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In recent years, repair existing structures for extending the lifespans of structures has been emphasized from the
perspectives of reducing environmental impact and cost in life cycle. Major deterioration of concrete includes
carbonation, chloride attack, alkali-silica reaction (ASR), frost damage, and fire damage, etc. The chemical and
physical degradation in concrete and embedded steel reinforcement, reduces the strength and durability of reinforced
concrete structures. Ensuring structural integrity and extending service life require appropriate repair and
reinforcement strategies.

Although fire damage is less frequent compared to other deterioration, it significantly affects both surface layer
and internal concrete, leading to a substantial decline in structural performance. Current repair techniques, such as
surface impregnation and crack repairing, cannot address internal damage of concrete, making it difficult to restore
mechanical properties and durability of whole concrete. Consequently, deteriorated areas are typically removed and
rebuilt.

This study focuses on developing an effective repair technology for fire-damaged concrete from surface to interion,
A series of experiment were conducted to restore the mechanical properties and durability of fire-damaged concrete
using the highly permeable silicate modifier developed in this study. Furthermore, the applicability of the modifier
to improve the properties of low-quality or generally deteriorated concretes was explored.

This doctoral thesis consists of six chapters, which were summarized, respectively, as follows:

Chapter 1: Introduction
The deterioration factors of concrete, domestic fire situation, current repair methods of concrete after fire, and
associated challenges were described. Related studies were reviewed to clear up the issues of property recovery

of fire-damaged concrete. Finally, the objectives, and chapter outlines of this thesis were presented.

Chapter 2: Development of Highly Permeable Silicate Modifier
Lithium silicate, a typical silicate-based surface impregnation material of concrete, was modified by adding
sodium hydroxide to enhance its permeability and modification effect on concrete. Experiments were conducted
to determine the optimal mix proportions, through examining the relationship between the blending amount of
sodium hydroxide and the penetration depth in various strength concretes, including heated concrete. Analytical
techniques, including thermogravimetric-differential thermal analysis (TG-DTA) and X-ray diffraction (XRD),
were used to investigate the high permeability mechanism of this new modifier, through examining the reaction
behaviors between the new modifier and calcium hydroxide in concrete. The experimental and analytical results|

indicated that the modifiers with a Na/Si molar ratio of 0.50—1.25 have high permeability, and the addition of|

(Fnz 2,000 EFEEE / #5250 800 EFE )
(about 800 words)



A7 5 (512 %%, 5 31 R:BR)
(BEXN7 5) (Format No.7) 3535

NaOH retards the reaction between Si*" of Lithium Silicate and Ca(OH); in concrete, thus increasing the|

permeability of Lithium Silicate.

Chapter 3: Repair Experiments of Heat-Damaged Concrete Specimens
Repair experiments were conducted on the concrete specimens, which were produced with five different
mixtures ranging from normal to high strength, used for the JIS property test of concrete, and heated to 300
650°C. The effects of heating temperature, cooling method, and re-curing condition, and repare with the new|
modifier on the property recovery of heated concrete were investigated, including mechanical properties,
carbonation resistance, and freeze-thaw resistance. The experimental results indicate that the highly permeable

modifier significantly restored both the mechanical properties and durability of heated concrete.

Chapter 4: Repair Experiments of Large-Scale Fire-Damaged Concrete Panels
To achieve the practical application of the new modifier for post-fire concrete, the pressure injection method,
which has been used in lithium nitrite injection for ASR measure, were adapted in the concrete repair with the
new modifier. Large-scale concrete panels were heated under two scenarios of heat-lasting time, according to
the ISO834 standard heating curve. The new modifier solution was injected under sustained pressure (0.8MPa)
for up to 45 hours, achieving a penetration range of approximately 430-500 mm from per injection hole. The
results demonstrate that the pressure injection method was applicable for the new modifier, and the compressive

strength and durability of concrete in sufficiently penetrated areas can recover to the levels before heating.

Chapter 5: Application of the Repair Material to Non-Fire-Damaged Concrete
To broaden the applicability of the new modifier to non-fire-damaged concrete, the modifier was applied to the
concretes with low quality, which were fabricated with the mix proportions that do not meet the specifications of
the Japan Architectural Standard Specification for Reinforced Concrete Work (JASSS). The mechanical
properties, carbonation resistance, freeze-thaw resistance, and length change, etc. before and after the application
of the new modifier were investigated. The results revealed that the application of the new modifier can improve
the mechanical properties of low-quality concrete. The improvements in carbonation resistance, freeze-thaw
resistance, and air permeability were also confirmed, but the size of concrete almost did not change after the

modification.

Chapter 6: Conclusions and Future Works
The findings of this study were summarized, and future works for the practical application of the new modifier

were described.
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