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Life span Simulation for Structures nearby Seashore Affected by Chloride
Attack

Swatekititham Supakit

Purpose: To create a computational model to predict service-life of concrete structures
located nearby seashore all over Japan to fulfill the life-cycle cost prediction in the asset
management system.

Main Tasks:
To create an integrating model on the aerosol chlorides formation at the seashore,
transport and theirs penetration in concrete to predict the structural life

Model and Methodology:

The model to predict the life-span of structures is the partial objective to achieve the
social management. The social management is consisted of the inter-relation between
the engineering knowledge and social safety and satisfaction. The development of
infrastructure is one of the indicators of the social welfare. Many engineers play the
intension to the design, advance construction method, and luxurious structures to
promote the social. Another main item for social welfare is how to maintain the durable
infrastructures and to prevent the social risk from the infrastructure damage. This
concern was realized and implied a method to predict the life of an infrastructure. The
common civil works which socials can use them are roads and bridges. The bridge
structures are damage by chloride attack, if the location is nearby seashore. To be
involved with social management, the prediction of life-span for a bridge structure is
vital to be promoted. Here, the research items and progress is mentioned in this
document. The benefit of this research is able to apply in the asset management for the
infrastructure in term of life-cycle cost prediction method.
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Fig.1: Schematic of chloride attack on concrete structures near seashore



In Fig.1, the model was started to calculate the amount of aerosol chlorides produced by
wave breaking at the seashore. This is included the wave propagation from deep water
zone to the surf zone. The database of wind and wave (Japan Meteorological Agency)
for analysis time-dependent aerosol chlorides formation is necessary. The model was
created in the function with the important environmental parameters of wind speed®,
wave height?, salt concentration and breakwater [See Publication 1 & 2]. One more
parameter will be added in the model is the temperature effect which causes the
different amount of aerosol chlorides formation due to the surface tension and viscosity
difference. The methodology is to create a multiplication factor for this temperature
effect adding in the above purposed model.

Considering the bridge structures in Japan, the bridges for road transportation across the
river are in services, and some of them were found many damages by steel bars
corrosion. Thus, the aerosol chlorides formation along the estuary is much concentrated.
The salt concentration at the river estuary is variety due to the tidal effect and also the
river steam discharge. The methodology to calculate apparent salt concentration is to
create a function of freshwater and sea water mixing mechanism including the tidal
cycles and amount of rainfall. At the beginning, the case study on the rivers in Kochi
prefecture shall be studied. In this case, the river discharge database (Kochi Prefecture
River Department Bureau) and tidal cycles (Japan Oceanography Data Center) should
be analyzed with the amount of rainfall (obtained from the Japan Meteorological
Agency). In this part, the atmospheric pressure shall be taken into account as
mentioned: ‘The low pressure inside the storm raises sea level by 1cm for each millibar
decrease in pressure’. During typhoon, large numbers of aerosol chlorides are formed
significantly larger than in mild environment. Thus, the low atmospheric pressure
during storm and the lifting of sea level impacts on the surging of wave at seashore.

The breakwater is the artificial construction to prevent the storm wave to reduce the
damage due to wave force. The breakwater constructed along the Japan coastal is
divided in common caisson, irregular concrete block, and under water caisson, etc. The
aerosol chlorides are generated in the different amount among three different types of
breakwaters.

- 2"% model on aerosol chlorides Transportation

The transportation of aerosol chlorides is moving within the wind steam flow. The
sedimentation of spherical particles was modeled simply. In the turbulence wind flow,
the aerosol particles moving according to the wind profile both in horizontal and
vertical motion. Moreover, the aerosol particles are moving upward by the turbulence of
wind which is represented by the vertical eddy diffusivity. The eddy diffusion
coefficient shall be modeled under the strong turbulence wind. At this moment, the
analysis of wind profile from seashore and surrounding bridge structure is doing. The
analysis of wind vortex between bridge girders is still doubtful, because this wind
analysis could not be verified by the experimental data of surface chloride content. The
measurement of aerosol chlorides and surface chlorides content at slab and girder of
Ananai and Akano bridges in Kochi Prefecture is continuing. The monitoring of existing



RC bridge named Ananai Bridge in Kochi prefecture; the surface chloride concentration
and the amount of aerosol chloride in an interval were investigated as shown in Fig.2.
Furthermore, the surface chloride contents, covering depth and the steel corrosion
contour are further established to analyze the structural performance and the damage
parts.

In the future task, the integration of all models for the prediction of structural life-span
shall be established and promote to be used in the other societies.
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Fig.2: The monitoring of aerosol chlorides (mg/dm?hr) and surface chloride content
(kg/m®) at Ananai Bridge
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