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Egnatia Motorway

connecting 3 transeuropean corridors:

IV (Vienna - Thessaloniki), 

IX(Ⱥlsinki-ȷlejandroupolis) 

and

X(ȸerlin-Thessaloniki)

Egnatia Motorway
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Bridge Network of Egnatia Odos

>2000 Highway Structures

750  Bridges (main axis)

70 km of newly established single branch bridges

Design life of 120 years,

access for periodical inspection

maintenance cost saving 

Requirements during  Bridge Operation Life 
Routine maintenance

Inspection/ Condition Monitoring/ Condition Rating
Assessment 
Preventative/Reactive Maintenance
(repairs, strengthening, partial or total replacement)

377  Bridges (vertical axes)

Bridges and Structures of Egnatia Motorway
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Bridges and structures inspected and assessed 
by ɞɨɚɞ(2007 ɀ2017)

ȺGɁȷɇȽȷ ɃDOS

(646 Bridges)

ȺGɁȷɇȽȷ ɃDOS

Section 7 ï(Ʉ.ȷ.ŪȺ.)           

(21 bridges)

Ʉ.ȷ.Ū.Ⱥ (ɀaliakosïȾleidi)            

(250 structures)

Old national 

Road network of

Thessaly

(250 Road structures)

Vertical Axis

Chalastra- Fyrom

(12 bridges)

Drama-Paranesti

(4 bridges)

General Structure of Bridge Capital Maintenance 
System of EGNATIA ODOS S.A. (ɞ_ɛɥS)

Emergency Aftershock   

Repair Program

3.Instrumental 

inspection/monitoring (SHM)

1.Visual InspectionɆɡɚɚɞɔɐ ȹŮŭɞɛɏɜɤɜ -

ɛŮŰɟɐůŮɤɜ

G.I.S.

Ɇɡɚɚɞɔɐ ȹŮŭɞɛɏɜɤɜ -

ɛŮŰɟɐůŮɤɜ
Data/Measurements

Collection

Data Base

5year Capital

Maintenance Plan

Bridge Maintenance

Management 

Software

2a. Non Catastrophic tests

2b. Catastrophic tests
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1. FIRST DEGREE SYSTEM 

OF 

BRIDGE CONDITION RATING 

BASED ON 

IN DEPTH  VISUAL INSPECTIONS

BRIDGE VISUAL INSPECTION

ÅFHWA Sufficiency Rating method was adopted

and upgraded for evaluating bridge safety & 

functional  adequacy of Egnatia bridges

Structural adequacy & safety

S1

Serviceability & 

functional 

obsolescence

S2

Special reductions

S4

+

ÅThe condition of hundreds of visually inspected bridges has been evaluated

ÅStructural Element based Condition Ranking System has been established based on visual 

inspection/ deterioration findings from Egnatia and other Greek bridges

Essentiality 

for public use

S3
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Structural elements that exhibit no visible defects of any type

Condition Rating 4

Structural concrete element that exhibits deterioration of any type, induced by structural or electrochemical mechanisms, 

in such an excess and intensity that affects its durability but does not affect/decrease significantly its strength 

Condition Rating 3



09/11/2017

6

Structural concrete element that exhibits deterioration of any type, induced by structural or electrochemical 

mechanisms, in such an excess and intensity that affects its durability and decreases significantly its strength (advanced 

loss of concrete/reinforcement section)

Fracture of pre-stessing 

strands

Loss of concrete section

Desintegration of the 

anchoring zone of the 

beam

Loss of flexural 

reinforcement of the tensile 

of truss bridge structureLoss of concrete secion

Condition Rating 2

Condition Rating 1

ɆStructural concrete element that exhibits deterioration of any type, induced by structural or electrochemical 

mechanisms, , in such an excess and intensity, that critically affects its safety. Failed or near failure 
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Sufficiency Rating of concrete bridges 
of Egnatia motorway network

BR03.06.06A (r:79.00, l:79.00)

BR01B.07A.08 (71.67)

BR01.21.22 (83.00)

BR01.22.23 (r:80.00, l:80.00)

BR06.22.23 (r:85.00, l:80.00)

BR01.23.23A (85.00)

BR06.24.25 (r:78.93, l:78.93)

BR09.27.27A (r:78.29, l:88.88)

BR03.31.32 (r:84.21, l:84.21)

BR04.31.32 (r:84.21, l:84.21)

BR06.31.32 (r:84.21, l:84.21)

BR07.31.32 (r:84.21, l:84.21)

BR09.31.32 (r:84.21, l:84.21)

BR01.38.39 (r:83.54, l:83.54)BR07.27A.28 (r:88.88, l:67.50)

UP13.27.27A (87.82)
BR04.36.37 (r:85.07, l:85.07)

BR02.17.16 (r:91.92, l:76.73)

The map of Egnatia Odos shows critical bridges.

2. Non catastrophic local concrete testing 

Non catastrophic testing
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2.a.Non catastrophic ultrasonic 
transmission velocity measurement

Removing surface (paint, mortar etc) Ditrect velocity measurements

Surface velocity
measurement
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Distribution of the measured a) direct and b) surface ultrasonic velocity transmission on concrete of various compressive 
strength DIN categories

2.b Non catastrophic Shmidt hammer concrete 
testing

Dense measurement arrayson 86 concrete bridges of Egnatia Motorway
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ɀȺɇɅȼɆȼ ȷô ȾȷȽ ȸô

ɀȺɆɃȸȷŪɅɃ ɀ2.1

2.c.Non catastrophic reinforcement 
corrosion potential (half cell testing)

3. Structural Health Monitoring
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Å The Bridge Health Monitoring is a supplementary structural assessment method.
The main objective is by measuring the structural response of the bridge to identify its actual 
mechanical performance, static or dynamic, to detect any changes assigned to 
damage and thus to support critical decision making on the time, the type and the excess of 
maintenance actions, proactive or reactive.

Å The recording of unexpected load events (overweight vehicles, severe seismic events)

Å The comparison of the response between at least 2 periods of measurement

Å SHM is applied by installing instrument networks (sensors), on the surface of the concrete 
bridges or embedding them during their construction. 

Å The target is to measure/monitor, with special acquisition units, from sensors, the mechanical 
response (static or dynamic) of the bridges. Parameters of this response are:

acceleration, strain, displacement, inclination etc. 

Å The measurement can be either initial , if takes place before setting the bridge on service,
periodical (systematically after the initial measurement) or continuous (static/dynamic strain)

Bridge Health Monitoring

Ambient Vibration Monitoring 
for Evaluating the structural condition of the bridges based on 
measuring ambient vibration data/earthquake/heavy vehicle 
crossings

Ravine Bridge G2 (Kavala Bypass)

Ravine bridge G9 (Polymylos ɀKozani Section)

Å Installation of permanent multi channel sensor arrays

on 11 structurallyrepresentative bridges of Egnatia Odos

Å On line transfer of measured data (GSM modems/ethernet-fiber optic network).

Å Periodical measurement of the bridge response structural parameters (acceleration, strain, 
displacement):

ſ After exceeding trigger levels (heavy traffic load/wind/earthquake)

ſ Every month

ſ Continuous after a risky event (overloaded vehicle passage, earthquake, 

geotechnical movements e.t.c)



09/11/2017

11

Modal model based Identification of frequencies, 
modeshapes, damping based on ambient vibration 
monitoring 
ÇDevelopment of a user ïfriendly Matlab based  Modal Identification Software Tool by 

University of Thessaly (Papadimitriou 2001)

Input data: Accelerations (ambient)

Determination of PSDensity matrix  PSDmeasured

Identification of these modal values of the bridge for which:

the PSD of the modal model give the optimal fit of  PSDmeasured ( in the spectral window under 

consideration). ( ) ( )
*
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Ambient Vibrations

Development and application of a Structural Modal 
Identification Software (MITooL)

Earthquake Vibrations
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Development of Modal Identification Software tools for 
processing measured vibration data (accelerations)

ID/MODES software

Cases Time Domain Frequency Domain Ability to identify 
modes

Free Vibrations x MO

Ambient Vibrations x MO

Seismic vibrations

Or

Forced Vibrations

x x MIMO

MO=Multiple Output 

MIMO=Multiple Input Multiple Output

G9

T3

G2

G7

G8

G1

Metsovo Bridge

Messovouni 

Bridge

G4

Egnatia Bridges Instrumented before 2008

Kristallopigi 

Bridge

Egnatia Bridges Monitored during construction (2008ï2010)

T9/T11 Bridge

Old Bridges Monitored temporarily (2008 ï2010)

Egnatia Bridges Instrumented after 2008

G7

G8

G1

G4

G7

G8

G1

Egnatia Bridges Instrumented before 2008

G4

G7

G8

G1
Egnatia Bridges Instrumented after 2008

Egnatia Bridges Instrumented before 2008

G4

G7

G8

G1

Egnatia Bridges Monitored during construction (2008ï2010)

Egnatia Bridges Instrumented after 2008

Egnatia Bridges Instrumented before 2008

G4

G7

G8

G1

Old Bridges Monitored temporarily (2008 ï2017)

Egnatia Bridges Monitored during construction (2008ï2010)

Egnatia Bridges Instrumented after 2008

Egnatia Bridges Instrumented before 2008

G4

G7

G8

G1

Egnatia Bridges Instrumented after 2008

Egnatia Bridges Instrumented before 2008G7

G1

NETWORK OF EGNATIA MOTORWAY
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Bridge
Name

Section Accelerometers
Strain guages/
thermometers

Jointmeters
Anemo
meters

Structural type

Kristallopigi
Bridge

1.1.6 20 22 2 -
Box beam/bearings/

Hollow piers

G4 1.1.6 12 20 2 -
Composite beam/ bearings/

Hollow piers

G7 1.1.6 12 14 2 -
T PC Beams/ Bearings/ 

Hollow piers

Metsovo
Bridge

3.2 12 14 2 1
Box beam/bearings/

Hollow piers

G1 3.5.1 6 8 2 -
Box beam/bearings/

Hollow piers

G7 3.5.1 9 14 2 -
Box beam/bearings/

Hollow piers

G8 3.5.2 9 14 2 -
Box beam/bearings/

Hollow piers

G9 5.1 48 8 1 1
Box beam/monolithical/

Hollow piers

ʆн
9.1

- 8 - -
T PC Beams/ Bearings/ 

Multicolumn piers

G2
13.5

48 - 1 1
T PC Beams/ Bearings/ 

Hollow piers

T9/T11
2.3

- 12 2 -
Box beam/bearings/

Hollow piers

TOTAL 176 134 18 3

COST сллΦллл ϵ16лΦллл ϵ 35Φллл ϵ нлΦллл ϵ 815Φллл ϵ όмΣр ҈o)

BRIDGES INSTRUMENTED (CONTINUOUS SH 
MONITORING)

 

35m 30m 

U3RT 100 

U3LL100 

U3LV 100 

B2RT  40 

B2LV  40 

B2RV 40 A2RV40 

A2LV 40 

A2RT 40 

SRV 100 

SLV 100 

SRT 100 

T1RT 100 

U1RT 100 

U1LV 100 
U1LL 100 

M2RV 10 

M2 LL 10 

M2RT 10 

M2LV 10 

U2LT 40 

U2LL 40 

U2LV 40 

T3RT 100 

35m 

ɄɃȿɈɀɈȿɃɆ 

AəɟɧɓŬɗɟɞ T2 
AəɟɧɓŬɗɟɞ T1 

ȸɎůɖ 
ɄɡɚɩɜŬ M2 

30m 

Installed Sensor Arrangement (a)

24 channel accelerometer array installed on bridge G9 (Polimilos ɀVeria Egnatia Section)

Sensors installed on 11 bridges of Egnatia Motorway
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Force Balanced accelerometers

PC Based Acquisition unit

Sensors installed on 11 bridges of Egnatia Motorway

Electrical dynamic strain guages(el. resistance)

Jointmeters
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3.C. Bridge Dynamic Model Updating

ÇUse of a user-friendly ɀȷɇLAB based Model Updating Software developed for Egnatia 

Odos S.A. from University of Thessaly (2003 ï2007). This software has been maintained and 

upgraded with new methodologies and routines (2008 -2010).

Input : The measured modal data (frequencies, modeshapes, damping ratios)

Use of a linear elastic bridge dynamic FEM (FEMLAB) 

Parameterization ofmass/ stiffness element properties of the model (e.g. q1=E of piers, q2=G 

of  deck, q3= E of the soil foundation spring stiffness)

Updating ofthe parameter values such as the dynamic modelôs modal values to fit the 

measured modal values

2

2

22
1
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AMBIENT VIBRATION MONITORING

OF OLD DETERIORATED BRIDGES

IN COMBINATION 
WITH 

IN DEPTH VISUAL INSPECTION
AND 

SITE CATASTROPHIC AND NON CATASTROPHIC 
MATERIAL TESTS
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1. Axios river bridge (Rating 2)

The Axios river bridge is a 28 span bridge, built with pre-stressed concrete, bearing the 

national motorway Athens-Thessaloniki over the entire river bed of the Axios river, with 

shear wall R/C piers, founded on piles.

The total length of the bridge is 780 m, its width -with sidewalks-is 15.75 m, providing 

three traffic lanes. 

Except the first and the end spans, which are shorter, 15 m long, the 25 main spans over 

the entire river bed are 30 m long each, built with 6 precast pre-stressed concrete T  

beams. 

All spans are simply supported, through elastomeric bearings on the shear wall piers. 

The age of the bridge is estimated to exceed 45 years. 

Many types of advanced deterioration were identified on the outer surface

of the concrete and were recorded in pathology maps.
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Following visual inspection, reinforcing steel detection and impact hammer measurements, concrete 

sampling for laboratory testing was carried out by core drilling. 

Nine cores were drilled from the concrete wall piers and tested in the laboratory for density, ultrasonic 

pulse velocity, compressive strength and porosity and the results are shown in Table 3. 

Chemical properties testing

A phenolopthalein indicator was sprayed in situ after drilling in order to identify the depth of  

carbonation. A carbonation depth of 10 ± 5 mm was estimated in all cases. 

Laboratory chemical properties included Cl -, SO4-2, NO3-and PH determination at the outer surface 

of the concrete (usually within the upper 3 cm of the core) and at the inside of the concrete (at the 

lower 3 cm of concrete core, usually > 7 cm depth from the outer surface). The results are shown in 

Table 4. 
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Uniaxial FB Accelerometers arrays installed on the bottom of the beams of Axios river bridge

ȼigh value of modal damping for 

prestressed concrete 1st bending mode

ȷsymmetrical 1st bending mode

Higher frequenciesmuch lower than the 

model predicted

Axios river bridge

Identified modeshapes a) 1st bending mode (3,95Hz), b) 1st rotational mode (4,10Hz)

Modal 
Frequencies

(Hz)

Modal 
damping 
ratios  (%)

Type of 
modes

Modal 
Frequencies

(Hz)

measured

Model
predictedmeasured

Identified modeshapes, frequencies 
and modal damping ratios of Axios river bridge

1stbending

1st 

rotational

2ndbending

2nd

rotational

3rd

rotational

ȼigh value of modal damping for pre-

stressed concrete 1st bending mode

ȷsymmetrical 1st bending mode
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2. Strymonas river bridge (Rating 3)

The Strymonas river bridge is a 8 span bridge, built by pre-stressed concrete, founded on the river bed 

of the Strymonas river, with multi column piers through piles.  It forms part of the left branch of 

Egnatia Odos in Eastern Macedonia.

The total length of the bridge is 240m, its pavement width -including sidewalks-is 12.00 m, providing 

two traffic lanes. 

All 8 main spans over the entire river bed are 30 m long each, built by 5 precast pre-stressed concrete T 

beams. All spans are simply supported, through elastomeric bearings on the multi column bents.

The age of the bridge is estimated some 30 yearsold.

Disintegrated bearing area of the ends of the precast beams

Concrete spalling, section loss and exposition/corrosion of the pre-stressing tendons 



09/11/2017

20

Mechanical strength testing

Eight cores were drilled from the concrete beams and were tested in the laboratory for density, 

ultrasonic pulse velocity and porosity and the results are shown in Table 5. 

Chemical properties testing 

A phenolophthalein indicator was sprayed in situ after drilling in order to identify the depth of carbonation, 

were no significant carbonation depth was detected. 

Laboratory chemical properties included Cl -, SO4-2, NO3-and PH determination at the outer surface of 

the concrete (usually within the upper 3 cm of the core) and at the inside of the concrete (at the lower 3 cm 

of concrete core, usually > 7 cm depth from the outer surface). The results are shown in Table 6. 

A corroded steel bar sample obtained from the structure was used to determine the original 

strength of the reinforcement. After removing the corroded metal, the flexural strength test 

showed yield strength of 439 MPa and an ultimate strength of 717 MPa, while the original 12 

mm diameter was not considerably reduced due to corrosion. 
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Uniaxial FB Accelerometers arrays installed on the bottom of the beams of Strymonas river bridge
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Strymonas river bridge

Identified frequencies

Modal Frequencies
(Hz)

measured

Modal damping 
ratios  (%)

Model   predicted

Type of modes Modal Frequencies
(Hz)

measured

Identified modeshapes, frequencies and modal damping ratios 
of Strymonas river bridge

Identified modeshapes a) 1st bending mode (4,03Hz) ,b) 1st rotational mode (4,42Hz)

1st bending

1st rotational

2nd rotational

2nd bending

Frequencieslower than the model predicted
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3.  T9 Ravine Bridge

Total length : 408.38 m (44-105-155-105)

Total deck width: 14.45 m. 

Superstructure: Limited prestressed single box-beam section,of varying height. 

Pier ɀ1 is founded on a circular Ï12,0m rock socket and pier M2 is founded on a 

rectangular  socket (30,2x25 meters), 4 m high. 

Balanced cantilevered ravine bridge T9

Analysis of Ambient  vibration monitoring data 
measured during balanced cantilevering construction phases
(09 ɀ12/2009)
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4 construction phases have been monitored by moveable 
accelerometer arrays

Identified modes of M2 Cantilever , used for model updating 

No Type of Mode
Measured

Frequencies
Hz

Measured
Damping

��%

1 1st  Longitudinal 0.765 1.28

2 2nd Rotational 0.901 1.42

3 3rd Transverse 1.190 2.60

4 4th Bending 2.690 1.70

5 5th bending 3.980 2.50

6 6th bending 4.910 5.60

7 7th bending 6.301 1.41

8 8th Transverse 8.890 5.60

Finite element model updating parameters

Model 
Parameters 

EWM

First Data 
Set

Second Data 
set

q1 (deck) 1.0319 1.3231

q2    (pier) 1.1177 0.9974
Tetrahedron Solid Element 

Model  of 
M2 Cantilever

2. Updating 
of

Parameterized
bridge dynamic model

MODAL IDENTIFICATION - MODEL UPDATING  OF THE 
UNDER CONSTRUCTION CANTILEVER

Components and parameterization
of finite element model of M2 Cantilever.

1.Modal Identification


