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Abstract

This article presents a numerical simulation of the stress and displacement responses of coral
aggregate concrete (CAC) slabs reinforced with glass fibre-reinforced polymer (GFRP) bars
and externally strengthened with textile-reinforced concrete (TRC) under blast loading
conditions. The panel consists of a B22.5-grade coral concrete core (equivalent to C35/45),
combined with a surface TRC layer composed of a Sigratex Grid 350 carbon textile
embedded in high-strength fine-grained concrete (grade M600). The integration of GFRP,
TRC, and CAC offers advantages in terms of corrosion resistance, utilisation of locally
available marine aggregates, and enhanced dynamic load resistance, making it a promising
solution for coastal and island infrastructure subjected to blast effects. The simulation results
demonstrate that the inclusion of the TRC layer significantly reduces both stress concentration
and peak displacement at the panel’s centre. Moreover, it contributes to the confinement of
localised damage zones caused by the propagation of blast-induced shock waves. This study
provides valuable insights into the potential application of TRC-strengthened CAC structures
in marine, military, and defence-related constructions.

Keywords: Coral aggregate concrete; FRP-reinforced concrete; TRC-strengthened FRP-reinforced
concrete panel; blast loading; numerical simulation.

1. Introduction

Coral aggregate concrete (CAC) has recently attracted increasing attention due to
its potential applicability in coastal, island, and marine infrastructure. Utilising dead
coral as coarse aggregate not only contributes to environmental sustainability but also
significantly reduces transportation costs for remote areas where conventional
construction materials are difficult to access. However, due to its porous structure and
limited mechanical performance, CAC generally exhibits lower compressive strength
and inferior corrosion resistance compared to conventional concrete. These limitations
hinder its broader application unless effective reinforcement strategies are adopted [1].

One promising solution to enhance the mechanical behaviour of CAC is the
incorporation of textile-reinforced concrete (TRC) as a surface strengthening layer. TRC
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Is an advanced composite material that integrates high-strength fine-grained concrete with
fibre textiles (typically glass or carbon). This composite offers superior crack control,
enhanced energy absorption, and excellent performance under dynamic loads such as
blast and impact [2], [3]. Additionally, TRC has been shown to reduce fragmentation
upon failure, which is particularly advantageous for structures requiring high levels of
safety [2], [3].

In parallel, fibre-reinforced polymer (FRP) materials, especially glass fibre-
reinforced polymer (GFRP), have been recognised as a viable replacement for
conventional steel reinforcement in marine environments due to their lightweight
nature, high tensile strength, and superior corrosion resistance. Replacing steel with
FRP in reinforced concrete has been proven to extend service life and reduce
maintenance costs, particularly in chloride-rich conditions [4]-[6].

The combination of coral concrete, FRP reinforcement, and TRC strengthening
forms a hybrid material system that is lightweight, durable, and well-suited for harsh
coastal and island climates. In this configuration, FRP serves as the main load-carrying
component in tension, while TRC provides supplemental reinforcement to control
cracking, distribute stress, and enhance dynamic load resistance [4]. These synergistic
advantages make the hybrid system highly promising for military infrastructure, coastal
facilities, and long-term service applications in demanding environments.

Previous studies have shown that incorporating advanced materials such as UHPC
reinforced with FRP [7], fibre-reinforced concrete (FRC) [8], and combined FRP-TRC
systems [2], [3], [9] can significantly improve dynamic resistance. TRC plays a critical role
in enhancing ductility, limiting the extent of damage, and managing crack propagation,
whereas FRP offers a corrosion-resistant alternative to steel. Nevertheless, the widespread
application of FRP remains constrained by cost, and numerical investigations on FRP-
reinforced CAC slabs strengthened with TRC are still limited [7], [9].

In particular, investigating TRC-strengthened FRP-reinforced CAC slabs under
blast loading remains a relatively novel approach. Numerical simulation of such systems
poses challenges due to the nonlinear behaviour of materials, interlayer interactions, and
complex boundary conditions. However, prior research on TRC-strengthened concrete
elements suggests that with properly defined interface models, the TRC layer can
significantly enhance load-bearing capacity, mitigate cracking, and improve the overall
dynamic response of the structure [10], [11].

Although previous studies have primarily focused on FRP as the load-bearing
reinforcement for concrete slabs or on TRC as strengthening solutions for reinforced
concrete slabs, the synergistic interaction between TRC and FRP-reinforced coral
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aggregate concrete (CAC) slabs has not yet been systematically investigated. In
addition, a further novelty of this study is the replacement of conventional concrete with
coral concrete. To address this research gap, the present study conducts one of the first
numerical assessments of the extent to which TRC enhances the dynamic behaviour of
FRP-reinforced coral concrete slabs under blast-induced shock waves. The study is
carried out through finite element simulations in Abaqus, in which two models, with
and without a TRC layer, are compared in terms of stress distribution and displacement
response to quantify the strengthening effect of TRC under dynamic loading. The
obtained results are expected to provide scientific insights and practical guidance for the
design and application of coral concrete structural systems in both military and civilian
constructions in coastal and island regions, where high durability and blast resistance
are required.

2. Numerical simulation of TRC-strengthened FRP-reinforced coral
concrete slabs under blast loading

2.1. Numerical model

The dynamic behaviour of reinforced concrete structures subjected to blast loading
differs significantly from static loading, both in terms of reaction nature and damage
mechanisms. This is a complex process influenced by many factors, such as material
strength degradation, shock wave propagation, and the non-linear mechanical
characteristics of the affected structure. In studies related to the mechanical effects of
blast waves, some simplifying assumptions can be applied to simplify the calculation
model. Specifically, the explosive charge is often assumed to detonate instantaneously,
and in an air environment, atmospheric pressure can be neglected due to the very large
difference between air pressure and the initial pressure of the explosion products. When
the distance from the point of explosion to the structure is less than about 10-15 times the
radius of the charge, the effect of the surrounding medium density can be considered
negligible. However, at greater distances, air density begins to have a noticeable effect on
the propagation of the shock wave, as the density of the explosion products gradually
decreases as they move away from the centre of the explosion. The velocity of the moving
explosion product particles upon ejection is an important parameter for accurately
modelling the wave pressure acting on the structure's surface and predicting the
corresponding damage level. According to the law of energy conservation, this velocity in
the initial stage immediately after detonation can be determined by the formula:

Uy =/2.Q,, (M/s) 1)
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where Q,is the specific heat of the explosive (J/kg), u, is the velocity set along the
normal direction to the explosive surface (m/s).

It is assumed that air behaves as an ideal gas. When the gas is moving at a
velocity u, encounters an obstacle at a certain angle, it creates pressure acting on the

obstacle's surface. The value of this pressure can be determined by the formula derived
from the momentum conservation theorem:

D= Pra [1—3j _ )
T

where p,., IS the maximum pressure at the point considered on the obstacle surface:
r v-1
SN 0
r

o is the angle between the normal to the obstacle surface and the radius connecting the
point under consideration to the initial explosion centre (Fig. 1), r, is the radius of the
explosive charge; for a planar charge, the radius is % the thickness of the charge (m),
r is the distance from the first symmetry centre to the point where density needs to be
determined (m), p, is the pressure of the explosion products (N/m?), z is the duration
of load action on the research point (s), t is the time of action counted from the moment

the first particle of the explosion products meets the point under consideration (s), v is the
degree index of the 1D flow (for a planar charge, the value is 1).

3N

Fig. 1. Schematic layout of the explosive charge relative to the obstacle.

The JWL (Jones-Wilkins-Lee) model is one of the popular models for simulating
the explosive behaviour of explosive materials. This model was developed to describe
the interaction between explosive energy and the pressure generated during the
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explosion process. The core of JWL is the equation of state for the explosive material,
where pressure (P) is determined by the relationship with volume (V) and energy from
the explosion products. The JWL equation of state is expressed in the form:

P=Al1--? |ew 1p[1- @ |erv , ©E 4)
RV RV \Y

where P is the generated pressure; A and B are model parameters dependent on the type

of explosive material; V is the current volume; o is the Griineisen coefficient.

The JWL equation of state is often applied in modelling explosive materials,
helping to describe the relationship between pressure, volume, and energy of explosion
products. It is empirical and allows flexible calibration from experimental data during
both the initial expansion phase and the expansion phase of the blast wave region. A, B,
R,,R,,® are in principle constants that need to be determined through experimental

methods and data analysis. Abaqus software supports the JWL model directly and easily
by declaring the JWL parameters in the material definition section. The research
conducts a numerical simulation of a blast test on a FRP-reinforced concrete panel
subjected to shock wave loading at close range. The experimental setup diagram and
geometric shape of the panel are illustrated in Fig. 2.
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Fig. 2. FRP-reinforced coral concrete panel subjected to blast loading.

The FRP-reinforced concrete panel has dimensions length x width x thickness =
80 cm x 80 cm x 10 cm. Figure 2 illustrates the explosive charge setup relative to an
obstacle reinforced with 6-mm-diameter FRP bars in two perpendicular directions, with
a mesh spacing of 150 cm x 150 mm. For the sample with TRC reinforcement, the FRP-
reinforced concrete core has dimensions length x width x thickness = 80 cm x 80 cm x 7 cm.
A 3 cm thick TRC reinforcement layer is added on top, forming a total panel thickness
of 10 cm. The TRC layer consists of Sigratex carbon fibre mesh arranged in the middle
of the high-strength fine-grained concrete layer, with a mesh area of 50 cm x 80 cm, as
shown in Fig. 3.
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In the experiment, 50 g Trinitrotoluene (TNT) explosive blocks were used, with the
distance from the explosion centre to the top surface of the panel set to 20 cm. The panel
samples were supported in 2 cases: simply supported on 2 edges (Case 1) and simply
supported on 4 edges (Case 2); each supported edge has dimensions length x width x
height = 80 cm x 15 cm x 15 cm. The numerical simulation results are compared with
experimental data to assess their accuracy.
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a) TRC layer b) loading diagram c) experimental setup

Fig. 3. TRC-strengthened FRP-reinforced coral concrete panel subjected to blast loading.

2.2. Material model

* Concrete material
The concrete used in the study has a compressive strength equivalent to B22.5

strength class, with a bulk density p = 2.55 g/cm?®, and compressive strength f. = 39.5 MPa,
tensile strength f,= 4.1 MPa and elastic modulus E = 29.54 GPa. The concrete mix

design follows the findings reported in [13], and the detailed material parameters are
presented in Tab. 1. To simulate the mechanical behaviour of coral concrete under
shock-wave loading, the Concrete Damaged Plasticity (CDP) model was adopted, as it
effectively captures the characteristic plastic failure mechanisms of concrete [14]. The
specific parameters of coral concrete in the CDP model are referenced and calibrated
based on the research of Esfahan et al., which was conducted for concrete with a
strength class equivalent to B20.

* TRC reinforcement material

The TRC reinforcement layer is composed of Sika Grout 214-11 fine-grained
concrete combined with Sigratex Grid 350 carbon textile mesh. Detailed mechanical
properties of these two materials are presented in Tab. 1 and referenced from previous
studies [9], [15].

In the numerical simulation model, the carbon fibres in the TRC mesh are defined
using the HJC (Holmquist-Johnson-Cook) brittle failure model, assuming they carry

tension, not compression, and behave linearly within the working range. The parameters
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are shown in Tab. 1. This model choice aims to accurately reflect the actual mechanical
properties of carbon fibres under dynamic loading conditions.

Tab. 1. Material parameters for two types of concrete and textile fibre

: f f, E /4
Material (MPa) (MPa) (MPa) v (kg/m?)
Coral concrete B22.5 30.12 3.78 25740 0.20 2271
Fine aggregate concrete Sikagrout 214-11 74.6 15.2 32600 0.18 2400
Sigratex grid 350 textile - 623 31940 0.22 1740

* FRP reinforcement material

The FRP reinforcement used in the study is made from glass fibres, moulded into 6
mm diameter round bars with ribs, suitable for the actual working conditions of concrete
structures. In the numerical simulation, a linear elastic material model is applied for the
FRP bars, reflecting the linear mechanical characteristics and dominant elastic behaviour
of this material within the working range before failure. To simulate the debonding
phenomenon between the FRP and the surrounding concrete layer, a debonding failure
model is developed based on the work of Lorenzis and Tegola. This model incorporates
the ratio between dynamic and static debonding loads to better reflect the actual behaviour
of the reinforcement under rapid loading conditions. Specific input parameters for the
FRP material and the debonding model are presented in Tab. 2 [15].

Tab. 2. Mechanical properties of GFRP bars

Symbol Parameter GFRP
p Density 1.80 g/cm3
Elastic modulus along the
E o N :
a longitudinal direction 309 GPa
Compressive strength along
X o Lo
¢ the longitudinal direction 480 MPa
Tensile strength along the
X e .
T longitudinal direction 983 MPa
Y, Compressive streng?h along 140 MPa
the transverse direction
Y, Tensile strepgth _along the 40 MPa
transverse direction
Se Shear strength 70 MPa
Vv, Poisson's ratio 0.2
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2.3. Numerical simulation

Through numerical simulation, the study analysed the mechanical behaviour of
FRP-reinforced coral concrete panels reinforced with TRC when subjected to blast
waves at close range. The simulation process was performed on a 3D model using
ABAQUS software, where the Coupled Eulerian-Lagrangian (CEL) method was applied
to accurately simulate the propagation of explosion products and the impact of shock
waves on the panel structure

* The following modelling assumptions were accepted:

The bond between the TRC layer and the FRP-reinforced coral concrete is assumed
to be perfect (perfect bond), with no slip occurring between the two material layers.

The FRP glass fibre reinforcement is considered an ideal linear-elastic material,
perfectly bonded to the coral concrete.

The FRP-reinforced coral concrete panel behaves linearly elastic until failure.

Air is modelled as an ideal gas.

Blast loading is simulated using the CEL method instead of simpler models like
Conwep, because close-range blast conditions require considering the direct interaction
process between explosion products and the structure [16].

* The bonding model between the materials is established as follows:

Coral concrete & FRP reinforcement: Since the FRP reinforcement is cast
together with the concrete using traditional construction methods, the bond between the
two materials is simulated using the Embedded Region Constraint, where the coral
concrete is the master and the FRP reinforcement is the slave. This bond allows the FRP
bars to function like steel reinforcement in traditional concrete without relative slip. The
panel structure and FRP reinforcement are simulated using the Lagrangian method.

Contact between the coral concrete and the TRC layer (Sika Grout 214-11) was
modelled as a perfect bond, assuming no separation between the two materials. The
simulation uses a Tie Constraint to ensure effective force transfer between the two layers.

For the carbon fibre textile mesh in the TRC layer, the textile fibres were
positioned at the mid-depth of the Sika Grout 214-11 layer and modelled using the
Embedded Region constraint, enabling the mesh to act integrally with the fine-grained
concrete layer without local slip.

* Blast load model and boundary conditions:

Since the explosion occurs at a close distance, idealised models like Conwep Blast
Load do not fully reflect the complex interaction process between explosion products and
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the structure. Therefore, the Coupled Eulerian-Lagrangian (CEL) method is applied to
directly simulate the explosion process and wave propagation in the surrounding air
medium. The air in the simulation is set up with non-reflecting boundaries to limit reflection
effects from the model boundaries. The support areas of the panel are fixed in displacement
and deformation, simulating the boundary conditions from the actual experiment.

* 3D model parameters:

Two models are constructed corresponding to panels with and without TRC
reinforcement (Figs. 4 and 5). The model structure includes:

Coral concrete: 8000 elements;

FRP reinforcement: 390 elements;

TRC mesh and fine-grained concrete: 2660 elements;

Main structural element size: 2 cm x 2 cm x 2 cm (ensuring calculation accuracy
and simulation efficiency).

Explosive charge simulation: uses 8000 Eulerian elements, with each element size
1.5 mm x 1.5 mm x 1.5 mm to ensure accurate simulation of the expansion process and
the impact of explosion products.

* Conduct a simulation for 2 cases of panels supported on 2 edges and 4 edges for
2 samples of FRP-reinforced coral concrete with and without TRC reinforcement.

Fig. 4. FRP-reinforced coral concrete Fig. 5. TRC-strengthened FRP-reinforced coral
panel model using Abaqus software. concrete panel model using Abaqus software.

2.4. Simulation results

» Case 1: 2-edge supported panel

Displacement: Displacement over time steps for FRP-reinforced coral concrete
panels (abbreviated as panels) with and without TRC reinforcement subjected to blast
wave loading are shown in Figs. 6a and 6b. The displacement comparison graph for the
two panels is shown in Fig. 7.

In comparison with the experimental measurements (Fig. 8), the numerical
simulations consistently predict higher displacement values. Specifically, the
experimental and simulated displacements are 1.4 and 2.5 mm, respectively, for the
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unstrengthened panel, and 1.05 and 1.17 mm for the TRC-strengthened panel. Despite the
difference in absolute values, both methods exhibit a high degree of consistency in terms
of overall behavioural trends and the relative performance between the two panel types,
with the TRC-strengthened panel consistently demonstrating reduced deformation and
displacement. This level of agreement suggests that the numerical model, although based
on idealised assumptions, remains a reliable tool for evaluating structural behaviour. It is
particularly valuable during the design, optimisation, and scaling stages, where full-scale
experimental testing may be impractical due to economic or technical constraints.
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Fig. 6. Displacement at the centre of the panel:
a) Unreinforced panel; b) TRC-reinforced panel.
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Fig. 7. Comparison of displacement at the centre of the underside
of TRC-reinforced and unreinforced panels.

From the numerical simulation results, it is observed that the maximum
displacement of the TRC-strengthened panel is 1.17 mm, while the displacement of the
unreinforced panel is 2.5 mm. Thus, with TRC and fine-grained concrete reinforcement,
the displacement of the panel is reduced by about 53% compared to the unreinforced
case. Simultaneously, observing the displacement-time graph of the unreinforced panel,
the displacement increases, but the recovery is very small (about 0.3 mm); conversely,
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the graph for the reinforced panel shows a larger recovery (about 0.7 mm) compared to
the maximum displacement.

Experiment {1 Simulation

TRC-reinforced panel Unreinforced panel
Fig. 8. Experimental vs. numerical displacement comparison.

Stress: The stress at the underside of FRP-reinforced coral concrete panels, with
and without TRC reinforcement, under blast loading is shown in Figs. 9a and 9b. The
stress comparison graph for the two panels is shown in Fig. 10.
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Fig. 9. Stress distribution on the underside of the panel under blast loading:
a) Unreinforced panel; b) TRC-reinforced panel

From the graph, it is observed that the maximum stress at the centre of the FRP
reinforcement in the TRC-reinforced FRP-reinforced coral concrete panel is approximately
16.5 GPa. In contrast, in the unreinforced panel, it is approximately 27 GPa (stress
reduction of about 40%). In addition, the stress response of the TRC-reinforced panel
exhibits greater stability during the recovery phase compared with the unreinforced panel,
consistent with the behaviour observed in the four-edge-supported configuration (Case 2).
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Fig. 10. Comparison of stress in FRP reinforcement at the centre of the underside
of TRC-reinforced and unreinforced panels.

* Case 2: 4-edge supported panel

Displacement: Displacement over time steps for FRP-reinforced coral concrete
panels with and without TRC reinforcement subjected to blast wave loading are shown
in Figs. 11a and 11b. The displacement comparison graph for the two panels is shown in
Fig. 12.

a) b)
Fig. 11. Displacement distribution on the underside of the panel under blast loading:

a) Unreinforced panel; b) TRC-reinforced panel.

From the graph, it is observed that the maximum displacement of the TRC-
reinforced panel is 1.7 mm, while the displacement of the unreinforced panel is 3.84 mm.
This clearly shows that with TRC and fine-grained concrete reinforcement, the
displacement of the panel is reduced by more than 50% compared to the unreinforced
case. Furthermore, observing the displacement-time graph of the unreinforced panel, the
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displacement increases, but there is no recovery. Conversely, the graph for the
reinforced panel shows significant recovery compared to the maximum displacement
(after recovery, the displacement is about 1 mm).
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Fig. 12. Comparison of displacement at the centre of the underside
of TRC-reinforced and unreinforced panels.

Stress: The stress at the centre of the underside of FRP-reinforced coral concrete
panels with and without TRC reinforcement is shown in Figs. 13a and 13b. The stress
comparison graph for the two panels is shown in Fig. 14.

From the graph, it is observed that the maximum stress at the centre of the FRP
reinforcement in the TRC-reinforced FRP-reinforced coral concrete panel is
approximately 38 GPa. In contrast, in the unreinforced panel, it is approximately 52 GPa
(stress reduction of about 30%). Simultaneously, the stress graph of the TRC-reinforced
panel shows clearer stability during the recovery phase than the unreinforced panel.

From the comparison graphs of stress for the two types of FRP-reinforced coral
concrete panels, reinforced and unreinforced with TRC, in the two cases of 2-edge and
4-edge support, a common observation can be easily made:

- The displacement at the centre of both panels in both cases shows positive
results regarding the effectiveness of the TRC system reinforcement, as the maximum
displacement values are significantly reduced (reduced by about 50% for the reinforced
panel). The elastic phase of the unreinforced and TRC-reinforced panels develops
similarly. However, in the unreinforced panel, the recovery phase has a much smaller
value than in the TRC-reinforced panel. From this, it can be assessed that significant
plastic deformations occur in the unreinforced panel, and the reinforcement system has
a clear effect in improving the flexural capacity of the panel.
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- The stress in the FRP reinforcement of both panels in both cases also shows
similar results, as the TRC system helps to distribute stress evenly over the panel
surface, resulting in a much lower stress value for the TRC-reinforced panel compared
to the unreinforced panel (about 30-40%). Furthermore, the stress graph at the FRP
reinforcement of the TRC-reinforced panel shows clearer stability during the recovery
phase. Thus, it can be seen that the reinforcement significantly increases the panel's
stiffness when subjected to blast loading, thereby limiting the impact of blast waves on
the structure and increasing its load-bearing capacity and durability.

a) b)

Fig. 13. Stress distribution on the underside of the panel under blast loading:
a) Unreinforced panel; b) TRC-reinforced panel.
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Fig. 14. Comparison of stress in FRP reinforcement at the centre of the underside
of TRC-reinforced and unreinforced panels.
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- The reduction in displacement and peak stress observed in the TRC-strengthened
panel can be attributed to several mechanisms: (1) the additional TRC layer with higher
stiffness increases the overall stiffness of the panel; (2) the multi-cracking mechanism
effectively controls crack development; and (3) energy is absorbed through fibre pull-
out and friction rather than through brittle failure.

3. Conclusion

The study presents the results of numerical simulations of FRP-reinforced coral
concrete panels, with and without TRC reinforcement, subjected to blast wave action in
two cases: 4-edge-supported and 2-edge-supported. The stress and displacement results
for both cases show that their development process is similar, with two stages: linear
elastic and linear plastic. However, the displacement value of the TRC-strengthened
FRP-reinforced panel is much smaller than that of the unreinforced panel.
Simultaneously, the stress graphs of the reinforced and unreinforced panels also show
similarity in the process of increasing blast wave loading, but the stress value of the
reinforced panel is clearly reduced. This confirms the effectiveness of using the TRC
layer for strengthening FRP-reinforced coral concrete panel structures. This behaviour
Is attributed to the increased structural stiffness provided by the TRC layer, effective
crack control through multiple cracking, and energy dissipation via stretching and
friction instead of brittle failure. The current study focuses on investigating a specific
problem with a fixed explosive charge mass and distance. For future work, we will
investigate parameters such as material type, explosive charge mass, and the distance
between the explosive charge and the structure surface. In addition, the performance of
each reinforcement technique individually (e.g., TRC-only, FRP-only) will be
evaluated. Besides, the stress state, deformation, and crack development in the coral
concrete panel will also be emphasised in subsequent studies. The results from this
research will provide an important basis for improving the design and enhancing the
performance of coral concrete, TRC-FRP reinforcement systems, compared to
reinforced concrete in practical applications.
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NGHIEN CUU MO PHONG TRANG THAI UNG SUAT
VA CHUYEN VI CUA TAM BE TONG SAN HO COT FRP
GIA CUONG TRC CHIU TAI TRONG SONG NO

Nguyén Thi Thu Nga?, Vii Dinh Thanh!, Nguyén Xuan Bang?
Wién Ky thudt céng trinh ddc biét, Truong Pai hoc Ky thudt Lé Quy Pén

Tom tit: Bai béo trinh bay két qua md phong trang thai wng suat va chuyén vi caa tim
bé tong san hd cdt soi thuy tinh FRP, duoc gia cudng bang 16p bé tdng cbt ludi dét TRC dudi tac
d6ng cua tai trong song nd. TAm bé tdng sir dung bé tdng san hd cip do bén B22,5 1am 16p 16i, két
hop véi ludi dét Sigratex Grid 350 dat trong 16p bé tong hat min mac 600 lam Iép gia cuong bé
mit. Viéc két hop giira vat liéu FRP, TRC va bé tong san hd khéng chi dap tng yéu cau chéng an
mon, tan dung cét lidu dia phuong ma con nang cao kha ning chiu tai trong dong cho két cau. Pay
1a huéng nghién ciru méi, co ¥ nghia thiét thyc trong thiét ké va xay dung cong trinh bién dao
phuc vu phat trién kinh té va dam bao quéc phong - an ninh. Két qua mé phong cho thiy 16p TRC
c6 hiéu qua rd rét trong viéc giam (ng suat va chuyén vi tai tam tim, dong thoi thu hep viing pha
hoai cuc bo khi chiu tac dong caa séng xung kich.

Tir khoa: Bé tong san hd; bé tdng cot FRP; tdm bé tong cot FRP gia cuwong TRC; tdi trong
s6ng ng; md phong so.
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