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Abstract 
This paper is aimed to study some of the hydraulic properties (permeability and 

water retention) of a stabilized clayey soil selected from Mosul area. The optimum lime 

stabilization percentage was found to be 4 %. Cement amounts of 6 % and 18 % are 

needed to achieve a minimum unconfined compressive strength of 1400 and 5600 kPa 

respectively “suggested limits for stabilized soil suitable as a base course”. For the same 

indicated range of strength, a combination of lime-cement ratios of 1-3 % and 2-9 % 

respectively were found to be sufficient to achieve this limit. Permeability of natural soil 

was found to increase with treatment of lime, cement and lime-cement. A maximum 

increasing in permeability about 17 fold was found using 4 % lime. While the 

permeability was 1.2 folds as a minimum increase when treating the soil with 18 % 

cement. The soil-water characteristics curve shows that (S-Shape) curves were 

maintained for natural and stabilized soil. 

 

 

على تعض الخصائص الهٌذعٍح دساعح ذأثٍش الرثثٍد الوشكة تالٌىسج والغوٌد 

 لرشتح هخراسج هي هذٌٌح الوىصل والهٍذسولٍكٍح 
 

 هحوذ هخلف الدثىسي                         د. عهٍل إدسٌظ خطاب                  
 هذسط هغاعذ                                                             أعرار

 قغن الهٌذعح الوذًٍح / كلٍح الهٌذعح / خاهعح الوىصل
 

 الخلاصح
لرشتةح يٌٍٍةح هثثرةح هخرةاسج هةي والإحرفاظ تالواء( ٌهذف الثحث إلى دساعح ذأثٍش تعض الخصائص الهٍذسولٍكٍح )الٌفارٌح 

ًىسج، كوةا ذةن إٌدةاد ًغةثح الرثثٍةد الوثلةى للغةوٌد الرةً  % 4وهً  ذن إٌداد ًغثح الرثثٍد الوثلى للٌىسج .هذٌٌح الوىصل

كغن/عن14 ذحقق الحذ الأدًى 
2
كغن/عن 65والأعلى  

2
 6لوقاوهح الاًضغاي غٍش الوحصىس لطثقح الأعةاط للطةش ، وهةً  

الغوٌد تٌفظ الطشٌقةح الورثعةح  ةً إٌدةاد -على الرىالً، وكزلك ذن إٌداد ًغثح الرثثٍد الوثلى لوضٌح الٌىسج  % 18و %

هةً الٌغةة الوثلةى للرثثٍةد. أظهةشخ الرشتةح الوعاهلةح  % 2-9و  % 1-3الٌغثح الوثلى للغةوٌد، وقةذ وخةذ أى الٌغةثرٍي 

ارٌح عي ًفارٌح الرشتح الطثٍعٍح، تغض الٌظش عةي ًغةثح الوةىاد الوضةا ح. الغوٌد صٌادجً  ً الٌف-تالٌىسج، الغوٌد والٌىسج

هشج.  ً حٍي كاًةد الضٌةادج الأقةل  17ًىسج تحذود  4 %وخذ أى الضٌادج الأعلى  ً الٌفارٌح كاًد للٌوارج الوعاهلح تٌغثح 

ء للرشتةح الوعاهلةح علةى الوةا-هةشج. حا ظةد هٌحٌٍةاخ خاصةٍح الرشتةح 1.2عةوٌد حةىالً  %18  ةً الٌفارٌةح عٌةذ الٌغةثح 

الوةاء هةي ًاحٍةح -ولدوٍع الحالاخ الوذسوعح. كاى ًوط الرشذٍة لوٌحًٌ خاصٍح الرشتح (S-Shape)الشكل العام أي شكل 

 قاتلٍح الاحرفاظ تالواء ٌضداد هع صٌادج ًغثح الوضا اخ.
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Introduction 
The soil at any particular locality could be unsuited, wholly or partially, to the requirements 

of the construction engineer. A basic decision must therefore be made, whether to [6]: 

1. Accept the site material as it is, and design to standards sufficient to meet the restrictions 

imposed by its existing quality. 

2. Remove the site material, and replace with a superior material. 

3. Alter the properties of the existing soil so as to create a new site material capable of better 

meeting the requirements of the task in hand, and this is known as soil stabilization. 

Soil stabilization is the mechanical, physical, or chemical treatment of a soil designed to 

increase or maintain stability of the soil or otherwise to improve the engineering properties of 

the soil, enabling the material to serve as a better construction material [4]. 

Therefore there are different ways to stabilize soil [4]: 

1. Mechanical Stabilization (compaction). 

2. Chemical stabilization involves addition of chemicals to the soil, particularly lime, 

cement, asphalt. Sometimes using two types of stabilizers or more and this known as 

combined stabilization. 

3. Physical stabilization refers to addition of particulate material to the soil, for example clay 

and sand. 

The most methods of soil stabilization are: lime, cement, and asphalt. In this paper combined 

stabilization by lime and cement of soil selected from Mosul area in Iraq was studied. 

Lime will primarily react with medium, moderately fine, and fine-grained soils to produce 

decreased elasticity, increased workability, reduced swell, and increased strength [1,12]. The 

strength of lime-treated soil develops with increasing addition of lime until an optimum lime 

content is reached beyond which the strength continues to increase at a reduced rate or begins 

to decline. [3]. 

A wide range of soil types may be stabilized using Portland cement. It is generally more 

effective and economical to use with granular soils due to the ease of pulverization and 

mixing and the smaller quantities of cement required [9]. Fine-grained soils of low to 

medium plasticity can also be stabilized with cement, but not as effectively as coarse-grained 

soils. The strength of soil treated with cement increasing with increase in cement content, 

where a linear relationship can be used to approximate the relationship between strength and 

cement content [7]. 

Sometimes combined stabilization is used for the following reasons [7]: 

1. Improving of the engineering properties of a certain soil to achieve best using. 

2. Economic or environmental reasons. 

3. One of the stabilizers in the combination compensates for the lack of effectiveness of the 

other in treating a particular aspect or characteristic of a given soil. 

While cement cannot be used alone for highly plastic soils, lime can be used first to initiate 

action exchange and flocculation-agglomeration reaction and to produce immediate changes 

by reducing the plasticity and improving the workability of these soils. Addition of cement 

then ensures rapid strength development of the mixture. This is especially advantageous 

when rapid strength gain is required under cooler weather conditions [7]. 

Soil-water characteristics curve one of the important hydraulic properties; it is the relation 

between water content and soil suction. It is central to the engineering behavior of an 

unsaturated soil, and can be used as a means of deriving and linking soil behaviors such as 

permeability, shear strength and volume change [8]. The Main aim of this paper is studying 

the effect of combined stabilization on some hydraulic and engineering properties; the 

permeability and the soil water characteristic curve are studied as important properties which 

describe the changes which happened in the structure of soil selected from Mosul area when 
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treated with lime-cement. The most important studied variable in this paper are: admixtures 

percentages, effect of curing times which reached to 90 days, and water content of specimens.  
 

Materials and Methods 
 

Natural Soil 
 

The clayey soil was selected from Al Hadbaa quarter (Mosul city). The basic soil properties 

are summarized in Table 1. This clayey soil 

was classified as CH. 

The device of permeability test was made 

locally; the dimensions of compaction mold are 

9.7 cm in diameter and 3.85 cm in height. It 

contains two outlets at the bottom of device to 

supply water during the test, and single outlet 

at the top to permit the water to exit. This 

device was made such that to help obtaining 

higher available degree of saturation by 

expulsion air bubbles from top.    

Soil-water characteristics curves were established within suction range of (0-1,000,000) kPa. 

Saturated solution method was used for the application of suction range (2700-325000) [10]. 

The other part of the curve was completed using the osmotic solution method, an osmotic 

membrane submerged in different solutions of Poly Ethylene Glycol (P.E.G) to give solutions 

of (50,450) kPa. Small chunks (5-10) g of statically compacted soil samples were brought to 

saturation in distilled water. The soil chunks were then placed in desiccators of different 

chemical solutions, each one of them will cause certain suction. Equilibrium time was found 

to be 45 days for saturated solution method, and 21 days for the osmotic solution method. 

Soil Treated with Cement  

Portland cement was used in this paper; the method proposed by (Ingles & Metcalf 1972) [6] 

was used in this paper to select the optimum cement content to stabilize soil. This method 

involve finding the unconfined compressive strength of cement stabilized soil samples treated 

with different percentages at a temperature of 25
o
C and 7 days curing time. It is clear from 

Table 2, that a limit of unconfined compressive strength of (14 to 56) kg/cm
2
 and of cement 

treated soil is suitable to be utilized as a road base.  

 

 

Purpose U.C.S
[1]

 C.B.R
[2]

 Swell Loss in  

wet/dry test
[3]

 

 kgf/cm
2
 (Ibf/In

2
)  per cent per cent 

Road sub-base, formation 

backfill for trenches etc. 

Road sub-base, base for 

light traffic
[4]

 

Base for heavy traffic
[4]

 

Building blocks 

Embankment protection 

Floodways (too strong for 

general use under thin 

surfacing)  

 

3.5-10.5 

 

7-14 

 

14-56 

 

 

 

> 56 

 

(50-150) 

 

(100-200) 

 

(200-800) 

 

 

 

(800) 

 

20-80 

 

50-150 

 

200-600 

 

 

 

600 

 

2 

 

2 

 

2 

 

 

 

2 

 

7 

 

10 

 

14 

 

 

 

14 

Table 2. Design criteria of cement treated soil [6] 

Table 1. Basic properties of soil  

Property Value 

Liquid limit (%) 56 

Plastic limit (%) 28 

Plasticity index (%) 28 

Specific gravity 2.73 

Maximum dry density (kN/m
3
) 15.69 

Optimum moisture content % 23 

UCS CH 
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[1]      
U.C.S cured seven days at constant moisture content. The loss of strength on   soaking 

should not be more than 20 per cent.  
[2]

     C.B.R. – Soaked four days. 
[3]        

Durability test appropriate only where moisture penetration is likely to occur. 

Higher cement contains may be required to meet this criterion.
 

[4]
      Lower strengths may be adequate for well-drained areas in the tropics. 

 

 Results showed that, 6 % and 18 % cement were the percentages that attain the lower 

and upper limit of unconfined compressive strength of road base respectively as shown in 

Figure (1). The results of unconfined compressive strength of soil samples treated with 

cement and soaked for 7 days show a maximum strength loss of 20 %.  

 

 The liquidity and plasticity limits of 

cement treated soil are shown in Table 3, 

the mellowing period was 10 minutes. It is 

clear that the addition of 6% and 18 % 

cement turn the soil to non-plastic. 

 

Table 3. Some engineering properties 

of cement treated soil. 

Cement 

percent 

LL 

(%) 

PI 

(%) 

Standard effort 

MDD 

(kN/m
3
) 

OMC 

(%) 

0 56 28 15.69 23 

6 NP NP 15.5 24 

18 NP NP 14.09 26 

 

Soil Treated with Lime 
 

Hydrated lime Ca(OH)2 was used (71.3% Ca(OH)2 & 6.1% CaO). Stabilization percent 

(optimum lime percent) was found to be 4% lime based on dry weight using Edges & Grim 

protocol [5] and Thompson mixture design [12]. To compare the soil samples treated with 

lime with that treated with cement, the same curing conditions of (temperature 25
o
C and 

curing time 7 days) were applied.  Figure (2) shows that 4 % lime should be used to obtain 

the uppermost of unconfined compressive 

strength (1135 kPa). This value does not 

satisfy the lower limit of the unconfined 

compressive strength of soil used as a road 

base, Table 2. However, this percentage was 

choose in this paper to study the effect of lime 

on the permeability of stabilized soil and on 

the soil-water characteristics curve. The liquid 

and plastic limits of lime treated soil was 

shown in Table 4, the mellowing period was 

one hour. It is clear that a reduction of liquid 

limit values and decreasing the plasticity index 

with addition of lime percentage, and the soil 

turn to non-plastic at 3 % lime. 

 

Figure 2. Relationship between UCS 

and water content of soil treated with 

different percentages of lime. 
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Figure 1. Relationship between maximum 

 UCS and cement content of cement treated 

soil. 
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Table 4. Some engineering properties of lime treated soil. 

Lime percent 
LL 

(%) 

PI 

(%) 

Standard effort 

MDD (kN/m
3
) OMC (%) 

0 56 28 15.69 23 

1 52 13 15.27 24 

2 50 8 15.18 24 

3 NP NP 15.02 25 

4 NP NP 14.89 26 

 

Soil Treated with Lime-Cement 
 

Lime-cement mixture of (1-3, 2-9) % 

cured at a temperature of 25
o
C for 7 

days were selected on the basis of 

achieving the lower and upper limit of 

unconfined compressive strength of 

soil treated with cement used as a road 

base, Table 2 [6]. Figure (3) shows the 

unconfined compressive strength of 

soil samples treated with lime-cement 

with different percentages prepared at 

optimum moisture content of natural 

soil. These percentages lie between the 

lower and upper limit of the 

percentages that used in lime-cement 

mixture ((1-3) % lime and (3-10) % 

cement) as an indicator to achieve the lower and upper limit of unconfined compressive 

strength of soil used as a road base. From this Figure, the lower and upper limits of 

unconfined compressive strength shown in (Table 2) could approximately be achieved using 

1 % and 2 % lime respectively.  

Figure (4) shows the unconfined compressive strength of soil samples treated using (1 %) 

lime with different percentages of cement prepared at different moisture contents. Then 

Figure (5) show that the sufficient amount of lime-cement to attain the above mentioned 

criteria was   (1-3) %. 

 

1000

1500

2000

2500

3000

3500

4000

4500

5000

5500

6000

0 1 2 3 4

Lime (%)

U
C

S
 (

k
P

a
)

3% Cement

6%Cement

8% Cement

10% Cement

مضلع. )%3

)Cement
مضلع.

)6%Cement(
مضلع. )%8

)Cement
مضلع. )%10

)Cement

Figure 3. UCS of lime-cement treated soil 

samples at optimum moisture content. 
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Figure (4). UCS of soil treated with 1 % lime 

with different percentages of cement. 

UCS= 483.93 C + 48.505

R2 = 0.9985
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Figure 5. Relationship between maximum 

UCS and cement content of soil treated 

using 1 % lime with different percentages 

of cement. 
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On the other hand, Figures (6) and (7) show that (2-9) % lime-cement are the required 

amount to obtain the upper limit of unconfined compressive strength stated in table 2. It is 

worth mentioning here that, soaking of unconfined compressive strength of soil samples 

treated with lime-cement for 7 days show a strength loss not exceeding 20 %. 

 

The liquid and plastic limits of soil treated 

with lime-cement percentages added to it are shown in Table 5, the mellowing period was 10 

minutes. It is clear that the soil turn to non-

plastic at both percentages. 
 

Table 5. Some engineering properties of lime-

cement treated soil. 

Lime-

cement 

percent 

LL 

(%) 

PI 

(%) 

Standard effort 

MDD 

(kN/m
3
) 

OMC 

(%) 

0 56 28 15.69 23 

1-3 NP NP 15.42 24 

2-9 NP NP 14.06 25 

 

Results and Discussion 
 

 Permeability of Natural Soil 

The samples were prepared at different 

moisture content and different dry unit weight 

as shown in Table 6. Figure 8 shows a 

reduction in the permeability with increasing 

both of dry unit weight and compaction 

moisture content. From the test, it is found that 

the coefficient of permeability (k) of natural 

soil compacted at maximum dry unit weight 

(MDD) and optimum moisture content (OMC) 

is equal to 7.9 * 10
-8

 cm/sec. Hence, the soil is 

classified as impermeable [11] depending on 

soil type and coefficient of permeability. 

UCS= 519.97 C + 928.44

R2 = 0.9885
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Figure 7. Relationship between 

maximum UCS and cement content of 

soil treated with 2 % lime with 

different percentages of cement. 

Figure 6. UCS of soil treated with 2 

% lime with different percentages of 

cement. 
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curve. 
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Effect of Additives on Permeability 

of Treated Soil 
 

Figure 9 presents the variation in the 

coefficient of permeability according to 

curing time initial placement conditions 

(water content and dry unit weight). Results 

show an increase in permeability of soil 

treated with lime at all curing conditions 

compared with permeability of natural soil. 

This could be explained by the change in 

soil structure of lime treated soil; the cation 

exchange with (Ca++) ions produced from 

lime addition is expected to causes a 

reduction in the ionic layer in treated soil, thus creating a flocculated structure. Also, this 

Figure shows that this effect in the dry side of compaction curve was larger than that at the 

wet side. In the other side, Table 7 indicates an increase between 1.2 to 17 folds in the wet 

side (2 days curing time) and in the dry side at (28 days curing time) respectively compared 

with the permeability of natural soil. 
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Figure 9. Relationship between coefficient of permeability and moisture 

content of soil samples treated with 4 % lime at different curing times. 
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Table 6. Coefficient of permeability of 

treated soil samples with different dry unit 

weights and different moisture contents 

Dry Unit 

Weight      

(kN/m
3
) 

Water 

Content 

(%) 

Coefficient of 

Permeability  

k (cm/sec) 

MDD =15.69 23 

(OMC) 

7.9 E-8 

95% MDD 

=14.91 

19 (D.S.) 3.5 E-6 

95% MDD 

=14.91 

27 (W.S.) 9.0 E-8 
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Figure 10 again shows increasing in permeability due to cement addition at all curing periods 

compared with the permeability of natural soil. This could be attributed to the same reason 

that previously cited at lime addition. The samples that treated with 6 % cement showed a 

higher permeability than that treated with 18 % cement, where the maximum increase in 

permeability are about (8 to 12) folds compared with the permeability of natural soil (in the 

dry side and at curing time 28 days) respectively. This may be due to the formation of a 

hardened materials in the samples treated with 18 % cement and the presence of an additional 

un reacted amounts of cement. 
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Figure 10. Relationship between coefficient of permeability and moisture 

content of soil samples treated with 6 and 18% cement at different curing times. 

Table 7. Variation in treated soil permeability of natural soil permeability. 
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On the other hand, the samples treated with 1-3 % lime-cement showed a higher 

permeability than that treated with 2-9 % lime-cement, where the more increase in 

permeability about (10 to 13) folds compared with the permeability of natural soil (in the dry 

side and at curing time 28 days) respectively as shown in Figure 11. This is due to the same 

reason that previously cited in the soil treated with cement. Comparing between permeability 

of the soil samples treated with cement that achieving the lower and upper limit of 

unconfined compressive strength with permeability of the soil samples treated with lime-

cement; The samples that treated with 1-3 % lime-cement showed small increase in 

permeability compared with the samples that treated with 6 % cement, where the more 

increase in permeability is about (12 to 13) folds compared with the permeability of natural 

soil (in the dry side and at curing time 28 days) respectively. The treated samples with 2-9 % 

lime-cement showed small increase in permeability compared with the samples that treated 

with 18 % cement, where the more increase in permeability is about (8 to 10) folds compared 

with the permeability of natural soil (in the dry side and at curing time 28 days) respectively. 

It is worth noting that, all the cement treated soil samples showed permeability values less 

than that treated with lime. 
 
 

 

 
 

 

 
 

 

 
 

 

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

Figure 11. Relationship between coefficient of permeability and moisture content 

of treated soil samples with (1-3, 2-9) % lime-cement at different curing times. 



Al-Rafidain Engineering                     Vol.20                      No. 5                 December  2012 

 

148 

 

Effect of Moisture Content on Permeability of Treated Soil  
 

The results shown in Figure 12 indicate an increase in the permeability of treated soil 

compared with that of natural soil under the same compaction conditions. This increasing 

covers all the moisture percentages. The results showed also, that the permeability of treated 

soil with certain percentage of additives compacted in the wet side were less than that 

compacted in optimum moisture content and in the dry side. This could be attributed to the 

flocculation-agglomeration beside the role of moisture in the formation of soil structure. 

Here, the particles arrangement changes from the parallel structure to the flocculated 

structure which consequently increase the voids ratio and permeability. A similar results was 

mentioned by (Khattab, S. A. A. 2002) [10]. On the other hand, the maximum increase in the 

permeability was noted in the lime treated soils with 4 % compared with that of natural soil 

and cement and lime-cement treated soils in all the studied cases. As example, the lime 

addition to samples prepared at the dry side leads to 17 folds increase in permeability (curing 

time 28 days), while, an increase of 9 and about 5 folds were noted for the samples 

compacted at the optimum moisture content and wet side  respectively at 7 days curing time. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

More variation of the coefficient of permeability of the treated soil in the dry side was 

between 3.42 * 10
-5

 cm/sec (soil treated with 4 % lime) to 1.52 * 10
-5

 cm/sec (soil treated 

Figure (12). Effect of moisture content on coefficient of 

permeability of treated soil samples. 
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with 18 % cement) at curing time 56 days, where at the optimum moisture content was 

between 7.21 * 10
-7

 cm/sec (soil treated with 4 % lime) to 3.6 * 10
-7

 cm/sec (soil treated with 

18 % cement) at curing time 7 days. Finally more variation in the wet side was between 4.23 

* 10
-7

 cm/sec (soil treated with 4 % lime) to 2.11 * 10
-7

 cm/sec (soil treated with 18 % 

cement) at curing time 7 days. 

 

Effect of Curing Time on Permeability of Treated Soil 
 

Figures (13, 14 and 15) present the effect of curing times on the values of coefficient 

of permeability. It is clear that the coefficient of permeability increases at the earlier curing 

times (between 7-28) days followed by a reduction in different rates with increasing of curing 

times for all the studied cases. This could be explained by the flocculation process in the first 

days and after that to the formation of the pozzolanic reaction products that cause closing 

some of water paths. Identical results are noted (Khattab, 2002) [10], while (EL-Rawi, & 

Amir, 1981) [6] noticed a continuous reduction in permeability with increasing of curing 

times. 
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Figure 13. Effect of curing time on coefficient of permeability 

of treated soil samples in dry side. 
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Figure 14. Effect of curing time on coefficient of permeability 

of treated soil samples at optimum moisture content. 
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The more increasing in permeability of the treated soil samples was at curing time 28 

days in the dry side, where the more increasing in permeability of the treated soil samples 

was at curing time 7 days at the optimum moisture content and in the wet side. This may be 

attributed to the effect of moisture percentage on 

the chemical reaction operations for lime-cement 

and cement hydration. 

 

Effect of Additives on SWCC for Treated Soil 

 

It is shown from Figure (16) that the water 

holding capacity increases with the addition of 

additives. The SWCC`s for treated soil samples 

with 4 % lime were the closest to SWCC for 

natural soil and located in the lower part of the 

figure. While the SWCC for treated soil samples 

followed the sequence of increasing the water 

holding capacity as; 1-3 % lime-cement, 4 % 

lime, 6 % cement, 2-9 % lime-cement and 

finally the SWCC for treated soil samples with 

18 % cement in the upper part of the figure. This 

could be explained by the fact that the higher 

percentages of additives lead to a more hardened 

products compared with the small percentages. 

These products will be expected to construct a 

more open structure, and the excessive amount 

of additives act as fine material which fill some 

pores, and hence, increasing water holding 

capacity for soil. 

It could be also noted that there was an 

interaction between SWCCs at high suction 

ranges, Figure (16). This behavior was due to the 

insufficient amount of water for the reactions to 

proceed because of the high suction applied 

Figure 16. SWCC of treated soil samples 

that prepared at maximum dry unit weight 

and optimum moisture content. 
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Figure 15. Effect of curing time on coefficient 

of permeability of treated soil samples in wet side. 
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along the equilibrium time. Subsequently, ineffective role of additives on this part of the 

curve behavior. This agrees with the obtained results by (Al-Taie, L. Kh. 2005) [2]. 

Finally, Table (8) indicates that the air-entry value and residual suction were increased with 

additives percentages, and the boundary effect zone and transition zone were also expanded. 

This could be attributed to the addition of lime and/or cement to soil and its above stated 

effects on the soil structure 
 

 
Residual State 

Parameters 
Air-Entry Parameters Curing 

time (days) 

Additives 

percentages 
Ψr (kPa) Wr (%) Ψa (kPa) Wa (%) 

12000 9 32 29  Untreated 

17000 10 50 32 7  

4% Lime 24000 9.5 90 34 28  

50000 7.5 300 34.5 90 

19000 11 60 34 7  

6% Cement 27500 10 110 36.5 28  

58000 8 350 37 90 

30000 10 170 37 7  

18% Cement 42000 9 320 40 28  

89000 7 960 41 90 

18000 10.5 55 33 7  

1%L+3%C 25500 10 100 34.5 28  

54000 8.5 320 35 90 

28000 10 160 36 7  

2%L+9%C 41000 9.5 300 38.5 28  

86000 7 920 39.5 90 

 

Wa: Air entry water content. ,ψr: Suction corresponding to the air entry water content. ,Wr: 

Residual water content. ,ψr: Suction corresponding to the residual water content. 

Effect of Curing Time on SWCC for Treated Soil 
 

Figures (17 to 21) show the effect of curing times on the SWCCs. It was noticed that 

SWCCs move upward as curing time proceeds, where the suction value was increased at any 

value of moisture content at curing time proceeding from (7-90) days. This is expected to be 

due to the curing time that causes the formation of a more hardened products and more open 

soil structure, leading to a structure with high water holding capacity. 

On the other hand, it was noted that, in general, there is a divergence of SWCCs till 28 days 

in boundary effect zone and transition 

zone, followed by convergence till 

reaching 90 days curing time in 

boundary effect zone and transition 

zone. This could be attributed to the 

decrease in the rate of hardened 

materials formation in the time between 

28 and 90 days compared with that 

from 0 to 28 days. Finally, a 

convergence of SWCCs was observed 

at residual zone of treated soil 

specimens.  
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Figure 17. Effect of curing time on SWCC 

of treated soil samples with 4 % lime. 

Table 8. SWCC parameters for natural and treated soils.  
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CONCLUSIONS 
 

The following conclusions could be obtained from this work considering the limits and soil 

type of this study    

1. The combined stabilization using more than one stabilizer was found to be more 

economic over than using single stabilizer alone for the selected clayey soil from Mosul 

city. Soil stabilized with (2-9) % lime-cement was found to attain nearly an identical 

strength of that treated with 18% cement. 

2. Permeability of natural soil was found to increase with treatment of lime, cement and 

lime-cement. 

3. More permeability is noticed for the samples compacted in dry side of the compaction 

curve for both natural and treated soil, while less permeability is observed for the 

samples compacted in wet side of the compaction curve of the treated soil. 

4. All the studied conditions on soil-water characteristic curves had (S) shape curve for 

natural and treated soils. 

5. Water holding capacity for the treated soil was increased due to the increase in additive 

percentages. 

6. Air-entry value and residual suction were increased with additive percentages, while the 

boundary effect and transition zones were also expanded. 
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of treated soil samples with 6 % cement. 
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Figure 19. Effect of curing time on SWCC 

of treated soil samples with 18 % cement. 
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