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Background: Steel corrosion in marine concrete

A durability failure is more often
seen than a structural failure.
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Deterioration of beams (Courtesy of Dr E. Kato) 3




Background: Steel corrosion in marine concrete

Slack. |

A complete loss of concrete cover.




Background: Steel corrosion in marine concrete
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Background: Steel corrosion in marine concrete
structures
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Background: Macro-cell and micro-cell corrosion

If anode and cathode are separated in an infinitesimal distance,
then the cell is called micro-cell.

If anode and cathode are separated distinctly from each other,
then the cell is called macro-cell.



Background: volumetric expansion due to oxidation
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cVOIution ofr steel Corrosion Iin marine concrete
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Importance of protective coating
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Importance of protective coating

Difficulty In
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Importance of protective coating
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Importance of protective coating
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Importance of protective coating

Marine

................... atmosphere
Splash zone MWL Protective coating method
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sea bottom concept in case of steel piles.

Below the E Example: durability design
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Typical protective coating
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Durability design of surface protected concrete
structures: Theoretical modeling

Exposure
condition

Type of exposure

Mild
Internal concrete surfaces.

External concrete surfaces protected from the effects of severe rain or cyclic
wetting and drying e.g. concrete finish with mosaic tiles, painting or rendering.

Concrete surfaces continuously under water, or rarely dry - not sea water.
Concrete in contact with non-aggressive soil.

Moderate

Internal concrete surfaces exposed to high humidity e.g. bathrooms and kitchens.

External concrete surfaces exposed to the effects of severe rain or cyclic wetting
and drying e.g. fair faced concrete, concrete with cladding secured by dry or
mechanical fixing, curtain walling.

Severe

Concrete surfaces exposed to sea water spray through airborne contact but not
direct exposure, i.e. structures on or near the coast.

Concrete surfaces exposed to corrosive fumes.

Very Severe
Concrete surfaces frequently exposed to sea or flowing water with pH < 4.5.
Concrete in sea water tidal zone down to 1 m below lowest low water level.

Abrasive

Concrete surfaces exposed to abrasive action machinery, metal tyred vehicles or
water carrying solids.

Note:

1. Cement bedding for finishes should be ignored in exposure considerations.

Table 4.1 - Exposure conditions

Conditions of exposure Nominal cover

(see clause 4.2.3) (mm)

C20/25 C30 C35 C40 C45 C50

Lowest grade of concrete 2C55
Condition 1
- slabs only 30 30 25 25 25 25 25
- other members 30 30 30 25 25 25
Condition 2 35 30 30 30
Condition 3 50 45 45 45
Condition 4 -- -- 55 50
Condition 5 (see note 3) -- - - -~

Maximum free 0.65 0.60 0.55 0.45 0.40 0.35
water/cement ratio

Minimum cement content 290 290 300 340 380 380
(kg/m®)

Notes:

1. This table relates to normal-weight aggregate of 20 mm nominal size. Adjustments to
minimum cement contents for aggregates of nominal sizes other than 20 are given in clause
4254

Cover not less than the nominal cover corresponding to the environmental exposure
condition plus any allowance for loss of cover due to abrasion.

Consideration should also be given to cover requirements for fire protection (see clause 4.3)
and the safe transmission of bond forces (see clause 8.7).

For prestressed concrete, grade C30 or lower should not be used and the minimum cement
content should be 300 kg/m®.

Table 4.2 - Nominal cover to all reinforcement (including links) and minimum concrete grade
to meet durability requirements for reinforced and prestressed concrete

Code of Practice for Structural Use of Concrete
2013:




Durability design of surface protected concrete

structures:
oC(x,t) _D

ot

where C(x, t) = chloride ion content at the depth of x (cm) and at time t (years) (kg/m3)
C, = chloride ion content on the concrete surface (kg/m?3)
D = apparent diffusion coefficient of chloride ions (cm?/year)

erf = error function
C(x,0) = content of initially included chloride ions (kg/m3)

for ordinary Portland cement

for blast-furnace slag cemen

Distance from the coast (km)

Near the coastline 0.1 0.25 0.5 1.0

9.0 4.5 3.0 2.0 1.5

Performance-based approach: e.g.
JSCE2012 17



Durability design of surface protected concrete
structures:
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Durability design of surface protected concrete

structures:
hponoretical moadaep. g 82
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Durability design of surface protected concrete

structures:
hoarofical mad / /
!

P, (t)=Pr[C(x=c,t)>C,|
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Generate random variables (Dg, Co. Cy. 02, m, d, and C,)

A

Calculate C (d, 1) by using Eq. (11)

A

Store < C(d, 1= C

Probability of Corrosion

Yes
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Probabilistic e.g., Duan et al. (2005)

Wé{)ﬁg G. and Jin, W.L. (2015), Probabilistic Approach for Durability Design of
€ ctures in Marine Environment, ASCE, Journal of Materials in Civil

Engineering, 27, Special Issue on Sustainable Materials and Structures, A4014007.




Durability design of surface protected concrete

structures
Thaoanvratinal madAl
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Durability design of surface protected concrete
structures:

Laboratory
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Surface Impregnation for Extending the Service Life of RC Structures in Marine
Environment: the role of cracks, Cement and Concrete Composites, 32(2): 101-109.
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Durability design of surface protected concrete
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Durability design of surface protected concrete

structure:

EEAiH S
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Durability design of surface protected concrete
structure:

Seawater Immersion Tests (e.g. NT
BUILD 43: Accelerated Chloride
Penetration)
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Durability design of surface protected concrete

structure:
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Durability design of surface protected concrete
structure:
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Durability design of surface protected concrete
structure:

]

Contact time with water; 0 min 1 min 30

i Non-treated concrete (with cracks)

(by means of neutron
radiography)
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Durability design of surface protected concrete

]
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Durability design of surface protected concrete
structure:
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Durability design of surface protected concrete
structure:
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Durability design of surface protected concrete
structure:

Long-term Accelerated
exposure test

-------

Field exposure site in Port
and Airport Research Yo ' .
Institute, Japan S, »




Durability design of surface protected concrete
structure:

Cylinder

'

Prisms

Measuring crack widths
Completed specimens



Durability design of surface protected concrete
structure:

Surface

Each cycle: 4 hours seawater shower + 8 hours dry (770 cycles) Depth from surface (mm)
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Durability design of surface protected concrete
structure:

Exposure surtace

Exposure _
surface Sample removed
for a
steel location

without
Exposre surface

100

150mmm

with crack

Prism specimens Electron probe microscopy analysis (EPMA)

Exposure side Exposure side Exposurelside Crack width: 0.13 mm

REEEREEL
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Crack width: 0.15 mm
C (Silane-based gel) _ C (AC) 35
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Conclusions

» Durabllity of marine concrete structures is a very
Important issue. For a 120-year service life design,
supplementary protective measures for concrete Is
deemed necessary based on a preventive

> %H&%’?@Fcepsé%ﬁ%%nce-based approach Is

needed for use to predict the service life of surface
protected marine concrete structures.

» Appropriate methods are needed for deployment to
evaluate both laboratory and field performance of
surface protected concrete to obtain reliable input
parameters for durability design.
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