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Bridge Network of Egnatia Odos

$20(50 Highway Structures

750 Bridges (main axis)
377 Bridges (vertical axes)
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Design life of 120 years
access+or periodical inspectighy
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BRIDGEV/ISUAL INSPECTION

1. FIRST DEGREE SYSTEM

OF

BRIDGE CONDITION RATING

BASED ON

IN DEPTH VISUAL INSPECTIONS

SENSKIN

Astructural Element based Condition Ranking System has been established based on visual
inspection/ deterioration findings from Egnatia and other Greek bridges

117 Bhmeet S0 st wones s O Siasevne Eovbbor” BEHWA Sufficiency Rating method was adopted

Ry S S T T ] ANl uiﬂraded for evaluatinﬂ bridie safeti &

Structural adequacy & safety
Sy

Serviceability &

functional ssentiality
obsolescence f§r public use
S, S, +

Special reductions
S,
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Arhe condition of hundreds of visually inspected bridges has been evaluated
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Condition Rating 4

SENSKIN

Structural elements that exhibit no visible defects of any type |

Condition Rating 3

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 2

Fracture of pre-stesing r
i
-— - .

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)
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Condition Rating 1
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BStructural 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 bridge
of Egnatiasmotorway network
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Non catastrophic testing

2. Non catastrophic local concrete testing

‘ SENSKIN
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2.a.Non catastr@phic ultrasonic
transmission velocity measurement

i f s Surface velocity

) . measurement i ;
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3000-3200 3200-4200 4200-4500 4500-5000 5000-6000

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 o
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2.c.Non catastrophic reinforcement
corrosion potential (half cell testin

3. Structural Health Monitoring
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Bridge Health Monitoring

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.

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

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

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

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

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

SENSKIN

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

CrH :

Installation of permanent multi channel sensor arrays
on 11 structurallyepresentative bridges of Egnatia,
On line transfer of measured data (GSM modems,

Periodical measurement of the bridge response s t ameters (acce
displacement):

[ After exceeding trigger levels (heavy ft
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Modal model based Identlflcatlon of frequencies,
modeshapes, damplng based on ambient vibration
monltorlng 4

C Development of a user rien Se oaal

University of Thessaly (Papadimitriou 2001)

Input data: Accelerations (ambient)

Determination of PSDensity matrix PSDcasured

Identification of these modal values of the bridge for which:

the PSD of the modal model give the optimal fit of PSDmeasur~-" /= b~ ~mnntent sedmddoes imdlas
consideration). ,W‘, V=)= a trgs(k oy Bk B fak oy g ON

Development and app;ﬁcation of a Structural Modal
Identification Software (MIToolL)

Ambient Vibrations
‘ arthuakeVibrations
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Development of Modal Identification Software tools for
processing measured vibration data (accelerations)

ID/MODES software

Forced Vibrations

Cases Time Domain | Frequency Domain| Ability to identify
modes
Free Vibrations X MO
Ambient Vibrations X MO
Seismic vibrations
Or X X MIMO

MO=Multiple Output

MIMO=Multiple Input Multiple Output

CENICIZINI

Kristallopigi
Bridge

Messovouni
Bridge

HIOYM

Metsovo Bfi

G4

T9/T11 Bridge

. | Egnatia Bridges Instrumented before 2008 I

O | Egnatia Bridges Instrumented after 2008 I

. | Egnatia Bridges Monitored during construction (2008 2010)

i | Old Bridges Monitored temporarily (20087 2017)
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Bridge . Strain guages/ . Anemo
‘N ame Section Accelerometers thermometers Jointmeters meters Structural type
Kristallopigi Box bearfbearings
Bridge 1.16 20 22 2 Hollow piers
Composite beanV bearings
€] 1.16 12 20 2 Hollow piers
T PC BearhBearings
G7 1.16 12 14 2 Hollow piers
Metsovo Box bearfbearings
Bridge 32 12 i 2 L Hollow piers
Box bearfbearings
Gl 35.1 6 8 2 Hollow piers
Box beanbearings
a7 35.1 9 14 2 Hollow piers
Box beanthearingé
e} 352 9 14 2 Hollow piers
Box beanmonolithical
@ 5.1 48 8 1 1 Hollow piers
Z ‘n 91 8 T PC BearhBearings
[r— Multicolumn piers
z - 135 8 . . T PC BearhBearings
m Hollow piers
Z Torm 23 12 2 Box beartbearings
Hollow piers
LLl TOTAL 176 134 18 3
COST canndnnn eléndnnn|l e 3Bdnanl € wndnnn 815bnnn e OMZI

U3LL100
.

U3LV 100 l
U3R
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- 24 channel accelerometer array installed on bridge G9 (Polimilos z Veria Egnatia Section) I
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Sensors installed on 11 bridges of Egnatia Motorway
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Sensors installed on 11 bridges of Egnatia Motorway

PC Based Acquisition unit

09/11/2017
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3.C. Bridge Dynamic Model Updating

Odos S.A. from University of Thessaly (2008 2007). This soft
upgraded with new methodologies and routines (2002010).

Input : The measured modal data (frequencies, modeshapes, damping ratios)
Use of a linear elastic bridge dynamic FEM (FEMLAB)

Parameterization of mass/ stiffness element properties of the mod@.g.q1=E of piers, q2=G
of deck, g3= E of the soil foundation spring stiffnéss

Updating of

e % il
8 - b1 (- 5f
g = e Lk
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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

SENSKIN
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1. Axios river bridge (Rating 2)

The Axios river bridge is a 28 span bridge, built with-gteessed concrete, bearing the
national motorway Athenr§hessaloniki 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 widthith sidewalksis 15.75 m, providing
three traffic lanes.

Except the first and the end spans, which are shorter, 15 m long, the 25 main spans
the entire river bed are 30 m long each, built with 6 precasitpgssed concrete T
beams.

SENSKIN

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

Many types of advanced deterioration were identified on the outer surface
of the concrete and were recorded in pathology maps.

Figere L1 Efflonescence s condeete

hpxe 1Z Cenerete wall prer seahing
beam (Axios beudge) (Axzos beudge)

| — - .
Fiawe 13, Extensive spalling and steed Fagure 14, Tromsverse erachang m cousrete henm

orrosioa in concrete beam (Axios bridge) {Axios bexdge)

09/11/2017

16



Following visual inspection, reinforcing steel detection and impact hammer measurements, concre

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, ultraso

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

Tabie 3. Physical and mechanienl properties of conerete cores (Axios bridge)

Care Densary | Ulaosowac palse velociny | Comgressive Swengpl | Porcsany

i cen” {ema's) MWPa (]
1 2241 +.4 188 3-7
2 2171 45 217 3-7
3 e 1) 414 165 1-2
4 2266 47 7.8 1-3
5 2178 49 16 1-3
G 2.2 4.7 111 1-3
7 2L L4 - 35
2 2271 4.7 203 3-5
kil 2280 14 113 -3

Average I.20% 46 211

*valess ssnmpred Som pucroscopc obwETUMEL

SENSKIN

Chemical properties testing

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

carbonation. A carbonation depth of #8 mm was estimated in all cases.

Laboratory chemical properties included-C8042, NO3and 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

Table 4.

Table 4. Chermical properties tests on concrete cores (Axios bradge)

Conr San 09 PH
Cl S0, NO,
upper | Jower | uppe wpper | lowes | upper | lower

Jam dem Jam Jom | Som | Jam | 3am

1 | 003 | oo | 017 002 | aa [123] 122

> | 004 | 001 | 03t | 032 [oor | oot [ 122 | 123

3 | 008 [ oo01 | 023 001 | wd 1221122

T UU.‘ 008 U’.‘-'- Vurnl g ||Ll L'-I- 12.2

s | om 022 [ 025 oot |oor [120]122
N

: 022 | 021 | 001 | wa | i24
0.0l oo 037 nd 001 121 12.3
001 | 001 | 036 00} | OOL § 122 | 122
0.0 0401 056 032 | 001 nd 121 3.3
od not detecred

6 0.07

o |

SENSKIN
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E Uniaxial FB Accelerometers arrays installed on the bottom of the beams of Axios river bridge
W

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

i ¢ igh value of modal damping for pre
stressed concreteSLlbending mode

] symmetrical 15tbending mode

\ Higher frequenciesmuch lower than the

Model
measured measured predicted
Type of Modal . Modal Modal .
Frequencies dampin Frequencies
b modes (H2) ratios (%) o) |
1 1stbending 1% i % |
+ g
1 Ftational i B i
3 2ndpending 8 uwn |
d
4 fotational 2% un
d
5 tational WS 13 ik ]

‘ model predicted

SENSKIN

Identified modeshapes a) 15t bending mode (3,95Hz), b) 1st rotational mode (4,10Hz)

09/11/2017
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2. Strymonas river bridge (Rating 3)

The Strymonas river bridge is a 8 span bridge, built byspressed concrete, founded on the river b
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 widitiuding sidewalkss 12.00 m, providing
two traffic lanes.

All 8 main spans over the entire river bed are 30 m long each, built by 5 preessepsed concrete
beams. All spans are simply supported, through elastomeric bearings on the multi column bents
The age of the bridge is estimated some 30 yaldrs

SENSKIN

W o

Disintegrated bearing area of the ends of the brécést‘beams
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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.
*

Table 5. Physical and mechanical properties of concrete cores (Strymonas bridge)

Demsty Ultravonac Estnnted Compressave | Compressive
Core pulse veloaty | Strength (lmpact bammer) Strength

lgem') (kin's) (MPa) {(MPa)

1 2272 43 47 243

2 2064 3.2 40 159

3 229 490 40 179

B 22331 4.0 42 16.1

5 2188 i1 42 161

6 2262 41 40 190

7 2191 40 43 13.3

s 2231 i1 33

Average 2211 40 409 175

SENSKIN

Chemical properties testing

A phenolophthalein indicator was sprayed in situ after drilling in order to identify the depth of carbo
were no significant carbonation depth was detected.

Laboratory chemical properties included-C8042, NO3and PH determination at the outer surface o
thé“concrete (Usually within'the upper 3 ¢cm of the core)'and at the'inside of the'concrete (at'the lov
of concrete core, usually > 7 cm depth from the outer surface). The results are shown in Table 6.

Table 6. Chemical properties tests on concrers corss (Strymonss brides)
Cote Salrs (%) VH
C S0, | NO,

weer | lower | wpper | lowes | spper | lower | npper | Jower

X 3 | Scn | dews | 3ems | Som | loan

] 066 | 053 ] 002 | nd J 138 | 119

2 0N 0721 601 | 0.0} 119 ] 121

] 02 | 049 | 001 | 001 J 1t | 119

4 039 | op4s | 001 ad e | 2o

$ 080 062 | 001 nd ii6 | 118

& 037 | 068 | nd ad 118|119

LR 150 | 092 | 004 | od | 116 | 120

i 0.5 046 wd ad 12 124

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

mm diameter was not considerably reduced due to corrosion.

SENSKIN
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Uniaxial FB Accelerometers arrays installed on the bottom of the beams of Strymonas river bridge

LLLLLL s o

R ‘ i 650 sec ambient acceleration time history (laomgm

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

.
o I Type of modes ‘Modal m&z;;uencies pnaéig:| ?ignping I Moda{f%ﬁi()‘qaénciés
1 15 bending 1403 :‘8; ] 405
2 1st rotational 442 085 | (WL
1 2nd rotational 13 04 031 | 12 96
1 2nd pending 13.18 051 | "

SENSKIN

(a)

Strymonas river bridge

Frequenciedower than the model predicted

L)
Identified modeshapes a) 15t bending mode (4,03Hz) ,b) 1st rotational mode (4,42Hz)
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3. T9 Ravine Bridge

— A
S .A"

=
Total length : 408.38 m (44-105-155-105)
Total deck width: 14.45 m. o
Superstructure: Limited prestressed single box-beam section,of varying height.
Pier z1 is founded on a circular |12, 0m
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 z 12/2009)

09/11/2017
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4 construction phases have been monitored by moveabils
accelerometer arrays

s
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MODAL IDENTIFICATIONMODEL UPDATING OF THE
UNDER CONSTRUCTION CANTILEVER

Identified modes of M2 Cantilever , used for model updg

l Measured | Measured
1.Modal Identifica iOI"INO Type of Mode Freqﬂincies Dan;/‘;])ing

1 15t Longitudinal 0765 1.28

» 2 2 Rotational 0.901 1.42

3 39 Transverse 1.190 2.60

4 4h Bending 2.690 1.70

5 5" bending 3.980 2.50

6 6" bending 4.910 5.60

7 7" bending 6.301 1.41
Z 8 8h Transverse 8.890 5.60
——
! . Finite element model updating paramete|
w 2. Updating
z of _ Model EWM
Ll . Parameterjzed ' First Data| Second Datg
m Components and parameterization b”dge dynamlc model Set set

of finite element model of M; g, (deck) 1.0319 1.3231

q, (pier) 1.1177 0.9974

Tetrahedron Solid Element

|
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