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Mechanical stabilization of soft clay subgrade using geosynthetics

S.S.Salem & A.K.EI-Sayed -  Housing & Building Research Centre, Egypt
H.H.Hafez -  Cairo University, Egypt

ABSTRACT: This paper describes the results of an experimental investigation to assess the improvement in the mechanical behaviour 
of a system of subbase layer overlying soft clay subgrade using geosynthetic inclusions. A parametric study has been carried out using 
model tests. The model consists o f soft clay subgrade overlain by a subbase layer of coarse sand and supporting a circular steel plate 
subjected to static loads. One of two types of geosynthetic materials (geotextile or geogrid) was placed at the subgrade-subbase inter
face. In addition, the thickness of unreinforced or reinforced sand subbase layer was investigated. The obtained model test results in
dicate an increase in the ultimate bearing capacity of the sand-clay system by introducing the interface geosynthetic layer. 
Alternatively, the thickness of the sand subbase layer could be reduced by about 35% or 50% when using a geotextile or a geogrid 
layer at the sand-clay interface, respectively.

RÉSUMÉ: Cet article décrit les résultats d'une étude expérimentale pour établir l'amélioration dans le comportement mécanique d'un 
système composé d'une couche de sous-base reposant sur une couche d'argile molle et qui utilise des inclusions géosynthétiques. Une 
étude paramétrique a été élaborée en utilisant des essais sur modèle réduit. Le modèle consiste d'une couche d'argile molle sous une 
couche de sable grossier qui supporte une plaque circulaire en acier soumise a des charges statiques. Un de deux types de matières du 
géosynthétiques (géotextile ou géogrid) a été placé à l'interface de deux couches. De plus, l'épaisseur de la couche de sous-base en sa
ble, renforcée ou non-renforcée, a été examinée. Les résultats obtenus out montré une augmentation da la capacité portante ultime du 
système sable-argile en introduisant la couche du géosynthétique à l'interface de couches. Autrement, l'épaisseur de la couche du 
sable pourrait être réduite par environ 35% ou 50% en utilisant un géotextile ou un géogrid posé en couches à l'interface du système 
sable-argile, respectivement.

I INTRODUCTION

Construction over soft clay subgrade requires special techniques 
to avoid soil failure or excessive settlement under imposed loads. 
Within the category of “soil improvement”, these techniques in
clude soil replacement, sand drains, preloading, etc.. Soil rein
forcement is considered one of the relatively new techniques 
used in improving the mechanical behaviour of soft clay.

The concept o f soil reinforcement is not new. History has 
shown that materials such as tree trunks, small bushes and heavy 
cotton fabrics were used to reinforce soil. However, the present 
concept of systematic analysis and design of soil reinforcement 
was initiated by a French engineer named Henri Vidal in 1963. 
Since this date, the reinforced soil technique has found a wide 
use in different areas of civil engineering. Many types of materi
als can be used as reinforcement. Geosynthetic inclusions are the 
most common type of such materials. They are relatively thin 
and flexible polymeric materials. Their use to stabilize soft soil 
masses underneath civil structures, including roads, has been 
growing continuously.

Construction of roads directly over soft clay subgrade 
requires high thicknesses of subase and base aggregate layers to 
carry the traffic loads without causing excessive subgrade 
settlement and failure. However, the road structure could fail 
after a period of time less than the normal designed service time. 
This is due to the possibility of the aggregate layers to sink into 
the soft subgrade under applied traffic loads. On the other hand, 
the introduction of one layer of geosynthetic inclusions in- 
between the soft subgrade and subbase layers prevents their in
termixing and the premature failure. In addition, the introduc
tion of the interface geosynthetic layer could lead to a signifi
cant saving in the required thicknesses of the aggregate layers. 
The objective of this study is to investigate experimentally

the effect of using one of two types of geosynthetic inclusions 
(geotextile or geogrid) when they are placed at the subgrade- 
subbase interface in model tests. The model tests have been per
formed on a system of subbase layer consisting of coarse sand 
underlain by soft clay subgrade and supporting a circular plate. 
A parametric study has been carried out to investigate the effect 
of the sand subbase layer thickness for the cases of unreinforced 
and reinforced systems and the effect o f the reinforcing material 
type.

2 EXPERIMENTAL SETUP

A circular steel plate, 10 cm in diameter, was used in all tests. 
The test tank had inner dimensions of 50 cm diameter and 40 cm 
height as shown in Figure 1. The tank contained a soft clay 
subgrade overlain by a coarse sand layer, representing the sub
base layer, and supporting the circular plate.

The clay employed in this study was obtained from Giza city, 
Egypt. The soil is classified as A-7-6 according to the AASHTO 
Classification System and as CH (Clay of high plasticity) ac
cording to the Unified Soil Classification System (USCS). The 
clay in each test was mixed uniformly at a constant water content 
of 49% and compacted in the tank to a constant unit weight of
17.4 kN/m3. Under these conditions, the average undrained shear 
strength of the clay was found to be equal to 10 kN/m2 using the 
laboratory vane shear device and the average value of the 
soaked California Bearing Ratio (CBR) was 0.7%. A summary 
of the clay properties is given in Table 1.

The used sand was a desert sand and its classification is A-1-a 
according to the AASHTO Classification System and SP 

(poorly graded sand) according to USCS. The properties of 
the used sand are summarized in Table 2.
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Figure 1. Experimental model setup.

Table 1 Properties of the clay

Property Values
Specific gravity, Gs 2.72
Liquid limit, L.L (%) 59
Plastic limit, P.L (%) 27
Plasticity index, P. I (%) 32
Water content, wc (%) 49
Unit weight, yb (kN/m3) 17.4
Undrained shear strength, Cu (kN/m2) 10
CBR at wr =49% and yh =17.4 kN/m3, (%) 0.7

Table 2 Properties o f the sand
Property Values

Specific gravity, Gs 2.65
Maximum dry density, ydraM (kN/m3) 17.9
Minimum dry density, ydmlI1 (kN/m3) 15.4
Average dry density during model tests, yd (kN/m3) 16.9
Average relative density during model tests, Dr (%) 63
CBR at y^jj, and optimum moisture content,
O.M.C = 13%, (%) 29
Angle of shearing resistance, <p (deg.) 42.5
Uniformity coefficient, Cc 1.53
Curvature coefficient, Cv 0.96
Mean diameter, D50 (mm) 0.88
Effective diameter, D ,0 (mm) 0.62

Table 3 Properties of the geosynthetic materials
Specific data Geotextile Geogrid

(Typar 3407) (CE 121)
W i d t h  (m) 5.20 2.0
L e n g t h  (m) 150 30
M e s h  a p e r t u r e  s i z e  (mm) 8 x 6
U n i t  w e i g h t  ( N / n r )  1.36 7.30
T e n s i l e  s t r e n g t h  ( k N / m )  6.3 7.68
E l o n g a t i o n  a t  m a x .  l o a d  (%) 26 20.2

Two different geosynthetic materials were employed in this 
study: geolextile and geogrid. The geotextile was a nonwoven 
polypropylene sheet commercially known as Du Pont Typar 
3407. The geogrid was a polyethylene sheet commercially 
known as Netlon C E121. The main properties of the two types 
are shown in Table 3.

3 T E S T I N G  P R O C E D U R E  A N D  P R O G R A M

F o r  e a c h  m o d e ]  t e s t ,  f i r s t  t h e  m o i s t  c l a y  w a s  p la c ed  in th e  l a n k  in 

l a y e r s ,  e a c h  o f  5 c m  t h i c k n e s s  a n d  c o m p a c t e d  by  a  w o o d e n  p la te  

to expel any air voids and lo reach ihe required density. After 
reaching the required height (25 cm), the sand was deposited in 
the tank in layers, each of 5 cm thickness. In tests with rein
forcement at the interface, the reinforcement was first placed 
over the compacted clay layer before sand deposition.

Table 4 Testing Program
Test Studied parameters No. of
group Thickness of sand Type o f rei- 

subbase layer forcement
tests

I (Datum 
Tests)

H/B = 0.0, 0.5, without rein- 
1.0, 1.5 forcement

4

II H/B = 0.5, 1.0, geotextile 3
1 -5 geoRiid 3

0 0 .2  0 .4  0.6 0 .8  I 1.2 1.4 1.6 1.8

Stress (kN/m2) x 100

F ig u r e  2. S t r e s s - s e t t l e m e n t  r e l a t i o n s h i p s  f o r  d i f f e r e n t  

u n r e in f o r c e d  s a n d  s u b b a s e  t h i c k n e s s e s  o v e r l y i n g  s o f t  

c la y  s u b g r a d e

Once the sand depositing process terminated and the surface 
leveled, the circular plate was centrally placed in position over 
the sand surface. Two dial gauges were mounted on the plate to 
measure its settlement under applied loads. After taking the zero 
readings, the load was applied slowly in small increments and 
the corresponding settlement was monitored and recorded until 
reaching failure. For more details about testing procedure and 
loading system refer to El-Sayed.

The testing program included two groups of tests. In these 
tests, the plate diameter, the thickness of the clay subgrade layer, 
and the length of the reinforcement sheet were kept constant as 
shown in Figure 1. The details o f the studied groups are summa
rized in Table 4.

4 TEST RESULTS AND ANALYSIS

4.1 Group /  te s ts  -  sand-clay system without reinforcement

Group I has been devoted to study the effect of the thickness of 
unreinforced sand subbase layer overlying the soft clay sub- 
grade. It provides reference data for comparison with the tests of 
reinforced system.

Figure 2 shows the stress-settlement relationships for the tests 
carried out with varying thicknesses o f the unreinforced sand 
layer. As can be seen from this figure, the applied stress 
producing same settlement level increases as the upper sand 
subbase thickness increases. This improvement in the behaviour 
of the stress-settlement relationship with increasing the thickness 
of sand subbase layer is attributed to the stress bulb effect. 
When the thickness of the subbase soil is relatively small, 
a great part of the stress bulb underneath the loading area 
extends into the soft soil resulting in high settlement and low 
load resistance. On the other hand, the increase of the subbase 
soil thickness provides less extension of the bulb into the soft 
soil. Consequently, less settlement and higher load resistance are 
obtained.
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Figure 3. Variation of the experimental and predicted 
ultimate bearing capacities with H/B ratios.

Figure 2 also indicates that there are no peak values for the 
applied stress. Therefore, the ultimate bearing capacity of the 
system is taken arbitrarily at a point where the slope of the 
stress-settlement plot becomes relatively constant. The ultimate 
bearing capacity is plotted against the corresponding H/B ratios 
in Figure 3. It is evident that the ultimate bearing capacity of the 
system increases with increasing H/B ratios. This is due to the 
decrease of the weakness effect of the soft clay subgrade with 
the increase of the thickness of the sand layer. In addition, 
Figure 3 illustrates the ultimate bearing capacities predicted by 
Meyerhof and Hanna’s method (1978). As can be seen from this 
figure, There is a fair agreement between the experimental and 
predicted ultimate bearing capacities.

4.2 G r o u p  II te s ts  -  sa n d -c la y  sy s tem  re in fo rced  w ith  in terface  

g e o s y n th e tic  la y e r

Group II tests were performed to study the effect of using geo
synthetic inclusions at the interface between the sand and clay 
layers for various thicknesses of sand layer; H/B = 0.5, 1.0, and 
1.5. In addition, the type of geosynthetic reinforcing material 
was studied in this group. The obtained stress-settlement rela
tionships are shown in Figures 4 and 5 for geotextile and geogrid 
reinforcements, respectively. In general, these test results indi
cate an improvement in the stress-settlement behaviour of the 
reinforced system. The ultimate bearing capacity deduced from 
Figures 4 and 5 could be considered to occur at a point where the 
slope of the stress-settlement plot becomes relatively constant. 
The obtained ultimate bearing capacities are plotted against the 
normalized thickness of sand layer, H/B, in Figure 6. As can be 
seen from this figure, the ultimate bearing capacity of the sand- 
clay system is increased due to the introduction of a geo
synthetic layer at the interface between the sand and clay layers.

The increase in the ultimate bearing capacity of the sand-clay 
system means that a reduction in the required thickness of the 
sand subbase layer is possible by introducing the geosynthetic 
layer. For example, the ultimate bearing capacity o f the geogrid 
reinforcement system at H/B equal to 0.5 is approximately the 
same as the ultimate bearing capacity of the unreinforced system 
at H/B equal to 1.0. Similarly, the ultimate bearing capacity of 
the geotextile reinforced system at H/B equal to 0.5 is about 87% 
of the ultimate bearing capacity of the unreinforced system at 
H/B equal to 1.0. Thus the presence of the geogrid reinforcement 
could reduce the thickness of the sand subbase layer by about 
50%. Similarly, the presence of the geotextile reinforcement

0 0.2 0.4 0.6 0.8 I 1.2 1.4 1.6 1.8 2

Stress (kN/m2) x 100

Figure 4. Stress-settlement relationships for sand subbase 
layer overlying soft clay subgrade with interface geotextile

0 0.2 0.4 0.6 0.8 I 1.2 1.4 1.6 1.8 2 

Stress (kN /m 2) x 100

Figure 5. Stress-settlement relationships for sand subbase 
layer overlying soft clay subgrade with interface geogrid 
layer.

could reduce the thickness of sand subbase layer by about 35%.
This improvement in the stress-settlement behaviour and the 

ultimate bearing capacity of the reinforced system is attributed 
to two effects provided by the reinforcementisubbase-subgrade 
restraint and membrane action. The reinforcement provides lat
eral restraint o f the sand and the clay subgrade by the tensile 
forces induced in the reinforcement. This lateral restraint causes 
an improved load distribution within the sand layer and spreads 
the load over a wider area of the soft clay subgrade. This in turn 
reduces the settlement and increases the load carrying capacity 
of the system.

The membrane action is achieved when the reinforcement is 
deformed, due to the application of load, and tensile forces are 
developed in the reinforcement as shown in Figure 7. The up
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Figure 6. Variation of ultimate bearing capacity with 
H/B ratio for the reinforced and unreinforced system.

ward resultant o f the tensile forces in the deformed reinforce
ment partially supports the imposed load and reduces the stress 
on subgrade. This in turn reduces the settlement and increases 
the load carrying capacity o f the system.

The improvement in bearing capacity of the reinforced soil 
system can be represented in a non-dimensional form as pro
posed by Binquet and Lee. This form is called bearing capacity 
ratio (BCR) which is defined as:

BCR Qu rdnf*  ̂Pu unrvinf'

Figure 7. Membrane action developed between a two- 
layer system with reinforcement at the interface.

C6
CJ
CQ

o'
03

(I ) o

where qureinr-= ultimate bearing capacity of reinforced soil 
system, qu unreinf- = ultimate bearing capacity of unreinforced soil 
system.

Figure 8 shows the variation of the bearing capacity ratio 
(BCR) with the thickness ratio (H/B) for both geotextile and 
geogrid reinforcements. This figure shows that, the BCR de
creases with the increase of the thickness ratio, H/B. It also indi
cates that, the geogrid reinforcement has more reinforcing bene
fits than the geotextile reinforcement.

This better performance of the geogrid over the geotextile 
reinforcement in increasing the BCR could be attributed to the 
higher geogrid tensile strength compared to that of the geotextile 
reinforcement. In addition, there is an interlocking developed 
between the soil particles and the geogrid mesh through the 
openings existing within its structure. This interlocking assists in 
mobilizing most of the reinforcing benefits of the geogrid as 
loads are applied.

Figure 8 also illustrates the results obtained by Hashem . As 
can be seen from this figure, the bearing capacity ratios obtained 
by Hashem have higher values than those obtained during the 
current study. This is due to the higher modulus o f the geosyn
thetic material used by Hashem compared to that employed in 
the current study.

Another way for representing the degree of improvement in 
the mechanical behaviour o f the reinforced soil system could be 
expressed in terms of an improvement factor (IF) as follows:

u
Q.
a
o
00

c
i—
ra
<u

CQ

0.5 1.5

H/B

F igure

ratio.

8. V aria tion  o f  b e a r in g  c ap ac ity  ra tio  w ith  H /B

(2)

where q ^ r = stress at a certain settlement ratio, S/B (where S 
is the settlement of the plate), for the reinforced soil system, 
qUnreinf = stress at the same settlement ratio for the unreinforced 
soil system.

Figures 9 and 10 show the relationship between the improvement 
factor (IF) and the settlement ratio (S/B) for the geotextile and 
the geogrid reinforcements, respectively.

These figures indicate that the improvement factor (IF) has 
high values at relatively large settlement ratios (S/B) and has low 
values at low settlement ratios for all studied thicknesses of the 
sand subbase layer. These obtained results are consistent with 
the results reported by Koerner, Saleh , and Amin and support 
the fact that the reinforcement must be sufficiently deformed to 
mobilize an important part of its tensile strength before the rein
forcing benefits are fully realized.

The above-mentioned conclusions have an important appli
cation in roads. It is expected that the introduction of a layer of 
reinforcement at the interface between a soft clay subgrade and 
the subbase soil result in a better beneficial effect in improving 
the mechanical behaviour of unpaved roads than paved roads. 
This is because the allowable deformations in unpaved roads are 
relatively large and sufficient to generate most of the reinforce
ment benefits. On the other hand, the allowable deformations in
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Figure 9. Relationship between improvement factor (IF) 
and settlement ratio (S/B) for geotextile reinforcement.
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ing effect than the geotextile reinforcement (Du Pont Typar 
3407). The presence of the geogrid or the geotextile layer at 
the sand-clay interface leads to a higher increase in the ultimate 
bearing capacity of the sand-clay system or a great saving in 
the required thickness of the sand subbase layer. Savings of 
about 50% or 35% in the required thickness have been attained 
when using the interface geogrid or geotextile reinforcement, 
respectively.
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( IF )  an d  se ttle m e n t ra tio  (S /B ) fo r g e o g r id  re in fo rcem en t.

paved roads are relatively small and may be insufficient to gen
erate such reinforcement benefits.

5 CONCLUSIONS

1. In general, the introduction of a layer of geotextile or 
geogrid reinforcement at the interface between the sand and clay 
layers leads to a significant improvement in the stress-settlement 
behaviour and the ultimate bearing capacity of the system.

2. The bearing capacity ratio (BCR) increases with the 
decrease of the sand subbase thickness. The greatest value of 
BCR occurs in case of the smallest used sand subbase thickness 
(H/B =0.5).

3. As the plate settlement increases, the improvement factor 
(IF) increases for all studied thicknesses of the sand layer. There
fore, the use of the interface geosynthetic layer is more benefi
cial in case of unpaved roads than in case of paved roads.

4. The geogrid reinforcement (CE121) has a better reinforc-
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