
 

 Diyala Journal of Engineering Sciences Vol (14) No 3, 2021: 8-22 

8 

 

 

Diyala Journal of Engineering Sciences 

 

Journal homepage: https://en.enginmag.uodiyala.edu.iq/ 

 

ISSN: 1999-8716 (Print); 2616-6909 (Online) 

Improving the Characteristics of a Soft Clay Soil Using Cement 

Activated Low-Calcium Fly Ash 
 
Qutaiba G. Majeed1*, Abdalla M. Shihab2, Jasim M. Abbas 2, Saad Sh. Sammen2 

 
1Department of Road and Airport Engineering, College of Engineering, University of Diyala, 32001 Diyala, Iraq  
2Department of Civil Engineering, College of Engineering, University of Diyala, 32001 Diyala, Iraq  

ARTICLE INFO ABSTRACT 

Article history: 
Received 17 March 2021 

Accepted 2 July 2021 

In this research, the potential improvement of some geotechnical characteristics of soft 

clay soil using the low Calcium fly ash was evaluated. (These characteristics include 

unit weight, shear strength, compaction characteristics and soil plasticity 

characteristics). In addition, the X-ray diffraction test was performed to measure the 

mineralogical changes in the soft clay soil when the low Calcium fly ash is added. The 

ordinary Portland cement was used to activate the fly ash. The total percent of flash and 

cement was10% to investigate the variation in the effectiveness of activation. The 

optimum moisture content that which computed by the compaction test was adopted in 

the rest of the experimental program. The test results revealed that the cement could be 

used to improve the activating of the fly ash efficiently. The maximum value of dry 

density was marginally affected due to activation from 1.747 to 1.738 g/cm3 along with 

a corresponding change in optimum water content from 17.45 to 15.5 %. The soil 

cohesion parameter increased from 188 to 206 kN/m2 whereas the angle of internal 

friction rose from about 56.7o to 59.1o. Finally, the results of the unconfined 

compression test reveal that the cement-activated fly ash could present better results 

than those obtained from a 28-days curing cement. 
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1. Introduction  

Soil improvement is defined as any process 

that can enhance the engineering properties of 

the natural soil. This has been usually preformed 

using diverse mechanical, chemical and 

hydraulic mechanisms including stabilizing soil 

by using wide array of admixtures. 

Over the few past decades, soil 

improvement and soil stabilization have gained 

great attention by the academic and industrial 

sectors alike. Researchers and practitioners have 

been investigating and analyze numerous 

methods, materials, and techniques in order to 

find the best environmentally-friendly, 

innovative and economical practices for soil 

stabilization. Special focus has been paid to 
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investigate the effects of several locally 

available materials as potential stabilizers in 

achieving this purpose [1-6]. 

Fly ash is one of these materials that is 

widely used to improve the soil properties. 

Generally, fly ash, also called pulverized fuel 

ash, is a by-product material that is usually 

resulted from the combustion of coal in power 

plants operated by coal-fuel boilers. It is often 

appraised as a problem because of the 

contamination nature of its fine solid particles. 

As a result, it is normally considered as a waste 

material with negative environmental 

consequences. Based on the Calcium content, 

fly ash is categorized into two distinct classes; 

Class C which contains high calcium content 

and is obtained from low coal rank and Class F 
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which contains lower Calcium content and is 

obtained from high coal rank. Regarding 

production sources, fly ash represents nearly 

80% of the total coal ashes produced worldwide 

[7]. Furthermore, about 38% of the electric 

energy is produced from numerous power plants 

that yield such harmful by-product substances 

[8]. 

Calcium oxide (CaO) has been the 

governing factor in classifying fly ashes. 

According to literature, fly ash class C is found 

to contain large percentage of CaO, and as a 

result it has been utilized in various civil 

engineering applications. That is because of its 

inherent cementitious properties when blended 

with sufficient quantity of water [9]. Class F, in 

contrast, is less cementitious as a result of the 

low content of Calcium Oxide. Therefore, in 

order to activate this interesting characteristic, 

materials such as alkali liquids, Ordinary 

Portland cement (OPC) and hydrated lime are 

used and generally they have been found 

beneficial. 

Generally, soft clay soils are defined as 

those soils with roughly (40-60) % water 

content [10], this range could even exceed their 

liquid limits. Such types of soils, as a result, 

could be with problematic characteristics 

including high compressibility level (Cc ranges 

between 0.19 and 0.44), low undrained shear 

strength (Cu usually less than 40 kPa) in 

addition to inherent problems in settlement and 

stability properties [11,12]. In the republic some 

countries such as Iraq, soft soils have been 

investigated by several geological and 

geotechnical researchers since it extends over 

large areas especially in the south regions [13]. 

The existence of such soil with risky properties 

also has motivated road agencies and highway 

engineers to investigate their behavior under 

traffic loading as it is possible to fail under 

heavy traffic loading and high-water contents 

occurred from underground water or due to rain. 

As a response to these potential risks, great 

academic efforts are devoted to understand the 

possible improvement of a soft clay admixed 

with fly ash [14]. For instance, the potential 

contribution of lime-activated fly ash in 

enhancing an expansive soil was examined [15]. 

A similar study conducted by Jha et al. (2018) 

[16] was devoted to explore the stabilizing 

effects of using lime-activated coal fly ash in 

improving Gypseous soils on the micro level. 

Some studies were carried out with the aim of 

quantifying the enhancement in the properties of 

a kaolin clay soil admixed with polymer-

activated fly ash [17]. A recent study [18] 

investigated to what extent can the calcium 

carbide residue aid in stimulating the 

cementation property of fly ash and hence can 

be utilized in stabilizing low strength soils. 

Reviewing the relevant literature revealed 

that the potential role of the alkali solutions in 

activating coal ashes was considered by several 

recent studied to enhance and stabilize soils 

such as clay soil [19] and silty sand soil [20]. 

Therefore, the current study aims to enrich 

the knowledge about the possible role of the 

ordinary Portland cement in triggering the 

cementitious property of Class F (low calcium) 

fly ash. The study follows an experimental 

approach to quantify the expected 

improvements in selected engineering 

properties of a soft clay soil.   

2. Materials and methods  

2.1 Soil samples 

The soil samples that used in this study were 

originally taken from a site located within the 

campus of the University of Diyala, Diyala city 

governorate, Iraq. Table 1 shows the key 

engineering properties for the soil sample.  

Table 1: Geotechnical properties of soil samples 

Property Value Specification 

Specific gravity 

Liquid limit 

Plastic limit 

Plasticity Index 

2.71 

34 

22.8 

11.2 

ASTM D 854 – 14 [21] 

ASTM D 4318 – 17 [22] 

ASTM D 4318 – 17 [22] 

/ 



Qutaiba G. Majeed, Abdalla M Shihab, Jasim M Abbas, Saad Sh. Sammen/ Diyala Journal of Engineering Sciences Vol (14) No 3, 2021: 8-22 

10 

 

Passing No.200 

Percent of sand 

Percent of clay 

Percent of silt 

USCS classification 

74% 

26% 

63% 

11% 

CL 

/ 

ASTM D 422 [23] 

ASTM D 422 [23] 

ASTM D 422 [23] 

ASTM D-2487 [24] 

 

2.2 Cement 

The commercial ordinary Portland cement 

(OPC) of KARESTA brand has been used. 

Table 2 shows the standard chemical 

compositions of the cement used in the study. 

Table 2: The chemical composition for OPC 

Properties Weight % 

SiO2 

Al2O3 

Fe2O3 

CaO 

MgO 

Na2O 

SO3 

19.8 

4.8 

3 

61.9 

3.8 

0.61 

3 

2.3 Fly Ash 

The coal fly ash (class F) was obtained from 

the Deyana construction Projects Company. Its 

chemical composition is demonstrated in Table 

3. 

Table 3: The chemical composition for the Class F coal ash. 

Properties Weight % 

SiO2 

Al2O3 

Fe2O3 

CaO 

MgO 

Na2O 

K2O 

SO3 

Loss on ignition 

55.3 

25.7 

5.3 

5.6 

2.1 

0.4 

0.6 

1.4 

1.9 

2.4 Testing procedures 

According to Nicholson (2015), the typical 

amount of ordinary cement that should be 

considered to enhance a fine-grained soil could 

be range from 6 to 15 % (by weight). For the 

tests carried out in the present study, the entire 

weight percentage of soil stabilizer was choice 

to be 10%. In the first trial, the stabilizer is 

cement, in the second trial is fly ash whereas in 

the third it is half combination of each of them. 

The objective is to assess their ability as 

stabilizers in enhancing the soft clay soil. 
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.4.1 Compaction test 

Generally, the compaction, is defined as the 

process that can lead to densify soil particles by 

reducing the air content within the voids. Soil 

dry density is the typical used in order to for 

measuring the degree of compaction [16]. The 

laboratory tests have been carried out in line 

with according to the specifications of ASTM 

D1557. The standard proctor test (heavy 

compaction) has been performed to observe the 

relationship between soil dry density and water 

content. Based on the analysis, the optimum 

moisture content (OMC) is that content that lead 

to maximum dry density (MDD). The computed 

OMC has then been used in the preparation of 

samples needed for the rest of the experimental 

program. 

2.4.2 Direct shear test 

Direct shear test is one of the widely tests 

that used to measure soil strength. Based on its 

results, the two key shear parameters, cohesion 

and angle of internal friction, can be quantified 

for both the natural and the treated soil samples. 

The same previously obtained OMC and 

compaction efforts have been used, and a curing 

chamber was used to cure the specimens of the 

stabilized soil at 25 ± 3 Co for a week. All the 

tests were carried out according to the standard 

procedure demonstrated in ASTM D 3080 [25] 

which considers the drained conditions of soil.  

2.4.3 Liquid and plastic limit 

The standard procedure illustrated in ASTM 

D 4318 [26] specification was followed to 

examine the moisture contents for the natural 

and treated soil samples to reach their liquid and 

plastic limits. The stabilized soil specimens, for 

all the three cases of treatment, were tested 

under loose condition, i.e., without compaction, 

and were cured for a week at 25 ± 3 Co. 

2.4.4 Unconfined compression test 

The unconfined compression test is the 

additional test that have been carried out to 

examine the variation in the shear strength for 

both treated and untreated soil samples. The 

samples were prepared with the same optimum 

water content and under the same compaction 

efforts resulted from the Proctor test. 

Ultimately, the specimens were also cured at 25 

± 3 Co for seven days. The standard procedure 

demonstrated in ASTM D 2166 [27] was 

followed, and the dimensions of the molds were 

10 cm height and 4.4 cm in diameter. 

2.4.5 Mineralogical changes in term of XRD 

analyses 

In order to evaluate the effect of different 

cases of stabilization on the variation of soil 

samples mineralogy, the mineralogical analysis 

was carried out using the XRD technique. In 

addition, this test could be used to identify the 

resulted Cementous materials. The test was 

implemented at the Central laboratory of Ibn 

Alhaytham College (University of Baghdad) for 

all the three stabilizing conditions. Match 

software was utilized for the purpose of 

Minerals matching. 

3. Results and discussion 

3.1 Compaction characteristics 
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Figure 1. Compaction test results for the natural and stabilized soil samples 

 

Figure 2. The variation in the maximum dry density for both the natural and the stabilized soil samples 

 

Figure 3. The variation in the optimum moisture content for both the natural and the stabilized soil samples 
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According to Figure 2, one of the most 

important points that should be underlined is 

that the natural (untreated) soil has the highest 

maximum dry density. All the other three 

combinations of stabilization, i.e., 100% fly ash, 

100% cement and 50% fly ash-50% cement, 

resulted lower densities. This can be attributed 

to the values of specific gravity for both Class F 

fly ash and Portland cement which were 2.2 and 

1.4 respectively.   

In contrast, regarding the optimum moisture 

content, Figure 3 shows that the optimum 

moisture content of the natural soil is higher 

than that found in the three stabilizing 

combinations. This is most likely because of the 

face-to-face flocculating and the resultant need 

for moisture for lubrication which is consistent 

with several types of additives used recently 

[28]. It is worth mentioning that the difference 

in moisture contents between a soil sample 

treated by fly ash and another treated by cement 

can confirm this interpretation. Especially when 

taken into account that the soil specimen treated 

by both class F fly ash and cement was with 

moisture content value lies in between; this is 

due to the effect of the cement in activating the 

fly ash. 

3.2 Shear strength parameters 

To evaluate the relative influence of the 

three adopted combinations of treatments, 

Figures 4, 5 and 6 have been constructed. Figure 

4 depicts the results of the direct shear tests for 

the natural soil (4a) and the other three treated 

soils (4b, 4c and 4d). Figures 5 and 6 

demonstrate the impacts of the used stabilizers 

on the values of cohesion parameter and angle 

of internal friction. 

 

 

(a) 

 

(b) 
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(c) 

 

(d) 

Figure 4. Results of direct shear tests, a: natural soil. b: soil-fly ash. c: soil-cement. d: soil-fly ash-cement 

 

Figure 5. The variation in cohesion intercept for the natural and the three stabilized soil samples 
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Figure 6. The variation in angle of internal friction values for the natural and the three stabilized soil samples 

According to Figures 5 and 6, it is obvious 

that all the three combinations of admixtures 

have enhanced both the angle of internal friction 

and the cohesion intercept for the stabilized soil 

efficiently. In particular, soil samples that 

treated with cement have shown the highest 

increasing in the both shear strength parameters. 

This can be attributed for the typical ability of 

cement to develop the strength of the mixture 

during the first 7 days of curing [2]. Moreover, 

according to the figures, it can also be seen that 

the cement can play useful role regarding the 

consequent strength development; nevertheless, 

there is no significant differences between the 

amounts of increase in shear strength parameters 

between the three proposed combinations of 

admixtures. 

3.3 Unconfined shear strength development 

The results of the unconfined shear strength 

tests for the untreated soil sample and the three 

treated soil samples are demonstrated in Figures 

7 and 8. Figure 7 shows the stress-strain curves 

whereas Figure 8 depicts the maximal 

compressive strength values.  

 

      

(a) 
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(b) 

Figure 7. Stress – strain curves for all the proposed treating combinations: (a) 7 days. (b) 28 days 

 

Figure 8. Results of peak unconfined compressive strength 

recognized that admixing the soil with 

cement can noticeably aid in developing the soil 

strength in both ages - 7 days and 28 days. In 

particular, the cement with 7 days works to 

activate the fly ash to produce mechanical 

strength by nearly 10 % whereas this percent 

could go be up to nearly 33 % in the age of 28 

days. This is most likely due to the typical time-

dependent behavior of the soil-cement-fly ash 

mixture. 

 

3.4 Liquid and plastic limit 

The results for liquid limit, plastic limit and 

plasticity index for the untreated and the three 

treated soil specimens are shown in Figure 9.  

The figure illustrates evidently that all the three 

combinations of additives improved the liquid 

and plastic limits. The liquid limit was increased 

by about 27.7% and 32.4% with fly ash and 

cement respectively. Whereas treating the soil 

using both the cement and fly ash led to an 

increase in liquid limit of nearly 37.4 %. This is 
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mainly due to the increasing in the soil particles 

effective size [29] that can lead to minimizing 

the resulting plasticity index. 

 

Figure 9. Liquid and plastic limit results for the soil samples 

3.5 XRD analyses  

Regarding the mineralogical analysis, 

Figure 10 depicts the XRD test analysis results 

for the untreated soil and for the three treating 

combinations used. The detailed mineral 

composition for the natural soil sample and for 

soil-fly ash mixture is illustrated in Table 4, 

whereas the mineral composition for soil-

cement and soil-cement-fly ash is illustrated in 

Table 5. 

 

 

(a) 
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(b) 

 

(c) 
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(d) 

Figure 10. The XRD mineralogical patterns: (a) Natural soil. (b) Soil-Fly ash. (c) Soil-Cement. (d) Soil-Cement-Fly Ash. 

Table 4: The variation in mineral composition by XRD for both natural soil and soil-fly ash 

Description  Quantity % 

Mineral name  Nature soil Soil – Fly ash 

Vermiculite 

Quartz 

Illite 

Kaolinite 

Calcite 

Feldspar 

Montmorillonite 

Sodium calcium 

alumosilicate 

Al3Si2O7(OH)3 

Tobermorite 

(Calcium silicate 

hydrate ) 

Muscovite 

Calcium potassium 

silicate hydrate 

 6.51 

22.88 

47.1 

12.94 

2.96 

8.15 

4.40 

25.33 

 

 

38.99 

6.70 

0.28 

9.12 

 

1.94 

 

 

 

0.74 
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Table 5: Mineral composition by XRD for soil-cement and soil-cement-fly ash 

Description  Quantity % 

Mineral name  Soil – Cement Soil – Cement – fly ash 

Vermiculite 

Quartz 

Illite 

Kaolinite 

Calcite 

Feldspar 

Montmorillonite 

Sodium calcium 

alumosilicate 

Al3Si2O7(OH)3 

Tobermorite 

(Calcium silicate 

hydrate ) 

Muscovite 

Calcium potassium 

silicate hydrate 

 8.02 

22.15 

 

2.55 

35.45 

 

1.68 

 

 

11.06 

 

 

 

11.41 

1.59 

6.47 

24.28 

 

 

37.02 

 

4.50 

13.97 

 

 

0.53 

 

 

 

5.98 

Figure 10 (b, c and d) shows obviously the 

lack of any new pecks which means there is no 

reaction has occurred between the natural soil 

and its source materials. Furthermore, Table 5 

indicates clearly that the calcium silicate hydrate 

has very low percent in the soil-fly ash 

specimen; this is mainly because of the 

pozzolanic reaction nature. In addition, the 

opposite of this pattern of mineral composition 

has been noticed in the cement-treated soil 

specimen and it was at reasonable percent. On 

the other side, the activation effect can be 

recognized clearly in the soil samples stabilized 

by cement-fly ash combination by the presence 

of Sodium tecto-alumosilicate hydrate, 

Potassium alumosilicate hydrate and the low 

percent of Calcium silicate hydrates. 

4. Conclusions 

1. Adding a sufficient quantity of ordinary 

Portland cement to a soil stabilized by 

class-F fly ash can effectively aid in 

activating the ash and hence enhancing 

the soil geotechnical properties . 

2. The experimental results confirm that 

several key properties can be improved 

when stabilizing the soft clay soil by 

cement-fly ash combination. The results 

are to large extent comparable to those 

obtained by only using the cement. 
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