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ABSTRACT: Geosynthetic reinforcement with adequate stiffness, durability, and resistance to creep is impor-
tant for good long-term load transfer performance within a geosynthetic-reinforced column-supported em-
bankment (GRCSE). The British Standard BS8006 code of practice provides a practical approach for estimat-
ing tension developed in the geosynthetic reinforcement due to the vertical stress imposed by the embankment 
weight reduced by soil arching. This paper shows that the BS8006 code of practice can be expanded to ac-
count for slack introduced in the reinforcement during installation and for long-term creep. Both of these in-
fluences result in higher predicted maximum deflection of the reinforcement and lower in-service tension 
when compared to considering elastic strain only. Consideration of creep is addressed using the concept of re-
sidual strength adopted by British Standards for determining the long-term strength of geosynthetics. A de-
sign approach is presented that is conservative for estimating both vertical deflection and in-service tension in
the reinforcement. 

1 INTRODUCTION

Geosynthetic-reinforced, column-supported em-
bankments (GRCSEs) have been used in soft ground 
conditions when there is a need to accelerate con-
struction and/or protect adjacent facilities from the 
settlement that would otherwise be induced by the 
new embankment load. The columns in column-
supported embankments can be driven piles or vari-
ous types of formed-in-place columns.  If driven 
piles are used, they are often fitted with pile caps to 
help transfer the embankment load to the piles. 
GRCSEs reduce settlement of the soft foundation 
soils by concentrating the embankment stress and 
live loads to the stiff columns through stress redi-
stribution both above and below the foundation sub-
grade level. One such mechanism of load transfer is 
through the vertical component of tension developed 
in the geosynthetic reinforcement in response to the 
applied embankment stress reduced by soil arching. 
The reinforcement undergoes strain due to the ten-
sion developed, and it deflects vertically in compati-
bility with the reinforcement strain and the settle-
ment of the soft foundation soils.  

The British Standard provides codes of practice 
for determining the vertical stress acting on the rein-
forcement and for estimating the tension and deflec-

tion developed in the geosynthetic reinforcement. 
The approach for estimating the tension and deflec-
tion of the reinforcement can be applied separately 
from the procedure for determining the vertical 
stress acting on the reinforcement. The code of prac-
tice considers that the two-dimensional projection of 
the deflected shape of the reinforcement is parabolic 
across the clear span between adjacent columns and 
that the tension is uniform. The Swedish method 
summarized in Rogbeck et al. (1998) relies on the 
same parabolic assumption.  

This paper presents an expansion of the British 
Standard code of practice to incorporate the influ-
ence of initial slack and creep on the calculated val-
ues of tension and deflection. A practical design ap-
proach that is conservative for both tension and 
deflection is also presented. 

2 OVERVIEW OF BRITISH STANDARD CODE 
OF PRACTICE BS8006 

Development of the British Standard code of prac-
tice for estimating the tension and maximum vertical 
deflection of the geosynthetic reinforcement is given 
in Jones et al. (1990). In this method, the reinforce-
ment spanning adjacent columns is treated as a 2D 
cable segment and it is assumed to deform as a para-
bola in response to a uniformly applied vertical pres-
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sure, Wt. The arrangement for a 2D segment of geo-
synthetic reinforcement spanning adjacent columns 
is given in Figure 1.  

Figure 1: Parabolic approximation for reinforcement spanning 
adjacent columns 

The center-to-center spacing of the columns is 
given by s, the width or diameter of the columns or 
caps is given by a, and the total maximum vertical 
deflection occurring at mid-span is represented by 
dtot. The tension, T, in the reinforcement has vertical 
and horizontal components, Ty and Tx, which depend 
on the clear span (s-a) and the magnitudes of Wt and 
dtot. The parabolic assumption has been shown to be 
reasonable for a cable with small vertical deflection 
relative to the clear span (Leonard 1988). For analy-
sis of a 3D unit cell of a GRCSE, the magnitude of 
the uniform pressure acting across the clear span be-
tween adjacent columns can be approximated from 
the vertical embankment pressure reduced by arch-
ing, P, using the unit cell geometry. For a square ar-
ray of columns, the ratio of Wt to P can be approx-
imated by (s+a)/2a. McGuire and Filz (2008) 
discuss several methods for determining P, including 
some that consider the influence of subgrade sup-
port.

Vertical equilibrium requires that Ty equals Wt
applied over half the clear span, giving the relation-
ship between tension and deflection provided in Eq-
uation 1. 

Equation 2 provides a binomial approximation for 
maximum deflection of the reinforcement based on 
the parabolic assumption. Equation 3, which is ob-
tained by substituting Equation 2 into Equation 1 
and applying the approximated ratio between Wt and 
P, provides the tension in the reinforcement as a 
function of geometry, stress, and total strain, �tot.

The code of practice outlined in the British Stan-
dard uses an assumed strain approach whereby a 
value of working tensile strain, �t, usually 5 to 6 per-

cent, and maximum creep strain, �c, of 2 percent, are 
chosen to estimate tension and deflection of the rein-
forcement (Jones et al. 1990). Filz and Smith (2007) 
provide an approach that considers stress-strain 
compatibility within the parabolic method by substi-
tuting �tot = T/J into Equation 3, where J is the ten-
sile stiffness of the reinforcement. 

3 BASIS FOR INCORPORATING SLACK AND 
CREEP IN THE BRITISH STANDARD CODE 
OF PRACTICE 

3.1 Initial slack 
During construction of a GRCSE, the reinforcement 
is normally placed on top of a thin layer of granular 
material that acts as a cushion over the columns or 
pile caps. Tautness in the reinforcement is desired so 
that tension, resulting in load transfer to the col-
umns, can develop at the onset of settlement of the 
foundation soils. Initial tautness in the reinforcement 
depends on the installation technique and quality of 
the workmanship at the project site. Factors such as 
poor grade control, construction traffic, and misma-
nagement of stormwater runoff can lead to an un-
even cushion layer prior to reinforcement placement. 
Also, the flexural stiffness of some reinforcement 
may make it difficult for the reinforcement to lay 
flat. When perfect tautness is not maintained, the ini-
tial length of reinforcement spanning adjacent col-
umns, Lo, exceeds (s-a). Slack, es, can be defined as 
a percentage of the clear span according to Equation 
5.

Figure 2: Graphic depiction of different magnitudes of initial 
slack

Figure 2 shows different magnitudes of slack with-
out vertical exaggeration for reinforcement that in-
itially takes on a shape approximated by a convex 
parabola, concave parabola, wrinkling that is one 
cycle of a sine function, or wrinkling that is three 
cycles of a sine function. Figure 2 shows that slacks 
of 1% to 2% could exist at some locations on a 
project site with average quality workmanship.  
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3.2 Creep strain 
The accumulation of creep strain directly influences 
the magnitude of vertical deflection and total strain 
of the reinforcement. Less apparent are the effects of 
creep on the tensile strength and tensile stiffness of 
geosynthetic reinforcement. The International Or-
ganization of Standardization (ISO) Technical Re-
port ISO/TR 20432:2007 has been adopted as the 
British Standard for determining the long-term 
strength of geosynthetics for soil reinforcement. In 
this report, the concept of residual strength (Naugh-
ton and Kempton 2004) suggests that there is essen-
tially no degradation of tensile strength due to creep 
prior to creep rupture.

Naughton et al. (2005) showed that under light 
loading, the stress-strain relationship of aged po-
lyester samples was almost identical to the virgin 
samples tested at the time of construction. Further-
more, it has been found that tensile stiffness of po-
lyester materials can actually increase substantially 
under sustained load (Hirakawa et al. 2003). There-
fore, in the absence of environmental degradation 
(e.g. hydrolysis) or installation damage, it may be 
acceptable to consider the tensile stiffness obtained 
from un-aged samples over the useful life of the em-
bankment. 

 The creep rate is generally influenced by polymer 
type, stress level, temperature, stress relaxation 
through soil interaction, soil moisture, and geosyn-
thetic structure (i.e. textile or rib structure) (Koerner 
2005, Leshchinsky et al. 1997, ISO 2007).  If the in-
fluences on creep rate are adequately captured for a 
particular application, the creep strain can be esti-
mated as a function of time. Results of long-term 
creep tests showing creep strain versus time for a va-
riety of geosynthetic reinforcement materials, load 
magnitude, and confinement conditions are available 
in published literature (Koerner et al. 1993, Green-
wood et al. 2004, and Leshchinsky et al. 1997).

4 DEVELOPMENT AND CONSEQUENCE OF 
INCORPORATING CREEP AND SLACK IN 
THE BRITISH STANDARD CODE OF 
PRACTICE 

Accounting for the influences of initial slack, tensile 
strain, and creep, the final length of the reinforce-
ment spanning adjacent columns, Lfinal, is equal to 
Lo(1 + �t + �c), where the tensile and creep strains 
are defined in terms of the initial length and Lo = (s – 
a)(1 + es) from Equation 5. For the purposes of es-
tablishing the correct parabolic geometry, total strain 
can be defined according to Equation 6. Using this 
definition, we can express total strain in terms of 
slack, tensile strain, and creep strain by Equation 7. 
Over a range of reasonable values for es, �t, and �c,
we can neglect the influence of second order terms 

without significant consequence to the calculated 
value of �tot allowing for simplification of Equation 
7 to the form given in Equation 8.

The value of total strain, incorporating the effects of 
initial slack, tensile strain, and creep strain can be 
substituted into Equation 3 with �t = T/J to provide 
the compatible solution for tension. 

Due to the geometry of the parabolic assumption, the 
tension in the reinforcement satisfying vertical equi-
librium decreases for a given clear spacing and 
magnitude of Wt as the value of (es+�c) increases. 
Figures 3a and 3b illustrate this trend and the corres-
ponding trend for tensile strain across a range of 
reinforcement stiffnesses for typical values of col-
umn diameter and spacing. These trends highlight an 
interesting outcome of the inclusion of initial slack 
and creep. Creep strains occur over the service life 
of the GRCSE and the resulting deflection due to 
creep can impact settlement sensitive elements, such 
as pavements. The impact of initial slack however, 
depends on whether the slack is released during em-
bankment construction. The release of slack results 
in an increase in the value of dtot, which corresponds 
to a reduced tension, T, required to maintain a con-
stant vertical component of tension, Ty. For the case 
of slack released prior to installation of settlement 
sensitive elements, the presence of initial slack 
would be beneficial by reducing the increment of de-
formation needed to produce the vertical component 
of tension necessary to resist the increment in Wt.

5 DESIGN APPROACH USING THE 
EXPANDED BRITISH STANDARD CODE OF 
PRACTICE 

When compared to considering tensile strain alone, 
the inclusion of the influences of initial slack and 
creep in the British Standard code of practice result 
in higher estimated vertical deflection of the rein-
forcement. As can be seen in Figure 1, larger vertical 
deflection increases the vertical component of ten-
sion in the reinforcement thereby reducing the mag-
nitude of tension required to satisfy vertical equili-
brium with the applied pressure, Wt.
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Figure 3a: Influence of initial slack and creep on in-service ten-
sion across a range of reinforcement stiffnesses 

Figure 3b: Influence of initial slack and creep on in-service 
tensile strain across a range of reinforcement stiffnesses 

Therefore, a reasonable design approach is to per-
form the analysis twice, once with the inclusion of 
creep and initial slack and once without. The tension 
estimated from the analysis ignoring creep and slack 
will be conservative for selecting a geosynthetic 
with adequate strength. The deflection estimated 
from the analysis including creep and initial slack 
will be conservative for the maximum deflection of 
the reinforcement at the time of interest and select-
ing a geosynthetic with acceptable creep behavior. 
The stiffness of the reinforcement considered for the 
analysis including creep should be the initial design 
value, including installation damage, reduced for 
environmental degradation expected at the time of 
interest. 

Further development of this approach could in-
clude studies undertaken to determine appropriate 
values of es to use for design.
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