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Introduction By Tomasz Wierzbicki, project coordinator
Program

periments and comprehensive labora-

ARCHES (“Assessment and Rehabili-

tory and theoretical investigations. This

tation of Central European Highway

last third year of the project is devoted

Structures”) which is realised within the

to practical experiences put into the

Sustainable Surface Transport area, is

real life of highway structures.

The

Sixth

Framework
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coming to its end. Since September
2006, 12 partners from all around

One has to remember that the strategic

WP3, 3.1, 3.2 ...................... 4

Europe (including the Central and

objective of the project is to reduce, in

WP3.3 ................................ 5

Eastern European Countries of the

a sustainable way, the gap in the stan-
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EU15 (CEEC) and the New Member

dard of highway structures between
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States of the EU10) worked together

the CEEC and the rest of the EU. The

on the project which is coordinated by

idea was to achieve this by developing

an Eastern European partner: the

appropriate tools and procedures for a

Road and Bridge Research Institute

more efficient assessment, and faster,

from Poland. It must be mentioned that

cost-effective, and long lasting rehabili-

most of the Partners were appointed

tations (by reparations or strengthen-

through the Forum of European Na-

ing) of sub-standard highway struc-

tional Highway Research Laboratories

tures.

(FEHRL), which also was the initiative
body of the Project proposal 4 years

To achieve its scientific and technologi-

ago. More than two years were dedi-

cal goals, ARCHES focused on struc-

cated to literature studying, basic ex-

tural assessment and monitoring,

Special points of interest
• ARCHES/SPENS Final Semi‐

nar
• WP2: Proof load testing of

the Barcza Bridge
• WP5: Newly developed

UHFRC with Slovenian ma‐
terials was successfully
tested

strategies to prevent deterioration

and 5. Within those work packages,

and optimum rehabilitation of high-

two attention-grabbing experiments

way structures by complementary

were completed in the end of last

techniques. The project is organised

year:

in 4 technical work packages, with

•

The proof load testing (which is a

the following conceptual approach:

rather rare experiment in a full

•

Optimise the use of existing in-

scale version) of the Barcza

frastructure through better safety

Bridge in southern Poland was

assessment and

realised

monitoring

November

cedures

•

pro-

That

will avoid inter-

experiment

ventions,

has a vital im-

i.e.,

avoid

unneces-

pact

on

sarily

replacing

WP2

Deliver-

the

or rehabilitating structures that

able, which will attract bridge

are in fact perfectly safe (WP2);

owners for more detailed and

Monitor and prevent corrosion of

more accurate bridge structure

existing reinforcement and de-

assessment.

velop innovative new reinforce-

•

2008.

which

in

•

With regard to WP5, the newly

ment materials that are highly

developed UHFRC with Slove-

resistant to corrosion (WP3);

nian materials was successfully

Strengthen the infrastructure of

tested in realistic site conditions,

bridges by means of bonded

on a slope of 5 %, in October

reinforcements (WP4);

2008, opening the way to full-

Interested?

If the introduction article information seems interesting to you, do not miss the
ARCHES/SPENS Final Seminar, which will be organised on 27 and 28 August 2009 in Ljubljana, Slovenia
by the clustering action CERTAIN. Formal invitations and agenda will be sent out soon.
•

Harden highway structures with

scale UHPFRC applications. on

Ultra High Performance Fibre

bridges in Slovenia.

Reinforced Concretes applied in
severely exposed zones to dramatically increase their durability
(WP5).
This newsletter will make you familiar
with two major achievements of the
Project, which are the experiments
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conducted within Work packages 2

load test was carried out on a real
bridge close to the city of Barcza
in Poland (fig. 3). The bridge is
composed of precast pre-stressed
concrete girders and had to be
replaced in the next future. The
bridge was loaded with concrete
and steel weights (fig. 4) up to a

Figure 1.‐ 9 Axle crane with a total weight of 1110 kN

load higher than the cracking load
of the most loaded beam. At the

WP2 ‐ “Developing Appropriate
Techniques for Optimal Bridge
Assessment”

same time, acoustic emission sensors and other monitoring equipment was used to
follow the loading

By Joan Ramon Casas, WP2 leader

process.

The

re-

sults of the acoustic
To reduce to a minimum the number

traffic action is signifi-

emission

of existing bridges in CEE countries

cantly lower for all

predicted very pre-

that should need retrofitting in the next

NMS when compared

cisely

future, their optimal assessment is

to Western-European

critical. Optimal assessment requires

countries. Also, in all

Figure 4.‐ Proof load test of
Barcza bridge.

(fig.
the

5)
time

when the first crack
in the beam would

an accurate knowl-

cases, it is advised that

appear. Therefore, this monitoring

edge

of

actual

the

unes-

technique has shown as a very

loads

and

resis-

corted exceptional vehi-

useful and promising tool in the

Regarding

cles (as those presented

control of the load level where the

tance.
the
traffic

presence

of

loading

part,

in the figures 1 and 2 ) into

test should stop when a proof load

data

has

the traffic flow, may pro-

is carried out in a bridge in order

duce characteristic traffic

to not produce any damage.

Figure 2.‐ Low‐loader vehicle
been
gathered
with a total weight of 1450 kN
within WP2 and is
available from WIM records carried

effects in bridges higher

than those caused by Load Model 1

out in The Nether-

in the Eurocode for highway

lands, Poland, Slo-

traffic actions in bridges.

venia, Slovakia and

This

the Czech Repub-

needs, of course, further

lic. This traffic data

investigation

has been analyzed

significance in the assess-

and used to obtain, Figure 3.‐ Lateral view
via simulation, the

ment of bridge capacity in

preliminary
due

result
to

its

NMS and CEEC.

characteristic values of the traffic ac-

In order to explore more accurate

tion for these countries (4 New Mem-

methods for bridge response assess-

ber States (NMS) + Holland for com-

ment, the so-called proof load testing

parison). The results show that the

is investigated within WP2. A proof

Figure 5.‐ Load step No. 8: five
concrete slab layers + three
steel weights layers in the
deck. Maximum acoustic
emission activity is detected
at girder mid‐span. However,
no cracking is still detectable
by visual inspection.
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WP3 “Corrosion
monitoring,
prevention and
protection”
By Aljosa Sajna, WP3

rosion related damage have short-

namic

comings: they are expensive, disrupt

chemical impedance spectroscopy)

traffic and, in some cases, their ef-

and in concrete specimens (chosen

fectiveness is short lived. Increasing

low-alloy steels embedded in them,

measurements,

electro-

interest exists in the

corrosion

development

by wetting and dry-

intervention

of
meth-

ing

induced

with

chloride

ods that meet social

solution, specimens

and

environmental

tested with electro-

as well as technical

chemical measure-

and

ments).

economic

ER

needs, but research

(electrochemical

on such methods is

resistance) probes

still in its infancy.

are embedded in
concrete specimens

leader

for corrosion moniThe objective of WP3 is to provide
techniques that will arrest corrosion
in existing concrete structures and
to develop new cheap reinforcing

WP3.1
Low-alloyed steel reinforcement

toring.

Besides

state of the art research and laboratory testing, the WP3.1 partners established an exposure site in the real

materials that are highly resistant to

The Arches project’s WP3.1 dedi-

corrosion.

cates itself to researching the effects

marine environment.

of using low-alloyed steel. The objecThe corrosion of reinforcing steel is
the main reason for the reduced

tive is to:

•

service life of concrete structures,

of low-alloy steel reinforce-

especially for those exposed to
aggressive environments. As a re-

ment and to

•

sult, the repair costs of bridges,
tunnels,

coastal

structures,

etc.

constitute a major part of the cur-

•

rent spending on infrastructure. The
enormous costs and safety issues
associated with corrosion of rebars

•

and prestressing cables in concrete
have resulted in the development of
a wide range of new technologies
and materials to increase the durability of concrete structures and
their repairs. However, most of the
available methods for repair of cor-

WP 3.2 Cathodic
Protection (CP) systems

define the limit conditions

The objective of WP3.2 is to design

where their use might still

and test innovative, smart – which

be efficient.

means economical and effective –

The comparison with other

CP systems for bridges; to design

stainless steel alloys is per-

small and cheap CP systems based

formed and

on light weight solutions, either

basic cost analysis of the

based on carbon (conductive coat-

use of different steel rein-

ing, carbon fibre textile anodes) or

forcement types is made.

titanium strips inside the concrete. A

A testing program was set up
to test corrosion resistance in simulated pore
water with different pH
values and Cl- concentrations
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determine an optimal use

(polarization

resistance, potentiody-

numerical tool is developed for calcu-

formed. Based on the measurement

lating current and potential distribu-

results the current will be optimised

tion. Basic designs of smart CP sys-

and the numerical model used for

tems are numerically verified and

the CP system simulation will be

tailor-made for specific problem areas

adopted. Early data were used to

in typical bridges of NMS and CEEC.

validate a model for short term ef-

Two pilot smart CP systems are ap-

fects of current during the start up

plied to bridges in Slovenia and Po-

phase of CP systems. A publication

land. Their effectiveness is tested

on this subject was drafted.

with advanced corrosion monitoring
sensors (ER probes) and by conventional

reference

electrode

(depolarisation).

In Poland, the work started the first
week of December 2008 with mortal
supplied by LEGGEDOOR, who also
provided training in IBDiM on how to

In order to achieve these objectives,

install anodes.

the partners decided to describe the
state-of-the-art, identify typical prob-

“Basic designs of smart CP systems are numerically verified and tailor‐made for
specific problem areas...”

lem areas and find test locations, to
design and verify smart CP systems
and to apply and test the CP systems.

Within
WP
3.3
(Corrosion monitoring), small electrical resistance
(ER) probes were developed. Furthermore, ER probes were installed

Consequently, a CP application was

in concrete samples and test sites of

established in Slovenia and Poland.

the WP3.1 and WP3.2 to support

In Slovenia, from March 2008 until

those tests and to be compared with

August 2008, the evaluation of the

other corrosion monitoring methods

corroded bridge, the repair works and

(weight loss, galvanostatic pulse).

the application of the CP system were
performed. Three different CP test
systems were applied to three cantilever parts of two cross beams supporting a bridge deck by LEGGEDOOR,
the “standard” anode, the “smart
strip” anode and the “minimal” anode,
leaving one cantilever part unprotected as a reference field. After
switch-on of all three CP test systems,

measurements

were

per-

Beside the black steel ER probes,
stainless steel ER probes were successfully developed. Low carbon
steel ER probes were introduced to
reinforced concrete specimens and
under the cathodic protection (CP),
low-alloyed steel ER probes were
installed

in

concrete

specimens

(slabs and columns) with low-alloyed
steel reinforcement.
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WP4 - “Strengthening with FRP glued strips”
By Marek Lagoda, WP4 leader
The WP 4 Strengthening with FRP

(columns) strengthening. The neces-

composites is a wrap or jackets for

glued

bridge

sity of bridge strengthening was

the confinement of reinforced con-

strengthening by externally bonding

caused by the change of load condi-

crete (RC) columns for enhanced

reinforcement to adapt bridge struc-

tions, which appeared in the last

strength

tures for real loadings origin from

twenty years as well as the material

confined concrete subject to axial

heavier traffic. Its objective is to

deterioration. Steel plates and com-

compression, the FRP is principally

elaborate guidelines and proce-

posite materials give a great oppor-

loaded in hoop tension while the

dures

elements

tunity of bridge strengthening. There

concrete is loaded in tri-axial com-

strengthening with prestressed FRP

is a current question on durability

pression, so that both materials are

elements and structure supports

and future behaviour of this particu-

used to their best advantages. Both

strips

for

works

structure

on

and

ductility.

In

FRP-

“The technology of concrete columns wrapping with FRP materials seems to be
promising. ”
lar way of strengthening, apart from

the strength and the ultimate strain

hasty results of implementing this

of concrete can be greatly enhanced

method.

as a result of FRP confinement,
while the high tensile strength of

The other problem apart from super-

FRP can be fully utilized. Instead of

structure strengthening is durability

the brittle behaviour exhibited by

of the supports. The technology of

both materials, FRP-confined con-

concrete

crete possesses greatly enhanced

columns

wrapping

with

FRP materials seems to be promising.
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One important application of FRP

ductility.

WP5 “Slovenian
UHPFRC with
improved
rheological
properties”
By Emmanuel Denarié,
WP5 leader

tions

on

during

structures

their

UHPFRC based on

service

components

life.

avail-

able locally in Slovenia and Poland and

Extensive R&D works

improved rheological

performed during EU

properties (tolerance

project SAMARIS and various full

to slope at fresh state).

scale applications in Switzerland on
bridges

have

demonstrated

that

Achievement of tensile strain hard-

UHPFRC technology is mature for

ening, extremely low permeability

cast in-situ applications of rehabilita-

and self-compacting character is

tion, using standard equipments.

indeed a challenge that few current
UHPFRC recipes can satisfy.

Ultra-High Performance Fibre ReinThe construction costs of the pro-

An original concept of Ultra High

vide the struc-

posed technique are

Performance matrix has been devel-

tural

not

significantly

oped that makes the application of

with a unique

higher

than

more

UHPFRC technology feasible with a

combination of

traditional solutions,

wide range of cements and super-

extremely

and the duration of

plasticisers.

forced Concretes (UHPFRC) proengineer

low

permeability,

the

high

works and closing of

In a further step, the rheology of

and tensile strain hardening. They

traffic lanes can be largely reduced,

those mixes has been adapted to

are perfectly suited to the rehabilita-

to the greatest satisfaction of the

enable them to support challenging 5

tion of reinforced concrete struc-

bridge owners.

% slopes of the substrates at fresh

strength

construction

state. This new Slovenian UHPFRC

tures in critical zones subjected to
an aggressive environment and to

EU Project ARCHES dedicates a

has been successfully tested in a full

significant

stresses.

major effort to demonstrate the appli-

scale field trial in 2008. A first appli-

They provide a long-term durability

cability of this innovative rehabilita-

cation on a bridge in Slovenia is fore-

and thus avoid multiple interven-

tion

seen in 2009.

mechanical

technique

in

CEEC,

with

info@fehrl.org
http://arches.fehrl.org

Thank you
To all the research coordinators and others who
have provided text or
input for this newsletter.

