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Geotechnical Research Centre, The Universityof Western Ontario, London, Ontario,
N6A 5B9, Canada

ABSTRACT
The effect of geotextile reinforcement on the stability and deformations of
embankments constructed on peat, underlain by a firm base, is examined.
Both end of construction and long-term conditions are considered. The
effect of geotextile reinforcement is compared with the effect of alternative
construction methods involving berms or light weight fill. The combined
use of geotextiles with light weight fill is then considered. It is concluded
that the use of either geotextile reinforcement or light weight fill may
significantly improve embankment performance; however, the use of
reinforcement in conjunction with light weight fill may be the most
effective means of improving performance in regions where light weight
fill is readily available.

1. I N T R O D U C T I O N
E m b a n k m e n t s constructed on peat deposits often experience large
deformations and/or failure. ~Geotextiles are increasingly being specified
in the design of these embankments and several case histories involving
reinforced e m b a n k m e n t s constructed on peat have been described in the
literature. 2-5 In some of these cases, the geotextile was reported to have
improved the embankment performance, while in others it was considered
that the geotextile reinforcement had no significant effect on the
behaviour of the embankment. This clearly raises the question: ' U n d e r
what circumstances will geotextile reinforcement aid in the construction
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of embankment on fibrous peat?'. This paper attempts to provide at least
a partial answer to this question by examining the effect of reinforcement
on the stability and deformation of embankments constructed on peat
which is underlain by a firm base. The other important case where the
peat is underlain by a soft clay or marl layer will be considered in a
subsequent paper.

2. PEAT CHARACTERISTICS
Fibrous peats are characterized by a high fibre and water content and a low
ash content. They are highly compressible and permeable, particularly
during the early stages of loading. Numerous embankments have been
constructed over fibrous peat deposits with varying degrees of success.
However, despite this extensive empirical experience there is still no
simple, accepted design procedure for determining the stability and the
likelihood of excessive shear distortions for embankments constructed on
peat. The reason for this is the complexity of the foundation material
itself. Firstly at normal construction rates significant excess pore
pressures will be developed. In general these excess pore pressures will be
far less than would be expected under undrained conditions. Thus the
behaviour of a fibrous peat foundation cannot be categorized as truly
drained or undrained. Secondly, the use of the field vane test for
determining the shear strength of peat is of doubtful validity. Thirdly,
because of the large deformations which occur during construction, the
usual assumption of small strains implicit in conventional limit
equilibrium analyses is not applicable for embankments on highly
compressible peat deposits.

3. METHOD OF ANALYSIS
Several investigators L 2. 6-11have used finite element techniques for the
analysis of geotextile-soil systems. Despite some similarities, these
approaches differ considerably with regard to the modelling of nonlinearity, plastic failure, large deformations, the geotextile and the
geotextile-soil interface conditions. While each of these formulations
may be reasonable under certain conditions, most are not suitable for the
analysis of reinforced embankments on highly compressible foundations
where there may be large deformation and plastic failure within the soil.
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For embankments on compressible soils it is important to take account
of the effects of large deformations. These effects include a decrease in
compressibility as the void ratio decreases and a change in pore pressure
head as points in the soil change their position relative to the water table.
While considering these factors, it is also essential to ensure that the total
stress distribution always satisfies conditions of equilibrium. This latter
requirement is intuitively obvious, but can be easily violated by finite
element computer codes unless particular care is taken.
The results presented in this paper were obtained using the authors'
plane strain, nonlinear, Large strain, Elasto-Plastic Soil Structure
Interaction Analysis program (LEPSSIA) which is based on the general
soil-structure interaction technique proposed by Rowe et al. ~2but with
appropriate modifications for large deformations. These large
deformation modifications were based on the complete theory for finite
consolidation of an elastoplastic soil proposed by Carter et al. 13 but with
the simplification that large strain rotational effects were neglected.
Since peats experience significant dissipation of pore pressures during
construction, effective stress analyses were performed for both the endof-construction and long-time-after construction cases. In principle, it
should be possible to calculate the pore pressures at any time during the
construction sequence using an appropriate large strain consolidation
theory. However, at the present time, this is not a practical option
because the large changes in permeability, including changes in the ratio
of horizontal to vertical permeability, both with position within a deposit
and with load history, have not been satisfactorily quantified even for a
limited range of cases. Consequently, in the analyses reported herein, the
excess pore pressures immediately after construction were calculated
from the equation
au = § Ao'~

(1)

where Au is the excess pore pressure at a point; Ao-~is the increase in total
major principal stress at that point; and B is an empirical pore pressure
parameter. This parameter was assumed to vary with depth and was given
by
=

(U/Umax)

* n max

(2)

where the variation in (U/Uma~) is given by the limiting curve in Fig. 1. In
the analysis for a long-time-after construction, it was assumed that all
excess pore pressures had dissipated.
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It is worth noting that the approach described above is similar to that
proposed by Tavenas and Leroueil i4for estimating excess pore pressures
when significant dissipation occurs during construction of embankments
on clay.
The strain increments within the soil were related to the increments in
effective stress by means of a nonlinear elastoplastic stress-strain law.
The 'Young's Modulus' of the soil varied as a function of stress level as
indicated in Table 1, A detailed discussion of the determination of the
deformation properties and strength characteristics of peat is given by
Rowe. 1The soil had a Mohr--Coulomb failure criterion and plastic strain
rates were related by a flow rule of the form proposed by Davis. 15Details
regarding the elastoplastic formulation are given by Rowe. 10
The geotextile was treated as a structural membrane with axial stiffness
and negligible flexural rigidity. Provision was made for slip between the
geotextile and the soil above or below the geotextile. At each point on the
interface, the displacement of the fill and geotextile were compatible until
the shear stress reached the shear strength defined by a Mohr----Coulomb
criterion at the interface. On reaching the shear strength, slip (i.e.
differential tangential displacement between the soil and geotextile)
occurred at this location. For each geotextile node, there was a soil node
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TABLE 1
Peat Parameters

Parameters

Value

Cohesion intercept, c'
Angle of internal friction, 6 '
Dilatancy angle, ~'
Poisson's ratio, u'
Coefficient of Earth pressure at rest, Kb
Specific gravity, Gs
Initial void ratio, e0
Unit weight, 3'
Young's modulus, E' (0 -< ~r~ _<20 kPa)
E' (20 < tr" _<40 kPa
E ' (40 < tr'~_< 60 kPa)
E' ( o , ' > 60 kPa)

1-8 kPa
27°
0
0-15
0.176
1-5
9
10-3 kN/m 3
85 kPa
110 kPa
140 kPa
225 kPa

above and a soil node below the geotextile. Thus slip could occur
independently either above or below the inclusion. As part of the large
deformation analysis, the co-ordinates of both the soil and the geotextile
were updated during the analysis, thereby allowing the development of
'membrane forces' due to deformation.

4. PREDICTION OF COLLAPSE HEIGHTS
Even though an embankment may be stable, there will often be
significant local shear failure within the weak underlying foundation
material. Provided that these zones where the shear strength has been
reached, referred to as 'plastic zones', are contained or surrounded by soil
which is not plastic, that is where the shear stress is less than the shear
strength, collapse will not occur. However, the deformation of the
embankment may be greatly affected by the development of these contained plastic regions. Thus both deformation and shear strength
parameters are required for an elasto-plastic finite element deformation
analysis. The collapse height of the embankment is simply the height at
which uncontained plastic flow occurs and the shear strain becomes
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indeterminant. It should be emphasized that an embankment may be
considered to have failed due to excessive settlement, which is a serviceability assessment, even though collapse, in the sense of uncontained
plastic flow, has not occurred.
In finite element analyses, collapse of an embankment is indicated
when:
(i)

a small increment in load gives a very large increase in the
deformation of the embankment (i.e. adding more fill causes a
decrease in the embankment height above the original ground
level over the portion of the embankment which has failed); and
(ii) the mode of deformation and the plastic region indicate the
presence of a collapse mechanism.

5. SCOPE OF THIS STUDY
A series of analyses were performed to determine the effect of geotextile
reinforcement on the stability and deformations of embankments constructed on peat underlain by a firm base. Both end-of-construction and
long-term conditions, excluding creep, were considered, together with a
range of construction procedures which included the use of berms and
light weight fill.
The analyses were performed for low granular embankments, with
heights above original ground surface of 2.5 m or less, with a crest width
of 13.4 m and 2:1 side slopes resting on peat deposits with depths of 3, 5
and 8 m. The peat parameters adopted (see Table 1) were selected on the
basis of the review of the literature and testing described elsewhere. 1,4,5It
would be considered unusual for a fibrous peat to have a combination of
parameters more critical than those described in Table 1, although this
possibility cannot be excluded. Clearly if there is any doubt for a particular peat, this doubt can be resolved by performing appropriate tests.
Similarly, the properties of the granular fill given in Table 2 are considered to be a reasonable lower bound for many granular fills.
Empirical evidence I suggests that low embankments on peat can be
constructed without collapse provided that:
- - t h e e m b a n k m e n t is constructed sufficiently slowly; and
- - t h e peat is underlain by a firm stratum.
The rate of construction is important in that it controls the excess pore
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pressures developed during construction. A value of Bm~ of zero implies
that the e m b a n k m e n t was constructed so slowly that no excess pore
pressures developed. Clearly, the maximum excess pore pressure, Bmax,
will d e p e n d o n t h e rate of loading and the drainage conditions. The range
of values of B maxwhich can be deduced from published field cases is
typically 0-1--0.35,1 although higher values have been reported 3where a

TABLE 2
Granular Fill Parameters

Parameters

Value

c'
~b'

0
32 °

#,

0°

v'
31

(E'/pa)
A t m o s p h e r i c pressure, p a

0"35
21 kN/m 3
100 X/(cr3/p a)
100 kPa

relatively low permeability fill was constructed on a shallow peat deposit
underlain by relatively low permeability clay.
To illustrate the effect of the excess pore pressures, analyses were
performed for B equal to 0.0, 0.34 and 0-6. In all cases the water table
was assumed to be at original ground level and one-way drainage of excess
pore pressures was assumed with B maxat the bottom of the peat.
In these analyses, it was also assumed that:
max

(a) the geotextile is located at, or close to, the surface of the peat;
(b) the geotextile-soil interface friction angle exceeds 25°; and
(c) there is no competent root mat.
Clearly, the presence of a competent root mat will improve embankment
performance.
In the following discussion, the height of the embankment, h, is the
height above original ground level. The thickness of the fill is the sum of
the e m b a n k m e n t height and the settlement.
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6. N U M E R I C A L DETAILS
The finite element mesh used in these analyses involved between 1472 and
1836 constant strain triangular elements depending on the depth of the
deposit. The lateral boundaries were taken to be smooth and were
located between 73 and 78 m from the centreline of the embankment. The
base was assumed to be rough rigid, although the shear stresses at the base
were not permitted to exceed the shear strength of the soil.
It has been shown 16 that special attention must be given to numerical
procedure if reasonable predictions of collapse loads are to be obtained
from finite element analyses. In particular, it is considered essential to
adopt a large number of load increments so as to ensure satisfactory
convergence of the solution. In large strain analyses it is insufficient to
ensure incremental equilibrium. Rather, it is essential to ensure total
equilibrium is satisfied at the end of each load step.
The numerical construction sequence simulated, as nearly as
practicable, the construction sequence expected in the field, including, as
appropriate, placing of the light weight fill, placing of the geotextile, the
construction of berms and the construction of the main embankment.
The placement of fill was simulated by placing up to nine layers of fill. Up
to 200 load steps were used.
R o u n d o f f error may cause problems with nonlinear finite element
analyses if 32 bit wordlength computations are performed. The analyses
undertaken as part of this study were all performed on a C Y B E R 170/835
computer using a 60 bit wordlength.

7. TYPICAL RESULTS
In this section, the basic factors influencing the performance of
embankments constructed on peat will be illustrated with reference to
typical results observed for the case of a 5 m deep peat deposit. The
results will be summarized together with the results for 3 and 8 m deep
deposits in the following section.
7.1 Unreinforced construction
To provide a basis for comparison with reinforced embankments, the
construction of an unreinforced embankment was numerically simulated
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and the results are shown in Fig. 2. The cross-hatched regions in this
figure indicate where the soil has reached its shear strength and is in a
state of plastic failure. Figure 2(a) shows the plastic region for a granular
e m b a n k m e n t constructed to a height of 1.5 m above the original ground
level assuming B m~xis zero. This corresponds to drained loading, and the
end of construction settlements are the final settlements, neglecting
secondary compression. It is apparent that the embankment can be safely
constructed to this level although the settlement of 2.5 m is quite large.
Figure 2(b) shows essentially the same case but where the fill height is
increased to 2 m above the original ground level. This additional fill
results in a slight increase in the extent of the plastic region and a little
more settlement, but again the embankment is quite stable.
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Figures 2(c) and 2(d) show the result of an attempt to construct the
e m b a n k m e n t to a height of 1.5 m assuming B,,ax is 0-34. Because this is a
partially drained analysis, the settlement at the centreline is less than that
for the same height of fill, above original ground level, obtained in the
drained analysis (Fig. 2(a)). However, an inspection of the plastic region
(Fig. 2(c)) and the velocity field (Fig. 2(d)) shows incipient collapse. The
arrows in the velocity field show the direction and relative magnitude of
the soil displacements caused by a small increment in load due to a
little more fill. Superimposing Fig. 2(d) on Fig. 2(c) would indicate a
collapse mechanism involving an essentially rotational failure which starts
approximately 3.5 m from the centreline on the embankment. Of
particular note is the fact that the vertical deformations beneath the
shoulder of the embankment are greater than at the centreline. This
arises because the relatively shallow depth of the deposit forces the large
shear deformations to occur near the edge of the embankment. For a
deeper deposit, a larger portion of the embankment would be involved in
any collapse. It should also be noted that once a collapse mechanism
develops, the displacements within the soil mass undergoing plastic
deformation are not determinant and the results, such as shown in Fig.
2(d), only represent a 'snap shot' of the deformed shape as collapse takes
place since the displacements become larger and larger without the
solution converging.
In summary, it was found that, for 5 m of peat, unreinforced
e m b a n k m e n t s could be:
-----constructed to 2.5 m without collapse for Bm~,equal to zero;
-----constructed to 1.0 m without collapse for B,,a~equal to 0.34 (collapse
occurred at a height of 1.4 m); and
----could not be constructed to 1.0 m without collapse for Bmaxequal to
0"6.
In general it will not be practical to construct embankments so slowly
that no excess pore pressures develop and serious problems can be
anticipated if the embankment is constructed at a rate such that B maxis
greater than 0.34. Consequently, it is recommended that embankments
be constructed such that B,,~, is less than or equal to 0.34 and all the
following results and discussion will be for the case where B maxis equal to
0.34. These results will be conservative for Bm~xless than 0.34. The value
of 0-34 represents an upper bound for most documented cases; however,
if there is any question of the excess pore pressure exceeding those
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assumed in any design, then instrumentation should be provided and the
construction rate controlled to ensure that the maximum excess pore
pressure does not exceed 0-34 Ao-1.
7.2 Geotextile reinforced construction
The effect of a single layer of geotextile located at or near the interface
between the fill and the peat is shown in Fig. 3 for a height of fill of 1.5 m at
the end of construction assuming Jgm~xis 0"34. AS previously noted, an
unreinforced embankment (Fig. 3(a)) could not be safely constructed to a
height of 1.5 m for the assumed conditions. The embankment could be
constructed using a geotextile with a modulus, E~, greater than 150 k N / m
and a geotextile-soil interface friction angle in excess of 20 °. For the three

~
"

o ~r~ - ~ I

I 8m~

PEAT

-f

5m

(o)
~'~

33.3

m

i

OGL l'Srn~
l.gmL
5m

b)

OGL I : ~ , .
1.9m~_

i
]5rn

OGLLSm~~

T
5m

(d)

~_

Fij. 3. Deformed profile and plastic regions at the end of construction for h = 1-5 m,
B = 0.34. (a) No fabric; (b) Ef = 150 kN/m; (c) Ef = 500 kN/m; (d) Ef = 2000 k N / m .

288

R. K. Rowe, K. L. Soderman

cases examined in Figs 3(b) to (d), the centreline settlement was the same;
however, increasing the geotextile modulus did improve the performance
of the e m b a n k m e n t as may be appreciated by comparing the size of the
plastic regions and the deformations of the peat fill interface beneath the
shoulder of the e m b a n k m e n t . For example, in Fig. 3(b) the m a x i m u m
vertical deformation occurs near the shoulder of the e m b a n k m e n t and,
although collapse has not yet occurred, the e m b a n k m e n t is clearly close
to its m a x i m u m height using this geotextile. A geotextile with a modulus,
El, of 2000 k N / m gives a far more satisfactory dish shaped settlement
profile as shown in Fig. 3(d).
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Fig. 4. Deformed profile and plastic region for h = 1.5 m, B = 0.34 using a geotextile with
Ef = 2000 kN/m. (a) End of construction; (b) finally.
It was found that the 'end-of-construction' case represents the most
critical situation with regard to stability. This is illustrated in Fig. 4 which
shows the d e f o r m e d profile and plastic region for a 1.5 m high
e m b a n k m e n t (Bm~ = 0-34, E~ = 2000 k N / m ) at the end of construction
and, finally, after excess pore pressures have dissipated and the
e m b a n k m e n t is brought back to grade. Although the final settlements are
larger, the plastic region is smaller. For this reason, the following discussion will be largely restricted to the more critical end-of-construction
case.
Figures 5 to 7 show the deformed profiles and plastic regions at the end
of construction for e m b a n k m e n t s with heights of 1-5, 2-0 and, where
possible, 2.5 m. With a geotextile modulus of 150 k N / m , the embankm e n t could be safely constructed to 1.5 m (Fig. 5(a)) but the behaviour is
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quite unsatisfactory at a height of 2 m (see Fig. 5(b) and 5(c)). For E f o f
500 k N / m (Fig. 6) the embankment can be safely constructed to 2 m but
contiguous plastic failure is imminent at 2.5 m. If conditions were slightly
better than those assumed, the embankment probably could be constructed to 2-5 m using a geotextile with Ef of 500 k N / m ; however, the
possibility of failure cannot be excluded and particular care would be

6.7m~,~
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~-

2'lm~L ~

333 m

(b)

O G L ~ ~
Z3n~l

(C)

Fig. 7. Deformed profile and plastic region for B = 0.34 using a geotextilewith Ef = 2000
kN/m. (a) h = 1-5 m; (b) h = 2 m; (c) h = 2.5 m.

required in monitoring the construction so as to prevent collapse. Figure 7
shows that the e m b a n k m e n t could be constructed to 2.5 m using a
geotextile with El of 2000 kN/m. Interface slip was not a problem in any of
the cases analysed provided that the interface friction angle exceeded 20 ° .
The results shown in Figs 3 to 7 demonstrate that a single layer of
geotextile can significantly improve embankment stability and performance. However, geotextiles represent only one design possibility.
Alternative designs could involve the use of berms or lightweight fill (such
as sawdust.) To provide a basis for comparison, a number of analyses
were also performed assuming the same peat properties and Bma~of 0-34
using berms and lightweight fill.
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7.3. Construction with berms
It has b e e n suggested17 that when berms are used, they should be constructed prior to the main embankment. Analyses would tend to support
this r e c o m m e n d a t i o n since it was found that an outside-inside
construction sequence tended to reduce deformations. 9 H o w e v e r , consideration should also be given to the effect of berm construction upon
excess pore pressures. Ideally, the time between construction of the
b e r m s and the main e m b a n k m e n t should be sufficient to allow dissipation
of excess pore pressure resulting from berm construction. Recognizing
that this may not happen in practice, the berm analyses described below
were p e r f o r m e d assuming B m~ of 0.34 for both the berm and main
e m b a n k m e n t construction.
Figure 8 shows the effect of 5 m and 9 m wide berms 0.5 m thick on the
d e f o r m e d profile and plastic region for a 1.5 m high embankment. A
conventional 1.5 m high e m b a n k m e n t could not be constructed under the
a s s u m e d conditions. A 5 m wide berm would have facilitated construction
to a height of 1.5 m but an inspection of the plastic region in Fig. 8(b)
shows that the e m b a n k m e n t is close to collapse. A 9 m wide berm gives a
far m o r e satisfactory behaviour which is comparable to that obtained
~ , ~ 6.7 m
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Fig. 8. Deformed profile and plastic region, B = 0.34; h-- 1-5m. (a) No berm; (b) 5 m
wide x 1/2 m berm; (c) 9 m wide x 1/2m berm.

R. K. Rowe, K. L. Soderman

292

using a geotextile with a modulus of 500 kN/m (see Fig. 3(c)). In fact, the
embankment could be constructed to 2 m using either a 10 m wide (0.5 m
thick) berm or a 500 kN/m geotextile. All other things being equal, the
use of the geotextile is the preferred alternative since it will also serve to
provide reinforcement of local weak spots (thereby reducing fill requirements and associated construction problems) and possibly improve
embankment performance by allowing better compaction of the fill.

7.4. Construction with light weight till
Light weight fill represents a third design alternative. Figure 9 shows the
deformed profile and plastic region for a 1-5 m high embankment constructed using 1.5 m (initial compacted thickness) of light weight fill
(sawdust) with properties as given in Table 3. The results indicate that this
embankment could be constructed under the assumed conditions. At the
end of construction (Fig. 9(a)) the top of the sawdust is just above ground
level. After dissipation of excess pore pressures and bringing the
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1.5m~-

oG,,

GRANULAR
/- SAWDUST

FILL
I TYPICAL

cE,

PEAT
(a)

333 rn

-I

O G L I ' 5 ~ ~
(b)

5m

k

+
T
5m

(c)
Fig. 9. D e f o r m e d profile and plastic regions, B = 0-34. (a) h = 1.5 m, light weight fill
thickness = 1.5 m (end of construction); (b) h = 1.5 m, light weight fill thickness = 1.5 m
(finally); (c) h = 2-5 m, light weight fill thickness = 2.1 m, Ef = 500 k N / m (end of
construction).
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TABLE 3
Light Weight Fill Parameters

Parameter

Value

c'
~b'

0 kPa
32 °

g,

o

v'
3'
E'

0-05
10-2 k N / m 3
850 kPa

e m b a n k m e n t back to grade (Fig. 9(b)) the top of the sawdust is approximately 0.7 m below the water table. In this case the use of sawdust reduces
final settlement by approximately 25 % as compared with an embankment
of the same height constructed with either a geotextile or berms.
Given its availability, light weight fill would appear to be the preferred
design alternative; however, some caution is required in adopting this
approach. To prevent poor embankment performance and environmental problems due to aerobic deterioration of the sawdust, it is
essential that the top of the sawdust be at, or below, the water table at the
end of the construction and that the surface of the sawdust be below the
seasonal minimum height of the water table after dissipation of excess
pore pressures and bringing the embankment to grade. Achieving this
requires that the designer be able to make good predictions of the
settlements. If the thickness of sawdust is grossly underestimated, too
much conventional fill will be required and this may cause collapse. If the
thickness of sawdust is overestimated, then the sawdust will be above the
water table and either the fill must be removed and the amount of sawdust
reduced, which would be inconvenient and expensive, or additional fill
must be added to cause the sawdust to settle below the water table and
this could cause collapse. These problems can be reduced by adopting an
observational procedure to the design. With this approach, the thickness
of sawdust would be adjusted during construction, depending on ground
conditions. However, it is also considered that the use of a geotextile in
conjunction with the sawdust will improve the embankment performance
and provide backup against collapse if slight overloading is required to
ensure that the sawdust is below the water table.
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The amount of sawdust which can be used is limited by the settlement
which is expected. Both settlement and stability are related to the height
of the embankment; however, situations may arise where instability
and/or excessive shear deformations occur even though light weight fill is
used. For example, analyses indicate that problems would occur in
attempting to construct embankments to 2 m or 2.5 m using light weight
fill and no geotextile. However, Fig. 9(c) does suggest that the embankment could be safely constructed to 2.5 m using 2.1 m of light weight fill,
initial compacted thickness, in conjunction with a geotextile having a
modulus of 500 kN/m.

8. COMPLETE RESULTS
The results presented i~ the previous section were all obtained for
e m b a n k m e n t s constructed on 5 m of peat. Analyses were also performed
for the cases of 3 m and 8 m of peat and these results indicated the same
trends as discussed above for the 5 m of peat except that the berms tend to
be less effective for the deeper deposits.
Table 4 summarizes the cases where the analyses indicated that an
e m b a n k m e n t could be constructed to the height, h, above the original
ground level for 3, 5 and 8 m of peat assuming the foundation and fill
parameters given in Tables 1 and 2 and a value of B.,~x equal to 0.34. For
low embankments or a shallow deposit, 3 m deep, no geotextile reinforcement is required; however, reinforcement would be required to achieve a
height of in excess of 1.5 m above original ground level. Table 4 gives the
secant modulus value of the geotextile required to provide stability under
the assumed conditions together with the expected maximum fabric strain
under these conditions. The modulus value of the fabric should be a
secant value over the strain range from zero to the expected strain.
For a number of cases in Table 4, a range of modulus values is given.
The analysis would indicate that the embankment could be constructed
using a geotextile within the range specified. However, if the conditions
are as bad as assumed, the embankment would be very close to failure
using geotextiles at the low end of the range and for these cases it would
be far better to adopt a fabric with a modulus in the upper end of the
specified range. If there is a competent root mat and/or the anticipated
maximum excess pore pressure is less than 0.25 ho-l, then a fabric with a
modulus in the lower end of the range should be adequate.

3
5
8
5

NRR”
SOO(S%)b
NRR
150 (14%?&
(6.5%)’ 500(9~5%~1000(55%)
350 (15%)-1000 (7%)
500 (14%t1000 (8%)
1000 (9%)-2000 (6%)
NRR
NRR
150 (lo%)-500 (6%)
LF = lm
LF = 1.5md LF = 19m LF = 2.lm

Maximum height ofjill above original ground level, h
Cm)

1000 (6%)
1000(65%~2000(4%)
2000 (6%)
500 (9%)

“NRR - No reinforcing geotextile required.
b500 (5%) = A geotextile with modulus Er = 500 kN/m is recommended. Under the assumed conditions a
maximum geotextile strain of approximately 5% is anticipated.
’ 150 (14%)-500 (6.5%) = For the assumed conditions the embankment could be constructed using Er = 150
kN/m, but the expected strain of 14% is large. If conditions are likely to be as assumed, a higher modulus
geotextile is recommended. Et = 500 kN/m would give 6.5% strain under the assumed conditions.
dLF = l-5 m = Thickness of light weight fill used = l-5 m. For any particular application, the thickness of light
weight fill should be selected to be approximately equal to the end of construction settlement.

No
No
No
Yes

Light
Peat
weight thickness

TABLE 4

Summaty of results
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Figure 10 summarizes the geotextile modulus values which would be
expected to provide reasonable embankment stability (it is not possible to
precisely define a 'factor of safety' in these problems) for a given embankment height h, above original ground level, and a given thickness of peat.
Note that in selecting the geotextile one need n o t consider the thickness of
fill required to achieve the required grade height h above the original
ground level provided that the peat is no more compressible than that
assumed in the analysis (Table 1).
Notice that both Table 4 and Fig. 10 indicate that, for a given target
height h, the modulus of the fabric required to maintain stability increases
as the depth of the deposit increases. This situation arises because, all
other things being equal, the deeper the deposit, the greater will be the
settlement for a given height h, and hence the greater will be the thickness
of fill required to achieve the desired grade. Since more fill implies greater
shear stress within the foundation, a higher modulus fabric is required to
maintain stability of the embankment.
Table 4 also gives the geotextile modulus (and anticipated strain)
assuming light weight fill (sawdust) is placed prior to the placement of the
conventional fill. The thickness of sawdust, LF, given in Table 4 corresponds to the compacted thickness and was selected to ensure that the
sawdust would be submerged, assuming a water table at the surface, at
the end of construction. For peat deposits with depths or compressibility
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slightly different from the 5 m assumed, use the same geotextile as
suggested in Table 4 but adjust the thickness of the sawdust so that it is
approximately equal to the anticipated settlement, which may generally
be estimated from one-dimensional theory. 1

9. C O N C L U S I O N S
The finite element analyses performed in this study have indicated that
geotextile reinforcement may be an effective method of improving the
p e r f o r m a n c e of embankments constructed over peat deposits. The
stabilizing effect of the geotextile was seen to increase as the geotextile
modulus increased. The effect was greatest for shallower deposits.
The effect of geotextile reinforcement was compared with alternative
construction techniques which involved the use of light weight fill or
berms alone and in conjunction with geotextile reinforcement. In particular, it was found that the combined use of geotextile reinforcement
and light weight fill may be a very effective means of improving the
p e r f o r m a n c e of embankments over peat.
The results presented herein may provide an initial guide for the
selection of geotextiles for reinforced embankments on fibrous peat
deposits which are underlain by a finn base. It is hoped that field trials can
be conducted to confirm the applicability of these results for practical
situations.
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