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Abstract: This study aims to investigate the
mechanical properties of sisal fibre-reinforced
seawater coral aggregate concrete (SFSCAC) under
triaxial compression, so as to explore and promote
its application in marine engineering. With sisal
fibre content and confining pressure as the varying
parameters, four groups of cylindrical specimens
were designed and fabricated. Through triaxial
compression tests, the failure modes, stress—strain
curves, peak stress, peak strain, elastic modulus,
ductility coefficient, and energy dissipation capacity
of the specimens were obtained. The results show
that the confining pressure has a pronounced
influence on the experimental outcomes. As the
confining pressure increases, the failure mode
gradually changes from vertical splitting failure to
shear failure and local crushing failure; the
post-peak descending branch of the stress—strain
curve tends to become gentler;, the peak point
gradually becomes indistinct and even a secondary
rise occurs, the brittleness of the material decreases
significantly and the ductility improves substantially.
At a confining pressure of 18 MPa, the peak stress,
peak strain, elastic modulus, and energy dissipation
of the specimens reach 4.22 times, 10.29 times, 1.42
times, and 51.46 times those under the uniaxial
condition, respectively. The enhancement effect of
sisal fibre content on peak stress is generally
insignificant, showing only a slight improvement at
a fibre content of 3 kg/m?; its influences on peak
strain, elastic modulus, and ductility exhibit
complex variation patterns with different confining
pressures. The findings of this study can provide an
experimental basis and theoretical reference for the
application of SFSCAC in reef engineering and
marine structures.

Keywords: Seawater coral aggregate concrete;
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I. Introduction

Seawater coral aggregate concrete (SCAC)
is primarily composed of coral as coarse aggregate,
sea sand as fine aggregate, and is mixed with
seawater and cement [1]. With the continuous
advancement of marine engineering, SCAC is
usually applicable to remote island and reef projects
where fresh water is scarce and river sand
transportation is expensive [2], thereby improving
construction efficiency and reducing economic costs.
In recent years, it has also been gradually attempted
for use in coastal ports and coastal engineering.

At present, Chen et al. [1] have conducted
tests on SCAC, studied its basic physical and
mechanical  properties, and  established a
stress—strain constitutive equation under uniaxial
compression. Chen and Yao et al. [3] fabricated 132
specimens using seven variable parameters,
including sea-sand replacement ratio, compound
mineral admixtures, and coarse aggregate, and
comprehensively  investigated  the  uniaxial
compressive properties of SCAC. Chen et al. [4]
carried out triaxial tests on SCAC, discussed the
effects of different aggregate combinations and
confining pressures on the concrete, and proposed a
yield stress formula for it. Chen et al. also conducted
similar research. Furthermore, some researchers
have explored its structural aspects [5]. However,
seawater coral aggregate concrete (SCAC) exhibits
material properties that are significantly different
from those of ordinary concrete [1]. Coral aggregate,
derived from Dbiological sediments, possesses
abundant internal pores, a loose structure, and high
water absorption, resulting in poor overall
compactness and high variability in strength of the
concrete. Under compression, SCAC generally
exhibits relatively low compressive strength and
elastic modulus. Meanwhile, its stress—strain curve
is relatively flat, with a comparatively large peak
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strain, showing certain ductile characteristics.
However, the post-peak softening is pronounced,
and brittle failure remains prominent. To improve
the mechanical properties and durability of SCAC,
fibre-reinforced seawater coral aggregate concrete
has gradually attracted attention. Under uniaxial
loading, the fibre bridging effect can significantly
improve the post-peak softening behaviour, making
the stress—strain curve more gradual and delaying
unstable failure. Under triaxial stress states, the
synergistic action of fibres and confining pressure
can further enhance the load-bearing capacity and
ductility of the material, thus providing a reliable
basis for its application in complex structures. Pan et
al. [15] investigated the triaxial properties of SCAC
with the addition of glass fibre, and discussed the
effects of various parameters such as fibre content
and confining pressure. The test results indicated
that the glass fibre played a certain positive role.
Shen et al. [9] conducted experimental studies
which demonstrated that, under triaxial compression,
polypropylene fibre can reduce the brittleness of
SCAC, slow down crack propagation to some extent,
and slightly enhance the energy dissipation capacity
of the specimens. Ou et al. [10] found through
experimental research that the comprehensive
triaxial compression properties of SCAC were
optimal at a fibre content of 0.25%. It can thus be
seen that, by incorporating different fibres and other
reinforcing materials, the initiation and propagation
of microcracks can be effectively inhibited, and the
tensile strength, toughness, and energy dissipation
capacity of the material can be improved. While
SCAC addresses the shortage of materials in marine
engineering, its mechanical properties and
engineering applicability can be significantly
improved by incorporating fibre reinforcement.
However, under different fibre reinforcement types,
the constitutive relations, failure mechanisms, and
structural application patterns of the material also

differ depending on the loading conditions. Sisal
fibre, as a natural and environmentally friendly
material, possesses superior characteristics such as
high tensile strength, abrasion resistance, and low
cost [11],[12]. It can ameliorate the high brittleness
and low strength of concrete, and simultaneously
enhance its durability. Xiao et al. [13] conducted an
experimental study on the influence of sisal fibre on
the fracture properties of recycled aggregate
concrete, with the aim of improving its fracture
performance. The results showed that recycled
concrete beams incorporating sisal fibre can
effectively enhance the fracture performance of the
beams. Furthermore, Gao et al. [14] carried out
experimental explorations on the high-temperature
durability of wultra-high performance concrete
(UHPC) by using sisal fibre to partially replace steel
fibre. However, research attempts on sisal fibre in
the field of marine engineering are relatively rare. In
summary, this paper conducts an experimental
exploratory study on the triaxial mechanical
properties of sisal fibre-reinforced seawater coral
aggregate concrete (SFSCAC), which is of great
theoretical significance and practical value for
promoting the engineering application of this
material in marine engineering.

II. Experimental programs

2.1. Design of test parameters

To study the triaxial compressive properties
of sisal fibre-reinforced seawater coral aggregate
concrete (SFSCAC), this paper uses sisal fibre
content Vr (kg/m?) and confining pressure o, (MPa)
as varying parameters, and designs 12 groups of
cylindrical specimens with a diameter of 100 mm
and a height of 200 mm, along with one reference
specimen (V¢ = 0 kg/m*, o, = 0 MPa). The specific
parameters are shown in Table 1.

Table 1 Parameters for concrete testing

Specimen number

Sisal fiber content M;(kg/m?)

Confining strength o (MPa)

C0-0 0

S1-0
S1-6
S1-12
S1-18

S3-0
S3-6
S3-12
S3-18

0
0
6
12
18
0
6
12
18
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S5-0 0
S5-6 6
S5-12 : 12
S5-18 18

In the table, the first digit after "S" in the specimen code represents the sisal fibre content, and the second digit
represents the confining pressure value. For example, S1-0 denotes a sisal fibre content of lkg/m* and a
confining pressure of 0MPa; C0-0 is the reference specimen without sisal fibre and with a confining pressure of
OMPa.

2.2. Test mat

erial selection

-
e~

(b) Coral sand

’ !
(c) Sisal fibre

(a) oral' aggreate

Fig.1 Shape of raw materials in testing

Coral aggregate from different regions can
affect test results. To align with existing studies, the
coral coarse aggregate used in this test (hereinafter
referred to as coral aggregate), as shown in Fig.1(a),
was sourced from natural coral debris near an island
in the South China Sea, with calcium carbonate as
its main component. After screening out larger shell

fragments, the particles exhibited short columnar,
antler-like, and long rod-like shapes, accompanied
by pores and defects on the surface. The physical
properties of the coral aggregate were determined in
accordance  with  GB/T  17431.2-2010Error!
Reference source not found., as presented in Table
2.

Table 2 Physical property indicators of coral coarse aggregate

1h Water ~ Apparent Bulk cocnillil:sl:irve Void

absorption density density s trI()en th content  Gradation
% (kg/m?®) (kg/m?) (Mpga ) (%)
8.75 1957.50 893.75 4.00 54.21 5-16

Coral sand (fine aggregate), as shown in Fig.1(b), is mainly composed of coral debris and shell
fragments, appearing milky white. It was obtained by washing, air-drying, crushing, and sieving natural coral
fragments, with a particle size range of 0.075 to 4.75Smm. The physical properties of coral sand were determined
in accordance with GB/T 17431.2-2010Error! Reference source not found., as presented in Table 3.
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Table 3 Physical performance indices of coral sand

1h Water Apparent Bulk Chloride Void .
. . . . Fineness
absorption density density ion content  content modulus
% (kg/m’) (kg/m’) (%) (%)
19.40 1197.90 1055.00 0.21 41.51 2.81

The sisal fibre, with a length of 20-30 mm, was sourced from Guangxi Sisal Co., Ltd. The cement used was
Conch brand PO 42.5R ordinary Portland cement, and the mixing water was natural seawater from the South

China Sea.

2.3 Specimen preparation

-+ Stepl -~
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, Step 2 .

,~ - Step3 -~
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I aggregate | | I | |
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Fig.2 Material adding sequence for specimen casting

The preparation process of SFSCAC is
shown in Fig.2. Because coral aggregate has a high
water absorption capacity, it can absorb excess water
during mixing and lead to insufficient hydration of
the concrete. Therefore, additional water should be
added to pre-wet the coral aggregate before mixing
to improve the workability of the concrete. A
two-stage fibre addition method was adopted for the

sisal fibre. First, half of the sisal fibre was added to
the coral aggregate and mixed to uniformly disperse
the fibres. Then, the other half of the sisal fibre was
added to the fine aggregate and mixed thoroughly.
Finally, all materials were mixed together to
produce the concrete. The concrete mix proportions
are shown in Table 4.

Table 4 Mix proportion of sisal fiber reinforced coral sea sand seawater concrete

. Mix proportion
Specimen
number CA S /4 AW WiC FT Fv HRWR

(kg/m*)  (kg/m*)  (kgm®)  (kg/m?)  (kg/m?) (%) (%)

C — 0

S1 1
613 749 749 215.2 119.8  0.55 ) 0.20

S3 Sisal fiber 3

S5 5
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2.3 Test process and loading system

The loading device adopted was an RMT
testing machine, as shown in Fig.3. The machine
can automatically collect lateral pressure, axial force,
and deformation, and automatically generate
load—displacement curves. Its axial force range is
0—1500kN, and its confining pressure range is
0-50MPa. During the test, the specimens were
loaded wusing a force-control followed by

(a)RMT-201 machine

Surrounding
pressure

I Axial load

(b) Triaxial Pressure Chamber

displacement-control method. In the force-control
stage, the axial force and the confining pressure
were applied synchronously and kept equal until the
predetermined confining pressure was reached, after
which the control was switched to displacement
control. The loading rate was controlled at 0.2mm/s,
and the test was terminated when the bearing
capacity of the specimen decreased to 70% of the

peak load.
%
1

E—

- OW

1
G

(c) Test force model

Note: o; denotes the axial stress, and 6, denotes the confining pressure.

Fig.3 Test diagram and loading system

3. Test results and analysis
3.1. Specimen failure mode

S1-12 SI-18

(a) S1 series
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S$3-0 $3-6

S50 $5-6

(b) S3 series

S3-12

S5-12 S5-18

c) S5 series

(d) SCAC

Fig.4 Failure mode of specimen

The failure modes of SFSCAC are shown
in Fig.4. Within the range of test parameters,
different confining pressures and fibre contents have
a significant influence on the failure modes of the
specimens. oy

A comparison of the failure modes of the
specimens under different confining pressures
shows that when the confining pressure o,=0MPa,
the specimens are under uniaxial compression. At
failure, one or several main cracks parallel to the

loading direction are generated, and the specimens
exhibit vertical splitting failure at the end of loading.
When the confining pressure is o,=6MPa, the lateral
confining restraint inhibits the vertical propagation
of internal cracks in the concrete, causing the main
cracks to develop obliquely. As the confining
pressure increases, the horizontal inclination angle
of the main cracks gradually decreases, and the
width of the main cracks also gradually diminishes.
When the confining pressure reaches 12MPa, due to
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the relatively large deformation of the specimens,
the restraining effect of the confining pressure on
fine cracks begins to weaken. The predominant
failure mode of the specimens changes to shear
failure, with inclined cracks penetrating the
specimens and developing from an inclined
direction to an approximately horizontal direction,
forming multiple horizontal cracks. The failure
surface is mainly concentrated in the middle of the
specimens. When the confining pressure reaches 18
MPa, no obvious wide cracks appear on the
specimen surface; instead, a dense grid-like crack
pattern forms in the middle and at both ends of the
specimens by the end of loading.

Different fibre contents also have a
considerable influence on the failure modes. At
relatively low confining pressures (ow<6MPa), as
the fibre content increased from 0 to 3kg/m*, the
extensive flaking and spalling of concrete gradually
disappeared, and the crack width decreased
noticeably. The fibres exhibited a distinct bridging
effect between the cracks, and the overall integrity
of the specimen was most pronounced at a fibre
content of 3kg/m*. When the sisal fibre content was
further increased to 5kg/m?, the crack width in the
specimens increased instead. This is because when
the fibre content exceeds a certain threshold, the
excessive fibres tend to tangle and form balls during
the mixing process, leading to uneven dispersion
and non-uniform distribution within the concrete.
This in turn increases the porosity of the concrete,
creates more weak zones internally, and
consequently increases both the width and the
number of cracks.

3.2. Stress-strain curve and characteristic point
parameters
3.2.1 Stress-strain curve

The stress—strain curves of SFSCAC are
shown in Fig.5, where one representative curve was
selected from the three parallel specimens in each
group. As can be seen from Fig.5, the confining
pressure is the primary factor influencing the
stress—strain curves of the specimens. When
ow=0MPa, all specimens are under uniaxial
compression, and their stress—strain curves drop
rapidly after reaching the peak, indicating that
SFSCAC exhibits relatively significant brittle failure
under uniaxial compression. When o,=6MPa, the
slope of the ascending branch of the stress—strain
curve increases with the confining pressure, the
peak stress is significantly enhanced, and the
descending branch becomes gentler, suggesting that
a certain level of lateral pressure can improve the

load-bearing capacity and plastic deformation ability.

When 6,=12MPa, the peak stress further increases,
and the curves gradually become horizontal in the
post-peak region with increasing fibre content.
Under this confining pressure, the specimens exhibit
large residual deformation, and no obvious failure is
observed by the end of loading. When o,=18MPa,
the peak point of the stress—strain curve gradually
disappears, and a slow secondary rise phenomenon
occurs in the post-peak region. Meanwhile, the
specimens undergo even greater axial deformation,
indicating that under high confining pressure, the
compressive strength and deformation performance
of SFSCAC are significantly improved.
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Fig.5 Stress-strain curve of sisal fiber coral sea sand seawater concrete

3.2.2 Characteristic point parameters

Table 5 presents the characteristic
parameters of the specimens of fibre-reinforced
seawater coral aggregate concrete, including peak
stress oy, peak strain ¢y, and elastic modulus Eo. The

initial elastic modulus E, was taken as the tangent
modulus of the stress—strain curve in the elastic
stage, and each parameter value is the average of the
results from three parallel specimens in each group.

Table S Stress-strain curve of sisal fiber coral sea sand seawater concrete

Elastic modulus

Specimen number Peak stress o,/MPa Peak strain &./*10° E,/GPa

CASC-0 24.74 5.05 5.23
S1-0 14.46 4.87 4,77
S1-6 46.23 11.73 5.93
S1-12 60.85 30.08 6.25
S1-18 71.58 40.84 8.38
$3-0 18.77 4.64 5.25
$3-6 47.73 15.06 5.94
S3-12 62.5 29.0 6.3
S3-18 76.0 44.0 7.6
$5-0 24.5 5.3 5.3
S5-6 50.5 10.0 6.3
S5-12 59.0 28.0 6.1
S5-18 73.5 43.0 7.2

3.3. Peak stress
3.3.1 Effect of confining pressure value on peak
stress

The confining pressure and peak stress of
each group of specimens were normalized to obtain
the relationship between confining pressure and
peak stress, as shown in Fig.6. With the increase in
confining pressure, the peak stress of SFSCAC
consistently exhibits a nonlinear increasing trend,

and this growth trend gradually diminishes as the
confining pressure further increases. When the
confining pressure reaches 18 MPa, the peak stress
of the specimens with sisal fibre (taken as the
average peak stress of the fibre-containing
specimens) is 4.22 times that under uniaxial
compression. The enhancement in peak stress is due
to the confinement effect of lateral pressure, which
restricts the lateral deformation of the specimens,
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prevents the formation of through vertical cracks,
and reduces the risk of local instability of the
concrete. Moreover, the lateral pressure provides a
certain strengthening effect on the weak zones, such
as the bonding interface between the coral aggregate
and the cement matrix and the bonding region
between the fibre and the cement matrix. Under the
combined action, the axial bearing capacity of the
specimens is significantly improved. The gradual
slowdown of the peak stress growth trend is due to
the limited strengthening effect of lateral pressure
on the axial bearing capacity of the specimens.

6

Additionally, under high confining pressure, the
specimens are already subjected to considerable
axial load during the preloading stage, when the
crack-inhibiting effect of lateral pressure is
relatively weak. Therefore, microcracks are easily
generated and gradually propagate, consequently
affecting the peak stress under subsequent formal
loading. Moreover, high confining pressure and
axial pressure can easily cause brittle fracture or
crushing of the coral aggregate, which also leads to
a gradual reduction in the growth rate of the peak
stress.

SFSCAC-1
¢ SFSCAC-3
4 SFSCAC-5

Fitted curve

Fig.6 Effect of confining pressure value on peak stress of concrete

Based on the existing test data, a functional
relationship between peak stress and confining
pressure was established, and a comparative analysis
was conducted with other types of concrete from
existing triaxial test studies, as shown in Table 6. It
can be seen from the table that the slope for
SFSCAC is greater than that for glass
fibre-reinforced seawater coral aggregate concrete,
indicating that the reinforcing effect of sisal fibre
under triaxial compression is stronger than that of

glass fibre. This is because, compared with glass
fibre, the surface of sisal fibre is relatively rough
and possesses numerous micro-fibrils and grooves,
which generate greater friction with the cement
matrix of SCAC, leading to better interfacial
bonding and confinement, and making the concrete
more resistant to shear failure. However, compared
with steel fibre, the tensile strength of sisal fibre is
lower, which imposes certain limitations on the
strength enhancement of the concrete.

Table 6 Functional relationship between peak stress of different fiber-reinforced coral sea sand seawater
concrete and confining pressure value

Concrete type Relation expression R? Data sources
O O
SFSCAC Y =3.24(—=)% 4] 0.95 This paper
Oy =
0.95
O O
GF-CA/LC30 Y =2.90(—)"" +1 Error! Reference source not found.
Oy Oy
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Gv _ 4.40(Zw Y000 41 0.98
Oy Oy

SFRCA Error! Reference source not found.

3.3.2 Effect of sisal fiber volume fraction on peak stress

100
== OMPa =0O- 6MPa
20 =/\= 12MPa - 18MPa
? V/—V\V
a60F A —— A
S o
~ O= e -0
w40 -
20 I /———u
O 1 1 1
1 3 5
M (kg/m?)

Fig.7 Effect of sisal fiber content on concrete variation

As shown in Fig.7, the variation of the
peak stress of SFSCAC with sisal fibre content. It
can be seen from the figure that a certain amount of
sisal fibre content has a certain enhancing effect on
the axial bearing capacity of the specimens under
triaxial stress states. Under triaxial compression, as
the confining pressure increases from 6MPa to

3.3. Peak strain
3.3.1 Effect of confining pressure value on peak strain

18MPa, the peak stress of the specimen with a fibre
content of 3 kg/m? is increased by approximately
3.24%, 1.82% and 6.31%, respectively, compared
with that of the specimen with 1kg/m3 and is
decreased by 3.73%, 6.67% and 3.38%, respectively,
compared with that of the specimen with 5 kg/m?.

15
m SFSCAC-1
12 | & SFSCAC-3
A SFSCAC-5| #2¢ n
S9 —— Fitted curve] 4
X
~
C0>
6

0 0.4 0.8 1.2 1.6
o, /o,

Fig.8 Effect of confining pressure value on peak strain
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The peak strain and confining pressure of the
specimens were likewise normalized to obtain the
relationship between peak strain and confining
pressure for each group of SFSCAC, as shown in
Fig.8. Analysis of the curves for specimens under
different confining pressures reveals that the
confining pressure exerts a significant influence on
the peak strain of all specimen groups. The peak
strain of the sisal fibre-reinforced specimens
consistently exhibits a nonlinear increasing trend
with increasing confining pressure, and the growth
rate gradually increases. When o,=18MPa, the peak
strain of the sisal fibre-reinforced specimens (taken
as the average peak strain of the fibre-containing
specimens) is 10.29 times that under uniaxial
compression (ow=0MPa). This increase in peak
strain is attributable to two main factors. On one
hand, the surface of coral aggregate is rough and
porous; during the mixing process, cementitious
materials penetrate into the pores of the aggregate,
creating a strong mechanical interlocking effect
between the cement matrix and the coral aggregate.
The confinement provided by the lateral pressure
further strengthens the bonding interface between

the coral aggregate and the cement matrix, thereby
expanding the elastic range of the specimens. On the
other hand, the increase in confining pressure
inhibits the development of microcracks into
vertical through-cracks, causing them to manifest as
crushing flow and grid-like cracking patterns, which
substantially enhances the plastic deformation
capacity of the material.

Based on the existing test data, a functional
relationship between peak strain and confining
pressure was established, and a comparative analysis
was conducted with other types of concrete from
existing triaxial test studies, as shown in Table 7.
The slope of the fitted curve for SFSCAC is greater
than that for glass fibre but smaller than that for
steel fibre. This is because, under confining pressure,
the lateral expansion of the concrete is restrained,
and the rough surface of the sisal fibre bonds more
firmly with the cement matrix, effectively delaying
crack coalescence. However, the reinforcing effect
of sisal fibre also has certain limitations; by
comparison, steel fibre possesses higher elastic
modulus, strength, and ductility.

Table 7 Functional relationship between peak strain of different fiber-reinforced coral sea sand
seawater concrete and confining pressure value

Concrete type Relation expression R Data sources
& O
SFSCAC X =6.54(—L) 4] 0.96 This paper
€y Oy
&, O, L. '
GF-CA/LC30 = =6.26(—2)"" +1 0g9  FError! Reference
& o, source not found.
& O,
SFRCA v - 905( —_w )1'35 +1 0.90 Error! Reference
&, o, source not found.

3.3.2 Effect of sisal fiber content on peak strain

As shown in the figure, Fig.9 presents the
variation of the peak strain of SFSCAC with sisal
fibre content. From the figure, it can be found that at
confining pressures of 0, 6, and 18MPa, the
variation in peak strain among the specimen groups
is not significant. When the confining pressure is
6MPa, the peak strain of the specimen with a fibre
content of 3kg/m*® is higher than those of the

specimens with fibre contents of 1kg/m?* and Skg/m?,
with increases of approximately 28.4% and 15.96%,
respectively. At confining pressures of 12 and
18MPa, however, the peak strains of the specimens
with fibre contents of 3kg/m* and Skg/m® are
significantly lower than that of the specimen with a
fibre content of lkg/m?, being reduced by 44.34%
and 39.73%, respectively.
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Fig.9 Effect of sisal fiber content on peak strain

3.4. Elastic modulus
3.4.1 Effect of confining pressure value on elastic modulus

1.8 -
m  SFSCAC-1
Lol ¢ SFSCAC-3
’ A SFSCAC-5
—— Fitted curve
qul'4 3
~
53]
12F
1.0F
0 0.5 1.0 1.5
o, /o,

Fig.10 Effect of confining pressure value on elastic modulus

As shown in Fig.10, the functional confinement provided by the lateral pressure

relationship between the average elastic modulus of
each group of specimens and the confining pressure
is presented. An analysis of the curves for specimens
with different fibre contents reveals that the average
elastic modulus of all specimen groups exhibits a
nonlinear increasing trend with the increase in
confining pressure, although the changes in the
growth rate vary. When o,=18MPa, the growth rate
of the average elastic modulus of the sisal
fibre-reinforced specimens becomes increasingly
larger. The elastic modulus of the sisal
fibre-reinforced specimens (taken as the average
elastic modulus of the fibre-containing specimens)
is 41.63% higher than that under uniaxial
compression (o0w,=0MPa). This confirms that the

strengthens the bonding interface between the coral
aggregate and the cement matrix, thereby increasing
the elastic modulus of the specimens.

3.4.2 Effect of sisal fiber content on elastic modulus
As shown in Fig.11, the relationship
between the elastic modulus of SFSCAC and sisal
fibre content is presented. It can be seen from the
figure that when the confining pressure is 0MPa and
12MPa, the elastic modulus of the specimens
generally shows an increasing trend with fibre
content, and the specimen with a fibre content of
5 kg/m? possesses a relatively high elastic modulus.
However, under a confining pressure of 18MPa, the
elastic modulus of the specimens shows a noticeable
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trend of first decreasing and then increasing with
fibre content, and the specimen with a fibre content

of lkg/m?® exhibits a better elastic modulus.

10
8 L
‘< 6F v,
[a M
o b—"
4t
-0=0MPa -o-6MPa
2f = 12MPa =~ 18MPa
O 1 1 1
1 3 5
M (kg/m?)

Fig.11 Effect of sisal fiber content on elastic modulus

3.5 Ductility
3.5.1 Effect of confining pressure value on ductility
coefficient

The ductility coefficient is an important
indicator for evaluating the deformability of
concrete. To reflect the influence of confining
pressure on the deformation capacity of
fibre-reinforced seawater coral aggregate concrete,
the ductility coefficients of each group of specimens
were calculated and compared, using the following
formula:

He=—" (1)

Where &, is the failure strain of each group of
specimens (taken as the strain corresponding to a
stress drop to 85% of the peak stress, or the strain
when the axial deformation reaches 5% of the
specimen height); ¢y is the yield strain of each group
of specimens (determined by the equivalent energy
method, with its calculation diagram shown in
Fig.12).
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Fig.12 Equal energy method for yield strength

To investigate the influence of confining
pressure on the ductility of SFSCAC, the ductility
coefficient calculated using Equation 1 was adopted
as the evaluation index for the ductility of
fibre-reinforced seawater coral aggregate concrete.
The variation pattern of the ductility coefficient for
each group of specimens is shown in Fig.13. As can
be seen from Fig.13, with an increase in confining
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pressure, the ductility coefficient of each group of
specimens generally shows a trend of first
increasing and then decreasing. When the confining
pressure is 6 MPa, the ductility of the specimens
with sisal fibre (taken as the average ductility
coefficient of the fibre-containing specimens) is
222% higher than that under uniaxial compression
(ow=0MPa). When ow>6MPa, the ductility
coefficient of each group exhibits a decreasing trend

6

to varying degrees, and tends to stabilize under
higher confining pressure, but remains significantly
higher than that under uniaxial compression overall.
This indicates that the confinement provided by the
lateral pressure significantly improves the ductility
of the specimens, greatly enhancing their plastic
deformation capacity; however, a higher confining
pressure does not necessarily lead to better ductility
improvement.

1 SFSCAC-1
5r B SFSCAC-5

SFSCAC-3

6 12
o, (MPa)

Fig 13 Effect of confining pressure value on ductility of concrete

3.5.2 Effect of sisal fibre content on the ductility
coefficient

As shown in Fig.14, the influence of sisal
fibre content on the ductility coefficient of the
specimens under different confining pressures is
presented. It can be seen from the figure that when
the confining pressure is 0 MPa, the ductility
coefficient of the specimens exhibits low sensitivity
to the sisal fibre content, indicating that the
incorporation of sisal fibre has no significant effect

on the ductility of the specimens. When the
confining pressure is 6MPa, the specimen with a
sisal fibre content of 1kg/m? shows better ductility
compared with those with other fibre contents. As
the confining pressure continues to increase, it can
be observed that the ductility coefficient of the
specimens first decreases and then increases with
the sisal fibre content, and the specimen with a
fibre content of 3kg/m® exhibits relatively poor
ductility.
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Fig.14 Effect of sisal fiber content on ductility of concrete

3.6 Energy dissipation
3.6.1 Effect of confining pressure value on energy
dissipation

The triaxial compression process of
SFSCAC is accompanied by energy dissipation. As
the axial load increases, the dissipated energy
continuously  increases. When the energy
accumulates to a certain extent, the specimen
releases energy in the form of heat through the
initiation and propagation of cracks, ultimately
leading to the brittle fracture of coral aggregate or
the crushing of the cement matrix, resulting in
failure. To analyze the influence of different
confining pressures on the actual energy dissipation
of the specimens, the energy dissipation during the
loading process is represented by the area enclosed
by the stress—strain curve from the start of formal
loading to failure and the coordinate axes. The
calculation diagram is shown in Fig.15, and the
calculation formula is given as Equation 2:

0= Jju ode o

Where o, is the failure stress of each group of
specimens (taken as the stress corresponding to a
drop to 85% of the peak stress or the stress when the
axial deformation reaches 5% of the specimen
height); o is the stress at each moment during the
loading process; de is the width of the integration
element.

Fig.15 Effect of sisal fiber content on energy dissipation

www.ijemh.com

o)
Ov - D
(03 | e E
e Q
7 C
0O de Eu €
Page 213



International Journal of Engineering, Management and Humanities (IJEMH)
Volume 7, Issue 3, May-June, 2026 pp: 199-217 ISSN: 2584-2145 www.ijjemh.com

The main modes of energy dissipation of
SFSCAC during triaxial compression are crack
propagation, aggregate fracture, and fibre rupture.
To quantitatively analyze the influence of confining
pressure on its energy dissipation capacity, the
results are presented in Fig.16. It can be seen from
the figure that the energy dissipation capacity of all
specimen groups exhibits a nonlinear increasing
relationship with the confining pressure, and this
growth trend gradually slows down as the
confining pressure increases. When o,=18MPa, the
actual energy dissipation of the specimens with
sisal fibre (taken as the average of the actual energy
dissipation of the specimens with the three fibre
contents) is 51.46 times that under uniaxial
compression. This indicates that the confining
pressure  significantly enhances the energy

dissipation capacity of each group of specimens.
This is because the confinement provided by the
confining pressure improves the bearing capacity
of the specimens, increasing the energy required for
crack initiation and propagation. Meanwhile, the
confining pressure also increases the energy
consumed by the fibres during stretching and
rupture. Based on the test data (excluding data
points with large scatter), a calculation formula for
the actual energy dissipation of SFSCAC under
different confining pressures was fitted, as shown
in Table 7. Compared with glass fibre-reinforced
seawater coral aggregate concrete, the fitted curve
for SFSCAC has a smaller slope, indicating that its
energy dissipation capacity under triaxial
compression is lower than that of the glass
fibre-reinforced one.

m  SFSCAC-1
60r | 4 SFSCAC-3
A SFSCAC-5
—— Fitted curve
~40}
Q
~
Q
20t
0 L
5 10 15
o, (MPa)

20

Fig.16 Effect of confining pressure value on energy dissipation of

concrete

Table 7 Effect of confining pressure value on energy dissipation of concrete

Concrete type Relation expression R? Data sources
SFSCAC = =4.53(—=2)" 4] 0.95 This paper
0 Oy
0 _ Ow 10.69 Error! Reference source
GF-CA/LC30 —==58(—=)""+1 0.96
. o, not found.

3.6.2 Effect of sisal fiber content on energy dissipation

As shown in Fig.17, the relationship between the actual energy dissipation of SFSCAC and the sisal
fibre content is presented. It can be seen from the figure that when the confining pressure is less than or equal to
12MPa, the actual energy dissipation of the specimens generally shows a decreasing trend, and the specimens
with a lower fibre content exhibit better energy dissipation capacity. When the confining pressure reaches
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18MPa, the specimen with a fibre content of 3 kg/m® shows relatively good energy dissipation capacity. The
underlying mechanism of this variation pattern requires further analysis and research.
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Fig.17 Effect of sisal fiber content on energy dissipation

IV. Conclusion

This paper conducted an experimental
study on the triaxial compressive properties of
SFSCAC. Within the range of the test parameters,
the following conclusions can be drawn:

(1) The confining pressure and sisal fibre
content have a significant influence on the failure
mode of SFSCAC. As the confining pressure
increases from 0 to 18MPa, the failure mode of the
specimens changes from vertical splitting failure to
inclined shear failure and local crushing failure. As
the sisal fibre content increases from lkg/m? to
Skg/m?3, the crack width of the specimens gradually
decreases, but the number of local fine cracks
increases.

(2) Confining pressure is the dominant
factor affecting the shape of the stress—strain curve
of SFSCAC. Under uniaxial compression (0 MPa),
the curve drops sharply after the peak, exhibiting
distinct brittle failure. When the confining pressure
is increased to 6MPa, the pre-peak slope and peak
stress both increase, the descending branch
becomes gentler, and the plastic deformation
capacity is enhanced. At a confining pressure of
12MPa, the peak stress further increases, the
post-peak curve becomes nearly horizontal, and
significant residual deformation is observed. At a
confining pressure of 18MPa, the peak point
gradually becomes indistinct, a slow secondary rise
appears in the post-peak region, and the axial
deformation increases substantially, indicating that

both the compressive strength and deformation
performance of the material are significantly
improved under high confining pressure.

(3) Different confining pressures enhanced
the peak stress, peak strain, elastic modulus,
ductility, and energy dissipation of the specimens to
some extent. At a confining pressure of 18MPa, the
peak stress, peak strain, elastic modulus, and
energy dissipation under triaxial compression are
4.22 times, 10.29 times, 1.42 times, and 41.46
times those under uniaxial compression,
respectively. At a confining pressure of 6MPa, the
ductility under triaxial compression is 3.22 times
that under uniaxial compression.

(4) Under triaxial compression, the
enhancement effect of sisal fibre content on the
peak stress of the concrete is not significant,
showing only a slight improvement at a fibre
content of 3kg/m?. The peak strain does not vary
considerably under most confining pressures;
however, at a confining pressure of 12MPa, higher
fibre contents (3kg/m® and S5kg/m®) lead to a
decrease in strain instead. The elastic modulus
increases with fibre content under low and
moderate confining pressures (with 5kg/m® being
the optimal content), whereas under high confining
pressure (18MPa), it exhibits a trend of first
decreasing and then increasing, with 1 kg/m?
showing the best performance. The ductility
coefficient is insensitive to fibre content in the
absence of confining pressure. At a confining
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pressure of 6MPa, the specimen with a fibre
content of lkg/m® shows better ductility, while
under higher confining pressures, the ductility first
decreases and then increases with fibre content,
with 3kg/m® exhibiting the poorest ductility. The
energy dissipation capacity of the specimens
increases nonlinearly with increasing confining

pressure, and the growth rate gradually slows down.

With the incorporation of sisal fibre, the energy
dissipation under high confining pressure (18MPa)
can reach 51.46 times that under uniaxial
conditions, indicating that the lateral confinement
significantly enhances the energy dissipation
capacity.
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