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Concrete structures in marine environment are subjected to chloride penetration, which
significantly degrades the structural performance and their lifetime. When the critical
concentration of chloride ions in the reinforcement is reached, corrosion of the reinforcement
starts. The corrosion of the steel reinforcement rapidly degrades the performance of the
structures. Therefore, it is necessary to examine the chloride penetration rate into concrete
structure in actual condition.

The influence of loading on the chloride penetration into concrete was investigated because it
represents the actual condition of concrete structures at service time. During the service period,
concrete structures are subjected to its self weight, service load such as traffic load or wind load
and also accidental loading such as earthquake or impact load. These loading conditions could
change the chloride penetration rate into the concrete structure and consequently change the
service life time of the structure.

Inclusion of fibers into concrete has some benefits that include increased energy absorption,
fracture toughness, and so on. Synthetic fiber such as polypropylene fiber has been
recommended for application in marine structures. The combination of polypropylene short
fiber with steel reinforcement is expected to improve the behavior of concrete material by
increasing its ductility and energy absorption capacity. Moreover, fiber reinforced concrete
under loading could perform better to resist the chloride penetration as the fiber have a crack
bridging effect that reduces the crack propagation.

The dissertation is compoéed of eight chapters as follows:
Chapter 1 presents the introduction, background and objective of this research.

Chapter 2 contains a literature review of the test methods about the measurement of chloride
penetration into concrete. The test conducted in this study which based on NT Build 492 -
non-steady state chloride migration test with modification in the loading condition was also
described here.

Chloride penetration into fiber reinforced concrete under non loading application was discussed
in Chapters 3 to 5. The effects of fiber content, air content, fiber type and fiber orientation
based on the casting direction, on the durability performance of the fiber reinforced concrete
against chloride penetration were discussed in Chapter 3. Three types of different shape and
length fiber were used to make fiber reinforced concrete. Contrary to the other findings that
showed an increase in the chloride penetration due to inclusion of fiber, the study showed that
the inclusion of short polypropylene fiber into concrete did not change the chloride
penetrability of fiber reinforced concrete with different volume fractions. However, the chloride
penetration would increase if excessive fiber was included into concrete that could reduce the
soundness of the concrete. The effect of air content was also found to be insignificant to the
chloride penetration into fiber reinforced concrete. Furthermore, there is a reduction of chloride
penetrability for long fiber reinforced concrete depending on its orientation in the concrete.



Chapter 4 discusses the relation of the pore structure and durability properties shown by
chloride penetration. The pore structure of concrete was investigated also to clarify the relation
between chloride penetration and pore properties. The pore properties were measured by
Mercury Intrusion Porosimetry (MIP). The study shows that the chloride penetration in
concrete is not only influenced by the pore size distribution but also by the pore connectivity.
With the increase of pore connectivity, chloride penetration also increases as the chloride would
penetrate through this connected porosity.

In Chapter 5, methods to reduce the chloride penetration into concrete by means of orienting
the long fibers to resist chloride penetration and the use of silane as water-repellent treatment
in the concrete were discussed. The result showed a reduced chloride penetration for fiber
reinforced concrete when the long fiber was oriented in the direction perpendicular to chloride
penetration and an excellent chloride penetration resistance when the surface of concrete was
treated with water repellent agent.

Chapters 6 and 7 discuss the effects of loading on the chloride penetration into plain concrete
and fiber concrete. Chapter 6 presents the result of chloride penetration into three different
types of fiber reinforced concrete under static compressive and tensile loading. The results from
the experiment showed that there was a slight reduction in the chloride penetration under low
* level of compressive stress while an increase in the chloride penetration into concrete was
found at higher level of compressive stress. Plain concrete give the highest increase of chloride
penetration at higher compressive loading. Different fiber types have different resistance in the
chloride penetration under loading. Shorter fibers have better performance against chloride
penetration under loading as they were better dispersed in concrete. The effect of the tensile
loading was also conducted in the experiment. The result showed that there was a significant
increase in chloride penetration for all types of concrete even at low levels of tensile stress.
Nevertheless, fiber reinforced concrete still has a better performance compared to plain
concrete under tensile loading. oo

The experiment also showed the influence of the aggregate size on the chloride penetration in
concrete under loading. Larger aggregate size showed an increase in the chloride penetration
at a loading of 50% of the maximum compressive strength while smaller aggregate size showed
a small increase even at 80% of the maximum compressive strength.

Chapter 7 presents the influence of cyclic loading on the chloride penetration into concrete.
After being subjected to cyclic loading, the specimen was tested for chloride penetration under
applied compressive loading. Chloride penetration increases even more when the specimen was
subjected to cyclic loading compared to static loading condition. The penetration rate increases
with an increase in the number loading cycles when the concrete was subjected to higher level
cyclic loading. Under moderate level of cyclic loading, fiber reinforced concrete showed a
reduced increase in the chloride penetration with increase in the loading cycle while the plain
concrete showed a continuous increase with increase in the loading cycles. For low level cyclic
loading, the chloride penetration increases compared to static loading, however there was no
increase in chloride penetration with increase in the loading cycle.

Chapter 8 concludes the dissertation with the findings in this study and recommendations for
future researches. The changes in the chloride penetration when concrete is subjected to
loading shows the need to consider the effect of actual loading condition in the service life
assessment of the structure exposed to marine or other salt-laden environment. Based on the
loading distribution in the structure, the member subjected to high stress concentration would
have higher possibility of performance degradation due to corrosion and the inclusion of fibers
in concrete structures is very beneficial not only in improving its mechanical properties but it
also increasing its durability. The effect of loading on the chloride penetration into the concrete
structure should be included in the life assessment as it could also have a high influence on the
life cycle costs (LCC) of concrete structures.
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