Evaluation of oncoming salinity
concentration and deposition on
structural surface in corrosion
deterioration
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MS11: Self-Sustaining Technologies for Small Infrastructures Using
Local Materials (traditional)

MS12: Maintenance Strategy for Concrete, Steel and Hybrid
Structures (modernized)




Field observation
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Causes of Deterioration

Natural

Man made

e Wave acti
e Natural Calami
typhoon, etc.

e Ultraviolet
e Oxidized Sulfur

Focus on specific causes common in Asian Megacities

Climate: Hot and Humid & Growing Economy: Heavy Traffic & Pollution



Deterioration
of Structures

Environmental Condition
(Hot and Humid)

Economy Condition
(Heavy Traffic)




Environmental Factors for Corrosion Damages

Air-borne sea salt
Wetting duration F— . e HOT & HUMID

Precipitation

Temperature ‘
Humldity COLD & HUMID
Daylight Heedle-Leaf & Mixed Forest)
Ultraviolet o e
Wind conditions -~ " 8
Sulfur dioxide o -

others

Asia Climate Map
Most of megacities are located in “Hot and Humid” conditions
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Weathering steel

* Protective corrosion layer
* Corrosion penetration
* Painting, coating for coastal area

Ordinary steel

* Heavily protective painting



Quantitative Prediction of Corrosion Depth

* Corrosion depth

Y =

A

Y: corrosion depth

X: exposure time (y)

T A,B: shape parameters

Environmental factors

Corrosion loss (mm)
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Corrosive index on site environment
Kihira, et al. (JSCE, 2005)
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convection-diffusion-sedimentation model
for air-borne sea slts

ac ac a « ¢ OC 0
ax 82 82 0z

C : concentration of air-borne sea salt

U : longitudinal wind velocity

W : vertical wind velocity (positive downward)
K : diffusion factor of air-borne sea salt

Q: sedimentation



Numerical predictions
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Sudo, et.al (CRIEPI rep., 2008)
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(b) Air-born salt density ,/ 1~0
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5 BERWERY ORR, REESEE D TREFOM
Simulated distribution of wind and air-born salt around a plate girder
bridge

Kihira, Matsuoka, et.al (JSCE, 2003)
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convection-diffusion-sedimentation model

U——W— = —

Longitudinal and lateral
diffusion?
oC oc O K 0C

OX oz oz E -Q

C : concentration of air-borne sea salt

Lateral

U : longitudinal wind velocity

convection? w : vertical wind velocity (positive downward)

K : diffusion factor of air-borne sea salt

Q: sedimentation

cohesion, adhesion, washing due to rain???

Corrosive index in each structural member

14



Approaching strategy

Meteorological data at local observatory

Correlation of meteorological data between observatory
and bridge site

Momentum and substance transport model solver

Convective, diffusive, cohesive, adhesive nature of air-
borne sea salt

Washing out due to rain

Corrosive environmental index evaluation at each
structural member

Verification by comparing with site measurement data
Statistical evaluation of corrosive environmental index
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Ohnaruto Bridge, HSBC
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On-site measurement
of air-borne sea-salt y@
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madFube Bridge s"té\\

Polypropylene
box
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Stainless plate to
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on surface
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Bottle to collect
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PWRI method



Salinity on particular surface of structural member Si

Occurrence prob. Occurrence prob.
Density of air- of wind direction of wind velocity
borne sea salt B U
S; =T [n(B)AR;(B)AD;(8)f(5)[Ug(U Jdudp
p | \ U

Rate of salinity reaching to the
surface of member i

Rate of salinity reaching to the
surface of member i



Wind and
meteorological
conditions
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Salinity measurement on
surface of structure

B

Tower column

Meas_ured A B C D £
point
Density of
Salinity 472 | 12.2 | 0.0 0.0 7.8
(mg/m2)




Outcomes of the Project

» Meteorological data
» Current Design Conditions
» Present Conditions of Concrete, Steel and Hybrid structures

» Empirical Formulae for Structural Deterioration in Corrosion
Environment and under Economical Condition

» Assessment of Durability and Strength Improvement
Methodologies

» Maintenance Strategies
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Comprehensive Guideline Text for Structural Engineers
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