
earthworks improvement
using quicklime

Introduction

Unsuitable earthworks materials can be improved with
quicklime to enhance geotechnical properties. This
results in:

A reduction in moisture content
Improved bearing capacity
Reduced plasticity
Less shrinkage or swelling

This allows weak materials to:

Be handled more easily by earthmoving plant
Compacted to a high standard
Support construction traffic
Be treated with other binders for even greater 
strength

The objective of soil ‘Improvement’ with quicklime is to
achieve an immediate reaction, which significantly
strengthens the soil due to the removal of moisture and
a chemical change in clays. It is not intended to induce
any long-term strength gain, which occurs when soils are
‘Stabilised’. However where clay soils are present even
modest additions of lime may cause some long-term
strength improvement. Soil stabilisation will be covered
in another BLA data sheet.

This data sheet considers the use of quicklime to improve
cohesive, granular and chalk materials that are
unacceptable due to plasticity or moisture content. The
improved material will be deemed acceptable under
classes 1, 2, 3 and 4 of the Specification for Highway
Works (SHW)(ref 1). The advice given here is applicable
to any situation where a naturally won fill material
complying with the above classes would have been used.

History

Lime treatment of soils was introduced into a
Department of Transport Guidance Note in 1976 and
into the full D Tp Specification ten years later. Lime
Improvement has been carried out in large quantities in
the UK for many years and has now been included in a
Highways Agency draft advice note (ref 2). Typical
applications include roads, warehouses, service areas, car
parks and leisure developments (ref 1 & 3). Specifically
this technique has also been used on the Channel Tunnel
Rail Link through Kent, Manchester Airport second
runway, Rockingham Motor Speedway at Corby and the
M60 Motorway.

The nature of Improvement

The addition of quicklime to cohesive, granular and chalk
materials causes a reduction in moisture content as
water is used in the hydration process. This can be
enough to produce a material with acceptable
engineering properties.
With cohesive soils there is a simultaneous
improvement in the condition of the clay particles due
to a chemical change brought about by the calcium ions.
This chemical change is known as ‘Modification’ and is
additional to the drying process.This reaction essentially
transforms the material into a different soil with
enhanced geotechnical properties. Compaction
characteristics, MCV(moisture condition value) results,
plastic limit and bearing capacity are all changed
beneficially in this reaction.

These reactions occur immediately the quicklime is
dispersed into the soil. Stiff clays will lose plasticity and
become more friable due to the change in soil properties.
This need only be enough to achieve the required
specification for the fill material, which is usually when
95% passes a 28mm sieve. This will enable the
requirements of classes 1,2,3 & 4 to be met but further
treatment will be necessary to meet other specifications
of higher strength.

Preliminary site study and investigation

As far as possible the site investigation should identify the different groups of materials that exist on the site and the classes they fall into. It will then be possible to
determine the sources of unacceptable soils that require improvement before they can be used.As the reaction between different soils and quicklime will vary it is important
to obtain representative samples of all site soils for laboratory testing. Generally grading should comply with the specification for the acceptable material and it will be the
moisture content, MCV and plastic limit that are corrected by using quicklime.

Soil samples will be mixed with varying percentages of quicklime and allowed to mature in a sealed container. The duration of curing should reflect the proposed site
operation between mixing and compaction and 2 hours is a good average. MCV and moisture content tests results will be taken on these samples and the MCV range
established for acceptable limits. The lower range will establish the higher moisture content point where strength loss is unacceptable and the upper range where the
material is too dry for acceptable compaction. This is usually in the range of 8 - 12.

The MCV test is only applicable to fine grained soils and may not be appropriate for granular material or chalk. In this case the moisture content should be tested for
acceptability. Mixtures of granular and cohesive soils may use either or both tests depending on the make up of the soil. Moisture content ranges are usually Optimum
Moisture Content to OMC-2%. On wet materials a matrix of results may be useful to determine the addition of quicklime required to cater for all the conditions that may
be encountered on site.

Specific tests that are required when adding quicklime to cohesive material are total sulfate, total sulfur and organic content. Sulfates may induce swelling in the improved
material and organics can affect the soil / quicklime reaction. Large percentages of organics such as peat are not recommended for stabilisation and further guidance should
be sought if this is to be contemplated.

Construction

The site investigation results will give an indication of the quantities and location of the unacceptable material, the moisture content, plasticity, organic content and
sulfate content. Further tests on the current moisture content may be required if conditions have changed since the original site investigation was done. It can then be
determined whether treatment at source will be required to improve excavation, handling and placement at the point of use.

Considering the weak nature of the soil the spreading of lime is usually best carried out using a towed spreader. Mixing can be carried out by rotovator but the use of
disc harrows and purpose made ploughs is acceptable providing adequate mixing can be achieved.

The amount of quicklime required to achieve the necessary improvement is determined by testing but 2% addition by weight will substantially improve many soils.

Material can be treated either in situ or after transporting to the point of use. However this is carried out, it is important that the procedure ensures that all the parts
of the improved soil are mixed with the correct proportion of quicklime and that untreated material is not included in the finished construction.

UK conditions often determine that the material is transported to the point of use and then treated, but on some larger contracts deep layers are treated and then
moved to the point of use by scrapers. Either system is equally permissible and further improvement sometimes occurs as treated material is moved and compacted.

Treated material may be stockpiled for use later but the external surfaces should be sealed to prevent deterioration due to the ingress of water.

The procedure described above illustrates the simplicity of this technique. It can quite easily be incorporated into an earthmoving operation and does not delay the rate
of construction. In fact due to the superior nature of the improved soil productivity is often higher with less down time due to the weather.

The treatment with quicklime of unsuitable
earthworks material to produce general fill
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The British Lime Association is one of the constituent
bodies of the Quarry Products Association, the trade
association for the aggregate, asphalt and ready-mixed
concrete industries.

Site Testing

The treated material will have to meet the pulverisation,
compaction and MCV requirements of the general fill
specification. Site testing to confirm these parameters
have been achieved will need to be carried out.

Laboratory tests will have already confirmed the
improvement that can be achieved with quicklime and
the range of MCV values within which the specification is
achieved. If these ranges are obtained on site after
treatment then the required specification will be met
subject to adequate compaction.
To achieve these results the spread rate of the quicklime
will need to be checked to confirm it is the same as that
determined in the laboratory. If the nature of the soil has
changed between testing and construction then the
spread rate may require adjusting to achieve the desired
MCV results. Pulverisation checks should also be carried
out to ensure that adequate mixing has taken place.

As the treated soil should comply with one of the classes
given in the Specification for Highway Works the method
of compaction will be the one appropriate for that class
of material.

For cohesive materials the MCV test is ideal to control
acceptability. In one test it is a measure of moisture
content, compactability, bearing ratio and shear strength.
It is quick to carry out and is simple to use on site.

The MCV test is not so relevant for granular soils and
chalk. In these cases the direct measurement of moisture
content is the preferred control.

Specification

A simple and concise specification for the treatment of
unacceptable earthworks materials is described in BLA
Specification Data Sheet No 1 
(ref 4).

Benefits

Lime Improvement is a quick and simple operation that
can be incorporated into any earthmoving contract no
matter how large or small. Because the nature of the
soil is quickly changed to improve the handling
characteristics, productivity is often enhanced. The
segregation of unacceptable material is also
eliminated. This is simply treated with lime as it is
identified to obtain the soil properties that are required.

The cost of treating unacceptable soils will depend on
the lime addition required and the mixing technique
employed. Exact addition rates should be determined
by simple tests as described earlier.

One of the great advantages of improving soils with
quicklime is the ability to retain all material on site. This
eliminates the need to remove material to tip and saves
the cost of tipping and haulage charges. This often has
an impact on the construction programme as it is
usually considerably quicker to treat soils on site rather
than dig, dump and replace.
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