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Abstract—Although the use of concrete and reinforced concrete
for construction has been widespread, more studies are needed
on marine structures exposed directly to corrosive environments
to prolong their service life. This paper proposes a new type of
shell precast concrete block for coastal structures, studying a
beam consisting of 15mm High-Performance Glass Fiber-
Reinforced Concrete (HPGFRC) at the bottom and 45mm
Traditional Concrete (TC) for the rest of the structure. Steel bar
reinforcements were placed at the bottom with a concrete cover
of 25mm to avoid abrupt failure. The strength classes of
HPGFRC and TC were 60MPa and 30MPa respectively. A
reference beam consisting of TC only was also prepared for
comparison. The four-point flexural bending test results showed
that the first cracking strength of the proposed beam was 20%
higher, as HPGFRC performed better on tension than TC.
Additionally, HPGFRC's maximum strength was 25% greater
than TC's. Furthermore, HPGFRC possessed more durable
characteristics such as waterproof grade, abrasion resistance,
and shrinkage than TC, promising to protect the reinforcement
from the aggressive marine environment and corrosion,
prolonging the service life of the structure.
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1. INTRODUCTION

Concrete is a versatile material that plays an important role
in various construction fields including civil engineering,
transportation, irrigation, and marine engineering [1]. Concrete
accounts for about 40% of used construction materials, while
concrete structures account for about 60% of building
structures [1, 2]. However, the Traditional Concrete (TC) has
many limitations causing significant impacts on buildings'
quality, such as cracks and poor flexural resistance [3, 4]. The
crack propagation affects the bearing capacity of the structure
enabling water and harmful components to easily penetrate the
concrete by breaking the bonds and damaging the structure in
general, especially in marine structures including shell concrete
block mats for seacoast protection, as illustrated in Figure 1.
Moreover, the chemical composition of seawater can cause
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corrosive phenomena to both the cement matrix and the
reinforcement of marine structures, reducing their service life

(51

Reinforced concrete was invented in the middle of the 19th
century, and it has been used for marine structures from the late
19th and early 20th century [6]. For instance, in Vietnam,
reinforced concrete was put into use by the French since the
last years of the 19th century [7, 8]. However, after 1960, the
volume of reinforced concrete works in marine environments
increased significantly. The actual durability or longevity of
reinforced concrete works has been thouroughly studied, and a
reinforced concrete structure can be sustainable for over 100
years in non-corrosive environments [9]. However, in an
aggressive marine environment, corrosion of reinforcement and
concrete leading to cracks may appear after 10-30 years of use
[8]. The actual service life of reinforced concrete structures
depends on the level of environmental erosion and the quality
of materials used, such as concrete's strength, waterproofing
grade, corrosion resistance, cement type, additives,
reinforcement type, design quality, etc. [10].
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This paper focuses on improving the mechanical
performance of a shell precast concrete block [14] which is
used mainly for producing the mat for coastal protection of
hydraulic works [11-15]. The constituent materials of a
concrete structure exposed to a marine environment should
withstand the harsh environment, and glass fiber seems to be an
effective option. This paper proposes the concept of a shell
precast concrete block having High-Performance Glass Fiber-
Reinforced Concrete (HPGFRC) in its partial cover layer, in
combination with TC, to protect the concrete matrix, especially
reinforcement, from the aggressive environment.

II.  MATERIALS AND METHODS

A. Constituent Materials

This study used Ordinary Portland Cement (OPC) type 1
42.5, conforming to the European cement standard EN 197-1.
Silica Fume (SF) was used as supplementary cementitious
material. The physical and the mechanical characteristics of
cement and SF are given in Tables I and II, respectively. Due to
the current scarcity of natural sand, manufactured sand and
crushed stone were used as fine and coarse aggregates for TC
and HPGFRC mixes, and their characteristics are shown in
Table III. Moreover, a sieve analysis was carried out, and its
results are shown in Table IV. Alkali resistant glass fibers,
conforming to ASTM C1666, were used for the HPGFRC mix,
and their characteristics are shown in Table V. A third-
generation polycarboxylate superplasticizer was used. The
characteristics of the superplasticizer and water are shown in
Table VI.
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TABLE 1V. GRADING OF AGGREGATES BY SIEVE ANALY SIS
Sieve Crushed stone | Manufactured sand
size Cumulative % retained
70 0.0
40 2.9
20 49.5
10 80.3
5 98.0 0.0
2.5 9.5
1.25 21.8
0.63 36.6
0.315 71.2
0.14 95.4
Pan 100 100
TABLE V. CHARACTERISTICS OF GLASS FIBER
Glass fiber conforming to ASTM C1666 Units Value
Content of ZrO, % 18.5
Specific density g/cm’ 2.5
Tensile strength MPa 1700
TABLE VL CHARACTERISTICS OF SUPERPLASTICIZER AND WATER
Parameter Superplasticizer Water
Specific density, g/cm’ 1,075 +1,095 1
pH value 4+6 7

B. Mix Proportions

Traditional concrete having a strength class of 30MPa at the
age of 28 days was prepared. This strength class was chosen
based on the local marketing demands. Two concrete mixes
were prepared by using manufactured sand, the TC and the

TABLE L OPC CHARACTERISTICS HPGFRC having a strength class of 60MPa. TC was prepared
Paramecters Units Test results by using the standard mix design method [1], while HPGFRC
Specific density glem’ 3.13 was prepared considering [16, 17], increasing powder content,
Bulk density g/cm’ 1.31 and reducing coarse aggregate as described in [18-20]. The
Blaine fineness cm’/g 3730 detailed steps for mixing are described in [21, 22]. The final
Consistency % 28.5 mix proportions of TC and HPGFRC are presented in Tables
Initial setting time min. 150 VIl and VI, respectively.
Final setting time min. 230
Soundness Ofcel.mm mm ! TABLE VII.  MIX PROPORTION AND FRESH PROPERTIES OF TC
3 days compressive strength N/mm’ 26.1
28 days compressive strength N/mm> 47.6 oPC Sand Stone Water Slump
kg kg kg L Cm
TABLE II. SF CHARACTERISTICS 377 653 1180 185 6
- Param.eters Unit§ Test results TABLE VIII.  MIX PROPORTION AND FRESH PROPERTIES OF HPGFRC
Specific density g/cm3 2.1
Bulk densit cm 0.93
Loss on igni,tion g/% 4.2 OPC | SF Sand g‘;‘:ﬁ sp Water S:':l(::zlvp
Content of SiO, % 93.5 kg kg kg kg L L cm
Content of ALO; % 0.92 500 50 1465 2.5 5.2 195 20
Content of Fe;O3 % 0.52
Content of SO; % 0.63
Content of CaO % 157 C. Specimen Preparation and Test Procedure
Due to limitations on time and financial expenditure, the
TABLE I COARSE AND FINE AGGREGATES CHARACTERISTICS shell precast beam was prepared as a prelimi_nary structure
Crushed Manufactured concept. The shell beam had 400mm length, 100mm breadth,
Parameters stone sand and 60mm depth. To prevent an abrupt failure due to the small-
Specific density, g/em’ 271 2.7 sized beam, a mild steel bar reinforcement with a 6mm
Bulk density, g/em’ 1.48 1.65 diameter was placed inside, two bars were arranged in its
Water absorption, % 0.9 1.9 tensile section, and the concrete cover was 25mm. The casting
Clay, silt and dust content, % L) 1.5 process of the shell precast concrete structure was initiated by
Fineness modulus - 3.01
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placing TC into the metallic mold containing the
reinforcement, as shown in Figure 2, up to a thickness of
45mm. This layer was compacted by a hand vibrator.
Afterwards, HPGFRC was prepared, as illustrated in Figure 3,
and poured above the TC layer with a thickness of 15mm.
Since HPGFRC is a self-compacting concrete, it did not need
any vibration. Besides, a beam having only TC was also cast
for the comparative study. Three identical specimens were
prepared for each type of beam. The specimens were cured for
24h, as demonstrated in Figure 4. Then, they were removed
from the molds, and placed in a climatic chamber with standard
curing conditions (T=20+2°C, RH>95%). After 28 days, the
specimens were taken out from the chamber, as shown in
Figure 5.

Fig. 4.

Specimen curing for the first 24h.

A four-point bending test was selected. The beam was
subjected to the test with a span of 300mm, and the distance
between loading points was 100mm, as presented in Figure 6.
The test was performed using a hydraulic testing machine, and

the load rate was 1kN per minute. The test was conducted up to
beam failure to acquire its maximum loading bearing capacity.
The control and the HPGFRC covered beams are shown in
Figure 7.

Fig. 6. Four-point bending test.
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Fig. 7. Beam types: (a) only TC (b) TC with HPGFRC cover.

III.  RESULTS AND DISCUSSION

A. Hardened Concrete Properties

Hardened concrete's properties are shown in Table IX. As it
can be observed, the TC achieved a concrete strength class of
30MPa, as designed. The compressive strength of HPGFRC
was twofold and its flexural strength was almost 2.5 times the
TC's. Besides, since the structure was supposed to be used in a
marine environment, the durable characteristics of HPGFRC
were also determined. The waterproof grade, the abrasion
resistance, and the shrinkage of HPGFRC were W12,
0.172g/cm’, and 1.196mm/m, respectively. Having these
hardened properties, according to the TCVN 9139:2012

www.etasr.com

Viet Duc: Improving the Mechanical Performance of Shell Precast Concrete Block for Coastal ...



Engineering, Technology & Applied Science Research

Vol. 11, No. 1, 2021, 6787-6791 6790

standard [23], HPGFRC can be considered as an anti-corrosive
material that can be used effectively in marine environments.

TABLE IX. HARDENED PROPERTIES OF TC AND HPGFRC
TC HPGFRC
Compressive Flexural Compressive Flexural
strength (MPa) | strength (MPa) | strength (MPa) | strength (MPa)
31.6 3.06 64.5 7.11

B. Flexural Test Performance

The flexural test results are provided in Table X. The
reference beam consists of only TC and the proposed one
consists of both TC and HPGFRC. As it can be observed, the
first-cracking strength of the reference beam is almost the same
as the flexural strength of TC. This is explained as the beam
after the cracking can sustain more load thanks to the steel bar
reinforcement. Otherwise, it would fail abruptly due to the
material's brittleness. Thus, the maximum flexural strength of
the reference beam is almost four-fold the cracking strength.

TABLE X. FLEXURAL TEST RESULTS

No First cra(cl\l/(lllr)lf)strength Mamrn(l;/rll;) 2s‘t)rength Failure mode
Reference beam

1 3.15 11.5 Bending

2 2.94 3.05 12.5 12.0 Bending

3 3.05 11.9 Shear
Proposed beam

1 3.63 15.8 Bending

3.55 3.62 149 15.4 Shear
3 3.69 15.5 Bending

When the proposed beam was subjected to the bending test,
there was a sagging and hogging moment where the bottom
layer was under tension and the top layer was under
compression. The HPGFRC was at the bottom and the TC was
on the top of the beam. Thanks to the significantly-high
flexural strength of HPGFRC, compared to the TC, it can be
observed that the proposed beams yielded first cracking
strength 20% higher than the reference ones. Besides, the
maximum strength of the proposed beam was about 25%
greater than the reference.

pro—

Fig. 8. Failure mode at the middle third due to bending.

During the flexural tests on both the reference and the
proposed beams, the first crack propagation always occurred at
the middle third, where the beam was exerted the maximum

bending moment. However, it was observed that they failed
either at the middle third due to bending or at both ends due to
shear, as can be observed in Figures 8 and 9. This was mainly
due to the role of the longitudinal reinforcement in the tensile
section of the beam and the lack of shear reinforcement [6].

Fig. 9.

Failure mode at the left third due to shear.

IV. CONCLUSION

This paper proposed the use of a High-Performance Glass
Fiber-Reinforced Concrete (HPGFRC) to improve the
mechanical performance of a shell precast concrete block for
coastal protection structures. Shell precast concrete beam
specimens were used for experimental tests. Due to better
tension response, HPGFRC of strength class 60MPa was
placed at the bottom of the proposed beam to enhance its
flexural performance. The first-cracking strength of the
proposed beam was 20% higher than a reference beam
consisting totally of Traditional Concrete (TP) with 30MPa
strength class. Moreover, the maximum strength of the
proposed beam was 25% greater than the reference.
Furthermore, as HPGFRC has much better durable
characteristics than TC, it can protect the reinforcement from
corrosion in aggressive marine environments, prolonging the
service life of structures.
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