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Settlement of embankment on reinforced granular fill — Soft soil system

S.K.Shukla & S.Chandra

Department of Civil Engineering, Indian I nstituie of Technology, Kanpur, India

ABSTRACT: A mechanical modeling approach has been adopted for settlement analysis of
soft soil system subjected to embankment
loading. The parametric studies bring out the effects of various factors such as load
intensity, prestress in geosynthetic reinforcement, compressibility of granular f£ill,

geosynthetic-reinforced granular £ill -

‘and consolidation of soft foundation soil. This approach can also be used to study the

effect of several other factors like shear modulus of the granular fill, lateral stress
ratio in the granular fill, and fill-geosynthetic interface characteristics. The results

have been presented

in nondimensional form which may be directly used in practical
applications for the range of parameters studied.

Prestressing the geosynthetic

reinforcement has been found to reduce the differential settlements significantly.

1 INTRODUCTION

Use of geosynthetic-reinforced granular
layer between the enbankment and the soft
foundation soil provides several
beneficial .characteristics viz., stiff and
rough foundation to the earbankment to
resist lateral stresses, improved load-
carrying and settlement characteristics,

and a drainage blanket to assist the -

consolidation of the underlying soft
foundation soil. The present work uses a
mechanioal modeling approach to oarrry
out the settlement analysis of
geosynthetic-reinforced granular fill-soft
soil system subjected to enbankment
loading. In this approach, each sub-system
of the geosynthetic-reinforced granular
fill-soft soil system is idealized by
mechanical elements such as Winkler
sprinhgs, Pastermak shear layer and
spring-dashpot system which are commonly
adopted for  solving soil-foundation
-structure interaction problens in civil
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Figure 1. The reinforced soil system to be
analyzed.

, reaction, kg and coefficient of consolid-

engineering (Kerr 1964; Selvadurai 1979;°

shukla and Chandra 1994a,b; Shukla 1995).

2 STATEMENT OF THE PROBLEM

Figure 1 shows the reinforced soil system
supporting an embankment. The bottom layer
of thickness, Hg , is a soft soil (soft
‘clay/peat) layer with modulus of subgrade

ation C. The granular fill of modulus of

subgrade reaction, kg, is resting on the
soft soil layer. The geosynthetic
reinforcement (geotextile or geogrid) has
been placed inside the granular fill. The
thickness and the shear modulus of the
granular layer above the geosynthetic
layer are respectively Hiy and Gi whereas

Hy and Gy are respective parameters for
the granular. layer below the geosynthetic™

" layer. The widths of the embankment at the
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top and bottom are respectively 2b and
2B. The side slope of the embankment is 1
vertical to n horizontal. The reinforced
zone has a width of 2L. The problen
is to make a settlement ‘analysis of the

system shown in Figure 1.
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Figure 2. Mechanical foundation model

subjected to embankment loading.

3 MODEL DESCRIPTION

The reinforced soil system shown in Figure
1 is idealized by the mechanical model in
Figure 2. In this model, the spring-
dashpot system represents the saturated
soft foundation soil. The spring repres-
ents the soil skeleton and the dashpot
simulates the dissipation of excess pore
water pressure of the soil (Taylor 1943).
The spring constant is assumed to have a
constant average value with depth of the
soft soil and also with time. The
consolidation characteristics of the soft
foundation soil both within the loaded
region and beyond it are considered to be
the same and their variation in the
z-direction is not considered. It is also
assuned that due to one-dimensional
consolidation of the soft soil, the displ-
acement of the geosynthetic layer is zero
at the end of construction of the embank-
ment and deformation takes place only
after a finite time has elapsed.

The Pasternak shear layers represent the
shear characteristics of the granular
layers at the top and bottom of the
geosynthetic layer. The Winkler springs
attached to the bottom of the bottom shear
layer represent the campressibility of the
granular layers. The stretched rough
elastic menbrane represents the geosyn-
thetic layer. The menbrane will be in
stretched condition for non-zero values of
prestress, T.. It is assumed that the
geosynthetic "layer is rough enough to
prevent slippage at the interface with
fill and has no shear resistance. The
interface behavior is represented by a
rigid-perfectly plastic friction model.

The equations governing the response of
the model at any particular instant of
time (t > 0) are derived by considering
the equilibrium of forces on different
elements of the reinforced soil system as
(shukla and Chandra 1994b, Shukla 1995):

q" =Xy -{G: +Xo(Tp+ T )e0s0+ X4 G }

1
nd ( )
BT *62W

B 1+aW bﬁ’) (2)
where

. *
X = x/B/W=w/B, G =GH/kpB% ¢-
*

Gbe/ksBz, q =g/kgB, Tp*: p/ksBzf
a(=kg/kg) is the modular ratio, q is
embankment load intensity, T is the

tensile force per unit length mobilized in
the menbrane, w 1is vertical surface
displacement, x is the distance measured
from the center of the loaded region along
the =x-axis. The parameters, Xj, Xp, X3,
and )_(4, and the average degree of consolid-
ation, U, are given as: '

o T+K tan?8 —(1- K o)p, tane

T T Ky 8026 +(1- Ko ) e a0 (3-1)
Xy = ! (3.2)
1+ Kyp 1an2e +(1- Ky gl tang

X3 =p cos6(1 + Kgp tan26) - (1 —Kggisind  (3.3)

Xy = Hp cos8(1 + Kgp tan<@) + (1 ~Kgr)sing (3.4)
m=w2u0 MZT

U=1 - X —-e v .
=0 M2 (3.5)

in which, © is the slope of the

geosynthetic layer, Kgr is the coefficient
of lateral stress, Kt and My are interface

friction coefficients at the top and
bottom faces of the membrane respectively,

ug is the initial excess pore water
pressure, M=(2m+l)n/2, m =0, 1, 2, 3, ..,
Ty(= Cvt/Hsz) is the time factor for
primary consolidation, C, is the coeffi-

cient of consolidation and H. is the
thickness of the soft foundation soil
layer.

4 SOLUTION TECHNIQUE

To carry out parametric study, Egs. (1)
and (2) are solved iteratively by finite
difference method. The loading conditions
considered are given as: ’

672



g0 =aqy for Xl<g (4.1)
= q, (1-% nH/B B ) for b/iB<IX|<1.0(4.2)
=.0 for {X|>1.0 (4.3)

The boundary conditions considered at the
center and at the edge of the reinforced
zone are as follows:

%X”_’=o at X = 0.0 (5.1)
%g,-.o at X = L/B (5.2)
T*=00 at X = L/B (5.3)

5 RESULTS AND DISCUSSIONS

The results have been obtained using the
HP-9000/850 computer system. Due to
symmetry of the problen analyzed, only
half region of the problemn (X20) has been

.considered. The solutions have been -

obtained with a convergence criterion of

0.0001. The following parameters have been-

considered constant throughout the study:
n=2, b/B=0.273, py = Ky = 0.5, and Ky
= 0.36.

Figure 3 shows the typical settlement
profiles for different widths of
reinforced zone. It is observed that the
settlement is maximum for x/B = 1.0 and
it reduces throughout the reinforced zone
with the increase in L/B. The settlement
is almost same for L/B =2 1.4 near the
center (x/B<0.4) of the enbankment,
however, beyond this region, it is

'slightly less for higher values of L/B.

This suggests that = it . will not be
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Figure 3. Effect of width of reinforced
zone on settlement profiles.

beneficial to wuse  higher width of

reinforced zone (L./B>1.4).

Figure 4 shows the typical settlement
profiles for three field situations:
(i) embankment on soft foundation soil,
(ii) embankment on granular fill - soft
soil system, - and (iii) embankment on
geosynthetic—reinforc?‘d granular fill-
soft soill system (Tp = 0.0, 0.05, 0.1).
In the first case, there:  is. uniform
settlement up to x/B = 0.273 and beyond

“this, settlement decreases linearly and

become zero at %x/B = 1.0. In the second
case, with the presence of granular fill,
the settlement reduces in the region
x/B<0.7 whereas beyond this, there is an
increase in settlement. In the third case
with the presence of geosynthetic layer
(with or without prestress) alongwith the
granular fill, the settlement further
reduces in the region x/B<0.7 and beyond
this increase occurs. Compared with the.
settlement with the case of no prestress
in geosynthetic reinforcement, the
settlemeilt at the center is less b 7.92%
for Ty = 0.05 and 14.27% for T = 0.05
whereas the corresponding 1ncreases in
settlements at the edge of the embankment
are respectively 71.43% and 108.57%. This
suggests that prestressing the geosyn-

* thetic is a very effective technique to

reduce the differential settlement of the
enbankment. Such observations have also

been nmade by Shukla and Chandra (1994a,b;
-Shukla, 1995) in case strip loading on

geosynthetic-reinforced soil system. How-
ever, there is significant difference in
the behavior. In case of uniforin strip
loading as a result of prestressing, the
settlement reducdes both at the center
(3 reduction more) and at the edge -
(3 reduction less) of the loaded footing
whereas, in the présent case, the
settlement reduces at the center of the
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Flgure 4. Settlement profiles.
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Figure 5. Effect of load intensity on

settlement profiles.
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Figure 6. Effect of modular ratio on the
settlement profiles.
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embankment whereas increase occurs at the
edge.

Figure 5 shows the settlement profiles
for three different load intensities. It
is noted that the settlement at any
location increases with the increase in
load intensity. For exanple, the nondimen-
sional settl ementf at the center of the
embankment for gg = 0.01, 0.05 and 0.1 are
respectively 0.010, 0.047, and 0.090.

Figure 6 shows the settlement profiles
for different modular ratios. It is
observed at any location for a = 50 and
and a=« differ negligibly. This indicates
that one can neglect the corpressibility
of the granular layers in settlement
estimation if the modular ratio is greater
than 50.

Figure 7 shows the typical settlement
profiles for several values of average
degree of consolidation of soft foundation
soil. It is observed as a result of
consolidation of the soft foundation soil,
the settlement is very high near the
center coirpared with the settlement near
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Figure 7 Settlement profiles at different
stages of consclidation.

the edge. Hence a large differential
settlement will occur with time.

6 CONCLUSIONS

From the parametric studies, it has been
found that the settlement - below the
emnbankment does not reduces for the width
of reinforced zone greater than about 1.5
times the base width of embankment.
Prestressing the geosynthetic reinforce-
ment has been found to reduce the
differential settlements significantly.
The cowpressibility of the granular f£fill
can be neglected in settlement
calculations if the modular ratio is
grater than 50.
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