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Summary of Doctoral Dissertation

Title of Doctoral Dissertation:

Study on effective maintenance management strategy for bridges in salt damage environment

Name:Nakano Tomoaki

Currently, the number of bridges with a length of 2 m or longer in our country exceeds 725,000.
Most of them were built from the 1960's to the 1980's under the First Road Maintenance 5-Year Plan which started in 1954.
Meanwhile, there are many excellent bridges that were built before the plan, in early 20 century, and serve as a cultural
heritage that is active and contributing to society. Including these bridges, damage and deterioration due to environmental
conditions and traffic volume are gradually advancing.
Many structures constructed during the period of high economic growth are about to renew due to aging. Therefore,
grasping and improving the durability of reinforced concrete structures is an important issue from the viewpoint of future
infrastructure improvement and environmental load reduction.
Also, the concrete which is the construction material is a very heterogeneous composite material composed of materials
such as cement, fine aggregate, coarse aggregate and water. Therefore, its deterioration and fracture mechanisms are
complicated phenomenon greatly influenced by local cracks caused by differences in the mechanical properties of
constituent materials.
As for the concrete structure, even if it looks healthy from distance, many structures are found partially degraded in
periodic inspections. Examining the deterioration phenomenon of the concrete structure with the actual structure causes
severe deterioration especially at cracked part of the overhanging floor slab, floating or peeled part and the water hanging
part such as receiving part of the abutment base.
The major damage to concrete structures is salt damage, neutralization, alkali aggregate reaction, and these deterioration
phenomena and deterioration mechanisms may be influenced by water such as rainwater carrying degradation factors.
Furthermore, degradation factors are accumulated by migration of this water, and there is also an effect that it expands the
deteriorated area. In maintaining and managing reinforced concrete structures, we believe that grasping the moisture
transfer characteristics is very important in predicting the progress of aged deterioration of concrete structures. In recent
years, research on moisture transport inside concrete has been started, but many of them are in the drying process and few
are in the penetration process. Moisture transfer characteristics and its mechanism inside the concrete are still unclear.
Therefore, in this study, inspection of actual bridges, simulated experiment and numerical analysis were conducted to
evaluate the effect of flying salinity evaluation and grasp the moisture transfer mechanism inside concrete. Based on the
results, we aimed to propose effective maintenance plan.

This paper consists of the following seven chapters.
Chapter 1 clarified the background and purpose of the text and showed the composition of the paper. (Figure 1.1)

Chapter 2 discusses the current status of maintenance and management of infrastructure structures and presents challenges
in the current maintenance and management.

Currently, the number of managed bridges is over 700,000, and 90% of them are managed by local governments.
Percentage of bridges that are over 50 years old is now 25% and will reach 50% in 10 years. There are issues unique to
local governments in conducting inspections. Therefore, we consider the effective maintenance strategy for bridges in salt
damage environment.



Chapter 3 examines the influence of flying salt content in the coastal environment with real structures. In addition, we
investigated the surface salt content of each part of the bridge, numerically analyzed it, and predicted the micro
environment on the actual bridge.

Chapter 4 explains experiments which we conducted. Although many studies on moisture transport in concrete have been
conducted, research results on the penetration mechanism in the drying process are few. Therefore, using specimen partially
exposed to water, we conducted a penetration test and wet-and-dry repetition test to grasp water transfer of concrete.

- In the specimens after 3 days of permeation and 4 days of drying repeatedly, the initial relative humidity started from the
high humidity (90% or more), but after 6 weeks, it was confirmed that it is in a dry state on the side whereas it is kept in a
wet state immediately under a water container, and in the structure it is considered that there is a possibility of promoting
deterioration.

- For specimens that were only infiltrated, a relative humidity increase was observed directly under the water container
from the top of the specimen. Looking at the distribution after 49 days, the relative humidity shows a very high value of
90% or more immediately under the container on the other hand, the relative humidity was very dry around 60% at just
beside the aquarium. It is inferred that macro-cell corrosion may be caused by environmental difference when the humidity
difference is around 30% in such a local place.

In addition, in the specimen simulated by the pouring part, it was confirmed that the deterioration progression of the part
with high water supply in the bridge is deterioration progression like the actual bridge, from the experiment result of only
dry and wet repetition and penetration.

Chapter 5 discusses the efficient maintenance management method. Instead of using the conventional deterioration
prediction method, we use the statistical analysis method using the Markov chain model to organize the transition of
deterioration for each type of damage in time series, and new degradation based on degradation progress process in general
environment and salt damage environment. We consider a prediction method and propose more efficient maintenance
management.

Chapter 6 examines new inspection methods using latest Information and Communication Technology such as drone, and
proposes advanced maintenance management strategy with Graphic Information System to visualize progress of the

management.

Chapter 7 presents a conclusion based on the results gathered in each chapter.
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