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Abstract 
Treatment of sulfate-bearing soil with lime has a negative effect due to the formation of an expansive mineral 

(ettringite), posing a challenge for geotechnical engineers due to the considerable damage and unpredictable 

deformation associated with heaving. This challenge includes multi-hazard environmental and economic effects 

on various civil engineering structures. This, therefore, led to this study, which focuses on the short and long-term 

curing (7, 28, and 90 days) of sulfate-bearing soil treated with lime (L), Ground Granulated Blast-Furnace Slag 

(GGBS) and Metakaolin (MK). Various laboratory tests were performed, including unconfined compression 

strength (UCS), and linear expansion, to investigate the effect of different blended proportions of L, GGBS and 

MK. The results showed that soil samples treated with 5L-5MK exhibit lower swelling percentage (0.04%) than 

those treated with 10% of lime, 5L-5GGBS, and 5L-2.5MK-2.5GGBS after 7 days of curing. Meanwhile, soil 

samples stabilized with 10% of (L-GGBS) exhibited higher strength performance after 90 days of curing (3315.67 

kN/mm2) compared to those stabilized with 10% of lime. Overall, the test results proved the potential of L-MK, 

L-GGBS, and L-MK-GGBS as effective stabilizers for sulfate-bearing soil. 

 

Keywords: swelling, strength, sulfate-bearing soil, expansion mineral, gypsum. 
 الملخص 

لمهندسي  لتكوين معدن تمددي )الإترنجيت(، مما يشُكل تحديًا  تأثير سلبي نتيجةً  للكبريتات بالجير  الحاملة  التربة  لمعالجة 

آثارًا بيئية واقتصادية  الجيوتقنية نظرًا للأضرار الجسيمة والتشوهات غير المتوقعة المرتبطة بالرفع. ويشمل هذا التحدي 

ت الهندسة المدنية. ولذلك، أدى ذلك إلى هذه الدراسة، التي ترُكز على المعالجة قصيرة  متعددة المخاطر على مختلف منشآ

المطحون والميتاكاولين.    ن الحبيبيافرالايومًا( للتربة الحاملة للكبريتات المعالجة بالجير وخبث    90و  28و  7وطويلة الأجل )

حصورة والتمدد الخطي، لدراسة تأثير نسب مختلفة من أجُريت اختبارات معملية متنوعة، بما في ذلك قوة الضغط غير الم

%(  0.04أظهرت نسبة انتفاخ أقل )  5L-5MK. أظهرت النتائج أن عينات التربة المعالجة بـ  MKو  GGBSو  Lخليط  

بـ   المعالجة  بتلك  و10مقارنةً  الجير،  من   %5L-5GGBSو  ،5L-2.5MK-2.5GGBS    في    7بعد المعالجة.  من  أيام 

يومًا من المعالجة   90بعد    لضغط( أداءً أعلى في مقاومة اL-GGBS% من )10المقابل، أظهرت عينات التربة المثبّتة بـ  

https://journals.labjournal.ly/index.php/Jlabw/index
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-Lو L-MK% من الجير. وبشكل عام، أثبتت نتائج الاختبار فعالية 10( مقارنةً بتلك المثبتّة بـ ²كيلو نيوتن/مم 3315.67)

GGBS وL-MK-GGBS .كمثبتّات فعالة للتربة الحاملة للكبريتات 

 

 .الانتفاخ، القوة، التربة الحاملة للكبريتات، معدن التمدد، الجبس :دالةالكلمات ال
Introduction 

In their natural form, expansive soils have low bearing strength and a high sensitivity to swelling and shrinkage, 

particularly those that are mostly made of clay minerals [1].  As a result, it may be risky to build engineering 

structures on soil that has these properties since it may result in differential settlement, fractures, and unexpected 

structure collapse [2].  In the USA and the UK, for instance, the annual cost of the detrimental effects caused by 

these expanding soils is roughly $1000 million and £150 million, respectively, according to [3,4].  Weak soils 

with low strength and high compressibility are thought to be the root cause of the majority of geotechnical issues 

in this setting; therefore, these soils need to be treated with appropriate stabilisers or solidifiers to increase their 

load-bearing capability [5,6].  In the sulfate-bearing soil, this decline in strength is evident.  Certain minerals, such 

as sodium sulphate (Na2SO4), gypsum (CaSO4·2H2O), magnesium sulphate (MgSO4), anhydrite (CaSO4), and 

barite (BaSO4), dissolve to create sulphate, a soil anion.  The primary source of sulphate in soil is still gypsum, 

but sulphate ions can also come from the oxidation of some soil minerals, like pyrite (FeS2) [7,8].  Therefore, 

gypsum in soil caused major issues in construction (cavities, leaks, and cracks that resulted in a decrease in 

strength and an abrupt increase in compressibility and collapse of structures), making it difficult for geotechnical 

engineers to build pavement and highways on such soil [2,9,10]. 

By chemically changing the soil's characteristics, stabilisation of expansive soils can be done inexpensively and 

technically while also improving the stabilised or treated soil's geotechnical and engineering qualities.  The most 

widely used treatment method for soil stabilisation is chemical stabilisation using Portland cement and lime 

(calcium-based stabilisers) [5,7,11–13].  However, even though it has been shown that cement and lime work well 

as stabilisers for clayey soils, this stabilisation method might have negative consequences and could cause the 

treated soil to be destroyed [14,15].  The presence of sulphate ({\rm SO}_4^{2-}) in the stabilised soil is one of 

the most frequent causes of this kind of failure. "With a gypsum content ranging from extremely low" (<5%) to 

very high (≥50%), sulphate is a common salty component found in many types of natural soils, primarily in the 

form of gypsum. Sulfate-bearing soils are widespread and make up around 20% of the world's land area [13].  

These soils are frequently found in the subgrades and layers of road pavement during civil engineering 

construction. 

There have been reports of volume expansion when sulfate-rich soil is treated with cement or lime [2,7,16–19].  

When water is available, the calcium-based stabilisers' Ca2+ ions combine with the sulphate and aluminium from 

the clay minerals to generate ettringite (Ca6Al2(SO4)3(OH)12·26H2O) (see Equation 1), a highly hydrated and 

expansive mineral.  High pH, reactive aluminium availability, reactive calcium availability, sulphate present, and 

water availability are all necessary for the formation of ettringite [20].  High temperatures (over 60 to 70 ◦C) 

expedite the development of ettringite [21–23], and under the right circumstances, ettringite can form even as the 

ingredients are being mixed.  The development of this mineral was demonstrated by Ouhadi and Yong [24,25] 

over a period of one month in one experiment and between the soil mixture with lime and 48 hours in another.  

The soil becomes volumetrically unstable after ettringite forms, and it has been noted that this mineral improves 

the soil's bearing capacity in dry conditions by influencing the dewatering and interlocking of the soil profile 

[20,21,26]. 

6Ca2+ + 12OH− + 2Al3+ + 3SO4
2− + 26H2O →  Ca6Al2(SO4)3(OH)12 · 26H2O                   (1) 

Recently, civil engineers have concentrated on creating building materials with minimal cement content in an 

effort to lessen the industry's carbon footprint, greenhouse gas emissions, and climate change.  Environmental 

pollution is largely caused by the methods used to produce cement and lime.  For instance, producing one tonne 

of cement uses around 5000 MJ of energy and emits nearly 0.95 tonnes of CO2 [6,27–29]; producing one tonne 

of lime uses approximately 3200 MJ of energy and produces approximately 0.79 tonnes of CO2 [30].  This 

necessitates taking into account waste materials as a full or partial substitute for traditional binders, as suggested 

by a number of studies.  A waste product of the iron industry, GGBS has been thought to be an appropriate 

substance for stabilising soil.  Regarding energy consumption and CO2 emissions, 1 tonne of GGBS is produced 

using just 1300 MJ of energy and emitting only 0.07 tonnes of CO2 [31]. 

"In sulfate-rich soils, new techniques ought to be able to suppress heaving and ettringite development".  

Pozzolanic materials, including GGBS and MK, are thought to be good sulphate soil stabilisers because they 
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typically consume lime, which decreases its availability for the development of expansive products while 

increasing the soil's strength.  Metakaolin is a reactive, highly pozzolanic, supplemental cementitious material 

that complies with AASHTO M295 [33] and ASTM C 618 [32].  "For use in cementing, metakaolin is made 

from natural minerals. "It is made from kaolin clay that has been calcined at high temperatures" (600–800 °C) to 

produce an amorphous aluminosilicate that reacts in concrete [34–36]".  The cement paste-aggregate link is 

weakened by sulphate ions' penetration into concrete, which results in serious damage such expansion and 

widespread cracking.  When used with cement that has intermediate and high C3A content, it has been shown 

that an increase in MK content (5–20%) reduces mortar expansion [36]. 

 To stop or lessen the development of ettringite in stabilised sulphate soils, GGBS can be used in place of some 

or all of the cement or lime.  Ettringite production can be decreased or avoided by the rapid reaction of GGBS's 

alumina and silica contents with the calcium content of the soil to create a cementitious gel [14,37].  By creating 

a denser cementitious matrix, GGBS can also decrease water availability and permeability, increasing resistance 

to internal and external sulphate assaults [38–41]. 

 "The primary goal of this study is to develop a novel technique for stabilising soils that are attacked by internal 

sulphate by adding gypsum" (CaSO4) using a mixture of lime, MK, and GGBS.  Several stabilised specimens 

were subjected to various tests, including linear expansion (LE) and unconfined compressive strength (UCS) tests, 

for this reason.  To accomplish the goals of this study, two actions have been conducted.  Compaction 

characteristics are run for each mixture in step 1, and UCS and LE tests are conducted after 7, 28, and 90 days of 

curing and seven days of curing, respectively. 

Materials and Methods 

Materials 

"Kaolin clay (K), hydrated lime (L), calcium sulphate (gypsum) (G), MK, and GGBS were the components used 

in this study.  Under the brand name MK40, KAOLIN (Malaysia) SDN BHD provided kaolin clay as a white, 

odourless powder that was finely milled".  Because of its (i) high alumina content, which allows it to release more 

alumina at high pH levels and contribute to "the formation of ettringite, which increases susceptibility to sulphate 

attack [17,31], (ii) uniform and consistent mineralogy, (iii) low cation exchange capacity, and (iv) higher alumina 

content than most other expensive minerals, kaolin clay was used".  These factors make kaolin clay an appropriate 

control soil for the process of stabilising soil.  The main characteristics of kaolin clay are presented in Table 1.  In 

accordance with BS EN ISO 17892–4:2016 [44], a clay hydrometer test was performed using the grading curve 

displayed in Figure 1. 

 

Table 1. "Characteristics of the kaolin clay used in this study". 

Properties Value 

'Liquid lim' (%) 057.78 

'Plastic lim' (%) 038.13 

'Shrinking lim' (%) 04.4 

Plasticity  index 019.65 

Sand (%) - 

Silt (%) 088.35 

Clay (%) 011.65 

Electric conductivity  (µS/cm) 0320 

pH 05 

"Specific gravity" (Gs) 02.46 

"Water content" (%) 01.01 

"Optimum moisture content" (%) 029 

"Maximum dry density" (Mg/m3) 01.326 



Journal of Libyan Academy Bani Walid 2025 
 

 

J o u r n a l  o f  L i b y a n  A c a d e m y  B a n i  W a l i d  Page 12 

 
Figure 1. "Particle size distribution (PSD) of the kaolin clay", MK, L and GGBS "used in this study. 

 

L, G, and MK were collected from Sungai Jawi, 14200, Penang, Malaysia. However", G (CaSO4∙2H2O) "was 

selected in this research due to its much lower solubility compared to other sulfate types (potassium sulfate, 

magnesium sulfate, and sodium sulfate)". "Moreover, it is one of the sulfates that contain calcium, and it is logical 

that it would form ettringite if a non-calcium-based stabilizer had been used, as presented in Table" 2. 

Table 2. "Chemical compositions of kaolin clay", L, G, GGBS, and MK. 

Oxides 
"Characteristic" (%) 

"Kaolin clay" L G GGBS MK 

CaO - -  37 0.2 

CaOH2 - 92  - - 

SiO2 58 2.5  32.7 52 

Al2O3 38 0.9  15.3 36 

Ca2SO4 - 0.1 99 - - 

SO3 - -  4.7 - 

MgO - 3.5  8.1 0.1 

Cl - - 0.005 - - 

Fe - 0.06 0.005 - 8 

H2O - 0.7  - - 

Loss on ignition 11-14 0.24 0.99 2.2 3.7 

pH 5 11.85 7.5 10.23 6.71 

Specific gravity 2.46 2.23 2.34 2.96 2.33 

 

"Metakaolin is produced from kaolin, a natural material. It is a pozzolanic material that produced from the heating 

of kaolin at 700–750 °C its classification as a pozzolanic material follows the ASTM C 618 standard MK exhibits 

a high surface area and amorphous structure which contributes to its high pozzolanic reactivity" [36,45]. "The 

water content of kaolin is reduced during the heating process, thereby altering its structure and forming 

metakaolin, an amorphous aluminosilicate (Al2O3∙2SiO2) as seen in Equation 2" [46]. 

𝐴𝑙2𝑂3. 2𝑆𝑖𝑂2. 2𝐻2𝑂   
700−750

ℎ𝑒𝑎𝑡
     𝐴𝑙2𝑂3. 2𝑆𝑖𝑂                       (2) 

"Molten iron slag is rapidly cooled to preserve its amorphous structure, and then it is ground to increase its specific 

surface area to create GGBS, a waste product from the pig-iron manufacturing process".  The MDC Sungai Pentani 

Company in Malaysia provided the GGBS used in this investigation.  By providing additional Al and  Si, which 

react with Ca2+ to generate complex cementing gels, it was decided to slow down the pace of ettringite production 

[17,38,39].  Superior sulphate resistance should be a result of GGBS's denser structure and lower calcium ion 
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content [31,37,47].  Figure 1 displays the MK and GGBS grading curve that was acquired using a hydrometer 

test.  As indicated in Table 2, the "X-ray  fluorescence test (XRF)" was used to ascertain the materials' chemical 

composition. 

Samples "preparation" 

"Sulfate-bearing soil or sulfate-bearing soil was prepared artificially by mixing kaolin clay with 10% gypsum (by 

dry weight of soil)". "The concentration of sulfate was determined as the worst case according to AASHTO 

[23,48–50]". "The risk of different sulfate levels is summarized in Table" 3. 

 

Table 3. "Severity of sulfate levels". 

"Risk Level" 
"Sulfate Concentration" 

"Parts per Million" "Percentage of Dry Weight" 

Low risk > 3000.0 ppm > 03 % 

Moderate risk 3000.0–5000.0 ppm 03 % – 05% 

Moderate to high risk 5000.0–8000.0 ppm 05 % – 08% 

High to unacceptable risk >8000.0 ppm > 08 % 

Unacceptable risk > 10,000 ppm > 10 % 

In accordance with [10,51,52], cylinder samples of 50 x 100 mm (diameter x height) were made for tests of 

unconfined compressive strength (UCS) and linear expansion (LP).  As indicated in Table 4, each mixed system 

was compacted using the BS EN 13286–2:2010 standard [53] at maximum dry density (MMD) and optimum 

moisture content (OMC).  Each sample was coated with cling film after compression to prevent moisture loss. 

 

Table 4. Results of compaction test. 

"Stabilizer" MDD (Mg/m3) OMC (%) 

Type 
"Binder ratio" (%) 

10% 

"Dosage" (%) 

10% 

"Dosage" (%) 

10% 

K 0 1.326 29 

Unary  

L 100 1.28 29.4 

Binary  

L-MK 5:5 1.25 29.4 

L-GGBS 5:5 1.29 28.6 

Ternary  

L-MK-GGBS 5:2.5:2.5 1.29 29 

"The total binder content was fixed at 10% based on the weight of the soil (see Table 5) for each system (unary, 

binary, and ternary)". "This was achieved using activator (L) calcium-based stabilizer at dosage of 10%, with (G) 

calcium sulfate dosed at 10% (as a worst case) into kaolin clay". "The ratios of L stabilizer with (MK and GGBS) 

were set as (1:1) for Binder ratio 10% in a binary system, and (1:0.5:0.5) for Binder ratio 10% in a ternary system". 

"In total, 90 cylindrical samples were prepared": 54 for testing UCS, and 36 for LP. 

Table 5. "Mixture designs of stabilizer agents". 

"Mix code" "Binder composition" "Binder ratio (%) 10%" 

Unary  

K K - 

K-L L 100 

K-G-L L 100 

Binary  

K-G-L-MK M:MK 1:1 

K-G-L-GGBS M:GGBS 1:1 

Ternary  

K-G-L-MK-GGBS M:MK:GGBS 1:0.5:0.5 

(K) Kaolin, (G) Gypsum, (L) lime, (MK) Metakaolin, (GGBS) Ground granulated blast-furnace 

slag.Experiments. 
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Linear Expansion Test (Swelling) (LP) Test 

To determine the vertical swelling ratio (%), two cylindrical samples were made for each mix percentage and 

cured for seven days.  After partial soaking in water, swelling readings were taken every 24 hours until no 

discernible swelling ratio was seen.  In accordance with the BS EN 13286–49:2004 standard, the LP test was 

carried out [54]. 

Unconfined Compressive Strength (UCS) Test 

For every mix proportion, the UCS test was carried out in accordance with BS EN ISO 17892–7:2018 [55]; the 

compressive strength of three cylindrical samples was assessed at curing ages (7, 28, and 90 days).  Until failure, 

the samples were compressed and strained at a steady rate of 1 mm per minute. 

Results and Discussion 

Unconfined Compressive Strength (UCS) Test 

Figure 2 depicts the effect of the L stabilizer on the UCS values after 7, 28, and 90 days of curing for the sulfate-

bearing soil samples. The UCS values for L-treated samples increased to 570, 997, and 1766.33kPa as compared 

to kaolin samples (without stabilizer), at curing periods (7, 28, and 90 days), respectively, due to an increase in 

the hydration process. This hydration process leads to the release of more calcium and produces extra cementitious 

materials, calcium-silicate hydrates (C-S-H) and calcium-aluminate hydrates  (C-A-H). However, samples treated 

with L (10%) "showed a decrease in UCS values in the presence of sulfate (Figure 2)". The UCS values 

deteriorated from 570, 997, and 1766.33 to 523.67, 802.33, and 1643.33 kPa, at curing ages (7, 28, and 90 days), 

respectively. "The observed deterioration in the UCS results can be attributed to ettringite production, the growth 

of which between the particles of the sample soil would lead to the destruction of the soil structure". 

The effect of the MK showed an enhancement in the USC values for the L-treated samples during all curing 

periods (7, 28, and 90 days) in the presence of sulfate, relative to the K10G-10L samples. However, the treated 

samples with MK at long-term curing (90 days) exhibited lesser strength than soil samples treated lime alone (K-

10L, without sulfate). This improvement could be due to the neoformation of pozzolanic product (C-S-H), "which 

would have improved the USC value for the samples with L-MK However, a possible reason for the loss in 

strength of the L-MK stabilized soil as compared to  samples treated with 10%L (without sulfate)" is the increased 

surface area caused by the availability of extensive amount of metakaolin or excess lime content, thereby making 

the mixture require more water and lime (calcium hydroxide) for hydration process with excess metakaolin content 

or making the binder to require more metakaolin (alumina and silica) with extra lime content [56]. Similar findings 

were reported by many researchers who conducted their studies on sulfate soil stabilization using lime and 

metakaolin-based geopolymers [57]. 

 

Figure 2. "UCS of soils stabilized with 10% of L, and L-MK" in the presence of sulfate at curing ages (7, 28, 90 

days). 
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"As for the L-GGBS stabilizer, such specimens showed the highest values of UCS at all the curing periods (7, 28, 

and 90 days), which were 1251.67, 3256, and 3315.67 kPa after curing for 7, 28, and 90 days, respectively". The 

improved strength of the treated soil is due to the strong bonding of soil particles due to the availability of more 

calcium, alumina, and silica contents, the availability of which promotes the faster development of bonds within 

the matrix of the treated soil. The GGBS utilized is characterized by 37% and 32.7% of calcium oxide and silicate 

content, respectively. This led to the relatively high availability of C-S-H, which improves the strength of 

stabilized clays [58]. The increase in UCS induced by lime and GGBS treatment was expected and agrees with 

other studies [59,60].  

In comparison to samples treated with 10% L, the application of ternary binder compositions (5L-2.5MK-

2.5GGBS) produced an enhanced UCS performance.  Nevertheless, after 7, 28, and 90 days of curing, the 

enhancement was lower than that of samples treated with 5L-5GGBS samples, which were 1468.33, 2330.33, 

2396.33, and 2697 kPa, respectively.  The hydration procedure after the curing time was extended from 7 to 90 

days, which should guarantee adequate hydration, enhanced strength, and resistance against sulphate attacks, may 

have contributed to this improvement in the UCS values [37].  Additionally, ettringite formation was inhibited by 

the generation of more cementitious gels, such as calcium silicate hydrates (C-S-H), calcium aluminate hydrates 

(C-A-H), and calcium aluminosilicate hydrates (C-S-A-H), which helped to consume the available calcium [61]. 

"Linear Expansion Test (Swelling) (LP) Test" 

Following seven days of moist curing, Figure 3 shows the typical swelling plots for K clay, K-L, K-L-G, K-L-M, 

and K-L-M-G clay systems dosed with 10% wt of gypsum and 10% wt of L.  After soaking the cylinder samples 

in water, swelling was seen right away, and it persisted during monitoring until it stopped.  This investigation 

showed a comparatively higher rate of swelling than the expansion of sulfate-bearing soils stabilised by lime, as 

reported by [14,19]. 

Figure 3 shows the higher degree of swelling obtained for a calcium-based stabilizer (10% wt), which was 25.22% 

in the case of 10% lime. It can be inferred that there was an increase in swelling with an increase in lime content 

due to the availability of extra calcium, leading to the formation of more ettringite, which significantly contributes 

to raising the expansion magnitude [62]. 

 

Figure 3. Vertical swelling strain of soil specimens stabilized with 10% of L, 5L-5MK, 5L-5GGBS, and L-MK-

GGBS after 7 days of curing. 

All sulfate-bearing soil sample showed a limitation in volume change (swelling) when the L-MK stabiliser was 

used.  5L-5MK had the lowest swelling value (0.04%), while 10% lime had the highest value (25.22%).  The 

inhibition of ettringite formation and the increased synthesis of C-S-H compounds in the absence of calcium are 

responsible for this decrease in swelling.  The observed results were significantly lower than those reported by 
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[18], who used MK-based geopolymer in the presence of 5% sulphate and reported a reduction in the expansion 

magnitude to 1.5%. 

 Sulfate-bearing soil treated with L-GGBS stabiliser showed less swelling in terms of vertical volume change 

(swelling), whereas soil samples stabilised with 5L-5GGBS showed a swelling of 3.52%.  The adoption of 

GGBS, which demonstrated higher sulphate resistance in addition to its denser structure and reduced Ca2+ 

concentration, was responsible for the decrease in swelling values [59].  The use of the L-GGBS-MK stabiliser 

considerably lessens the amount of swelling in the sulfate-bearing soil and further alters the behaviour of the 

volumetric change.  The swelling magnitudes for 5L-2.5MK-2.5GGBS were 0.72% after 7 days of observation, 

and the swelling values were suppressed to almost 97%.  

 The linear expansion test results showed that the high-sulfate soil treated with the L-MK and L-MK-GGBS 

stabilisers had limited swelling behaviour.  The treated high-sulfate soils showed improved swelling 

characteristics, as evidenced by the fact that their volume changes were smaller than those of the K-L-G.  There 

are two explanations for this phenomenon:  (1) More calcium in the lime-stabilized soil leads to the synthesis of 

ettringite when sulphate is present, and (2) sulphate consumes calcium, which reduces the formation of 

cementitious material such C-S-H, C-A-H, and C-S-A- H.  According to Ehwailat et al. [11], oedema varies in 

intensity.  The K-10L-10G mixing in this investigation had the highest expansion of 25.226%.  The soil samples 

(K-10L-10G) can produce excessive swelling when they come into contact with water since their maximum 

expansion is greater than 2%, according to the level of swelling displayed in Table 6. 

Table 6. "Levels of swelling for clay soil". 

"Swelling (%)" "Swelling level" 

0.00 "No swell" 

0.00–0.10 "Negligible" 

0.10–0.50 "Light" 

0.50–1.00 "Medium" 

1.00–2.00 "Strong" 

 

Conclusion 

Because of their considerable swelling and strength loss, sulfate-bearing soils pose serious problems for pavement 

and other civil engineering projects.  The study's findings demonstrated the effectiveness of using MK and GGBS 

in place of some of the conventional stabilisers (L) when treating high-sulfate soils.  The study's findings led to 

the following deductions being made.:  

Stabilization of sulfate-bearing soil with lime induced a massive expansion behaviour dur to the ettringite 

nucleation. 

The binary blend of L-GGBS yielded the best strength performance, the binary blend of L-Mk induced the lowest 

expansion behaviour, while ternary blend of L-GGBS-MK experienced a balanced performance in between. 

Because of the effects of the hydration process, the curing period has had a major impact on the sample's 

resistance against sulphate assault.  Increased strength and proper hydration in the presence of sulphate 

(gypsum) were the results of extending the curing period from 7 to 90 days. 

 Because cementing gels like C-S-H and C-A-H filled in the spaces and strengthened the link between the soil 

particles, they increased the UCS values of the stabilised samples.  Consequently, the UCS values of the treated 

soils increased. 

The L-MK- and L-MK-GGBS binders were demonstrated as suitable and effective agents for stabilizing sulfate-

bearing soil. 
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