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TD 3.5 intro: The bridges and tunnels of tomorrow...
Objectives

Sharpshooter bridge and tunnel asset management
» Tunnel vision

» Bridging the data gap

» It's not information if you can’t find it

» So, are they working?

Repairs and refurbishing

» And what if they’re not?
» Cleaning the pipes

» Why the sudden change?

Low-cost dynamic bridge design
» A new wave in bridge design
» The impact of statistics
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TD 3.5 intro: The bridges and W/#HHER
tunnels of tomorrow...

...are, mostly, those of today!:
» Line closure is rarely an option

» Replacing all “old” bridges is way too expensive...

» ...and tunnels simply cannot be replaced...

...but still, thousands of them are too old, too damaged or too weak for present and
future rail demand...

or are they?
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Objectives

As part of Shift2Rail TD3.5, WP4 strives to:

1.

(Non disturbing, fast, reliable and continuous status assessment) i

2.

Develop faster and more accurate methods for inspection
and assessment of tunnels and bridges including improved
repeatability, reproducibility, quality and effectiveness

with short track access time.
(Non disturbing, fast and reliable capacity upgrade)

Set the base for future development of noise and vibration
damping methods for structures

(Non disturbing mitigation of noise and vibration externalities)

Develop new repair, strengthening and upgrading techniques | W
which result in reduced traffic disruption and fast installation | f{',’; L
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e and tunnel asset management:

Enhanced and exhaustive monitoring, inspection and
evaluation for minimal traffic disturbance

GA H2020 - 730841
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e Tunnel vision: frome yore to today

Tunnel inspection has not progressed all that much in 60 years

UK Tunnel Examinations 1950s
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Tunnel vision: more than meets the eye

Tunnel activities require possession time for safety reasons, so how to lower disruption?
...either you grab all you can as fast as you’re able...

Trolley acquisition system DI FCA M

GPS Camera System
Accurate positioning reference 9 computer-synchronised 24 MPx cameras &
point at the entrance to the tunnel flash guns

Tachometer /

Odometer
= _ ! 'V Accurate length
Flash Lighting . Ny measurement within the

3 studio quality rapid : - ] tunnel where GPS won't
recharge flash units \ : R, .

Laser Scanner Custom Mounting
Measures the cross section of the tunnel Trolley or RRV
producing a point cloud of data system
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L Tunnel vision: more than meets the eye

Tunnel activities require possession time for safety reasons, so how to lower disruption?
...either you grab all you can as fast as you’re able...

> GPS+IMU+Tachometer for accurate
positioning

» Synchronized multi-camera system for
Digital Image Correlation analysis

» Laser scanner produces accurate point
cloud of inner surface

tIHsCameras / _ ‘ |

Location

Video Cameras OmniSurvey3D
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Tunnel vision: more than meets the eye

Tunnel activities require possession time for safety reasons, so how to lower disruption?
...and look at it safely frome your office computer...
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Tunnel vision: more than meets the eye

Tunnel activities require possession time for safety reasons, so how to lower disruption?
...to get automated detection of changes and new defects...

Footstepsin

Before ballast
Manual damage identification Vs Automated damage detection and definition
\.
\
[ 1 [ 1

Phote 10 = Area of missing and ereded string course to Down side wall at south end.
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Tunnel vision: undercover data gathering

Tunnel activities require possession time for safety reasons, so how to lower disruption?
...or you build a peephole and look once in a while

OBB

INFRA

IMEASURING SECTION |

I = 3 -~ — 2
‘ F

MEASURING SECTION |

high resistivity
scale deposits

medium resistivity
soft or porous
scale deposits

resistivity [kOhm]

low resistivity
water / few or no
scale deposits

RESULT - MEASURING SECTION | RESULT - MEASURING SECTION Il

» Permanent drainage monitoring : capacitive tomography technologies, acoustic analysis of the drainage pipe and
detection of the amount of scale deposits by monitoring the changes of the pipe’s mass moment of inertia
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L Bridging the data gap: you look stressed S

Optical methods reveal the stress state of steel plates

Mijellijokk Bridge
lights
S 20 MP cameras -\
| T I=m] T 71 I
r T R
18300
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{7 Bridging the data gap: you look stressed

Optical methods reveal the stress state of steel plates

Results - Strain
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Bridging the data gap: you look stressed

Optical methods reveal the stress state of steel plates

Results - Strain
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i Bridging the data gap: you look stressed

Optical methods reveal the stress state of steel plates

Results - Deflection
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Bridging the data gap: helicopter parenting

UAV inspection strategies provide a close-up look at bridge status

Current
technologies

Emerging

technologies

Potential for
integration with
existing management
processes
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Bridging the data gap: the big picture

Structural behavior of bridges is complex, small defects may be symptoms of big trouble.

Technologies deployed

e Terrestrial-laser scanning (RIEGL VZ-400)
e Close-range/aerial photogrammetry (Canon 5D/3DR Site Scan drone )
* Infrared scanning (Mattterport 3D)

) (@
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Bridging the data gap: the big picture

Structural behavior of bridges is complex, small defects may be symptoms of big trouble.

Visualization and geometry deviations

e 3D visualization models of
Pahtajokk bridge

oA .

Terrestrial laser scanning Photogrammetry Infrared scanning Accu racy of the studied methods

Bridge As-built Terrestrial laser scanning Close-range Infrared scanning
dimension Photogrammetry
{mm) {mm) HAL {mm) AL {mmy] AL
 Edbécken bridge ] [ ' '

Span SB00 5724 -1.31%
Width (deck) 3800 3882 2.16%
Paunakbiicken bridge
Span 2950 2930 0.68% 2947 -0.10%: 2985 1.19%
Width (deck) 4500 4517 0.38% | 4525 | 0.56% 4546 1.02%
Kedkejokk bridge
Span 4000* 2750 - 3080 - 2037
Rise 2000 1353 1540 - 1286
Juovajokk bridge
Span 500 5434 -1.20% 5412 -1.60% 5458 -0.76%
Width (deck) 3800 3780 0.53% 3735 1.71% 3780 0.53%
Pahtajokk bridge
Span 6900 6928 0.41% 7135 1210% @ 6958 |  0.84%
Width (deck) 3900 3904 0.10% 4376 12.21% 3926 0.67%
Kallkallevigen bridge
Central span (interax) 14500 14592 0.63% 14468 -0.22% 14828 2.26%
Width (deck) 4540 4526 0.31% 4510 -0.66% 4628 | 194%

Diameter (pillar) 1000 1000 0.0KEs 977 -2.30% 1009 0.90%




€5hift Raﬂ I “ 'I" (
= Bridging the data gap: the big picture .

Structural behavior of bridges is complex, small defects may be symptoms of big trouble.

Equipment cost-efficiency

Performance of the 3D imaging
methods (the high level represents the
best performance with respect to the
indicated item)

Portability

CRP
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L Bridging the data gap: old dogs and new tricks ”

Technological advances and falling prices in electronics give new strength to old methods

It is now affordable to monitor troublesome
bridges on a continuous basis:

» Resilient, long-lived, low-consumption sensors

» Wireless data transmission negates need for
cabling (work-intensive, fragile, exposed)

» Advanced batteries and energy harvesting
concepts avoid need for continuous power

supply

» Data may be gathered remotely via 3G/4G

» Big Data empowers management of
continuous data streams
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Bridging the data gap: old dogs and new tricks

Technological advances and falling prices in electronics give new strength to old methods

* Four stage research project on a masonry arch:
— Stage 1 Desk top study.
— Stage 2 Site trials to install and monitor using range of techniques.
— Stage 3 Study detailing findings from site trials.
— Stage 4 Final report recommending monitoring solutions for arches.
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S Bridging the data gap: old dogs and new tricks

Technological advances and falling prices in electronics give new strength to old methods

SITE LAYOUT
Scye 1:100
CRACK SENSORS

. DOWNTO
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T Bridging the data gap: perpetuum mobile

Ambient energy cuts sensor consumption to zero

Energy Harvesting on railway bridges bridges

Energy harvesting devices being installed on Pershagen bridge in Sodertélje, Sweden, and (right) image of
the vibrating energy harvesting devices sticking out from the edge beam. Cahill et al. (2018).
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i Bridging the data gap: perpetuum mobile

Ambient energy cuts sensor consumption to zero

Energy Harvesting

This presentation contain a desk study on energy harvesting with piezoelectric crystals for railway applications. The
work has been compiled by Dr. Erik Elfgren and Prof. Lennart Elfgren

Energy can be harvested in many ways from e.g. light (sun) and mechanical sources and radio frequencies.

Energy
Harvesting
Application Working
Field Principle
‘ Solar | ‘ Thermal I ‘ RF | ‘ Motion |

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

,ﬁﬁfiﬁ,................ - - ._._.._......._....4___.________-__u_“_..‘u

DC Output AC Output

Hierarchy of main energy harvesting technologies, (Calio et al. 2014).
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Bridging the data gap: perpetuum mobile

Ambient energy cuts sensor consumption to zero

Examples

e —

1

I

1

I

1

F g Oscillosco

1 g 1
1

High pressure port —1 | — Low pressure port |

. ~ Wind pressure sensor
Metro track line p

Interface a

[ Monitor | — e
CHA1 ]

Come ) | ol . l
=) (= P | Data acquisition |

|  Accelerometer |=—

Oscilloscope |

| Displacement meter |-—

Field testsetup of piezoelectric energy harvesting under train-induced wind at Shengxian
Lake Station, Metro line 1, Chengdu, China. Wang et al. (2017).
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T Bridging the data gap: perpetuum mobile

Ambient energy cuts sensor consumption to zero

Schematic design of cantilever piezoelectric energy harvesting device. Cahill et al. (2018)
' - — — e i
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Bridging the data gap: perpetuum mobile

Ambient energy cuts sensor consumption to zero

Displacement
transmission rod

\ 'f o =

AL

Compression

spring

g

Screw bolt—__
Force r!‘ -
transmission unit —

Piczoclectnic stac kT

Wire hole—

A4 Magnetic base
g

191 Piezoelectric ~7Metal shell
stack device

lor”

Installation schematic of piezoelectric stack. Wang et al. (2015)
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L Bridging the data gap: perpetuum mobile |

Ambient energy cuts sensor consumption to zero

20
—~ 15 Eq o - Voltage signal of location A
8T MM 0
::5 T JH‘ f \ J “‘r\‘g ‘f'ﬂ“ﬁlj ‘”ﬁ\ M f"(l" [\ J'\j\ gl / U\
' o ——' - L—J —J S )
]‘B "_: 5 i . . .
8 9 10 11 12
1 I 20 }
“4 ,_: II 15 - Voltage signal of location B
{ } 1 % A b E 10 - :\g .
{ 0 : %: > % sl ) M ‘-““.' M
! ! J G J VL JVi_JV
T/ " v, T > 0r = == =
7 W W J UiZ U U Bid O e - - -
Y Location A Location B - - - o : :
(a) Running velocity and location
According to Wang et al (2015), the aim of the harvested energy can :4 [oitage sigmal of looation | Oaly Goash 3
. 2F F,=122 kN
be to supply power to a wireless sensor network node. A necessary ol S e
minimum energy of a wireless sensor network node in a working .l
. . = L
cycle can be 13 mJ. When a whole train consists of four coaches, and 3 of
about 100 trains run each day at v = 30 m/s, the maximum total S ar
energy produced is 85 mJ for a patch transducer and 22 mJ for a stack 2
. 0
transducer respectively N , , ,
7 8 9 10 11 12
r(s)

(b) Axle load



L Bridging the data gap: rethinking the basics |

Classical rebar strain measurement techniques are analyzed for accuracy

Direct reinf. strain measurement Surface strain measurement

Strain Fiber optic
Gauges  sensor

Axially loaded tension ties
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Classical rebar strain measurement techniques are analyzed for accuracy

Displacement [mm]

Bridging the data gap: rethinking the basics

Strain [pm/m]

1 — 20000
- Axial displ. profile i
- 0.8 -------------------
- ! . — 15000
i * | Crack opening i
—0s .. .| Crack opening i
I Crack opening L 10000
- 045G local ) DIC strain profile _
_  measurement gl / .
- f [ — 5000
i o
— 0,2 \ [l © [ -
~ I [ L
I [ [
ST S B S SN U e

C o *_/'_':7,2",..7’\"«\,.,_'... 7 %ﬁ_,_ﬂf:,_,f = /_‘ij, Lo

‘ 1T T T | T T T T | T T T | T T T | 1T T T | T T T T | 1T 17T | 1T 17T |

0 100 200 300 400 500 600 700

Typical axial strain and displacement profile for tested tension ties

at 40 kN applied load

INbrnie
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L Bridging the data gap: rethinking the basics ” |

Classical rebar strain measurement techniques are analyzed for accuracy

Fiber optic strain profile

Strain
concentration

1200
1100

1000 1 Strain in bare

900 reinforcement 8

800 ™M

700 _:l'.‘, A PRV —L =

600 4

Strain [um/m)

500 A %
400 4
300 v
200

100 +

Crack 1 Crack 2

0 100 200 300 400 500 600 700 800 900
X axis [mm]

Axial strain profile for tested tension tie with fiber optics sensor
at 30 kN applied load
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It’s not information if you can’t find it!

Digital twins of bridges & tunnels fit just right in overarching BIM-based asset management

By producing or taking advantage of existing digital twins
o of assets, new managing options, enhanced follow-up of
inspections and better assessment is possible:

Detailed Design Analysis

@ 1

Conceptual
Design

VISUALIZATION

B Building
b P Information ]_\]

| Modeling, » Defect catalogue may be geolocated within the asset 3D
' model, easening the location of previously detected
problems in subsequent inspections

Construction
4D/5D

» Historical information on damage, repairs and upgrades
available in a single interconnected information nexus

Operation and Construction
Maintenance Logistics

» Potential for trend detection and decision-support tools

»Pushes information “up the ladder” to larger, less
defined digital twin of track section, line, network, etc
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So... Are they working? : TCMI turns to boundaries

Tunnel Condition Marking Index scores were used to study the effect of tunnel surroundings

[rone e e oone  sewsme | rase

m_wiTervae | | vIEW FABE A% A PLAN OF THE TUNNEL IN EXTERNAL PROJECTION moT 70 5CALS)

NR’s tunnel marking index strives to improve == \HHwi T =
repeatability of assessments and avoid loss of e
knowledge when old inspectors retire: : - - }
EO :
. . . g EMD:‘EK:::?‘ 133 g
> Better directions for locating old defects ” S
[ - o
. . . . [=[e]=] e [rewu]z[[w]=[e[ ] = [r=] [z a[=[e[=[=] = =
»Scoring based on objective KPIs, algorithms el s e o ] ] el o] s
and measurements
»Collected data to be used for degradation | ' }
prediction | - o
B T T TR o ] o[ ]] rr RTa[o[ o[ [Tl o] FLRREET=
2 15 5 3 3 A o £ ) 1 et S S e S M S pen e
0551183 121 #3004 10 [Pt No.22) 132« tHE
: - 5 o
.;. 1H2 B551(5%| — 30w W — 1: g
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8 So... Are they working? : TCMI turns to boundaries

Tunnel Condition Marking Index scores were used to study the effect of tunnel surroundings

Distance to Tunnel Portal

1500 "
Tunnel center line

1000

Actual wind flow

-90°

Real wind

500

0 100 200 300 400 500

Distance to Tunnel Portal (m)

The above graph is an example of how some of the data looked
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So... Are they working? : TCMI turns to boundaries

Results of the study confirm or dismiss the influence of different conditions in degradation

Average rainfall Extremely high or low rainfall causes an increased degradation rate  Evidence suggests s Low
possible * nigh
58
Average High rates of snowfall cause an increased degradation rate Yes 4
snowfall =
..
. . . . . A o0 ‘s 0o
Consecutive dry High numbers of consecutive dry days benefit the degradation rate, Yes . :"
days i.e., decrease the degradation rate « °
- ® e ®
L ] ® .
Ground Frost No effect seen No = . o
Days 2 :
y - oj‘ﬁ: o
- e ’_ <
Relative No effect seen No - ° ti.: ?
Humidity o i P -
® e o® o @
T ray :t, .
Air Frost Days High numbers of air frost days positively impact degradation. This Evidence suggests A .%. e .'..e s -
may be due to a smaller sample size. possible PR o
Average Wind No effect seen. The wind flow into a tunnel should be measured No s s 4 2 0 2
Speed more accurately before any conclusions are drawn. More analysis

could be done to identify the tunnel start/ends, and if the portal is
exposed or is, for example, the end of a bore that leads in to another
bore.

Bedrock Type Different types of bedrock have different mean degradation rates Yes
Material ID Different Materials have different mean degradation rates Yes

Distance to No effect seen No
tunnel portal

Distance to No effect seen No
closed EO shaft
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So... Are they working? : ...and for how long?

Fatigue consumption follow-up technique enhances estimation of remaining life

Calculation and register of stress levels in sensible areas
of steel bridges give a more precise insight on remaining
fatigue capacity.

Thus, life of bridges may be extended without further
investment and maintaining safety levels

80,00
»Reduced sensoring to a few critical spots 70,00
60,00
»Advanced FE modelling extrapolates stress in _ 50,00
. . m
all critical areas g 4000 I
= 30,00 —
. (]
»Traffic load data gathered from on-board 5 209
. . 10,00
systems provides input long after model 000 L
calibration is over 10,00 37 4 57 67
-20,00

Time [s]
—— Crossbeam —— Stringer
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i So... Are they working? : Will they hold?

Advanced mathematical prediction of bridge behavior under future load/speed requirements

Semi-empirical approach applied to railway bridges

Geophysics Railway Bridges

XMMMMWWWWW“MMMM passage speed

sensor

Site effects

sensor

Path

Similar methodologies for recording events

Transfer of Techniques and methodologies
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" So... Are they working? : Will they hold? |

Advanced mathematical prediction of bridge behavior under future load/speed requirements

Semi-empirical approach applied to railway bridges

Co ) Convolution Theorem
A
TRAIN [
FFT Prrain,o(fi) 0N
PrrAIN,0 (Ei)

1441

WWMWMWWMMWNWWWW 9BRIDGE,c, (ti)

A
a, (ti) Simulation \L

Passage Speed, ¢,

as(t;) = 9pripGE,c,(ti) * Prrav (i)




L So... Are they working? : Will they hold? S

Advanced mathematical prediction of bridge behavior under future load/speed requirements

Semi-empirical approach applied to railway bridges

= A.e2m3ft . gj J1=72.f.
Comparable x(t)=A-e sm(Zn 1=¢-f t)

9BRIDGE,c, (L)

Free Damped Vibration (SDOF)

F(c,) —Zn{-fo-(ti—ﬁ)
9BRIDGE,c,(ti) = e Co
po1=0%-1,

( J \ J
| I

- 9gripce (ti, Co)

Exponential decay Sinusoidal function
\L Assumption:
N only structure
F
Determination and

signal delay

\L dependent

Simulation F(c,) —2m- gy (t—d
Train, ¢ as(t;) = \/1*()(2 P e ° (l C") - 9rince (ti, Co) | * DrrAIN (t1)
7 *0 # . [— . P
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" So... Are they working? : Will they hold? |

Advanced mathematical prediction of bridge behavior under future load/speed requirements

Numerical Demonstration Simulation 3:  9srincE,250 (gBRIDGE,24O (t;), F(280) = 0:90) * Dave s100 (L)
Rail Bridge
Acceleration - Simulated Event (AVE S100)
v 6
ssssss \ I
L=15m al
El = 7,69 - 108 kNm?
p=15.000 kg/m 2
{=2% —
R
E
20
41—
6 \ | | \ \ \
0 2 4 6 8 10 12
[s]
Acceleration - Recorded Event (AVE S100)
6 \ \
4 -
2 L
R
£
.2 |-
41—
6 | | | \ \ \

[s]
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. So... Are they working? : curving the risk "

Fragility curves provide a spectral image of risk and its consequences

Development of a methodology for construction of the fragility curves - FC

a) Damping ; '

Vibration measurements of bridges

: Damage/failure :

b) Long span identification
. technique Identified structural parameters

c) Operational speed | l

. . - . —— TS ———
”- Determlnatlon Of InpUts/OUtpUts N FC Numerical models with identified parameters

a) Vertical accelerations \ Nonlinear analysis of::rid es under scenario
. . ; Threshold limits for | ¥ evemsg
b) Vertical displacements difervE dafiiage : .
.. states’ ——>  Fragility analysis at different damage states
lll. Definition of thresholds v
Fragility curves of bridges at their current
state
IV. Numerical simulation/real data
. . . . For damping = 1%
a) Random variability according Normal distr. S — J— R — S—
V. Algorithms for construction FC /X“\N\W/ J :
a) Probability Density Function (PDF) 1/l LY P
b) Lognormal distribution A and C = o =
1
c) Probability of excedance \\\%’M

d) Construction of a curve for every threshold - R T e
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o So... Are they working? : curving the risk |

Fragility curves provide a spectral image of risks and their consequences

Clusters of fragility curves for accelerations and displacement

For damping = 5%

Fragility curves
i X ' ~— |

[ Probability ac< 0,5~ 4% 1
Probability 0,5 <ac<1~42%

Acl1=0.5 m/s
Ac2=1.0 m/s |
Ac3=1.5m/s
Ac4=2.0 m/s |
. / i

09

08

o©
3

o
o

o
I

Probability of exceeding
o o
w ol

Inputs 0.2 Probability 1 <ac< 1,5 ~ 36%
= Damping 0.1 Probability 1,5 <ac<2~13%
= Longspan 0 . , Probability ac>2~5%
100 150 200 250 300 350 400
- Speed For a given Speed (km/h)
speed
Output e.g. 130 km/h

= Probability of a given value of acceleration/displacement to be
in a certain range (between thresholds)
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o So... Are they working? : curving the risk |

Fragility curves provide a spectral image of risks and their consequences

Potential analysis
=  Remaining useful life
» Changes/evolution in the value of damping
= Loss of stiffness > cracks, creep,...
= Loss of supports —> failures in bearings,...

= Expected structural behaviour for new loads and speeds = higher speeds, different
model of train/loads,...

L o . . o
Damping 1% Damping 2% Damping 5%
] Fragility curves ] Fragility curves ] Fragility curves
0.9 0.9 0.9
08 0.8 0.8
o7t Ac1=0.5 m/s | o7t Ac1=0.5m/s | | 2o7t Ac1=0.5m/s | |
2 Ac2=1.0 m/s 3 Ac2=1.0 m/s 3 Ac2=1.0 m/s
So6r Ac3=1.5m/s | So6F Ac3=1.5m/s | So6F Ac3=1.5m/s |
B Ac4=2.0 mis 3 Ac4=2.0 m/s 3 Ac4=2.0 m/s
B 05 505 B05F
= 2 =
So4r 5 04 Soar
o) o) o)
Soat Sost Sost
0.2 0.2 0.2
0.1 0.1 0.1
100 150 200 250 300 350 400 100 150 200 250 300 350 400 100 150 200 250 300 350 400
Speed (km/h) Speed (km/h) Speed (km/h)
’/. ’/.
Prob. 0,5 m?/s <ac <1 m?/s Prob. 0,5 m?/s<ac<1m?/s Prob. 0,5 m*/s<ac<1m-/s

<< 1% ~18% ~62%
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So... Are they working? : slowly driftin’

Optical measurement-based model comparison detects small progress of big problems

* Photogrammetry is about measurement: the
measuring of the imaging subject

e Photos taken with an overlap of about 60-80%

* Use prime lenses, wide-angle

e Similar settings in each photo (aperture, focus, ISO,

etc.)
— UL T I
mry
SN
e, % ; ) g;
1:2 « N
B @ 7 f\\\Ef

1/3 translation = Base * * & * #

Different viewpoints and the resulting camera
position triangulation of Paunakbéacken
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o So... Are they working? : slowly driftin’

Optical measurement-based model comparison detects small progress of big problems

Documentation and Visualization

Phototograph

Photogrammetry

Photogrammetry models of Pahtajokk bridge Point cloud visualizations of the abutment of Pahtajokk
a) Agisoft PhotoScan Pro + Canon 5D bridge based on the laser scanning, photogrammetry,
b) Bentley ContextCapture + Canon 5D and infrared scanning models, with a field photograph
c) Bentley ContextCapture + Canon 5D for comparison.

Mark Il + 3DR Site Scan drone
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So... Are they working? : slowly driftin’

Optical measurement-based model comparison detects small progress of big problems

Virtual models for off-site bridge inspection

October 2017 October 2018
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N Repairs and refurbishin

Techniques to extend the life and enhance
the capacity of existing bridges and tunnels

GA H2020 - 730841
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L And what if they’re not? : A stitch and a patch

Using FRP reinforcements to enhance shear capacity of concrete elements

1. Interaction between internal (steel) transverse reinforcement and
externally bonded FRPs

- Two different transverse steel ratios: $8 @300; $10 @300
top slab

- Two different transverse FRP ratios: 0.5 x 70mm @300; 2.0 x 70mm @300

\—‘U U U Uﬁ - Comparison between FRP strengthened and non-strengthened beams

2. Effectiveness of the anchorage system and its influence on shear
strength

Transverse steel

reinforcement

- Comparison between anchored and non-anchored FRP strengthened
beams

CFRP U-strips
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Using FRP reinforcements to enhance shear capacity of concrete elements

Laboratory tests P

450

100
100

Steel FRP Anchorage | Nomenclature Beam _: ]
=1 8
NO - - Control Beam 01 g g n—— fPaoﬂ
150 |
! 900 | 260 |
NO - 8mm Beam 02 g | shear span
NO 8mm_0.5_N Beam 03 3750 _l
0.5x70 mm
$8 @ 300 YES 8mm_0.5 A | Beam 05 4270 |

NO 8mm_2.0_N Beam 04
2.0x 70 mm

YES 8mm_2.0_A Beam 06

NO - 10mm Beam 07

NO 10mm_0.5_N Beam 08
0.5x70 mm

¢10 @ YES 10mm_0.5_A Beam 11

300 -

NO 10mm_2.0_N Beam 09
2.0x 70 mm

YES 10mm_2.0_A Beam 10




E= INRFRACK

And what if they’re not? : A stitch and a patch

Using FRP reinforcements to enhance shear capacity of concrete elements

(‘ L \T T l.\\i 4 DD
‘\I\ll G A ] i I ) ) | [ i T
s wwancior (L VR
75 — | i Bl o : 3 — O O T O
L . A H L] u
75 | __—FRP sheets | | | | 100
i 300 300 300
75 \ )
1 | | || | |
260 900 150 2700 260

Type a

" Type b)

Installation of strain gauges in the CFRP spike anchors
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And what if they’re not? : A stitch and a patch

Using FRP reinforcements to enhance shear capacity of concrete elements

350 ~

300 - = /’-

250 -

200 -
150 -

100 - -= Anchor (B06)

Shear (kN)

--- Anchored strip (B06)
50 4

——Non-anchored strip (B04)

0 S 10 15 20 25 30 35 40 45 50
Tensile load (kN)

Tensile loads in CFRP strips and anchors Pull-out failure of spike anchor
Beam BO6
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And what if they’re not? : A stitch and a patch

IN2FRICK

Using FRP reinforcements to enhance shear capacity of concrete elements

Beam 04_steel strains

350 -
300 A
12
250 A .-
= 6 -
Z 200 =
© [—
2150 ‘/
w 10 * 6 10
100 = \-_‘f_\\ |
ViR N\
50 - ty
\ [ } h i S \*
0 . . 2 12 .
0.000 0.002 0.004 0.006 0.008 0.010
Strain
Beam 06_steel strains

350 -+

300 -+

250 it

EZOO
]
& 150 6 10
| C
100 ‘\
Y
\!\

50 | SN NENSEN
0+ . . - 2+
0.000 0.002 0.004 0.006 0.008 0.010

Strain

Beam 04_CFRP strains

350 -
300 -
250
200
g
2150
& ¥ 17 21 27
I N
100 [ [ \1_‘*\“} I
\. L] ~
50 . ‘. ‘O
NN
19 23 25 4
0+ 1 T ; ; |
0.000 0.002 0.004 0.006 0.008 0.010
Strain
Beam 06_CFRP strains
350 -
17 19 -
300 - 420 wN
250
z
%200 = L
3 : ; Ly -
& 150 ¥ 17 2 27 ¥ \—T*v . .
o | | - ) T AR t
100 vy -
\ N. ' ﬁ
. . [ ] 3
. AN
19 23 25 4
0 - ' ' ' . .
0.000 0.002 0.004 0.006 0.008 0.010

Strain
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And what if they’re not? : A stitch and a patch

Using FRP reinforcements to enhance shear capacity of concrete elements

Beam 04

0 50 100 150 200 250 300 350
Contribution to V (kN)

8 mm steel stirrups
2 x 70 mm CFRP non-anchored

V (kN)

350

300

250

150

100

50

0

Vs

Beam 06

Vf 7 Ve

>

0 50 100 150 200 250 300 350

Contribution to V (kN)

8 mm steel stirrups

2 x 70 mm CFRP anchored

Shear contribution of each material: steel Vs, CFRP Vf and concrete Vc
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And what if they’re not? : taking a breather

Using FRP reinforcements to extend the fatigue life of steel connections

Fatigue prone detail in railway steel riveted truss bridges

Floor system: Floorbeam-main girder
connection

Floorbeam

Stringer-floorbeam
connection

Main girder

Stringer

Floor beam

Stringer

ICopeﬁ end
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And what if they’re not? : taking a breather

Using FRP reinforcements to extend the fatigue life of steel connections

Floor beam 7
| |
| = ' |
| Stringer idllb; © Stringer |

° o
. I | .
! oty !
| o1l 1o |
| ! |
. w 2 : -
- .
! CFRP doubler
Coped end

Adhesively-bonded CFRP doubler repair Bolted steel doubler
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And what if they’re not? : taking a breather

Using FRP reinforcements to extend the fatigue life of steel connections

Double-strap joint tests

300 mm

gap: 2 mm

300 mm

CF1 CF2 EP1 EP2 Steel
Tensile strength (MPa) 1930 1660 30 19 450
Yield strength (MPa) - - - - 310
Tensile modulus (GPa) 117.1 183.6 4.95 1.45 200
Failure strain (%) 1.65 0.91 0.62 2.98 37.20

!

L1 =30 mmor
L2 = 60 mm

15xL1=45mm or
1.5xL2=90mm

tf = 1.80 mm

I ta=0.50 mm

10 mm
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= And what if they’re not? : taking a breather

Using FRP reinforcements to extend the fatigue life of steel connections

Double strap joints_CF1-EP1-L1

50 -
45 | —CF1-EP1-11-51
Bond length Carbon Py 5, K Failure 40 7 ~om-CRLERLALS2 1
Adhesive [ t, (mm) | t;(mm) \ 35 1 - - CF1-EP1-L1-53 Z4BR N
(mm) RS (kN) [ (mm) |(kN/mm)|mode” | = 30 aERE
32 et
(=] 20 a "" ' 1
CF1 0.74 1.88 40.03 2.04 19.46 A - 5 \ i
EP1 15 - 7 e
CF2 0.68 191 | 3541 | 182 | 1955 | A 10 - g P
L1=30 5 :
CF1 0.50 1.81 26.83 1.62 17.15 A 0 , | | I
EP2 0.0 0.5 1.0 15 2.0 25
CF2 0.49 2.03 28.47 1.56 18.58 A Elongation (mm)
CF1 0.92 1.78 40.73 2.12 19.18 C
ok CF2 0.73 1.93 56.92 2.74 19.97 C o - Double strap joints_CF2-EP2-L2
—— CF2-EP2-12-51
CF1 0.78 1.80 57.74 3.12 19.48 C 60 1 -—--CF2-EP2-12-S2 A E
EP2 5o - - CF2-EP2-12-53 o
CF2 0.65 184 | 6185 | 312 | 2101 | C  Crrep2latazmm | AT ||
L2 =60 g 40 - & bt
CF1 2.16 1.93 43.14 2.15 19.90 C > \ : i
EP1 § 30 A | : E
CF2 2.06 2.01 51.10 2.46 20.30 C 20 - L b E
| [
CF1 2.05 1.84 49.57 2.82 19.05 C 10 1 L
EP2 0 . I ! I I I |

Elongation (mm)
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Using FRP reinforcements to extend the fatigue life of steel connections

And what if they’re not? : taking a breather

Redondela Bridge (North of Spain)

Testing of double-
strap joints specimens |
with old steel

Steel plates cut from
bridge stringer



&= INDFRICK

And what if they’re not?: concreting fatigue damage

Testing of a strengthened R C Bridge 2006 in
Ornskoldsvik, Sweden
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#l And what if they’re not?: concreting fatigue damage

Fatigue loads can be divided into low and high stress type:

Low Fatigue Stress (High cycle fatigue) to simulate traffic loads

on bridges. In this type, the maximum effective equivalent
stress resulting from maximum cyclic load in the first cycle is
lower than the yield stress of the structure.

High Fatigue Stress (Low cycle fatigue) for seismic investigation

purpose, in this type, the maximum effective equivalent stress
resulting from maximum cyclic load is above the yield stress of
the structure.
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Structural

Material
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And what if they’re not?: the axe of my forefathers

Sometimes the old just needs some sharpening and patching up...

_— 30 THK Top Flange Plale

MIIIH &

u\\\\\\ 3"111//1‘3‘! 1
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... and sometimes it heeds a new deck...

Removal of Corbels and
crosshead
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28 And what if they’re not?: the axe of my forefathers

.. or a new pillar...

lacking Syst=m

—';‘_F : T-|; ul
.4,@___

Alternzative load path

Substructure memhem/
requiring replacement
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... But is it not the same bridge?

I o, W SUN § DS § f——
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Cleaning the pipes: line those gutters up

Study on calcite precipitation strives to prevent/mitigate/repair drainage pipe blockages

1 Identify the key factors involved in the process of calcite precipitation
in tunnel drainage systems

Identify existing solutions to prevent precipitation and/or dissolve
calcite

Develop an innovative method to improve maintenance of drainage
systems in tunnels with problems due to calcite
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Lo Cleaning the pipes: line those gutters up

Study on calcite precipitation strives to prevent/mitigate/repair drainage pipe blockages

Information on railways tunnels affected by the calcification problems in France was collected, enabling an in-
depth analysis of the key influencing factors.

Review of existing maintenance techniques showed there is a need to develop a reliable method to improve
these operations.

2 A new method was proposed which consists in covering the inside of existing concrete gutters with an easily
removable material (liner) to simplify extraction of calcite deposits. The idea is to protect the drainage
structures, facilitate maintenance operations and extraction of deposits by reducing the contact surface
between calcite and concrete, and decrease overall costs.

The results obtained from laboratory suggest that the proposed method (using geotextile lining and acrylic) is
3 feasible and should be tested in the field.
Research on other possible types of liners such as resins should also be developed.

Nt o 0 500 T Adhesion with concrete (Awc)
} 450 © Geotextil around glue point (Gagp) v
0175 \/ Failed test
17 Ywan _
? R '._;_I 0.150 400 O 3
{ { o)
; ! 350 -
i , A e O
. g o875y <
1 Rt < 300 ot
| . 3 0.100 8 AN ,
o el 5 O.eh  R=083
In the drainage La Nerthe: 0 Namsan 3: l Combonente de superficie 1| 0 B oo 2 2501 g
¢ oo 3 200 o
1 4. w " NRe=0.95
Al I 7% ! 0.025 1504 D/.
40,011 %9 0.000 100 {g].’
-0.025 504 ¢
; o
- s ot
On the sidewall Meyssiez: 0 Tartaiguille: 1 Marseille: 2 La Motte: 3 0.0 0.1 02 03 04 05 06 (8)7 08 09 10 11

OBB ShCF

RESEAU
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Cleaning the pipes: reinforcing the new, repairing I
the old

Study on calcite precipitation strives to prevent/mitigate/repair drainage pipe blockages

inventory of tunnel drainage systems regarding calcium carbonate scale
deposits

2 Evaluation and improvement of tunnel drainage pipe materials

3 Development of sensors for remote scale deposits monitoring -
W}Hﬂh I
LRI

4 Research on repair works for drainage pipes

RESEAU
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Study

e

Cleaning the pipes: reinforcing the new, repairing BN HEEL
the old

on calcite precipitation strives to prevent/mitigate/repair drainage pipe blockages

1

SEM MAG: 2.00 kx

SEM HV. 4.00 KV

OBB

INFRA

Data collection of drainage water and sampling of scale deposits had been carried out in 15 railway tunnels.
Data interpretation is currently under way. First results show influence of cement bearing support elements.

Literature study and preliminary tests had been carried out regarding properties of various thermoplastic pipe
materials and various additives in order to enable the extension of its lifespan and to get an increased
resistance to the cleaning processes.

Small scale tests are under way out using capacitive tomography technologies, acoustic analysis of the drainage
pipe and detection of the amount of scale deposits by monitoring the changes of the pipe’s mass moment of
inertia.

Literature study and a first test have been carried out using cured-in-place pipes. It seems that all repair
procedures are developed for sewage pipes only. Apparently none of the methods is suitable for repairing
broken drainages in tunnels so that they are fully functional again and have the full lifespan.

Fliefirichtung
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Geologie
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o Why the sudden change? |

Understanding the process of transition zone degradation to enhance malfunction diagnostics

AN
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Why the sudden change?

Understanding the process of transition zone degradation to enhance malfunction diagnostics

Ballast Settlement

Ballast Settlement

Loading Cycles

<«——Equilibrium Stage ——— >

Loading Cycles

Equilibrium

Stage

—

Post-Equilibrium
Stage

Ballast Settlement

Ballast Settlement

Loading Cycles

<«——— Post-Equililbrium Stage———>

Compaction Stage

Loading Cycles

—————————————

Post-Equilibrium
Stage

-—————
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Why the sudden change?

Understanding the process of transition zone degradation to enhance malfunction diagnostics

Criginal rail level

Criginal ballast level
i =F =k T 2

[ Criginal subgrade level dlifferential settleint S~ Consolidated ballast 7/ : \;
Bridge deck

w—\//
ConsolNated subsoil Y/
s

o [

KEY GOVERNING FACTOR: FIXED vs FLOATING GEOMETRY (transient AND static!)
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Why the sudden change?

Understanding the process of transition zone degradation to enhance malfunction diagnostics
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Why the sudden change?

Understanding the process of transition zone degradation to enhance malfunction diagnostics

Vertical track stiffness

Mean sleeper-ballast gap
9,E404
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Low-cost dynamic bridge design:

enhancing the understanding of bridge dynamics to
optimize high-speed bridge costs.

GA H2020 - 730841
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gEBA new wave in bridge design: shaking the house down
Empirical exploration of bridge dynamics evolves current high-speed bridge design regulations

Response of railway bridges to passing trains depends on their
dynamic properties: frequencies, damping ratios, etc

& BUT, also dynamic soil-structure interaction, boundary
‘"= conditions and amplitude dependencies.

Y To understand the real behaviour of bridges, full-scale testing
using controlled excitation by a load shaker is necessary.

027, 0.28,

| 045

By recovering valuable data on real dynamic
behavior of bridges, more accurate assessment
of structural needs for high-speed bridges shall
be obtained...

0.9

09

...a crucial input for future bridge design
regulation with great potential to reduce
costs
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Generating random traffic loads from impact load detector data
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The impact of statistics

Generating random traffic loads from impact load detector data

1800000
- 1600000
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Axle mass distribution
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Generating random traffic loads from impact load detector data
LM71

Total weight over influence length over LM71 (a=1.1) /
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Generating random traffic loads from impact load detector data

Bending moment over LM71 (a=1.1) /
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Many thanks for your kind attention!

GA H2020 - 730841




