
1 INTRODUCTION  

In the context of this paper marginal fills are defined 
as lower quality, poor draining, cohesive fills with a 
high content of fines and often possessing low me-
chanical characteristics, such as low shear strength. 
With marginal fills often being easily available and 
providing both economic and sustainable benefits 
they are becoming a popular alternative to high qual-
ity granular fill. However there are still some uncer-
tainties in the use and designs using these materials. 
This paper aims to investigate these further. There 
are a number of different applications in which mar-
ginal fills can be applied and this paper focuses on 
backfill/fill applications such as embank-
ments/slopes and reinforced walls. The reasoning 
behind this is that often it is in these applications 
where the design and use of marginal fills lacks clar-
ity. The main areas of the paper relate to: 
• Developing an understanding of the function of 

geosynthetic reinforcement and the design pro-
cess. 

• Understanding the current design principles and 
processes when applying marginal fills. 

• Reviewing the guidance material provided par-
ticularly in BS 8006 (2010) to see whether there 
is a lack of clarity around fill material selection. 

 
The paper aims to clarify the use of marginal fills 
when combined with geosynthetics and identify any 
factors that may be limiting their use. It will also 

consider ways in which these factors could be ad-
dressed. 

2 REINFORCEMENT WITH GEOSYNTHETICS 

2.1 Introduction 
When a geosynthetic is combined with soil to pro-
vide the function of reinforcement the soil is then re-
ferred to as ‘Reinforced soil’. ‘Reinforced soil’ has 
improved mechanical characteristics such as in-
creased tensile and compressive strengths   In gen-
eral when a geosynthetic is used to reinforce a ge-
otechnical structure its main task is to resist applied 
stresses or to prevent unacceptable deformations. 

2.2 Design Processes 
The literature reviewed presents a number of dif-

ferent design processes and methods. Although there 
are differences in the approaches and no uniformly 
agreed method, all the methods do however require 
the same general design parameters.  Also all the 
methods show a high level of importance on the soil-
geosynthetic interaction characteristics. The proper-
ties of the backfill being employed ultimately govern 
the stability of the structure. The majority of design 
methods being used are for good quality fills such as 
free draining granular fill, with only a few methods 

Designing with Marginal Fills: Understanding and Practice 

J. Raja, N. Dixon & M. Frost 
Loughborough University, Loughborough, United Kingdom  

I. Fraser 
Tensar International Ltd, Blackburn, United Kingdom 

G. Fowmes 
Waste Recycling Group Ltd, Northampton, United Kingdom  

 

ABSTRACT: Some of the most sustainable and economical benefits of using geosynthetics are found in rein-
forcement applications. These applications allow the use of lower quality on-site material such as fine grained 
soils often referred to as ‘marginal fills’. This paper identifies the state of practice and understanding of de-
signing with these soils in applications such as embankments, slopes and retaining walls. Designers often rely 
on published guidance documents and the paper discusses the influence BS 8006 (2010) has on the use of 
‘marginal fills’ in construction and how the need for clearer more specific guidance. The study highlights that 
often well compacted fine grained fills placed close to optimum moisture content generate suctions, and this 
results in relatively high strength interaction between the fill and geosynthetic reinforcement. In cases where a 
fine grained fill with high moisture content is used, geosynthetic reinforcement that provides in-plane drain-
age may be beneficial. 

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Loughborough University Institutional Repository

https://core.ac.uk/display/288382317?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


considering the effects of cohesive soils. There is a 
lack of clarity in the design process and analysis for 
these fine grained fills. 

2.3 Materials 
Geosynthetics most commonly employed in rein-
forcement applications are geogrids, geotextiles and 
geocomposites. Each of these geosynthetic products 
can provide a variety of strength and drainage prop-
erties, dependant on their manufacturing technique. 
Geogrids can be woven or extruded and allow drain-
age in the normal direction via high permeability 
through their apertures that are filled with soil. They 
provide very little lateral drainage in the plane of the 
geosynthetic and therefore can be considered to be 
impermeable in that direction.  

Geotextiles used as reinforcement can provide 
some lateral drainage. The degree of in plane trans-
missivity depends on whether they are woven or 
non-woven and on the confining stress, with non-
woven geotextiles having a higher transmissivity. 
For the purpose of this paper, because of their low 
transmissivity, woven geogrids and geotextiles can 
be considered to be impermeable reinforcement in 
the plane of the geosynthetic.  

3 APPLICATION OF MARGINAL FILLS 

3.1 Introduction 
Use of marginal backfills has proven economical 

and environmental benefits, hence there are strong 
reasons for increased use. With proven benefits the 
question arises however as to why they are not being 
used more widely? The engineering properties of 
marginal fills can create concern for designers.   

With a number of different design methods for 
traditional backfills and ambiguity on which design 
method is most suitable, this situation is not any 
clearer for marginal backfills. However there is a 
substantial body of evidence of applications where 
marginal backfills have been applied successfully. 
Also, with research and technological advances in 
the type of geosynthetics being available, the less 
favorable soil mechanical properties may be bal-
anced using more technical geosynthetic products.  

3.2 Excess Pore Water Pressures 
There has been significant research carried out in 

order to recognise the problems behind the applica-
tion of marginal/cohesive fills and to provide a pos-
sible solution. One of the biggest challenges relates 
to poor drainage capabilities when utilising wet ma-
terials. 

A noteworthy piece of research was carried out by 
Rowe & Jones (2000) who looked at the innovative 
properties of geosynthetics. They focus on the issue 
of wet cohesive fills and the problems that arise with 
their use, such as low strength, high moisture con-
tent, creep and low bond strength between the rein-
forcement and the soil.  Marginal/cohesive fills have 
high fines content and early research showed that the 
relative volume of the fine grained portion of the fill 
controlled the shear strength of the reinforced soil 
(Schlosser & Long, 1974). Soils classed as margin-
al/cohesive can have a wide range of different prop-
erties, with those marginal fills with lower fines con-
tent having increased shear strength properties 
compared to those with a higher fines content.  This 
means that certain categories of marginal fills may 
be suitable for specific applications.   

A number of trials/case studies have been carried 
out with the use of impermeable reinforcement to 
understand the interaction between the reinforce-
ment and wet cohesive soils.  Research by Murray & 
Boden (1979), Ingold (1979) and Lee (1976) led to 
the conclusions that the insertion of impermeable re-
inforcements in a clay fill can lead to excess pore 
water pressures at the soil-reinforcement interface. 
This is claimed to cause a reduction in the soil-
reinforcement bond and reduces the overall strength 
of the structure in the short term (Rowe & Jones, 
2000). A conclusion is that if there was a method of 
reducing or eliminating the excess pore water pres-
sures, this would result in more stable structures.  
This led to the concept of including a permeable re-
inforcement element which may also act as a drain-
age layer. 

It should be noted that many reinforced soil struc-
tures and earthworks have been successfully con-
structed utilising cohesive fills at near optimum 
moisture content and reinforcements which are de-
fined in this paper as impermeable. 

Use of marginal fills and applications as backfills 
in reinforced soil structures, has been researched by 
Mitchell & Zornberg (1995). Their work also recog-
nises the problems surrounding pore water pressure 
generation and the inclusion of permeable reinforc-
ing elements.  Mitchell & Zornberg (1995) discuss 
an experiment carried out by the Transport and Road 
Research Laboratory (TRRL), U.K. This was used to 
investigate the feasibility of wet cohesive fills, by 
constructing a full-scale experimental reinforced 
wall.  The construction and instrumentation used is 
described by Boden et al. (1978). The pore water 
pressures were measured during construction of the 
embankment and the tests showed the generation of 
high construction excess pore water pressure.   

High excess pore water pressure can have a num-
ber of undesired effects on cohesive soils. The clay 
minerals within the soils can often attract and absorb 



water leading to the soil swelling in volume. This 
increase in soil pore pressure and volume could lead 
to large deformations, reduction in shear strength 
and possible failure. Seasonal changes in moisture 
content through wetting and drying can cause signif-
icant volume changes and reduction in shear strength 
via a progressive failure mechanism. 

The use of a reinforcing element that also enables 
drainage may allow control of pore water pressures 
through dissipation of excess pore water pressures.  
The reinforcing material can be permeable in the 
normal direction, which will allow the passage of 
water from the soil to that below, but more signifi-
cant is the requirement for in plane drainage capaci-
ty as this reduces drainage path lengths and speeds 
up dissipation of excess pore pressures (Rowe & 
Jones, 2000). This approach of promoting lateral 
drainage in combination with soil reinforcement is 
also considered by Christopher et al. (1998). Chris-
topher et al. (1998) provide complete design guid-
ance for reinforced soil structures with wet marginal 
backfills. In this paper Christopher et al. (1998) state 
three adverse conditions of pore water pressure gen-
eration  and/or loss of strength due to wetting, that 
can be of concern when reinforcing marginal/poor 
draining backfills.  The three conditions are (see 
Figure 1): 

 
a) Generation of pore water pressures within the rein-

forced fill 
b) Wetting front advancing into the reinforced fill 
c) Seepage configuration established within the rein-

forced fill  

Christopher et al. (1998) suggest that the use of 
permeable reinforcements could be employed to 
control the three conditions mentioned. The use of 
permeable reinforcement does not just address sta-
bility problems but can have significant construction 
benefits, by helping in the compaction of the fill (In-
draratna et al., 1991). An example of a particular 
permeable reinforcement is a nonwoven geotextile. 
Although a suitable nonwoven geotextile has good 
drainage characteristics, tests on the development of 
soil-reinforcement bond (Smith et al. 1979) show 
that nonwoven geotextiles do not have high strength 
or in-plane stiffness. The solution could be to com-
bine existing materials to form a composite, for ex-
ample a nonwoven geotextile with a geogrid. 

The creation of a composite material that has both 
drainage and reinforcement functions is considered a 
possible solution to designing with wet marginal 
fills. Work by Heshmati (1993) studied the effects of 
combining a drainage material with a geogrid in wet 
clay soil. He concluded that the drainage and rein-

forcement functions were both as important as each 
other in producing a stable structure.  

 

 

Figure 1. Reinforced marginal fill: Different conditions of con-
cern (Christopher et al., 1998) 

3.3 Is there a need for a Composite Material? 
 It is clear that significant research has been carried 
out in to the drainage properties of margin-
al/cohesive fills. The research shows that in order to 
utilise wet marginal fills there is need for a geosyn-
thetic that provides both drainage and reinforcement 
functions. However although this may be true for 
cases of fill with high moisture content, many rein-
forced structures utilising marginal/cohesive fills 
have been constructed with the use of impermeable 
reinforcements.  

The work carried out by Rowe & Jones (2000), 
Christopher et al. (1998), by Murray & Boden 
(1979), Ingold (1979) Lee (1976) and others (Sec-
tion 3.2) focuses on the issue of excess pore water 
pressures. This is one of the main reasons a permea-
ble reinforcement may be suggested, in order to dis-
sipate these high excess pore water pressures. How-
ever a number of studies have shown that for 
reinforced structures constructed of cohesive fills 
compacted close to optimum moisture content, the 
pore water pressure is negative following compac-
tion. 

Dobie (2010) discusses a study by Farrar (1978) 
which presents pore water pressure data from a 
highway embankment constructed using compacted 
London Clay. The fill was constructed over an 18 
month period and pore water pressure measurements 
were taken straight after construction, two years and 
four years later. The results (Figure 2) showed that 
the upper 8m of the fill remained in suction and pos-
itive pore water pressures were recorded below this 
level. This helps to add to the conclusions made by 
Dobie (2010) that a well compacted clay fill is likely 
to be in a state of suction up to sizeable depths. Pore 
water pressures only become positive at the base of 
fills higher than 10 to 15m. This is however depend-
ent on the moisture content at placement, with lower 
suctions achieved if the clay is placed at moisture 
contents wet of optimum. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The conclusions made by Dobie (2010) and the 

findings from work carried out by Farrar (1978), 
Penman (1978) and Liu et al (1994) indicate that in 
many cases high excess pore water pressure are not 
generated, rather the reinforced structure is in a state 
of suction, or negative pore water pressure. This 
means that the use of a composite drainage-
reinforcement geosynthetic would be unnecessary 
and uneconomical. The more economical and practi-
cal solution would be to employ impermeable rein-
forcements, with other commonly used drainage 
methods, such as surface drains and mineral drains 
at the base of the fill, to control the availability and 
ingress of water that may result in loss of the suc-
tions and softening of the clay over time.  

In cases where the fill is very wet or high struc-
tures are constructed (greater than 15m) in-plane 
drainage may be of benefit. In these cases a compo-
site material or a combination of geosynthetics 
providing both drainage and reinforcement may be 
beneficial. 

3.4 Deformation and Limit State Design 
One of the biggest challenges associated with the 

use of marginal fills to build reinforced structures is 
the anticipated increase in horizontal and vertical de-
formations. These deformations can occur both dur-
ing and after the construction phase, with ‘high 
fines’ soils more likely to deform than granular fills. 
Christopher & Stulgis (2005) highlight several is-
sues that may arise from increased deformation that 
should be considered in the design: 
• Maintaining wall alignment during and after con-

struction  
• The possible deformation of supported structures 
• Down drag on the back of facing units and connec-

tions 
• Increased risk of tension cracks 

In order to control the short and long term defor-
mations it is important to understand and control 
moisture in the soil. As Christopher & Stulgis (2005) 
mention, fine-gained soils placed a few percent dry 
of optimum often strain-soften and therefore lose 
strength. This leads to higher deformations and a 
loss in soil/ reinforcement bond strength. Long term 
movement in dry fine-grained soils is also possible 
from hydro-compaction. Fine-grained soils placed 
wet of optimum will consolidate and thus deform 
over time. It is very difficult to predict the level and 
amount of deformation even for structures with good 
quality backfill, so with marginal ‘high fines’ back-
fill the situation is no clearer. As Mitchell & Zorn-
berg (1995) state, horizontal displacement depends 
on a number of different factors which include com-
paction efforts, reinforcement and facing properties.  

The use of a permeable geosynthetic may help to 
address the drainage issues related to marginal back-
fills and in turn speed up the consolidation process. 
However drainage does not change the magnitude of 
deformations. Care should be taken as incorrect use 
could provide a path for water to enter the structure.  

It is worth considering however the application of 
the structure when designing for deformation. Cer-
tain applications such as an embankment that is not 
supporting any loads may have a higher serviceabil-
ity limit state, hence higher than normal defor-
mations may not be a concern. Dealing with each 
application on an individual basis will allow more 
designs to be carried out with serviceability limit 
state in mind, in particular those applications where 
high deformations may not be critical or lead to fail-
ure. 

4 DESIGN DOCUMENTATION 

4.1 Introduction 
On an international level there is a range of dif-

ferent guidelines and standards employed in the de-
sign of reinforced soil structures. In the UK British 
Standards BS 8006(2010) is referred to for guidance. 
In order to completely understand the use of margin-
al fills and how they are accounted for, it is im-
portant to assess relevant guidance in currently 
available standards. 

4.2 BS 8006:1-2010 
BS 8006(2010) is the code of practice for 

strengthened / reinforced soils and other fills. The 
document goes in to detail into on design methods 
for reinforced structures as well as the testing proce-
dures and stability checks.  

BS 8006(2010) provides detailed guidance notes 
for an experienced user or designer. It is more than 

Figure 2. Profile of pore pressure versus depth in London Clay 
highway embankment (Dobie, 2010) 



adequate for a designer/engineer using standard fills 
and working on a common application. However as 
mentioned previously one of the biggest benefits of 
reinforcement via geosynthetics is that it allows the 
use of poorer quality site material. Not only does 
this have cost benefits but considerable sustainabil-
ity gains. The reduction in virgin material required 
as well as less transport of new/waste material leads 
to significant carbon footprint reductions. The prob-
lem is that this document leaves a lot of uncertainty 
with respects to use of marginal fill materials, lead-
ing designers/engineers to use conservative ap-
proaches,  implying there would be a risk employing 
a geosynthetic solution using marginal fills, and 
hence encouraging more ‘traditional’ solutions or 
use of high quality granular fill materials. One ex-
ample of this is found in BS 8006(2010) clause 
3.1.3.2., where it is stated that ‘General cohesive fill’ 
as defined in the Specification for Highway Works 
(1) should not be used in the construction of rein-
forced soil walls or abutments and may be used with 
caution in steep slopes. With marginal fills often be-
ing classed as cohesive fills, this statement is poten-
tially prohibiting the use of marginal fills and en-
couraging unsustainable and uneconomical design 
solutions. 

 More work and testing needs to be carried out in 
order to gain data on the interaction of geosynthetics 
with a range of materials. This testing and experi-
mentation should then allow the BS 8006(2010) to 
class materials based on their mechanical character-
istics and physical properties. This could lead to the 
creation of a framework, which would allow fills 
that are currently considered marginal to be used for 
specific applications, thus increasing their utilisa-
tion. This would help to reduce uncertainty and am-
biguity, and allow designers to obtain the mechani-
cal characteristics of their onsite material, and assess 
whether it is suitable for use with geosynthetics.   

5 CONCLUSION 

A review of the literature has presented some 
valuable findings and has clarified uncertainties sur-
rounding the design and use of marginal fills. Alt-
hough use of marginal fills provides proven sustain-
able and economical benefits they are still seldom 
utilised. Some key conclusions can be made from 
this review 

The design process and methods are not simple or 
straight forward. There are a number of different de-
sign methods available, with no uniformly agreed 
process.  The design methods also produce a wide 
range of variability in the results of analyses. With 

few methods incorporating the use of low quality 
fills such as fine grained soils. 

The use of marginal fills has been the topic of ex-
tensive research. This has shown that poor drainage 
characteristics of a wet marginal fill can provide 
hindrance to its use. One possible suggested way of 
overcoming this problem is by including a permea-
ble reinforcement. The permeable reinforcement 
may help to provide drainage in both the normal and 
lateral directions. In order to fulfill both the drainage 
and reinforcement functions, a composite product 
may be used. The use of such a composite material 
or permeable reinforcement may however be unnec-
essary in many applications. Studies have shown 
that in many instances a clay fill compacted close to 
optimum moisture content can produce a reinforced 
structure that contains significant suctions (negative 
pore water pressure). In these cases, reinforcement 
defined as ‘impermeable’ in this paper in combina-
tion with adequate drainage such as surface and toe 
drains would be appropriate. The need and require-
ment for a composite material or geosynthetic with 
in-plane drainage would only be in cases where fine 
grained soils with high moisture content are used as 
fill.  

The problems faced by the use of marginal fills 
are also highlighted in BS 8006(2010) with certain 
clauses prohibiting their use. There seems to be a 
very strict approach to the mechanical characteristic 
of the fills that can be used. It may be argued that in 
some cases the standards are employing over-
cautious guidelines. With the standards being very 
strict on the range of fill materials that can be used, 
this reduces the number of potential applications. 

This study has helped to identify that marginal 
fills could be utilised to a much higher degree. Pre-
vious work and research has helped to justify this 
conclusion. However further work needs to be car-
ried out to clarify ambiguities in the design methods 
and selection of fills. Collating data from tests and 
previous work could help to develop a database of 
acceptable fill materials, which could be used as a 
reference table for engineers and designers. In order 
to improve the use of marginal fills, sections within 
guidelines such as the British Standards should be 
created focusing on the specific engineering proper-
ties for a wide range of reinforcement applications. 
It could be concluded that overall the state of under-
standing in the topic is good, but the state of practice 
is lagging behind and the authors encourage practi-
tioners to consider the utilization of marginal fills 
whenever commercially and/or environmentally 
beneficial. 
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