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Reinforced concrete (RC) is one of the most widely used construction materials due to its excellent
mechanical performance, adaptability to various structural forms, and cost-effectiveness. With the
development of large-scale structures such as high-rise buildings and long-span bridges, RC members have
become increasingly complex in geometry, accompanied by denser reinforcement arrangements and
narrower rebar spacing. These features significantly hinder concrete flow during casting, often causing
filling blockage, segregation, and surface defects such as exposed reinforcement and honeycombing.

Meanwhile, the extensive use of chemical and mineral admixtures, industrial by-products, and recycled
materials has increased the complexity of the rheological behavior of fresh concrete. Traditional empirical
methods and mix design guidelines developed for conventional concrete are often inadequate for evaluating
the workability of modern concretes under complex reinforcement and construction conditions. For low-
and medium-flowability concrete, vibration is commonly applied to enhance fluidity, expel entrapped air,
and improve compaction. However, vibration significantly alters the rheological behavior of fresh concrete
depending on concrete properties, reinforcement configuration, and vibrator characteristics, and may
intensify aggregate segregation. Therefore, a quantitative understanding of the flow and segregation
behavior of vibrated fresh concrete in reinforced regions is essential.

In this context, numerical simulation has emerged as an efficient and powerful tool for evaluating the
workability of fresh concrete. Compared with experimental approaches, numerical methods offer higher
efficiency, lower cost, and full-field visualization of flow, segregation, and filling processes. By
incorporating material properties, rheological parameters, and construction conditions into computational
models, potential filling blockage and segregation risks can be predicted in advance, enabling optimized
mixture design and construction planning.

Given these challenges, this dissertation aims to develop a numerical analysis framework capable of
simulating the flow and segregation behavior of reinforced concrete during casting and vibration, thereby
contributing to a more predictive and rational approach to concrete design and construction management.

In Chapter 1, the research background, objectives, and overall framework of this dissertation are
presented.

In Chapter 2, previous studies on numerical simulation methods for fresh concrete, rheological models,
flow and segregation behaviors of lightweight aggregate concrete, and the effects of vibration on fresh
concrete were reviewed. Moreover, the problems waiting to be resolved were summarized.

In Chapter 3, a novel numerical method based on the moving particle semi-implicit (MPS) method is

developed to simulate the flow and segregation behavior of fresh concrete during the casting of reinforced
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members. Unlike conventional approaches that treat reinforcement as static boundaries, the restraining
effect of rebars on concrete flowing through narrow gaps is explicitly considered by increasing the normal
stress acting on the concrete. To account for this effect, a viscous granular material (VGM) rheological
model is adopted instead of the Bingham model. Fresh concrete is modeled as a two-phase fluid to describe
aggregate segregation. The method is validated through simulations of lightweight aggregate concrete
(LWAC) flow in an L-shaped box with rebars. The predicted aggregate volume fraction agrees with
experimental results within a 3% error, and the accuracy of flow prediction is significantly improved.
Compared with the static-boundary treatment of reinforcement, the proposed method reduces the error of
concrete flow prediction by approximately half.

In Chapter 4, the numerical framework is extended to incorporate the influence of coarse aggregate shape
on the flow and segregation behavior of fresh concrete. A shape index is proposed to quantitatively
characterize aggregate geometry. In the simulation, fresh concrete is represented by irregular coarse
aggregate particles and spherical mortar particles, with aggregate shapes reproduced using assemblies of
elementary particles. Experimental and numerical investigations are conducted for two types of concrete
cast in reinforced L-shaped molds. The results show that, for concrete containing poorly shaped crushed
stone, the proposed method improves simulation accuracy by approximately 30% for flow behavior and 204
for segregation behavior compared with the method in Chapter 3. In contrast, only marginal improvement is
observed for LWAC with nearly spherical artificial aggregates.

In Chapter 5, a numerical approach for simulating the filling and segregation behavior of reinforced
concrete under vibration is proposed. Vibration attenuation from an internal poker vibrator is quantified
using a vibration energy diffusion model, and the attenuation effect of reinforcement is incorporated
through a damping coefficient determined by the reinforcement volume ratio and the intrinsic damping
properties of the concrete. The method is validated using the L-Flow test, and the effects of rebar spacing,
vibrator characteristics, and concrete fluidity on compaction efficiency are investigated. The simulation
results show good agreement with experimental observations, with deviations in filling profiles within 10%.
The proposed method enables visualization of segregation-prone zones and provides a rational basis for
optimizing vibration duration and insertion spacing.

In Chapter 6, the main conclusions of this dissertation are summarized, the limitations of the present

study are discussed, and future research directions are outlined.
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