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Abstract

Ground granulated blast furnace slag generated from steel manufacturing presents environmental challenges, but it can be valuable
when utilized as a supplementary material in concrete, contributing to the development of sustainable materials. In this research, a new
sealing mortar was prepared by substituting 10% of the cement with slag (M10). This material can provide performance comparable
to M234, a MO sealer used for sealing and wedging supports and machine bases. The mechanical properties and durability indices of
both M10 and M234 were compared to the reference mortar MISO, which is a laboratory-made mortar free of slag. XRD analysis was

conducted to determine the crystallinity of the starting cement, and granulometry revealed a median size distribution of 23 um for the

slag after grinding. Capillary absorption and water-accessible porosity were tested for all samples.
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1 Introduction

Slag produced in steelmaking operations is generally classi-
fied into three primary types, corresponding to the furnace in
which it is generated: basic oxygen furnace (BOF) slag, elec-
tric arc furnace (EAF) slag, and ladle furnace (LF) slag [, 2].
Compared to BOF slag, EAF and LF slags are less reactive
and alkaline, making them potentially useful materials [3—5].

The cooling mechanism of the slag determines its two
main types: ground glassy slag (vitrified) and crystallized
slag. The first form contains either granulated or pellet-
ized slag, while the second has a rock structure resulting
from the slowest possible cooling process.

Ground Granulated Blast Furnace Slag (GGBS) is an
industrial solid waste material generated during the man-
ufacturing process of pig iron in the blast furnace [6, 7].
Additionally, its accumulation in landfills causes significant
environmental problems; therefore, its valorization could
lead to substantial environmental benefits and economic
advantages. GGBS is primarily composed of calcium sili-
cates and aluminosilicates, along with other bases that form
in an igneous state with iron during this process [7, 8].

On the other hand, concrete is one of the most widely
used man-made construction materials. Notably, it has the

capacity to fully absorb alternative substances derived from
industrial waste, contributing to sustainable development.
It was found that using GGBS in cement and concrete as
a supplementary material can lead to significant cost sav-
ings [9, 10] and develop a sustainable material by enhancing
certain properties of both fresh and hardened concrete, such
as mechanical properties (compressive, flexural, and tensile
strength) [11] durability, and thermal behavior [12—15].
The literature contains some interesting works on
cementitious materials containing granulated slag [16—
18]. For example, Monshi and Asgarani [19] worked with
steel slag (at 8%) to prepare different types of cement.
Their work suggests that slag should be used in small
amounts when making cement to maintain the required
strength and ensure a longer lifespan for the cement. In a
similar context, Tsakiridis et al. [20] conducted a study on
using steel slag in Portland cement and found that adding
up to 10.5% granulated slag to the clinker did not nega-
tively impact the quality of the produced cement. Another
study led by Vejmelkova et al. [21] presented a high-per-
formance concrete containing 10% GGBS, which exhib-
ited 20% less open porosity than conventional concrete,
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offering lower porosity and better durability than ordinary
Portland cement concrete.

Wang et al. [22] studied the influence of a slightly higher
content of steel slag replacement (45%) on the properties
of concrete. They showed that this concrete exhibit lower
early strength but higher late strength than pure cement
concrete. Moreover, slag concrete can achieve a similar
level of permeability, drying shrinkage, and carbonation
resistance as pure cement concrete. Teng et al. [23] noted
that increasing the surface area by using ultrafine GGBS
in concrete (30%) results in higher early strength, lower
permeability, and improved durability.

However, cementitious materials, such as concrete,
are intrinsically porous, and their high fragility and low
tensile strength make them sensitive to cracking under
various environmental conditions. As a result, they are
vulnerable to aggressive agents like chlorides, nitrates,
and sodium, calcium, or magnesium sulfates present in
water and aggressive fluids, which can eventually lead to
physical and chemical degradation over time [24]. This
degradation limits their lifespan and lowers their struc-
tural performance, potentially leading to costly repairs
and failures.

Consequently, sealing mortar is a useful product that
allows for the physical sealing of various structures. It can
be used to seal cracks, joints, or stone structures [25],
and it also prevents aggressive fluids from seeping into
the mortar. This type of mortar can also be employed for
wedging supports, machine bases, posts, and anchors.

For example, Issa and Debs [26] used epoxy resin to
repair cracks in concrete through injection and gravity fill-
ing to restore its structural integrity, concluding that the
properly applied epoxy system re-established compressive
strength by up to 8.23%. Meanwhile, Abolfazli et al. [27]
conducted a comparison between chemical grouting
and cement grouting using epoxy and polyurethane.
Additionally, Sanchez-Moreno et al. [25] utilized colloidal
nanosilica particles for repairing cracked concrete.

There have not been many attempts to study seal-
ing mortar based on slag. Therefore, there is a need for

research on materials that can minimize damage to struc-
tures by controlling cracks or wedging supports.

This study focuses on the valorization of blast fur-
nace slag sourced from the Annaba Iron and Steel Plant
(Algeria). The aim is to optimize its incorporation into a
specialized application: a high-performance sealing mor-
tar for wedging supports and sealing machine bases.

The present work compares three sealing mortar sam-
ples: a commercial shrinkage-compensated sealer and two
laboratory-formulated sealers, with and without slag.

2 Materials and methods

2.1 Materials

Three prismatic mortar samples (M10, M234, and MISO)
measuring 4 x 4 x 16 cm were prepared. The first sam-
ple, M10, is a substitution of 10% of the cement by slag
(by weight). The second sample, M234, is a commercial
concrete sealer that falls under the category of shrink-
age-compensated sealing mortars. The last sample, MISO,
is a reference laboratory-made mortar that does not con-
tain granulated blast furnace slag.

The exact composition of M234 is not disclosed by the
manufacturer but the product is commonly used as a refer-
ence in this field, since our study focuses on performance
comparison, not material composition.

The following raw materials (cement, sand, slag, and
additives) were combined in a dry state to create a powder
that could be hydrated with tap water to form a fluid mix-
ture suitable for manufacturing the mortar samples.

2.1.1 Cement
The clinker used came from Portland Cement (CEM I
42.5 R) from the Meftah cement plant, with a fineness
of 4400 cm?/g, a density of 3110 kg/m?, an initial setting
time of 150 min, and a final setting time of 240 min, with
a water demand of 29%. The chemical and mineralogical
composition of the cement is detailed in Tables 1 and 2.
For producing the M10 mortar, the clinker was mixed
with 5% gypsum and 10% slag, ground to a fineness of
5150 cm?/g using a RETSCH PM 200 Planetary Ball Mill.

Table 1 Chemical composition of Portland Cement used, determined by XRF

Oxide component wt. (%)

Sio, ALO, Fe,O, CaO Free CaO MgO Na,O K,0 SO, Loss Ign.
21.50 5.20 3.78 62.41 0.17 1.06 - 0.66 273 0.81
Table 2 Mineralogical composition of cement (calculated according to the BOGUE formula)
C,S CA CAF CaOF
Cement minerals (%) 60.10 20.17 09.37 10.29 <01




2.1.2 Blast furnace slag

The blast furnace slag used has a moisture content of 10%,
is granulated, vitreous, and light grey in color, and was
obtained from the Annaba Iron and Steel Plant (Algeria).
After grinding in a RETSCH PM 200 planetary mill, it
was reduced to an extremely fine powder with a median
particle size of 23 um and a particle size distribution
of less than 63 um. The slag has an absolute density of
2370 kg/m? and a bulk density of 890 kg/m?>. Its chemi-
cal composition is shown in Table 3. The particle size of
the blast furnace slag was measured using a Laser Particle
Size Analyzer, and the results are presented in Fig. 1.

2.1.3 Sand

Standardized sand was used and prepared in compliance
with standard NA 5043:2024 [28]. The calculated sand
equivalent value is ES > 99%. Tables 4 and 5 provide
the sand's fineness modulus and the quantity utilized,
respectively.

2.1.4 Superplasticizer

A white powder from a new generation of superplasti-
cizer was utilized as an additive. It is a non-chlorinated,
water-reducing agent based on modified polycarboxylates.
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2.1.5 Specimen preparation

The preparation of the mortars under study involved mix-
ing cement, sand, and slag in a dry state. A specific water-
to-cement weight ratio of 0.42 was maintained. Details on
the mix proportioning are presented in Table 6. The amount
of cement substitution with slag was 10%. A composition
with 0 wt% slag was also prepared as a reference.

2.2 Characterization method

2.2.1 Study of mortar durability indices

Capillary absorption

The capillary absorption test was carried out according to
the protocol defined by AFPC-AFREM [29], with addi-
tional time periods between 2 and 15 min at early age.
Three specimens were used to determine their capillary
absorption coefficient. After 28 days of curing, the speci-
mens were oven-dried at 80 °C until a constant weight was
achieved. The five sides of the specimens were then sealed
with aluminum adhesive paper, leaving the water-absorb-
ing surface unsealed. During this test, the water level was
maintained at about 3 mm above the base of the specimens.
The initial mass of the specimen was weighed and recorded
as M, and the mass of the specimen at time ¢ was recorded
as M. The capillary absorption coefficient is defined

Table 3 Chemical composition of the blast furnace slag used, determined by XRF

Oxide component wt. (%)

Sio, ALO, Fe,0, CaO MgO K,0 TiO Na,O SO, BaO MnO SrO Loss Ign.
412 8.16 0.937 39.22 3.25 1.15 0.351 0.332 1.03 0.88 2228 0.274 0.936
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Fig. 1 Average particle size distribution of blast furnace slag and undersize curve measured
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Table 4 Fineness modulus of the sand

Coarse sand (50% coarse

Sand + 50% medium) Fine sand  Preferential sand
Fineness
3.68 0.91 2.20
modulus
Table 5 Amount of sand used
Coarse sand (50% coarse
+ 50% medium) :
Sand Fine sand Preferegtlal
Coarse Medium san
sand sand
Ratio % 23.285 23.285 53.43 100
Weight (g) 314.35 314.35 721.305 1350
Table 6 Mixture proportioning
Cement” Slag  Sand Water Additives
Mortar wiC
(8 (& (&)  (ml) (%)
MISO 450 0 1350 189 0.2 0.42
M 10 405 45 1350 189 0.2 0.42

* Cement: 95% Clinker + 5% gypsum

according to Eq. (1) and is used to translate the amount of
water absorbed in relation to the surface in contact.

M, M,

1
a,t A ( )
Where:
» C,, is the capillary absorption coefficient at time ¢
(kg/m?),

* M _is the total amount of water absorbed (kg),

* M, s the initial mass of the specimen,

* A is the cross-sectional area of the specimens in con-
tact with water (0.0016 m?).

Water accessible porosity

Water accessible porosity is determined by the absorp-
tion of water through immersion, which is the difference
between the mass of a sample saturated in water and its
mass in the dry state. Three specimens were used for this
test, and they were dried at 105 °C to a constant mass with
a fluctuation of 0.1% after 24 h. The dry mass of the sam-

ples, denoted as M, , was thus determined. The water

dry?
accessible porosity oyf the studied specimens was deter-
mined using the water saturation method.

To obtain the porosity accessible to water by immersion
(P,,), the samples were immersed in water until saturation
(with a mass variation of 0.1% after 24 h), in accordance
with standard (NBN B 15-215:2018 [30]) [31]. The samples

) and in water (M___ ). P,, is

water

were then weighed in air (M,

sat

defined as the open porosity of the material.

On the other hand, the porosity accessible to water by
vacuum immersion (P,,,) was determined in accordance
with standard NBN B 24-213:1976 [32]. This involved sat-
urating the samples in a vacuum and then weighing them
in air (M_ ) and in water (M__ ). P, is defined as the
total porosity of the material.

Thus, the porosities P, and P, are calculated accord-
ing to Eq. (2) and Eq. (3), respectively.

M,  -M
P, =y (o) @)
M&'a{ - M water
M _,—M
PWV — satV dry (%) (3)
Msa/V - MwaterV

The closed porosity (P_) can be deduced from the dif-
ference between the total porosity (P,,) and the open

porosity (P,) Eq. (4).

P =P, P, (%) )

Non-steady-state migration coefficient of chloride ion

The apparent diffusion coefficient of chlorides D is
measured by a chloride ion migration test under an elec-
tric field in accordance with the procedure described in the
standard XP P18-462:2012 [33]. The test is carried out on
prismatic sample of dimensions (15 x 5 cm) Fig. 2.

After testing, the specimens are fractured by splitting
and sprayed with a solution of silver nitrate (AgNO,) to
reveal the penetration front of the chlorine ions.

The silver nitrate whitens the part penetrated by the
chlorine ions by forming a white precipitate. The non-
steady-state migration coefficient is defined by the Eq. (5).

-1+
H

Voltage generator

@

Reference
electrode

Cathode Anode

NaCl 1mol/L
+
NaOH 0.1mol/L

NaOH 0.1 mol/L

Downstream cell

Upstream cell

Sample

Fig. 2 Device for accelerated testing of non-steady-state migration

coefficient of chloride ion



0.0239(273+T)L (273+T)Lx,
= x, —0.0238, [~ o220
(U+2)1 U-2
xo.zo(l 1.6— 0.0238\/16383.61)
®)

Where:

* D, is the non-steady-state migration coefficient of
chloride ion (x107'? m?/s);

+ T is the average temperature between the start and
end of the trial (°C);

L is the thickness of the sample (mm);

* U is the absolute value of the applied voltage (V);

* x,is the average value of chloride penetration (mm)

* tis the migration test time (h).

The penetration of chloride ions is one of the main phe-
nomena responsible for the corrosion of reinforcement
and the deterioration of reinforced concrete structures.
The action of chloride ions is specific to certain environ-
ments in which concrete may be found, such as structures
in marine environments (submerged parts, tidal zones,
surfaces subject to sea spray, etc.) or those exposed to
de-icing salts.

2.2.2 Measurement of sonic wave propagation time and
speed (NA 5027)

The propagation characteristics of ultrasonic waves in a
material can reveal valuable information about its proper-
ties. For instance, the wave's propagation speed provides
insight into the material's microstructure and damage
state. This study used the PUNDIT LAB ultrasonic testing
equipment, following the measurement procedure speci-
fied in the standard NA 5027:2022 [34]. This standard
defines the measurement process, which involves record-
ing the travel time of an ultrasonic wave generated by an
electroacoustic transducer as it propagates through the
mortar. The device, which generates and receives ultra-
sonic waves digitally, supports piezoelectric transducers
within a frequency range of 20 to 500 kHz. Consistent
with Gaydecki et al.'s [35] recommendation of using lower
frequencies (40—80 kHz) for concrete testing, a frequency
of 54 kHz was selected for this investigation. The direct
transmission method, deemed the most reliable due to the
longitudinal pulses propagating normally to the transduc-
er's face, was utilized. The pulser and receiver were posi-
tioned on opposing surfaces of the concrete sample, as
illustrated in Fig. 3.
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Fig. 3 Setting up ultrasonic velocity measurement using Pundit Lab+
on prismatic mortar samples (4 x 4 x 16 cm)

Ultrasonic wave velocity in concrete is calculated by
dividing the concrete thickness by the travel time. Therefore,
the pulse velocity (V) can be determined using Eq. (6).

y== (©)

Where V is the velocity (m/s), L is the distance (m) and
t is the time (s).

3 Results and discussion

3.1 Characterization of fresh mortar

These tests were conducted on the pastes of different mor-
tars to determine the water requirement for normal con-
sistency and setting times in accordance with the standard
(NA 230:2019 [36]). The values obtained are presented in
Table 7.

The commercial mortar M234, with a spread of 30 cm,
exhibits the highest fluidity, indicating a more fluid con-
sistency. In contrast, Grout 234, with a spread of 27 cm,
is less fluid but remains flowable, likely due to slightly
higher viscosity. The M10 mortar, with the lowest spread
of 23 cm, shows the lowest fluidity, indicating the thickest
and least flowable consistency. Meanwhile, M ISO, with a
spread of 25 cm, falls between M10 and Grout 234, sug-
gesting intermediate flowability.

The finer slag used in the M10 mortar likely increases
water demand due to its higher surface area, which
reduces workability and results in a lower spread (23 cm).

Table 7 Characteristics of the studied samples

Setting time  Density  Spread

Samples (min) (gD (cm)
Start  End

Grout 234 (fluid consistency) 240 270 2390 30

Grout 234 (plastic consistency) 195 210 27

M 10 200 220 2132 23

M ISO 270 300 2064 25
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Finer particles enhance hydration and C-S-H gel forma-
tion, leading to increased closed porosity in slag mortars.
This, in turn, may raise internal friction and reduce flow-
ability, resulting in lower spread values compared to the
reference mortar (free of slag M ISO).

A higher slag content (particularly with finer parti-
cles, as in M10) reduces the consistency of fresh mortar,
decreasing the spread (e.g., 23 cm for M10 vs. 27-30 cm
for Grout 234) and making the mix less fluid and more
plastic or stiff. This is primarily due to the increased water
demand and the denser microstructure resulting from
C-S-H gel formation and greater closed porosity.

CEN EN 445:2007 standard [37] generally specifies
a spread of 25-30 cm or higher for injection grouts to
ensure adequate flowability. A minimum spread of 27 cm
is typically required for effective injection, with 30 cm
considered ideal for fine cracks.

In conclusion, increasing the slag content, especially
with finer particles (as in M10), decreases the consistency
of fresh mortar, resulting in a lower spread (e.g., 23 cm
for M10 compared to 27-30 cm for Grout 234). This leads
to a stiffer, less fluid mix with a more plastic consistency.
The reduced fluidity is attributed to greater water demand,
a denser microstructure from C-S-H gel formation, and
higher closed porosity.

For effective injection, a spread of 27-30 cm or higher
is preferred. Grout 234 (fluid) is ideal, while the plastic
variant may be acceptable in less demanding conditions.
However, M10 (23 cm) and M ISO (25 cm) are too viscous
for most injection purposes.

3.2 Characterization of hardened mortar

3.2.1 Mechanical properties

Flexural strength was tested on three prismatic mortar
specimens measuring 40 x 40 x 160 mm for each variable,
in accordance with the standard (NA 234:2018 [38]) [39].
The prisms resulting from the bending test were then
tested in compression on the lateral faces of the mold,
under a section of 40 x 40 mm?, also in accordance with
NA 234:2018 [38]. Compressive strength is the average of
six measurements.

Figs. 4 and 5 show the compressive and flexural strengths
in accordance with standard NA 234:2018 [38]. It can be
observed that both mortars satisfy the requirements related
to the exposure classes for which they were designed.
Additionally, M234 mortar exhibits marginally greater
compressive and flexural strengths than M10 mortar.

EmIso M234

Om 10

35.68

Compressive strength (MPa)
1 31.45

17.56
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P W 2236
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VA /7

7 28
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Fig. 4 Compressive strength (MPa) of mortars at 2, 7 and 28 days of curing

EMISO Bm234 M 10

Flexural strength (MPa)

. L
7 28
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Fig. 5 Flexural strength (MPa) of mortars at 2, 7 and 28 days of curing

The M10 mortar shows results comparable to those
obtained with M234. Literature indicates that mortars
based on blast furnace slag generally have higher compres-
sive strengths than those based on CEM I, assuming all
other conditions remain constant. This finding is supported
by the results of the compressive strength tests. Moreover,
the slag from the blast furnace used to make M10 mortar is
finer than that used for the commercial mortar M234.

3.2.2 Capillary absorption
Observations of the capillary fringes on the mortar sam-
ples show higher absorption kinetics along the resin-in-
sulated faces, with a thickness ranging from 12 to nearly
35 mm, as illustrated in Fig. 6.

Fig. 7 shows that the absorption coefficient of slag mor-
tars is lower than that of the concrete without slag (MISO

M 234

MISO M10

Fig. 6 Capillary water absorption of Mortar samples
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Fig. 7 The capillary absorption of mortars between 1 and 24 h

sample), which can be explained by the more refined
pore structure. The positive effect of slag on the capil-
lary absorption of mortars has been reported in the litera-
ture for low percentages of slag [21]. This improvement is
attributed to the way in which slag hydration modifies the
dimensions and distribution of capillary porosity, leading
to the formation of CSH gel [40].

3.2.3 Water accessible porosity
The variation in water-accessible porosity (P,) and vac-
uum water-accessible porosity (P,,,) of the studied mor-
tars after 28 days of curing is shown in Fig. 8. The straight
green line in Fig. 8 represents the closed porosity (P ) for
MISO, M234, and M10 mortars.

A higher closed porosity of the slag mortars compared
to the reference mortar is observed. However, there is little
variation in P, between M234 and M10. Despite the high
porosity, this reflects the discontinuous porous structure of
the slag mortars. This variation is typical and results from
the latent hydration of the slag in the Portland cement. This
is largely confirmed by the mechanical behavior observed
two months after curing.
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The findings logically demonstrate that the mortar with
the lowest porosity is the most compact. While the poros-
ity of M234 is the lowest, it is still greater than that of
MISO. The fact that mortar M234 contains a consider-
able amount of blast furnace slag, whereas mortar MISO
does not, could explain this difference. Similar results
with mortars containing 0—40% blast furnace slag was
obtained by [41] and [42].

Jiang et al. [3] showed that the total porosity of mor-
tars based on slag cement is higher than that of mortars
made with cement without added additives. However, he
found a narrower and finer pore size distribution in slag
cement mortars. According to his work, the hydration of
slag at a young age is very slow compared to that of clinker.
The hydrates formed are mainly primary sulphoaluminate,
which occur as dispersed needles, leaving accessible voids.

Over time, the slag is activated by Ca(OH), from the
hydration of the clinker, forming CSH gel, which fills the
structure formed by the ettringite needles. As a result,
compared to regular Portland cement, the capillary pore
volume is reduced, and the pore structure is finer.

3.2.4 Results of non-steady-state migration coefficient
of chloride ion
Fig. 9 shows the results obtained from the transient chlo-
ride ion migration test on the two M10 and M234 mortars.
The threshold values shown in Fig. 10 are taken from
the AFGC guide [29]. It can be seen that both mortars
have an apparent diffusion coefficient between 1.74 and
2.09 x 1072 m?%/s, thus falling within the high potential
durability class. Although the M10 mortar has a lower
chloride ion diffusion coefficient than the compact M234,
the composition of the binder has a significant impact
on the apparent chloride ion diffusion coefficient. These
results are consistent with the literature, which shows that
concretes containing blast furnace slag can bind more
chloride ions than mortars based on Portland cement [43]
and, due to their finer porosity [44], have a lower chloride
ion diffusion coefficient than MISO.

3.2.5 Results of propagation of ultrasonic waves

The results obtained for the three mortars studied are pre-

sented in Fig. 11. The measurements were taken on hard-

ened specimens that were kept under wet curing conditions.
The results for the propagation speed of sonic waves

indicate that the three mortars are classified as very high-

strength mortars according to the RILEM curve [45]. This
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classification also supports the findings related to porosity
and mechanical strength.

Fig. 11 shows that the speed of propagation of ultrasonic
waves increases with the addition of blast-furnace slag to
the mortar. This is because blast-furnace slag powder acts
as a filler, reducing porosity and aiding the cement hydra-
tion process, which makes the test specimen denser. As the
density of the specimen increases, the medium through
which the ultrasonic waves propagate becomes more con-
fined, resulting in an increase in the measured wave speed.

The Ultrasonic Pulse Velocity (UPV) test measures the
transit time of ultrasonic pulses at 54 kHz, generated by an
electroacoustic transducer and passing from one surface
of the specimen to the other. The transit time of the ultra-
sonic pulses depends on the density and elastic properties
of the material being tested.

Fig. 12 presents the transit time of ultrasonic pulses
for three mortars (MISO, M234, and M10), measured
at 54 kHz. The data reveals that the signal curve for the
reference mortar (MISO) displays a distinct and consis-
tent pattern of ultrasonic pulses, with a noticeably shorter
transit time compared to the other two mortars. Typically,
shorter ultrasonic pulse transit times are associated with
denser, more uniform materials that have stronger parti-
cle bonds. This is because denser materials exhibit higher
ultrasonic pulse velocities, as they provide greater resis-
tance to wave propagation, which in turn accelerates the
pulse's travel [46, 47]. The density and elastic modulus of
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Fig. 12 Transit time of ultrasonic pulses with 54 kHz of mortars tested: (a) MISO, (b) M234, (c) M10

concrete influence the speed at which ultrasonic pulses
travel through it. In other words, faster-moving ultrasonic
pulses are indicative of denser and stiffer materials [48].
In contrast to the M234 and M10 mortars, the signal curve
of MISO exhibits a less defined and more irregular pattern.
Additionally, the transit time appears to be significantly
longer compared to that of MISO. Since GGBS hydrates
more slowly than the primary binder phases in cement, it
may leave some unreacted particles and create more voids,

which could initially result in increased porosity. This effect
may be due to the higher proportion of GGBS in this con-
crete. However, the continued hydration of GGBS can even-
tually fill these voids, reducing overall porosity and improv-
ing long-term strength and durability [49]. Porosity or void
spaces in concrete, can prevent the propagation of ultra-
sonic vibrations. As the waves are attenuated more when
traveling through these voids, concrete with higher porosity
typically shows lower ultrasonic pulse velocities [47].
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Moreover, we observe that the ultrasonic pulse velocities
of the three mortars MISO, M234, and M10 are 4223 m/s,
4471 m/s, and 4459 m/s, respectively. These values are
within the normal range, as the ultrasonic pulse velocity
of undamaged concrete typically varies between 3000 and
4500 m/s [50]. Loke et al. [51] found that increasing GGBS
content in mortar tends to decrease the UPV values com-
pared to conventional cement-based mortar, and this result
was attributed to the slower setting and hardening behav-
ior of GGBFS compared to ordinary cement.

4 Conclusions
In this study, a commercial sealing mortar was character-
ized to compare its performance with two laboratory-made
concrete sealers, which were formulated by substituting
cement with blast furnace slag. Based on the materials and
measurement methods used in this paper, the following
conclusions can be drawn:

* Granulometry showed that a particle size of less than

63 pm was achieved for the slag after grinding.
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