STRUCTURAL HEALTH MONITORING




STRUCTURAL HEALTH MONITORING (SHM)

» The Disaster management aims to prevent events that result in disaster or to
reduce their losses.

» Monitoring of engineering buildings, identification of unusual movements and
taking the necessary precautions are very crucial for determination of the
disaster risk so possible prevention could be taken to reduce big loss.
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STRUCTURAL HEALTH MONITORING (SHM)

» The importance of these high structures is invaluable because the regions where
these structures are located are regions where the populations are intense.

» For this reason, continuous monitoring of these structures should be carried out
to check that they have reached their design lifetime and their remaining lifetime
should be determined( Im et al., 2013).
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STRUCTURAL HEALTH MONITORING (SHM)
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“The process of implementing a damage detection and
characterization strategy for engineering structures”

* Health Monitoring
* Operational Evaluation
* Data Feature Extraction

» Statistical Models Development
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STRUCTURAL HEALTH MONITORING

»  Observation of these changes on the buildings and determination of damage can be
done with a systematic Structural Health Monitoring.

»  Today, it is observed that Global Positioning Systems (GPS) are used intensively in
the observation of dynamic deformations in order to determine structural vibrations

for structures such as long bridges, towers, high buildings.




Objective of SHM

* Performance enhancement of an existing structure

* Monitoring the structure affected by external forces / factors

1] 200 400 800 a0 1000

* Feedback loop to improve future design based on experience

* Assessment of post-earthquake structural integrity
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SHM Applications

Buildings Bridges Tunnels Dams

Any critical engineering structure
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SHM Applications

Wind Generators Nuclear Facilities Offshore Facilities

Any critical engineering structure
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Importance of SHVI
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Importance of SHV

Geometrical changes that can be occurred on the structures
can be determined by using and combining different
surveying techniques
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Importance of SHV
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no comment Jiujiang City, Jiangxi Province, China 13.10.2013

Monitoring the movements of engineering structures has a
great importance for detecting the potentially dangerous
situations and taking necessary precautions on time.
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Worldwide SHM Projects

Tsing Ma Bridge, Hong Kong

Source: Chan et al., 2011

Ma Wan Tower

Tsing Yi Tower

A Anemometers (6)
<& Servo-Type Accelerometers (19)
* Temperature Sensors (115)
= Dynamic Strain Gauges (110)
() Global Positioning Systems (14)
<> Displacement Transducers (2)
~ Level Sensing Stations (10)
@ Dynamic Weigh -in-Motion Stations (6)

[ Ma WanAnchorage 3 DataAcquisition Stations (3)

Total No. of Sensors: 282

Figure 1. Instrumentation layout in Tsing Ma Bridge

Istanbul Bogazici Suspended Bridge
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Worldwide SHM Projects
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(a) Perspective view (b) Strengthening floors

AA KESITI 0:1/50

Erzurum Historical Clock Tower, Turkey Shanghai Tower, Qilin Zhang et al.
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Worldwide SHM Projects
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Worldwide SHM Projects

we==_ GPS Ol¢meleri = Yersel Olcmeler
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Worldwide SHM Projects

STRUCTURAL HEALTH MONITORING
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Worldwide SHM Projects

-140
-186
-232 A
-278 A
-324 A
-370 -

Vertical Changes (mm)
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GB45-56-
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V=117 79 -0.00020

Amplitude
Maximum Maximum values for
Part Load changes above changes below maximum
no. mean movement mean movement periodical
level (mm) level (mm) movements (mm)
1 Low vehicle load +117 -18 46.7
2 Empty 1 +132 - 73
3 Marathon (rhythmic run) +131 — 212
4 11 buses + pedestrian +159 -169 100.4
5 Pedestrian activities +131 -19 19.5
6 Low pedestrian load +8 81 138
7 Pedestrian + vehicle +63 —303 206.6
8 Low pedestrian load +95 —35 231
9 Buses + trucks + pedestrians  +64 —28 341
10 Empty 2 +118 —28 17.7
11 Traffic on the North Side +120 -16 183
12 Opened for traffic +116 —390 51.5
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6. YAPI SAGLIGE IZLEME SISTEMLERI

Yoksck binalarin gergek davramiglanm zlemek, mevewt yonctmelikler pvilesturmek we bk
bir deprem sonrasinda vapada hasar olup olmadifme kisa surede tahmin edebilmek amacivia
binalarda en az & ivime algerden olugan ve Sekil 6.17°de gostenildifl gibi yerlegtirilecek yapn
sa ln o izleme sistemleri kurulacakur,

{a) Ivme dlgerler senkronize olarak en ax 20-bit duyarh@inda ve GPS zaman karth digital bir
kayit sistemine baglanacaktr. Eayit sistermi bina ttresimlerning surckli olarak kavdedecek we
verileri belirlenen merkezlere imternct, modem veya beneen kanallardan gergek zamamls
alarak transfer edebdlecekir. Sistem, elekirik weya iletisimin kesilmes: durumunda en az bar
hafia sirevile galigabilecek ve vermyt kendi iginde saklayabilecek batarya ve disk kapasitesine
sahip olacaknr.

(b) Izleme sisteminde kullamlacak sensor ve kayit SJSI.:ITJI:FII]IH teknik sartnames: Istanbul
Buyukschir Beledriyves: tarafindan ayrica has

{e) Titregim kayrtlan gergek zamanlh olarak Istanbul EI.I'}'LIJCR}]IL' Beledvesi'nde kurulacak:
Yam Sa h 1 zleme Merkezine gondenlecek ve kayitlar hem bina sahibi hem de bu merkes
tarafindan saklanacaktr.

{d) Bina saluplen bu sistemin bakaimimdan ve korunmasmdan soremilu olacaktor.

Y atay sensérler

Dagey sensorler




Structural Heath Monitoring

Inclinometer, Tiltmeter GNSS
Accelerometers Vertical Deviations Displacements
Vibrations
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Structural Heath Monitoring

@. -------- web server Analysis server / SQL
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toring

Structural Heath Mon
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Structural Heath Monitoring
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Structural Heath Monitoring

Real Time Accelerometer Data
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Erzurum Historical Clock Tower, Turkey
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Historic Buildings

» Ayasofya Museum

» Fatih Mosque
»  Mihrimah Sultan Mosque

» Sultan Ahmet Mosque

» Suleymaniye Mosque



https://eqe.boun.edu.tr/tr/yapi-sagligi-izleme-sistemleri

High Buildings

>
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Safir AVM
Kanyon AVM

Polat Tower Residence

Is Bank Towers



https://eqe.boun.edu.tr/tr/yapi-sagligi-izleme-sistemleri

Bridges and Towers

» Fatih Sultan Mehmet Bridge

» Marmaray

» Historical Istanbul Walls
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https://eqe.boun.edu.tr/tr/yapi-sagligi-izleme-sistemleri










