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KTH Byggvetenskap

BBT Workshop - Innovativa metoder for effektivare broférvaltning

Malsittning: Presentera pagaende projekt inom omradet med fokus pa
projekt finansierade av BBT. Diskutera hur branschen tillsammans kan
implementera resultat fran pagaende projekt. Diskutera idéer och framtida
behov av utveckling av metoder for effektivare broforvaltning. Fa till en
gemensam malbild f6r omridet och kunna féresla bra samordnade idéer till
nista BBT utlysning.

Dag/tid: Mindag 29 Maj kl 9:30 — 17:00
Plats: KTH, Sal B2, Brinellvagen 23, Inst. for Byggvetenskap

Sprak: svenska och engelska

Preliminért program

9.30 Inledning.
Mats Karlsson, Trafikverket & Raid Karoumi, KTH-Brobyggnad

9.45 Fran tradade till tradlésa system for broovervakning. Vilka mojligheter erbjuder
framtida teknikutveckling?
Raid Karoumi, KTH-Brobyggnad

10.20 Fatigue and brittle fracture assessment of Gotailvbron.
Farshid Zamiri, Chalmers Konstruktionsteknik

10.50 Rast

11.00 Smart tillstindsbedémning, 6vervakning och forvaltning av Lidingébron.
John Leander, KTH-Brobyggnad

11.30 Tillstindsbedémning och forstirkning for att klara hogre laster och utmattning.
Bjorn Taljsten, LTU Konstruktionsteknik

12.00 Lunch

13.00 Connecting visual inspection to load carrying capacity for corroded concrete
bridges. Tools for effective management of corroded concrete bridges.
Ignasi Fernandez Perez & Kamyab Zandi, Chalmers Konstruktionsteknik

13.40 Temperaturmitning i plattrambro - uppkomna temperaturskillnader och
validering av simuleringsmodell.
Erik Gottsiter, LTH kostruktionsteknik






14.10 Forvaltning av Oresundsbron: problem, utmaningar och 16sningar.
Hanna Nilsson

14.45 Kaffe

15.15 Effektivare brofoérvaltning, problem och utmaningar for framtiden.
15.15 — 15.45 Trafikverket, Adriano Maglica & Robert Ronnebrant
15.45 - 16.00 SL, Emma Selén
16.00 — 16.15 Stockholm Stad, Anders Samuelsson

16.15 Paneldiskussion med alla féredragshallare.
Moderator: Hans Petursson

16:45 - 17.00 Avrunding & avslutning av seminariet.
Eva Gustavsson

Anmailan

Anmil dig till raid.karoumi@byv.kth.se senast 5 maj.
Deltagandet ar kostnadsfritt men bindande.

Varmt vilkommen!
Raid Karoumi
KTH-Brobyggnad

BBT ir ett ”Branschprogram f6r forskning och innovation avseende Byggnadsverk f6r
Transportsektorn" som startade i oktober 2013. Programmet har tagits fram i nira samverkan mellan
Trafikverket, Sveriges Bygguniversitet och Sveriges Tekniska Forskningsinstitut. Det dvergripande
milet dr att minska samhillets relativa kostnader f6r byggnadsverk inom infrastrukturen genom att
dstadkomma ett effektivt och hallbart byggande. Aven underhall och forvaltning innefattas.

Utférlig information finns pd BBT programmets webbplats www.foi-bbt.se
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BBT Workshop
INnnovativa metoder for
effektivare broforvaltning

Mandag 29 Maj kil 9:30 — 17:00
KTH, Inst. for Byggvetenskap






BBT Workshop - Innovativa metoder
for effektivare broforvaltning

Malsattning

B Presentera pagaende projekt inom omradet

B Diskutera hur branschen tillsammans kan

iImplementera resultat

B Diskutera idéer och framtida behov av utveckling av

metoder for effektivare brofdrvaltning

B foresla bra samordnade idéer till nasta BBT utlysning.
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KTH Byggvetenskap

BBT Workshop - Innovativa metoder for effektivare broférvaltning

Program
9.30 Inledning.
Mats Karlsson, Trafikverket & Raid Karoumi, KTH-Brobyggnad
9.45 Fran tradade till tradl6sa system f6r brodvervakning. Vilka méjligheter erbjuder
framtida teknikutveckling?
Raid Karoumi, KTH-Brobyggnad
10.20 Fatigue and brittle fracture assessment of Gotaidlvbron.
Farshid Zamiri, Chalmers Konstruktionsteknik
10.50 Rast
11.00 Smart tillstindsbedomning, 6vervakning och forvaltning av Lidingébron.
John Leander, KTH-Brobyggnad
11.30 Tillstindsbedémning och forstirkning for att klara hogre laster och utmattning.
Bjorn Tiljsten, LTU Konstruktionsteknik
12.00 Lunch (Restaurang Q-Hyllan, Osquldas vig 4)
13.00 Connecting visual inspection to load carrying capacity for corroded concrete
bridges. Tools for effective management of corroded concrete bridges.
Ignasi Fernandez Perez & Kamyab Zandi, Chalmers Konstruktionsteknik
13.40 Temperaturmitning i plattrambro - uppkomna temperaturskillnader och
validering av simuleringsmodell.
Erik Gottsiter, LTH kostruktionsteknik
14.10 Forvaltning av Oresundsbron: problem, utmaningar och 16sningar.
Hanna Nilsson
14.45 Kaffe
15.15 Effektivare broférvaltning, problem och utmaningar for framtiden.
15.15 — 15.45 Trafikverket, Adriano Maglica & Robert Ronnebrant
15.45 — 16.00 SLL Trafikférvaltningen, Emma Selén
16-:00—16-15-Stockholm-Stad-AndersSamuelsson
16.15 Paneldiskussion med alla féredragshallare.

Moderator: Hans Petursson

16:45 - 17.00 Avrunding & avslutning av seminariet.
Eva Gustavsson
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Lunch: Hyllan pa Resturang Q

ROYAL INSTITUTE

OF TECHNOLOGY
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Sevd Deltagare BBT Workshop 29 maj 2017

ROYAL INSTITUTE
OF TECHNOLOGY

Raid karoumi KTH Per Maxstadh, WSP WSP
Mats Karlsson Trafikverket Magnus Gruvborg, WSP WSP
Bjorn Taljsten LTU Marco Andersson, WSP WSP
John Leander KTH & [Martin EI-Sherif Infrakonsult
@ |[Selen Emma SLL @ |Thomas Darholm COWI
°‘=‘: Robert Ronnebrant Trafikverket 2 [Mmartin Henriksson AF Infrastructure
f’o Adriano Maglica Trafikverket Ignacio Gonzalez Sweco
g Hans Petursson Trafikverket Louise Andersson CBlI
:g Eva Gustavsson Trafikverket Claus Pedersen Ramboll
Y |Farshid Zamiri Chalmers
Ignasi Fernandez Chalmers Lennart Elfgren LTU
Kamyab Zandi Chalmers _ Mohammad Al-Emrani Chalmers
Erik Gottsater LTH % Peter Ulriksen LTH
Hanna Nilsson Oresundsbron ?o Johan Silfwerbrand KTH
2 [lvar Bjornsson LTH
% & |Ibrahim Coric Trafikverket Elisa Khouri KTH
E 5 |Anders Carolin Trafikverket Claudia Neves KTH
%D E Valle Janssen Trafikverket
S 8 Magnus Edfast Trafikverket
Z o Mancera Rafael Nacka kommun






ROYAL INSTITUTE
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The research group

2 Professors

2 Adjuct professors

2 Associate professors
3 Postdoc/researchers
19 PhD students

2 laboratory engineers

research topics

Advanced modeling and analysis of structures
Bridges for high speed track

Life cycle analysis of bridges (LCC & LCA)
Monitoring and condition assessment of bridges

Soil-steel composite bridges (incl. soil-structure
interaction)
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JJL Trafikforvaltningen 1

STOCKHOLMS LANS LANDSTING

Effektivare broférvaltning
problem och utmaningar for framtiden

Emma Selén, Trafikforvaltningen SLL

JJL Trafikforvaltningen

STOCKHOLMS LANS LANDSTING
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th Trafikforvaltningen

STOCKHOLMS LANS LANDSTING

Koper
trafikdrift och
underhall for

ca 10,5 mdr/ar

Pastigningar Varje sommar Néstan 74% SL har 82%
2,9 milj/dag trafikerar av SL-trafiken marknadsandel
Waxholmsbolaget gar pa fornybar av Stockholms
270 bryggor energi morgonrusning

th Trafikforvaltningen

STOCKHOLMS LANS LANDSTING

= Resande 78% nojda % 824 000 10 700 sl.se har
Waxholmsbolaget wa#¥ resenarer resenarer fardtjanstresor 160 000-260 000
4 milj/ar M\ (Fardtjanst 83%) varje vardag varje vardag besok
. per dygn
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STOCKHOLMS LANS LANDSTING
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340 244 1000 32
broar stationer sparfordon depaer

2017-05-31
th Trafikforvaltningen 6
STOCKHOLMS LANS LANDSTING

Aldrat bestand

BIM i forvaltning

Avtalshantering
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STOCKHOLMS LANS LANDSTING

JJ& Trafikforvaltningen 201770573i i

Aldrat bestand

= Roslagsbanan, Saltsjobanan och Lidingbbanan
har konstruktioner fran borjan av 1900-talet.

» Tunnelbanan fran 1930-talet och framat.

= Stort behov av reinvesteringar/forlangd
livslangd

1975-77

1950-58 1964

STOCKHOLMS LANS LANDSTING

Avtalshantering

» Trafikforvaltningen ska vara expert pa att
overgripande planera, bestélla och folja upp
trafik och underhall, medan trafik- och
underhallsentreprendrerna svarar for den
detaljerade planeringen, leveransen och motet
med kunden.

JJ& Trafikforvaltningen 2017-05-3: i

= Utmaning att utforma avtal foér underhall
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th Trafikforvaltningen 2017705—3: i

STOCKHOLMS LANS LANDSTING

* Instrumentering 10T (Liding6bron inte var
men paverkar var trafik)

* Information kopplad till modeller
= Ateranvandning av data, livscykelperspektiv
» Effektiv informationshantering

STOCKHOLMS LANS LANDSTING

th Trafikforvaltningen 2017_05_?2 i
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BIM i forvaltning

2017-05-31

Trafikforvaltningen

STOCKHOLMS LANS LANDSTING

» Inte tillrackligt specifika BIM-krav for att
kunna dra storsta nyttan av BIM

= Kraven ar sallan anpassade till
forvaltningsarbetet

= Skapa nya uppdaterade “relationshandlingar”

» Svart att hitta dokumentation och historik pga
omodern ritningshantering.

11

JL

2017-05-31

Trafikforvaltningen
STOCKHOLMS LANS LANDSTING

= Samordnad upprustning (tex gatudack
Gotgatan och Sveavagen)

» Gemensam standard for
beskrivning/klassificering av byggnadsverk

* Intrangsarenden
= Samagda konstruktioner
» Erfarenhets- och kunskapsutbyte

12

31/05/2017
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STOCKHOLMS LANS LANDSTING







Raid Karoumi, KTH-Brobyggnad

Fran tradade till tradlésa system for
brodvervakning. Vilka mojligheter
erbjuder framtida teknikutveckling?

Raid Karoumi

Brobyggnad

Contents

B Introduction: why monitor?

B Sensors for civil engineering applications

B What can we get from the measurement data
B Data management: Al & IoT

B Summary

BBT workshop 29 maj 2017





Raid Karoumi, KTH-Brobyggnad

VAL INSTITUTE
¥ TECHNOLOGY

Introduction

Why bridge monitoring?

ROYAL INSTIH

v STITUTE
OF TECHNOLOGY

B European bridge stock is generally quite old with many
structures being over 100 years old (especially for railways).

B As a consequence, the cost of bridge operation & maintenance
is increasing across Europe at a very fast rate.

B Trafikverket spend ~1,3 billion kronor per year on bridge
operation & maintenance.

B With monitoring we can
smarter condition
assessment, reduced
number of inspections and

prolong the service life
- reduce total LCC/LCA.

The Forsmo bridge from 1912,

BBT workshop 29 maj 2017





Raid Karoumi, KTH-Brobyggnad

Typical Bridge Problems

ROYAL INSTITUTE
OF TECHNOLOGY

Foto 404. Knutpunkt K3, avsaknad av skrndtrband i rirelsefog.

Frequent bridge problems in load bearing members:

B Concrete bridges: deterioration of concrete and corrosion of
reinforcement

Steel bridges: corrosion of steel beams and fatigue

Wear in bearings and expansion joints

Support settlements
Collision of vehicles, etc. etc.

Typical Bridge Problems

ROYAL INSTITUTE
OF TECHNOLOGY

Foto 432 Krutpuniki K4, Kraftg komosion | undre formindningspliten samt midcbikdnang |

sk

R

- _g - ; --J‘ : 7

BBT workshop 29 maj 2017






Raid Karoumi, KTH-Brobyggnad

Goals of monitoring

ROYAL INSTITUTE
OF TECHNOLOGY

Verify & update Predict the Verify the effect of
calculations models remaining life-time strengthening

Structural Health Measure actual traffic
L Monitoring (monitor loads, dynamic factors
B aging, damage, etc.) and load distribution

!

Assist operation & maintenance process. Data can be used as
input for optimizing inspection/maintenance strategies.

Meonitor construction

The Svinesund Bridge

ROYAL INSTITUTE
OF TECHNOLOGY

Strain in Segment S1

400
— VWSI-T
— VWSI1-B
LA
. — RSSI-T
‘ of back-stay cables
100 4
£ e
£ Y
P
2
S 100 - - We s Mo - - R - - - - EREE EEE
=
200 f s - N
-300 + ing of back-: 1 [ |start assembling of side | — |~ ~ | 1
upper cable group  2004-02-23 | |[span steel deck sections
400 T 1 middle cable group  2004-03-07 [ Tlifting of main span I
lower cable group  2004-03-15 | |steel deck section
-500 T T T T T
30-Jul-03 18-Oct-03 06-Jan-04 26-Mar-04 14-Jun-04 02-Sep-04

Date

BBT workshop 29 maj 2017





Raid Karoumi, KTH-Brobyggnad

ROYAL INSTITUTE

OF TECHNOLOGY

Arch Frequencies

Theoretical and measured
frequencies of vibration of the

Direction of

arch prior to the construction / movement
of the arch stone. /
Mode Frequency Swe./ Frequency Mode s
No.  Theoretical Norw. Measured type
[Hz] arch [Hz]
1 0.30 N 0.29 1 H
2 0.32 S 0.33
3 0.47 N 0.48 v
4 0.50 N 0.45
5 0.96 S 0.96
6 0.96 N 0.92 2V
7 1.14 N 1.12
8 118 s 122 2H
9

ROYAL INSTITUTE

OF TECHNOLOGY

Frequencies & Structural Damping

Original Revised
FE-model FE-model
Mode | Theoretical | Measured Measured | Description of mode Theoretical
no f[Hz] f[Hz] E[%] type relevant to arch f[Hz]
1 0.41 0.43 013012015 | S¥Eimetriobending 0.41
horizontal
Anti-symmetric
2 0.46 0.88 0.58+0.24 bending vertical 0.86
3 0.96 096 | 0.55+0.14| Ant-symmetric 0.96
bending horizontal
4 1.02 1.05 0534018  Complexmode 1.03
horizontal in arch
8 1.19 1.53 0.620.29 | Symmetric bending 1.48
vertical

The first vertical mode of vibration

Comparison of the measured and the theoretical natural frequencies
of the bridge after completion of the deck.

[

|

10

BBT workshop 29 maj 2017






Raid Karoumi, KTH-Brobyggnad

ROYAL INSTITUTE
OF TECHNOLOGY

Red curve: strain at S1-T

Blue curve: temperature

3-10

o L Y \
50-F 'Y "
of . )1
-
T E "
B -
g E
200£ ?
E A o3 “
2505 1 1 ]
I TN B M
Jan2007 Axr Ju Oct Jan2008 Ao Ju Oct Jan2009

Egenfrequency vs temperature
Mode 2

Eigenfrequency (Hz)

5.00 10.00 15.00 20.00

Temperature (°C)

ROYAL INSTITUTE

OF TECHNOLOGY

Goals of monitoring

Verify & update
calculations models

Meonitor construction
stages

Predict the
remaining life-time

Verify the effect of
strengthening

Structural Health
Monitoring (monitor
aging, damage, etc.)

Measure actual traffic
loads, dynamic factors
and load distribution

12
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Raid Karoumi, KTH-Brobyggnad

The Essinge Bridge

ROYAL INSTITUTE
OF TECHNOLOGY

Kontroll av sprickor och armeringsspanning pa tvarbalk i
stodlinje E13 (vastra anslutningsbron)

Friktion i lager som

" byggs upp och
slapps?
] |
i 1
l
l '|

Goals of monitoring

ROYAL INSTITUTE

OF TECHNOLOGY

Predict the
remaining life-time

Verify & update
calculations models

Verify the effect of
strengthening

‘“‘“—mx ? /V
H Monitoring '
g L &
e

Structural Health Measure actual traffic
Monitoring (monitor loads, dynamic factors
aging, damage, etc.) and load distribution

Meonitor construction
stages

14
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Raid Karoumi, KTH-Brobyggnad

ROYAL INSTITUTE

OF TECHNOLOGY

The Oland Bridge

Vehicle Speed Histogram, Eastwards, now07

Axel Number Histogram, Eastwards, novo7

50
Vehicle Speed [km/h]

Tyre Transversal Position Histogram, Eastwards, now0?
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15

ROYAL INSTITUTE
OF TECHNOLOGY

. === Northwest bearing (tg
= Northeast bearing (to

tal load)
tal load)

L

i i )
e Ll
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— e

e

T e R

= Northeast bearing (o

2307 s Northwest bearing (only traffic load)

nly traffic load)

M

e

o 1 2 3 4 5 6

Time [ minutes ]

4

Measured loads on the northeast and the northwest bearings during 10 minutes on
2006-02-28 The lower plot shows the results excluding permanent loads 16
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Raid Karoumi, KTH-Brobyggnad

Results

ROYAL INSTITUTE
OF TECHNOLOGY

File start 2010-03-17 20:48

g8¢8¢

force [kN]

Bearing reaction force
Maximum allowed

[ i
400
200F
0|

Vehicle with static weight over 60 ton

1150

1200

17

ROYAL INSTITUTE

OF TECHNOLOGY

The HOogakusten Bridge

502
5901 4
E sgaf ]
Eses
& 586 1
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5841 4
5821 L L L L L L L L L |
0 200 400 600 800 1000 1200 1400 1600 1800 2000

Time [s]

West
— East
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0 200 400 600 800 1000 1200 1400 1600 1800 2000
Time [s]

Longitudinal displacement and force on the bearings

18
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Raid Karoumi, KTH-Brobyggnad

ROYAL INSTITUTE
OF TECHNOLOGY

Sensors for civil engineering applications

Sensors for civil engineering
applications

OF TECHNOLOGY

We need sensors to measure:

W Strains

B Displacements
B Accelerations

H Forces

H Corrosion

B Temperatures
..

Sensors can be
wired or wireless

20

BBT workshop 29 maj 2017
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Raid Karoumi, KTH-Brobyggnad

ROYAL INSTITUTE
OF TECHNOLOGY

Wireless sensors?

Advantages when
cabling is
= complicated

= expensive & time
consuming

= sometimes not
applicable (e.g
during construction)

Challenges
= power supply
= distance to base

= limited memory &
cpu

21

OF TECHNOLOGY

fry Kostnad for sladdlost
bevakningssystem

Cirka kostnad for sensorer

Kostnad/SEK

Accelerometer (3-axlig, inkl. temp)
Modul foér tradtéjningsmétning (for 4st givare)

Tradtojningsgivare / méatare

10 000 - 15 000
10 000 - 15 000
1000 -6 000

Basenhet 20 000 — 30 000
4G Router och antenn 5000 — 10 000
Tillkomande kostnader Kostnad/SEK

Forberedelser, installation, testning

Utvardering & rapportering (&rliga kostnad) [via App?]
4G abonnemang (arliga kostnad)

Drift och underhéll av méatsystem (&rliga kostnad)

LLLLL LT RIS |

22

BBT workshop 29 maj 2017
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Raid Karoumi, KTH-Brobyggnad

Bevakningssystem till gamla
Lidingbbron

23

What can we get from the measurement
data

BBT workshop 29 maj 2017
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Raid Karoumi, KTH-Brobyggnad

What can we get from the
measurement data

How is the data used

B Displacement sensors - direct check
B Strains - direct (stress) & indirect (applied load)

B Accelerations - in direct (frequencies - stiffness, cable
force...)

Beam frequencies Cable frequencies
2, | _EI N
OJ — l . _ —_ & [ ——

25

What can we get from the
measurement data

OF TECHNOLOGY

Evaluate forces in cables
m Alvsborg bridge

B Hogakusten bridge

B Svinesund bridge

B Stromsund bridge

£=0357Hz

BBT workshop 29 maj 2017





Raid Karoumi, KTH-Brobyggnad

What can we get from the
measurement data

OF TECHNOLOGY

For nagra fordonpassager per dag beradkna de lagsta
frekvenser fran fria vibrationer

0.05 i
. W'\;‘v'{l“} AR AAAARA AAAAA i .
Ml | AFYATATATAY \ YATAT) y
e irL \1',[\.“J__ / b .
=0.05 . - " .
0 2 4 3] 8 — K
& ot
g E
]
S &
¥ 1
= 4 H-“'H AL el Full signal
E ------ ””"ﬂ“""«l“ “.“l"*m W — — —Forced vib
5 3 " Free vib.
=R SRR 10
3 2 0 2 K 5
& ____________________ requency (Hz)
b [ ST T ———
0 2 4 5] 8
Time (s)

27

OF TECHNOLOGY

Data management
Model-free methods with Al & 10T

BBT workshop 29 maj 2017
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Raid Karoumi, KTH-Brobyggnad

Why model-free methods?

ROYAL INSTITUTE

OF TECHNOLOGY

We need model-free methods as
B Bridges are complex structures
B Very difficult to capture real

behavior (SSI, bearings...) in models
B Our models can be on unsafe side

7 ™
.o - bending 4 = B
. + torsion ki = Freight train F-1
. 20l = Steel Arow train S-2 |
= | Freight train F-3
a8 . Freight train F-5
§‘ - | hae o Linear fitting function |
= <
é‘ =37}
T §
=1 236!
g g Y = 1880380
= bl R?= 096
34 J
. 33— . L " . . . |
3 (] 005 01 015 02 025 03 035
-30 =20 -10 1] 10 20 30 Maximal vertical acceleration (m/s?)

temperature [ °C]

The Skidtrésk bridge, variations in bridge properties

Vad ska vi gora med all data?

ROYAL INSTITUTE
OF TECHNOLOGY

NyTeknik NyTeknik

Big data forutspar behovet av
underhall

. Anden Thoresson 16 ROMBENTARER

Forutspir behovet av underhall

Mycket data ger svar pd stora frigor

w s S

“ Stora mingder data ger enorma méjligheter

Samilain driftsdata frin spdren. Analysera den. Och planeéra
jérmvagsunderhdll utifrén faktiska forhallanden.

Losningen: Al + 1oT

30

BBT workshop 29 maj 2017
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Raid Karoumi, KTH-Brobyggnad

Damage detection using
m=a  Artificial Neural Network

Measurement System

J—‘ BWIM
J Strains W|—

- Load magnitude
u Accelerations N\/\/

Load position

""" " CHCTPTIL o uld
1 o R
Stochastic ) i f ‘o 01 0z 03 04
Characterization 1€~ Comparison | Predicted acc /\N’V stlriass ekl
Damage
Index

Ignacio Gonzalez and Raid Karoumi, BWIM Aided Damage
Detection in Bridges Using Machine Learning, Journal of
Civil Structural Health Monitoring, 2015.

31

Licentiate Seminar 30 May

ROYAL INSTITUTE
OF TECHNOLOGY

“ e SeEET

Structural Health
Monitoring of Bridges

Model-ree damage detection
method using Machine Leaming

CLAUTHA MEVLS

New BBT project (2017-2019
Monitoring as a tool for optimal
management of critical bridges

http://kth.diva-portal.org/smash/get/diva2:1089610/FULLTEXTO1.pdf

32

BBT workshop 29 maj 2017
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Raid Karoumi, KTH-Brobyggnad

lolBridge

loT — Arsta Bridge

OF TECHNOLOGY

loTBridge iPhone App Twitter

loTBridge
wal

3 agar - - b A
~ i tors 18:14 faa—i e e
i
& ° W e . —
. 9l I L & £ & On the 4th of February (Wed)
! .

132 trains crossed the bridge.

gaas

Y Highest vertical vibration was
Nya Arstabron Km3:780 | measured to 94.3 mg (0.925 m/
} A,
Y sn2).
LS Oversat frin ongeiska

Lo o *

33

Essinge Bridge App

ROY, TuTe
OF TECHNOLOGY

Send report by Email

M\'@@f

I t«-ﬂ‘.’q_gv.- 'Jt" ‘

34
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Raid Karoumi, KTH-Brobyggnad

Summary and final words

ROYAL INSTITUTE
OF TECHNOLOGY

B With continuous monitoring we can make smarter condition
assessment and reduced number of costly inspections

B Wireless sensor networks are becoming an alternative to
conventional wired monitoring

B We need model-free methods

B To reach this goal, we need to:
— develop Al that will analyze the data from the sensor system

— develop sensors and algorithms that are able to detect gradual
deterioration

— develop decision support methodology that can be used for
implementing maintenance strategies on a rational basis

— develop sensors that have a lifespan comparable to that of the
bridge

— Enhance power management, e.g. local power using vib. harvester

35

Some of KTH instrumented bridges

ROYAL INSTITUTE
OF TECHNOLOGY

The High Coast Bridge

The Olands Bridge
T

The new Sveinsund Bridge

The Alvsborg Bridge

~ Thank you for your attention ...
?-.‘,- uul-_'_ . m!l " The-.a.ESSinge Bridge

= e

BBT workshop 29 maj 2017
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Fatigue and brittle fracture assessment of
Gotaalvbron

Farshid Zamiri, CTH/AF 2017-05-29

CHALMERS

BBT Project: Advanced assessment of welded bridges
for fatigue and brittle fracture

Project partners
@in

7, TRAFIKVERKET o Goteborgs
Stad

CHALMERS






2017-05-31

CHALMERS

Fatigue dilemma for existing bridges
Using conventional S-N curve method

n; Unanswered questions:
* Is the bridge safe

D
\ _ ' afterD >17
N + What if a crack (or defect) is
. \ - detected in the bridge?

+ The method gives 0 or 1 answer

[Drireet stress range Ay [N/mm?]
B

- e nowos? ® vowess e 10000

Endurance, number of cycles N

Case a: Despite predictions Case b: fatigue cracking
(D = 1) fatigue cracking is not | VS. | occurs in unexpected
observed in the structure locations

CHALMERS

Brittle fracture due to fatigue cracking
Hoan bridge (Milwaukee,1974)

[Fisher, Wright et al, 2001]
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» Safety issues regarding aging of large stock of existing steel bridges

» Conventional structural assessment shows that the life span of the bridge is consumed.
Inspections show no sign of damage

» On the other hand, fatigue and fracture damage is reported for unforeseen reasons
(low service load stresses) (as in Gotaalvbron)

* Non-realistic assumptions for loads (such as assessment based on normative loads)

« Simplified models for estimation of load effects (overestimate primary load effects, but
neglect or overlook some important load effects)

* Using characteristic values for material strength data (also from norm)

» Determine methodology (and required input data) for more accurate safety assessment
against fatigue and brittle fracture

» Advanced assessment methods require more (and more accurate) information

. l'l_'fhis in turn also means higher cost, but more realistic estimation of remaining service
ife

CHALMERS

Issue previously addressed by a

number of projects:
« Sustainable bridges (2007) — Technical report D3.4

- BriFaG (2009)

« Kihn et al (2008), Assessment of Existing Steel
Structures-Recommendations for Estimation of Remaining
Fatigue Life

 Current project aims at deliver a synthesis of the research
with a multi-step procedure to practicing engineers
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Condition assessment

Multi-level approach

»

Unknow

(3502 pue) Axajdwo)

<

Load/
Action side

Code-
specified
traffic

Monitored
traffic data

Traffic flow
simulations

Method

Model (Fatigue)

Conventional
models for Global
model

Standard S-N
curves

Improved global

models

* degree of
composite action

+ Partial fixities at
joints

Stress-based
approaches

Damage tolerant
approach

Detailed FE
models of the
joints

Reliability analysis
+Target refiability value

Material/
Resist. Side

Normative
values (fy)

Material tests

= Mechanical
+ Chemical comp.

NDT
measurements

CHALMERS

Condition assessment
Multi-level approach

5/31/2017

Phase | — Preliminary assessment

« Using simple analysis. The bridge is considered as if it is
being designhed as new.

* Relined analyses on the critical members.
» No new data collection

» Advanced analysis technigues
« Extensive data collection (Resistance side+Action s
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Phase | — Preliminary assessment

+ Data collection by review of existing documentation (original design
+maintenance), Site visit

* Resistance side:
+ Basic material data (geometry, steel grade, available test data,...)

 Action side:
* Normative loads

 Calculation models:
* Hand calculations, simple global FE models

» Fatigue assessment:
» Equivalent damage factor (1-factors)

* Brittle fracture:
« EN 1993 part 1-10 permissible thickness table

CHALMERS

Phase || — Advanced assessment

* (Almost) no new data needs to be collected; just refinement of analyses

* Resistance side:
» Basic material data (geometry, steel grade, available test data,...)

+ Action side:
+ Normative loads /Traffic loading history (if available)

+ Calculation models:
» Refined global FE models (beam and shell elements, ideal support conditions)

» Fatigue assessment:
+ Damage accumulation
+ Structural hot-spot stress method, Effective notch stress method (Al-Emrani & Aygll 2014)

* Brittle fracture:
« EN 1993 part 1-10, using Charpy test (or K,. ) data, Tgy < Tra
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Brittle fracture treatment in EN 1993

K, £K,, =P Transformation == | 7., >7T,,

Tra 2Tga \
Action side / Resistance
side
Ty =T . TAT + AT +AT, L+.ﬁ?:_ +,ﬁ]’;_ﬁ,J . ||1ﬂucn‘,-|.;
of material
. Lowest air temperature in combination with ggy toughness
T arind =- -25°C o
100 27
. Radiation loss 18 [°0)
AT, =--5°C

. Influence of stress, crack imperfection and
member shape and dimension
fp o A
(Kea-20)| 22 o
AT, ==52-n| ————~ | |°C|
70 L=

. Additive safety element

ATy =- +7°C (with # = 3.8) !

CHALMERS

Phase Ill — Expert investigation

» Extensive collection of new data (NDT, material tests, load monitoring)

* Resistance side:
» Fracture toughness data, crack propagation properties
» Defect size data (NDT)
+ Action side:
» Load monitoring (load history is not important anymore)
+ Calculation models:
+ Refined global and local FE models
* Linear Elastic Fracture Mechanics (LEFM)
» Fatigue assessment:
+ LEFM (Handbooks, XFEM, BEM,...)
* Brittle fracture:
« EN 1993 part 1-10, Kgq < Kgrq
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Failures due to cracking

Brittle fracture in contrast to ductile fracture

Crack size —

0o wm6 28 38 48 548
Number of cycles —

* Alarge-enough fatigue crack can lead
to sudden and brittle fracture

« Source of brittle fracture can also be
a defect (e.g. smaltdike)

g

Ermiidungsanrifi Aa

Ermildungsanrifi Aa
nach 500000 LW

nach 3-10°LW
M

Sedlacek et al. (2003) ' -

CHALMERS

Gotaalvbron (built 1939) 28.0m

Steel bridge with concrete deck B&P, Tramway, B&P|
40,p0}lD,D[D,D,
l
e T 1 [ BN T T T rrrrrrerrrr . t | | {
SOUTHERN VIADUCT | BRIDGE OVER THE RIVER ‘NORTHERN VIADUCT
‘ ~950 m ‘ 4.0 5.3 ! 53 || 5.3 ||3.9

= =

& CROSS SECTION

GOTA RIVER
(GOTAALV)
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Welded bridges history

. .
. * L .
-t e
o o ST
. . et . .
! Lt e .
. . R ". e .. ‘.
| oo leba® |
e, . et P ™ e A
. AR 2N .
. g B oas "0 b L.
L .1: P R T S P B

Albert bridge (BE) , welded bridge, failed due to brittle fracture

Number of bridges

250

™
s
S

@
S

o
S

0
1840 1860 1880 1900 1920 1940 1960
Construction year (superstructure)

Existing steel road and railway bridges

managed by Trafikverket

1980

2000 2020

CHALMERS

Previously observed cracking

Transverse girder

;_‘M(continuous) - Top cover
: g plate
Crack : /
location > -~ X‘

Longitudinal girder
(discontinued ofalsupports)

D>1 for some details (since 2004!)
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FEM Model calibration

CHALMERS

-
k
C  Fat  OF 2,0 22
© Falt UF 16,2 21
103 D  Stsd OF 0 -0,6
D  Stod UF 0 -1
D Falt OF 1,5 0,6
106 D Falt UF 17,4 18,1
D  Stsd OF 1,6 0,7
. 108 D  Stod UF -1,2 4,4
E  Stsd OF 1,5 0,2
Balk B E Stéd UF -0,3 -1,3
E Fat  OF 26 0.8
103 o || 1050 | 1070 112 E Falt UF 12,4 12,9
Balk R Gt GENOMSNITTLIG SKILLNAD MOT MATNING: [REENRNI=E
M5y
Balk I
Jiow (uoy [\ gz
Balk | s | e
Balk G
Leander et al (2014) 18
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NDT Crack sizing R -

UT/MT/PT inspections

Location No.
Locations

Pilar connections MT 4 8
Longitudinal beam connections (N. MT 7 18
Viaduct)

Stiffener connections (N. Alvdel) MT 4 6
Beam supports (N. Alvdel) PT 2 4

Cracks detected only in one location (longitudinal beam
connection N3-b’ in N. Viaduct)

10





2017-05-31

CHALMERS

Detected crack

Repair
» The remaning length fillet weld was enough for static strength of the
structure

» The cracked fillet weld was removed by careful grinding

» The crack had not grown into the connection plate, therefore no
further action deemed necessary. ; P

11
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Summary of previous tests

SP (2003) BVS 583.12 9pcs Viaduct
ASTM 813 ST-44
SP (2003) BVS 583.12 3pcs Viaduct
I 6.1 Krav pd digdrd wrifrdn brottseghet J,
i —
Lo
e
L)
2
X X n
X X J
= h
x X
x X
X I s degiird
( 3 Jo KNI
KTH(1956) 4pcs Alvbron
ST-52 & ST-44
KTH(1956) SIS 112350 4pcs Alvbron
ST-52 & ST-44

CHALMERS

Analysis according to MC approach

For fracture toughness measurement of ferritic steels
* Proposed by Wallin (VTT-1992) and

implemented in ASTM E1921 to deal with the
large scatter in transition region.

« All toughness transition curves for ferritic P
steels have similar shape (theoretic Mgee—— "
justification by weakest link theory) Ml e / 1

= ¥m)

» As few as 6 samples are needed to construct
the curve.

K, (MPa

K secmediony = 30+ 70exp[0.019(T - T, )]

0
-150 -100 50 0 50 100 150
TEST TEMPERATURE (°C)
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General model
100F | f(x)= a+b*anhi(x+c)id)

80

Goodness of fit
SSE: 354.8
B0 | R-square:0.9835

Coefficients (with 95% confidence bounds):
a=  B4.62 (52.32,76.93)
b= 61.17 (46.89, 75.44)
c= -35.56 (4523,-25.9)
d= 37.13 (26.35, 47.92)

1956 ESAB tests (Charpy test results)

ESAB Sample 1a
T T

T T 7

s
yVE X
— fitted curve / / -
Fred bnds (fitted curve) -
~
/
60

CHALMERS

According to ASTM E1921 (MC method)

— 45, Temp 30,

Temperature [C]
Temperature dependency

Analysis according to MC approach

For T=-I30C

30
,285.004, 60
55.02,
K 3c.50%
Ln
o MPa/m  50q >
E K ic5% K je.cfl
o ( i
MPa-/m) 50
= MPa-/m
i K 1c.95% 100 —
(mPa/m) 45
AT.675, 44763,
60 40 -20 0 20 40 400

Thickness dependency

13
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Estimated inspection intervals

15 T T T T T

|.15_| K
& ~400°000 cycles l
a s 2c
el BN\ e R TRTRRPRIN 40 )
agc N
mm T
I.Ol.l
0 1
~ 1x10° 0 1x10° 2x10° 3x10° 4x10° 5x10°
— 2.958<10%, N Fca(?) 4.443x10°,

* Assumed a detectable crack size of 2c=1.2mm (crack depth: a=0.15mm)
* Analysis is based on a constant amplitude cyclic stress range of Ac=15 Mpa

» Stresses from calibrated 3D-FEM model

Ongoing work
Monitoring using WSN
» A wireless sensor network is being installed on the bridge

» Monitor Traffic load and environmental loads (construction
work)

« Strain gages (traffic actions, settlement effects)
 Accelerometers (piling effects)
* No data yet!

14
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Conclusion

» While conventional methods are satisfactory for design of
new structures, a multi-level condition assessment
scheme is the choice for condition assessment of existing
bridges.

* The methodology can be developed in accordance to
existing Eurocode, it is mature enough to be applied for
assessment of existing bridges, with considerable
accuracy compared to traditional methods.

15
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Analysis according to MC approach

* Calculating KO (scale parameter for Weibul distribution) from
maximum likelihood:

1
1

N | (Kgear,- Zoxrpa.\(;\:T
Koi=‘z T~ + 20MPafm
li=1" ]
Kg = 74.718-MPa-Jm

Kje med = 09124-(Kq - 20MPa-fm) + 20MPa-/m

» Estimated median (50% probability) value:

Kjc med = 69.925-MPa-/m

1 (Kre med — 30MPafm |
Tp=T- ——log ———— |

0019 % v Ty = -17.165
* Reference temperature for which K is equal to 100:

KJe 509, = 30 MPa-fm + 70.\IPa.\,q,-f.a.x:p[o.n)19-|Tempi - Toi]

* The Master curve is defined as the median (50% probability)

toniahness for the 1T (25 4mm thick) snecimen aver the transition

16






Smart tillstandshedomning, dvervakning och
forvaltning av kritiska broar ,

John Leander
KTH Bro- och stalbyggnad

Projektet utfars med stod fran det
strategiska innovationsprogrammet

InfraSweden2030

en gemensam satsning av VINNOVA,
Formas och Energimyndigheten.






. o— \ N
7"‘(“* Syftet ar att utveckla ’:/ 1

\7  smartametoder for !ly" i
tillstandsbedgmning och | Malgrupp SEESHER
underhallsplanering av . :
kritiska broar

{ Parter |

Ett integrerat system for overvakning, dataoverforing
och beslutsstod

- Tradlosa sensorsystem for enkel installation och drift
- Energiforsorjning av tradlosa sensornatverk

« Avancerade metoder for tillstandsbedomning och
skadedetektering

« Molnbaserade tjdnster for férvaltning och
informationsspridning





Malgrupp

« Broforvaltare
- Trafikverket, SLL, Stockholms Stad, Goterborgs
Stad, Liding6 Stad, kommuner, skogsforetag, ...

- Forvaltning av broar som narmar sig sin teoretiska
livslangd dr ett internationellt problem.

sﬁ- KTH ‘Ei

VETENSKAP
=9 OCH KONST @
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UPPSALA
UNIVERSITET






Tradlosa Givare
sensorsystem och
energiforsorjning %

»
w
w

/ mlw. ST |

Givare

- Kommersiellt tillgéanglig hardvara i form av givare,
noder, och plattformar kommer att testas och utvdrderas.

» Ingen hardvara for méatning kommer att utvecklas i
projektet.






Energiforsorjning

’/_\ Energiinsamling

p Grundkapacitet

-
‘ . .
k4 Energikonsumtion
/ "I \/
n
ke
L
Energikonsumtion
Drift av sensor 0,4 mA
CPU 3mA
. Kommunikation 9 mA
4
|
=Y
4

L | i





Energiinsamling - vad ar mojligt pa en bro?

« Vibrationer
- Bron, tag, vind, ...

-+ Radiosignaler
» TV/radio, tag, stromforsorjning, ...

N
= 1
'+ Solenergi ar s :
¢ 1.« Dagsljus ' v
B
ax ]
~

Energieffektiv driftsplanering

Stor forvantad mangd energi - forbrukningen
bor vara minst lika stor.

. Liten forvdntad médngd energi - sparsam
- forbrukning (sa lite som mojligt)
3
laneringen krdver prognostisering med
seende pa t.ex. trafikintensitet och antal
soltimmar.
Fa

e
o
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Maskininldrning gor det mojligt att etablera
monster i stora mangder data och hitta
avvikeler. (BIG DATA)

L
(i}
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Skadedektetering genom maskininlarning

Madjliga ingangsvarden ar:
- Accelerationer 3
- Fordonskarakteristik
- Téjningar

A

4\\"1‘.

TN T AR 3
RN
NN

%\t\' /=
X7

"y

=P

Ingdngsvirden

Dolda lager

Uppskattning

[E sic ®
=

Skade-

detektering

HEEEER TR

Statistisk analys





Tillstandshedomning genom méatningar

Uppskattning av brons sakerhet med avseende pa...

W [ Rterstaende |
| lislingd |

Tojningar | —

| Uppdatering |

Accelerationer | —¥ \’r = ]
arningar

\

5
Prior
4\ | - Posterior |-
\‘\‘
. 3} \.\ PU=P[g(x)SODHD(x)§O] ]
‘\.\ f P[HD (X) < 0]
2t : TS e
: —— T
| |
1 I :

0 50 100 150 200 250 300 350 400
N/10°





Riskbaserad underhallsplanering

Bayesiansk fore-efter-analys

1000
(preposterior analysis) 00
—1100
-1
1001
-101
—1101
-1
—1001
-101
—1101
i Experiment | Utfall - Atgard : Tillstand : Nytta :
(Benjamin och Cornell, 1970) . (beslut) | (stokastisk) | (beslut) | (stokastisk)! (vinst) |

P” o i Y Beslutsstod for rationellt underhall och upp-
'(O)" gradering av befintlig infrastruktur baserat pa
2~ \ avancerade utvirderingsmetoder, matningar och

BIGC BRO overakning

Syfte och mal: Ett nytt ramverk for beslutsstod gallande
underhéllsdtgéarder av konstruktioner.

Ramverket bygger pa hantering av information fran:
« Strukturmodellering (modellsofistikering)
« Osakerhetsmodellering (stokastiska variabler, tillforlitlighet, risk)
« Informationsinsamling (métningar, provningar)
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Molnbaserade tjanster for infrastrukturforvaltning

Skalbar mottagning av matdata
(Azuremolnet (Microsoft), Storage manager (Almanac Lab), Docker)

Design av Big Data-l6sningar med synkronisering mot existerande

[AM-system (Insfrastructure Asset Management)
(BaTMan, WebHybris)

Microsoft Azure _ e
- Dataportalen : A
L - docker Hitta 8ppna data fran IR
. R 4 T Stockholms stad 1 & :
SMARTA STADER 201

Demonstrationsappar

Maojligheterna med ett integrerat
system for tillstandsbedomning och _ _

underhallsplanering kommer att : s ) "soosrs maz. |
demonstreras genom appar. ' : I

Sedan tidigare finns teknik for att
presentera matresultat. Malet inom
projektet dr att bygg pa med funktioner
for tillstandsbedomning och
underhallsplanering.






Molnbaserade tjanster for forvaltning och informationsspridning
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BBT-Workshop —
Innovativa metoder for
effektivare
broférvaltning

KTH 29:e maj kl 09:30-17:00

Professor Bjorn Téljsten
Lulea Tekniska Universitet, LTU
Trafikverket, TRV

If you don’t
know, so say:
so now!!!

They drive larger and
larger trucks over it

Dad! How do they

ive way and the!
know how much a g Y ¢

will built up the
bridge again.

“Gammal goding”

31/05/2017





Agenda

e Bakgrund - behov

e Tillstandsbeddmning i allmanhet (Assessment)
e SHM - Structural Health Monitoring

e Uppgradering — (t ex Forstarkning)

e Exempel fran faltprovningar

¢ Sammanfattning

* Fortsatt arbete — framtida forvaltning

....\I I
UNIVERSITY
OF TECHNOLOGY

Bakgrund

Sakerhet och prestanda

En dgare till en anldggning vill veta om den ar sédker, hur lange den ar
det (tid) och om inte, vad det kostar (kr) att atgarda den samt nar ska
det goras (tid/kr)?

Bristande underhdll i USA

31/05/2017





“Fa bollen att rulla”
i processen

Konceptstadie

S

@

Designstadie

Produktionsstadie
Drift och
underhéllsskede

Avvecklingsskede
Bestandighet .
Miljopaverkan

Forlangning av livslangd — driftskede

Bakgrund

Traditionell byggnadsprocess

¢ Manga partners, dven inom varje skede

¢ Fokusering pa att optimera sin egen insats/fordel

¢ Manga kontaktytor (project interfaces)

¢ Inte alltid tydliga ansvarsomraden

e Kan liknas vid ett stafettlopp dar en del projektet fors
over till nasta part tills man ar i mal.

¢ Dokumentering gors inte alltid med helheten som mal

e Svart att félja andringar under en anlaggnings livstid
(historia)

Drift och underhallsskede

¢ Ofta otillracklig historik och dokumentation

¢ Beslut tas pa antaganden och teoretiska samband

¢ Ofta ingen data fran byggnadsskedet

¢ Modellering utifran antaganden

¢ Verifiering genom provning — kanske ”proof loading”
¢ Utmaning att ha en totalkostnads fokus pa anldggning

31/05/2017





Bakgrund

Vad ar det som driver behovet/forskningen?

« Okat behov att se till anldggningars kostnader, och alla
dess delar under hela livstiden

« Okat behov av tillgédnglighet

e Okade laster, 6kad intensitet

e Onskan om langre livslangder

* Nedbrytningsprocesser

e Storre och mer komplexa anldaggningar

» Okade kostnader for inspektion och underhall

* Nya satt att se pa byggnadsprocessen

* Snabb teknisk utveckling — digitalisering

e Generationsskiften - kompetens

* Samlad kunskap om anlaggningars tillstand

Bakgrund

Vad ar det som driver behovet/forskningen?

* Lang och kortsiktiga behov
e Forskning
e Innovation
* Forstaelse vad man ”“bestaller”
e Forskning
» Fardig produkt/system for implementering
e S-kurvan
« Beskriver normalt utvecklingen 6ver tid gallande forskningsfasen
till implementeringsfasen
* Hype Cycle
e Liknande som S-kurvan, men tar aven hansyn till omgivningens
forvantningar (media, allmanheten, i viss man okunskap)

31/05/2017





Bakgrund
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Forskning

Innovation/Implementering

Bakgrund

VISIBILITY

Peak of Inflated Expectations

Plateau of Productivity

Slope of Enlightenment

Trough of Disillusionment
TIME

Technology Trigger
MATURITY
Forskning Innovation/Implementering
A
I
I
Nt i
= === Hype Level ** Engineering or
P Giehess Hype Cycle

Maturity

Exempel

e FE-Modellering

* FRP Forstarkning/armering
e SHM

* Big Data?

Detta ar viktigt att ta med sig
nar vi nu star for stora
utmaningar gallande framtida
utmaningar for broférvaltning.

En viktig fragestallningar ar:
Vad ar universitetens och vad
ar industrins uppgifter i detta?

31/05/2017





Forskning pa LTU

Tillstandsbeddmning och Forstarkning

* Tillstandsbeddmning — sedan 80-talet
e Laster
e Material
e Geometri
e Matning
e Modellering
e SHM (Stuctural Health Monitoring) — mitten av 90-talet
e Metodik
e Optiska metoder
e Sladdldsa system
e Traditionella system
e Forstarkning — slutet av 80-talet
e Bdjning
e Tvarkraft
e Utmattning
* Fullskaleprovning i falt — sedan 80 talet

« Mer &r 30-ars erfarenhet l

« Bade stal- och betongbroar

Tillstdndsbedomning
LCA perspektiv - En enkel modell for forklaring

Performance
index

Advanced assessment (level 3)

Basic assessment (level 1)

Minimum Performance
\ v index

3L

tass Time

Prestanda: kan hanforas till antingen barférmaga, funktion, bestandighet eller estetik
Underhall: for att bibehalla ursprunglig prestanda

Reparation: for att atgdrda en konstruktion sa den nar upp till ursprunglig prestanda
Uppgradering: atgard for att uppna prestanda utéver den ursprungliga

Férebyggande underhall: Ar underhall som gérs regelbundet/planerat for att
forebygga uppkomst av fel. Kan jamforas med service av en bil

31/05/2017





Doubts

INITIAL ‘

Tillstandsbedémning

ENHANCED Finns manga forslag

till flodesscheman.
Detta ar en princip
som togs frami
samband med
Sustainable Bridges
projektet.

Strangthening
of bridge

Demoliton of bridge

Tillstandsbedémning

Ornskéldsvik/Frévifors jarnvagsbroar i
armerad betong — 2006/2007

[ s1: survey

Structural Assessment

Bridge owner/Consultant

%

| S2: Condition assessment

S2: Simple Calculations |

Visual Inspections

Consultant

2
[ S2: Non destructive tests } J e

Radar, ultrasonic

tests etc.

| < S3: Laboratory testing |

| S2: Material samples >

Drilling of cores,

SB Project

pull-off etc. Concrete, Steel etc.

31/05/2017





Tillstandsbedémning

Frovifors/Ornskéldsvik Railway Bridges - 2007

Scanning for steel
reinforcement, BAM

SB Project

bridge deck
from below /
east | /west
E Sustainabie Bridges
Fron siacust
Rainforcement locaksation
by Hiti FV10, raw data bitmags
EAM Emst Nisclerlathinger 2007.07-31
/ v/ HBAM
/ oty
/ e ien i
. VL2

Placement of bottom steel
reinforcement

”'HI I3
UNIVERSITY
OF TECH

¥ NOLOGY

Tillstandsbedémning

Frovifors/Ornskéldsvik Railway Bridges - 2007

[ 53: Sensor installation > q‘

Specialist consultant

Testing institutes

Specialist contractors

Testing institutes

SB Project

31/05/2017
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Structural Health Monitoring

Varfor SHM

¢ Huvudanledningen maste vara att 6ka den totala nyttan for kunden

¢ Detta ska géras med tanke pa sakerhet, tillganglighet, bestandighet
och brukartid (service life)

¢ Vimaste vara sdkra pa att vi mater “ratt sak” vid “ratt tidpunkt”

¢ Man maste ocksa ha ett konkret mal med matningen

¢ Maétning har endast varde i samband med tillstdandsbedémning och
underhall

Tillstand definieras har som:
e Ultimate limit state, ULS
e Service limit state, SLS
e Fatigue limit state, FLS
e Durability limit state, DLS

Structural Health Monitoring

Varfér matning?

En anledning kan vara om ett fysiskt fenomen behdver foljas upp eller om
osdkerheter foreligger i berakningsmodeller

Men ocksa om man vill verifiera férstarkningseffekter och for
tillstandsbedémning och framtida underhallsinsatser I
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Structural Health Monitoring
Metodik

Monitorin
objectivesg Competence of the

bridge engineer

Bridge model Constraints
What?
Where?
Design model When?
monitoring system
\2
Design of physical l«—
monitoring system How?
T f
| Installation of physical
monitoring system
2
_[ Validation of model and physical Competence of the
m°”"°r$9 system monitoring engineer
[ Maintenance of model and physicaIJ

monitoring system L
UNIVERSITY =

After Glauco Feltrin, EMPA, 2007 OF TECHNOLOGY

Structural Health Monitoring

Principer

0.05

0
005 b
Displacement D1

01
0 1 2 3 4 5 6

d[mm]

0.05
0 W
0.05 B
Displacement D2 ) ) )
0 1 2 3 4 5 6

d [mm]

01

time [s]
Improved Interaction bridge Do model results match
correlation . . . o
model/momtormg with monitoring results?

(am

Modification of model

10





Kablar

Structural Health Monitoring

Utveckling av sladdldsa system
1) Verifiera férstarkningen (eller vad man nu ar intresserad av)
2) Utprovas for att kunna anvandas i otillgangliga omraden

Utmaningen &r att montera ratt typ av sensorer pa ratt plats. Att systemet
ar "sjalvforsorjande” pa energi och att matdata kan nas via fjarrkoppling.

@
* e >
@ >

||||J\I I3
UNIVERSITY
OF TECHNOLOGY

31/05/2017
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Structural Health Monitoring

Ett exempel pa ett fungerande system som utvecklats under 2016 for
tillampningar inom byggsektorn pa svartillgangliga anlaggningar

Structural Health Monitoring

Rundstralande antenn med 10
m forlangning.

ASUS router med SIM-kort/telia
WSDA-LXRS Basstation
SM3-Rela med SIM-kort

sthe b ohlE

Batteri samt laddare kopplat mellan
strom in och WSDA for redundans

5 Stromadapter

Figur 5.4 Oversikt av matsystem

31/05/2017

12





Structural Health Monitoring

Riktad antenn

1: 4 sthalvbryagor kopplade med
kompletteringsmotstind till 4 st
individuella kanalerien V-Link, ch1-4

2. Ingingfér antenn

3 1stLagesgivare kopplad till V-Link via
analog port {ej aktiv) - cht

4:  Ingidngfér sensorer {chl-5)

5 2stLitium Batterier pi 19000 mAh
vardera

Dessutom integrerad temp givare, ch8

Figur 5.6 Nod A utan lock
LULE «I ¢
UNIVERSITY
OF TECHNOL

¥ WOGY

Forstarkning

Forskning pa Ltu borjade i slutet av 1980-talet. Lang tradition
och stort kunnande inom omradet.

E4

NSM/Stavar

31/05/2017
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Forstarkning
Stora Hoga - 1989

Stora H6ga var en bro pa gamla E6:an norr
om Goteborg. Byggd 1980.

- T
PPl e ee— i e Man ville underséka tvarkraftskapaciteten.
| i” ' [§ 7 For all realistiska placeringar av lasten
N _‘_/ skulle dock ett bojbrott uppsta.
AL T
P — 1 1 e For att undvika bojbrott forstarktes bron pa
n——————— o o o . . . o
‘ﬁ,ﬁ:? \ | palimmade stalplatar. Forstarkning fran 200
- b ooy ton till 600 ton i bojning i belastningssnittet

Ungefar 2/3 av bron var forstarkt med
stalplatar, A, = 250 x 6 mm, vikt ca: 12
kg/m.

Bron belastades ca 4.0 fran det vanstra
(vastra) upplaget. Endast belastning efter
forstarkning

Forstarkning
Stora Hoga - 1989

Forstarkning

31/05/2017
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Forstarkning
Stora Hoga - 1989
Matning

Tojningsgivare pa stalplatar och pa Nedbdjning
stalarmering

Forstarkning
Stora Hoga - 1989

Belastning

Belastningsbalkar ”"Métcentral”

31/05/2017
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Forstarkning
Stora Hoga - 1989

Belastning

Stalstag forankrade i el

. ¥

berggrunden “Skjuvbrott” vid ca 460 ton

Forstarkning
Stora Hoga - 1989

Vad larde vi oss?

e FoOrstorande provning — valdigt intressant — inte latt

* Teoretiska modeller i normerna kunde inte forutse brottlasten korrekt

e Stalplatar gav en avsevard forstarkningseffekt i brottgranstillstandet.

e Praktisk erfarenhet gdllande forstarkningsmetodiken

¢ Alla installerade sensorer fungerade som forvantat, dock valdigt mycket
kabel

e Ingen focus pa tillstandsbedémning som helhet — bara belastning till brott —
studera brottmod

e Slutligen var provet valdigt givande da saval analytiska som numeriska
modeller kunde anvandas som jamforelse.

e Detta férsok lade grunden till det som sedan skulle bli stora delar av Ltu
(konstruktionstekniks framtida arbete)

31/05/2017
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Forstarkning
Kallkallan - 1998

Den forsta bron i Sverige som forstarktes med CFRP

Huvudsakliga mal:

e Att verifiera forstarkningseffekten
e Att utvardera produktionstekniken

54600

9150

oo ‘w

14500 5150
1

1 1

LA

Deflection, [mm]

0.0

02 +

03

Forstarkning
Kallkallan - 1998

Periodisk korttidsmatning

E

Nedbdjning

Deflection in slab

\ —&—  Before strengthening
\ -0

After strengthening

0.50 1.00 1.50 2.0C
Distance from support, [m]

31/05/2017
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Strain [e-6]

Forstarkning
Kallkallan - 1998

Periodisk langtidsmatning

80.00 —

Téjningar

60.00 —

40.00 —

7 1.
20.00 —

0.00 —f

Before strengthening After strengthening "Long-term" behavior
Time

Forstarkning
Kallkallan - 1998

Vad larde vi oss?

e Icke forstorande provning, provat i SLS

¢ En detaljerad matplan stilldes samman

e Ingen tillstandsbedémning — endast verifiering av forstarkning
e Malet med projektet uppnaddes

e Dimensioneringen av forstarkningen stamde val med matningen

18





__Tragbro i Haparanda ”

Presenterat i dr. avhandling av Jonny N|I|maa
http://pure.ltu.se/

Oka axellsaten fran 25 till 30%t6n
Overutnyttjad: 3

- Bojning 1.25

- Tvarkraft 1.03

Forspanning i tvarled for att oka tvarkraftskapaciteten
]

Faltprovningar

* Komplext

¢ Kostsamt

e Tvardisciplinart

* Maste veta vad man ar ute efter

e Omfattande mangd data att bearbeta
* Randvillkor

e Geometrier

* Material

e Matteknik, sensorer, sampling etc.

* Modellering

e Vardefullt for verifiering

e "Proof-Loading” - bruksgranstillstand

e Provning till brott - brottgranstillstand
¢ Kunskapsuppbyggnad

e Varje anlaggning ar unik

LULEA
UNIVERSITY

OF TECHNOLOGY

31/05/2017
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Jarnmalm i Norra
Skandinavien

Norge

Malmbanan

e Mer dn 100 ar gammal

e Langd ca 500 km 3

*  Fler &n100 broar B

For okad konkurrenskraft, LKAB
behdver transportera mer malm per
vagn.

‘ Oka axellasten

Faltprovningar

!
/

N,

Narvik Sz,

4 '\_

o =

Pigaario

Y

!

T,

A
Kiruna \

LULEA
UNIVERSITY
OF TECHNOLOGY

31/05/2017
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A train has 68 wagons, each with ca 100 ton iron ore
12 trains/day transport about 25 Mton/year (increase to 40)
Maintenance cost ~ 45 k€/km, year

7 mvormAcs BRI

Faltprovningar

Maximum Axle load

4 Intheworld ® Iron Oreline in Sweden e E ur0pe/ Sweden normal
50 .
s Axellaster och hastigheter — en
w0 A T internationell jamforelse
P A =
g 30 y e 'A'-=
5
R 25 A '_l—
i -
F R p—— | Passenger Train Speed
:9' 10 A world record # Maximum operafing speed
5 ‘e—maximum speed in Sweden
o 600
1850 1876 1900 1925 1950 1975 2000 2025 2050 550 A
~ 500 A 2’
E 450 -
- 400
H
2 380 >
F 0 o
Bjorn Paulsson et al (2015): § 2 >
Upgrading of Infrastructure F 200 .- A
EU 7FP, Capacity for Rail, C4R. Based on Froidh-Nelldal, KTH = 180 "o
pacity e 2 =
gt

1850 1875 1900 1925 1950 1975 2000 2025 2050
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Faltprovningar

Lautajokk bron

Vi provade, 1996, en 20 ar gammal
bro. Forsoket visade att vi inte hade
nagra problem med utmattning i
skjuvning.

Axellast [kN]

4 6
nedbdjning [mm]

e i . 1‘!' -
Testing of a strengthen R C Bridge

—

2006.in Omskd

31/05/2017
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Faltprovningar
Ornskéldsviksbron - 2006

e Tragbroiarmerad betong — byggd 1955

e Skulle rivas med anledning av den nybyggda Botnia banan
e Primart var vi intresserade av tvarkraftskapaciteten

e BOojbrott innan tvarkraftsbrott — behdvdes forstarkning

e Forstarkning med CFRP NSM i underkant av balkar

* Provning fore och efter forstarkning

e Belastning (drag) genom stallinor forankrade i berggrunden

Faltprovningar
Ornskoldsviksbron - 2006

Forstarkning med NSM

6146
1423, 1603 1603 1423

2900

1100

TN
IVITINNN
////////////( \\\\\\\\ N\,

Lomo/ MY e
{

Plate Bonding

23





The 15 x 15 mm slots were
cleaned with high pressurised
water, 150 bars.

Nine bars in each beam. Young's
modulus: 250 GPa. Each bar had a cross
sectional area of 100 mm2.

Final strengthening result

31/05/2017
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Faltprovningar
Photographic Strain Measurements
30000
25000
20000
15000 6 MN
10000
5000
0
30000
25000
20000 10 MN
15000
10000
5000
Q LuLA
O TEChNowoeT O
Faltprovningar
Photographic Strain Measurements
Direct information that can be extracted from DIC measurements: crack depth
Crack tips
b) o) —MOKN
=20 kN
=30kN
™ =340 kN
""" Linear fits
H
H
F-] i
' L] oo : ol i o1
Crack opening (mm)
C less safety evaluation of d: 1 structures through

energetic criteria, Luis Saucedo-Mora et al,

LULEA
UNIVERSITY
OF TECHNOLOGY

0

31/05/2017
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Faltprovningar
Ornskoldsviksbron - 2006

Brottlasten pa 1170 ton motsvarar 1170 ton / 25 ton = 47 axlar
Spannet pa 12 m har endast plats for 4 axlar
47 axlar/4=11,7 vagnar ovanpa varandra

Forstarkningen gav ca 25% o6kad kapacitet, sa utan forstarkning
hade vi en kapacitet av ca 34/4 = 8,5 vagnar

Faltprovningar
Ornskoldsviksbron - 2006

”Lite mer an dimensionerande last”

Pes
Pet Aeeiieeia

TIET
.
SIS,
FHEAET A,
SLEELL diLh
i

31/05/2017
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East beam

Limits of the codes

Load [MN]
o
|

20 40 60 80
Displacement [mm]

W-Alv
km W Pitea
94, truss 1957

31/05/2017
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Faltprovningar

Global view of the E11 strain of deformed Aby Bridge
under 250 kN axle load (including self-weight)
Yongming Tu, LTU/SEU

Busshling of tha bap covel

T T T T T T T
120 A
Deﬂecwlﬁmmj ? UNIVERSITY

OF TECHNOLOGY

Faltprovningar

Four examples of monitoring of composite bridges

European R&D | Bridge Bridge type Year Purpose/Focus
Project
INTAB Leduan Integral composite 2007- | Short+long term
bridge 2008 | monitoring for steel piles
and girders
BRIFAG Varby Composite 2009 | Stresses from exc. traffic
bridge
ELEM Rokan Element bridge with 2011 | Composite action, load
dry joints distribution between I-
girders

LULEA
UNIVERSITY
OF TECHNOLOGY

31/05/2017
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Faltprovningar

In-situ measurement and evaluation of the Pitsund-bridge

Pitsund-bridge
- constructed 1984

- steel-concrete bridge, mainly without composite action
- 7 span (one moveable span)

. Coiled spring pinsIZIUL}s] = ‘Welded shear studsiw&l] No shear connectors
2 U T A fTrrivg g1 H} -
i = 5 % : - N T
- ___“:3
! o -
R ® = & o
[FreErs

- 1200 coiled spring connectors were installed year 2006
= in order to create composite-action

L LULEA
UNIVERSITY
OF TECHNOLOGY

Faltprovningar
In-situ measurement and evaluation of the Pitsund-bridge

Load positions

- 4 load cases on each of the spans that were measured

Transversal positions Longitudinal positions

M.’ a | Span1
| s f e
i | i ad e 13 0 H
2l & -
&
Cass 3 P vt 1 7 et 1
- )
[ o i } 1 Span7
T u 1 e L 20,3008
] Lot e 1.1 et 8
L - | b
=
o o —

LULEA
UNIVERSITY
OF TECHNOLOGY

31/05/2017
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Faltprovningar

Test set-up

2 LVDT:s

3 strain gauges

LULEA
UNIVERSITY

OF TECHNOLOGY

Faltprovningar

. — Calculated Southem pile
: == Calculated Northern pile

! = October 2007 Max Southern
] 4 Dctober 2007 Min Southern
y ® October 2007 Max Northesn
* October 2007 Min Northern

Depth (m)

LULEA
UNIVERSITY

OF TECHNOLOGY

31/05/2017
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Deformation zone Fracture zor

Bridge ‘

Kiruna Bridge
Built 1959
Tested 2014

2014 - 1000 m below surface
Footwall

Faltprovningar

14 -
12 -

=10 - hr

S5

S 6

S ; Test
4 / ————— ATENA 2D
2 1 — - —~ABAQUS 3D
0 : ‘ ‘ : :

0 50 100 150 200 250 300
Deflection [mm]

Tvarkraft och stansning

LULEA
UNIVERSITY
OF TECHNOLOGY
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Faltprovningar

Elevation (A-A)
L |

I
P

L
1 o Saw-cuts
[
rd
L) I

fed

Provning av spannkraft i falt — icke forstérande prov.
Niklas Bagge. Dr. avhandling 2017-06-08.

i i
1 1
Drilled A\, Strain gaugs
hole

Sammanfattning
« Kontinuerligt 6kad behov av underhall
+ Okat fokus pa vad som behdéver géras - prioriteringar
« Overvakning méatning kompletterar manuella undersokningar.
Ger input till analyser. Kalibrering
e Lé&gre tidsspann mellan undersdkningar
o Faltforsok ar vardefullt
e Stegvis 0kning av kunskap
» Oftast betydlig hogre barférmaga an beraknat
¢ Randvillkor
« Nodvéandigt for att kalibrera modeller samt oka forstaelse
* Insamling av stora mangder data (Big Data) ar en utmaning —
overforing till information — forstaelse - automatisering
+ Okade teoretiska angreppssétt — sannolikhetsbaserade
undersokningar, FE-berékningar

« Optimalt underhall. Samordna underhallsinsatser 6ver olika
discipliner

31/05/2017
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Framtida forvaltning

Totalt projektfokus

Digital modell i
igital mode Framtida byggnadsprocess

_ ¢ Manga partners
et » Fokus pa att optimera resultatet i projektet
e En kontaktyta i projektet (project interface)
e Tydliga ansvar
e Stor vilja att samarbeta
Designstadie * Tydlig och forbattrad dokumentation
: ; e Léattare att folja forandringar 6ver tid om
nsatser for
skad livslingd systemen uppdateras

e Behover en systemadministrator for projektet
Drift- och . .
underhillsstadie Produktionsstadie

e Behover langre administrationstid

Drift och underhallsstadie

e Forbattrad historik och dokumentation

¢ Insatser kan baseras pa existerande digital modell
¢ Kalibrering fran verklig data

e Forbattrade beslutsunderlag

¢ Enklare att se till totalkostnaden for anlaggningen

Bestadndighet
Miljopaverkan
Forlangning av livslangd — driftskede

Detailed Design Analysis

Documentation
Conceptual

Design <

Building

Information |

Modeling | |
i S S

Construction
4D/5D

Operation and Construction

Maintenance Logistics
Demolition

33






CHALMERS Structural Engineering

Connecting visual inspection to load-carrying capacity for corroded concrete bridges

Tools for effective management of corroded concrete bridges

Kamyab Zandi lgnasi Fernandez Perez
Associate Professor Senior Lecturer
Dept. of Architecture and Civil Engineering Dept. of Architecture and Civil Engineering
Div. of Structural Engineering Div. of Structural Engineering
Concrete Structures research group - Concrete Structures research group

BBT Workshop - Innovativa metoder for effektivare broférvaltning
29 MAY 2017, KTH

Concrete Structures





CHALMERS Structural Engineering

Bridge-related projects at Chalmers “Concrete Structure”
funded by Trafikverket

e Stallbackabron — Relating visual inspection to structural effects
of natural corrosion in reinforced concrete structures (2014-
2017)

e Broplattor — Load Carrying Capacity of Existing Bridge Deck Slabs
(2012-2016)

e ARC-Tool for assessment and service-life evaluation of corroded
bridges (2015-2018)

e BIGBRO — Decision support for maintenance and upgrading of
existing transportation infrastructure (2016-2018)

e Gullspang — Assessment of the load-carrying capacity of existing
structures with corroded smooth reinforcement bars (2017-2019)

e UNICA (pre-study) — Autonomous Non-Intrusive Condition
Assessment of Infrastructure: towards automation, system
thinking, and complete solution (2017)

e SenslT (pre-study) — Sensor driven and cloud based management Sta"baCkabro_n
of infrastructure (2017) (Photo by Kamyab Zandi, 2011)

Concrete Structures






CHALMERS Structural Engineering

Broplattor — Load Carrying Capacity of Existing Bridge Deck Slabs (2012-2016)

Paper I:

i I'ramework and feasibility study for Multi-level !

. ! Asscssment Strategy H

* PhD project funded by TrV i |
E Paper 11: i

1

1

Experiment of two-way slabs

» Objectives ; ! g
H Paper III: Paper TV: ! ! z *
Sensitivity study of S'SH;iﬁ‘;'ifY 5];“‘_1}‘ l;nf b i
— Improved methods for modlin i o || el choie s [T 1 -~
assessment | | : L)
Of the Ioad Carrylng CapaCIty Paper V- v Structural Analysis Methods

for the Assessment of

1
1
1
]
Trplementation of modelling choices ! Reinforced Concrete Slabs
1
1
1
1

Shear force distribution and influencing factors

— Increased understanding of

JANGPENG SHU

load (effect) distribution I ! e
Faper V1: ; 2 o R
i Tmplementation in a real bridge deck i 5 .-
— Assessment with analysis ! Slob stmerre !

methods on different levels: Structural Analysis Methods for the Assessment of Reinforced Concrete Slabs

Analytical, linear and non- Project members: Shu Jiangpeng, Mario Plos, Kamyab Zandi, Filip Nilenius,
linear FEM (shell + continuum) Morgan Johansson

Concrete Structures






CHALMERS Structural Engineering

BIGBRO - Decision support for maintenance and upgrading of existing

transportation infrastructure CHALMERS

URIVERSITY GF TECHNCLOGY

LunD TYRENS NCC™

e 18 month project, 2016-2018

e Partners: RISE, Chalmers, KTH, LTH, NCC,
Tyréns

e Coordinator: Daniel Honfi (RISE)

e Funding: 3827 kSEK (TrV, InfraSweden)

e Aim: Develop a framework for a decision
support methodology that can be used for
implementing maintenance strategies on a
rational basis.

Advanced
modelling
and
analysis

On-site
measurement
and monitoring

Decision
theory

Reliability
and
risk

assessment

Laboratory
experiments

BIGBRO overall concept

Concrete Structures





CHALMERS Structural Engineering

Gullspang — Assessment of the load-carrying capacity of existing structures with
corroded smooth reinforcement bars (2017-2019)

Project members

e PhD project of 3 years Samanta Robuschi
— Jan 2017 — Dec 2019 rarin [undgren
gnasi Fernandez Perez
e Granted by FORMAS + TrV: Kamyab Zandi

— 3 mkr+ 1.5 mkr

e Structural tests of the edge beams:
— Load carrying capacity
— Impact of hooks in the ultimate capacity
— Bond behavior of corroded smooth bars

Concrete Structures






CHALMERS Structural Engineering

UNICA - Autonomous Non-Intrusive Condition Assessment of Infrastructure
Towards automation, system thinking, and complete solution

7’ N
) '§ Integrated ICT Tools Decision Making |!
b4 .
o _ 83 Technologies Example: OpenBIM Tools :
Pre-study granted by TrV S5 | Comnpoped | = = | Gomescno |
]
( 2 5 0 k k r) ' Automation System thinking Complete Solution |
| J . [
. K \ /
— Demo / feasibility --- —' ---------- L EEEEEEEE L
e Partners R
1
— Chalmers (Coord. Kamyab Zandi) = l
Q. 1
— RISE (former SP) o -, |
5 Bt B .
—_ » 2 Autonomous D utomate ata Advanced Structural
StOCkhOlmS Stad § ; Colrection Platf::ri\ Interpretation Platform Simulat?on Iglatffjrm :
_ £ Leader: Inkonova Leader: SP Leader: Chalmers
|n konova (SM E) 6 Collaborator: SP Collaborator: Chalmers Collaborator: SP :
1 Structural Inspection Damage Quantification Performance Prediction I
N IN AN vy
R e e e S e s o e ’

Concrete Structures





CHALMERS Structural Engineering

SensIT — Sensor driven and cloud based management of infrastructure

l Tra'n'ng1

e Pre-study granted from TrV — 250 kkr

— Writing a report to assess the potential of sensor Climate
management of infrastructures

— Impact for the different agents in the building
environment

e SBE application in collaboration with:
(Budget 750 kkr)

— Chalmers (coord. R. Rempling) - Tietto
— Trafikverket -NCC -
— WSP - Microsoft

Concrete Structures





Structural Engineering

CHALMERS

RELATING VISUAL INSPECTION TO
STRUCTURAL EFFECTS OF NATURAL
CORROION IN REINFORCED CONCRETE

STRUCTURES

y - Yo% g ,\ e . e
; -:"-I - L | e ? e 0 High corrosion level (3.3 %,
Vo L7 ~ ;,‘” . ;i__- .-_ E v
/ . 2 ]
Concrete Structures





CHALMERS Structural Engineering

Motivation

ol

Hammersmith Flyover Corrosion Problems
Photo by FESI NEWS

Introduction

3 Concrete Structures





ALMERS Structural Engineering

Motivation

Skurubron, Stockholm, Sweden
Photo by Magnus Lindqvist

Vagverket Region Stockholm
Knr: 2-7-1, Lége: St8-st8,3/s1 N, Datum: 2007-05-22
Foto: KFS AnliggningsKonstruktsrer AB / ML

Introduction

Concrete Structures






CHALMERS Structural Engineering

Motivation

Structural
tests of RC
beams with
natural
corrosion o e 3320

Calibrating

i new
numerical

assessment
methods

Introduction

Concrete Structures





CHALMERS Structural Engineering

Outline

e Corrosion damage
e Motivation

e Tests of naturally corroded RC specimens
¢ Bond and anchorage behavior

e Corrosion level measurements

e Inspection data vs. structural damage

e Comparisons

Introduction

Concrete Structures






CHALMERS Structural Engineering

Test specimens

Specimens from edge beams of Stallbacka Bridge:

e First test series
8 specimens

e Second test series
13 Specimens

Concrete Structures





CHALMERS Structural Engineering

Specimen classifications

Based on visible corrosion damage:

Reference, no visible surface damage Specimen (R4)

Medium damaged, splitting cracking Specimen (M11)

Highly damaged, spalling of cover Specimen (H7)

Concrete Structures





CHALMERS Structural Engineering

Test set-up

| .. ;

gg CONHROL DEVIQIE LOAI

[ee)
GAUGE ©o

STRAIN GAUGE E \11}» D? HYDRAULIC JACK
1 b
O

.|

DISPLACEMENT TRANSDUCER
| | (STRENGTHENING) | ‘

0 Eb=

D

7

LACEMENT TRANSDIUCER

* Indirectly supported four-point bending test

e Least damage to the beams during preparations
* Avoiding support pressure
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Shear cracking and ultimate capacity
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Shear cracking and ultimate capacity

Ratio Ultimate capacity to anchorage length

o 14 15
S 13 '
3
81,2 PY 1
31,1 °
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Normilised Anchorage length
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Shear cracking and ultimate capacity

1,2

Ratio Ultimate load/Anchorage length

0,4
0,2
& Ref. ® Medium damage A Highly damage
0
0 1 2 3 4 5 6 7 8 9 10

Corrosion level (%)
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Corrosion level assessment

w ~Whar
CL (%) = ‘”’g'::;Ref"“ % 100
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Corrosion level assessment

3D scanning

Reference bar

s s i
S Fer=

W’,‘L_-'_ =
[ Fremn fie Comn fome s Yoot

Pits identification

1\
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Methods for corrosion level evaluation

Step 1 ——
g A AMIRIREIAY | I ! L8] L T
& 6 { | l " g I Y Ll ad 1*1
: AL AL S0 1111118
[ LI NNARCYFRETLE FY IS ST TR T he A - m il I8 e
o (1] 50 100 150 200 250 300 350 400 450 500
10 CcS1 10 CcS 2 10 CS 3 P&:gzudius [mm] |dentificati0n Of
Step 2 cs3
p : the uncorroded
E e - zones

CS Area [mm2|

Step 3

Corrosion level %] Normalized area
°©
)

0 50 100 150 200 250 300 350 400 450 500
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Step 4 o
L /
10~ b
15 L L L L L L L L L
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Investigations of correlations
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Correlations between corrosion level and crack width

specimen M11

o

b
&

= 5

E

=

.; 2

3

51

.:.Z ‘ — M11 specimen

= 0 | | I |

£

§ 0 100 200 300 400 500

<

Beam and Bar length [mm]

Correlations
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Crack width vs. corrosion level
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Correlations
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Natural corrosion vs. artificial corrosion

L]

* Corrosion penetration/bar radius
ratio:

Comparing different bar diameters

— 135 +
= 15}
El .
s * Literature data of accelerated
E L e corrosion tests
E
S
&)
Literature data .
g LowerUpperBoundfit. || ®  Naturally corroded specimens

Yuetal (2015) .
Torres ot & (2003) showed larger crack widths for

Weight loss, ave lower corrosion levels

! 3D scanning, avg.
AT — - — 3D scamning, +G

1 1 1
0 0.02 0.04 0.06 0.08 0.1

Correlations
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Normalized bond stress vs. crack width

120 [ Average bond
: stresses were
. . normalized

T
R2=0,4255 { / TRef.avg

40 | & Natural Corrosion (Present study)
==¥==-Model Code 2010: Lower limit

Normalized maximum average bond stress

20 --+---Model Code 2010: Upper limit
Regression, Natural (Present study)
0 I L i ]
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1,0 15
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Correlations
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Normalized bond stress vs. crack width

o 120 - Average bond
@ ' stresses were
kZ normalized
2100 Feessso + © . ¢
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Normalized bond stress vs. crack width

a 120 Average bond
@ ' stresses were
% normalized
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Normalized bond stress vs. crack width

o 120 Average bond
@ ' stresses were
% 2 normalized
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Conclusions

e Test set-up worked properly, expected failure mode

obtained

Y

Investigations of

e Damaged specimens had less capacity

correlations

/

e Corrosion levels by weight loss were twice as large as

3D scanning

e 3D scanning showed corrosion patterns and

longitudinal variations

Conclusions and future research

Concrete Structures





CHALMERS Structural Engineering

Conclusions

- |Compared to test results from the literature:
Experiments |
| |For same crack width: For same corrosion level:

e Larger bond capacity e Smaller bond capacity

e Smaller corrosion levels| [® Larger crack widths

Using the existing knowledge in the literature should be in the
safe side

Conclusions and future research

Concrete Structures
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Tool for Assessment and Service-life Evaluation of
Corroded Reinforced Concrete Bridges

ARC

Mattias Bomfors (RISE-CBI), Kamyab Zandi (Chalmers);
Karin Lundgren (Chalmers); Oskar Larsson (LTH) ; Daniel Honfi (RISE); Per Kettil (Skanska)

Project partners Financiers

A. Swedish Cement and

Concrete Research Institute
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Aim and Objectives

Aim Objectives
e To establish a reliable model and a e To further develop and validate ARC
simple tool for use in practical model
application to assess the structural e To incorporate the effect of uncertainties
effects of reinforcement corrosion and into ARC model
t?c Ev.zluate the remaining service-life * To integrate the models into a simple-to-
Of Dridges. use tool
e To demonstrate the use of the model and
the tool

e To dissemination project outcomes

Concrete Structures
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ARC overview

i " . Technical platforms 1
o \
1 Sy 3 = x5 |
There are over I £¥lc © ~ET = IMPACT
20 000 bridges in I 5l -2 S _.3_;_ 25 | =~ 5 ‘g Extension of lifetime of
Sweden, many of =15 = ~ g2 a s e many bridges, avoiding
which are RC - = A x 5 § I 5| B o= unnecessary
bridges that are | ‘2 \ I | x a e g strengthening or
exposed to | = i ﬁ 8 ;‘ g replacement, cost and
corrosive @ O resource efficiency,
environment : Task 3 (Skanska) I = improved safety
\ Tool development !
e i_ — = P £
* N
Easy-to-use assessment tool

\ y
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Major milestones in ARC model development

-

* Formulation of 1D- » Validation with 3D » Validation for » Pilot study for two ~
ARC model NLFE analyses and natural corrosion bridges @)
experiments and cover spalling g
E 120 M ‘--'-C Ytterbalk, fack 3 (mj ""-Q
Uncorroded, Cacortoded Masinum bond stress [MPa] £ 100 =
shifted feorrogs 15 5 ' =
orroded e FE £ 80 el
10 2 B0 {— -
1D g 51
5 g 40 4 —
E o, I— o,
= 9 e 12 oess (]
0 E R R e B
- . ER
0 50 100 150 200 00 05 10 1.5 2.0 2.5 3.0 <
Corrosion penetration [jur] _) Corrosion weight loss [9]
L | T
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Major milestones in ARC model development

T &
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Major milestones in ARC model development

-

* Formulation of 1D- » Validation with 3D » Validation for » Pilot study for two ~
ARC model NLFE analyses and natural corrosion bridges @)
experiments and cover spalling g
E 120 M ‘--'-C Ytterbalk, fack 3 (mj ""-Q
Uncorroded, Cacortoded Masinum bond stress [MPa] £ 100 =
shifted feorrogs 15 5 ' =
orroded e FE £ 80 el
10 2 B0 {— -
1D g 51
5 g 40 4 —
E o, I— o,
= 9 e 12 oess (]
0 E R R e B
- . ER
0 50 100 150 200 00 05 10 1.5 2.0 2.5 3.0 <
Corrosion penetration [jur] _) Corrosion weight loss [9]
L | T
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Major milestones in ARC model development

-

* Formulation of 1D- * Validation with 3D * Validation for * Pilot study for two ~
ARC model NLFE analyses and natural corrosion bridges @)
experiments and cover spalling %

E 120 h'-’--‘-C Yiterbalk, fack 3 (mj) "Q

Uncorroded, Maxirm bond stress [MPa] 2 100 . =
shifted Uncorroded 15 g : ) S
orroded e FE £ 50 el

10 2 B0 {— -

—=— 1D g (5]

5 S 40 —
g o,

0 EO0nm 3

0 50 100 150 200 2 Uo_n 05 10 1.5 2.0 2.5 3.0 <

Corrosion penetration [jur] Corrosion weight loss [9]

Pilot study for two bridges:
Blommenbergsviadukten and
Grondalsviadukten
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Major milestones in ARC model development

-

* Formulation of 1D- * Validation with 3D * Validation for * Pilot study for two

~
ARC model NLFE analyses and natural corrosion bridges @)
experiments and cover spalling %
E 120 5'-1-'-C Yiterbalk, fack 3 (mj) F‘Q
Uncorroded, . Maximum bond stress [MPa] H o Aewss=00 =
Uncorroded £
shifted ' 15 B o | 2
orreded e FE £ - =)
10 = 60 1 -} -—— = AL e
T :
—=— 1D g ! = (5]
5 S a0 B s —
: . : £ oo o,
= 20 4 e 1222 o = (]
04 E o e ez | —y & o]
; 0 50 100 150 200 2 00 05 10 1.5 2.0 2.5 3.0 <
ax Sp 5 Corrosion penetration [ _) Corrosion weight loss [%6]

Conclusions from assessment of Blommenberg- and Grondal viaducts

e Sufficient capacity was shown in all beams, in all * Earlier: planned strengthening ~46 mkr

spans, except for a small violation in one span. e Now: planned maintenance ~19 mkr.
e Detailed inspection will be made to judge if the * Assessment cost ~0,2 mkr
damage is as large as assumed. => Saved 27 mkr
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Task 1 - Extension of ARC model

Equivalent slip Corrosion-induced cracking
20 ; ; .
Uncon‘oded — ARC2010 PO: W ¢ < Wcr 1
””” Uncorroded - shifted ARC2010 SP: W < w ‘ (A >0)
Corroded c or st |
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S
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4
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e s }
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Task 1 - Extension of ARC model

Residual capacity

10 . . . . :
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Task 1 - Extension of ARC model

Comparison between ARC2010 and ARC1990
ARC2010 ARC1990

2 20 2 20
i O With stirrups
18 | O With stirrups 18 I8 | p 18
1.6 16 1.6 16
1.4 14 14 14
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Task 1 - Extension of ARC model

Comparison to Castel et al. 2016
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Task 2 — Incorporation of uncertainty

Corrosion parameters

4 )

ARC-Model

—
Material

roperties — >
prop _ 3 Load-bearing

capacity

. J
|

Geometry
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Task 2 — Incorporation of uncertainty

Corrosion parameters .
Types of uncertainties:

l e scatter or physical uncertainty

! 5 / \ o statistical uncertainty

3 e model error

Material

ARC-Model
properties —_—>

Y =9gX) > Load-bearing

: : capacity
p—— <— Uncertainty
- ) LXC

T T T \ Prediction
A

Geometry
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Future work within ARC

Task 3 — ARC program/tool Task 4 — case study
e Current ARC-code developed in Matlab Demand list
e Easy to use platform with built-in functions e Corroded RC structure with Ribbed bar
e Open source code, no need of compilation e Actual investigation case at Trafikverket
-> PLAN: together with a consultant company
 Improved structure of the code and self- * Time frame late 2017 — early 2018
explanatory input- and command file
e Supplemented with a brief program Wish list
manual + ready-to-use example files * Anchorage problem
e Make it accessible for download e Varying corrosion levels
* Possibly translate to similar free open- * Availability of documentation

source environment, e.g. SciLab, FreeMat

Concrete Structures
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Temperaturmatning i plattrambro

Uppkomna temperaturskillnader och validering av
simuleringsmodell

ERIK GOTTSATER, KONSTRUKTIONSTEKNIK LTH

Bakgrund

» Temperaturméatning gors inom ramen fér BBT och SBUF-
finansierat doktorandprojekt:

Utvardering, hantering och modellering av tvangskrafter i
betongbroar

» Syfte att ta fram temperaturlaster och utvardera
sprickvidd da tvangskrafter orsakar uppsprickning

LUNDS

UNIVERSITET

2017-05-31





Temperaturlast

» Eurokod anger ett varde pa temperaturskillnad mellan

konstruktionsdelar. Ska géalla alla brokonstruktioner.

LUNDS

UNIVERSITET

Dimensionering

2D-modell

« Lastfallet ger sma spanningar
 Transversell riktning beaktas
inte, minimiarmering laggs dar

7,5°C

0°C 0°C

/

3D-modell
« Lastfallet ger stora spanningar i
transversell riktning

« Signifikant dkning av féreskriven
armering i tvarled

LUNDS

UNIVERSITET

2017-05-31





Temperaturmatning i bro

LUNDS

UNIVERSITET

Instrumentering

» Borrning, placering av termoelement och igenfylining med
cementbruk

 Loggning av data pa plats, batteridriven

LUNDS

UNIVERSITET

2017-05-31





Instrumentering

Instrumentering
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Pagaende matning
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Temperaturmatning punkt 3
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Temp punkt 3
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L
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Temperaturmatning punkt 13

Lufttemp
Temp punkt 13

Temp [C]

Jan Feb Mar Apr

LUNDS

UNIVERSITET

Simulering

« Temperaturdata fran matplatsen vid bron

« Stralningsdata uppmatt vid LTH (ca 5 km 6st-norddst fran

bro)

« Vinddata frdn SMHI:s matstation i Malmo (vid Jagersro,

ca 15 km syd-sydvast fran bro, 6ppen terrang)

LUNDS

UNIVERSITET

2017-05-31
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Anpassning simuleringsmodell

» Materialparametrar betong, asfalt, jord

0.15
0.435

8.85

A

536 * LUNDS

UNIVERSITET

Simulering, temperatur 7-24 feb

Analysis1
Time-step 3816, Time 0.13738E+08
Temperatures PTE

LUNDS

UNIVERSITET






Jamforelse matning- simulering punkt 3

——— Miitning
15 b |~ Simulering
Differens

Temp [C]

Jamforelse matning- simulering punkt 3

Maj
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Jamforelse matning- simulering punkt 13

Jamforelse matning- simulering punkt 13

Temp [C]
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Jamforelse méatning- simulering punkt 6

16

Miitning
—— Simulering
Differens

Temp [C]
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UNIVERSITET

Jamforelse matning- simulering punkt 6

——— Miitning
I5F Simulering

Temp [C]

Maj

UNIVERSITET

2017-05-31
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Temperaturskillnad mellan brobaneplatta
och ramben i simulering

6 ‘I‘em“r-:crnlurskillnad .
——— Medianviirde
Median av absolutviirden

[

Y WU MM

Temp [C]

3

T, / AN
1
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UNIVERSITET

Fortsattning

* Mer data — langre jamférelse

- Fastsla simuleringsmodell, anvand i parameterstudie

» Metod for framtagning av temperaturlastvarden

(brogeometri-materialparametrar, vaderdata fran olika
platser)

» Temperaturlastvarden framtagna for 3D-modellering av
plattrambro

LUNDS

UNIVERSITET

2017-05-31
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Vinster utav projektet

Dagens temperaturlastvarden for fallet med olika
temperatur i olika konstruktionsdelar sannolikt
Overskattade for plattrambroar

Minskad framtida armeringsféreskrivning

LUNDS

UNIVERSITET

Vinster utav projektet

Visat att simulerad temperatur i betongbro har god
overrensstammelse med uppmaétt — anvanda metod i
framtida arbete

Testa anvanda beraknad stralning, "STRANG”, i
simulering, jAmfér med att anvanda uppmatta varden.

Platsspecifika temperaturlaster, simulera temperatur med
lokal vaderdata

Temperatursimulering for att filtrera bort temperatureffekt
i tdjningsmétning

LUNDS

UNIVERSITET

2017-05-31
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Framtida metoder for effektivare
forvaltning

 Forutspa var temperatureffekter kan ha gett skador i
broar

- Utreda var klimatférutsattningar ar varst, vilka brotyper
som ar mest utsatta

Temperature [°C] Transverse tensile stress [MPa]

LUNDS

UNIVERSITET

[LUNDS

UNIVERSITET
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Kunstig

Tunnelens

tale laengde
4.050m
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Vestlig tilshutrangs-
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VAD SKA INSPEKTERAS

e 300 000 m? betong

« 51 pelare med 4 sidor pa varje
» 2 pyloner (205 meter hbga)

e 16 km kantbalk

« Betonginspektionen gors med 6 ars intervall
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VARFOR BYTE AV METOD?

* Dyr metod

« Valdigt vaderberoende

« Svart att jamfora resultatet mellan
inspektionerna.

o FoOrbattra arbetsmiljon for teknikerna
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ARBETSGANG

* Fotografering

e Stitchning
 Import till server
» Granskning
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Overiays
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Forutom mitt Over pelarna

Snedkablar
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UTMANINGAR FRAMOVER

» Utveckla metoden

« Stabil programvara

« Standardlésningar

» Mer fardiga l6sningar i
programvaran

GRESUNDSBRON

Vi tar garna hjalp év diﬁgl;im-skaper och erfarenheter.
Han@oresundsbron.com
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Utmaningar

« Manga aldre broar

» Antalet broar 6kar

» Fler komplexa broar

« Tyngre fordon, bade pa vag och jarnvag
« Hogre krav pa att trafiken inte ska storas
» Arbetsmiljokrav

» Ekonomiska restriktioner

: & TRAFIKVERKET






Brobestand

» 16523 vagbroar

» 4058 jarnvagsbroar

« 292 gang- och cykelbroar
 Vagbroars medelalder 41 ar

« Jarnvagsbroars medelalder 69 ar
« Aldsta jarnvagsbron byggd 1856
« Aldsta vagbron byggd 1650

3 T TRAFIKVERKET

05 TRAFIKVERKET

2017-05-31





2017-05-31

Vagbroar byggda 1950-1975

* 5700 byggdes
» Lagre dimensionerande trafiklast

 Lagre krav pa betong, stals ytbehandling,
dvergangskonstruktioner, lager, racken

« Manga langre och i vissa fall komplexa broar

« Olandsbron, Alvsborgsbron, Essingeleden,
bagbroar over alvar

5 & TRAFIKVERKET

Foréandrade bestéandighetskrav, vag

1944 — Vagvasendet forstatligades med mer
standardiserade broar

1965 — Luftporbildande medel tillsatts betong
1987 — dagens bestandighetskrav
1980-talets slut — Tata overgangskonstruktioner
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Historik upplaten trafiklast

» Axeltryck 6 ton, boggitryck 10 ton, bruttovikt 33,5 ton pa
1950-talet

» Axeltryck 8 ton, boggitryck 12 ton, bruttovikt 37,5 ton
1968 (BK3 nu)

» Axeltryck 10 ton, boggitryck 16 ton, bruttovikt 51,4 ton
1974 (BK2 nu)

» Axeltryck 12 ton, boggitryck 18 ton, bruttovikt 60 ton
1994 (BK1 nu) (64 ton from 1 juni 2015) (BK4 med 74
ton from 2018)

o UtOver detta finns sedan ett antal andra krav samt en
bruttoviktskurva
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Upplatna bruttovikter

Max tillaten bruttovikt (ton)

1920 1930 1940 1950 1960 1970 1980 1990 2000

. & TRAFIKVERKET






2017-05-31

Problem

» FOrr byggdes med ett byggperspektiv — inte
underhallsperspektiv eller inspektionsvanligt

* Exempel ar Stromsundsbron (snedkabelbro) dar
man inte forutsatt att kablarna ska kunna bytas
och dar de inte ar inspekterbara.

; & TRAFIKVERKET
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Detaljer

Lager, speciellt hoghallfasta
Overgangskonstruktioner
Tatskikt

Spéannarmering






Utmaningar, tillstdnd och planering
« Battre metoder for tillstdndsmatning

« Battre modeller for tillstandsutveckling

& TRAFIKVERKET

Overvakning

» Aktivitet som genomfdrs antingen manuellt eller
automatiskt, med avsikt att, vid forutbestamda intervall,
mata en enhets egenskaper och aktuella tillstand (SS-
EN 13306)

+ Overvakning skiljer sig fran inspektion pa sa satt att

Overvakning anvands for att studera en enhets
parametrars forandring over tiden (SS-EN 13306)

« Manuell inspektion som dokumenteras sa att férandring

kan ses 6ver tiden ar saledes en évervakning

& TRAFIKVERKET

2017-05-31





2017-05-31

Tillstdndsmatning, behov

1. Mojlighet att mata tatskiktets tillstand utan
forstdrande provning

2. Mojlighet att mata spannarmeringens tillstand

3. Modjlighet att méata skadade broars tillstand i
realtid

4. Moijlighet att mata vissa detaljers funktion i
realtid, lagerrorelser, fogrorelser

5 & TRAFIKVERKET

Tillstdndsutveckling, behov

* Modeller som béttre beskriver olika egenskapers
utveckling och nedbrytning

* Modellerna ska kunna anvandas som underlag
vid planering av underhallsatgarder
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"Instrumentering”

Instrumentera bro som far dalig barighet efter
berékning for att fa battre berdkningsmodell

 "Bridge-Wim” (paverkan pa brobestandet)
 Digital fodelseattest nya broar — skanning/3d-
foto?

» Stenkonstruktioner, kontroll av rorelser -
skanning/3d-foto?

o & TRAFIKVERKET





