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To mitigate the environmental impact induced by CO2 emissions and nonrenewable resource consumption, which are typically
associated with Portland cement production, ground granulated blast furnace slags (GGBSs) are usually added to the cement. In
this study, the stabilisation effect of alkali-activated GGBS on saline soil and the hydration products of alkali-activated GGBS were
investigated by unconfined compressive strength tests and scanning electron microscopy, respectively. ,e results show that
Ca(OH)2 and NaOH as alkaline activators for GGBS significantly improve the unconfined compressive strength of saline soils.
,is strength is also enhanced by Na2SO4; however, the increase is considerably less than that provided by Ca(OH)2 andNaOH. In
contrast, Na2CO3 is not a suitable alkaline activator for GGBS and has no significant effect on the unconfined compressive strength
of saline soils. ,e study results further show that the morphology of hydration products varies because of the different alkaline
activators involved in the hydration reaction with GGBS in saline soils.

1. Introduction

Saline soils are mainly found in coastlands or lakes in
western China [1]. ,ey contain many soluble salts, such as
NaCl, KCl, CaCl2, Na2SO4, MgSO4, Na2CO3, and NaHCO3
[2]; consequently, numerous plants cannot grow in these
soils [3]. When temperature drops, Na2SO4 and Na2CO3 can
separate from saline soils because their solubility decreases,
increasing soil volume (i.e., salt heaving). In contrast, when
temperature rises, the soil volume decreases due to increased
solubility, resulting in the collapse of saline soils [4]. As a
result, saline soils cannot be directly used for subgrade
engineering or foundation engineering; they must first be
treated before they can be applied to engineering work. For
this purpose, Portland cement is generally employed to
stabilise saline soils [5].

However, the production process of Portland cement
generates environmental pollutants. For example, it pro-
duces considerable amounts of carbon dioxide, which

further aggravate the greenhouse effect and contaminate the
atmosphere [6]. Moreover, many nonrenewable energy
resources, such as coal and petroleum, are used in cement
production [7]. ,us, alternative inorganic binders must be
used in lieu of Portland cement to stabilise saline soils.

,e substitution of Portland cement with inorganic
binders has been investigated by some researchers. For
example, Jegandan et al. [8] found that blended materials,
including ground granulated blast furnace slag (GGBS),
pulverised fuel ash, cement kiln dust, zeolite, and reactive
magnesia, could improve the mechanical performance and
durability of stabilised soils ranging from sand and gravel to
clay. Kavak et al. [9] investigated the use of GGBS (powder
form), commercial lime, and seawater to improve the en-
gineering properties of clay soil with low plasticity. ,eir
study showed that the unconfined compressive strength of
clay samples (stabilised with 5% lime and 3.33% GGBS;
cured for 28 d) was more than eight times the initial strength
of untreated samples, reaching 2.5MPa in the presence of
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seawater. Laxmikant [10] applied a mixture of GGBS and fly
ash to stabilise soft soil. Based on compaction and California
bearing ratio test results, the optimum amounts of GGBS
and fly ash for stabilisation were 6% and 3%, respectively.
With this optimum combination, reasonable improvement
in the California bearing ratio values was observed for
unsoaked and soaked soils. Rashad [11] presented an
overview of previous studies on the use of high-volume Class
F fly ash as partial cement replacement in traditional pas-
te–mortar–concrete mixtures based on Portland cement. In
[12], Rashad summarised earlier investigation reports that
focused on the use 45% volume Class F fly ash as cement
replacement in such mixtures. Yi et al. [13] implemented a
series of tests, including unconfined compressive strength
test, X-ray diffraction, and scanning electron microscopy.
,eir objective was to investigate the influence of different
alkaline activators, such as MgO, Mg(OH)2, and Ca(OH)2,
on soils stabilised with GGBS. ,e results indicated that
Mg(OH)2 had minimal activating efficacy on soil with
GGBS; between MgO and Ca(OH)2, the former had greater
efficacy. Moreover, the common hydration products in all
stabilised soils with different alkaline activators and GGBS
were calcium silicate hydrate-like compounds. ,omas et al.
[14] investigated the influence of various dosages of alkali-
activated GGBS and enzymes on the physical and me-
chanical properties of soil. ,ey found that soil strength
significantly increased with the addition of stabilisers, in-
creasing the optimum moisture content, unconfined com-
pressive strength (UCS), and shear strength parameters.
Furthermore, the cohesion of soil samples significantly
improved with the addition of stabilisers; however, the
change in internal friction was marginal. Payá et al. [15]
adopted olive stone biomass ash as alkaline activator, and its
mixture with GGBS was used to prepare compacted dolo-
mitic soil blocks. ,e compressive test results indicate that
the final compressive strength of these blocks cure for 120 d
was 27.8MPa, indicating that olive stone biomass ash was a
sustainable alkaline activator alternative. Based on the above
papers, it can be concluded that the application of the
binders described above to soil stabilisation has extensive
prospects.

Yi et al. [16] conducted a series of experiments to
demonstrate that Na2SO4 and Na2CO3 could be used as
alkaline activators for GGBS. ,eir use in saline soils can
prevent the collapse and heaving of these soils because both
participate in the hydration reaction with GGBS. Hence, the
application of alkali-activated GGBS to stabilise saline soils
has scientific significance. In this study, four types of alkaline
activators, namely, Na2SO4, Na2CO3, NaOH, and Ca(OH)2,
for GGBS to stabilise saline soils were investigated. More-
over, the morphology of hydration products of different
alkaline activators involved in the hydration reaction with
GGBS in saline soils was also investigated.

2. Materials and Experimental Programme

2.1. Materials. Saline soil samples (Figure 1) were collected
from soil deposits in Binhai economic development zone in
Weifang, China; Table 1 lists the physical properties of these

samples. Based on Chinese design codes [17, 18] and Table 1,
the saline soils used in the test are classified as sandy silt.
Figure 2 shows the grain size accumulation curve of saline
soils, indicating that the soil samples have poor particle
grading. Table 2 summarises the various ion contents de-
rived by chemical analysis. Based on the results listed in
Table 2, the calculated sum of moles of CO3

−2 and HCO3
− in

saline soils is 11.8mmol. ,is value exceeds 0.3mmol, in-
dicating the alkalinity of saline soil samples [19].

,e chemical composition and performance of GGBS
are listed in Table 3, and the properties of NaOH, Na2CO3,
Na2SO4, and Ca(OH)2 alkaline activators are summarised in
Table 4. Portland cement (42.5) was also used to stabilise the
saline soil samples in the test. Table 5 summarises the main
chemical composition and performance of Portland cement.

2.2. Test Procedure. In this study, the mixture of GGBS and
alkaline activators (or cement) are called inorganic binders.
,e inorganic binder and water contents are defined as

Wb �
Tb

Ts + Tb

× 100%,

Ww �
Tw

Ts + Tb

× 100%,

(1)

where Ts, Tw, and Tb are the masses of dried saline soils,
water, and inorganic binders, respectively. In addition, Tb is
the sum of the masses of alkaline activators and GGBS.

Based on the Chinese design code [20], the optimal
moisture content of saline soil samples is 18.7%, which is
obtained using a standard compaction test. ,erefore,
considering the hydration reaction of inorganic binders, Ww

for all samples was set to 30.0%, which is higher than the
aforementioned optimal moisture content. In addition, the
Chinese design code [21] suggests Wb to be in the range
3.0%–25.0%. ,us, based on the empirical mix proportion
design for composite cement and saline soils, Wb for all
samples was set to 23.1% in this study.

Shi et al. [22] investigated the alkali excitation of NaOH
on GGBS and concluded that the optimum NaOH content
was 5% of the water content in the mixture. ,ey recom-
mended that the number of moles of Na2CO3 was equal to
half the number of moles of NaOH in the mixture. In China,
three-to-seven lime loess samples (the volume ratio of lime
to loess is 3 : 7) are used to stabilise soils [23]. For Na2SO4,
Wang et al. [24] assumed that when the mass of sodium

Figure 1: Saline soil used in test.
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Table 1: Physical properties of saline soils.

Specific
gravity, Gs

Consistency index Compaction test Grain content (%)
Liquid
limit, wL

(%)

Plastic
limit, wp

(%)

Plastic
index, IP

Maximum dry
density, ρd (g·cm−3)

Optimum water
content, s (%)

0.25–0.075
(mm)

0.075–0.005
(mm)

<0.005
(mm)

2.67 30.5 21.6 8.9 1.87 18.7 20.97 69.51 9.52

Table 5: Main chemical composition and performance of Portland cement (42.5).

SiO2 (%) Al2O3 (%) Fe2O3 (%) CaO (%) MgO (%) SO3 (%) Loss on ignition (%) Blaine surface area (m2/kg) Specific gravity, Gs

29.05 7.54 2.97 50.55 2.19 2.29 4.09 382 2.88
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Figure 2: Grain size distribution curve.

Table 2: Ion content of saline soils (mg).

CO3
2− HCO3

− CI− SO4
2− Ca2+ Mg2+ K+ + Na+ pH value

403.6 310.2 9032.5 5646.1 989.4 1012.7 6138.7 8.15
∗Saline soil mass used in chemical analysis is 1000g.

Table 3: Main chemical composition and performance of GGBS.

Main chemical compositions
Blaine surface area

(m2/kg)
Fluidity ratio

(%)
Activity index
(28 d) (%)SiO2

(%)
Al2O3
(%)

Fe2O3
(%)

CaO
(%)

MgO
(%)

Loss on
ignition (%)

Specific
gravity, Gs

34.2 14.7 0.27 39.8 0.25 0.8 2.9 506 104 115

Table 4: Properties of NaOH, Na2CO3, Na2SO4, and Ca(OH)2 alkaline activators.

Specific gravity Gs Melting point (°C) Boiling point (°C) Morphology
NaOH 2.13 318 1388 Schistose or granular
Na2CO3 2.532 851 1600 White powder
Na2SO4 2.68 884 1404 Transparent crystal
Ca(OH)2 74 580 2850 White powdery solid
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sulphate was 3% of fly ash mass, the activity of fly ash could
be well stimulated.

,e following experimental schemes listed in Table 6 are
designed based on the results of the above studies; the
optimum content of alkaline activators for GGBS in saline
soils can be obtained from these schemes.

2.3. Processing of Specimens. Based on the standard soil test
method specified by the Chinese code [25], samples whose
diameter and height are 39.1 and 80mm, respectively, are
used to investigate the UCS of saline soils stabilised with
inorganic binders. First, the saline soils were dried for at least
12 h in an electric blast drying oven and then broken into
pieces. Soil particles larger than 2mm were screened out
using a soil sieve. To facilitate the removal of specimens from
moulds and avoid specimen fracture, the interior of moulds
was lubricated.

,emasses of alkaline activators, GGBS, and dried saline
soils can be determined from the experimental schemes
summarised in Table 6. Alkaline activators and GGBS were
homogeneously mixed. ,en, dried saline soils were added
to the mixture and stirred homogeneously. Finally, water
was poured into the mixture and further stirred to ensure
homogeneity.

Before pouring the homogeneous mixture into a mould,
it was divided into three equal parts; these were poured one
at a time into the mould for compaction. To integrate the
three parts, the surface of each compressive layer was
scoured to create a bond between two compressive layers.
After removing a specimen from the mould, it was wrapped
with a plastic membrane and then placed in a curing
chamber for 7, 28, 56, and 90 d.

2.4. Test Procedure and Instrumentation. To ensure the re-
peatability of experiments, each set of experiments included
a minimum of six samples. In addition, unconfined com-
pressive tests were implemented on the last day of curing.
Scanning electron microscopy was performed after curing
the specimens for 90 d. Moreover, to prevent the further
hydration reaction of samples, these were broken into
fragments and then soaked in anhydrous alcohol for a
minimum of 48 h. After soaking, they were dried in a
vacuum environment, and after drying, scanning electron
microscopy was performed.

Two main instruments were used: a conventional un-
confined compressive apparatus and a scanning electron
microscope, as shown in Figures 3(a) and 3(b), respectively.
,e conventional unconfined compressive apparatus was
modified such that it could automatically record the load and
displacement detected by the load cell sensor and dis-
placement transducer, respectively. In the unconfined
compressive test, the loading rate of the apparatus was
2.4mm/min. Each sample was tested until it was damaged.
,e microstructure morphology of each sample was ob-
tained by scanning electron microscopy.

3. Results and Discussions

Figure 4 shows the variation in the UCS of remoulded saline
soil samples during the curing period. ,e figure indicates
that even during the 90 d curing period, the UCS of
remoulded saline soils is only 0.011MPa, which is extremely
low. Hence, saline soils must first be treated before they can
be used for subgrade or foundation engineering.

3.1. SalineSoils StabilisedwithCa(OH)2andPortlandCement.
Figure 5 shows the variation in the UCS of saline soils
stabilised with Ca(OH)2 and Portland cement during the
curing period. As indicated by this figure, Portland cement is
better than Ca(OH)2 as an inorganic binder for saline soils.
As listed in Table 6, the volume ratio of Ca(OH)2 to saline
soils is 3 : 7; in China, this is called three-to-seven lime loess.
,e material is used as cushion for foundations or applied to
lime soil compaction piles to reduce soil compressibility and
increase soil bearing capacity.

Figures 6(a) and 6(b) show the microstructure of saline
soils stabilised with Ca(OH)2. As shown in Figure 6(b),
hydration products fill the spaces in-between saline soil
particles; the products resemble crystalloids.

When water is poured into the homogeneous mixture of
Ca(OH)2 and saline soils, Ca(OH)2 becomes CaCO3
according to the following chemical reaction.

Ca(OH)2 + CO2 + H2O⟶ CaCO3 + 2H2O (2)

Because CaCO3 is produced, the hydration rate decel-
erates. ,is is because CaCO3 prevents the entry of CO2 into
the mixture of Ca(OH)2 and saline soils and precludes water
from evaporating. ,us, improving the strength of saline
soils is limited when Ca(OH)2 is used.

Figures 7(a)–7(c) show the microstructure of saline soils
stabilised with Portland cement. Numerous soil particles are
virtually enclosed by hydration products, as shown in
Figures 7(b) and 7(c). ,is can considerably improve the
strength of saline soils, as indicated in Figure 5. Figures 7(b)
and 7(c) show two types of hydration products, one re-
sembling a reticular gel and another similar to an acicular
crystal.

3.2. Saline Soils Stabilised with Mixtures of Ca(OH)2 and
GGBS. Figure 8 shows the variation in the UCS of saline
soils stabilised with Ca(OH)2 and GGBS during the curing
period. For samples 4, 5, 6, 7, 8, 9, and 10 listed in Table 6, the
mixtures of Ca(OH)2 and GGBS as well as the mass of
inorganic binders are kept constant. However, the mass ratio
of Ca(OH)2 to GGBS varies for inorganic binders.

In Figure 8, sample 2 represents three-to-seven lime
loess. As listed in Table 6, for samples 4, 5, 6, 7, 8, 9, and 10,
the GGBS content is gradually increased. As indicated in
Figure 8, the UCS of saline soil samples stabilised with
inorganic binders increases with the curing period. Based on
this figure, the influence of Ca(OH)2 content in inorganic
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binders on the UCS of samples during the 90 d curing period
can be derived, as shown in Figure 9.

Figure 9 indicates that, with decreasing Ca(OH)2 content
in inorganic binders, the UCS of the sample initially in-
creases until it reaches the maximum (0.60MPa); then, the
strength decreases. ,is is because the redundance of
Ca(OH)2 cannot effectively stimulate GGBS, which is re-
sponsible for increasing sample strength. ,e figure further
shows that the maximal UCS of the sample stabilised with
the abovementioned inorganic binders approximates that of
the sample stabilised with Portland cement during the

90 d curing period. Consistent with the report of James et al.
[26], this indicates that Ca(OH)2 is a satisfactory alkaline
activator of GGBS.

Based on the least squares method, the test results in
Figure 9 can be fitted as follows:

Pu �
5.65 − 5.4m

1 − 1.26m + 7.23m
2, (3)

where Pu represents the UCS (MPa) and m represents the
Ca(OH)2 content in inorganic binders (%). In equation (3),
parameter m is in the range 10%–100%.

Table 6: Experiment scheme for saline soils sample.

Sample no. Dried saline soils (%) NaOH (%) Na2CO3 (%) Na2SO4 (%) Ca(OH)2(%) Portland cement (%) GGBS (%)
1 100 — — — — — —
2 76.9 — — — 23.1 — —
3 76.9 — — — — 23.1 —
4 76.9 — — — 16.17 6.93
5 76.9 — — — 13.86 9.24
6 76.9 — — — 11.55 — 11.55
7 76.9 — — — 9.24 13.86
8 76.9 — — — 6.93 — 16.17
9 76.9 4.62 18.48
10 76.9 — — — 2.31 — 20.79
11 76.9 0.12 — — — — 22.98
12 76.9 0.24 — — — — 22.86
13 76.9 0.36 22.74
14 76.9 0.48 — — — — 22.62
15 76.9 0.96 — — — — 22.14
16 76.9 1.39 — — — — 21.66
17 76.9 1.56 21.54
18 76.9 1.68 21.42
19 76.9 — 0.82 — — — 22.28
20 76.9 — 1.30 — — — 21.80
21 76.9 — 2.40 — — — 20.70
22 76.9 3.50 19.60
23 76.9 4.60 18.50
24 76.9 — — 0.24 — — 22.86
25 76.9 — — 0.46 — — 22.64
26 76.9 — — 0.67 — — 22.43
27 76.9 0.89 22.21
28 76.9 — — 1.11 — — 21.99
29 76.9 — — 1.33 — — 21.77
30 76.9 1.54 21.56

(a) (b)

Figure 3: Apparatus used in test. (a) Unconfined compressive apparatus and (b) scanning electron microscope.

Advances in Civil Engineering 5



0 20 40 60 80 100
0.000

0.002

0.004

0.006

0.008

0.010

0.012

Curing period (d) 

U
nc

on
fin

ed
 co

m
pr

es
siv

e s
tr

en
gt

h 
(M

Pa
)

Test results for remolded saline soils

Figure 4: Variation in UCS of remoulded saline soils during curing period.
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Figure 6: Microstructure of saline soils stabilised with Ca(OH)2. (a) Close-up of sample and (b) hydration products.
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(a) (b) (c)

Figure 7: Microstructure of saline soils stabilised with Portland cement. (a) Close-up of specimen; (b, c) hydration products.
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Figures 10(a)–10(c) show the microstructure of saline
soils stabilised with a mixture of Ca(OH)2 and GGBS. For
the sample examined by scanning electron microscopy, the
Ca(OH)2 content in inorganic binders is optimum (i.e.,
20.0%). As listed in Table 3, the contents of CaO and SiO2 in
GGBS are high. ,e hydration reaction of the mixture of
GGBS and Ca(OH)2 resulting in C5S3A can be expressed as
follows [27]:

C5S3A + Ca(OH)2 + H2O⟶ C4AH13 + 3C − S − H
(4)

In this reaction, two types of hydration products are
generated. Figure 10(a) shows that the soil particles are
enclosed by hydration products. Figures 10(b) and 10(c)
show two main types of hydration products: one resembles a
reticular gel, and the other is similar to a lamellar crystal.

3.3. Saline Soils Stabilised withMixtures of NaOH and GGBS.
Figure 11 shows the variation in the UCS of saline soils
stabilised with NaOH and GGBS during the curing period.
For samples 11, 12, 13, 14, 15, 16, 17, and 18 listed in Table 6,
the mass ratio of NaOH to GGBS also varies for inorganic
binders; however, the mass of inorganic binders is kept
constant.

For the aforementioned samples, the NaOH content in
inorganic binders is gradually increased. As indicated by
Figure 11, the UCS of saline soils stabilised with inorganic
binders also increases with the curing period. Based on this
figure, the influence of NaOH content in inorganic binders
on the UCS of samples during the 90 d curing period can be
derived, as shown in Figure 12.

During the 90 d curing period, when the NaOH content
in inorganic binders as an alkaline activator for GGBS does
not exceed 1.04%, the UCS of the sample does not improve,
as indicated in Figure 12. When the NaOH content is further
increased, the sample strength increases until it reaches the
maximum (0.019MPa). However, upon reaching the max-
imum strength, further increasing the NaOH content does
not improve the sample strength. When the NaOH content
in inorganic binders is low, it cannot effectively stimulate
GGBS. Similarly, when the NaOH content is excessively
high, the redundant NaOH content does effectively stimu-
late the GGBS and impairs the sample strength.

Figures 13(a)–13(c) show the microstructure of saline
soils stabilised with a mixture of NaOH and GGBS. For the
sample examined by scanning electron microscopy, the
NaOH content in inorganic binders is also the optimum
content, that is, 3.64%.,e hydration reaction of themixture
of NaOH and GGBS can be expressed as follows [27]:

C5S3A + NaOH + H2O⟶ C4AH13 + C − S − H + C2ASH8

(5)

Equation (5) shows that three types of hydration
products are generated. However, two types of hydration
products are mainly generated in this test. As shown in
Figures 13(b) and 13(c), one resembles a reticular gel, and
the other is similar to a lamellar crystal. Furthermore, as

indicated in Figure 13(a), numerous particles of saline soils
are gathered together by the hydration products, signifi-
cantly improving the sample strength.

3.4. SalineSoils StabilisedwithMixtures ofNa2CO3andGGBS.
Figure 14 shows the variation in the UCS of saline soils
stabilised with Na2CO3 and GGBS during the curing period.
For samples 19, 20, 21, 22, and 23 listed in Table 6, the mass
ratio of Na2CO3 to GGBS is varied; however, the mass of
inorganic binders is kept constant.

For the aforementioned samples, the Na2CO3 content in
inorganic binders is gradually increased. As indicated in
Figure 14, the UCS of saline soils stabilised with inorganic
binders also increases with the curing period. Based on this
figure, the influence of Na2CO3 content in inorganic binders
on the UCS of samples during the 90 d curing period can be
derived, as shown in Figure 15.

With increasing Na2CO3 content in inorganic binders,
the sample strength also increases until it reaches the
maximum (0.026MPa), as indicated in Figure 15. However,
further increasing the Na2CO3 content does not improve the
sample strength; that is, the redundant Na2CO3 content
cannot effectively stimulate GGBS. In addition, we also find
that the maximum UCS shown in Figure 15 slightly im-
proves compared with that of remoulded saline soil samples
during the 90 d curing period. ,is indicates that Na2CO3 is
not a suitable alkaline activator for GGBS in these tests.

Figures 16(a) and 16(b) show the microstructure of
saline soils stabilised with a mixture of Na2CO3 and GGBS.
For the sample shown in Figures 16(b) and 16(C), the
Na2CO3 content in inorganic binders is 15.2%, which is the
optimum value. ,is indicates that the sample’s UCS can
reach the maximum. ,e hydration reaction for the mixture
of Na2CO3 and GGBS can be expressed as follows [27].

C5S3A + Na2CO3 + H2O⟶ C4AH13 + C2ASH8 (6)

Equation (6) indicates that two types of hydration
products are generated. However, in this test, one hydration
product is mainly observed. As shown in Figure 16(b), this
product resembles a lamellar crystal. Furthermore, as dis-
played in Figure 16(a), numerous saline soil particles are
piled up, and hydration products fill the spaces in between
particles. ,is indicates that these saline soil particles are
loose.

3.5. Saline Soils StabilisedwithMixtures ofNa2SO4 andGGBS.
Figure 17 shows the variation in the UCS of saline soils
stabilised with Na2SO4 and GGBS during the curing period.
For samples 24, 25, 26, 27, 28, 29, and 30 listed in Table 6, the
mass ratio of Na2CO3 to GGBS is also varied.

For the same samples above, the Na2SO4 content in
inorganic binders is gradually increased. ,e UCS of saline
soils stabilised with inorganic binders increases with the
curing period, as indicated in Figure 17. Based on this figure,
the influence of Na2SO4 content in inorganic binders on the
UCS of samples during the 90 d curing period can be de-
rived, as shown in Figure 18.
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(a) (b) (c)

Figure 10: Microstructure of saline soils stabilised with Ca(OH)2 and GGBS. (a) Close-up of specimen; (b, c) hydration products.
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Figure 11: Influence of curing period on UCS of samples stabilised with NaOH and GGBS.
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Figure 12: Influence of NaOH content in inorganic binders on UCS of sample during 90 d curing period.
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(a) (b) (c)

Figure 13: Microstructure of saline soils stabilised with NaOH and GGBS. (a) Close-up of specimen; (b) and (c) hydration products.
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Figure 14: Influence of curing period on UCS of samples stabilised with Na2CO3 and GGBS.
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Figure 15: Influence of Na2CO3 content in inorganic binders on UCS of sample during the 90 d curing period.
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(a) (b)

Figure 16: Microstructure of saline soils stabilised with Na2CO3 and GGBS. (a) Close-up of specimen; (b) hydration product.
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Figure 17: Influence of curing period on UCS of samples stabilised with Na2SO4 and GGBS.
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Figure 18: Influence of Na2SO4 content in inorganic binders on UCS of sample at the 90 d curing period.
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With increasing Na2SO4 content in inorganic binders,
the sample strength also increases until it reaches the
maximum (0.203MPa), as shown in Figure 18. However,
further increasing the Na2SO4 content in inorganic binders
does not improve the sample strength. To the contrary, the
redundant Na2SO4 content reduces the sample’s UCS. Based
on the test results during the 90 d curing period, the fitting
curve for the relationship between the UCS and Na2SO4
content can be expressed as follows:

Pu �
2.04 + 4.12T

1 − 3.38T + 3.57T
2, (7)

where Pu represents the UCS (MPa) and T represents the
Na2SO4 content in inorganic binders (%). Moreover, in
equation (7), parameter T is in the range 1.0%–6.7%.

Figures 19(a)–19(c) show the microstructure of saline
soils stabilised with a mixture of Na2SO4 and GGBS. For the
sample examined by scanning electron microscopy, the
Na2SO4 content in inorganic binders is 4.81%, which is the
optimum content. ,e hydration reaction for the mixture of
Na2SO4 and GGBS can be expressed as follows [27]:

C5S3A + Na2SO4+H2O⟶ C − S − H + C3A.3CaSO4.32H2O

(8)

Equation (8) indicates that two types of hydration
products are generated. Figure 19(a) shows that some saline
soil particles are bonded together by the hydration products,
and some particles are piled up. In this test, two types of
hydration products are mainly generated. As shown in
Figures 19(b) and 19(c), one resembles a reticular gel, and
the other is similar to an acicular crystal.

4. Conclusions

A series of unconfined compressive tests were implemented
to investigate the stabilisation effect of alkali-activated GGBS
on saline soils. In addition, scanning electron microscopy
was performed to determine the morphology of hydration
products of alkali-activated GGBS. ,e following conclu-
sions are drawn:

(1) ,e mixture of Ca(OH)2 and GGBS can stabilise
saline soils, indicating that Ca(OH)2 can effectively
stimulate GGBS. In this test, the optimum content of
Ca(OH)2 in inorganic binders was 20.0%.

(2) When the mixture of NaOH and GGBS is used to
stabilise saline soils, the optimum content of NaOH
in inorganic binders is 3.64%, which is considerably
less than the optimum content of Ca(OH)2 in in-
organic binders.

(3) ,e maximal UCS of saline soils stabilised with
Na2SO4, Na2CO3, and GGBS during the 90 d curing
period was considerably less than that of saline soils
stabilised with NaOH or Ca(OH)2 and GGBS during
the same curing period. ,e mixture of Na2CO3 and
GGBS cannot significantly improve the UCS of saline
soil compared with that of remoulded saline soil.
Moreover, Na2CO3 is not a suitable alkaline activator
for GGBS.

(4) ,e morphology of the hydration products of
samples varies because of the different alkaline ac-
tivators involved in the hydration reaction with
GGBS.
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