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Aim of the Activity
To make a critical review concerning the
main subjects involved in CTIS repair,
damage and assessment and repair
techniques
Exposure variations
Types of structures
Causes of deterioration
Impact of degradation on performance
Testing techniques
Decision on time of intervention
Establishment of performance requirements
Repair strategy — methods and materials
Assessment of repair performance
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Exposure Classes in EN 206

> No risk of corrosion

» Carbonation-induced corrosion

» Chloride-induced corrosion resulting
primarily from de-icing salts

» Chloride-induced corrosion resulting from
seawater exposure

» Freeze-thaw attack

» Chemical attack
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Exposure Classes in EN 206

Class [ Environment Examples

1. No risk of corrosion or attack

Concrete with no embedded metal
(except where there is freeze/thaw,
abrasion or chemical attack) Concrete inside buildings with very low air humidity.

X0

For concrete with reinforcement or
embedded metal: very dry

2. Corrosion induced by carbonation

Concrete inside buildings with low air humidity

Xc1 DrygfiiFmanently wet Concrete permanently submerged in water
Concrete surfaces subject to long-term water contact
Nz Wi Tyl Many foundations
L Concrete inside buildings with moderate or high air
W Moderate humidity humidity, External concrete sheltered from rain
XC4 Cyclic wet and dry Concrete surfaces subject to water contact, not within

exposure class XC2
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Exposure Classes in EN 206

3. Corrosion induced by chlorides other than from seawater
XD1 Moderate humidity Concrete surfaces exposed to airborne chlorides
Swimming pools, Concrete exposed to industrial water
Xp2 Wet, rarely dry containing chlorides
Parts of bridges exposed to spray containing chlorides
Pavements, Car park slabs

XD3 Cyclic wet and dry

| 4. Corrosion induced by chlorides from seawater
Exposed to airborne salt but not in

XS1 direct contact with-séawater Structures near to or on the coast
XS2 Permanently submerged Parts of marine structures
XS3 Tidal, splash and spry zones Parts of marine structures
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Exposure Classes in EN 206

Type of cement | CEM IVIA (Reference); CEM IV/B;

CEM [I/A; CEM IIVB; CEM V; CEM CEM I; CEM A ™

I8 U CEM I/A-D

Exposure class | XS1/XD1 | XS2/XD2 | X353/ XD3 | XS1/XD1 | XS2/XD2 | XS53/ XD3
Minimum
nominal cover 45 50 55 45 50 55
| (mm)
Maximum
water/cement 0.55 0.55 0.45 045 045 0.40
ratio
Minimum
cement content, 320 320 340 360 360 380
C (kgim®)
Minimum C30/37 C30/37 C35/45 C40/50 C40/50 C50/50
strength class LC30/33 LC30/33 LC35/38 LC40/44 LC40/44 LC50/55
TT Not applicable to cements II-T, [I°'W, IVB-L and II/B-LL.
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Types of Structure

xposure Zone Primary Concerns?

Corrosion due to air-borne

Atmospheric chlorides and carbonation

Splash Corrosion due to chlorides,
_v_Erosion due to wave impact

Tidal | Corrosion due to chlorides,
—V_Growth of bio-organisms

Submerged Corrosion due to chlorides,
Change in microclimate due to
seafloor sediments
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Corrosion of steel reinforcement

Loss of passivity Formation of rust

2o
3 L b ) &
Advance of carbonation xpansion of steel
or chloride front due to corrosion
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Causes of Deterioration

|| Common Causes of Deterioration ||
I

“ ” Reinforcement Corrosion ||
—

-Ahx:ulinn +Cement content & type
«Fatigue *w/t ratio
«Impact ClrhnnE—P +Curing
Mechanical *Overload «Rainfall
+Movement (e.g. settlement) «Temperature / humidity
+Explosion
Vibration o)
+At mixing:

+Chloride salts

+Alkali-aggregate reaction Corrosive +From external environment:
" *Aggressive agents (e.g.: Contaminants +Sea water
Chamical sulfates, salts, soft water) *Road salt
+Biological action +Other contaminants

+Freeze / thaw Stray currents

+Thermal effects

Phy:i.,,]_’—p E‘alt E‘Tylta]llzatmn

«Erosion
*Wear

Fire
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Causes of Deterioration

Relationship between deterioration processes vs. Symptoms
and defects observed in concrete
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Impact of degradation on structural performance

Initiation pariod Activa pariod

Initizytjon of
dzizrioration

Changzs of
meterizal properilzs

-

FPropzgztion
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Defects vs Testing techniques

Defects

Processes Construct
ion

g

terioration
Compliance | Defects

FREEZE & THAW)
TATION

Chloride ingress

I
Spaling
Carbonation

Concrets Strengh
Pop Outs
Bug Hol

Scalir

Eroded C

Cracks

Non destructive testing methods (NDT'
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Decision on Time of Intervention

100%

e

Asset Condition
_

Critical Condition H Key \

= — ldeallife curve \

— Actual detevioration curve \

— .~ Projected deterioration \
Repair hased on:

------- Restoring to initial state x2

®® % ® Maintining current state

Life of the Asset Target

Life
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Repair Strategies
Defectsin Concrete Reinfor cement corrosion
1. Protection against ingress | 7. Preserving or restoring passivity
2. Moisture control 8. Increasing resistivity
3. Concrete restoration 9. Cathodic control
4. Structural strengthening 10. Cathodic protection
5. Physical resistance 11. Control of anodic areas
6. Resistance to chemicals
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Activities

» Review of requirements of concrete durability
» Task Leader: QUB

» Mechanism and types of damage in reinforced concrete
» Task Leader: U. La Rochelle

» In situ inspection techniques — specifications and
comparisons
» Task Leader: LCPC

» Repair techniques for concrete structures
» Task Leader: LNEC

QUB contributes also to Activity 6 - Smart structural materials

with permanent monitoring systems in concrete
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Thank You
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