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ABSTRACT 

One of the most common mitigation heave methods for foundation on expansive clay soil is the full or the partial shallow removal of expansive clay 

soil and replacement with non-expansive soil, usually used sand cushion (SC). Foundation engineers often suggest some arbitrary thickness for sand 

cushion without considering the depth of the active zone, which is the zone within which potential volume changes occur.In this study, a deep 

replacement technique by using sand compaction pile (SCP) was used and compared with the shallow replacement technique, sand cushion. A series 

of experimental laboratory tests were carried out in modified Proctor mold and a circular footing was used. Different parameters were studied, 

replacement area ratio (RAR), depth of (SCP), values of external applied pressure and sand cushion thickness. The main obtained results showed that 

the heave of expansive clay soil decreases as the RAR increases and the maximum RAR equal to about 57% is adequate to obtain the minimum heave. 

Also, the results showed that the heave of expansive soil decreases as the SCP depth and external applied pressure increase. The tests results showed 

that using SCP as improvement technique for expansive clay soil is more effective than sand cushion technique.  

Résumé 

L'une des méthodes d'atténuation les plus courantes pour la fondation sur un sol argileux expansif est l'élimination complète ou partielle du sol argileux 

expansif et le remplacement par un sol non expansif, généralement utilisé comme coussin de sable(SC). Les ingénieurs de la fondation suggèrent 

souvent une épaisseur arbitraire pour le coussin de sable sans tenir compte de la profondeur de la zone active, qui est la zone dans laquelle les 

changements de volume potentiels se produisent. Dans cette étude, une technique de remplacement profond utilisant du sable compactage pile (SCP) 

Avec la technique de remplacement peu profonde, coussin de sable. Une série d'essais expérimentaux en laboratoire a été effectuée dans des moules 

Proctor modifiés et on a utilisé un pied circulaire. Différents paramètres ont été étudiés, le rapport de surface de remplacement (RAR), la profondeur 

de (SCP), les valeurs de la pression appliquée externe et l'épaisseur du coussin de sable. Les principaux résultats obtenus ont montré que le gonflement 

du sol argileux expansif diminue à mesure que le RAR augmente et que le RAR maximum égal à environ 57% est suffisant pour obtenir le soulèvement 

minimum. De plus, les résultats ont montré que la poussée du sol expansif diminue à mesure que la profondeur du SCP et la pression appliquée externe 

augmentent. Les résultats des tests ont montré que l'utilisation de la SCP comme technique d'amélioration pour le sol argileux expansif est plus efficace 

que la technique du coussin de sable. 
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1  INTRODUCTION 

In recent years, there are many attempts from researchers to introduce a 

new technique to overcome or mitigate the heave of swelling soil. These 

techniques can be categorized into three main categories, cementing, 

chemical and mechanical. Use of cementing material such as cement, 

lime, bitumen/asphalt, bagasse ash, bagasse ash and lime sludge, fly ash..  

etc is added to soil is referred as "Cementing Stabilization" and use of 

chemicals in soil such as calcium chloride; sodium chloride.. etc is 

"Chemical Stabilization" and replacement of expansive soil by non-

expansive soil is referred as "Mechanical stabilization”. This 

replacement may be full replacement or partial replacement according to 

the extension of expansive soil strata. The non-expansive soil usually 

used as sand or sand and gravel mixture. The last method is considered 

the famous method used in Egypt where these materials are available and 

cheap. Egypt has a lot of arid and semiarid areas having expansive soil. 

Due to gradually increase of population of Egypt and the shrinkage of 

the Nile valley area, which consists of known soil properties for all 

expertise geotechnical engineers, new development trend is to propagate 

all the new residential and factories projects on this arid and semiarid 

areas. The common treatment method used to control swelling of 

expansive soil in these areas is using soil replacement by sand which 

practically known as "sand cushion". In this technique, either the entire 

depth of the expansive soil stratum or a part of it may be removed and 

replaced by sand cushion compacted to a low density, without, however, 

compromising on bearing capacity criterion. The main problem which 

faces the geotechnical engineers is there is no acceptable method to 

estimate the replacement depth required to maintain the heave within the 

acceptable range, where most design codes leave this issue to the 

engineering judgment or give some general guide lines. So, foundation 

engineers often suggest some arbitrary thickness without considering the 

depth of the active zone, which is the zone within which potential volume 

changes occur. If the thickness is inadequate, the problem aggravates as 

the high permeability of sand facilitates easy ingress of moisture from 

the surface run-off and the swelling process accelerates. Also, it is 

difficult to arrive the exact density of sand cushion to have a good 

bearing capacity. So, these two parameters are considered the main draw 

backs of the sand cushion. In the last decades several cases of structural 

defects or cracks in concrete members, especially in buildings 

constructed in those arid areas were observed in spite of founded it on 

sand cushion with different depths. So, in this study an attempt has been 

made to use deep replacement by using sand compaction piles (SCP). 

SCP was developed in Japan since 1950s. This technology has been 

widely applied to improve soft clays, organic soils and loose sandy soils 

for various purposes. Applications to clay ground include increasing 

bearing capacity, reducing settlement, increasing passive earth pressure, 

reducing active earth pressure and increasing horizontal resistance to pile 

and sheet pile wall. On the other hand application to sandy ground 

includes increasing bearing capacity, reducing settlement and preventing 

liquefaction (Krishna, Murty and Vakula 2013, Sundher, Johnson and 

Unnikrishnan 2011, Zein and Elgasim 2012, Kinoshita, Harada and 

Ohbayashi 2012). .The use of this technique as a treatment of expansive 

soil is not used practically until now because no enough studies were 

carried out.(Kim, kim and Byun 2004, Aparna and Kumar 2014, Rahesh 

and Jain 2012). So, this research was carried out to study the effect of 

using SCP in treatment of expansive soil and the obtained results were 

compared with the results obtained from sand cushion technique.   

2 EXPERIMENTAL PROGRAM 

Different parameters have been studied, the replacement area ratio 

(RAR%) and penetration ratio (h/H%) of SCP.  Table 1 shows the 

program of experimental tests. 

Table 1. Experimental program  

Group Dscp (cm) RAR (%) h/H (%) P (kg/cm2)

G1 

0.0, 3.29, 4.85, 

6.06, 7.54, 9.1, 

11.47 

0, 4.68, 10.16, 

15.9, 24.57, 

35.84, 56.94 

100 

1.2 

G2 11.47 56.94 
66.67 

33.33 

G3 11.47 56.94 100 

1.4 

1.6 

1.8 

G4 15.2 100 33.33  1.2 

 

 

Where :- 

Dscp    = Diameter of  SCP 
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Do         = Diameter of used mold 

RAR  = Replacement area ratio ((D2
scp/D2

0) ×100%) 

h        = Height of SCP or thickness of sand cushion (SC). 

H       = Height of  expansive clay bed in the mold 

3 MATERIAL PROPERTIES 

Two basic materials were used in this study: expansive clay soil 

representing the soil to be improved and graded sand as sand column 

forming material. The properties of these materials are as follows:- 

Clay: The expansive clay soil used in this study was extracted from 

New Akhmim city,  Sohag , Egypt. Open pits were dug to extract 

samples from depth of about 2.0 below ground surface due to 

homogeneous soil at this level.. Soil properties are listed in Table.2.  

Table 2. Properties of expansive clay soil 

Properties Values 

Specific gravity 2.66 

Grain size distribution :-  

Sand 2% 

Silt  22% 

Clay 76% 

Consistency limits:  

Liquid limit [%] 85 

Plastic limit [%] 32.4 

Plasticity index [%] 52.6 

Free swell index [%] 177 

Natural dry density (t//m3) 2.06 

Natural moisture content [%] 8.69 

USCS and IS Classification  CH 

The high liquid limit associated with a high plasticity index is indicative 

of a high volume change potential of the soil. A free swell index of 180% 

further shows that the soil has a high degree of expansiveness.  

Sand:- Properties of used sand for forming SCP are listed in Table 3.  

Table 3. Properties of used sand 

Properties Values 

Specific gravity 2.76 

Maximum dry density (t//m3) 2.09 

Optimum moisture content (%) 6.4 

USCS and IS Classification  SP 

 The particle size distribution curve for  used sand is shown in Fig.(1) 

 
Figure.1. Particle size distribution curve for sand 

4 TEST SETUP AND PROCEDURE 

4.1 Expansive soil model without SCP  

An expansive soil model without SCP was carried out first to take its 

result as a reference for comparison with expansive soil models treated 

by SCP. In order to prepare clay soil model at natural dry density (2.06 

t/m3) and natural moisture content (8.69%). Clay soil sample with weight 

7 kg was crushed and  screened through the 2.36 mm sieve. It was dried 

in oven with 1050c for 24 hours and the required amount of dry clay soil 

was determined. Water equals to the natural moisture content was 

determined and mixed with dry soil carefully. The mixture (soil/water) 

was kept in the air-tight container for 24 hours to allow for uniform 

distribution of moisture. The soil-water mixture was compacted in 

modified Proctor mold, 152 mm internal diameter and 168 mm in height. 

The height of soil model in the mold was taken 150 mm and placed in 

three equal layers each with thickness 50 mm. Each layer was statically 

compacted until the required height. Static compaction was used because 

it gives the most uniform and repeatable samples.  After that  filter paper 

was placed over the soil sample. To insure distributing the loading 

pressure over the entire area of the SCP and the surrounding clay soil, a 

rigid circular steel plate with 150 diameter and 10 mm thickness was 

used as a footing and placed over the filter paper. The footing has many 

holes with 2 mm diameter for entering water to soil. Then the preparing 

mold was placed under the system of loading as shown in Fig.(2). Two 

dial gauges with sensitivity 0.01 mm was fixed on the top of system to 

measure the heave or settlement as shown in Fig. (2). Water is added to 

the system and the level of water over the footing is kept constant during 

the period of test. The vertical displacement  was monitored continuously 

by taking the two dial gauges readings from time to time till the dial 

gauges readings have no change.  

4.2 Expansive soil model with SCP and full penetration  

In this group sand compaction pile was prepared in the center of the mold. 

PVC pipes with outer diameters 3.29, 4.84, 6.06, 7.536, 9.1 and 11.47 

mm, where these diameters are available in the market, were used to 

create a hollow in the expansive soil model. Outer surface of the PVC 

pipes was lubricated by applying a thin layer of grease for easy 

withdrawal without any significant disturbance to the surrounding soil. 

The amount of dry expansive clay soil required to filling the space 

between the PVC pipe and the mold to give the required natural dry 

density was determined. Also the corresponding amount of water to give 

the natural water content was determined, and mixed together to have 

homogenous mixture. The amount of dry sand and the corresponding 

amount of water required to fill the hollow created by PVC pipe to 

specified maximum dry density (2.09 t/m3) and optimum moisture 

content (6.4%) was determined. Sand and water were carefully mixed 

together to have a homogenous mixture. Each type of mixture (dry clay/ 

water ) and (dry sand/ water) were kept in the air-tight containers for 24 

hours to allow for uniform distribution of moisture and each of them is 

divided into equal three amount, where each amount give 50 mm height. 

The first amount from clay/water mixture is placed around the PVC pipe, 

the surface is leveled and the circular wood plate with diameter 150 mm 

and having a hole with the same diameter of required SCP was placed in 

the mold to adjust the position of PVC pipe. By using steel rood (φ=20 

mm), the clay soil around the PVC pipe was compacted lightly until 

reaching a height equal to 55 mm from the mold base. After that the 

casing pipe is withdrawn completely leaving a hole behind. The first 

amount from dry sand/water mixture is placed carefully in the hole in 

stages where each stage is compacted slowly by steel rood until reaching 

the same level of the around clay soil.  After that the mold  is placed 

under hydraulic jack to compact sand pile and the surrounding clay soil 

until both reaching the required level 50 mm from the mold base. The 

same procedure was repeated for second and third part for clay soil and 

sand pile. After that filter paper is placed over the clay- sand pile model 

and circular steel plate with 150 mm diameter and 10 mm thickness 

having many holes, 2 mm diameter for entering added water to 

claysoil/SCP system. The preparing mold was placed under the loading 

system as shown in Fig.(2) and the same procedure for adding water, 

loading and measuring the vertical displacement which mentioned 

before was followed.  

4.3 Expansive soil model with SCP and partial penetration 

The same procedure which mentioned in item 4.2 was followed except 

the bottom layer consists from dry clay/water mixture only and it's 

thickness depends on the penetration depth of SCP (h/H=33.33 and 

66.67%). 
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All Dimensions are in mm 

Figure.2 The test set up in the laboratory 

1- Mold 5-Cricular footing, 8- Two dial gauges 

2-Clay soil t=10 mm 9- Counterweight circular   

3-SCP 6-Wooden Chair      concrete blocks 

4-Filter paper 7-Steel box lever 10- Circular steel plate, t=20 mm

  11-Steel rood, d= 8 mm 

5  RESULTS AND DISCUSSIONS  

5.1 Effect of SCP on the footing heave  

The variations of heave with respect to time under applied pressure equal 

to 1.2 kg/cm2 for different RAR are shown in Fig.(3). It is observed that 

the time required for reaching the maximum heave depends mainly on 

the permeability of soil bed under the footing, where for clay bed without 

SCP the permeability is very small, so that the values of heave at the 

beginning are small and the time required for reaching the maximum 

value is long comparing with cases of clay bed having SCP. Also, it is 

clear that as RAR increases both the maximum heave and corresponding 

time decreases. 

Figure 3. Variation of heave of soil with time (h/H=100%)  . 

5.2 Effect of RAR on the swelling potential 

A dimensionaless parameter, swelling potential (S) which defined as 

follow:- S = (∆HH )%																																																																																																					(2) 
Where:- ∆H	=Maximum heave of clay soil model 

H   = Original height of clay soil model 

The maximum heave for each test is determined and the welling potential 

is calculated according to Eq.2. The variation of swelling potential with  

RAR is plotted in Fig.(4). It can be seen that there is a decrement in 

swelling potential with the increase of RAR and the minimum swelling 

potential is occurred at RAR equal to about 57 %. Also, a relationship with 

strong correlation (R2=0.9778) is given as follow: 

S(%) = 4.96	 . 																																																																															(1) 

Figure 4. Variation of swelling potential with RAR (%) 

5.3 Effect of SCP penetration ratio  

The variation of swelling (heave) with respect to the time under applied 

pressure equal to 1.2 kg/cm2 for different SCP penetration ratio (h/H) is 

shown in Fig.(5). It is observed that the swelling of expansive clay bed 

under the footing decreases with the increase of  SCP penetration ratio 

and gives the minimum heave value when it reaches full penetration i.e 

100%. This result insures that the necessity for the extension of SCP to 

the final depth of active  zone where the active zone in the model is 

presented by the total height of soil model. 

Figure 5. Variation of heave with time for different SCP penetration ratio 

(RAR=56.94%) 

 The variation of swelling potential with penetration depth ratio of 

SCP was drawn as shown in Fig.(6). From this figure it can be noticed 

that SCP depth has a significant effect on the reduction of swelling 

potential, where it decreases with the increase of h/H ratio. Also, a 

relationship with strong correlation (R2=0.9781) is given as follow:-

 (%) = 5.48	e-0.009(h/H)                                                             (3) 

Figure 6. Variation of swelling potential with SCP penetration depth ratio 

(RAR=56.94%) 

5.4 Effect of applied pressure value on the footing heave   

To study the effect of external applied pressure value on the behavior of 

expansive soil treated by SCP with maximum RAR, 56.94% . Four 
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applied pressures values, 1.2, 1.4, 1.6 and1.8 kg/cm2 were used and the 

variation of heave or settlement with time for different applied external 

pressures are shown in Fig.(8). It can be noticed that there are significant 

effect of applied external pressure on both maximum heave and the 

corresponding time, where the maximum heave and the corresponnding 

time decrease with increasing the applied external pressure. Also, it can 

be seen that for heavy external applied pressure, 1.8 kg/cm2, there is 

small  amount of settlement at the begning of test before adding water, 

but this amount is very small and in the range of acceptable value. .          

Figure 8. Variation of heave or settlement with time for different applied 

pressure values (RAR=56.94%, h/H=100%) 

Another variation was plotted between swelling potential (S) and the 

external applied pressures as shown in Fig.(9). It can be seen that the 

swelling potential decreases significantly with increasing the external 

applied pressure value. Also, a relationship with strong (R2=0.743) is 

given as follow:-   S(%) = 8	 . 																																		 																															 (4)

Figure 9. Variation of swelling potential with applied pressure value 

(RAR=56.94%, h/H=100%) 

5.5 Comparison between shallow replacement (SC) and deep 

replacement (SCP) for expansive soil. 

From Fig.(10), it can be seen that  the value of heave for footing /sand 

cushion system is less than for footing/SCP system when they have the 

same depth ratio (h/H=33.33%). This is due to the RAR for sand cushion 

is 100% while for SCP is 56.94% only. In another side, with increasing 

the depth of SCP (h/H=66.67% and 100%) with the same RAR (56.94%), 

the heave of footing/SCP system is less than that for footing/SC system. 

This result confirms the efficiency of using deep replacement 

technique(SCP) in treatment of expansive soil under the footings.       

Figure 10. Variation of heave with time for SCP and SC models 

CONCLUSIONS  

Based on the analysis of the experimental results presented in this study, 

the following conclusions are given:  

1- Deep replacement technique for expansive soil by using sand 

compaction piles was found to be more effective in reducing the heave 

of footing resting on expansive soils. 

2- RAR has a significant influence on the reduction of swelling potential 

of expansive soil, where by using RAR equals to about 57%, the 

swelling potential decreases from 5.2% to 2.2%. 

3- The depth of SCP plays an important role in controlling the heave of 

expansive soil under the footing. So, the depth of SCP should be equal 

to or greater than the depth of active zone.    

4- The increasing of external applied load on the footing can be 

considered one of the important method to eliminate the heaving 

properties of expansive soil. 

5- It may be more convenient to use a combination of both SCP and 

increasing the external load on the footing resting on expansive soil, 

i.e. increasing the bearing capacity of expansive soil/SCP system 

within the criteria of allowable settlement to overcome the swelling 

potential of expansive soil.  
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