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GENERAL INFORMATION ON SUSPENSION
BRIDGES IN TURKEY

15 Temmuz Sehitler Koprisu (Bosphorus Bridge)-1973

Fatih Sultan Mehmet Kopritsu (2nd Bosphorus Bridge)-
1988

Osmangazi Képriisii (Izmit Bay Bridge)-2016

Yavuz Sultan Selim Koprusu (3rd Bosphorus Bridge)-
2016

SENSKIN

1915 Canakkale Koprisu (Dardanelles Bridge)- (under
construction)

Senskin Workshop, istanbul 24/05/2018




Location of Suspension Bridges
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Location of Suspension Bridges
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Bosphorus Bridge-Geometry

e Daily traffic more than 190.000

e 2x3 lanes, deck width 33,40m 7

* Length 1560m, main span 1074m Nt .
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Repair & Strengthening Works at Bosphorus Bridge
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e Originally bridge had diagonal hangers which were
, creating fatique. After a gusset plate was broken in 2004
Z due to heavy storm, the question of health monitoring
arose. After a research, there found many defected
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Initial Safety & Health Monitoring System
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Initial Safety & Health Monitoring System
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Initial Safety & Health Monitoring System
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Initial Safety & Health Monitoring System
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Initial Safety & Health Monitoring System
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Initial Safety & Health Monitoring System
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Initial Safety & Health Monitoring System
E— .

System was installed in 2006,
It was fully functional in 2009
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Fatlh Sultan Mehmet Bridge
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1090m main span

39,4m deck width

230.000 traffic

Vertical clearance 64m
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Yavuz Sultan Selim Bridge

Hybrid (suspenslon&cable stay)
2 X4 hlghway, 2x1 rallway on the
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Structural Health Monitoring System of Yavuz
Sultan Selim Bridge

dunction Box (No Digizing)
3D ACC (Qty=18)

Acquisition Node
1D ACC (Qty=2) i o
GPS (Qty=5)

20 Tutmeer (Qty=5)

0
2D ACC (Qty=56) -
C
L e Total Number of Sensors: 126

Wind sensor (speed, drection) (Qty=3)

Weather station (speed, drecticn, T, P, RH) (Cly=1)

Displacement (Qiy=22)

Temperature sensor (Qty=10)
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ACCELEROMETER LAYOUT
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Osman Gazi Bridge
[ ——

Main span length: 1.550 m
Tower height: 252,0 m

Deck width: 3578 200
Total Length: 2.682 m
3x2 Lanes

64m

Vertical clearance:



. SENSKIN

— Confirm final geometry and design assumptions like settlement, maximum

environmental effects, loading conditions and global behaviour of the bridge due
to these effects (e.g. response of the bridge structure to the wind and vehicle

— Effective planning of operation and maintenance.
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Summary of Permanent

main sensor array & DMS

Item |nlormat10n

SENSKIN

Weather station, 4 in total

° Temperature sensor

° Barometer

. Hygrometer

. Anemometer, Mechanical

Every weather station includes 1 Tri-
axial anemometer, 1 Barometer, 1 Air
Temperature, 1 Hygrometer

FOS, Fibre Optic Sensor, strain measurement

FBG Steel Temperature Sensor

FBG Main Cable Temperature Sensor

FBG Hanger Temperature Sensor

The data management
system will consist of:
8 DAUs
1 MFS

2D Accelerometer

3D Accelerometer

FBG Pavement temperature sensor

Air temperature probe

WIM

Ultrasonic displacement sensor

Echometer Ultrasonic Bolt Load Measurement

GPS

Static inclinometer

Dynamic inclinometer

Humidity sensor external

Load measuring pin

LVDT-Based Force Sensors

Pyranometer

Rain Gauge

Road Wear Sensor




Distribution of SHMS Devices

According to Structural Elements

SHMS SENSORLERININ YAPILARA GORE DAGILIMI
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Meteorological Sensors

Meteorolojik Sensorler > 3 N i
Meteoroloji istasyonu (WS) Weather Station Fig 2.3 MeteorolciIstasyonu (WS)

Koprii Gzerinde 4 Meteoroloji istasyonu (WS), Giney Yaklagim Viyaduginde 2 Meteoroloji
istasyonu kurulmustur. Meteoroloji istasyonu anemometre, barometre (atmosfer basing
sensori), hava sicaklik senséri, higrometreden meydana gelmektedir.

Meteoroloji istasyonlari, yanal riizgar hizlarini ve rizgar yénunu, hava sicakhgini ve bagil nemi,
atmosferik basinci izlemek i¢in kullaniimaktadir.
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Meteorological Sensors

Yagmur Olger (RG) Rain Gauge

K&pru Uzerinde kuzey yan agiklik ve ana agikliga yagmur élgimu igin iki adet yagmur dlcer
tesis edilmigtir.
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Fig.-2.4 Yagmur Olger (RG) Lokasyonu



Meteorological Sensors

Solar Radyasyon Olger (Piranometre) (PN)

Solar radyasyon yogunlugunu dlgmek Uzere tabliye Uzerinde dort adet piranometre tesis

edilmistir.
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Fig.-2.5 Piranometre (PN) lokasyonu



Temperature Sensors

Celik Sicaklik Sensoriu (TEMP)  Steel Temperature Sensors

Her bir kule ayaginin Blok-1, Blok-9 ve Blok-22 de 4 er adet sicaklik senséri (toplam 24) ile st
ve alt portal kiriglerin her birinde 4 er adet sicaklik sensérti (toplam 8) olmak izere bir kulede
toplam 32 adet fiber optik sicaklik sensérii tesis edilmistir.
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Temperature Sensors

® PavementTemperature Sensors Qe
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Fig.-2.7 Tabliye I¢i Fiber Optik Sicaklik Sensérii (TEMP) ve Asfalt Sicaklik Sensérii (PTS)



Temperature Sensors

Aski Kablosu Sicaklik Sensori (HT)  Hanger Temperature Sensors
H22, H53, H84 dogu ve bati aski kablolarina toplam 6 adet fiber optik sicaklik senséru tesis

edilmistir.
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Fig.-2.8 Aski Kablosu Fiber Optik Sicaklik Sensérii (HT)



Temperature Sensors

Ana Kablo Sicaklik Sensorii (MCT)  Main Cable Temperature Sensors

Kule semerleri bdlgesi ve ana acgiklik merkezinde dogu ve bati kablo ylizeylerine toplam 6 adet
fiber optik ana kablo sicaklik sensérii (MCT) tesis edilmistir.
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Fig.-2.9 Ana Kablo Sicaklik Sensorii (MCT)
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Temperature Sensors

Harici Hava Sicaklik Sensérii (AT)

AmbientTemperature Sensors

Tabliye igi sicakhgini 6lgmek icin SN21, MM ve SS21 bloklari igerisine toplam 3 adet have

sicaklik senséri tesis edilmistir.
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Harici Higrometre (Nem Olger) (EHG) Higrometer

Dis ortam bagil nemini dlgmek icin tabliye ve kulelerde toplam 16 adet harici higrometre tesis
edilmistir.

7
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O: Higrometre (EHG) (16)
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Fig.-2.11 Higrometre (EHG)



Fiber Optik Gerilim Olger (FOS) ., .. Optic Strain Gauges

Celik tabliyenin yorulmasini izlemek icin MM ve MS22 bloklarinin herbirinde tabliye st u
kanallarinda (trough) 36 adet, kuzey ve giiney gecis acikliklari TN3 ve TS2 talbiye bloklarinda
ise 12 ser adet olmak izere toplam 96 adet fiber optik gerilim &lcer sensér tesis edilmistir.
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Fig.- 2.12 Tabliye Ici Fiber Optik Gerilim Olger Sensér (FOS)



Her bir kule ayaginin Blok-1, Blok-9 ve Blok-22 de 4 er adet sensér (toplam 24) ile (st ve alt
portal kiriglerin her birinde 4 er adet sensér (toplam 8) olmak lizere bir kulede toplam 32 adet
fiber optik gerilim senséril tesis edilmistir.
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Fig.- 2.13 Kule ici Yorulma Olciimii igin Fiber Optik Gerilim Sensérii




Force Transducers

Dogrusal Degisken Diferansiyel Dontstiirticii (LVDT)

Dogrusal degisken diferansiyel déntistrticti (LVDT) Kuvvet Transdizeri'nin (FT) islevi, bir aski
gerildiginde nikelli celik barin boyuna deplasmanin dlgiiimesi sureti ile aski kuvvetinin izlenmesi
igindir.

12 adet LVDT'nin timi H36, H37, H38, H47, H48 ve H49 aski kablolari Gizerine kurulmustur.

G-North tower

SENSKIN

Fig.- 2.15 Aski Kablosu LVDT Lokasyonlari




Force Transducers

Yiik Olgiim Pini (LMP)

Aski kablosuna gelen kuvvetler yik 6lgiim pinleri (LMP) ile izlenmektedir. Toplamda iki sensér
bati tarafta 37 ve 48 nolu aski kablolarina tesis edilmistir.

¢ -North tower
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Fig.- 2.16 Aski Kablosu Yiik Olgtim Pini



Force Transducers

Ana Kablo Ekstra Demet Gerilim Olger (MLC)

Sismik olay sirasinda maksimum halat yiki, olasi uzun dénem halat hasarini hesap etmekte
yardimci olacaktir. Bu yiizden, ana halat gerilimleri izlemek icin kuzey ve giiney ankraj dagiima
odalarindaki dogu ve bati ana kablolarin ekstra demetlerine gerilim dlger sensér tesis edilmistir.

Toplam 8 adet gerilim dlger sensér tesis edilmistir.

South anchor block
GUNEY ANKARAJ BLOGU
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Fig.- 2.17 Ana Kablo Ekstra Demet Gerilim Olger Sensérii




Accelerometers

iki Eksenli ivme Olger (2D ACC)

Ruzgar etkilesimli titregimleri 6lgmek/izlemek igin iki kulenin her iki tarafindaki 4 adet en uzun
aski kablolarina toplam 32 adet 2D ACC yerlestirilmigstir.

T- Kuzey Yan Agiklik Aya . Kuzey Kule
(Ghney Yan Agiklik Ayagi) (Glney Kule)
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Fig.-2.18 Iki Eksenli ivme Olger (2D ACC)




Accelerometers

T T — Ug Eksenli ivme Olger (3D ACC)

Kulelerde; ¢ eksenli ivme élcerler, gemi carpmasi / kule titresimini izlemek icin kule Ostl ve
kule uzunlugunun 3/4 Gne (Blok15) tesis edilmistir. Ayrica sismik él¢ciim icin kule temellerine de
tc eksenli ivme Olcer tesis edilmistir. Kulelere toplam 8 adet 3D ACC yerlestirilmistir.

Tabliyede; uzunlugun 3/5 ine (MS22), 1/2 sine (MM) ve 1/3 Gine (MN14) toplam 6 adet 3D ACC
tesis edilmistir.

Ankrajlarda; sismik &lglim igin kuzey ve giiney ankrajlara toplam 4 adet 3D ACC tesis edilmistir.

Ayrica, 1 adet referans 3D ACC Scada Binasina tesis edilmigtir.

SENSKIN




Accelerometers

Sonik Yer Degistirme Sensorii (SDS) Sonic Displacement Sensor

Koprudeki dért ve gliney yaklasim viyadiugundeki iki genlesme derzindeki boyuna relativ yer
degistirmeyi izlemek icin toplam 12 adet sonik yer dedistirme senséri tesis edilmistir. Her
genlesme derzi bodlgesindeki beton ayak Gizerine iki adet sensor yerlestirilimistir.
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Fig.- 2.20 Genlesme Derzleri Sonik Yer Degistirme Sensori




Global Konumlama Sistemi (GPS)

B <ulelerin hareketleri ve ana agikliktaki hareketleri izlemek igin kule tepelerine, tabliye ana B
acikligina GPS sensori tesis edilmistir. Ayrica, her iki kule tabani, her iki ankraj bloklar ve
scada binasinda (referans) GPS bulunmaktadir. Toplam 8 adet GPS sensorleri tesis edilmistir.

L

GPS Anteni GPS Alicisi (GNSS GM10)




Egim Olgerler (SIN, DIN) Inclinometer

Kulelerin hareketlerini izlemek igin kule tepelerine dinamik edim élger (DIN) ve statik egim dlcer
_ (SIN) sensori tesis edilmistir. Tabliyenin egimini élcmek icin ana acikhga statik egim olcer tesis _

edilmigtir. Toplam 2 adet DIN ve 3 adet SIN sensdrleri tesis edilmistir.

Fig.- 2.22 Dinamik ve Statik Egim Olcer Lokasyonlari



Hareketli Agirlik Olgiim Cihazi (WIM)

Hareketli Agirhk Olgiim Cihazi (Weigh In Motion) (WIM) trafik hacmi, aks yiikii, toplam agirlik,
arag hizi ve sinifini élgen bir sensérdiir. Bu araclarin élciilmesi ve izlenmesi yol tistyapisini
guvenilir bir sekilde korumaya, yol givenligini arirmaya ve gerekmesi halinde asin yikla
araclarin sinirlandiriimasina yardimei olur.

Dogrusal Piezoelekirik Yiik Sensérii

Kopriaye yaklasan veya gegen araclarin agirhiginin izlenmesinin amaci;
e Asin agir araglarin kdpriiye girisini dnlemek
e Kopri trafik yiki gegmisini kaydetmek

Hareketli Agirik Olciim Cihazi képriiniin her iki ucunda tistyapiya gémiilii olacak sekilde gecis
ayaklarindan 200 m uzaga konumlanacak sekilde tasarlanmisti ancak her iki yondeki cihaz
Guney Yaklagim Viyadigi'nden sonra Km 8+635 e kaydiriimistir.

Fig.- 2.23 WIM Lokasyon ve Sensori

§-South side gpan peer

2
]
x Tasarim Mevcut Durum
/)

| 200m Km 8+635
Z < > e
w A m ) 5
w TS, e SRS TR il



Mobile Sensors

Yol Asinma Olger (RW) Road Wear System

Yol aginma élgciminiin amaci, yol kalitesini izlemek ve bununla birlikte képrinin tamamen ya
da kismen sinirlandiriimasini gerektirecek bakimin yapilmasini planlayabilmektir.

Kilometre Sayag Sensorii

Bump Entegratorii

Mini Romdas Kontrolér ~ Arayliz Moduld

Fig.- 2.24 Yol Asinma Olger




Mobile Sensors

Ultrasonik Civata Olger (TBM)

Kule taban civatalan yiiksek kuvvetlere maruz kalir. Bundan dolay stirdtrtlebilir ve glvenli bir
hizmet &mri icin kule taban civatalari periyodik olarak izlenmektedir.

Ultrasonik civata élgiim cihazi, uzamayi, stresi ve baglanti elemanlarindaki yiki ultrasonik
olarak élgebilir. Yontem cabuk ve kesindir; civata sikilmadan dnce ve ardindan sikildiktan
sonra bir 6lgtim alimr. Okumalar arasindaki fark civatanin uzama miktandir. Sistem, yik, stres
ve gerilme élgmek icin ayarlanabilir.

Civatalarin sikilmadan énce élcilmesi gerektiginden yapim asamasinda ve yapim sonrasindaki
ilk 6 ay minimum 1 aylk araliklarla ve ardindan minimum 3 aylik araliklarla strekli

dlctilmelidirler. .
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Mobile Sensors

iki Eksenli Mobil ivme Olger (2D ACC) 2D Mobile accelerometer

iki eksenli mobil ivme &lger képrii tizerindeki dlgimler icin kulllamiimaktadir ve her iki kule
bélgesinde belirlenen aski kablolan Gzerine soketler tesis edilmistir.

Kuzey Kule Ana Agikliik
e Gﬁﬂey Kul
C1l | u ‘ v . el
= Aski Kablo No: 11 42 13 14 45 16 27 282930 31 32 [
Z Aski Kablo No: 95 94 93 92 91 90 mEEaEn |

Unitesi
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Fig.- 2.26 Mobil ivme Olgerler Iicin Soket Lokasyonlari ve Mobil ivme Olcer



SOFTWARE
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SOFTWARE

SHMS - Rerormnmended actions for Warning/Alert in SHMS

Recommended action

Threshold values Warning
i Reasons behind 5|8 £ &
Cltpit it ] .}
Equipment i defmedvalues | & el 2 ] e |2 E 4
Warnin Alert = g = = = E-|
q g Zlelg® Note g % gles Note
=
5 B
2 E|E ] 5|2
[Steel temperature sersor Degree © | 35,0 +55, 5 Human safety X [1. Wam the sevems condition to people working on the brcige X x 1-1“mamhwmqanmmmmmmkmw
L. (Chescic termperaturs in Viesther station,
. 2, muﬁwummmmmdmoummﬂum system
[Main cable tempersture sersor Degree C - +55, 5 Extreme cond tion X 3 ER—— tare st the tima of Alert is reportad in the monthly
report together with empesstures checked in above bwo actions,
" 1, Carefully monitor the weather, road susface cordition and traffic
‘eather station - Temperature Degree C o 5 Traffic safety % LoeeRition. Thesufsce ok, x
. Lirit to 6Skmyh spead on all trafic. ]2' :':::;‘:“5‘?:; h"":vﬁ to)
[Weather stabon - Anemormeter mis 15 b1 Traffic safaty x| x| x 2. Display “Wamning (High wind, Slaw dwnron M x| x| x g o A
3. Stop/limit OSM warks on the bridge 3. Display "Waming (High wind, Slow down)” on YMS
E 4. Stop O&M works on the bridge
[Rasin gauge menfhe 20 40 Traffic safaty o 1. Dieplay “Warning (Heavy rin, Sk down)” an VM5 X X 1. Consder the temparry rosd clodure
[Weigh in mation kN 400 500 Traffic cond tion X 1, Tetal nurriber par month s reparted, X 1. Total number per month is mported,
20 accelemenater (Hangar) mfe’ 100 200 Structural condition X 1. Tetal nurbanduration) per month is reported . x 1. Total numbanduration) per month is reported.
30 accelemmeter (Foundation) mfs® 0.2 05 Structural condition | X 1. Total numberiduration) per month is reported. X 1. Total number{duration) per month is reported.
L. Total number per manth i
1. Tota! number per month i reported.
{Ubtrasoric displacamart sensor (Exparsion joint) m £1.0 13 Less probabiity X % [2. Chack the traffic condition on the bridge. (if possible, captura the med | x fu:m'f:'ﬁ:::;dmm"' brlg. f possible, capiure the red
foniton oo cane). 3. Visually check the buffer condition on site,
1. Tetal numbenduration) per month is reported.
1. Total numbar{duration) par month is reportad . 2. GPSmwrxTw top at the same tire i checked (aroend 1.0 -
2. GPS sansor mt Towar top at the same time l checked (around 0.7 - 1.5m displacament |5 axpected).
3PS senscrs (Deck) i b i Navigation safety * % h D digplacament i expected), % % 5. Trattic cordition [bmlng condition) an the bridge is checked,
3. Traffic conditian (aading canditian) an the bridge is checked. 4. 1f & & planned ta pass high aimdrft vessle under the bridge, make sure
that the mainterance gantry i cutside the navigaticn,
|3Ps sensars (Taver top) m =1.0 *15 Mavigation safety X 1. Total nurrber{duration) per month is reported. x 1. Total numbendurstion) per month is reported.
20 statie inclinomater (Ded) Degres 220 £30 Traffic cond ition X 1. Total number{duration) per month is regoried, & 1. Total numbenduration) per month is neported.
1. Consder the display of “Waming” an VMG for lower temparstu,
[Favernant temperatume sensor Dagree C =42 =55, 0 Traffic safety X 1. Total numban{duration) per month is reported . X 4] 2. Total numban{duration) af alert par month i meported in the montly
repart.
1. Total numbar par manth s mported,
2. If frequently Fappened, the followings shall be checked;
[Load messuring pin system kN 3000 3500 Etreme loading X 1. Total nurmber per momth i reported, x @, Possible damage in Sensar
b. Comparison with Weigh-n-motion sensor data amund the designated
Lirrwes.
[Force: transducer (Hanger) N 3600 - Extreme kading ¥ :;m:s‘"mt:;_L“d g R vyale ¥ e NI
1. Prohibit the anter into inside the structune unless sssantalfurgent
AT benpeeratiune inaide ginder Degree T | +35,0 | +55 -5 Husman safery X 1. Wam the sevem condition to peophe working on tha bridge X lssiss .
2. 'Wam the severs condition to people warking on the bridge.
Hurnidity insice girder o &0 - [1. If it continues mare than 10 days, check the aitightness candition
[Fibre optic strain gawges (Deck) MPa 150 250 X 1. Total numban{duration) per month is reported . X 1. Total numban{duration) per month is reported.
[Fibre optic strain gauges (Tower) MPa 250 380 X 1. Tetal nurmbsar{duration) per month i repored X 1. Tetn| numbenduration) per month i reported.
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Main Bridge(Suspension Bridge) L=770+ 2,023 + 770 = 3,563m (6 Lanes, W3.65m)

- Tower Foundation Caisson Type w/ rigid pile inclusion

- Tower H-Shape Steel Tower

- Anchorage Gravity Type Anchorage

- Stiffening Girder Twin box girder

- Cable PPWS

- Total deck width 45,06m (9m incl. space) *

TIVJLLL LU U iue U

Approach Bridge (PSB BOX, ILM) European : 365m, Asian : 680m **



SENSKIN

Symbol List
—_— [ SENSOR TAG NAME  |[NAME NUMBER OF SENSORS
1 AT ACC1 UNIAXIAL ACCELEROMETER 13
e s f AL ACC2 BIAXIAL ACCELEROMETER 24
oer s | | ACC3 TRIAXIAL ACCELEROMETER 41
| AR-TEMP AR TEMPERATURE 10
ASPHALT TEMPERATURE 40
BAROMETRIC PRESSURE 10
SENSORS IN THE BUFFER 2
CLEARANCE - SONIC DISTANCE SENSOR 2
CORROSION SENSOR 68
DATA ACQUISITION UNIT 38
DISPLACEMENT SENSOR 12
DYNAMIC STRAIN GAUGE 663
GPS RECEIVER 26
HUMIDITY 12
BIAXSIAL INCLINOMETER 45
PRISM FOR TOTAL STATION 68
PYROMETER 2
STATIC STRAIN GAUGE 38
STEEL TEMPERATURE 142
TOTAL STATION 6
WEIGHT IN MOTION SYSTEM
WEATHER STATION
* X %
Project co-funded * :
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SENSKIN

SHMS Deck Cross Section
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SENSKIN

SHMS Elevation

PIT% 8 ok

W J P Q R
Fartal span

[ Torwards Asks

A B c D E
Towais Europs

A, suropean Skl s plar, SUropen

Csloa span pler, sslen -t slan

) EJ | EJ

/
PA1 PAZ PAY PAL PAS PAS [FA7 PAS PASPATD
|

FE1 FE7 PE3 PEe PES

G

\.\ .|I (W]

b, | /

|

Elevatlon. 1:7000

Project co-funded
by the EU under H2020



Sabri TEKIN

Head of Motorway Operations Department

MINISTRY OF TRANSPORT, MARITIME AFFAIRS AND COMMUNICATION
GENERAL DIRECTORATE OF HIGHWAYS (KGM)
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