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Chlorides generated or from de-icing salts or
marine environment penetrate existing cracks
and diffuse through the concrete cover to the
reinforcing steel, initiating corrosion.

Corrosion products cause stresses and
premature deterioration of structures
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cing salt use

Snow-ice related highway and
business closures and accident
represent a significant economic
cost

Table 1: Road and bridge snow and ice control procedures in countries that participated in a 2002 European study of winter

maintenance practices 3

Country Deicing Products Used Metric Tons (1,000) Deicing Period
Austria NaCl, CaCl, NA Nov. — March
Belgium NaCl, CaCl, 113 Oct. — April
Croatia NaCl NA NA

Czech Republic NaCl, CaCl,, MgCl, 215 Nov. — April
Denmark NaCl 115 Oct. — April
Finland NaCl NA Oct. — April
France NaCl, CaCl, 400 - 1,400 Nov. — March
Germany NaCl, CaCl,, MgCl, 2,000 Nov. — March
Great Britain NaCl, CaCl, 2,200

Hungary NaCl, CaCl, NA Nov. — March
Iceland NaCl, CaCl, NA Oct. — April
Ireland NaCl 30-70 Nov. — April
Norway NaCl 83 Oct. — April
Poland No details NA NA

Romania NaCl 108 Nov. - March
Slovenia NaCl, CaCl,, MgCl, NA NA

Spain NaCl, CaCl, 80 Oct. — April
Sweden NaCl 300 Oct. — April
Switzerland NaCl, CaCl, NA Oct. — April
The Netherlands NaCl, CaCl, 135 Oct. — April

NA - total tonnage data not available
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1.0 Objective

More than 1,234 kilometres of road bridges over 100 meters are spread across Europe

Most of the bridges built after 1945 was designed with a design life of 50 — 100 years.

The EU funded BRIME project in 2001 identified that highway bridges in three different European countries (France,
Germany and the UK) present deficiencies at a rate of 39%, with the main cause being the corrosion of reinforcement.

The quality of the European bridges has been heavily questioned in the 2018, after the dramatic events of the Genova
Bridge collapse in Italy.

It is noteworthy that the knowledge on the probabilistic occurrence of extreme natural events (e.g. earthquake, wind
loads), material properties (especially reinforced concrete) and bridge design methods, were less developed when
most European bridges were built.

As a consequence, the majority of EU countries must invest and address maintenance issues to ensure serviceability
and safety.
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2.0 Corrosion of steel in
reinforced concrete bridges

lecting the appropriate corrosion mitigation approach is
sed on many factors:

the amount and depth of contamination (chloride ingress
or carbonation),

« amount of concrete cracking and concrete damage,

 severity and location of corrosion activity (localized or
widespread),

» expected environmental exposure,
* use and service life of the structure, and

the cost and design life of the corrosion protection system.




* Traditional approaches for enhancing the
service life of bridges used in various codes
and specifications such as Eurocodes or
British Standards, are mainly in an indirect
form, specifying the use of certain details or
properties as:

» cover thickness,
*  maximum crack width,

concrete compressive strength, etc.
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Approaches to mitigating the corrosion:

To prevent or minimize chloride penetration by minimizing cracking using low
permeability concretes, adequate concrete cover over the steel, membranes,
sealers, or overlays.

To prevent the steel from corroding or to minimize the rate of corrosion through

means such as the use of corrosion-resistant reinforcement or cathodic protection
or/and corrosion inhibitors.

Depending on the specifics of a project, one or a combination of these approaches
may be desirable.
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* One of the missing elements for designing bridges for service
life is “the framework”, that would approach the problem
systematicly and provide a complete solution in a format that
could ensure long lasting bridges.
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* The steps within this framework should start at the design
stage and should provide the owner with complete information
to ensure the serviceability of the structure for a specified

target service life




JESAC BRIDGE - INFLUENCE OF MIGRATORY CORROSION
ORS ON SERVICE LIFE OF THE REINFORCED CONCRETE
ENTS EXPOSED TO THE MARINE ENVIRONMENT
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Peljesac bridge, Croatia

Location: Highway Split - Ploce — Dubrovnik, Croatia

Investor/Client: HRVATSKE CESTE d.o.0., Zagreb, Croatia

Designer:

PONTING - PIPENBAHER CONSULTING ENGINEERS

SVEUCILISTE U ZAGREBU GRADEVINSKI FAKULTET

Services: Conceptual / Preliminary / Final design

Navigation channel: 200 x55m

Length: 2404.0m

Span arrangement:

72.0 + 96.0 + 118.0 + 203.5 + 5 X 285.0 + 203.5 + 118.0 + 96.0 + 72.0 = 2404.0 M

Total width: 23.60m

Total pylon height: 82.5-98.0m

Type of foundations:

Deep on driven steel piles, D = 2.0 m, length up to 124 m

Superstructure: Steel orthotropic superstructure

Construction technology: Balanced cantilever method




To Achieve 130 years lifetime in terms of
durability

Additional AC Coatings, CP of steel piles,
reinforcements and pile head

Concrete cover 65— 85 mm, stainless
steel reinforcement, and

Impregnation of all concrete surfaces with
100% silane with corrosion inhibitor
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3.0 Influence of Inhibitors on Service Life of the Concrete Elements

LCC analyses was done for estimating the lifetime of structure exposed to marine
corrosion (Peljesac bridge in Croatia).

Life - 365 service life prediction model for concrete structures was used to calculate
LCC for four scenarios of concrete columns construction including:

a) ordinary concrete (C40/50),

b) ordinary concrete (C40/50) with sealer with Cl,

c) ordinary concrete (C40/50) with Cl admixture.

d) ordinary concrete (C40/50) with Cl admixture and sealer with CI.
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Life 365

® Life assessment of the reinforced concrete
elements is done for Peljesac bridge location by

! . . . . ) ; o Qo
modeling in Life 365, in various scenarios, g
. . S life-365° ™
involving the use of migrating corrosion inhibitor | — -
technology, with a focus on the most common S L
deterioration mechanisms: sm ¢

® chloride-induced steel corrosion
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3.1 Prediction of service life for concrete columns exposed to:
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3.2 Life cycle costs for concrete columns exposed to:
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4.0. EU Case Studies with use of CI

There are many current cases of using organic corrosion inhibitor technology in
projects around the Europe
MCI where used for corrosion protection of PT concrete segments.
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erikssund

ge, Denmark

Description:

pany is erecting the new Frederikssund
ge. The project includes design &
struction of an 8-km-long dual-

riageway highway, comprehensive of a
dge over the Roskilde Fjord, as well as

al smaller civil structures.

MCI® 309

s ——
e

i de Eccher with its JV partners Besix and Acciona

oduct is used for PT protection.

e o
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MCI® 309
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is used for PT protection

Tagliamento, Italia

Bridge Client:
A AL

Tiliaventum consortium (Rizzani de Eccher — Pizzarotti)

Work Description:
Company started erecting the viaduct over

Tagliamento river. The project involves the

enlargement to the A4 motorway to 3 lanes. The
major structures

a roadway.
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4.1 Krk bridge

The design solution for the repair and protection of this upper part of the structure
was changed to only a chloride-impermeable permanently elastoplastic polymer
coating, which is applied to a well-cleaned surface impregnated with organic
penetrating corrosion inhibitor, OCI.
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4.2. Maslenica bridge

Half cell potentials Cu/CuSO4 (mV)
(x,y) 1 2 3 4 5 6
1 -470 -425 -370 -375 -355 -375
-470 -405 -385 -355 -345 -350
-470 -465 -400 -370 -345 -350
-415 -415 -380 -360 -360 -335
-440 -395 -385 -365 -350 -350

OB |WIN

OCI - rust primer was brushed on exposed rebar to passivate the metal from
further corrosion, and OCl surface treatment was applied to the entire concrete
structure to prevent any potential corrosion that was not apparent.
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5.0 STRATEGIES FOR ADDRESSING CORROSION

* The use of low permeability concrete,

* The use of increased concrete cover,

e The use of improved construction methods such as curing to minimize cracking,

* The use of corrosion-resistant reinforcement,

* The use of corrosion inhibitors to increase the corrosion initiation threshold,

 The use of membranes, coatings, and sealers, and

e The use of improved design details to keep elements dry and to prevent exposure to chlorides.
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e MCI-
2005/2005 NS

e MCIl-2006 NS

MCI Solutions for the Construction Market

Surface Treatments Specialty Products

e MCl-2020/2020 e MCl-2020 Gel
V/O e MCI-309

e MCl-2018 e MCl-2061

e MCl-2019

e MCl-2021 e MCl 2062
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EU Requlations - EN 1504
(Surface treetements)

application covering repair area System 2+
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Lack of EU Reqgulations - EN 934

(Admixtures)
O [IBGN

® We certify to meet properties of et
specific CE/EN testing = T

® EN 934 — is the Harmonised
European Standard — Admixtures
for concrete, mortar and grout

® No test for Corrosion Inhibition
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Other Standards/References

® ASTM G1og
® ASTM G180

® Concrete Society Special Reports (UK)
® TR 18

®* TR61

® MCI Standard Test Methods Reference Chart

Standard Tests for Cortec Products - corteclaboratories.com MIGRATING CORROSION INHIBITORS



https://www.corteclaboratories.com/standard-tests-for-cortec-products/

ICRI & ACRP
ICRI GUIDELINES

CONCRETE REPA

® Guideline No. 510.2 - Use of
Penetrating Surface Treatments for
Corrosion Mitigation of Reinforced
Concrete Structures

® Published November 2019

® Free PDF copy available to ICRI

Members Guideline for Use of Penetrating
Surface Applied Corrosion
Inhibitors for Corrosion

® ACRP (European Association for Construgtion Gt e

Repair, Reinforcement and Protection)

® Preparing Guidelines for Repair of Maritime
structures Corrosion Inhibitors/ CP
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Conclusions

Fundamental change is needed in approach in EU practice to achieve the goals of
extended service life and a sustainable bridge infrastructure. Reaching these goals
involves incorporating details in the design process necessary for extended service
life.

Previous studies have established the benefits of using migration corrosion inhibitors,
the importance of good concrete, and the significance of the ingredients used to
make the concrete.

Concrete durability depends on many parameters and beside structural design, the
attention should be directed also on the concrete mix design including corrosion
protection, technology of the concrete production, building process and good-quality
workmanship.

Development of an Eurocodes, national codes, and concrete guidelines specification, ®
with specific service life periods would be beneficial to bridge infrastructure
sustainability in Europe.
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