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Introduction of Canada Structdral Engineers
Association e

The purpose/mission is to provide stpport and prefessional
developmentfor struciral engineers.
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Concrete and Corrosion Evaluation

Defines the Scope of Structural
Repairs Required.

12* Street Viaduct
Kansas City, Missouri
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How to Improve Concrete Repair
Practice

* ACI 562-16 Code
* Sets minimum requirements for repair
* Encourages evaluation
* Confirm existing condition / material properties
* Better evaluation -» Better repairs
* Sustainable repaired structures
* Consistent (reliable) repairs
 Durable long-term repairs




Depth of Cover Survey

To determine the average
depth of concrete covering
the rebar within the
structure

Compare depth of rebar
with results of chloride
and carbonation testing
Performed

Covermeter

Section 2

© Vector
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Chloride Thresholds

Chloride Limit for New
Const ion (ACI 222R)

corrosion activity is
p sive and based on the
Chloride / Hydroxyl Ratio (CI
/OH")

Section 2
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Rebar Continuity

Verify electrical
continuity of the steel
uous steel may
pose problems for cathodic
protection
Typical Criteria
— Less than 1 mV or

— Less than 1 ohm resistance
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Corrosion Potential Mapping

Copper Copper
Sulphate Half Cell

Starbuck Bridge Deck

>-200mV -200 to -3
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Electrochemical Corrosion Mitigation
Systems for Concrete

-

* Galvanic Protection

* Impressed Current Cathodic Protection

* Corrosion Passivation using Electrochemical
Treatments

* Chloride Extraction
* Re-alkalization
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Installation of Ebonex®

Impressed Current
Cathodic Protection System

Norcure® Chloride Extraction and
Re-alkalization of Concrete Facade. 4

[Reagan National Airport
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Galvanic protection —

Potentials and Current Flow

Partial Galvanic Series

Metal Voltage
Zinc -1100 mV
Steel in -200 mV to -

concrete 500 mV

*Typical potentials measured with
respect to copper-copper sulfate
electrode
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Corrosion Control

0

Potenti Ilé fference Between
Upper Steel In Chloride Contaminated Concrete
and Lower Steel Results in Accelerated Corrosion
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The Global Centre for Pluralism —
330 Sussex Dr, Ottawa

* Background

The Global Centre for Pluralism

Solution

* Install small anodes within the
wall assembly to mitigate
corrosion at beam ends

* Encase beam ends in concrete
to ensure that the entire beam
end is protected
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Galvashield CC Installation

Anode Galvanically Protects
Surrounding Rebar
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The Global Centre for Pluralism

Problems

— Corrosion identified on beams and
columns embedded in masonry
walls

— With current wall assembly, very
difficult to eliminate moisture in the
walls
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Global Centre for Pluralism

* Benefits
« Mitigate ongoing risk of corrosion
* Reduced costs as anodes could be installed from the
interior
* The external steel connections allow for future
monitoring
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Distributed Anodes Protection

MTO Galvanic Bridge Deck Overlay

Time (days) Temp(°C) Current Density (mA/m2) Depolarization(mV)
N

65 273

6.1 238
38 271
26 220
25 260
17 211

14 230
142
293
350
313
284
276
167

Galvanic Strips in Overlay

Cathodic Protection
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Historical Millitary Bldg
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Norcure® Re-alkalization

Anode Electrolyte

+ve

-ve

Concrete

L
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Norcure® Re-alkalization Norcure® Re-alkalization

Anode Electrolyte Anode Electrolyte
+ve
-ve

Concrete Concrete
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HISTORIC CONCRETE CONSERVATION Conditions

Terminal A, Ronald Reagan Washington National s g
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Norcure® Re-alkalization
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Realkalization Installed

® Realkalization media is a paper mache material
that is saturated with an alkaline solutio
A

ver:
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Net Result - Realkalisation

« Cover zone impregnated with high pH solution
 Low alkalinity rectified

* Entire surface treated

« Life of structure is extended
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Rainbow bridge, Niagara Falls

Table 1: Pier Remlo-cmenl Cover—beplh Statistics

Side Reinforcement = Average g:‘.“:::;:‘ Minimum | Maximum | Less than
it o
Direction (in) (in) (in) (mm) 2in (%)
us Vertical 46 14 24 73 | 0
Horizontal 4.2 1.8 15 6.3 20
Vertical a7 06 21 42 ]
Canada

Horizontal 4.6 1.3 25 6.0 0
Vertical 4.4 1.3 21 7.3 0

Overall -
Horzontal | 43 17 15 63 | 14
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Phenolphthalein (pH) Testing

. Before Treatment After Realkalisation
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Rainbow bridge, Niagara Falls

Table 3. Stabstcal Anahysss of the Comosion Potential Data

Bier | ATe3 indicating 90% | Area Indicating
Pier 1D ‘ , robability of Active | Uncertain Corrosion | $0% Probability of
——— Corrosion (%) | Activity (%)
AT [3) [
SAZ [y o
SIA3 0% %
[WATArea 1 1 i 1%
| IVA1 Area 2 g5% 5%
NA2 N 0% [
) o5
0% 3%
% o
% %
0% 0%
) 0%
0% 0%
1% 3%
[ 1% | % I
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Core extraction and testing
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Chloride tests

2nd Generation
Hybrid Anode

Galvashield® Fusion™

Chiorde Concentrabon (ppm by Mass of Concrete)

Galvashield Fusion™ Anode.
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Active Corrosion Phase )

Hybrid Anode
e e
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Upper Steel In Chloride Contaminated Concret|
and Lower Steel Results in Acgeleratﬁ(%{r&si'
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Want a certificate? please register
your rename and email with CSEA:
info@csea.ca

Canada Structural Engineers Association (CSEA)

Certificate of Attendance

This certificate is presented to

For attending the seminar entitied “Evaluation and Preservation of Heritage Structures” held on September
11, 2023

Signature: a"’“ M

Cancan Yang

Directorof Event Operatons —- %

Future events of Canada Structural
Engineers Association (CSEA)

*Tree Planting, John Fraser Secondary
School, 14 October

* Engineers FC, fun games

* Annual Lunch and Election, December
10, 2024

¢ Joint CSEA, info@csea.ca
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Heritage structural
preservation

Corrosion evaluation

Preservation of heritage structures
Galvanic protection

Re-alkalization

Case studies

Liaoh@vector-corrosion.com
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