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The Sports and Play Construction Association (SAPCA) does not accept any liability for the 
design or construction of any facilities, or the actions of any contractors employed, as a result 
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Foreword  

Use of this document 

As a Code of Practice (Code of Practice), this standard takes the form of guidance and 
recommendations. It should not be quoted as if it were a specification and particular care 
should be taken to ensure that claims of compliance are not misleading. Any user claiming 
compliance with this document is expected to be able to justify any course of action that 
deviates from its recommendations. It has been assumed in the preparation of this Code of 
Practice that the execution of its provisions will be entrusted to appropriately qualified and 
experienced people, for whose use it has been produced. Cross references are included within 
this Code of Practice to various other standards and reference documents, to link to existing 
information sources available. However, it remains the responsibility of the project designer to 
assess whether any specific reference is relevant to the specific project and to ensure the 
latest versions are used. 

A synthetic sport area is a complex and costly engineered structure that must provide a safe 
playing environment with the correct sports performance characteristics. It must be able to 
withstand the adverse effects of use and weather for a period that makes the investment in 
the facility cost effective. 

Most international sports governing bodies specify formal standards for the performance and 
durability of the surfaces on which their sports are played, but they do not give guidance on 
all design and performance characteristics of the bases on which these surfaces are laid. This 
is primarily due to the very different climatic and geological conditions found around the world 
that can require a wide range of differing base solutions. 

If the base for a synthetic sports area is not correctly designed and constructed for the 
prevailing site conditions and intended types of use it is likely that deficiencies in the 
performance of the base will ultimately have an adverse effect on the quality and longevity of 
the playing surface. This means that the facility will cease to meet the standards of the sports 
federations or in the worst cases the playing surface will become hazardous or unusable. 
Typical problems can include localised settlement, frost heave, and inadequate drainage. 

This Code of Practice has been prepared to help ensure that the bases for synthetic sports 
areas are designed and constructed to the standards that the relevant UK sport’s governing 
bodies, funding agencies, construction contractors and design professionals consider best 
practice. 

1Within this Code of Practice synthetic sports surfaces are defined as any football, rugby or 
hockey pitch, athletics tracks, multi-use games area or tennis or netball court surfaced with a 
synthetic turf, polymeric or asphalt playing surface. Whilst the principles of this Code of 
Practice are for all sizes of synthetic sports areas, smaller sized developments such as tennis 
and netball courts and small multi-use games areas (typically less than 2000m2) have been 

 

1Whilst the principles of this CoP can also be applied to smaller sized developments such as tennis and 
netball courts and small multi-use games areas (typically less than 2000m2) the market has historically 
been willing to accept the benefit of lower constructions costs based on reduced design criteria. 
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historically willing to accept the benefit of lower constructions costs based on reduced design 
criteria. 

This Code of Practice covers the construction of football and rugby facilities which are normally 
surfaced with a long pile synthetic turf, filled with a combination of a stabilizing layer comprising 
sand and a sports performance layer comprising polymeric material often granulated SBR 
recycled car tyre rubber or EPDM. Concerns surrounding the loss of this infill material into the 
surrounding environment during a combination of usage and maintenance has led to calls for 
improvement in pitch designs to prevent this loss of infill. The European Standards Committee 
CEN has produced a Technical Report on ‘Guidance on how to Minimise Infill Dispersion into 
the Environment’ (2020). This Code of Practice highlights design guidance on the construction, 
maintenance and testing of the base layer, however, elements like the drainage system and 
perimeter edgings can form part of the designs to minimise infill dispersion they are 
referenced.  It is important that the designs to minimise infill dispersion are incorporated into 
the overall design to the synthetic surfaced area. 

A site-specific investigation of the ground and environs is considered essential to achieve an 
economic design and high-quality build for the proposed works. The Client should be advised, 
at the earliest concept stage, of the importance of funding this pre-construction cost to inform 
the site appraisal and tendering stage of the works to potential contractors regardless of the 
form of contract. 

This Code of Practice has been developed by SAPCA’s Technical Committee using industry 
wide specialists in sports construction industry. Special thanks must go Dr Paul Fleming from 
the Sports Surfaces Research Group at Loughborough University and Alastair Cox for their 
specific input in the development of this document. 

The Code of Practice has been reviewed and endorsed by the following organisations: 

 Sport England 

 Sport Scotland 

 Sport Wales 

 Football Association 

 Football Foundation 

 Scottish Football Association 

 Rugby Football Union 

 Scottish Rugby Football Union 

 England Hockey 

 Lawn Tennis Association 

 UK Athletics 

The criteria detailed in the Code of Practice are based on current best practice and whilst 
accurate at the time of publication, authors from the joint technical committee cannot accept 
any liability for the design or construction of any facilities, or the actions of any contractors 
employed, because of, or in connection with, any information provided in this document.  
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The Code of Practice does not supersede a reasonable interpretation of the specification and 
terms of contract applying to a specific construction contract. Local variations in climate, soil 
conditions, topography, planning permission constraints and other site-specific conditions may 
necessitate a higher standard of specification than recommended in this Code of Practice. 

Whilst the information contained in the Code of Practice is considered accurate at the time of 
publication it may be subject to change at a future date due to changing technology and 
developments in construction methods or changing requirements of the sports’ governing 
bodies and relevant British Standards. Only the most recent edition of the Code of Practice 
should be used. Revisions will be made as and when considered appropriate.  

Parties not experienced in sports surfacing design, specification and construction are strongly 
advised to consult qualified sports facility construction specialists.  
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1 Introduction  

The base design is part of the overall sports surface system design. The whole system design 
is influenced by the intended use of the facility and any sport specific requirements.  

Useful further guidance for Clients in regard design issues, technical requirements, suitable 
surface types and work stages is set out in Sport England documents, ‘Artificial Surfaces for 
Outdoor Sport - Design Guidance Note’ (December revision 003, 2013), and ‘Outdoor Artificial 
Sports Surface Projects - Professional and Technical Services’ (June Revision 001, 2019) and 
also in the FIFA document ‘Preparation of a Sub-base for a Football Turf System’ V1 (2016). 

Table 1 sets out a simplified version of the work stages, extracted and modified from the Sport 
England documents noted above, and signposts the parts of the Code of Practice most 
relevant. An adequate ground investigation is considered vital to inform the facility design and 
planning stages. 

Table 1 – Key project stages, main tasks, and relevant sections of the CoP 
- Getting started Assemble project steering group, establish 

requirements, appoint consultant(s). 

Sections 3 & 4 
Site Appraisal 

and Brief 
Development 

Develop a detailed project brief: Conduct 
topographic services and geotechnical 

surveys, identify constraints, estimate costs. 

Consideration of 
factors in Section 

5 - Drainage 
Planning 

Develop detail to make a planning 
application: Preliminary design, undertake 

statutory approvals. 

Tender review to 
include Sections 
5, 6, 7, 8*, & 9* 

Tender Process 
Decide on method of procurement, prepare 
documentation and shortlist of contractors, 
undertake review of tender submissions. 

10 - Table 5 Construction 
Phase 

Inspect the work at key stages to assess 
build quality, workmanship and design 

 

To include record 
of the base 

design details. 
Completion 

Contractor hands over an Operation and 
Maintenance (O&M) Manual. Testing of the 

sport surface to ensure compliance**. 

- 
Maintenance 

and 
management 

Ensure defects are addressed by contractor, 
carry out maintenance in accordance with 
surface manufacturer’s warranty. Re-test 

surface periodically to maintain certification. 

* Dependent on the base design detail, either bound (section 8) or unbound (section 9).  
** testing of the surface system in accordance with sport governing body 
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The base works design should be fully explained and justified and recorded in the O&M 
manual for future reference and to inform the maintenance and re-surfacing works during the 
design life of the facility.  

For many schemes and/or Clients, it is recommended that a consultant is brought into the 
Project Steering Group at an early stage. Regardless, it is recommended that the Client 
satisfies themselves that appropriately qualified and experienced persons carry out the design 
of the works as indicated in the relevant sections in this Code of Practice. 

1.1 Base design principles 

The conventional base works for a synthetic sports area will normally comprise the following 
layers from the bottom up:  

The natural soil or made ground, termed the formation (also known as the sub-grade), and 
which may require levelling. 

A drainage system designed to remove water that falls onto the playing surface or flows 
towards it from surrounding ground. 

A layer(s) of unbound aggregate termed the sub-base 

Either a layer of aggregate that can be graded to the tolerances required to receive the playing 
surface; termed the unbound base, or a layer or layers of bound asphalt, termed the bound or 
engineered base, on which the playing surface system is laid. 

Based on specific site conditions the sub-base, base and drainage system should be designed 
to be able to: 

1. Withstand all applied loads without excessive deformation or instability. 

2. Restrict the likelihood of variable heave or settlement caused by frost penetration 
damage or volume change in the formation soils. 

3. Provide adequate drainage capability, and possibly storage potential, where 
appropriate, to ensure the design meets the need to remove surface water sufficiently 
quickly to avoid surface flooding. 

4. To meet a design life of at least 20 years (for at least one cycle of the replacement of 
the sport surfacing system above).  

In the short-term, during the construction of the facility, the loads applied to the base will 
include the construction plant and trafficking including for floodlighting and fencing. Additional 
factors include the environmental impact of the weather conditions encountered during 
construction. After construction of the base and completion of the sports surfacing system, the 
in-service loads that are applied to the completed facility primarily include the players and 
maintenance plant (including floodlighting); but additional loads need to be catered for such 
as emergency vehicles, various types of re-surfacing plant, and possibly ancillary activities 
such as concerts and other events particularly on stadia pitches.  

In addition, the structural requirements for the base may be influenced by the drainage design 
requirements.  

The base should be capable of being constructed with common plant and equipment, adhering 
to best practice for health and safety in construction (e.g. CDM Regulations, 2015).  
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Surface regularity is a key requirement of most sports’ governing body specifications as it 
affects the playing quality and safety of athletes. This means the installed sport surfacing 
system must remain stable throughout its service life without significant changes in level(s), 
gradient(s) or profile(s). The long-term stability of the base therefore requires the materials 
used to be durable and remain resistant to the applied mechanical and environmental loads 
(e.g. water, temperature variations, freezing, etc.).  

Using information derived from a site-specific geotechnical site investigation, the designer 
should carefully consider the suitability of any site-won material for use as fill material and the 
earthworks balance.  

For the base of an outdoor synthetic sports area to be successfully designed and constructed 
it is important that the personnel undertaking each task are appropriately trained and have the 
relevant experience. Where possible this should be ensured by the implementation of a formal 
quality management system (i.e. BS ISO 9001) to demonstrate competencies. 

The design and construction a sports facility base will fall within the Code of Practice of the 
Construction (Design and Management) Regulations (CDM, 2015) meaning all those involved 
need to follow the objectives and obligations of these regulations to ensure the approach taken 
is legally compliant and appropriate for the project. 

1.2 Innovation and new construction methods  

The criteria detailed in this Code of Practice are based on current best practice, but it is not 
the intention to restrict the innovation of new base construction materials and methods or the 
use of recycled materials. Recent innovation examples include replacement/reduction of 
aggregate sub-base layers with alternative preformed interlocking systems, that may also 
provide surface drainage.  

Based on specific site conditions any innovative base or drainage system should be designed 
to be able to meet the base design principles as set out in Section 1.1. 

Some forms of synthetic turf pitch construction incorporate an (≥ 25mm) elastic layer or shock 
pad that, in addition to contributing to the dynamic performance of the playing surface, acts as 
a form of bound base layer above the sub-base. In such cases the sub-base should be 
constructed as detailed in this Code of Practice. 
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2 Definitions 

The following definitions apply to this Code of Practice:  

Base – all elements of construction beneath the synthetic sports surfacing system. These can 
include: 

Formation (also known as the sub-grade) - this is commonly the native material on which 
the facility is constructed.  

Drainage system - a means of removing rainfall from the playing surface, and preventing 
water encroachment from surrounding land, at a large enough rate to ensure that excess water 
does not build-up on the surface restricting use of the facility for its intended use. 

Sub-base - typically a layer or layers of aggregate that are laid above the formation to provide 
a platform for construction and load bearing capacity to the sports facility. 

Bound base – a layer or layers of bound 2asphalt laid above the sub-base to allow the sports 
surfacing system to be directly on it. Normally used in applications where the design of the 
sports facility either requires minimal tolerances for surface regularity (pitches, athletics tracks 
or courts on demanding sites where the additional stability of a bound asphalt layer is 
considered desirable for facilities likely to be subjected to heavy plant and equipment through 
the service life of the facility. 

Unbound base - a layer of unbound aggregate graded to the necessary tolerances to allow 
the synthetic turf or needle-punch textile sports surfacing system to be laid directly on it. 

BS – British Standard published by the British Standards Institute. These include BS EN 
(British editions of European Standards) and BS ISO (British editions of International Standard 
Organisations) standards. 

Designer – the person or persons that develop and specify the design of the sports facility. 
This can be an independent expert (architect or consultant) or suitability experienced 
employee of a construction company.  

Design Levels – the theoretical levels for the finished playing surface and or underlying 
stages of construction as specified by the designer when developing the design concept for 
the facility. 

Sports facility – a synthetic sports area that has either a synthetic turf, textile needle-punch, 
polymeric (synthetic) or asphalt playing surface.  

Sports surfacing system – all components of the playing surface that influence the sports 
behaviour and or dynamic properties of the sports facility. 

 

2 Asphalt (or asphaltic concrete) is the internationally accepted technical name for all surfaces 
which are composed of a mixture of bitumen and stone. Within the UK the generic term 
“macadam”, has previously been used to describe this type of material. 
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Long pile synthetic turf – synthetic turf surfaces with a pile height of at least 40mm in length 
and designed for use for football, rugby union or rugby league. 

Polymeric surface – a synthetic surface either manufactured on site from a mix of rubber 
granule and binder (normally polyurethane) and laid with a paving machine or prefabricated 
rolls that are manufactured in a factory and bonded to the asphalt base of a sports facility.  

Short pile synthetic turf – synthetic turf surfaces with a pile height of less than 40mm 
(normally 23mm or less) in length and designed for use for hockey or multi-sports applications. 

Asphalt surface – an engineered porous asphalt material designed for use in tennis, netball 
and some forms of multi-use games areas. 

MCHW - Manual of Contract Documents for Highway Works published by the (UK) 
Department for Transport. 

In accordance with common practice within the construction industry the depth of any 
individual construction layer specified within this Code of Practice is defined as the nominal 
compacted depth which can be regarded as the design depth of the construction layer.  

Figure 1 illustrates a typical long pile synthetic turf pitch construction and Figure 2 illustrates 
a typical pitch or court having a short pile synthetic turf or polymeric surfacing construction. 

Figure 1- Example of long pile synthetic turf pitch construction with unbound base layer 
(no asphalt layer) 



The SAPCA Code of Practice for the Design, Specification 
and Testing of Bases for Outdoor Synthetic Sport Areas 

Copyright © SAPCA  Page 13 

Figure 2- Example of long or short pile synthetic turf pitch or polymeric surfacing 
construction (with asphalt layer) 
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3 Preliminary Site Investigation  

Understanding the ground conditions on which a sports facility is to be located is fundamental 
to ensuring a good quality stable and durable base construction. Experience has shown the 
greatest risks to cost and program are usually from unforeseen problems in the ground or 
inadequate site-specific design. 

It should be recognised that on some sites; ground protection, remediation, decontamination, 
reinforcement or stabilisation work may be required; and that adverse ground conditions could 
prohibit the cost-effective development of a sports facility. 

It is the responsibility of the designer to fully understand the characteristics of a site. To enable 
this, it is recommended they need (as a minimum) to obtain the following information: 

 A desk study for the site and its environs, to include site history, flood risk, buried 
utilities etc. 

 Topographical survey showing the levels of the site 

 Site survey showing: 

a. boundaries and existing fences 

b. site access and any restrictions 

c. existing trees together with their species and height 

d. surface features relating to drainage and services such as ditches, manhole 
covers and overhead power/communication lines 

e. any other features such as roads and buildings 

 Services, underground and overhead 

 Existing drainage, and potential outfalls 

 Size and orientation of the proposed facility 

 Indication of any ground abnormalities (mining, landfill, etc.) 

 Ground conditions. A site-specific ground investigation should be undertaken in 
accordance with the latest guidance (BS5930, 2015; EN 1997-2, 2007) tailored to the 
specific project proposal. It should be agreed with the SI contractor the proposed 
location of all intrusive holes, sampling and testing, and include reporting the following 
measurements and soil properties: 

a. topsoil thickness 

b. an engineering description of the layers of the ground and their thickness 

c. soil classification - particle grading (for coarse-grained soils) and soil plasticity 
indices (for fine-graded soils), and water contents 

d. suitability of the soils for reuse as fill (compactability and relationship testing) 

e. ground strength (e.g. CBR at formation level) 
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f. groundwater levels encountered in intrusive holes, and assessment of flow 
rates 

g. sub-soil hydraulic conductivity/soakaway test (to BRE DG 365, 2016) 

h. environmental impact study and chemical analysis of soils, as required 

Adequate budgetary allowance is essential to allow for this proprietary work to occur at the 
early site appraisal stage of the project. The site investigation findings and implications for the 
proposed scheme should be interpreted by a suitably qualified person. 

For smaller schemes (typically for areas of less than 2000m2) and/or where historical ground 
investigation data is available a suitably qualified person should assess whether further 
investigation is required. 

For more difficult sites, such as river flood plains, steeply sloping sites or with problematic sub- 
soils, more extensive site investigation will be required and further advice from a geotechnical 
specialist is considered essential. 

For sites that have previously been used for industrial processes or landfill, a full geo-
environmental survey and contaminant testing will normally be required in accordance with 
BS 5930:2015 to determine additional site development risks and requirements. 
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4 Formation (or sub-grade) 

4.1 Design considerations 

The formation is the material on which the facility is constructed. It needs to have adequate 
stability and load-bearing capacity to support the sports facility being built on it. Its ability to 
achieve this will depend on several different factors including the various weather conditions 
that will occur and the type of soils present. Factors that need to be considered include the 
potential for: 

 Frost heave 

 Clay shrinkage/swelling 

 Settlement (under the additional weight of the facility above) 

 Vegetation disturbance (e.g. tree roots/weed growth) 

 Groundwater  

4.1.1 Frost heave 

Frost Heave is caused when frost penetrates susceptible formation soils. If water is present 
these soils draw water by capillary action into the freezing zone causing ice lenses grow with 
the potential for soils to heave. The longer and deeper the period of frost penetration the 
greater is the effect. After thawing, the surface will eventually settle back but the displacement, 
and subsequent inconsistent settlement, will leave undulations on the playing surface. 

In general, soils with high (fine) silt content may be expected to be more frost susceptible than 
free-draining granular soils or clays with low water infiltration rates. 

If the water table is more than 0.5m below the formation level road construction research has 
suggested that ice lenses are less likely to be able to grow substantially meaning the risk of 
frost heave is reduced.  

4.1.2 Clay shrinkage/swelling 

Clayey soils classified as high plasticity are prone to swelling when hydrated and shrinking 
and cracking when dehydrated. In most cases potential problems can be reduced to an 
acceptable level if: 

1. the drainage design avoids promoting water to enter the formation soils 

2. an adequate sub-base thickness is applied to avoid the formation soils drying out in 
prolonged periods of warm dry weather.  

4.1.3 Settlement 

When formation soils are too wet or too dry, or not adequately compacted, they are less 
capable of supporting the weights/bearing pressures exerted by the sports facility, resulting in 
the base settling. The base needs to be designed to spread the applied loads over weaker 
soils, thereby reducing potential settlement. 

Use of cut and fill techniques are common practice and properly placed and compacted fill 
soils can provide adequate structural support for the base and loads it needs to carry. When 
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fill materials are not adequately compacted however, they can compress under further load 
resulting in detrimental settlement of the structure above. Full compaction of the soils in the 
correct moisture content range is required after excavation and placement. 

4.1.4 Vegetation disturbance 

Maturing trees, bushes and other vegetation near a sports facility can be a cause of 
settlement. As trees and other vegetation mature, their demand for water also grows. The root 
systems continually expand and can draw moisture from the soil beneath the sports facility. 
Again, clay-rich soils shrink as they lose moisture, resulting in settlement of overlying 
structures. Shallow base constructions are more often affected by soil dehydration due to tree 
roots than are deeper bases. 

If trees are removed from a site consideration also must be given to the potential for the ground 
to recharge with water and expand, resulting in heave. 

As a rule, the diameter of a tree's root system is usually at least as large as the tree's canopy 
diameter. 

4.2 Construction and performance recommendations  

4.2.1 Load-bearing capacity  

The load-bearing capacity of the prepared formation should be measured at the time of 
construction using one of the two test procedures specified in Table 2. The performance 
values for strength (CBR) should be achieved in all test locations. Tests should be undertaken 
every 500m2 on full-size facilities (or a minimum of two measurements per site for small sites) 
and be evenly spaced across the whole site. Additional tests should be made in any areas of 
concern to the Site Engineer/Designer. 

In the case of innovative and/or alternative base designs, the designer should justify any 
variation in the minimum requirements of formation performance. 
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Table 2 - A rating of 5% CBR or greater at the formation level is recommended as this criterion 
is widely used in the industry to denote a ‘stable formation’ for construction of the layers above. 
A low CBR indicates possible problems for construction, for example in road design guidance 
a CBR of less than 2.5% is considered a poor construction platform requiring additional 
thickness of (capping) aggregate for improvement. 

Where CBR testing is difficult to achieve, for example on stabilised bases, a suitable 
alternative test method and target value (such as the LWD) should be agreed. 

Due to the diversity of materials that comprise the formation and their sensitivity to ambient 
conditions (including moisture) the requirements detailed in Table 1 may not always be 
possible. In such cases one of the following should be considered: 

 Installation of suitable additional material to improve the formation strength 

 Stabilisation (lime/cement or similar suitable procedures) of the formation 

 Installation of a geosynthetic supporting material, or similar, to provide reinforcement 
between the sub-base and formation. Geogrids are commonly used to reinforce 
granular capping layers. 

In any of the above solutions, the designer should provide evidence of the whole design details 
that have been put in place to compensate for the shortcomings of the formation, including 
any further verification testing after improvement. 

4.2.2 Slope  

The formation grade should preferably have the same slope as the final playing surface, which 
should be in accordance with the appropriate British Standard or sport’s governing body 
standard. See Appendices A and B for details. 

Table 2 – Recommended minimum California Bearing Ratio (CBR) of Formation 

Requirements 

 Test method 

4Inferred CBR ≥ 
5% 

Dynamic Cone 
Penetrometer 

(DCP) to a depth of 
0.5m below 
formation 

Design Manual for Roads and Bridges HD29/08 
Volume 7 Section 3 clause 7.27 

 
BS 5930 

Requirements 

To include record of the base design details. California Bearing 
Ratio test 
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4.2.3 Deviations from design levels 

Formation levels should not deviate from the design levels by more than +20/-30mm (or as 
required to conform to the levels of an existing built feature for example). Levels should be 
measured on at least a 10 x 10m. grid.  

4.2.4 Construction recommendations 

The formation should be free of all vegetation. Chemical treatment should be used as 
appropriate, ensuring conformity to the relevant environmental standards. 

If the formation is trimmed and levelled using cut and fill techniques any filling should be carried 
out in layers that are compacted before the next is spread. Layer thickness and compaction 
should be undertaken to suit the construction plant being used and in accordance with the 
Series 600 of the MCHW. 

On completion of the preparation, the formation should be free from mud or slurry and should 
have no areas of freestanding water. Any loose, fragmented or soft materials and any soft 
spots should be excavated and replaced with imported crushed rock free from detritus material 
supplied and laid in accordance with the relevant clauses of the Series 600 of the MCHW. A 
3geosynthetic layer is advised, to act as a separating layer, to aid construction of a granular 
sub-base layer, and should be suitable for the formation level and pitch requirements. 

5 Drainage  

5.1 Design considerations 

The construction of an outdoor sports facility should incorporate a drainage system designed 
to remove rainfall from the playing surface at a sufficient rate to ensure that excess water is 
not allowed to build-up and restrict the use of the facility. 

It may be a requirement to design the facility’s drainage capability to avoid the playing surface 
flooding to a specified level of risk, and/or to avoid excessive outlet discharge rates from the 
water that is collected (to restrict flooding risk downstream of the outfall). 

The typical options available are: 

On site drainage; 

1. Infiltration through the permeable pitch system into the strata below 

a. Attenuation of water, if impermeable surface, into an on-site soakaway 

b. Attenuation of water and discharge into a natural water course/body 

2. Attenuation of water and discharge into an off-site sewer system 

 

3Note 3 - A geosynthetic separation layer should be laid over the formation to separate it from the overlying 
sub-base. The membrane (either non-woven or woven) should have a minimum tensile strength of 
8kN/m when tested in accordance with BS EN ISO 10319 and a static puncture strength of at least 
1.5kN when tested in accordance with BS EN ISO 12236. The membrane should be laid with joints that 
overlap by at least 300mm or to the manufacturer’s recommendations. 



The SAPCA Code of Practice for the Design, Specification 
and Testing of Bases for Outdoor Synthetic Sport Areas 

Copyright © SAPCA  Page 20 

The attenuation (slowing down of discharge rates) could be achieved by the sub-base design 
or by a separate attenuation tank.  

The drainage system can be a significant contributor to the cost of the scheme, and its design 
requires a suitably qualified person.  

It is common for the permitted maximum drainage discharge rate to be stipulated as a 
condition of the planning approval for the facility and this may have a significant effect on the 
drainage design required (including the use of Sustainable Urban Drainage Systems - SUDS). 
The size and location of any attenuation tank systems, or adjusted sub-base storage design, 
or applicability of soakaways require liaison with local authorities/third parties and calculations 
that should be undertaken by a drainage expert. Due regard must also be given to the 
consequence of excessive surface water that is not collected in the drainage system and any 
associated risks to the local environs.  

In the United Kingdom for permeable playing surfaces it is common to install a sub-surface 
water collection system to augment any natural drainage. This will typically consist of a series 
of lateral drains laid within the formation to collect the water and take it to perimeter collector 
drains that carry the water to the discharge point and into a local sewer system. Figure 3 
shows a schematic of sub-surface drainage system for a sports pitch.  

Figure 3 - Below-ground drainage layout for vertically draining sports pitch, alternate 
designs can be utilised 

The granular sub-base can potentially provide storage of the collected rainfall water in the void 
space (increasing the depth of the sub-base adds storage capacity), with a flow control at the 
discharge point, following the philosophy of a SuDs ‘source’ control system. In this case it is 
considered prudent to protect the formation with an impermeable geosynthetic membrane. 
From recent research at Loughborough University (see Simpson et al., 2012 and Fleming et 
al., 2016) the % void space in a compacted Type 3 (low fines) sub-base was reported as 24%. 
The % void space is controlled by the bulk density achieved for the compacted aggregate, 
which is in turn controlled by the particle size distribution, particle shape, and the compactive 
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effort applied. The industry has anecdotally reported using higher % void space for aggregates 
in drainage designs, however. 

A recent development in the United Kingdom is horizontal drainage systems. In this case the 
water flows vertically down through the playing surface system and into some form of cavity 
structure (plastic crates, shockpads with channels, etc.) that are designed to allow the water 
to flow horizontally to perimeter drains. Such systems incorporate a gradient to promote the 
flow of water through the horizontal drainage collection system. 

5.2 Infiltration Rate 

During the site investigation the site should be tested for permeability and to achieve an 
infiltration rate. For permeable sport surface designs, the formation should be tested, and for 
design of soakaways the soil material at that location. The results should be reviewed by a 
qualified person to assess the site drainage characteristics and implications.  

5.3 Drainage restrictions and impact on design  

There could be restrictions on the site, from site specific constraints or the Local Planning or 
Drainage Authority, as to how much water can be discharged off the site or for the location of 
a soakaway. This can depend on the type of site, brownfield or greenfield, sub-base/subgrade 
permeability, use of the site and the location of the mains sewer system for example. 

Information should be gathered as part of the desk study as to the location of the site regarding 
local flooding and the impact this could have on the sports area. 

There is a drainage design hierarchy as noted in section 5.1. The first preference is to 
discharge the water on site, or if not feasible the second is to divert the discharge into a natural 
water course, and if this is also not suitable then option 3 is to discharge into the mains sewer. 

There is a requirement to rule out each option, for the first options the site conditions need to 
be known, or if into a natural water course it is likely third party approval will be required such 
as from the Environment Agency, and for option 3 there is a need for approval from the Local 
Planning and Drainage Authority. 

The control of the discharge drainage water, off-site, is usually set at a flow-rate limit equal to 
that of the predicted ‘green-field’ run-off rate achieved prior to the site development (for 
greenfield sites). It is usual to then design the drainage system to ensure that at this limited 
outflow rate the storage potential of the drainage system is not exceeded by a series of storms 
within a specified ‘return’ period, to avoid flooding at the surface. The services of a qualified 
drainage engineer are required to complete this design work. 

The flooding (or storm) return period will often be set out as a planning condition and advice 
should be sought from the relevant planning authority. 

The sports facility’s drainage system should also provide adequate protection to the effects of 
the flow of surface or ground water from the areas surrounding the facility. Consideration 
needs to be given to the consequences of excessive surface water flowing from the facility 
onto the surrounding environs, as might occur if the drainage system fails or the storm intensity 
is such that surface flooding does occur. This may be important when slopes exist adjacent to 
the installation whereby interceptor drains etc. may be required. 
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5.4 Performance and construction recommendations 

4Storm return period – see footnote. 

The minimum depth of drain trenches should be the diameter of the drain plus 150mm.The 
minimum width of the drain trench should be at least three times the diameter of the drainage 
pipe which should be centrally located in the trench. 

Pipe bedding materials should be clean, durable pea gravel or similar. Flexible pipes should 
be laid on a bed of 75mm minimum depth and the drainage trench backfilled with similar 
granular materials to a minimum depth of 150mm above the crown of the pipe. 

Rodding eyes or catch-pits, with covers, should be installed to allow inspection and 
maintenance of the main elements of the drainage system. 

Pre-cast concrete manholes and any soak-away type structures should comply with 
BS 5911-3. Units that bed onto bases should be manufactured so that the full wall thickness 
is in contact with the base. 

Consideration should be given to the design recommendations outlined in CEN Technical 
Report 17519 to ensure that if applicable the drainage system is designed with silt traps to 
hold and retain infill material migrating from the pitch. 

Any existing land drains cut through during the construction of the new facility should be re-
connected into the new drainage system. 

 

4 A storm return period is characterised by a range of rainfall events of different durations and intensities. 
In theory the return period is the inverse of the probability that the event will be exceeded in any one 
year, i.e. a 50-year event has a 2% chance of being exceeded in any one year. A larger return period 
incorporates more extreme rainfall events thus requiring a higher capacity drainage system. In addition, 
the local planning authority may stipulate a ‘climate change factor’ to incorporate future risks of 
increased storm intensities, and this can reportedly add up to a further 30-40% capacity requirement. 

 

In the absence of any site-specific requirements the drainage system should be 
designed and installed to: 

i. Governing Body and European standards require that all surface water is 
removed from the playing surface at a rate greater than 180mm/h (football and 
rugby) 150mm/h (hockey) (typically) to ensure no surface flooding should occur 
during heavy storms, as dictated in the designed for storm return period. 

ii. Protect the installation from the effects of ground water or surface water from the 
areas surrounding the facility. 

iii. Ensure no excessive water remains present in the construction that could result 
in a significant reduction of the load bearing capacity of the base or formation, or 
damage to the construction from the actions of frost. 

iv. Prevent run-off from the sports facility onto the surrounding land 

v. Comply with all relevant construction requirements of BSEN 1610 
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The spacing between lateral drains will be dependent on the drainage system’s design. Lateral 
drains should normally be laid to a minimum slope of 0.5 %. Perimeter drainpipes with a 
minimum external diameter of at least 100 mm should be laid when the drainage slope is at 
least 0.5%. For shallower slopes pipes with a diameter of at least 125 mm should be laid. The 
minimum drainage slope should be 0.3%. 

Design and formation of linkage of the sports area’s drainage to an existing system, on or off 
site, will require the services of a drainage engineer and/or suitably experienced contractor. 

6 Sub-base 

The primary design requirement of the sub-base layer is structural, to protect the weaker 
formation soil from excessive loads that may lead to deformation and instability. The sub-base 
layer may also be used for through drainage of surface water (for which it must be sufficiently 
porous) and storage and attenuation purposes. The selection of an appropriate thickness of 
sub-base is predicated by the design and construction methods utilised. 

6.1 Design considerations 

The sub-base should:  

 Provide adequate internal stability and load-bearing capacity in conjunction with the 
formation- during both construction and in the long-term to support surface applied loads 
without excessive deformation or permanent damage. This should include protection of 
the (weaker) formation soils beneath. 

 Provide adequate stability to resist the effects of swelling, shrinkage or freezing in the 
formation soils. 

 Provide adequate storage of infiltrating surface water when required as part of the 
drainage design. 

 If the formation soils are frost susceptible limit the likelihood of frost penetrating to them.  

Ensuring that the depth of the sub-base is adequate is critical to ensuring the long-term 
stability of the base since the greater the depth the smaller the chances of frost penetrating 
into a frost susceptible sub-soil. Additionally, the effects of any loads imposed on the playing 
surface are generally spread at an angle through the construction and will be dispersed over 
a much wider area with a thicker foundation. Doubling the sub-base thickness reduces the 
effect of stresses at formation level by a factor of four. A thicker sub-base will, therefore, 
provide greater load-bearing capacity and allow the use of heavier construction and 
maintenance machinery. This will in turn give a more economic and higher quality surfacing.  

Internal sub-base stability is derived from good aggregate shear strength through adequate 
compaction of a durable aggregate of appropriate particle size distribution and particle shape. If 
a non-aggregate solution is proposed, or a hybrid system of preformed plastic boxes and 
granular sub-base for example, then there may be a need for a structural strength design for the 
boxes to ensure they can withstand applied loads and to resist long term creep. 
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6.2 Sub-base layer thickness 

The required thickness of an unbound granular sub-base for structural stability during 
construction and in-service is governed by many factors, requiring data from the ground 
investigation including: the strength of the formation (by CBR % typically); and the nature of 
the formation (i.e. frost susceptible or not, and swell-shrink potential). Internal stability of the 
sub-base is important to support the asphalt layer paving process if a bound upper layer 
included in the design. 5Other considerations may affect the sub-base thickness design, 
including any specific drainage requirement. 

At no point should the sub-base depth be less than 90% of the design depth and the total area 
on which the depth is below the design depth should not exceed 10% of the total surface area. 
Measurements to verify the correct sub-base depth has been installed should be made on a 
10 x10m grid and in any areas of concern to the site engineer/designer. 

If the formation is comprised of frost susceptible soils and a risk of frost related damage is 
considered possible, guidance from UK highway design procedures suggest a minimum total 
construction depth of 350-450mm of aggregate and asphalt (dependent on geographical 
location) is required to limit frost penetrating to the formation. The total depth includes all layers 
above the formation. 

When alternative innovative forms of base design are considered, for example stabilised or 
prefabricated systems, the construction base detail should provide adequate stability and 
longevity in accordance with the principles set out in this Code of Practice. Prefabricated base 
systems can provide both structural stability and drainage capacity (and frost protection), 
replacing some or all sub-base aggregate commonly used in many base constructions. 

6.3 Permeable sub-base materials  

For sub-bases that are required to allow water to percolate through the structure, the 
aggregates used should comply with the requirements of BSEN 13285 and the MCHW Series 
800 (Clause 805). Clause 805 refers to ‘Type 3’ ‘open -graded’ Unbound Mixtures (also termed 
Type 1X in the past), and shall be made from crushed rock, crushed blast furnace slag or 
recycled concrete aggregate. The Type 3 mixture grading contains a lower percentage of the 
smaller sizes relative to a Type 1 (see 6.4), ensuring more void space after compaction to allow 
through drainage of water with little resistance. Fine material passing the 0.425mm sieve size 

 

5 For guidance only and based on reported industry practice, constructed depths of permeable granular 
sub-base has commonly been installed at 250-300mm total thickness on stable formations for full sized 
pitches, larger sized multi-use games areas (MUGA’s) and athletic tracks. A stable formation is 
expected to achieve a (inferred) CBR of 5% or more at the time of construction, as set out in Section 
4.2.1. 

 

It is the designer’s responsibility to determine the required sub-base thickness, and once 
constructed it should comply with the (performance) requirements in sections 6.3 to 6.7 
to validate the design and construction. The sub-base design thickness should be 
explained in the tender documents (by the contractor for a traditional design & build 
contract) or explained in the tender design brief (if led by a consultant) and include 
reference to the information derived from the site-specific ground investigation. 
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must be classified as non-plastic. Type 3 unbound mixtures are inherently less stable once 
compacted, relative to the Type 1 unbound mixture, as the coarse and lower fines grading 
provide less particle interlock and a lower density. 

6.4 Impermeable sub-base materials 

For sub-bases that do not require water to percolate through them, the aggregates used 
should comply with the requirements of BSEN 13285 and the MCHW Series 800 (Clause 803). 
Clause 803 refers to ‘Type 1’ Unbound Mixtures, and shall be made from crushed rock, crushed 
slag, crushed concrete, recycled aggregates or well burnt non-plastic shale and may contain up 
to 10% by mass of natural sand that passes the 4 mm test sieve. Type 1 aggregate mixtures 
comprise tightly specified particle size ranges to achieve a dense material with high bearing 
capacity once compacted. The % of ‘fines’ (below 0.063mm) is stipulated and material passing 
the 0.425mm sieve size must be classified as non-plastic. 

A well compacted Type 1 Unbound mixture has a low permeability (but is not in fact 
impermeable), relative to a type 3 mixture, and is not considered suitable to be used as a porous 
drainage layer. 

6.5 Load Bearing Capacity  

Areas identified as poorly performing may require time to dry out if too wet; additional 
compaction; and/or some form of remedial works. If a sports area repeatedly fails to achieve 
this performance requirement then a qualified independent opinion should be sought to review 
the design. 

It is observed that the addition of a bound asphalt layer will increase the LWD surface modulus 
measured, due to the confinement of the aggregate sub-base and the increased thickness of 
total base material above the formation. 

For constructions incorporating an unbound base layer, and not an asphalt layer, (see Section 
9) this test is normally made on top of the fully installed unbound base layer.  

In the case of innovative and/or alternative base designs, the designer should justify any 
variation in the minimum performance requirements of stability and/or stiffness target values 
for the base system. 

6.6 Slope  

The sub-base should preferably have the same slope as the final playing surface, which 
should be in accordance with the appropriate British Standard or sport’s governing body 
standard. Specific attention is drawn to Sport Governing Body requirements for maximum 
gradients and profiles to ensure sporting suitability. 

When tested using a Light Weight Deflectometer (LWD) in accordance with the test 
procedure described in Appendix D, the surface modulus on the prepared aggregate sub-
base should be greater than or equal to 40MPa6, achieved in all locations on a regular 
grid of tests locations. A grid spacing of 20m by 20m is recommended. Tests should 
additionally be carried in areas of concern to the Site Engineer/Designer. 
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6.7 Deviation from design levels 

7 Perimeter edgings 

Unless otherwise specified the base of the facility should be contained within hydraulically 
pressed concrete kerbs complying with BS EN 1339. They should be laid to a true line and level 
with adequate up-stand for the subsequent fitting of the sports surfacing system, and the 
retention of all infill materials. They should be well haunched with concrete. Consideration 
should be given to the design recommendations outlined in CEN Technical Report 17519 to 
ensure that the edge detail will minimise the loss of infill to the surrounding environment. 

8 Asphalt bases 

8.1 Introduction 

Many sports facilities built in the UK have asphalt bases. Whilst increasing construction costs, 
many designers and contractors consider them to provide greater assurance for a satisfactory 
facility. This is particularly the case for facilities: 

 where a surface regularity is required for the life of the playing surface (e.g. hockey 
and athletics) 

 where heavy plant or equipment is likely to move across the playing surface 

 or on sites with complicated ground conditions 

8.2 Asphalt (macadam) base layers 

Asphalt base layers may be laid either in two courses (base layer and surfacing layer) or as a 
single layer. Where surface regularity requirements of ≤ 6mm apply (e.g. hockey, athletics and 
tennis) the two layer option is considered more appropriate unless the asphalt is being laid 
with a laser controlled paving machine and the upper layer (typically top 50mm) of the sub-
base is also laid with the laser controlled grader or paving machine.  

 

8.3 Asphalt specifications 

Where the base is designed to drain vertically the asphalt should comply with BS EN 13108-7. 

Where the base is not required to drain vertically (i.e. the base is impervious) the asphalt 
should comply with BS EN 13108-1. 

The bitumen used in the asphalt mix should be Class 60-70 or Class 80-100; depending on 
the climatic region and local conditions and be in accordance with BS EN 12591. The bitumen 
content should be between 3.4 and 4% and be in accordance with BS EN 12591.  

Construction levels should not deviate from design levels by more than +10mm/-20mm 
(or as required to conform to the levels of an existing built feature for example).  

Levels should be measured on at least a 10 m x 10 m grid to determine the slope and 
deviation from design levels. 
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The asphalt should be manufactured, transported and laid in accordance with BS 594987. 

6Measurements to verify the correct depth has been installed should be made on a 10x10m 
grid and in any areas of concern to the Site Engineer / Designer. 

If the surfacing course is also the final playing surface (e.g. for tennis or netball courts) it should 
comprise an appropriate grade of 0/6mm asphalt selected to satisfy the relevant sports 
performance requirements. 

8.4 Slope and deviation from design levels 

The asphalt layer should have the same slope as the final playing surface, which should be in 
accordance with the appropriate British Standard or sport’s governing body standard. 

Construction levels should not deviate from Design Levels by more than ± 10mm. 

Levels should be measured on at least a 10 m x 10 m grid to determine the slope and deviation 
from design levels. 

8.5 Surface regularity 

The surface regularity of the asphalt base should be in accordance with the appropriate British 
Standard or sport’s governing body standard when measured in accordance with BS EN 
13036-7. 

8.6 Water infiltration requirement 

When the base is designed to drain vertically into a below-ground drainage system the asphalt 
layer should allow the percolation of water at a rate of more than 500 mm/h when testing in 
accordance with BS EN 12616.  

To verify this requirement has been achieved tests should be undertaken at least every 1,500 
m2 (i.e. 4 locations for a 6,000 m2 area). 

  

 

6 Thickness measurements are normally made by comparing spot levels taken on the prepared sub-base and spot 
levels taken in the same positions on the asphalt layer. 

 

If a two-layer construction is used the binder (or base) course layer should be either a 
0/10mm, 0/14mm or 0/20mm grade asphalt. It should be laid to an average consolidated 
thickness of 40 mm with no area being less than 30mm thick. The surfacing (top) course 
layer should comprise 0/6 mm or 0/10mm grade asphalt. It should be laid to an average 
consolidated thickness of 25 mm with no area being less than 20mm. 

If a single layer construction is used the course should be 0/10mm or 0/14mm grade 
asphalt. It should be laid to an average consolidated thickness of 40 mm (not < 30 mm 
at any location). 
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9 Unbound base blinding layers  

9.1 Introduction 

If the Designer considers the stability and loading requirements of a facility suitable some 
synthetic turf, textile surfaces, shockpads or polymeric surfaces may be installed directly onto 
an unbound blinding layer that is used to regulate the sub-base. Such constructions are most 
commonly found with long pile synthetic turf football and rugby surfaces.  

9.2 Aggregate grading 

9.3 Water infiltration rate  

The water infiltration rate of the aggregate should be ≥500mm/h when testing in accordance 
with BS EN 12616. 

9.4 Layer thickness 
7The Unbound base layer should be laid to a minimum depth of up to 30mm. The general idea 
of the blinding layer is to stabilise the Type 3 materials by filling the voids and locking the stone 
particles together. The average thickness of this layer can be verified using a 10 x 10m grid 
and in any areas of concern should be directed to the Site Engineer / Designer to resolve. 

 

7 Thickness measurements are normally made by comparing spot levels taken on the prepared sub-base and spot 
levels taken in the same positions on subsequent layers. 

 

Unless otherwise specified by the designer unbound bases should be constructed from 
aggregates that comply with all relevant clauses of BS EN 13285 and the particle 
grading of Table 3.  

Table 3 – particle grading for unbound base aggregate 

Sieve size (mm) Percentage passing (%) 

16.0 100 

14.0 90-100 

6.3 60-75 

4.0 15-50 

2.0 10-35 

1.0 6.-26 

0.063 0-5 
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9.5 Slope and deviation from design levels  

The Unbound Base should have the same slope as the final playing surface, which should be 
in accordance with the appropriate British Standard or sport’s governing body standard. 

Finished construction levels should not deviate from Design Levels by more than ±10mm. 

Levels should be measured on at least a 10 x10m. grid to determine the slope and deviation 
from design levels. 

9.6 Surface regularity 

The surface regularity of the base should be in accordance with the appropriate British 
Standard or sport’s governing body standard, when measured in accordance with 
BS EN 13036-7. 

10 Key stage inspections  

To verify the base is being constructed in accordance with this Code of Practice it is 
recommended inspections are made at the end of each construction stage as follows: 

 Setting out 

 Formation 

 Drainage 

 Sub-base 

 Asphalt base or unbound base 

At each stage the tests detailed in this Code of Practice should be made and the results 
obtained compared to the requirements of this Code of Practice and the bespoke design of 
the facility. 

Certificates of conformity should be provided by the suppliers of all materials used in the 
construction to verify the materials used comply with the specified quality standards. 

  

Inspections may either by made by independent third-party bodies, the project 
consultant or the installation contractor, as considered appropriate by the client or their 
representative. It is recommended that the inspection engineer operates under a quality 
management system such as BS ISO 9001 or BS ISO 17025 for the specific activities 
and have appropriate professional indemnity insurance for the services being 
undertaken. 
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Table 4 summarises the tests required during the construction of a sports facility base. 

  

Table 4 – Summary of key stage inspections and material checks 

Construction Phase Property to be checked Code of Practice 
Clause number 

Setting out Setting out of facility  

Formation preparation 

Load bearing capacity 4.2.1 

Slope 4.2.2 

Deviations from design level 4.2.3 

Sub-base drainage system 

Pipe spacings 

5.2 

Pipe gradients 

Drain trench depths 

Pipe bed and covers 

Quality of materials 

Sub-base installation 

Sub-base layer thickness 6.2 

Material quality 6.3 or 6.4 

Load bearing capacity (LWD) 6.5 

Slope 6.6 

Deviations from design level 6.7 

Perimeter edgings 
Facility dimensions 

 
Line and level of edgings 

Asphalt base Material quality 8.3 

 Asphalt layer thickness 8.3 

 Slope 8.4 

 Surface regularity 8.5 

 Water infiltration 8.6 

Unbound base blinding layer Aggregate grading and shape 9.2 

 Water infiltration 9.3 

 Layer thickness 9.4 

 Slope and deviation from design levels 9.5 

 Surface regularity 9.6 
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Appendix A – Bibliography of performance standards 
relevant to synthetic sports surfaces 
FIFA Quality Programme for Football Turf published by Fédération Internationale de Football 
Association 

FIH Quality Program for Hockey Turf published by International Hockey Federation 

Rugby Football League Performance and Construction Standards for Synthetic Turf Rugby 
League Competition and Training Pitches published by the Rugby Football League 

World Athletics Track and Field Manual 

World Rugby (IRB) Artificial Rugby Turf Performance Specification published by the World 
Rugby 

BS EN 14877: 2013Synthetic surfaces for outdoor sports areas. Specification 

BS EN 15330-1:2013 Surfaces for sports areas. Synthetic turf and needle-punched surfaces 
primarily designed for outdoor use. Specification for synthetic turf 

BS EN 15330-2:2008 Surfaces for sports areas. Synthetic turf and needle- punched surfaces  
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Appendix B – British Standards and other documents 
referenced in this Code of Practice 
The following referenced documents form part of this Code of Practice. For dated references, 
only the edition cited applies. For undated references, the latest edition of the referenced 
document (including any amendments) applies. 

BRE, Soakaway design DG 365, 2016. ISBN 978-1-84806-438-6 

BS 1377-5:1990. Methods of test for soils for civil engineering purposes - Compressibility, 
permeability and durability tests 

BS 5930:2015. Code of practice for ground investigations 

EN 1997-2, 2007: Eurocode 7: Geotechnical design. - Part 2: Ground investigation and testing 

BS ISO 9001 BS EN ISO 9001:2015. Quality management systems.  

BS EN ISO/IEC 17025:2017. General requirements for the competence of testing and 
calibration laboratories. 

Construction (Design and Management) Regulations: 2015. (Download ‘A short guide for 
clients on the Construction (Design and Management) Regulations 2015’, leaflet 
INDG411(rev1) published 04/15, at: http://www.hse.gov.uk/pubns/indg411.pdf. 

BS 1924: 2018. Hydraulically bound and stabilized materials for civil engineering purposes 
Part 2: Sample preparation and testing of materials during and after treatment 
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Appendix C - LWD test procedure for determining the 
Surface Modulus of sub-bases for synthetic turf and 
polymeric surfacing sports facilities 

1. Introduction 

Lightweight Deflectometer devices (LWD) are dynamic non–destructive testing tools 
commonly used in the construction of road pavement systems to measure the stiffness or 
‘surface modulus’, also termed the in situ stiffness modulus, of compacted materials. The 
changes introduced in the Design Manual for Roads and Bridges in 2006 and 2009 (HD 26/06, 
and IAN 73/09 which superseded HD 25/94) introduced a requirement for field compliance 
testing of the surface modulus of constructed pavement foundations. In 2018 the LWD device 
and test method was included into BS EN 1924 part 2 (2018) for testing and the information 
provided in this appendix conforms to the pertinent parts of the standard and provides further 
explanation of the principles of its use. The portable Lightweight Deflectometer (LWD) is 
considered in general to be a relatively rapid and cost-effective device. 

This test method has been prepared to address the need for consistency in the implementation 
of LWD measurements and analysis into UK practice for the assessment of outdoor sports 
area bases during construction. 

2. Theory 

Light Weight Deflectometer (LWD) tests are designed to determine the ‘surface modulus’ 
(often termed stiffness). The surface modulus is a response of the underlying structure, in 
terms of a transient deflection, to the dynamic stress applied through a circular bearing plate. 

This deflection response is a composite response from the underlying structure within the 
test’s zone of influence (also referred to as the zone of significant stress). A combination of 
the plate diameter (area loaded during the test), applied dynamic load and characteristics of 
the underlying materials will dictate the zone of influence of the test. Typically, the zone of 
influence for the test may extend to a depth below the test level of between 1 and 1.5 times 
the plate diameter, i.e. testing undertaken with a 300 mm plate is likely to have a zone of 
influence between 300mm and 450mm depth. This is a simplification, however, and has been 
shown to vary dependent on the construction detail, specifically affected by the ratio of layer 
stiffness.  

The LWD surface modulus measured is considered, in general, to represent a ‘composite’ 
value for the construction, rather than performance of an individual layer – hence the term 
‘surface moduli. However, for very thick layers or very stiff layers the surface modulus may 
approximate the upper layer stiffness (unconfined, and relative to time of testing for bound 
materials still curing). Changing the plate diameter to a smaller size may assist in evaluating 
specific upper layers. The measured Surface Modulus (stiffness) is also dependent on non-
material specific variables such as:  

Equipment specific variables, for example location of the sensor used for measuring deflection 
and the rigidity of the test plate.  

User defined variables (test frequency, magnitude and sequence of drop height/loading). 

3. Apparatus 

The apparatus system is described below, using Figure D1 as reference: 
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Figure D1 – typical LWD  

1. A loading plate, capable of approximately uniform distribution of the impulse load 
on the test surface. The diameter is adjustable, from 100mm to 300mm, 
constructed to allow the deflection measurements at the centre of the point of 
impact through a hole in the plate. 300mm diameter is specified for testing the sub-
base in this Code of Practice.  

2. A load cell, used to measure the applied load of each impact, usually to a precision 
of 0.1 kN or better. The calibrated working range should, ideally, be 0 to 15 kN or 
greater, and is specified by the manufacturer. 
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3. A deflection sensor, capable of measuring the maximum vertical movement, to a 
precision of +/- 2 μm. The calibrated working range should, ideally, be 0 to 2000 
μm (2mm) or greater. 

4. A drop weight, 10 kg +/- 0.3kg capable of being raised to a predetermined (variable) 
height, and when dropped guided by a suitable low resistance rod, to impart a 
controlled force to the loading plate. 

5. Spring element – to provide a controlled transient pulse length to the impact force, 
typically in the range 15 to 30 milliseconds. The spring element is typically a series 
of rubber cones/buffers, or cylindrical pad system as shown in Figure 1. 

6. A data capture system is required, with software to capture and display the impact 
test results and store them for later analysis or reporting. In addition, the relevant 
site and position details can be logged along with the captured data. The data 
collection software is also required to permit the operator to vary the default values 
for the test to suit, such as plate size, plate rigidity factor and material Poisson’s 
ratio. 

NOTE: It can be advisable to keep written records of field measured data, to limit the effect of 
subsequent data loss if the electronic storage unit becomes defective. 

4. Test Procedure  

The quality of the measurements is affected by the suitable locating of the plate onto the 
material under test, in addition to the proper functioning of the equipment components and the 
operator competence. 

Note: the operator should ensure the software settings match the mechanical parameters of 
the test set up) for plate size, plate rigidity factor, and Poisson’s ratio. 

Each test location should be stable, flat and free from water, ice and snow. 

The equipment condition should be checked for good working order and particular care should 
be taken to ensure the geophone is free to move without any obstructions. 

The temperature down to 100mm below the surface should be above 4⁰C. 

When using the LWD at least 10 drops are necessary at the beginning of each test session to 
warm up the rubber buffers. This should be from full height drops not less than 0.75m. 

At each test location three initial drops should be carried out to bed the plate into the surface 
from at least 0.75m drop height. Three further test drops shall then be undertaken from a 
consistent drop height giving a contact stress level of 100KPa ± 10KPa. All six readings should 
be recorded. The results from the second set of three tests drops should be used to calculate 
the surface modulus, at a stress level of 100PKa. 

The specific operation of the data collection, storage and downloading of test measurements 
is defined in manufacturer’s guide to using their equipment 

Note: The ‘surface modulus’ represents the reaction to the impulse load of the layers beneath 
and can represent the reaction of more than one layer under test. The LWD is not a layer test, 
although on very stiff foundations it is likely that the upper layer stiffness is the major 
contributor to the surface modulus measured. 
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5. Test Locations  

The surface modulus should be measured across the base-works in a 20m x 20m (minimum) 
grid spacing. Additional test locations may be included to identify the extent of any area of low 
measured surface modulus area. These areas identified as poorly performing may require 
additional compaction or remedial rectification, see Figure D2. 

The location of drains within the base works, spacing and direction should be recorded and 
where possible indicated on the location plan in relation to the test locations. Note: testing 
above drain locations is not recommended as this may cause lower magnitude readings. 

 

Figure D2 - Additional Test Locations around an area of poor performance 

6. Calculations 

The LWD apparatus is used to impart a transient dynamic load pulse to the material under 
test and the proprietary software will display a ‘Surface Modulus’ value for each drop height, 
which is calculated from the following equation:  

Eo = (f . (1-v2) . σo . a )/ do  

Note: in many cases the term Eo is also termed Ev, or Esurface  

Where:  

Eo = Surface Modulus (MPa)  

f = Plate Rigidity factor (2 is a standard value for a flexible plate) 

ν = Poisson’s Ratio (0.35 is to be used for the granular sub-base material) 

σo = maximum contact stress (kPa) (drop ht. set to give 100kPa on a 300mm plate) 

a = Plate radius (m) (stipulated as 0.15m) 

do = Maximum deflection (mm) 

The value of surface modulus calculated is significantly affected by the input parameters of 
both plate rigidity and Poisson’s ratio (ratio of horizontal strain to vertical strain). These 
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parameters must be carefully input into the device software settings. If the sensors are 
calibrated and working properly then the variation in stiffness observed on site is generally 
attributed to variations in the material under test (such as density, water content, grading, 
compacted state etc.). However poor uniformity of the contact between the bearing plate and 
the material under test can also influence the quality of the results.  

It is not normally recommended, for any measurement technique, to either exceed the working 
range specified by the manufacturer or indeed work close to the limits of the sensor range 
where possible. On materials that exhibit high surface modulus values the maximum deflection 
observed will be relatively small (for example surface modulus >260MPa with a 300mm 
diameter plate at 100kPa contact stress will measure a deflection of <100μm or 0.1mm). For 
materials that exhibit very low surface modulus the maximum deflection will be relatively large 
(for example surface modulus <26MPa with a 300mm diameter plate at 100kPa contact stress 
will measure a deflection >1000μm 0r 1mm).  

7. Expression of Results  

Experience suggests that a ‘stable’ set up of the LWD is required to get the best data quality. 
The stability is affected largely by achieving a flat area to locate the load bearing plate, which 
can be especially difficult for the 300mm diameter plate. Users have reported the apparatus 
rocking or moving during the test – and this represents instability. Experience also suggests 
that the ‘noise’ of impact during the test can be a useful additional guide to the efficiency of 
contact. It is not easy to make these acceptability criteria highly objective, however.  

Investigation of deflection-time history for each individual test has in general highlighted issues 
relating to the effectiveness of the measurement of surface modulus in a series of scenarios. 
These scenarios include where the material under test is undergoing significant further 
compaction caused by the repeated drops; excess water under the test; or excessive rebound 
of the deflection sensor, see Figure D4 below. However, the current state of knowledge in the 
industry is such that further research is required to determine the objectivity of accepting or 
rejecting test data based on deflection-time signal shapes.  
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Figure D4 – examples of pulse shapes (Frost et al, 2010) 

8. Test Report  

The test report should contain the following: 

the type of LWD used, radius of plate used during testing, and the analysis parameters used, 
f and v (default values 2 and 0.35). 

1. the nature and designation of the site including a test location plan 

2. the complete description of the surface material tested and thickness 

3. the ambient weather conditions and surface condition at the time of testing 

4. the individual test result from each location 

5. the date of testing and report reference 

6. An example of one possible method of reporting a test location result is shown below. 

9. Calibration Requirements 
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It is recommended that the manufacturer’s guidance on calibration is followed and that this 
certificate is kept safe and made available for all schemes to provide evidence of a well 
maintained LWD. BS1924:2 specifies an annual calibration certificate is required. An ‘in-
house’ consistency check is recommended and recorded for internal Quality Assurance 
purposes and made available upon request as appropriate. The in-house check ensures that 
prior to field use the LWD measurement system is responding in a repeatable manner on a 
consistent test surface at a constant temperature. The test surface could comprise a rubber 
pad on an area of competent concrete floor, or similar, to provide a suitable deflection range. 
Experience suggests a maximum variation in Surface Modulus between tests of 5% is 
acceptable for consistency. 
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