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Fiber-reinforced polymer (FRP) rods fabricated from unidirectional fibers and a polymer
matrix strengthen effectively reinforced concrete (RC) members. The pultrusion is a production
method of FRP rod. The FRP rods show various advantages, such as light and no-corrosion. Most
FRP rods have higher tensile strength than standard steel bars. Therefore, the FRP rods can be
used as an alternative reinforcement of steel bars in RC structures. In addition, FRP rods can be
applied in near-surface mounted (NSM) systems for strengthening existing concrete structures. The]
tensile properties of FRP rods in adhesively bonded anchorages are expected to be studied in detail.
Numerous experimental studies were conducted on FRP rods made of glass, carbon, aramid, or]
basalt fibers. The previous studies have reported that the tensile properties of FRP rods are affected
by the shear-lag effect. However, these studies referred to the tensile failure, the shear-lag effect of
FRP rods as a phenomenon without a mechanical explanation. Moreover, the effects of mechanical
properties of fibers, matrix, fiber-matrix interface on FRP rod properties have not been investigated
in detail.

To quantify factors affecting the tensile properties of FRP rods, this study performed a
numerical investigation on aramid FRP rods to assess the shear-lag effect, tensile load-capacity,
and tensile strength. In addition, the effects of fiber, matrix, and fiber-matrix interface on the
behavior of FRP material in three dimensions were demonstrated by micro-models. Firstly, two|
representative volume element (RVE) models of fibers and matrix were proposed to predict]
engineering constants and strengths of the FRP material in three dimensions. Based on the
predicted strength, the criteria were designed. Then, the main simulation, including the FRP rod,
the filling material, and the steel tube, was carried out to analyze FRP rods under the variation of]
interfacial conditions between materials, including full-bonding strength and partiallybonding]
strength models. In the partially-bonding strength model, the interfaces between materials were
simulated as cohesive zone models with the variation of bond strengths and fracture energy release
rate.

A technique called submodeling was applied to enhance the simulation results. The submodel
was cut from the main simulation model and only applied to simulate FRP rods with finer meshes,
The study proposed a procedure for calculating the stress distribution in any cross-section of an|
FRP rod. The simulation results agreed well with the previous experimental study. The findings
clearly indicated the position of the failure section in which the tensile stress distribution ig

unequal. The load-capacity, failure modes, shear-lag effect were predicted based on the maximum|
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stress criterion. The results revealed that the FRP material strengths enforce the failure in two

modes associated with the transverse and longitudinal directions of FRP rods. In addition, diameter
is a significant factor that increases the shear-lag effect and reduces the tensile strength of the FRP
rods. The numerical simulation provided a new method to predict the load-capacity of FRP rods.
The study consists of 6 chapters. Outline of the chapter was presented as follows:

Chapter 1 introduces about kinds of FRP rods and their application in civil engineering. The
chapter shows the research objects, the gaps in composite studies, and the scopes of the present|
research.

Chapter 2 summrizes the review of previous studies related to the theoretical studies of the
composite materials. The chapter reveales the gap of theory. In addition, the study compares the]
advantages and disadvantages of previous studies and proposes methods and models for the
present study.

Chapter 3 presents the simulations of the representative volume element (RVE) models to
determine the mechanical properties and strengths of composite materials. The study investigates|
the effects of the fiber properties and fiber-matrix interface on composite mechanical properties in|
detail. The RVE-1 model was employed to predict engineering constants of the FRP material. The
RVE-2 was applied to predict the tensile and shear strengths in three dimensions.

Chapter 4 shows the numerical simulations of the FRP rod tensile tests with various cases of]
the materials in Chapter 3. The models are built in two cases of the interface between the FRP rod
and filling material: full-bonding and partially-bonding strengths. In the case of the full-bonding
strength, three models are built with three hypotheses of FRP rod material. Three models, A, B, and
C, were proposed to demonstrate the effect of fiber properties on FRP properties. Model A was built
based on the hypothesis that the FRP rod is made of transversely isotropic fibers. Model B wag
made to simulate with an FRP rod of isotropic fibers. Model C assumes the FRP rod as an isotropic
material. In the case of the partially-bonding strength, the study models various interface cases
between the FRP rod and the filling materials to investigate the bonding effects. The proposed|
models were applied to simulate FRP rods from D3 to D8 to analyze the diameter effect.

In Chapter 5, the difference between the proposed models was discussed to show the
advantages and disadvantages of each model. Firstly, the study compared models (A, B, and C) to
highlight the effect of fiber properties on FRP rods. Secondly, the study compared the
partially-bonding strength and full-bonding strength models to investigate the bonding effects on|
the tensile properties of FRP rods. Moreover, the chapter illustrates the existence of the shear-lag]
effect and demonstrates the diameter effect on tensile strength in FRP rods.

Chapter 6 summarizes the novel findings and research significance of the study. In addition,

recommendations for future works were also presented.
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