
1 INTRODUCTION

Load Transfer Platforms (LTPs) are not new systems.
They form part of a wide range of technical solutions
employed in Civil Engineering when constructing
over soft compressible soils or potential voids. They
may provide temporary or permanent support to
overlying loads and possess different degrees of
structural stiffness (Jääskeläinen and Rathmayer 1975,
Lawson 2000, Anssi 2003).

Geosynthetic Reinforced Load Transfer Platform
(GR-LTPs) are a relatively new form of Load Transfer
Platform and are generally associated with the
construction of embankments. The embankments may
support roads, railways or building structures.
Commonly over soft ground, GR-LTPs are formed
over ground beams or pile caps supported by piles.
They consist of a single or multiple layers of
geosynthetic reinforcement in a compacted granular
fill. The reinforcing layer(s) increase the ability of
the granular fill to span the gaps between the ground
beams, pile caps or voids in the ground.

Relatively recently some national standards and
codes of practice have been developed for the design
of GR-LTPs, e.g. BS 8006 (1995), EBGEO (1997).
These only deal with a limited range of the GR-LTPs
being developed and used in practice. Thus, there is
a need to review the range of GR-LTPs currently

available for use, including how they are constructed,
their operational mechanisms and the critical properties
of their constituent materials.

In this paper, the development and operational
behaviour of conventional Unreinforced Load Transfer
Platforms are briefly described, the range of currently
available GR-LTPs are identified and their operational
mechanisms considered with particular emphasis on
the influence of the construction techniques employed
to form them. Currently available design methods
are critically reviewed and recommendations made
for the future development of these.

2 UNREINFORCED LOAD TRANSFER
PLATFORMS

Unreinforced Load Transfer Platforms have been
widely and successfully employed in Scandinavia
and South East Asia for a considerable time (Broms
and Hansbo 1981). Modelling and monitoring of these
unreinforced LTPs suggested that 80 or more per
cent of the total vertical load can be carried directly
by the pile caps. The amount of load carried by the
pile caps depends on the operational mechanism
involved, a number of which rely on the development
of soil arches between the pile caps. However, it was
recognised that the development of soil arches
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critically depended upon the beam or pile cap spacing,
fill material properties and the construction processes
employed (Rathmayer 1975, Jääskeläinen and
Rathmayer 1975). Specific requirements for the design
and construction of Unreinforced Load Transfer
Platforms have been set out by some national
authorities in Scandinavia (Swedish Road Board 1974,
Anderson 1975).

3 GEOSYNTHETICS REINFORCED LOAD
TRANSFER PLATFORMS

Load Transfer Platforms with integrated geosynthetic
reinforcements are formed by laying a single or
multiple layers of tension resistant materials within a
layer of compacted granular fill or a layer of stabilized
soil or combinations of layers of compacted fill and
stabilized soil.

The tension resistant materials used to date are
geotextiles or biaxial geogrids. A layer of low strength
geotextiles acting as a separator, may be also included
at the base of the LTP to assist with the construction
process. The GR-LTP fill is usually specified as
compacted, general high-quality granular fill or be
specified as very strong, highly dilatant granular fill
which must be heavily compacted. This is a very
important difference in term of the contribution of
the fill to the overall behaviour of the GR-LTP.

Where GR-LTPs are used in conjunction with piles
and ground beams or pile caps, the configuration of
the ground beams or pile caps is a critical design
factor. Piles may be arranged on triangular or
quadrangular grid systems and may require a different
pile layout in the centre than on the edges. Pile caps
may be square or circular. The spacing of ground
beams or pile caps must be specified in both vertical
elevation and horizontal separation.

4 OPERATIONAL MECHANISMS

GR-LTPs were developed as one of a range of technical
solutions for construction works over soft compressible
soils and potential voids. It is important to distinguish
that the development of strains with time in these
two applications is very different and this, to some
extent, influences the support mechanisms operating
within the GR-LTP. Further, the level of allowable
strains within the GR-LTP, and so in the overlying
fill layers, roads, railways or structural foundations
changes the choice of the support mechanism which
is appropriate for the design of the GR-LTP for any
particular situation.

For GR-LTPs there are three operational
mechanisms (Saathoff et al 2002):

• Spanning – where the geosynthetic is assumed to
work as a tension membrane without taking the

reaction of the soil into account, (i.e. the soil is
treated simply as a surcharge).

• Composite System – where there is full interaction
between the soil and the geosynthetic so that it
acts in a manner similar to a beam (i.e. the soil
applies pressures and acts in shear with the
geosynthetic acting in tension).

• Arching – where the soil acts as a dome, (the
shape of this dome is a matter of engineering
judgement).

Each of the above mechanisms involves completely
different approaches to the analysis of the forces
involved in the soil and in the geosynthetic
reinforcement.

The Tension Membrane Analysis adopted for the
Spanning mechanism relies heavily on the work of
Giroud (1984), which was significantly extended by
Giroud et al (1988 & 1990). The analysis of the
Composite System is best undertaken using FEM or
FDM. Many papers have been published on this form
of analysis (Cook 1989, Alexiew 1997, Kempton et
al 1998, Saathoff et al 2002). Duijnen van & Kwast
(2003) report about the latest FEM analysis that takes
3D effects and the stages of the construction of the
GR-LTP into account. The analysis of the arching
mechanism was first established by Terzaghi, but was
more recently reassessed for GR-LTPs (Hewlett and
Randolph 1988). However, other models for the
arching mechanism exist, some are based on 2D or
3D circular arches or parabolic arches. The widely
referred to approach based on Guido et al (1987)
adopts, in 2D, a straight sided arch, which in 3D
forms a pyramid (Bell et al 1994).

The three mechanisms of Spanning, Composite
System and Arching used to describe the performance
of GR-LTPs are not alternative approaches that may
be used for the design of a GR-LTP operating in a
particular application. Rather they describe different
stages in the development of strains in a GR-LTP
and are therefore appropriate to different application
situations. The links between the progressive
deformation process in GR-LTPs, the operational
mechanism and the design approach are shown in
Fig. 1.

4.1 The composite mechanism

The Composite Mechanism is better described as the
Stiff Composite Beam design approach. It involves
the use of an extremely stiff beam of steel, reinforced
concrete or geosynthetic stabilised soil. It involves
very low strains in the beam and so very low central
deflections. The overlying loads are nearly uniformly
distributed across the pile caps and the beam.

4.2 Arching mechanism

The arching mechanism is better described as the
Tied Soil Arch design approach. It involves the use
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of moderate to high stiffness tension resistant materials
interlocked with a strong, highly dilatant fill. As the
tension resistant material deforms and central
deflections occur, so the strong, dilatant fill forms a
soil arch, tied together by the tension resistant material.
The majority of the overlying loads are then carried
directly by the pile caps.

4.3 Spanning mechanism

The Spanning mechanism is better described as the
Tension Membrane Support design approach. It
involves the use of high strength moderate to high
stiffness, tension resistant materials and compacted
fill. The fill need not be strong nor highly dilatant.
The tension resistant material deforms to such an
extent that soil arching, already poorly developed in
the poorer quality fill, collapses and the majority of
the overlying loads are carried directly by the Tension
Membrane.

5 CURRENTLY AVAILABLE DESIGN CODES/
METHODS

Currently the design of GR-LTPs over soft ground
and GR-LTPs for void spanning applications, follow
different approaches. This difference is based the
following assumptions:

1. The subsoil compresses during and possibly after
the construction of GR-LTPs on soft soils,
however, a gap does not develop at any time
beneath the basal geosynthetic reinforcement layer,
or the lowest layer of geosynthetic reinforcement
when multiple layers are used, and

2. The subsoil does not compress during construction
of the GR-LTPs over potential voids, but some
time after construction the subsoil rapidly settles
over a defined, limited area to form a gap beneath
the basal geosynthetic reinforcement layer, or
the lowest layer of geosynthetic reinforcement
when multiple layers are used.

Numerous design approaches for GR-LTPs to support
embankments over soft compressible ground have

been developed. It has been shown by several
researchers that BS 8006 (1995) and Bell et al (1994)
represent respectively, the upper and lower bound
solutions for the determination of the reinforcement
tensions in a GR-LTP.

The main differences between BS 8006 (1995)
and Bell et al (1994) are the position of the supporting
pile caps/beams relative to the reinforcements, the
number of layers of reinforcement considered, the
permissible strains in the reinforcement(s), the
properties of the embankment fill that can be used
and the arching mechanism in the fill. The combined
effects of these differences is that the calculated
reinforcement tension(s) varies by more than 100
per cent (Russell and Pierpoint 1997, Love and
Milligan 2003, Kupec 2004).

Similarly, there are several design methods for
GR-LTPs to span potential voids. Once again these
methods differ in their core assumptions and so the
calculated tensions in the reinforcement(s) differ
widely. Giroud et al (1990) and BS8006 (1995) are
generally accepted as the boundary solutions. The
Giroud et al (1990) approach is often referred to as
the Tension Membrane Approach. Two cases are
proposed and related to the depth of the void, either
bottomless or of limited depth. Also the void shape
may be circular or cylindrical. A key assumption made
by Giroud et al (1990) is that if the soil response to
deformation, i.e. arching, is uncoupled from the
geosynthetic response. Similarly BS 8006 (1995)
identifies the influence of the void shape. However,
in contrast to Giroud et al (1990) the role of the
reinforcement largely to ensure that the Serviceability
Limit State (SLS) is maintained and that the Ultimate
Limit State (ULS) does not occur. This approach is
based on Limit State Design and the presence of the
reinforcement is to meet SLS criteria.

6 DISCUSSION AND CONCLUSIONS

The review and comparison of the nature, design,
construction and operational behaviour of GR-LTPs
indicates that they represent a variety of technical
solutions to a range of geotechnical problems. The
currently available design methods involve a very
large range of explicit and implicit assumptions such
that no general solution exists; rather each design
method has a strictly limited field of application.
Thus great care must be exercised in the choice of
the design method for a particular form of GR-LTP
used in any particular situation.

The experienced gained from the design,
construction and application of Unreinforced Load
Transfer Platforms in Scandinavia and South East
Asia should be fully utilised in the development and
application of GR-LTPs. In particular the lessons to
be learned on the choice of fill materials, construction

Figure 1. Classification of operational mechanisms, after
Kupec (2004).
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methods, operational mechanisms and serviceability
should be incorporated in design methods and codes
for GR-LTPs.

For GR-LTPs used to support embankments over
soft compressible soils, the problems of site access
for piling equipment should be given particular
consideration. The use of piling platforms placed
directly onto the soft compressible soils can cause
them to settle excessively over time. Thus the sub-
soil and piling platform may settle more than the
central deflection of the geosynthetic reinforcement
at its limiting strain under operational loading. In
this circumstance a gap will develop beneath the
geosynthetic reinforcement. At this point the GR-
LTP is acting in a similar manner to a GR-LTP
spanning a void and the operational behaviour may
change and so the approach to the design may alter
fundamentally. It is suggested that this condition
should be specifically dealt with in design codes/
methods.

For GR-LTPs used to span potential voids, the
determination of the size and shape of the voids to be
allowed for in design is crucial. This can greatly alter
whether the reinforcement acts in plane strain or bi-
axially. Further the period of time over which the
reinforcement must provide tension to preserve
Serviceability and Ultimate Limit States must be
clearly defined. It is strongly recommended that such
criteria must be clearly stated in any design code/
method.
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