
primary control points

Setup

Setup TRANSFORMATION
between WGS-84 and KTM
coordinates

To equip the building top with 3 x
GNSS receivers and antenna + 360°

Operations

PrEpa ration Setup Total Station and perform
RESECTION on Active GNSS Control
Points

Survey “as-built” all Core Walls
(lines/sections) after pouring

Compare “as-built” with CAD design
and edit corrections for adjusting
next formworks pull-up sequence




1497900 m 1498000 m 1498100m 1498200 m 1498300m 498400 m 1438500 m 1498600 m 1498700 m 1498800 m 1498900 m 1499000 m 1499100m 1499200m

------------------------------------------------------------------------------------------------------------------------

Legend

Meaning
Control - 3D
Contrel - 2D
Control - 1D
Adjusted
Reference

uw
=

[=RN S N

...............................

<]

HAverage
Measured
SPP
Mavigated
Estimated

+ 089

...............................

Survey Static GNSS all primary | | : | | | | | |
control points S S e L o e

500.0 m ' ' g 0.001m [ 0.001 m (j; 0.001m [T 0.001m [[ 0.001m




FIG WORKING WEEK 2019

22-26 April, Hanoi, Vietnam

o

Fls

"Geospatial Information for a Smarter Life and Environmental Resilience”

TR EL SAARET

e l!l'fl'h"
1

e ¥
Fy

g.
i)
L

RN I IR TR
btz B E e R

r |._._|1.._|—|.l—ll|_-_'.._n_l—-l-
I
|

ORGANISED BY PLATINUM SPONSORS
IHI @ 9748 Ali Afsahi - Joel van Cranenbroeck @@ @ Trimble

THE SCIEMCE OF WHERE "



e PI'} -

" Eag “ EI L--'
Bia i }

. :._ln_,_:




FIG WORKING WEEK 2019

22-26 April, Hanoi, Vietnam

W ‘*T e - e =

"Geospatial Information for a Smarter Life and Environmental Resilience”

Adjusting formworks usihg
reference lines and laser
NO MORE STAKE OUT after
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In the « aligned along the gravity vertical » no
movement, the main axis of the structure
coincide with the gravity vertical.

The « Active GNSS Control Points » are delivering
coordinates to assist the Total Station with setting
up and therefore survey and setting out elements
(formworks etc, ...). The coordinates used are the
coordinates provided by the designer.
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Due to various loads (sun insolation, cranes loads,
wind ... ) the main axis of the structure doesn’t
coincide with the gravity vertical.

The « Active GNSS Control Points » are delivering
coordinates to assist the Total Station with setting
up AT THE PRESENT PLACE (that is offset from the
design coordinates)

To keep building, we do need to TRANSLATE the
design coordinates at the PRESENT PLACE. This is
where we do need PRECISE DUAL AXIS
INCLINOMETERS that will give us the deflection
DX, DY of the structure MAIN AXIS vs GRAVITY
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Real Time Monitoring - Building Tilt
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High Rise Surveying Techniques Review

* 1.0
« 2.0
« 3.0
* 3.5

Traditional survey techniques using optical plummets and theodolites

Traditional surveying techniques using Total Stations and resection with laser plummets
Core Wall Control Survey method invented at first for the Burj Khalifa in Dubai
Technology improvements, new request and new solutions
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GNSS

* GNSS (only GPS at the Burj
Khalifa Dubai) +GLONASS
+GALILEO +BEIDOU = £ 25 SV's

e Cost reduction in GNSS receivers
and antennas

 Open Source software such RTK-
LIB for double checking

IHI ( : 9748 Ali Afsahi - Joel van Cranenbroeck @esri @ Trimble

THE SCIEWCE OF WHERE'



B FIG WORKING WEEK 2019

) f.:; | 22-26 April, Hanoi, Vietnam

L TRTTIRTRT R

IHI "Geospatial Information for a Smarter Life and Environmental Resilience”

The GNSS Mid Height Problem

 We have been asked to suggest a
proposal for monitoring by GNSS the
Taipei 101 but without setting up a GNSS
antenna on the building top !

 Qur idea was to surround building upper
part with several GNSS antenna’s like
used for missile guidance ...
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The GNSS Mid Height Problem

 There are several approaches : ‘t/ b ® o ‘o, e
- Either to connect all GNSS antenna’s to a @\\\, : : l / / ’

single receiver to benefit of a single oscillator ‘ \ — s
(like GNSS 2 x antenna’s direction) A\\ T / o
 Consider separated GNSS receivers and £

antenna’s and use OCXO external oscillator to
drive the GNSS receiver’s clocks.

» Solution is about translation (Virtual
Monitoring Point = VMP)
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Zenith Line Application

* Instead of using vertical optical
or/and laser plummet, we develop
the application to use a Total
Station + Automatic Target
Recognition to track vertical
deflection automatically.

« original idea 1995 © Joel vC

It e g T T
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* When there is no
possibility to use

hmmthmnth

“Active GNSS Dt s
control Points” N

Zenit] [First] | Mene | i

To have inside
vertical control

Can be applied in

tlength: 0.038 »
ACress @ 0,060 »

any r_efgrence line g e
as originally

invented for bride

monitoring

500419 (8, Zenith Line on board application to locate the & | 22
’ position of reflectors on the slab level. %
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New Instrument to Evaluate ...

« TOPCON GTL-1000 — a compact scanner integrated with a
fully featured robotic total station, enabling a site engineer to
complete a layout and scan on a single set-up.

* The Topcon GTL1000 which unlike scanning total stations
such as the Leica MS60 and Trimble SX10 is a conventional
total station with scanner plonked on top.
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* |deal for basement and foundations

* AGISCO srl Milano has invented,
designed and is producing an
Automatic Levelling System
(Profilometer) based on pressure
gauge

* Accuracy on level of £ 0,1 mm

monitoring
e 24 hours / 7 days
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 The only way is to adjust
the top part of the
formwork is to modify its
inclination.

« |t's still a hard work
process based on push-

pull prop ...
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Semi-automatic Formwork

i ]
|||||||||

GNSS antenna
connected to GNSS
receivers operating in

in RTK mode >
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UAV for High Rise construction

« Companies like Liebherr, the world’s largest
manufacturer of tower cranes, recognize the
need to adopt intelligent and collaborative
system to improve project management
efficiency.

A camera mounted on a crane is an excellent
alternative to drone mapping and traditional
techniques such as terrestrial laser scanning.
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» Morphosense was created in 2016. It originates from
the Systems department of CEA Leti.

* The technology is based on a network of high precision
MEMS accelerometers with patented algorithms which
estimate the 3D deformation and vibrations of
infrastructures and superstructures.

@ MORPHOSEEE
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High Rise Surveying Techniques Review

* 1.0
« 2.0
« 3.0
* 3.5
* 4.0

Traditional survey techniques using optical plummets and theodolites

Traditional surveying techniques using Total Stations and resection with laser plummets
Core Wall Control Survey method invented at first for the Burj Khalifa in Dubai
Technology improvements, new request and new solutions

Integrated technologies (surveying & monitoring) based on BIM
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Integrated Technologies - Information
Technology - BIM

« All the instruments and sensors are producing big data that are becoming more and more difficult
to handled and to confront with the documentation design.

 BIM is progressively used in high rise construction (National Bank of Kuwait New Tower) because
such infrastructures are de facto complex and unique with challenging design

« Clashes detection is often cited as one of the major benefit while the counter part is significant
investment in IT and operators.

» We are foreseeing a huge interest for gathering surveying and monitoring data in real time
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« TEODOLITEN AB is using BIM since many
years to handle surveying project in
drawing less mode

 They developed unique expertises to
interact from BIM to field and vice versa

* On the field, surveyors are connected to
Internet Mobile to exchange 3D structured
data in real time.
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» Developed by SODIS, a L e e =
Russian company involved in s =
buildings monitoring systems
development. .
 The approach is to combine
into a CAD/BIM environment, 2 B =n s
sensory data for subsequent v = e
structural analysis S
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Integration

Building Information Modeling
(BIM)

Visualization

Ohle volume

Signage volume

Signalling
volume

Communication [—— -1

volume
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Kinetic envelope
volurme
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Conclusion

« Starting our journey in 2006 with the construction of the Burj Khalifa and the invention of the Core
Wall Control Survey method, we keep developing and improving Surveying Engineering solutions
for High Rise structures.

» More sensors and instrumentation are now included in our proposal. Structural analysis software,
post-construction monitoring and data management with BIM are paving the way to new
developments.

« High rises with unique design are keeping challenging the construction business and the
surveyors must definitively take part of that outstanding human adventure toward the limitless sky.
They have therefore to accept the challenges, innovate, breaking rules and keep learning.
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Joel van Cranenbroeck
» Collaborateur Scientifigue at UCLouvain ICTE...
2w

Back to Core Wall Control Survey method that | Invented
at first for the Burj Khalifa tower in Dubai 10 years ago
together with the “Active GNSS Control Point” | We keep
improving and developing that approach that will be

Structures -
Development and Practice
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presented at tha FIG Working Week at Hanal soon.
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Thank you very much for your attention
Cam on ban rat nhiéu sw chu y cua ban

Ali Afsahi, Regionchef
Teodoliten Matteknik AB SWEDEN

Joel van Cranenbroeck, Managing Director
CGEOS - Creative Geosensing SPRL Belgium
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