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ABSTRACT

Concrete structures play an important role in society, serving as a vital
component of infrastructure and helping to ensure public safety. To ensure
that such structures can be used continuously over long time frames, it is
critical to reduce their life -cycle costs and to implement environmentally
friendly techniques to repair and reinforce them. Meeting this challenge
requires builders to use repair materials having minimized environmental
load.

One kind of widely used repair material is fiber-reinforced polymer cement
mortar (FRPCM), which offers better resistance to degradation factors and

tensile properties than conventional mortar. In cold climates, repeated



freezing and thawing result in the spalling of concrete surfaces, allowing COg,
chloride ions, and other degradation factors to penetrate and corrode the iron
rebars inside. This means that repair materials used in cold climates must
have excellent resistance to frost damage. The selection of construction
materials is also guided by the Green Purchasing Law. This legislation,
enacted in 2001, requires both the national and local governments to prioritize
the procurement of so-called “designated procurement items”, products that
help to reduce environmental load.

To attempt to address these concerns, this study details the development of
a new kind of fiber-reinforced polymer cement mortar having reduced
environmental load suited for use in cold climates (hereafter, “ECO-FRPCM”),
from the material-design to performance-testing stages.

Chapter 1 describes the background of the study along with the findings of previous
research.

Chapter 2 outlines the development concept of ECO-FRPCM, and examines
the effects of admixture and fiber types on estimated mixing proportions,
thixotropy, flexural strength, compressive strength, curing shrinkage, frost
resistance, workability, and toughness in commercially available FRPCMs. It
concludes by proposing a basic ECO-FRPCM formulation containing
polypropylene fibers (0.5%) and a 6:4 mixture of polyvinyl alcohol and

polyethylene fibers (1.5%).

Chapter 3 contains the results of evaluating the chemical resistances of ECO -
FRPCM—specifically, to carbonation and to sulfate- and chloride-ion ingress—with
respect to a typical mortar (water—cement ratio of 0.5). ECO-FRPCM had inferior
carbonation resistance to the conventional mortar, due to the effects of ground -

granulated blast-furnace slag and fly ash used in the admixture. However, it exhibited



excellent sulfate and chloride resistance.

Chapter 4 identifies several factors that affect the shrinkage behavior of
ECO- FRPCM by examining how it is affected by expansive additive type,
shrinkage-reducing agents, and temperature and humidity conditions. It also
notes the need to take into account the compensating effects of expansive
additive when attempting to evaluate curing shrinkage.

Chapter 5 examines the effects of frost-related deterioration on the tensile
behavior of ECO-FRPCM (1.5% fiber content) with a typical fiber-reinforced
mortar (FRM). The FRM’s tensile properties were affected by even minor frost
damage. However, ECO- FRPCM lost its anticipated pseudo strain-hardening
properties once its relative dynamic modulus of elasticity fell below 80%,
instead exhibiting strain -softening behavior. The chapter concludes by
proposing a method for estimating tensile fracture behavior based on the

relationship between fiber bonding strength and composite crack-tip toughness.

Chapter 6 recaps the thesis by summarizing the findings from Chapters 1 through 5.
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