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The mechanical strength and durability of eco-friendly mortars used in the repair of marine concrete structures
exposed to freshwater and seawater environments were evaluated in this paper. The eco-friendly mortar
samples were produced using various ratios of fly ash (FA), ground granulated blast-furnace slag (GGBFS),
and silica fume (SF) as cementitious materials. Seven mixtures of eco-friendly mortars, including a control
mixture; three mixtures with respective substitutions of GGBFS for Portland cement of 10, 20, and 30% by
cement mass; and three mixtures with respective additions of SF of 5, 10, and 15% by total binder mass, were
used to produce the samples. Tests, including compressive strength, flexural strength, ultrasonic pulse velocity
(UPV), electrical surface resistivity (ESR), rapid chloride ion penetration (RCP), thermal conductivity (TC), and
microstructure analysis, were conducted to determine the mechanical strength and durability values of the
samples. The experimental results show that replacing Portland cement with GGBFS negatively affected the
properties of the mortars by reducing the mechanical strength, UPV, ESR, and TC while increasing the RCP in
the samples. Also, adding an appropriate amount of SF could improve the mechanical strength and durability
characteristics of the eco-friendly mortars. As a result, the mortar sample containing 30% GGBFS and 10% SF
earned compressive and flexural strength values of approximately 49.2 and 13.8 MPa, respectively, at 56 days
of curing age. Mortar samples with UPV values >3660 m/s were identified as “high quality”. The corrosion
resistance of all of the samples was found to be high, particularly in chloride-contaminated environments, due
to relatively low (1000 - 2000 Coulombs) RCP values. The best overall performance was recorded for the sample
containing 30% GGBFS and 10% SF.
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1. Introduction

Hydraulic structures are widely used in water conservancy
infrastructure projects [1–3]. Over their service life, aggres-
sive agents in the marine environment constantly ingress
into these structures, promoting severe deterioration over
time [3–5]. Thus, using appropriately durable materials
is widely recognized as crucial when building hydraulic
structures and an important area of focus for researchers
[1, 6, 7]. Mortar has gained increasing attention recently
as an approachable solution to improve the problem of
deterioration in offshore concrete structures [8–11].

Although many types of mortar are currently used in
the repair and maintenance of offshore concrete structures,
sufficient scientific evidence regarding their respective ef-
ficacies is lacking [8]. A series of scientific tests on eco-
friendly mortar made from industrial wastes such as fly
ash, slag, and silica fume has been conducted to obtain
mortars with engineering properties that are superior to
conventional mortars [12, 13]. In a study of the effect of sec-
ondary copper slag as a cementitious material on ultra-high
performance mortars [9], it was found that the mortar con-
taining copper slag exhibited increased flow and reduced
compressive strength compared to the mortar containing
no copper slag due to the copper slag reducing cement
hydration and hardening time. Wang et al investigated the
effect of fly ash on the properties and microstructure of
repair mortar produced using a ratio of alkali-activated fly
ash/blast furnace slag (FA/BFS) [10]. They found that the
mechanical strength of the repair mortar produced from
the FA/BFS ratio was highly dependent on the content of
amorphous phases because the amorphous phases facil-
itated the degree of the polymerization reaction and the
formation of the product. Moreover, although the particle-
size distribution of fly ash did not affect the mechanical
strength, obvious effects on the yield and shrinkage values
of the mortar sample were observed. In addition, mor-
tar made from an alkaline-activated FA/BFS mixture re-
vealed high adhesion strength that made it suitable for use
in concrete repair. The physico-mechanical properties of
secondary mortar utilizing alkali-activated binary mortar
(AABM) with 70 by wt.% volcanic pozzolana and 30 by
wt.% ground granulated blast-furnace slag (GGBFS) were
also previously investigated [11], with results indicating
that compressive and tensile strengths at 28 days of curing
were 34.8 MPa and 2.13 MPa, respectively. Moreover, the
capillary absorption coefficient and modulus of elasticity
were 0.5008 kg/m2h0.5 and 8.55 GPa, respectively, and the
pull-off adherences of the C25/30, C35/45, and C50/60
concrete types were 0.75, 1.14, and 1.24 MPa, respectively.
Thus, the quality of concrete promotes the adherent nature

of the AABM. Based on the study of Robayo-Salazar et al.
[11] and the standard specification of BS EN 1504-3:2005
(2005), AABM material may be classified as an R2-type re-
pair mortar.

A new, free-cement binder that incorporates a ternary
binder has been recently proposed for the production of
eco-friendly mortar [14, 15]. In line with this development,
several binders incorporating GGBFS, rice husk ash (RHA),
FA have been produced using different RHA/GGBFS
weight ratios and three different amounts of FA as the
activator. The compressive strength, water absorption and
porosity, ultrasonic pulse velocity (UPV), electrical surface
resistivity (ESR), and sulfate resistance of the proposed
mortars were then assessed, with results showing that the
proposed binders meet the standard for mechanical durabil-
ity. In addition, using silica fume (SF) and other pozzolanic
materials, including GGBFS and FA, to enhance binders
has been shown to be one of the most efficient and eco-
nomical solutions for producing high-performance, highly
durable construction materials [16]. SF, comprised primar-
ily of free silica, has a large specific surface area, making
it highly reactive with the hydrates in cement. GGBFS
may be used to partially replace cement to improve the
mechanical properties of the final products. However, the
reactivity of GGBFS is significantly less than SF [16]. In
addition, replacing traditional Portland cement with the
abovementioned cementitious materials has been reported
to have environmental and economic benefits as well as
to produce durable construction materials for sustainable
development [17].

In this study, the authors extend their previous studies
[14, 15] to propose eco-friendly mortars that use industrial
wastes that are available both locally and abundantly as ce-
mentitious sources (i.e., FA, GGBFS, and SF) for the repair
of marine concrete structures that are regularly exposed
to freshwater and seawater environments. Seven mixtures
of eco-friendly mortars, including a control mixture; three
mixtures with respective substitutions of GGBFS for Port-
land cement of 10, 20, and 30% by cement mass; and three
mixtures with respective additions of SF of 5, 10, and 15%
by total binder mass, were used to produce the samples.
All of the samples were tested for compressive strength,
flexural strength, UPV, ESR, rapid chloride ion penetration
(RCP), thermal conductivity (TC), and their microstructures
were analyzed to determine the mechanical strength and
durability characteristics of each.
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2. Materials and mix proportions

2.1. Materials

The chemical compositions of the supplementary cemen-
titious materials (SCMs) used in this research, including
grade-40 Portland cement (PC40), GGBFS, FA, and silica
fume (SF), are presented in Table 1.

As shown in Table 1, the CaO content of the FA was only
1.07%, which is significantly smaller than the value of 10%
proposed for FA under TCVN 10302:2014 (2014) [18]. Thus,
the fly ash used in this study was classified as acid ash
(class-F). In addition, the total combined content of CaO,
SiO2, and Al2O3 in GGBFS and SF were 87% and 97.86%,
respectively, which are both higher than the 70% required
under ASTM C618 (2019) [19]. Thus, these two materials
met the chemical properties required for use as cement
replacements in this study. In addition, the high percentage
of SiO2 (97.54%) in the SF used in this study is expected
to promote strength development and durability in the
mortar due to the formation of calcium-silicate-hydrate
(C-S-H) and calcium-aluminate-silicate-hydrate (C-A-S-H)
gels [20, 21].

The grain size distribution of the PC40 cement, GGBFS,
FA, and SF used in this study are shown in Fig. 1. As
shown, the diameters of most materials were mostly less
than 10 µm. Also, the sizes of the GGBFS and FA particles
were almost the same, and were smaller than the sizes of
the other materials.

Fig. 1. Grain size distributions of the cementitious materi-
als.

The morphologies of the raw materials, including PC40
cement, GGBFS, FA, and SF, are shown under scanning
electron microscopic (SEM) in Fig. 2. The cement and GG-
BFS are shown to have irregular shapes, while FA and SF

are comprised of a variety of spherical particles of differing
sizes.

The mineralogical compositions of cement, GGBFS, FA,
and SF were determined using X-ray diffraction (XRD),
as shown in Fig. 3. The non-crystalline phase existed in
the GGBFS and SF structures without a peak, while a high
intensity of quartz was found in cement and FA, which is
considered as the crystalize phase.

The fine aggregate used in this study was crushed sand
with a density, water absorption, and fineness modulus
of 2803 kg/m3, 3.7%, and 3.0, respectively. In addition, a
type-G superplasticizer (SP) was used to obtain the target
workability of the fresh mortar mixture.

2.2. Mix proportions

The seven mixture proportions of the eco-friendly marine
mortar used in this study are shown in Table 2. To inves-
tigate the respective influence of GGBFS and SF on the
properties of eco-friendly marine mortar, six mixtures were
used with differing ratios of GGBFS (10% [S10SF00], 20%
[S20SF00], and 30% [S30SF00)) and SF (5% [S30SF05], 10%
[S30SF10], 15% [S30SF15]) by mass. A standard mixture
without GGBFS and SF (S00SF00) was also designed as the
reference sample to compare and contrast the features of
the proposed eco-friendly mortars.

The mortar mixtures were designed using a constant
water-to-binder ratio of 0.39. Moreover, a suitable amount
of SP was added to maintain the slump flow of the fresh
mortar at 200 ± 5 mm. The properties of the marine mortar
were evaluated based on the percentage of cement replace-
ment by GGBFS and the amount of SF added to the mixture
containing 30% SF (S30SF00).

3. Sample preparation and test methods

All of the raw materials were mixed in a laboratory mixer
to ensure homogeneity. The process of mortar mixing and
manufacturing was done in accordance with TCVN 3121-
2:2003 [22]. The engineering properties of the hardened
samples, including compressive and flexural strengths,
UPV, ESR, RCP, TC, and microstructure, were tested up
to 56 days of curing age. Tests of compressive and flexural
strengths were conducted in accordance with ASTM C109
and TCVN 3121-11:2003, respectively [23, 24]. As required
under ASTM C597, UPV was determined by using the rate
of propagation of longitudinal and vertical stress waves to
indicate the presence of voids and cracks [25], while RCP
was determined in accordance with ASTM C1202 [26]. For
the microstructure analysis, small pieces that had fractured
after the compressive strength test were used for SEM ob-
servation in accordance with the procedures described in
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Table 1. Chemical compositions of cementitious materials (% by mass).

SCMs SiO2 Al2O3 Fe2O3 MgO CaO Others
Cement 23.49 6.01 3.65 1.98 59.89 4.98
GGBFS 35.88 12.99 0.32 7.99 38.13 4.69

FA 59.17 26.71 6.06 0.89 1.07 6.10
SF 97.54 0.13 0.17 0.15 0.19 1.82

(a) Cement (b) GGBFS

(c) FA (d) SF

Fig. 2. SEM morphologies of the cementitious materials.

Table 2. Material proportions for each m3 of mortar mixture.

Sample Materials (unit: kg)
ID. Cement GGBFS FA SF Sand Water SP

S00SF00 413 - 136 - 1486 270 5.0
S10SF00 372 41 136 - 1485 270 4.7
S20SF00 330 82 136 - 1483 269 4.4
S30SF00 288 124 136 - 1482 269 4.1
S30SF05 282 121 133 27 1448 273 5.2
S30SF10 276 118 130 52 1416 277 6.6
S30SF15 269 115 127 77 1384 281 7.9
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Fig. 3. XRD analysis of the cementitious materials.

Huynh et al. [14].
The ESR test was determined using the four-point Wen-

ner array described by Kessler et al. [27]. Three cylindrical
specimens with a diameter of 100 and a height of 200 mm
were prepared and tested at 1, 7, 14, 28, and 56 days of cur-
ing age, respectively. A portable device (ISOMET 2104) was
used to measure the TC of the cylindrical specimens under
saturated-surface dry (SSD) and oven-dry (OD) conditions
at 56 days of curing age [28].

4. Discussion of results

4.1. Compressive strength

The influence of GGBFS and SF on the development of
compressive strength in the samples is shown in Fig. 4. As
shown in Fig. 4a, compressive strength declines as GGBFS
content increases. This may be explained by the higher
Al2O3 content in GGBFS (12.99%) than in cement (6.01%;
Table 1). Thus, active Al elements replace Si in the C-S-
H gel to form C-A-S-H gel, which increases compressive
strength in the slag-containing samples at later ages [29].

The influence of SF on the development of compressive
strength, reflected in three main phases, is shown in Fig. 4b.
In the first phase, on the first day of curing, S30SF05 had
the highest compressive strength, and S30SF00, with the
lowest amount of SF, had the lowest compressive strength.
In the second phase (7 - 20 days of curing age), the highest-
to-lowest ranking for compressive strength was S30SF10 >
S30SF05 > S30SF15 > S30SF00. In the third phase (28 days of
curing age), this ranking was S30SF10 > S30SF00 > S30SF05
> S30SF15. In phase one, SF exhibited higher pozzolanic
reactivity and micro-fill effect, allowing an amount of SiO2

in the SF to react with CaO in the cement and GGBFS to cre-
ate C-S-H gel [30, 31], which strengthened the compressive

strength of mortar samples at one day of curing age by a
factor of 2 (S30SF00 vs S30SF10 or S30SF15) to 2.5 (S30SF00
vs S30SF05). In addition, unreacted SF particles may have
remained in the mixture with high SF contents, leading to
an incomplete pozzolanic reaction, which led to the trends
observed in phases two and three. The hydration reaction
created an amount of Ca(OH)2 that enabled SF to partici-
pate in the secondary pozzolanic reaction and to continue
creating C-S-H gel, which may explain the trend, observed
in phase two, toward higher compressive strength due to
greater bonding strength between the aggregate and mortar
[32]. The third phase was influenced primarily by GGBFS
because of the increase in pozzolanic reactivity caused by
a large amount of generated Ca(OH)2, which provided a
favorable environment for the SiO2 in SF to participate in
the pozzolanic reaction.

In general, an excess amount of SF was found to reduce
compressive strength significantly due to the high amount
of fine particles in the SF increasing the surface area [33].
Therefore, 10% SF was determined in this study to be a rea-
sonable replacement ratio to promote compressive strength
development in mortar samples.

4.2. Flexural strength

The influence of GGBFS and SF on the flexural compres-
sive strength of the samples at 7, 28, and 56 days of curing
age, respectively, is shown in Fig. 5. Similar to the results
for compressive strength, the highest flexural strength was
obtained for the non-slag mortar sample (S00SF00) at all
tested ages, with the significant 10 - 25% difference in flex-
ural strength between S00SF00 and the others (S10SF00,
S20SF00, and S30SF00; Fig. 5a) indicating that the pres-
ence of GGBFS slows the pozzolanic reaction. The flexural
strength of the mortar samples tended to decrease as the
amount of GGBFS increased. Notably, the difference in
flexural strength between S20SF00 and S30SF00 was small,
with a value range of 0.5 – 2.0 MPa. Therefore, S30SF00
was chosen as the control mixture for comparing the effect
of adding SF on the engineering properties of eco-friendly
marine mortar.

The influence of SF on the flexural strength of the mor-
tar samples is shown in Fig. 5b. The flexural strength
of S30SF10 was significantly higher than that of the other
samples, with the ranking of flexural strength, from high-
est to lowest, as follows: S30SF10 > S30SF05 > S30SF15 >
S30SF00. The presence of SF improved compressive and
flexural strengths due to its filler effect and pozzolanic reac-
tivity [34–36]. Numerous studies have shown that SF more
positively influences flexural strength than compressive
strength [35, 37, 38]. The optimal amount of SF as a cement
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(a) (b)

Fig. 4. Compressive strength development in eco-friendly mortar samples with various (a) GGBFS and (b) SF contents.

replacement ranges from 7.5 – 10% [39, 40], and 10% SF re-
placement is widely used [31] to improve flexural strength.

4.3. Ultrasonic pulse velocity

The influence of GGBFS and SF on the UPV of the eco-
friendly mortar samples in this study is shown in Fig. 6.
The 56-day UPV of the samples followed a pattern similar
to the 56-day gain in strength discussed in previous sec-
tions, in which higher GGBFS replacement levels reduced
UPV due to the slower pozzolanic reaction rate of GGBFS
compared to the hydration of cement [41], and the use of
10% SF slightly increased the UPV measurements in the
mortar samples. As mentioned previously, using an appro-
priate level of SF content (assumed at 10% in this study)
was found to enhance the microstructure of the mortars (as
observed in Fig. 12c) due to its filler effect and pozzolanic
reactivity [31, 34, 37]. As a result, the denser internal struc-
ture of the mortars resulted in a higher UPV value. In this
study, the UPV values of the eco-friendly mortar samples
were in the ranges of 4038 – 4158 m/s, which were higher
than 3660 m/s. Therefore, these samples were classified
as high-quality mortars based on the proposal of Malhotra
[42].

The relationship between UPV and compressive
strength at 56 days of curing age for all of the mixtures
is presented in Fig. 7. The obtained, approximate linear
line was validated using a high coefficient of determination
(R2= 0.98), validating the close correlation between UPV
and compressive strength in all of the mixtures, which con-
curs with the findings of previous studies [28, 43]. This
result suggests that one of the two characteristics (UPV and

compressive strength) may be used to determine the value
of the other (see Fig. 7).

4.4. Electrical surface resistivity

As shown in Fig. 8, increasing the amount of GGBFS re-
duced ESR in the samples, with S00SF00, S10SF00, S20SF00,
and S30SF00 earning ESR values of 54.1, 47.4, 42.5, and 35.6
kΩ.cm, respectively. Azarsa and Gupta [44] reported that
the electrical resistivity of materials is greatly dependent on
microstructural properties such as pore size and the shape
of interconnections. In this study, the incorporation of GG-
BFS as a cement replacement resulted in a looser microstruc-
ture, especially at higher replacement levels (see Fig. 11),
due to the slow pozzolanic reaction of GGBFS. Thus, fewer
hydration products were generated, which was associated
with a higher volume of voids/pores within the system
and, subsequently, a lower ESR value. Similarly, for sam-
ples with various levels of SF, the ESR values were slightly
reduced from 35.6 kΩ.cm (standard sample – S30SF00) to
33.2 kΩ.cm (S30SF05) and 32.2 kΩ.cm (S30SF30). How-
ever, the ESR value of 35.7 kΩ.cm for S30SF10 was slightly
higher than that of the standard sample. Thus, the mixture
with 10% SF replacement demonstrated adequate reliability
in terms of ESR, as its microstructure was denser than the
others (Fig. 12c). The ESR values of all of the eco-friendly
mortar samples were >20 kΩ.cm, indicating a low rate of
corrosion [45]. This result was in good agreement with the
previously discussed patterns of development for strength
and UPV in the samples (Sections 4.1 and 4.3).
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(a) (b)

Fig. 5. Flexural strength development in eco-friendly mortar samples with various (a) GGBFS and (b) SF contents.

Fig. 6. UPV of the eco-friendly mortar samples.

4.5. Rapid chloride-ion penetration

The RCP of the eco-friendly mortar samples was evaluated
in this study by measuring the total amount of electrical
current that passed through each sample, with the results
shown in Fig. 9. The total charge transferred through the
mortar samples was positively associated with the level
of GGBFS replacement in the mortar mixtures. This was
attributed to the reduction in microstructure density ob-
served in Fig. 11. In addition, the mortar samples con-
taining 10% SF exhibited better chloride permeability re-
sistance than the mortar samples with 0%, 5%, and 15%
SF. This result suggests an optimal content of 10% SF in
the eco-friendly mortar mixture, where the chemical reac-
tions were enhanced in chemically reactive environments.

Fig. 7. The relationship between UPV and compressive
strength in the 56-day-old mortar samples.

This finding is in line with results reported by other re-
searchers [39, 40]. Thus, more hydration products were
introduced into the system, which further densified the
microstructure of the mortar samples (Fig. 12c) and led to
lower RCP values. The total charge passed ranged between
1058 and 1922 Coulombs, which falls within the range al-
lowed under ASTM C1202 [46]. The low RCP values of
the samples support their good corrosion resistance, espe-
cially in chloride-contaminated environments. The high
resistance to chloride penetration was attributed mainly to
the increase in tortuosity in the pores of the mortar sample
because of the presence of aggregates. In particular, the
lowest ion penetration was reported for S30SF10, demon-
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Fig. 8. ESR of the eco-friendly mortar samples.

strating its effectiveness as a barrier [47].

Fig. 9. RCP of the eco-friendly mortar samples.

4.6. Thermal conductivity

The TC values recorded for the eco-friendly marine mortar
samples under both SSD and OD conditions are shown
in Fig. 10. The trend for TC was similar to that for ESR.
The TC values of the samples under the SSD condition
declined from 1.548 W/mK to 1.348 W/mK, while those
under the OD condition, with the exception of S30SF10, de-
clined from 1.429 W/mK to 1.125 W/mK. The OD mortar
samples earned TC values that were around 8.3 – 19.8%
below those of the SSD mortar samples. This difference in
TC at different sample conditions was reported previously
by Hwang and Tran [45]. On the other hand, a close rela-
tionship between TC and porosity was found, as higher
porosity was associated with lower TC [45]. As observed in
the SEM morphologies of the eco-friendly mortar samples

(Fig. 11), the increase in pore/void structures with increas-
ing GGBFS content was associated with a reduction in TC
values. This explanation also holds true for the mortar
samples with various levels of SF content. Its more-solid
structure earned S30SF10 (Fig. 12c) a higher TC value than
the other samples in the SF group.

Fig. 10. TC of the eco-friendly mortar samples.

4.7. Microstructure analysis

The microstructures of the eco-friendly mortar samples
are shown in Figs. 11 and 12, with the SEM micrographs
of S00SF00, S10SF00, S20SF00, and S30SF00 shown in Fig.
11 and those of S30SF00, S30SF05, S30SF10, and S30SF15
shown in Fig. 12. Microcracking, primarily due to the com-
pression test, as mentioned in the previous section, was
observed in most of the SEM micrographs of the samples.
Moreover, more microcracking and less-dense microstruc-
tures were observed in the SEM images of the mortar sam-
ples with higher GGBFS contents. The fracture patterns
were propagated in the S20SF00 sample (Fig. 11c). Fur-
thermore, a hole was generated in the S30SF00 sample (Fig.
11d).

On the other hand, the samples with higher SF con-
tents exhibited relatively denser microstructures, leading
to higher strength and lower RCP, as mentioned previously
in this study (see Figs. 4, 5, 9).

5. Conclusions

This study was designed to examine the feasibility of us-
ing ternary mixtures of cementitious additives, including
GGBFS, FA, and SF, to produce eco-friendly mortars ap-
plicable in general construction and, particularly, in the
repair and maintenance of corroded concrete structures.
The engineering properties and durability of the proposed
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(a) (b)

(c) (d)

Fig. 11. SEM micrographs of the eco-friendly mortar samples with various GGBFS contents: (a) S00SF00, (b) S10SF00, (c)
S20SF00, and (d) S30SF00.

mortar samples were examined and discussed. The follow-
ing conclusions may be made based on the experimental
outcomes:

1) In general, replacing cement with GGBFS reduced the
compressive and flexural strengths of the samples. At 56
days of curing age, the compressive and flexural strength
values were 48.5 MPa and 10.5 MPa, respectively, for the
30% GGBFS specimens. Moreover, the highest 56-day com-
pressive and flexural strength values for the 10% SF spec-
imens were 49.2 MPa and 13.8 MPa, respectively. Thus,
adding silica fume may be considered as an effective ap-
proach to improving mortar strength. However, an excess
amount of SF may cause a reduction in the compressive
strength of the mortars.

2) Lower UPV values were found at the eco-friendly
mortar with higher GGBFS replacement levels and the in-
corporation of 10% SF slightly increased the UPV values
of the mortar samples. However, the UPV values of the
mortar samples in this study ranged from 4038 to 4158

m/s (>3660 m/s), indicating that all were “high-quality”
mortars under the definition proposed by Malhotra (1976).

3) Increasing the amount of GGBFS reduced ESR in
the mortar samples, with S00SF00, S10SF00, S20SF00, and
S30SF00 earning ESR values of 54.1, 47.4, 42.5, and 35.6
kΩ.cm, respectively. Besides, the ESR values were 35.6, 33.2,
35.7, and 32.2 kΩ.cm for the mortar samples with 0, 5, 10,
and 10% SF, respectively. A similar trend was found for the
TC measurement of the mortar samples. Thus, the results
of the ESR and TC tests further supported an optimum
mixture containing 30% GGBFS and 10% SF. The internal
structure of the mixture impacted the heat transfer and the
charge on the surface, with this impact enhanced by the
increase in both additives (GGBFS and SF).

4) In terms of RCP, the total charge transferred through
the mortar samples was positively associated with the level
of GGBFS replacement in the mortar mixtures and the mor-
tar samples containing 10% SF exhibited better chloride
permeability resistance than the mortar samples with 0%,
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(a) (b)

(c) (d)

Fig. 12. SEM micrographs of the eco-friendly mortar samples with various SF contents: (a) S30SF00, (b) S30SF05, (c)
S30SF10, and (d) S30SF15.

5%, and 15% SF. As a result, the total charge that passed
through the mortar samples ranged between 1058 and 1922
Coulombs, demonstrating that all of the specimens had low
chloride-ion permeability and good corrosion resistance,
especially in chloride-contaminated environments.

5) Although the incorporation of locally available and
sourced GGBFS and SF was not found to significantly
improve the engineering performance of the mortar sam-
ples, based on the experimental results, the proposed eco-
friendly mortars exhibited good mechanical and durability
performance. The incorporation of industrial by-products
may be expected to bring benefits in terms of reducing land-
fill loading and improving the environmental sustainability
of the construction industry.
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