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DISCLAIMER

This presentation is the intellectual property of GEFYRA SA. It is intended solely for the use of the intended
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THE GREEK INFRASTRUCTURES BEFORE THE CONCESSIONS ERA
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The life before the Bridge ~
GUSt until before 21 qurs) <@) * Ferry monopoly situation (level of service & tariffs)

45 min to cross the strait with the Ferry (subject to...)
In case of bad weather, ferry operation suspension
Heavy traffic jams in holidays, etc.

Ambulance Service dependence on Ferries operation,

even for life-threatening situations

RiO-ANTiRRiO
BRiDGE
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Rio - Antirrio Bridge
Turning the vision into reality

1889
The Vision

11/12/2025

03.01 1996
CA signing

17.12.1997
Financing
Documents
Signing

12.08.2004
Opening of the
Bridge

2039
Concession End

R

CAUTION WORKS
ON LEFT
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Rio - Antirrio Bridge
The success of the Concession Model in Greece

* 42-Year Concession term (1997 — 2039)
E » 7 years for Design & Construction (1997 -2004)

e Successful long-term Partnerships:

%}}ﬁo « CJV led by VINCI with the participation of Greek Contractors

* GEFYRA SA Shareholders (2023): VINCI Concessions 72,3%
and AKTOR Concessions 27,7%

@ * 9 International Awards by the scientific community

NN
* Investment: €786M (1997)

Al

e |oan:

o Lender: EIB (370M€)

o Debt Repayment ends in 2030
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BRiDGE
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12.08.2004: OPENING OF THE BRIDGE

b
N
LT |

RiO-ANTiRRiO
BRiDGE

EEEEEEEEE VINECI .f,




13.08.2004
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GREEK MOTORWAYS NETWORK
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«Xapilaog TpitkoumtnNg»

Innovative Monitoring and Maintenance of
Major Bridges

The Rion-Antirion Bridge “Charilaos
Trikoupis” Case Study
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RION - ANTIRION BRIDGE PROJECT DESCRIPTION (1/5)

Environmental Conditions
Weak Sea Bed

No bedrock encountered in first 100 m during soil investigations,
while geological studies indicated similar conditions for up to 500 m.

|:| SAND & GRAVEL

- CLAY
- SILT

Water depth up to 65 m

Uniform sea bed at depth of 60 m with steep slopes near coast.

High Seismicity & Tectonic movements

REES]

Active normal faults on both sides of Corinthian gulf, at the vicinity of
Bridge while the tectonic kinematic of area indicates separation of
Peloponnese from mainland Greece with rate of ~15 mm/year.

Strong Wind Area

Due to morphology of surrounding mountains, Rion-Antirion strait is
prone to the frequent & strong winds with the most frequent winds to

e Caasin : Pio-Cusiam
Uplited €6 @ Mapr Falts ot mih‘“

have direction perpendicular to Bridge axis. B e 2 e,

Basamant [ }

22700 @ e

Corrosivity
Environment Corrosivity Classified C5-M (ISO 12944).

Navigation channel a3
RiO-ANTiRRiO

Significant marine traffic through Rion - Antirion strait. BRIDGE

14 11/12/2025
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RION - ANTIRION BRIDGE PROJECT DESCRIPTION (2/5)

Structural Design -Design Loads & Requirements

° ° I d 1.4
Seismic loads 3 ——besignspectrum (KM - Retur period 2000y
I

12

* Seismic design load (Spectrum: pga 0.48 g, maxSa 1.20 g
for T=0.2 up to 1.0 sec) - EQ with 2000 years Return
Period. os |

* Tectonic movements:
—Up to 2m (between adjacent piers) as separate load

—Up to 1m (between adjacent piers) when combined o2 |
with specified EQ =

RIZONTAL OPENING :2 m

““f 1_7 ,-f E-H - - - L”“;__
\\PIER BASE
/ / 23
ELEVATION: /! '[VERTICAL SLIP:2m | RiO-ANTiRRiO

BRiDGE

zzzzzzzzz vuﬂclﬂ}
fin®
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RION - ANTIRION BRIDGE PROJECT DESCRIPTION (3/5)

Main Bridge - Structural Features - Overview

RION ANTIRION
. - \ o _ _ _ _ il _ _ b “r
P 286 ° 560 ° 560 ° 560 286 .
R 2252 . .
| 4 DAMPERS ON EACH MAIN PIER & 7
2 ON EACH TRANSITION PIER (TP) Pz 7 g
= In service: The deck is laterally supported by means of a restrainer 368 CABLE STAYS 4

\ 4 —‘ |

16 11/12/2025

(nominal load: +10,5MN for main piers / + 3,5MN for TP)

= In ultimate conditions: It fuses allowing the dissipation system to
absorb the induced energy
(dampers stroke: 3,5 m for Main Piers / 5,2 m for Transition Piers)

| 2 MODULAR EXPANSION JOINTS

+1,26/-1,15 m longitudinal displacements in SLS
(longitudinal displacements in ULS: +2,81/-2,20 m)
+/- 2,6 m lateral displacements in ULS

| SHALLOW FOUNDATION ON REINFORCED SOIL

(TOTAL LENGTH 79 W 0P T0 295 )

65 MAX FOUNDATION DEPTH

gU FOOTING DIAMETER

TOTAL HEIGHT
189M T0 227M

*

PYLON HEAD

PYLON LEGS

PYLON BASE
PIER HEAD

PIER SHAFT

CONE

FOOTING
RiO-ANTiRRiO
BRiDGE



RION - ANTIRION BRIDGE PROJECT DESCRIPTION (4/5)

Design Performance-Seismic Design Concept

Pylon Head

POTENTIAL PLASTIC HINGES
ON PYLON LEGS

PYLON PUSH OVER
CURVE

e

DECK PYLON DISSIPATION SYSTEM
4 DAMPERS AND A FUSE RESTRAINER

ON EACH PYLON

SLIDING OF M3 SHALLOW FOUNDATION

DURING DESIGN EARTHQUAKE
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RION - ANTIRION BRIDGE PROJECT DESCRIPTION (5/5)

Main Bridge - Construction stages

Wet Dock Operation

Sea Bed Preparation

Dry Dock Operation

7|

R\
i
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ASSET MANAGEMENT
Technical department Scope of Works

Inspected Assets

) Concrete Sun‘al:f::z 368 cable stays
190.000m

Including steel stands
with total length

3 212 km VISl.Ja| Mor.ntorlng Regular Maintenance Earthquake Additional works
Steel structure surface: y (inspections) (Planned)
2 (half of Earth radius) Corrective/Heav -
l z . L y . Technical
5.0n0m . curt Material Monitoring Maintenance Strong wind Improvement works
avement Surface
Inst ted
238 330 ﬁ ns ru.mer.1 € Fire Remedial works
- = Monitoring
re-loaded deck holts = Structural -
d monitoring system Ship collision Other
Lightning Protection (permangnt) afjmln!stratlve/
208 Cable Stays 13 900 m Geometrical Major accident engineering support
Dampers J monitoring
stainless steel strand
Monitoring & Maintenance Resources
Total (including works with Regular Alpinists
= 750 inspections m=p 1O 4 400 photos Access & special access means) R S
>890.000 ..... . >34.000 hours in air
>1_1°0 Maintenance campaigns have been registered U/W & Marine access (including divers) 7
. . . h -
>1 74-000 :m:,:ir:;ec:f::ali:ig:d and linked to the respective bridge >11.oo° &Oit"lr\sl\lca)?er RiO-ANTiRRiO
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ASSET MANAGEMENT
MONITORING & MAINTENANCE INTERACTION

Maintenance

1. Definition of campaigns
(scope , organisation)

High level of in- Analysis-Synthesis-Planning
1. Preparation (accessmeans,

house participation 1. Assessment

2. Proposal of actions
(Repair/maintenance/monitoring)
3. Works Planning

resources, repair methodology,
tools, Detailed schedule/Budget)
Implementation

Monitoring (cost & QHSE)

Follow up (reporting,
performance, optimization)

)N
-

RiO-ANTiRRiO
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ASSET MANAGEMENT
VISUAL & MATERIAL MONITORING:PROCESS OVERVIEW AND MAIN FEATURES

VM & material testing frequency table for structural elements/equipment

Background - Feedback - Data - Resources

21

Element

Concrete

IMM prepared by Constructor (define visual
monitoring content and frequency)-updated
upon technical advances and experience Steel

Concession Perion VM program
Construction data (WMS, REC, NCRs, etc.)

Access Means Scour
Protection

Cable Stays

Structural
Equipment

Material

VM main features:

* Fully computerized inspections except for specialized means (rope, underwater, supplier) '

* Defect Library set up in IMM & populated continuously

* Breakdown of structures into simple elements (5713)

* Simplified ASB drawings for finding location & developed views of all surfaces
* More than 110 types of inspection forms

*  >95.000 photos since 2004
11/12/2025

REINMES

Air exp
Splash
immersed
MB
RAV
Free length
anchorages
Specialized

EJ MB
EJ AV
IDS MB
IDS AV
Concrete
Cable Stays
Pavement

Access
Regular/Rope
uw
uw
Regular

Rope or NP/AWP

Rope
Regular
Regular

uw

Rope/AWP
Regular
Reg/AWP
Rope/AWP
Regular

100%

100%

100%

test

mmpE

8Yrs 15Yrs 20Yrs

-

i %

TR
“%
o
S

test

RiO-ANTiRRiO
BRiDGE




Sacrificial concrete block at P2 of Rion Approach Viaduct for concrete durability monitoring

22

ASSET MANAGEMENT

Material Monitoring: Concrete Durability

4,5

35

2,5

1,5

Free chloride content at the surface (% of weight cement)

0,5

Measurement of total and free chlorides contents as a

function of the depth (from the face of the concrete to 80mm).

Determination of the chloride diffusion coefficient.

Life cycle assessment: Simulation through LERM model to

assess the free chlorides content at 75mm depth at 120 years.

11/12/2025

50

Chlorides diffusion coefficient (m2/s) g
m
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m
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100

Time of exposure (months)

150

200

250

Time (months)

10

free chloride content (wt-% cement)

6,0
5,0
4,0
3,0
2,0
1,0
0,0

-1,0

free chloride, M3 - Facet 19 - Splash zone

30 40 50

Depth (mm)

@@= 114 months - -@ - 201 months - average —&— 201 months, max. profile

100

A dddd |

Durability wall
In situ concretes (file 05.7878.002.01.A

Concrete specimen (file 00.4950.001.01.A)

Concrete wall (file 00.4950.002.01.B)
Concrete wall (file 00.4950.003.01.A)

In situ concretes (file 00.4950.004.01.A)

L

A

u,

Current law from durability wall
D =1.10°1Zt0215

Conc. in %/kg of ciment

5 T T T T T
I'n\ =y,
W\ Durability Wall
Vo lt_ﬂal g::origes Solid line : 206 months
ree oriaes . A
4k N Bound Chiorides Dashed line : 120 years
0 X + Experimental measurements
3 *
Y
A
N
AY
A " |
2 N .\.\. i
A S |
3y N Steel cover
TR Limit of CI 0,65% for
~
1 HEES NN I S BT CEM Il cement
065 ~L SN Limit of CI 0-40%
' -~ -
o Sl L]
0 1—2 e e e
0 0.025 0.05 0.075 0.1 0.125
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ASSET MANAGEMENT

INSTRUMENTED MONITORING: SHM-OVERVIEW

[ g

Wi Mz ®
SOUTH y

NORTH

| I ‘ |
T ;i T 1 Tl
== == ——— 4 — ¢ ¢
A A A A A A A
. . . . WEST
: X | — X ¥ X X
d EAST
[A) DISPLACEMENT METER [ ] ANEMOMETERS L 4 LOAD CELLS ON CABLES e SHORE ACCELEROMETERS
oS STRAIN GAUGE ON FUSES m DECK ACCELEROMETERS A CABLE ACCELEROMETERS PYLON ACCELEROMETERS
PXls Uptime 2005-2024
100%
95%
90%
85%
M1 M2 M3 M4
80%
@0’ <§§° 06\ @cb c§5°’ 0“9 > Q'& Q'QJ Q’*fh Q“i” c::.“’b Q';\ G‘fcb Q."fo’ 6‘5} N cSD’ 6‘?’ Qv
2 P W VS P W S S e W e P W M N N P i P Nl
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Designed and installed during construction period
(temporary/permanent instrumentation)

Design based on risk assessment analysis with
main objectives:

e Characterization of excitation loads
(Earthquake/ Wind/Traffic/Thermal)

* Measuring Bridge Response
* Design verification and feedback

* Provide real time alerts and notification based
on configurable parameters

 Assist on operation/enhance user safety (black
ice risk/strong winds/seismic events)

Operated since 2004 (2005-2024 average overall
uptime > 98%) .

RiO-ANTiRRiO
BRiDGE



ASSET MANAGEMENT
INSTRUMENTED MONITORING: SHM - OUTPUT & REGURAL ANALYSIS

History Files analysis Dynamic Files Analysis

* Slow varying processes/statistical * Dynamic process/actual measurements of structural
parameters of structural response response

* History files: 1 value every 30 sec * Dynamic files: High frequency (100 Hz) records of limited

duration (typically 3 sec)

=&‘ ) . 2020 Load on Fuses vs Wind Speed Projection _ 2020 Calcuation of Deck Croep and Shvinkage
B 1 0o0)

— 1

%

%

w0
y =
ﬂ' ' |
speed (msec
5 20
POWIR SPECTRAL DANSITY EETIATE (WELCH MODIPED PRRIGOOSRAM) ZAXIS ) z - C3820W E19-Z
51 o3 1-0 2100 Wesi 2 « Design

Pylon: 16 =
[0
B & = ® 5
5] (8]
= 12 %_
| @2
1 3
VIBRATION MODE: 3 PERIQDE: 4, 8353 8 %

‘ )

Loed
4 ey
. .‘.__?n,l‘ Lo .
B i T o e Wind Speed (m's)|  ZI%
D7\"«'\‘!!‘:1""?"17"'\"{.?:1‘:\l\\\\l\ll\l\l\\\\l\\l -.- o -
RiO-ANTiIRRiO
0 5 10 15 20 25 30 35 BR.DGE
|
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ASSET MANAGEMENT

Instrumented Monitoring - Seismic event follow-up

Automated Event Management (Smart Monitoring)

1. Automated detection of earthquake events

2. (Classification of structural response

3. Proposed decision on traffic management (Real time)

4. Automated report preparation and transmission

== o - S S
penany - -

T T

Message to Control
Room

A
:AM”\ o L1 |ﬂ!. L

AN A A
u“'Wu' AL Y v
i

Declaration:
Multiple threshold overpasses on

Alert declarers

persons
Automatic Report
preparation &
transmission

25 11/12/2025

" Notification of selected

511; SEISMIC SPECIAL EVENT - LV1 POST-EQ SHM REPORT RIG |
e REV | MET
GEFYRA oo | srcrsmosiers o
SEISMIC ALERT DECLARATION at @Time (time of SE Computer) on @Date
Active Alert Active Respor Required 5015 Required
vAUMI DAUMz Oaums pauma  Adved 2

ALERT DECLARERS
Sensar

Description

]
RESPONSE INDICATORS OVERVIEW (FSC)
Load on CABLES E) Displacement. Load on FUSES
Case 1 1
2 R B X
B E— B
@ case1 Case? @ case3

ZiY

-
RiO-ANTiRRiO

°
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ASSET MANAGEMENT
INSTRUMENTED MONITORING: GEOMETRICAL MONITORING

PIER M1 ! Load-Settlement curves from placing
Load-Settlement curves from placing

g

Measurements and evaluation of:

e Automated detection of earthquake events

g 88
Total Load (MN)
g 8
N
-

8

Tota Load (4t
T

. Tectonic movements

- B B

Y 000 1500 s = ] ) 2w =m E-

s

. Piers tilt & settlement

*  Deck geometry

(D]
. T .zn‘\‘l [T
Earthquake June 8, 2008
° T L T 40 |
TP settlement Earthquake June 8, 2008 E s l
N £ IR
. . N HEY) N
The processed data are analyzed & compared with theoretical res i ST
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ASSET MANAGEMENT

Visual Monitoring: Underwater inspections case study (1/4)

Scope of Works Removal of extensive marine growth

» Concrete inspections (e.g. cracks width up to 0,3mm) on the splash zone
(from 0 (MSL) to -5m), being an area of 425m? per pier

* Check of Earthing System termination at sea

* Check for scouring around pier footing (perimetry of ~285m per pier)

Challenges
* Removal of substantial marine growth from concrete surfaces (Splash zone)

* \Weather conditions (waves)

M4 Cl eaning Pitch: 0°

* Strong currents

* Water depth of scour protection
* High turbidity

* Obstacles (fishing nets)

RiO-ANTiRRiO
BRiDGE

11/12/2025
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ASSET MANAGEMENT

Visual Monitoring: Underwater inspections case study (2/4)

Visual Monitoring of Scour Protection

Scope of Works

» Concrete inspections (e.g. cracks width up to 0,3mm) on the splash zone
(from 0 (MSL) to -5m), being an area of 425m? per pier

* Check of Earthing System termination at sea

* Check for scouring around pier footing (perimetry of ~285m per pier)

Challenges

* Removal of substantial marine growth from concrete surfaces (Splash zone)

* \Weather conditions (waves)

* Strong currents Visual Monitoring of Earthing termination
 Water depth of scour protection i, o8 .' .
* High turbidity ' ‘ 2
* Obstacles (fishing nets)

N
-

'.E: 2m mini
;L:Bmfzz RiO-ANTiRRiO
BRiDGE
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ASSET MANAGEMENT

Visual Monitoring: Underwater inspections case study (3/4)

Means for Underwater Inspections in 2008
* Divers for splash and tidal zone

* ROV equipped with a local U/W positioning system based on USBL. The system was operating using specific CAD software that allowed real time
position tracking.

7 AN

30 11/12/2025



ASSET MANAGEMENT

Visual Monitoring: Underwater inspections case study (4/4)

Means for Underwater Inspections in 2018-2020
* Divers for splash and tidal zone
* Multi-beam echosounder (MBES) for bathymetry survey

* Photogrammetric method for scour protection w Al driven
intelligent data collection system. Real time photogrammetric
model creation

31 11/12/2025
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ASSET MANAGEMENT

Instrumented (Geometrical) Monitoring -Offshore piers settlement case study

Measurements and evaluation of:

° Tectonic movements FOOTING REST ON
GRAVEL

. Piers tilt & settlement

GRAVEL

*  Deck geometry

The processed data are analyzed & compared with theoretical results 5
AN

([ TTTFRTrTrTr il

PIER M1 PIER M4
Load-Settlement curves from placing Load-Settlement curves from placing
1000 800
g 800 /\ Z s00 J P
T 600 - - ( /
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SPECIAL EVENT: WIND STORM
JAN 23,2006 ~

Evaluation of Bridge response (Strong wind event)

ANTIRION

Intemse bt limited

- '."',I".,"l"I-"L"Ill'.hi“'ﬁ.l!l"lu'l,|".'lli’-'fl.lll“"l“.r'” deck vibration

Improvement
works: Dampers
on long cable-
stays

JH,I'I,’UI[|iJ|jli'L’u'd; M M”IWLM —

[PV PNS. / S wlar bong callis

S eyt | o, CINIIED
[ Analysis of actual data for required additional damping (CSTB)
25
©  Minimum to avoid high amplitudes |
_ ®  Structural | o
;E'IS @ 2 ° [e] O_
temperature g, £% o 8 58 25,
o 2 | 9 © o o % g 2 | 2 ’
1 2 C §05- 08 o] o (o] (o] ] Lb " ’ /
(] y
(ice formation | S e o i, - o Peaduir
on cables) % W m = ™ i Visco-elastic
& k, Damper
O,r"\.‘a C
*J
%I‘
RlO-ANTlRRlO
BRiDGE
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SPECIAL EVENT: WIND STORM/EHD SYSTEM PERFORMANCE
EVALUATION

MAR 08, 2010

11/12/2025

)°from deck axis

aximum wind

¢ Eastern winds
~100°from deck axis

*  Maximum wind
(10’ average)

35.4 m/sec MI1M2
30.7 m/sec MBM4

ANTIRION

RION

ANTIRION

Bridge Axis

RION

30 ]
40 misec
/ 30 misec i
e 20misec
: f 10 msee
s
&

Evaluation of Bridge response (Strong wind event)

i —rn o e Rt ": . Intense bat limited
S i :;:]] WAV ki

‘ _________ M ]

Evaluation of Bridge response (after improvement works)

et t
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SPECIAL EVENT: EARTHQUAKE
JUN 08, 2008

Magnitude Mw=6.4
36km from Rion-Antirion site.
Focal depth:31km

Max PGA recorded from on-shore
accelerometers:0.127g (at Rion bank)
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SPECIAL EVENT: EARTHQUAKE

JUN 08, 2008

Elapsed time

Inspector

Findings

Monitoring Report

First review
of
monitoring
data
recorded

SLS was not
exceeded

Indication of
deck release
(fuses)
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Level 1 w level2 g level3 @ Level4 ‘ Final step
Inspection Inspection Inspection Inspection & Remedial works
geometric control
15 min 4 hours 2 days 2 months 5 months
d i Trained Trained Trained structural
On duty Officer structural structural inspectors and
(non technical) inspectors inspectors specialized suppliers
Sign of
movement on Minor non Minor non structural
fuses (Pylon) structural damage damage

Analysis of Monitoring data

Expertise
analysis on
collected
data

Evaluation of '
similar EQ’s
return period
T=80to0 120
years

Deck re-alignment and fuse replacement

RiO-ANTiRRiO
BRiDGE



21 years
of exemplary operation and maintenance

21 years
contribution to the sustainable development
of Western Greece
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