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ABSTRACT

Keyword : building » durability assessment » prediction of remaining service life - AHP

Background

Taiwan is located at subtropics and surrounded by the ocean where the climate is hot and humid.
Reinforced concrete structures exposed to this climate zone are often subjected to the permeability of
surface water or underground water so that the moisture contents are high in most concretes. The
aggressive ingredients would enter concrete with water and dissolve the hydration products > thus
increase the total pore volume or the connection of pores and enhance the corrosion potential of steel
reinforcement. The volume of corrosion products is much larger than the original rebar would induce
much internal stress and result in cracking > scaling and spalling of concrete surface. Many concrete
structures degraded by losing loading capacities or service function are due to the corrosion of steel
reinforcement. In the past> reinforced concrete design was focused on the strength not on the durability.
However > in-durable structures would fail earlier before their design service life and much funding is
needed for maintenance > and strengthening or even demolition. The life cycle cost is high for the
structure not designed based on durability performance. For the development of sustainable concrete
structures > it is an urgent need to investigate the phenomenon and mechanism of concrete durability
and their effects on the capacity or function of concrete structures and to estimate the remaining service
life based on the inspecting and testing data. The research results would provide some information to

the construction sector for the decision of building management.

Research Content

This aim of this research is to study the durability assessment of existing reinforced concrete
building » to set up the durability index using AHP method and to find the methodology for the
remaining service life. This project research includes materials testing method » the investigation of
transport mechanism and effect of chloride ions > the study of electro-chemical reaction of steel
corrosion’ the assessment of concrete carbonization. Case study will be provided for demonstration or

verification.

The main findings of this research are :

1. Ten items are selected for evaluating the durability of RC buildings. These ten items can be
categorized into two levels - the status of concrete and the status of rebar corrosion. The status of
concrete level includes the following six durability indices : concrete compressive strength > the
resistivity of concrete ° cover thickness ° surface deterioration (cracks) > surface deterioration

(honeycombs > surface erosion and deposit) and surface deterioration (delamination » spalling and
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exposure of rebars). The status of rebar corrosion level includes the following four durability
indices : the chloride contents » carbonation depth > half-cell potential and corrosion current
density.
Through the forum - the relative weight between every indices are determined by specialists.

3. Arobust mathematical model for evaluating the durability of RC buildings are proposed - which can
allow users to find the results by using limited indices but not all.

4. Two factors > the environment factor and age factor > are considered in the evlaution model of the
durability of RC buildings.

5. Following the chloride diffusion model suggested in ACI » a mathematical model for predicting the
service life of RC buildings is proposed.

6. In this research > a reasonable mathematical model is proposed to deal with the scenario when one
only has the average chloride contents for the take-core specimens and having only the compressive
strength of conrete but no chloride diffusion coefficient data is available.

Suggestions 1:

Suggestion that can be carried out immediately- performing the similar durability evaluation for other
types of structures in Taiwan.

The organizer: construction and planning agency, ministry of the interior.

The co-organizer: architecture and building research institute, ministry of the interior; union
internationale des architectures; Chinese institute of civil and hydraulic engineering.

The durability evaluation method developed in this study is used for the reinforced concrete structure,
however, with some modification (For different structure types, different durability indices should be
considered. For example, the soundness of welding or bolting should be considered for the steel structure.
In addition, the weights for each index should be determined according to the professional suggestions for
different structure types) it can also be applied to other types of structure such as steel structure and steel
reinforced concrete.

Suggestion 2:
Suggestion that can be carried out immediately- to add another durability index using the data from
monitoring system.

The organizer: construction and planning agency, ministry of the interior.

XVI



The co-organizer: architecture and building research institute, ministry of the interior; union
internationale des architectures; Chinese institute of civil and hydraulic engineering.

If the buildings in Taiwan have the monitoring system to observe the time history of the settlement
as well as the declination, such data can be considered as durability indices. It is known that whan the
values of the settlement or declination exceed the safety values, the structure endure extra stress and
deterioratations and cracks may occur and such phenomenon will reduce the durability of the structure.
Suggestion 3:

Mediate-term or long-term suggestion- building up domestic database.

The organizer: construction and planning agency, ministry of the interior.

The co-organizer: architecture and building research institute, ministry of the interior; union
internationale des architectures; Chinese institute of civil and hydraulic engineering; Taiwan concrete
institute.

It is very important to collect durability evaluation data such as the chloride content, the carbonation
depth, the compressive strength and so on to build up a database. Such a database can provide useful
information for design of newly built structures and it also can provide useful information for the users to
determine what to do in the maintenance stage. Mostly important issue is that such a database can provide
data for future development of reliability analysis. To collect the time series of the structure performance
such as the history of the bending strength and the durability indices can provide scholars to devlop a
domestic statistical model for the reliability analysis.

Suggestion 4:

Mediate-term or long-term suggestion- building up the service life prediction formula based on
carbonation.

The organizer: construction and planning agency, ministry of the interior.

The co-organizer: architecture and building research institute, ministry of the interior; union

XVII
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internationale des architectures; Chinese institute of civil and hydraulic engineering; Taiwan concrete
institute.

In this study, the chloride attack is assumed be the dominant reason for the failure of durability of
RC structures and the theory is then developed to predict the remaining service life. In the forthcoming
projects, the theory based on the carbonation should be built and the user then can make a reasonable
prediction of service life for the structures suffered from the carbonation. Such a carbonation model needs
to consider the diffusion of carbon dioxide and the chemical reaction of carbon dioxide and it should
predict the concentration of the hydroxide ions.

Suggestion 5:

Mediate-term or long-term suggestion- building up the service life prediction formula based on
carbonation and chloride attack.

The organizer: construction and planning agency, ministry of the interior.

The co-organizer: architecture and building research institute, ministry of the interior; union
internationale des architectures; Chinese institute of civil and hydraulic engineering; Taiwan concrete
institute.

While the structure member suffers from the chloride attack and the carbonation at the same time,
the thredhold chloride concentration to induce the pitting corrosion of rebar will influenced by the
concentration of the hydroxygen ions inside the pore solution which will be affeceted by the carbonation
process. Therefore, to consider the coupled model which combining the effects of chloride attack and
carbonation is necessary and is worth to develop in the future project. In this model, the effect of
releasing the chemically bonded chlorides into free chlorides while the concrete is carbonated needs to be

considered.
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