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Education

2018 — 2021 Master of Science (M.Sc.) | Mechanical Engineering

Technische Universitat Bergbauakademie Freiberg

2014 — 2018 Bachelor of Science (B.Sc.) | Mechanical Engineering

Technische Universitat Bergbauakademie Freiberg

—o— Work (4 Years with DYWIDAG)

2022 — pres.  RnD, Structural Health Monitoring (SHM)
2021 — 2022 RnD, Robotic Inspection and Maintenance (RIM)
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Structural Health Monitoring
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DYWIDAG Bridge Lifespan Management capabilities

Inspection

Visual:

Cap removal, Endoscopic
Inspection, Ultrasonic
Inspection

By rope access
Lift-Off Test

Hammer tapping

Vibration Measurements
Force & Damping

Robotic inspection:
Magneto Inductive inspection
Visual Inspection

Structural Health Monitoring

Sensor agnostic remotely
operated data acquisition and
computing system
Products

Accelerometer (incl. Seismic)

Force measurement free
length (e.g. fibre optics) or at
anchorages (DYNA Force)

GNSS, Strain, Weather
Edge computing, data storage
& shared AP|

Data analysis
Automated Reporting
Cable Force Calculation
Threshold based alerting

Maintenance, Repair & Retrofitting

Cable replacement

Cable surface repair and
enhancement

Corrosion protection tape
Cableskin® automated Wrapping

Cable Cleaning
PE-Welding
Damper replacement

Fire protection installation
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DYWIDAG SHM Ecosystem

Inclinometer

Seismic
Accelerometer

Accelerometer ‘

Displacement
Sensor

Strain Gauge/
Vibrating Wire

Global
Navigation
Satellite Weather
System Station
Smart Strand
Force
Monitoring
DYNA FORCE®
Sensor
Smart
Anchor
Force
Monitoring
.‘_‘ II
1 .
|
SmartBonded & . m— -
i & &5
— Digital Bus
P Main Cabinet System Node up to Node
Station 1 Station 216

Temperature
Sensor
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Anchorage Force Monitoring

==

- e e -

1 - Dyna Force® Sensor

Measurement  Magnetoelastic sensors
method

Nominalload  300- 12000 kN

Operation Oupto+45°C
temperature

Accuracy 1%

~

]

2 - Smart Anchor

Measurement method
Nominal load

Overload

Operation temperature

Accuracy

Compression method
500 - 10000 kN

120%

-40 upto+80 °C

+1% (at min. 50% FS)

3 - Smart Strand

Measurement method
Nominal load
Overload

Operation temperature

Accuracy

Compression method
200 kN

120%

-40 upto+80 °C

+1% (at min. 50% FS)
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SHM Systems Challenges

= Installation, vandalism and rodent damage
= Extreme temperatures differences (-30 to +60 °C)

= Weather exposure,
= (UV, lightning, wind, precipitation)

= Salt water stray

= Seismic events . ,
= Sensor cable not properly =  Sensor cable damage due to improper cable protection

= Unexpected loading events connected to DAQ

e e s

= expected Structure lifetime >> electronic lifetime

= Sensor not properly
connected

protected from
environmental conditions SAFER. STRONGER. SMARTER.
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Design for durability

Component Minimal protective requirements

Cabinet inside (Pylon/Girder)

Sensor inside (Pylon/Girder/Stay)

Cabeling inside/exposed
Sensor exposed (top of Pylon)
Sensor exposed (Stay)
Cabinet exposed

uv
protection

Suitable
min. IP66 corrgsion
(according to IEC protection Ieyel
60520) (levels acording
to DIN EN ISO
12944
Lightning )
protection

Geolocally suitable
temperature range
(incl. effects of
radiation on sensors or
housing structure)

UPS
(Uninterrupted
Power Suppy)

Vibration
resistance
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Smart Bonded Tendon
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SMART TENDON

DYWIDAG
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Smart Bonded Tendon

»— Smart Tendon is sensor (+assembly) technology
integrated in (bonded) strand tendons (PT & GT
applications)

»—  Fiber optical sensors are used to determinate

- Location of local defects

. Longitudinal variation of friction losses

- Local stress variation in the tendons due to life
loads

. Local voids in the grouting of the bonded tendon
(> 100 mm)

- Local stress peaks due to cracking of the
concrete

»— fiber optical sensors can detect and locate B
failures along the entire tendon path

10
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0 probe light
—f

backscattered

probe light

acoustic wave

pump light

backscattered light

FIMT (Fiber In Metal
Tube)

Fiber In Metal Tube (FIMT) fitted
within the “cavity circle”

sensor transmits force purely based
on friction.
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SMART TENDON

Smart Bonded Tendon — Single Sensor Layout & Readout

Corrosion
Protection T e —— ____=_T ____________ e ——
Pigtail l_i ' i ' X
Loop (up to 25 km) ||
Brillouin Readout Unit Pigtail

(Brillouin Optical Frequency
Domain Analytics)

12
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Smart Bonded Tendon — Double Sensor Layout

strain (He]

80
Position [m]
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Smart Tendon Installation & Measurements
Fiber integration into the strands

= Fiber insertion into strand

14
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Smart Tendon Installation & Measurements
Impressions Thailand Laos- Jan 2025
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Smart Tendon Installation & Measurements
Impressions Thailand Laos- Jan 2025

16
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Smart Tendon Installation & Measurements
Impressions Thailand Laos- Jan 2025

Fle Edt Instument View Info
‘Measurements e®

e e

SR R

ATL 52 53 T1L T2R 20force v2
0

1TL 52,53 TIL T2R 40force v2.
20250131 19:40:32
TLS2.S3TIL.TI84032Zmse B
1 terations, BOFDA

strain [pe]

1TL 52,53 TIL T2R 60force vi
\ 20250131 19:5025

ATLS2 S3TILTISS025Zmsr W

1 terations, BOFDA

1TLS2.53 TAL T2R 80force v1
a1

9
S3TIL.T19-41-50Z.mst
BOFDA

Position [m]

Time View,

T s 2075013 204150 =
| 05 5013 z0asse Messag

2025-01-31T19:42:41 | 0 | auto save msr done
2025.01:31T19:50:25 | © | Measurement start (BOFDA)
2025:01-31719:50:26 | 0 | Calibration start
2025.01-31T19:50:34 | 0 | Instrument calibration complete ®
2025:01-31719:5034 | 0 | Brilouin frequencies sweep started
2025.01-31T19:53:53 | O | Measuremen data receivet
2025:01-31T19:53:53 | 0 | diagnostic data collection start LESEEE 14580080 ¢
2025.01-31719:53:53 | 0 | diagnostic data collection complete.
202501-31719:53:53 | 0 | Processing data 25
2025:01-31T19:54:33 | 0 | Data processing success
2025-01-31T19:54:33 | 0 | auto save msr done
2025:01-31T20:41:59 | 0 | Measurement start (BOFDA)
2025-01-31T20:41:59 | 0 | Calibration start
202501-3172042:03 | 0 | Instrument calibration complete:
2025:01-31720:42:03 { 0 | Brilouin frequencies sweep started
20250131T204521 | 0 | Measurement data received.
2025:01:317204521 | 0 | diagnostic data collection start
2025-01311204521 | 0 | diagnostc data collection complete
202501311204521 | 0 | Processing data
025.01-317204558 | 0 | Data processing success
202501-31T20:45:56 | 0 | auto save msr done

2 Time
{nstrument: 192.164.178.1204380 Conn

Pre-Tension-Reading Post-Tension-Reading
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DYWIDAG PEP (EU) and PCT (International) Patent & Publications

Availabile online at www, sciencedirect.com

NS (T

e @ EP 4400823 A1

ructurol Integrity

ScienceDirect Proced ia Forderversin

(12) EUROPEAN PATENT APPLICATION e Massivbau der
ELSEVIER Structural bntegrity Pr 2023} (4 TU Miinchen 2.V,
(43) Date of publication (51) International Patent Classification (IPC) wow chevier.com/Bocucprocedia
17.07.2024 Bulletin 2024129 GOTM 500 0001) GO18B 11/1 00807

o s 27. Munchener

(62) Cooperative Patent Classification (CPC)

(22) Date of filing: 10.08.2023 GO1M 5/0091; GO1M 5/0041; GO1M 11/083 M = b
TestSMAR 2024 — Tth Intemational Conference on Smart Monitoring, Assessment and ass I V au

(84) Designated Contracting States: (71) Applicant: DYWIDAG-Systems International Rehabilitation of Civil Structures -

GRHRAUIEIS T LILTLULVMC MEMKATAL | 3579 Untorschieihem (OF: Seminar

57" it i . - . . . .

NOPLET RORS SE S| SKSM TR mersetieiihelm (OF) Distributed fiber optic sensing for early-age monitoring of concrete

Designated Extension States: (72) Inventor: The designation of the inventor has not

oh Yot noam i structures

Designated Validation States: .

K WA MO T (74) Roprecan iokmann & Wel Bertram Richter™®, Dennis Meferer?, Max Herbers®, Jakob Laukner, Christian Glaser, & 24.November 2023

Postfach 860 820 Frank Jessed, Steffen Marx®
81635 Minchen (DE)

Jfisr Cancrete Structures, 81062 Dresden, German
L

(54)  WIRE STRAND, TENSIONING CABLE, GEOTECHNICAL ANCHOR AND CONCRETE imatsir. $0, 04179 Leipzig

STRUCTURE 25 Baurzen: Germany
(57)  Theinvention relatesto a wire strand (100) com- than the outer diameter (D2) of the optical fiber (110),
prising at least three wires (102, 104), wherein an optical wherein the diameter of the fiber core (112) is smaller Abstract Z dsb tung von Sp b b
fiber (110) is arranged in a cavity (108) between three than the diameter (D1) of said largest imaginary circle werken anhand von in Spannglieder inte-
adjacent ones of the atleastthree wires (102, 104), which (108), and wherein the ratio of the euter diameter (D2) Abstract heer (%) grierter ortsauflisender Sensoren (smart
optical fiver (110) comprises a fiber core and at least one of the optical fiber (110 to the diameter (D3) of that one tendons)
further layer surrounding the fiber core, wherein the di- of the three adjacent wires (102, 104) which has the Test
ameter (D1) of the largest imaginary circle (108) in smallestdiameteris at least about .15 and at most about -
able in the cross-section of the cavity (106) is smaller 0.18 ¢

Christian Gléser
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Peerseview esponsibility of SMAR 2024 Organizers

Keywords: structural heallh

1995-2000 Studium Bavingenicurwesen, TU
Munch

20002007 Wissenschaftlicher Mitasbeiter und
Promotion am Lehstuhl fir Massivban der
TU Minchen
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2009-2018: CEO Europe fir den Bereich Vor-

bei DYWIDAG

2015-2020: President Mega Projects bei
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Smart Tendon

19

Grouting errors >100 mm and cracks
in the grouting can be detected

Creep can be measured

Fiber integration into the strand will
be done with a portable automated
machine (either in the factory or on
site)

Wedge gripping (transversal
pressure) is not damaging the fiber

Readout with a portable unit can be
done on demand

protection system
applied

Fiber with corrosion x

SMART TENDON

——
Defect &

PANNBAGEATIOTE

A

ACHTUNG !

i Tensile

Test
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Contact

llari Roihuvuo
ilari.roihuvuo@dywidag.com

Georg Schoth
georg.schoth@dywidag.com

Jakob Laukner
jakob.laukner@dywidag.com
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