
2nd International Symposium
ILCDES 2OO3

Integrated Life-time
Engineering of Buildings
Civil Infrastructures

g..!9..:.91ryg11-..19::e,era!,__jgry=

Iano

December 1- 3, 2003 Kuopio, Finland

SYMPOSIUM PROCEEDINGS



Use of defects mapping and
members

damage indexes in the evaluation of structural
degradation of road bridges

Edoardo PROVERBIO
Professor
University of Messina
Messina, Italy

Giovanni LAGANA'
Technical manager
National Road Administration, ANAS
Catania, Italy

Vincenzo VENTURI
Technical director
SIDERCEM, STI
Misterbianco- Catania, Italy

Edoardo Proverbio, nuclear engineer,
born 1963, is professor ofScience
and Technology of Material at the
Unive$ity of Messina. He has more
than 12 years ofexperience in
corrosion of metals in concret€ and
on degradation of concrete stuctures.

Giovanni Laganà, civil engineer,
born 1968, is technical manager at
rhe ANAS (National Road
Admitristration) in ltaly.
He has more than 6 years of
experience on bridge's construction

Vincenzo Venturi, civil engineer,
bom 1959, is technical director at ths
SIDERCEM company. He has more
than 15 years ofexperience on
inspection of concrete structures aDd
testhg of construction materials.

Summary

In the light ofcost optimisation in designing the rehabilitation project for a deteriorated structure
it is ofgreat importance the condition assessment ofeach structural member. Due to the different
type ofdefects related to concrete or reinforcement and their different influence on structural
member performance, a damage index have to be defined .in order to perform a relative
comparison for intervention priority definition.
An application ofsuch a procedure is reported in the paper on a 13 spans post tensioned concrete
beam bridge. Following identification and classification ofdefects, a damage index was
calculated for the different structural members: beams, bearings, decks, piers and abutments.
Edge beams, and overall sea side edge beams, were characterized by the higher damage indexes.
Span damage indexes, calculated as a weighted sum of the damage indexes ofbeams and deck,
evidenced a higher degradation level on a specific section of the viaduct.

Keywords: inspection, deterioration, bridge, corrosion, defect mapping

l . Introduction

The increasing age of the bridge stock throughout Europe has highlighted the problems
associated with deterioration in existing structures. Surveys indicate that the main reason for
deterioration, besides normal wear and tear, are the increasing weights and volumes oftraf{ic
using the road network, adverse environmental conditions such as exposure to chloride and
freeze{haw attack, and unanticipated problems with the use ofunsuitable construction materials
or problems connected to use of materials whose behaviour in the environmental conditions were
not quite clear at the time ofbuilding (i.e. use of prestressing steel sensible to stress conosion
cracking), or the choice ofdesign solution not well optimised to durability (that is the case of the
early prestressed concrete strucrures).
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show defects related to o"t."ti'ti"151t;*::,tlÎ::lÌll.ttgativelv influence structural

oerformance in a short time oiln a rrear futurg and that, therefore, require an immediate or close

iehabilitation intervention.
Such a situation lead road owr-'" and administrators over all the world to a pressing demand for
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damases in order to ontimise the rehfbilitation projects in the frame ofan adequate technical and

econoìnical planning of maintenan*;"' anaging evaluations it is of fundamental importance to
At the base of a right ttooollfif,rnrsificitiJn of the whole bridge stock. That is possible only
have an adequate identification aìU, 

fri* ,-.fin"uio" o".ro*"f.
with a capi l lary inspection penu'" '--  '  - ' i '
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2, Defect cataloguing un6 indexing

sincetheimportanceof defectindexins':fl1*î-::::::::";,.t:*Í:,ff "Ti:;l*i:^t'h"tlnce ms rurPurra'u' Y'"i'l-1,. example ofthat, developed by the Authors, is described
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identified following a pre-defined
convention and schematised in a
grid. Referring to a rnulti span
bridge, each span has been
progressively numbered starting
from the road origin, and each beam
in a span has been numbered from
left to right side (observer's back
toward road origin). For each beam
the resulting grid, considering any
beam segment, consisted on three
strips (left and right side, and beam
underside). Inspection forms have
been filled reporting evaluated
defect by means of a suitable
symbology (figure 1)

Fig. 1 Example of defect napping 0n a beam grid

Defects have been classified unto four classes:'"7""iiiJ,!,7),'rJffi 
:Ìly:##;:,'.HX-iffi ff T:::^!"iffi,i:XTl1il:ffi *il:1,-'

:lemelt 1o1::^T- 
"-l,ii'rira ut u"iot"' but the extension of the defect as well as of the

'ryii'ilÍ;,irrl,tjiif."iifir1r *itt te referred to the element area where defect was more

UÎìlì,,iài;"": defecr evalrrated referring to its numerousness on the element.
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Oualitative: defect evaluated following a classification that is independent on its

Jxtension in percentage on the whole element.
severiry was quantified giving an intrinsic mark, on a scale from I to 6.5. Mark entity

ilúrd to."u.tul factors such as defect growing in the time, repair intervention-urgency and

Lence of the defect on the safety coefficients ofthe structure. Defects are t}len classlÎled

ing a three level entity (A, B and C) in order to differentiate quantitatively the same

iefect respecting the belonging class (Table 1).

Table 1. Defect classification and indexing

I order to compare quantitatively the degradation status of the different structural elements a

Damage lndex (DI) has been defined as it follows:

(1)
i=n i=n k=p

DI =aLdtt+ulaz,+cl i lo
i=l j=l rt=l

Where dj, d2 and d3 are the defect marks defined in the table 1, the multiplicative coefficients
(a, b and c),linked to the entity level ofthe defect, took into account the following
òonsiderations: a defect with the higher entity level has a higher influence on the status of the

structure than defects with a lighter entity which appeared with an higher frequency during

inspections.
As a consequence marks conceming defects with the lower entity level will be considered with

their own values, those ones in the middle level will be multiplied by a 1.5 factor and marks

related to the high severity defects will be tripled. Moreover since structural elements have a

different influence on the service life of the structure' further multiplicative factors

considered: that is for examPle:

Humidity
Leaching
Crazing
Honeycomb
Reinforcing bars exPosure and./ot
oxidation
Stimlp exposure and/or failure
Peeling
Scaling
Cross section reduction of prestressing
steel
Spalling
Delamination
Efflorescence
Water leakage
Stalactites
Cracks
Crack and exudation
Crack and efflorescence
Impact
Stain spots
Cracked or absent elements in the
masonry
Erosion

Extensive
Extensive
Extensive
Extensive
Extensive

Extensive
Extensive
Extensive
Intensive

Extensive
Extensive
Extensive
Extensive

Quantitative
Qualitative
Quantitative
Quantitative
Quantitative
Extensive
Extensive

Extensive

) \
1
1

A <

.|

t

i

7 \

I

7 \

<0 ,2
< 0,2
<0 ,2
< 0,2
< 0,2

< 0,2
< 0,2
< 0,2
< 0,05

<o,z
< 0,2
< 0,2
<0 ,2
< 1
fine

1
1

< 0,2
< 0,05

< 0.2

0,2:04
0,2:0,4
0,2:0,4
0,2:0,4
0,2:0,4

0,2:0,4
0,2:0,4
0,2:0,4
0,05:0,1

0,2:0,4
0,2:0,4
0,2:0,4
0,2:0,4

2:3
medium

z
2

0,2:0,4
0,05:0,1

0,2:0,4

>0,4
>0,4
>0,4
4,4
>0,4

>0,4
>0,4
>0,4
>0,1

>0,4
>0,4
>0,4
>0,4
> 3

wide
>=3
> = 3

present
>0,4
>0,1

>0,4
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- 0.19 for the beams and 0.05 for the deck that constiffte the span;
- 0 . 90 for the backwall and 0 . 1 for the components of the abutment'

3. The Agrò Viaduct

The Agrò viaduct, on the national road number 114 on the oriental coast ofthe Sicily island

(frgurú) has been designed in the 1954 by Riccardo Morandi and built during the 1955'
It is a 13 spans viaduct with a
span length oî about 22 m and e
total lengfl of287 m. The viaduct
is a segmental cast-in-place post-
tensioned prestressed concrete
box girder type, characterised by
a five cell longitudinal T-box
girder. Four cast-in-place
diaphragms \rere provided at each
end and along each span of the
bridge. The 11 cm thick top slab
was monolithically cast-in-place.
The post-tensioning ducts of40
mm diameter were drilled in-
place and the post-tensioning
internal tendons consisted of 5
mm wires bundle.

Fig. 2 Sea side view of the Agrò viaduct

From the visual inspection and the corresponding analysis ofthe defect map it was possible to
give a first evaluation of the degradation status ofthe viaduct.

The Agrò viaduct is a
structure quite sensible to
environmental aggression and
it was designed, as all the
first prestressed concrete
sfuctures, with a low
consideration on durability.
The type of structure itself,
precast segments and cast in
place joints, is quite sensitive
to water and chloride inlet in
post tensioning ducts.
Environmental exposition
class, following EN 206- 1 is
now classified as XS 1.

Fig. 3 Degradatíon of deck near bearings

The structure appeared on the whole quite deteriorated with a great concentration ofdefects on
the edge beams ànd on bearings. On bearings the original design did not take properly into
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account water drainage causing so an almost complete destruction of the bearing equipment
themselves.
Several longitudinal cracks were also observed along the beams. Such cracks were frequently
observed in conjunction with the presence of carbonatic concretion and,/or exudationjust in
correspondence to post tensioning tendon ducts. Extended delamination, generally located near
segment joints were also detected.
Deck deterioration was detected either on the underside (extended area of concrete
delamination) and on asphalt pavement especially near the bearing were rebar corrosion and
fatigue caused the formation of transversal cracks (figure 3).
An objective description ofthe relative condition ofthe structural elements of the viaduct was
obtained by using the DI as described in the previous paragraph.

The frequency distribution for the DI calculated for each structural element (beams. decks and
piers) is reported in the
figure 4, where the
occtuîence of defect in
each of the three entity
levels is also reported
(partial summation in
equation 1). DI in the
entity level A have a
distribution centred
around a value of about
45, whilst DI in the entity
level C have a distribution.
even if shifted towards
lower values, with a tail
extending up to of 65-70.

4 Frequency distribution of partial DI for all the structural elements

compare the calculated mean DI for a typical structural element (that is a mean damage
for deck, one for beam nol [a mean on thirteen values] and so on) interesting results

Edge beams have a higher DI compared to internal beams, and sea side beams
more damaged than land side beams (figure 5).
:ing the need to accurately locate the intervention area in the rehabilitation project, it

be useful to consider the plot of the DI for each structural element along the viaduct. In
a way (figure 5) the presence of"hot spots" could be easily detected.

ussion and conclusion

to have a suitable instrument to compare degradation status of different element in a
stmchlre or to compare different bridges, in order to define a prioritisation of the

actions, can be fulfilled with adoption ofan adequate defect cataloguing and

a way it is possible to define a damage index (DI) that could take into account not only
lnston of the defects themselves, but also their influence on the performance of the

and its urgency ofintervention. A more complete definition of the DI can include an
n of the failure probability and/or of the residual service life of the structure, even if in
more information are required such as an estimation of the residual steel cross section.
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GENERAL INFORMATION

Symposium Venue

The Symposium venue is Kuopio Music Centre.

Address: Kuopionlahdenkatu 23

Tel: + 358 17 182 371(operator)
+ 358 40 534 1381 (registration)

Fax: + 358 17 182373 (registration)

The registration and information desk

The registration and information desk will be
open at the symposium venue at 8.00-17.00
during the symposium days.

Tel: + 358 40 534 1381

Symposium Badge

The official Symposium badge is,received from
the registration, and it must be worn for
admittance to the sessions and to the social
programme events. The badges will be
coloured according to the following system:

Symposium participants White
Visitors and press Red
Accompanying persons Green
Students Yellow
Organizers Blue

Speakers' Hall

Speakers will have a place daily at their
disposal for preparing their presentations on
the Scenic Foyer on the 3'o floor. Technical
assistance is given only on request.

Speakers' meeting is held every morning on
the second floor. The meeting will be at on
Monday at 8.30 and on Tuesday and
Wednesday at 8.00. Please participate the
meeting on the day of your lecture.

Meal Arrangements

Lunch and coffee are served during lunch and
coffee breaks given in the programme. The
lunch buffet tables are located in the "Hall of
Light' on the first floor. The coffee will be
served on the foyer located on the second
floor.

Additional small meals, snacks and soft drinks
can be ourchased from the cafeteria located in
the lunch area.

Accompanying persons can purchase lunch
vouchers from the information desk for the
price of 60 € / 3 days. The lunch voucher
includes the lunch buffet.

The lunch menu can be found from the
information board.

All special diets or request are kindly asked to
contact the cafeteria desk during the lunch
hour.

Wardrobe and internet connection

There is a guarded wardrobe in the entrance
hall. The luggage can be left there as well.

The internet connéction is ananged for
checking e-mails etc. by the registration desk.
Please, keep in mind that there is only one
connection for all participants and keep the
use as short as possible.

Symposium Agency Congrex

The official symposium agency CONGREX will
have an information desk next to the
registration and they will help you with all
inquiries concerning registration,
accommodation and tours.

Banks and ATM

Most of the public and banking services are
located around the market square. The
banking hours are 9.30-16.00.

The ATM's are marked as 'OTTO'.

Smoking

According to the national law in Finland,
smoking is prohibited in all educational and
public buildings. We kindly ask you to smoke
outside and to pay attention to the non-
smoking signs.

TranspoÉation

There is a shuttle service between the
symposium hotels and the symposium venue
in the momings and in the afternoon.



SYMPOSIUM BANQUET
Tuesday December 2, 2003 at 19.30 - 22.30

DepaÉure:

Price:
Place:

Dress code:

Bus transfers from the
symposium hotels at 18.45
80 €. a few tickets still available!
The Lakeside Inn Eevantalo
(Syvànniemi)
Business suit

All participants and accompanying persons are
welcome to enjoy Finnish cuisine at the
symposium banquet. The buffet includes
traditional Finnish Christmas cuisine and there
is a possibility that even Santa Claus will pay a
visit . . .

The inn is located in the countryside of Kuopio,
a 30 min bus ride to the west of Kuopio. The
restaurant is specialised in traditional Flnnish
countryside cooking and tonight they have
prepared a Finnish Christmas dinner.

The dinner includes cold starters, main course
from a buffet and a Christmas dessert. Wne.
beer and refreshments are included in the
price.

Please wait for the buses in front of the main
entrance of your hotel. Transportation back to
the hotels starts at 22.30.

SNOWMOBILE SAFARI
Wednesday December 3 at 9.30 - 12.30

Departure: Bus transfers from Scandic
Hotel Kuopio at 9.30 and Sokos
Hotel Puijonsarvi at 9.40

Price:
Place:

73 €, a few tickets still available!
Rauhalahti area

Dress codé: Hats and gloves needed,
driving costumes and helmets
are provided by the organizers

The tour will start by changing in to the driving
clothing (helmets and overalls). The guide will
give a short lesson on how to drive a
snowmobíle. Each snow mobile will take two
persons, who take it in turns to drive during the
safari.

The tour includes a coffee stop by a campfire.
After the tour, the coach will take participants
back to the symposium venue, early enough to
make it for the lunch and closing session.



BUS TRANSFERS TO SOCIAL PROGRAMME

SUNDAY

Scandic Hotel
Kuopio
17.45

Scandic Hotel
Kuopio
20.55

MONDAY

Scandic Hotel
Kuopio
18.40

Scandic Hotel
Kuopio
20.50

TUESDAY

Scandic Hotel
Kuopio
18.45

Sokos Hotel
Puijonsarvi

18.45

Scandic Hotel
Kuopio
22.40

Scandic Hotel
Kuopio
22.55

November 30

-+ Sokos Hotel
Puijonsarvi

17.55

Sokos Hotel
Puijonsarvi

20-45

Sokos Hotel
Puijonsarvi

18.50

Sokos Hotel
Puijonsarvi

20.40

Symposium
Banquet

19.30

PYmPosium
Banquet

, 19.30

Sokos Hotel
Puijonsarvi

22.30

Sokos Hotel
Puijonsarvi

22.45

Get together party

1 8 . 1 0

Get together party

20.30

Welcome
Reception

19.00

Welcome
Reception

20.30

Symposium
Banquet
22.00

Symposium
Banquet
22. ' t5

December I

-+

<_

<_

<-

<_

December 2

-+

-+

SHUTTLE SERVICE

Scandic Hotel Kuopio
8.05 (Mon)

7.35 Oue, Wed)

Scandic Hotel Kuopio
8.30 (Mon)

8.00 (fue, Wed)

Scandic Hotel Kuopio
17 -40

Sokos Hotel Puijonsarvi
8.15 (Mon)

7.45 (Iue, Wed)

Sokos Hotel Puijonsarvi
8.40 (Mon)

8.10 [ue, Wed)

Sokos Hotel Puijonsarvi
17.30

Music Centre
8.25 (Mon)

7.55 (Tue, Wed)

Music Centre
8.50 (Mon)

8.20 (fue, Wed)

Music Centre
'17.20
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1 Life Cycle of Road Structures in Road Construction rn
Practice
A. Kalliokoski and T. Kasari, FINLAND
Speaker: Ari Kalliokoski

Lifetime Management Systems (LMS)

Examining The Use of Wavelet Multi-Resolution Analvsis
for Damage Detection in Structural Health Monitoring
Systems
M. M. Reda Taha, N. Noureldin. CANADA
Speaker: Mahmoud Reda Taha

Lifetime Management Systems (LMS)

Energy Consumption and Environmental lmpacts of public
Swimming Baths
A. Saari and T. Sekki, FINLAND
Speaker: Arto Saari

Data for Lifetime Design and Management

4 Extending Bridge Life With Consideration for Extremé
Environmental Loads in Design
V. Seliverstov, RUSSIA
Speaker: Vadim Seliverstov

Structural Design

5 Eco-Efficiency oi Commercial Property
J. Saarivuo and K. Tattari. FINLAND
Soeaker: Johanna Saafivuo

Data for Lifetime Design and Management

6 The Mental Health of People Living in Urban Conditions in
The Slavonia and Baranya Region
S. Takac, CROATIA (HR)
Speaker: Stjepan Takac

Data for Lifetime Design and Management

7 Mechanical Properties of Composite Timb-iFlitc6 BéàmE-
Laminated Vertically With Fibre Reinforced plastic and
Steel Reinforcements
P. Alam, M. P. Ansell and D. Smedley,
UNITED KINGDOM
Speaker: Parvez Alam

Structural Design

8 Investigation of A Stress-Strained State of Vertical
Cylindrical Reservoirs With Local Geometrical
lmperfections
Y.V.Gorokhov, V.F. Mushchanov and A.A. Kulik, UKRAINE
Speaker: Yevgeny Gorokhov

Structural Design

The posters will be presented parallelly with the oral presentations. The poster exhibitoin is located in the hallwav
in front of the main hall (2nd floor).



Local Organizers

Association of Finnish Civil Engineers RIL
Vfi Technical Research Centre of Finland

International Go-sponsors

CIB International Council for Research and Innovation in Building and Construction
RILEM International Union of Testing and Research Laboratories for Materials and

Structures.
IABSE International Association for Bridge and Structural Engineering
ECCE European Council of Civil Engineers
ASCE ASCE American Society of Civil Engineers
EU-Growth Research Programme; Thematic NetworkLIFET|ME: "Lifetime Engineering of

Buildings and Civil Infrastructures"


