
An added benefit of this system is that it allows the treatment of soils
that have a natural sulfate content above the normally accepted levels.
Research has shown that the addition of GGBS modifies the chemistry
within the system to use the sulfates to enhance strength, rather than
to produce ettringite crystals, which are prone to swelling.

History
Two-shot stabilisation using lime and cement was pioneered in the UK
by British Airports Authority during the early 1980’s(3). It is now
common practice at many BAA airports whenever runways and aprons
are being constructed. The benefits of the two shot system have now
spread widely into the general construction industry where
warehouses, motorway service stations, car parks and retail and leisure
developments have all utilised the process (4).
The use of lime with GGBS is a more recent introduction prompted by
the need to stabilise soils with higher levels of sulfates. This was first
reported in 1994 (5) as a replacement for cement and significant
research work has now confirmed that soils with sulfate levels four
times higher than that permitted with lime alone can be successfully
stabilised (7).

The nature and mechanics of two-shot stabilisation 
Two shot treatment of soils takes place in two distinct phases. The first
phase is purely to condition the soil in preparation for cementitious or
pozzolanic additives to be used in the second phase. It is the addition
of these materials in phase two, which imparts the majority of the
strength to the material. In this way it is totally different to other
forms of stabilisation because the addition of lime is not the main
additive used to provide strength to the soil.
The two shot process produces a material that is strong enough to be
categorised in the laboratory by the determination of typical subbase
or roadbase performance characteristics such as compressive strength,
elastic stiffness and, if considered appropriate, CBR.
In the treatment of granular soils, lime will only absorb moisture and
modify any clay that may be present. Lime is also required as an
activator wherever GGBS or PFA are to be used in the mix.

Composition of mixtures
Depending on application, typical examples of
mixture proportions are shown below. These are
expressed as a percentage of the dry mass. Where
PFA systems are used moisture content is important
as this significantly effects the strength of the

material in the early days of its life when little chemical
strength is present.

Constituents for three typical mixes
Mix Soil % Lime   % PFA % GGBS % OPC %
1 90-96 1.5-2.5 - 2.5-7.5 -
2 87-93 2-3 5-10 - -
3 92-97 1.5-2.5 - - 3-8

The above table is only intended to be indicative and
proportions may vary according to the soils being treated.

pavement construction
using quicklime

Introduction
Soils can be treated using quicklime and binders to produce materials
strong enough for use in pavement layers. This is carried out by first
‘conditioning’ the soil with lime, and then adding the binders. The
process is therefore a two-stage operation (two shot).

The properties that quicklime produces in the soil that are beneficial in
this process are:

A reduction in moisture content that occurs as the quicklime
hydrates. This occurs when quicklime is mixed with any material.

Changes in soil properties due to physico-chemical reactions. This
causes an immediate reduction in the plasticity of clays and renders
the soil more friable and workable.

An increase in alkalinity that triggers cementitious reactions in
pozzolanic materials.

Once these reactions have taken place and the soil has been pulverised
it is then in a condition where other agents can be added to further
enhance structural strength. Typical additives used for this purpose are
ordinary portland cement (OPC), ground granulated blast furnace slag
(GGBS) and pulverised fuel ash (PFA).

This process has the benefit of being able to treat cohesive or granular
material or any mixture of the two. The strength of the material is
determined by the amount of additive used once the conditioning with
lime has been completed. By this means the same basic material can
be used for subbase or roadbase depending on the binder and amount
used. Typical applications are:

Enhancing capping to produce structural properties in excess of
those specified by the Highways Agency for standard capping.

As a substitute for normal subbase materials.
As a substitute for roadbase in light traffic situations.

Performance requirements
Depending on the type of application being considered,
the material requirements will include:

Long term structural performance such as strength and/or stiffness.
Trafficability
Resistance to frost
Volume stability

Considering these points the values given below are offered for guidance. These will vary according to the exact specification on any particular contract and should be
adjusted by the Engineer as appropriate.

Compressive strength for long term performance should not be less than 1 MPa for subbase and roadbase and 0.5 MPa for capping. Corresponding stiffness values as
determined in the Nottingham Asphalt Tester (NAT) would be 1000 and 500 MPa.

Trafficability requirements will vary according to the material age when trafficking will start and the degree of protection afforded by any upper pavement layer. For
direct trafficking, unless this is very light, a compressive strength of 1 MPa is recommended.

Compressive strength for frost resistance will vary according to the properties of the material and the thickness of the overlying cover. If specific frost resistance tests
are not carried out a compressive strength of 2MPa should be used when material is left unprotected over winter.

Volume stability testing to check resistance to immersion in water and the effect of any sulfate content should be carried out using the immersion test in BS 1924 (8)
incorporating dimensional monitoring.

Site investigation
Site investigation should concentrate on obtaining the best picture of the ground conditions across the site that is to be treated. Grading, moisture content and plasticity,
if appropriate, should all be determined so that materials may be grouped into classes for more detailed testing.
Sulfates in cohesive soils may cause heaving when lime is added and soils should be tested to detect sulfate levels. Sulfides and other sulfur compounds may convert to a
sulfate on contact with air. Tests for total sulfur will detect the presence of these compounds and warn of any potential problems. It is important to note that these
elements are not usually uniformly dispersed within a soil and tend to get washed into lower layers. Careful testing is required to ensure that sulfur compounds are
detected especially in areas of cut. Site investigation procedures may be summarised as follows:

Carefully sample all areas to be treated.
Where cutting is to be carried out sample materials at the reduced level formation if possible.
If cut material is to be treated take representative samples of all parts of this material.
Be mindful of the mixing that will take place during earthmoving operations
Group materials into classes for more detailed testing later.
Sulfates may cause disruption and should be carefully monitored especially in cut areas.
Tests for total sulfur should be carried out.
Organic content may hinder a stabilisation process and should be checked.
Moisture content may vary widely depending on the season. Determine whether these levels will change between the testing and actual site treatment.

Laboratory procedures
Following the site investigation materials will have been grouped into classes that have similar properties and can be treated by one treatment method. The object of the
laboratory testing will be to determine what this treatment method is, and the mixture of additives that are required to produce soil properties that comply with the
specification of the pavement material.
The properties of each additive should be fully understood.

Quicklime reduces moisture content, reduces plasticity, breaks down the structure of cohesive soils and activates GGBS and PFA. It is this additive that allows the
pulverisation requirement to be achieved.

OPC enhances strength and is the fastest acting of all the conventional binders. Compaction of the final mix must take place within 2 hours of the cement being added.

The treatment of soils with Quicklime to produce
subbase and roadbase materials.
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GGBS is a hydraulic binder that is activated by lime. It is
slower to gain strength than OPC and allows a longer period
before compaction is required. At 28 days it may produce a
greater strength than OPC but is significantly affected by
temperature. Care must be taken when using this material
during winter months.

PFA is also a pozzolanic material that is activated by lime.
It has the slowest strength gain and can be used as a matrix
for the encapsulation of granular or contaminated materials.
It will provide structural stability to the mix immediately
providing the moisture content is within correct limits. It has
some resistance to the effects of sulfates. As with GGBS care
must be exercised in cold weather to ensure that sufficient
strength gain is achieved.
The initial testing will determine the percentage of lime
required to condition the soil. This will effect the moisture
content, plasticity and pulverisation. Pulverisation should be in
excess of 60% as determined in BS1924 and the percentage of
cohesive material retained on a 28mm sieve shall be no more
than 5%.
The following also apply:

Mixing and curing regimes should reflect the construction
process both in terms of the periods of maturing and the
temperatures at which samples are stored.

Where two-stage mixing is used samples that are being
matured shall be kept in sealed containers in a compacted
state.

Once all additives have been added samples shall be
stored in sealed conditions for one hour prior to the
manufacture of strength specimens.

Mixtures shall be manufactured at a water content
equivalent to 0.9x Optimum Moisture Content (OMC), OMC
and 1.1xOMC. OMC shall be determined in accordance with
the Proctor method of BS1924 (8) for mixtures of cohesive
material or either the vibrating hammer or modified Proctor
methods in BS1924 for mixtures of granular materials.

The Moisture Condition Value test (MCV) is a very quick
and effective way of determining moisture content in a fine-
grained soil as the relationship is linear. It is particularly useful
for site testing. It may be used in laboratory testing by
preparing samples at values of 14, 11 and 8. A value of 12/13
normally relates to OMC and 8 to the wettest condition
compatible with satisfactory placement, compaction and
trafficking.

The various specimens shall be tested for performance in
accordance with the specification (9). The specimens
complying with the specification shall be noted and the
mixture proportions and moisture content for the works
chosen accordingly.

Construction
This process may be carried out in situ or ex situ depending on
the type of soil. Granular materials and low plasticity soils can
usually be mixed in situ with a rotovator or ex situ in a
pugmill mixer. Cohesive soils may be more difficult to mix in a
pugmill and are generally processed in situ. The following
steps are required for in situ construction.

Site preparation to approximate levels.
Spread lime over the soil at the specified rate.
Rotovate the lime into the soil to achieve thorough

mixing. Adjust the water content to ensure the lime  hydrates
fully.

Lightly compact the mixed layer to seal the top surface.

Remix after the lime has mellowed the soil and the necessary pulverisation can be
achieved. This may take at least 12 hours. More than one pass may be required to
achieve the specified pulverisation. Lightly roll after the re-mixing.
Spread the second binder at the predetermined rate and thoroughly mix this into the
soil layer. Check that the moisture content is sufficient to hydrate the second
additive and will also allow the required degree of compaction.

Fully compact within the time limits for the additive used and trim to level.
Seal with a curing membrane or place the next layer.
Restrict trafficking until the required strength is obtained to prevent damage.

For ex situ mixing only materials that are fine enough to already meet the
pulverisation requirements are processed as the equipment is not generally powerful
enough to break them down further. Both binders can be mixed together. With OPC
the material must be transported and laid within 2 hours.
It is also possible to use a pugmill to add the second binder to clay that has already
been treated with lime by the in situ method.

Control testing
The parameters that dictate the properties of the processed material will be
determined from the laboratory testing. These must be monitored on site to ensure
that the specified material will be produced. This will include monitoring.

The depth of the processed layer
Binder addition
Water addition
Soil MCV value
Pulverisation
Compaction efficiency

Even if all the above tests are satisfactory the specified result may still not be
achieved. Samples must therefore be taken to the laboratory after processing on site
to ensure that the complete specification is satisfied. On site tests on the finished
layer to measure CBR or stiffness may also be required.

Benefits
As with all stabilisation techniques the benefits are associated with the ability to use all site won material for a variety of different uses despite its natural
condition. This eliminates on and off site movements associated with tipping site material and importing crushed stone.
With two shot treatment the materials produced are to a high specification suitable for subbase and roadbase. The equivalent quarried materials are expensive
so the treatment of site soils for these applications can produce very considerable cost savings. The clever designer will also appreciate that strengthening the
lower layers of a pavement allows for economies to be made in the upper layer. Thicknesses of blacktop and concrete can often be reduced while still
maintaining the overall pavement stiffness obtained by more traditional and expensive specifications.
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