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Effects of sand layer on swelling of underlying expansive soil 
Effets de la couche de sable sur renflement du sol expansif sous-jacent

A.J.Khan, S.F.Ameen & M.Z.Abedin -  Department ol Civil Engineering, Bangladesh University ot Engineering and Technology, Dhaka,
Bangladesh.

ABSTRACT: Expansive soils pose potential danger to structures via differential vertical movement o f foundation. In many instances 

partial replacement o f expansive soil with non-expansive granular soils is practised as an economical measure. The depth and extent 

of removal and replacement o f expansive soil are often decided on the basis o f local experience and judgement. To date, no rational 

methodology has been developed to determine the optimum depth of removal o f expansive soil layer and replacement o f this soil with 

non- expansive granular materials. In this paper, a systematic study of the effect o f non-expansive sand layer on volume change and 

swelling pressure of underlying expansive soil is presented.

1 INTRODUCTION

Expansive soils swell on absorption o f water and shrink on re

moval. Foundations resting on expansive soils may move differ

entially in the vertical direction and show sign o f unacceptable 

cracks due to moisture fluctuation with season. It should be 

noted that cracks are more likely to occur in lightly loaded 

structures than in heavily loaded structures; the former being 

easier to be moved vertically up and down, respectively due to 

expansion and shrinkage of underlying expansive soil.

In Bangladesh expansive soils occur in the Barind Tract of 

Rajshahi, Lalmai Hill areas o f Comilla, Joydevpur, Savar and in 

some parts o f Tangail. It is reported that the old alluvials of 

Madhupur tract exhibit appreciable amount o f volume change 

and high swelling potential. The recent alluvials are, however, 

not expansive.

To date, several methods have been adopted to solve the se

vere problems posed by the swelling soils. One o f the very 

common methods of encountering the expansive soil problems is 

to lay the foundation beyond the depth of moisture fluctuation. 

But very often it becomes difficult to determine the exact depth 

of moisture fluctuation and if it is too deep, placing o f founda

tion may become practically impossible.

Partial replacement o f expansive soil with non-expansive 

granular soils is also practised as an economical measure, 

Murthy (1992). The depth and extent o f removal and replace

ment are often decided on the basis o f local experience and 

judgement. To date, no rational methodology has been devel

oped to determine the optimum depth o f removal o f expansive 

soil layer and replacement o f this soil with non- expansive 

granular materials.

In this paper, the effects o f initial dry density, initial moisture 

content and thickness of expansive soil layer on its volume 

change and swelling pressure are studied. Also, a study o f the ef

fect o f non-expansive sand layer on volume change and swelling 

pressure of underlying expansive soil is presented.

2 PROPERTIES OF SOIL USED FOR TESTING

For the study, the parent soil was collected from Savar, located 

at north-east part o f Bangladesh. Swelling potential o f this soil 

(Savar soil) was found to be low. As such, commercial bentonite 

was mixed with it at different ratios to enhance its swelling be

haviour. Finally, an artificial expansive soil was prepared using a 

bentonite to Savar soil ratio o f 1:3. This ratio o f bentonite to 

Savar soil was selected to ensure no spillage (due to excessive

Table 1. Properties o f  soils used.

Soil type LL (%) PI (%) SL (%) LS (%) Gs SP (%)

Savar soil 40 22 12 7 2.65 2

Artificial

expansive

soil

82 60 18 21 2.64 25

*LL = Liquid limit, PI= Plasticity index, SL= Shrinkage limit, LS = Lin

ear shrinkage, Gs= Specific gravity, SP = Swelling potential

expansion) o f the artificially prepared expansive soil from the 

conventional Oedometer ring. Important properties o f the Savar 

soil and artificially prepared expansive soil are given in Table 1.

3 ONE-DIMENSIONAL SWELL TEST ON ARTIFICIALLY 

PREPARED EXPANSIVE SOIL WITHOUT SAND BED

One-dimensional swell tests were performed on the artificially 

prepared expansive soil specimens (without sand bed) to study 

the effects o f initial dry density, initial moisture content and 

thickness o f the expansive soil layer on its swelling behaviour.

3.1 Effects o f initial dry density

To study the effects o f initial dry density on swelling of the ex

pansive soil, one-dimensional swell tests were carried out in 

conventional Oedometer on three specimens compacted to dry 

densities o f 13.9 kN/rrf1, 14.9 kN/m and 15.7 kN/m3 each at a 

moisture content o f 25%. The thickness o f all the specimens was

20.5 mm.

In order to prepare the specimens o f the above mentioned 

densities, first, the expansive soil was compacted in three differ

ent compaction molds using standard Proctor compaction test 

(ASTM D698-78), Proctor compaction test with standard 35 

blows and modified Proctor compaction test (ASTM D1557-78) 

each at a moisture content o f 25%. After compaction, the com

pacted soil was extruded from all the molds using a jack. Three 

Oedometer rings o f 50 mm diameter and 25 mm height were 

then taken. One o f these three rings was then pushed into the 

solid cylinder o f the compacted soil having a dry density o f 13.9 

kN/m3, other into the soil o f dry density 14.9 kN/m3 and the third 

one into the soil o f dry density 15.7 kN/m3. The walls o f the 

rings were adequately greased so that friction between soil and 

the walls would be minimum. The excess o f soil in all the rings 

was then trimmed with a knife and a piano wire to obtain a level 

surface for loading. The thickness o f the specimen at this stage
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Initial dry density (kN /m 3) 

Figure 1 Effect o f  initial dry density on volume change

was 25 mm. To allow for the soil specimen to expand within the 

ring without spillage, a 20.5 mm thickness o f specimen in each 

ring was selected. For obtaining this thickness o f the specimens, 

a solid disc o f 4.5 mm was pushed into each o f the Oedometer 

rings so that the solid disc just accommodated. Due to this, a soil 

o f 4.5 mm thickness protruded at the other end of the rings. This 

protruded expansive soil was then recessed from each of the 

rings resulting in a 20.5 mm thickness o f expansive soil speci

men in each o f the rings. The specimens were then placed in 

three different Oedometers and one-dimension swell test was 

performed on each o f these specimens to study the effects o f ini

tial dry density on the swelling behaviour o f the expansive soil. 

The variation o f (%) volume change and swelling pressure with 

initial dry density are shown in Figures 1 and 2, respectively.

Figure 1 shows that increase in (%) volume change with ini

tial dry density is more pronounced at lower surcharge pressure 

than that at the higher surcharge pressure. At very high pressure 

the (%) volume change may remain almost unchanged, regard

less o f initial dry density o f the expansive soil. This suggests that 

lightly loaded structures may undergo a large amount o f uplift 

than heavily loaded structures founded on the expansive soil o f 

the same initial dry density. Figure 2 suggests that highly com

pacted expansive soil might exhibit higher swelling pressure 

than less compacted expansive soil, i.e. higher dead load pres

sure will be required to ensure zero vertical movement o f a 

structure resting on highly compacted expansive soil.

3.2 Effects of initial moisture content

One-dimensional swell tests were carried out in Oedometer on 

three specimens to investigate the effect o f initial moisture con

in itia l dry density (kN /m 3) 

Figure 2 Effect o f  initial dry density on swelling pressure

(% ) Initial m oisture content

Figure 3 Effect o f  initial moisture content on volume change

tent on the swelling o f expansive soil. All the specimens were 

compacted to a dry density o f 14.2 kN/m3 at moisture contents o f 

27.0%, 23.0% and 16.0% using standard Proctor compaction test 

(ASTM D698-78), Proctor compaction test with standard 35 

blows and modified Proctor compaction test (ASTM D 1557-78) 

respectively. The thickness o f all the specimens was 19 mm. The 

procedure for preparing the specimens o f different initial mois

ture content is similar to that described in Section 3.1. The 

specimens were then placed in three different Oedometers and 

one-dimension swell test was performed on each o f these speci

mens to study the effects o f initial moisture content on the swel

ling behaviour o f the expansive soil. The variation of (%) vol

ume change and swelling pressure with initial moisture content 

are shown in Figure 3 and 4, respectively.

Figure 3 shows that soils having the same dry density are 

likely to exhibit decrease in (%) volume change with the in

crease in initial moisture content. This trend was observed both 

at lower surcharge pressure a  = 1.5 kN/m2 and at higher sur

charge pressure a  = 29.4 kN/m2. Figure 4 shows that the swel

ling pressure decreases with the increase o f  initial moisture con

tent. This agrees with the findings o f Kassiff and Baker (1971) 

and contradicts with Chen (1975). The results o f the present 

study suggest that prewetting o f  subsoil, prior to construction of 

foundation may be helpful in reducing amount o f uplift but may 

not necessarily reduce the swelling pressure.

3.3 Effects of layer thickness

One-dimensional swell tests were also carried out in Oedometer 

on three specimens having thickness o f 19 mm, 13 mm and 8 

mm in order to investigate the effects o f thickness o f expansive 

soil on its swelling. All the specimens were compacted to a dry 

density o f 14.2 kN/m3 each at a moisture content o f 27.0% using

(%) Initial moisture content

Figure 4 E ffect o f  in itial m oistu re  con ten t on sw elling  pressure
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Figure 5 Effect o f  layer thickness on volume change

h =  6 .25  mm  

18.75 mm

(a) h/H  =  0 .25

H = 25 .0  

mm

H = 25 .0  

mm

■  Sand 

]  Expansive soil

(b) h/H =  0 .5 0

h= 12.5 mm

12.5 mm

h = 17 .5  mm

7.5 mm

Sample thickness (mm)

Figure 6 Effect o f  layer thickness on swelling pressure

standard Proctor compaction test (ASTM D698-78). The proce

dure for preparing the specimens o f  different thickness is again 

similar to that described in Section 3.1, except for the fact that 

the solid discs used for pushing the soil specimens into the rings 

were 6 mm, 12mm and 17 mm in order to obtain the specimen 

thickness o f 19 mm , 13 mm and 8 mm respectively. The speci

mens were then placed in three different Oedometers and one- 

dimension swell test was performed on each of these specimens 

to study the effects o f layer thickness on the swelling behaviour 

of the expansive soil. The variation o f (%) volume change and 

swelling pressure with specimen thickness are shown in Figures 

5 and 6 respectively.

Figures 5 and 6 show that both (%) volume change and swelling 

pressure are not significantly influenced by thickness o f expan

sive soil within the range o f specimen thickness considered. This 

trend was observed both at lower surcharge pressure a  = 1.5 

kN/m2 and at higher surcharge pressure a = 50.0 kN/m2. These 

results are in agreement with the results obtained by Chen 

(1975). It should be appreciated that although (%) volume 

change does not change with the thickness o f expansive soil 

layer, total amount o f volume change will reduce with the re

duction in thickness o f expansive soil. This indicates that partial 

removal o f expansive soil layer might be helpful in restricting 

differential uplift o f a foundation system to a tolerable limit. 

Success o f this partial removal technique, however, is likely to 

depend on the successful determination of depth of seasonal 

moisture fluctuation.

4 ONE-DIMENSIONAL SWELL TEST ON 

ARTIFICIALLY PREPARED EXPANSIVE SOIL WITH 

SAND BED

Tests on the expansive soil specimens (with sand bed) were per

formed to study the effect o f sand bed on the swelling o f under-

50 .0  m m  dia 

(c) h/H =  0 .7 0  

Figure 7 Expansive soil specimens with different h/H ratio

lying expansive soil. In so doing, one-dimensional tests were 

performed in conventional Oedometer. Three specimens having 

h/H ratio o f 0.25, 0.50 and 0.70, Figure 7, (h= thickness of 

overlying sand bed and H = total height o f the expansive soil 

specimen), were used. Expansive soil layer in each case was 

compacted to a dry density o f 14.2 kN/m at a moisture content 

o f 27.0% using standard Proctor compaction test (ASTM D698- 

78). The dry density o f the overlying sand bed (Sylhet sand 

passing #30 sieve) was 16.3 kN/m3. The specimens were then 

placed in three different Oedometers and one-dimension swell 

test was performed on each o f these specimens to study the ef

fects o f overlying sand layer on the swelling behaviour o f the 

expansive soil. Variation o f  (%) volume change and swelling 

pressure with h/H ratio are shown in Figures 8 and 9, respec

tively.

Figure 8 shows that (%) volume change under a surcharge 

pressure is greatly influenced by h/H ratio. It should be noted 

that although (%) volume change is not significantly affected by 

layer thickness, Figure 5, it is considerably affected even with a 

thin layer o f sand bed on it.

Figure 9 shows that swelling pressure o f expansive soil is 

also significantly influenced by h/H ratio. Again, although swel

ling pressure was found to be independent o f thickness o f expan

sive soil ( Figure 6), it is reduced by a considerable degree with a 

layer o f sand bed on it.

These results suggest two aspects; (i) effect o f sand layer on 

swelling of underlying soil is significant and (ii) an optimum h/H 

ratio can be determined for a specific foundation problem on ex

pansive soil. Optimization o f h/H ratio can be of great value to 

the practising engineers. For a particular expansive soil, the 

methodology presented in this paper may be employed for es-

h/H ratio

Figure 8 E ffect o f  h/H ratio  on vo lum e change
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h/H ratio

Figure 9 Effect o f  h/H ratio on swelling pressure

tablishing a set o f curves as shown in Figures 5, 6, 8 and 9. 

These curves may then be used for designing lightly loaded 

building foundations resting on moderate to high potential ex

pansive soil.

For example, let a building foundation be resting on the ex

pansive soil dealt with in this paper. The foundation (Figure 10) 

having base dimension o f 1.2 m x 1.2 m is laid at a depth Dr =

1.2 m from ground level. The bearing pressure due to dead load 

is 50.0 kN/m2 and the thickness o f expansive layer beneath the 

foundation is 1.2 m. From Figure 5, a volume change o f 10% 

(average) may be expected for a surcharge pressure a  = 50.0 

kN/m2. This means the foundation is likely to suffer an uplift o f 

120 mm, which is way beyond the allowable movement o f 20 -  

25 mm as is commonly practised by the engineers.

To restrict the movement o f the foundation, an arrangement 

as shown in Figure 11 may be employed. In this arrangement, 

top 0.6 m of the expansive soil layer is removed and backfilled 

with a sand bed (commonly known in Bangladesh as Sylhet 

sand; passing #30 sieve) compacted to a dry density o f 16.3

Ground level 

/

1.2 m x  1.2 m

T T T T T
a  = 50.0 kN/m

Expansive soil 

y =  14.2 kN/m3 

w% =  27.0

Figure 10 Foundation on expansive soil without any sand bed.

i
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Sand t ,t nt Mt t 
y =  16.3 kN/m3 =  50 .0  k N /m 0 .6  m

'
Expansive soil ‘ 
r =  14.2 kN/m3 

w% = 27.0

0 .6  m

Ground level

kN/m3, leaving an underlying expansive layer o f 0.6 m thick

ness. This results in a h/H ratio equal to 0.5. Then, from Figure 8 

a volume change o f 3.0% may be expected for a surcharge pres

sure a  = 50.0 kN/m2 and h/H ratio = 0.5. The upward movement 

o f the foundation due to swelling o f the expansive soil layer may 

then be calculated as 18 mm only.

5 CONCLUDING REMARKS

The study shows that the swelling pressure is independent of 

thickness o f expansive soil, within the range o f thickness consid

ered in the investigation. It may be appreciated that the effects of 

layer thickness on swelling pressure should be studied as a func

tion o f layer thickness to foundation width ratio. However, swel

ling pressure may be affected by initial dry density and initial 

moisture content o f the expansive soil.

The amount o f (%) volume change is not significantly af

fected by the thickness o f expansive soil layer. It is, however, af

fected by the initial moisture content and initial dry density of 

the soil. Higher the initial moisture content, lower is the amount 

o f (%) volume change at a given surcharge pressure. Higher the 

initial dry density, higher is the amount o f (%) volume change of 

the expansive soil layer at a given surcharge pressure.

The investigation reveals that the effect o f sand layer in ar

resting swelling of underlying expansive soil may be significant. 

For a given surcharge pressure, a small thickness o f sand bed on 

expansive soil reduces the amount o f vertical movement at the 

top o f the sand bed to a great deal. The test results also suggest 

that the swelling pressure may be significantly reduced with the 

increase o f ratio between the thickness o f sand layer and the 

thickness o f underlying expansive soil layer.

On the basis o f these test results it may be suggested that sand 

layer may be effectively used for restricting the volume change 

o f expansive soil layer. This should be coupled with the knowl

edge o f the effects o f initial dry density, initial moisture content 

and thickness o f the expansive soil layer in solving the founda

tion problems involving expansive soil.

However, complete success o f using sand bad on expansive 

soil and precise determination o f optimum h/H ratio for solving 

foundation problems require further parametric studies. These 

parameters may include density and gradation o f sand bed and 

footings o f different size and shape. Full-scale model tests can 

also be performed to observe the effectiveness o f sand bed on the 

swelling behaviour o f underlying expansive soil. It might be 

worthwhile noting that in the present paper the mechanism in

volved with the sand bed in reducing the swelling o f the under

lying expansive soil has not been investigated. X-ray diffraction 

analysis might be helpful for better understanding o f the mecha

nism involved.
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