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Preface

The Football Association of Norway and the Norwegian Ministry of Culture and Church Affairs have
jointly published several different handbooks on the construction and operation of football pitches.
This handbook is one of a series of individual handbooks on grass pitches, artificial grass pitches and
gravel pitches.

This handbook provides an introduction to the construction, operation and maintenance of gravel pitches.
It is founded on experience gained from pitch construction in Norway, and is based on well-known techno-
logy and materials. The handbook has been written for owners, planners and operators of gravel pitches.
It is also meant to be used for education purposes and serve as a work of reference.

The Norwegian version of the handbook was completed in 2003. The concept was written by graduate en-
gineer Sven Aune, while Mr Ole Myhrvold, Facility Manager for the Football Association, and Mr Morten
Roa, Senior Adviser to the Ministry of Culture and Church Affairs, have served as contributors and
editorial committee.

This English version of the handbook is meant for use in the work that is carried out through the football
associations internationally, to increase the standard of football pitches. We hope the handbook will be a
contribution to this work.

Oslo, October 2008

Paul Glomsaker Per Ravn Omdal
Director General The Football Association of Norway
Department of Sport Policy
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1. Introduction

1.1 General considerations

The gravel pitch is the primary multipurpose sport
field. It may provide room for activities for a num-
ber of sports. Gravel pitches can handle high fre-
quency of use at a low cost per operating hour.

If daily maintenance is given priority, a gravel pitch
offers a good playing field for football. It is impor-
tant to utilise suitable materials to achieve a good
gravel surface, and correct maintenance equip-
ment must be acquired and used. Gravel pitch
maintenance skills are extremely important, and
are thoroughly reviewed in this guide.

A gravel pitch is constructed on the subsoil in
several layers. The lowermost layers are called the
subbase and base course, and provide load capa-
city, stability and evenness. Upon these layers,
which we call the substructure, a dynamic layer
and surface layer are constructed. The surface
layer constitutes the pitch surface itself.

The quality of a good gravel pitch is perceived by
whether the pitch provides a good playing surface.
This means that the pitch surface is firm, soft and
even, without dust, and without standing pools of
water after rain. Quality requirements apply to

materials in all layers of the construction to ensure
that the different layers have the correct proper-
ties to handle the strain the pitch surface is subject
to by users, maintenance and changing weather
(rain, frost, sun and wind).

A gravel pitch is constructed to handle normal
sport use and strain from ordinary maintenance.

It should therefore not be used for other purposes,
such as circus area or parking lot. If the pitch is
used for parking, this will lead to undesirable
compacting of the surface layer and may destroy
underlying drainage. Such misuse, along with poor
maintenance, has given the gravel pitch an unde-
served reputation as a poor football pitch in

some communities.

Remember that all countries have rules, regula-
tions, ordinances and legislation concerning the
construction of permanent installations. In some
cases, this may even be applied to the construction
of rudimentary gravel mini-pitches, and must
always be investigated before starting constrution.



1.2 The all-year pitch

A good quality gravel pitch may have a frequency
of use which far exceeds that of a grass pitch.
While grass pitches may normally have 150-250
operating hours per season, a gravel pitch may be
used daily throughout an extended football sea-
son. It may also be used as a winter pitch, and will
be able to provide about 2000 operating hours an-
nually. A good gravel pitch will therefore provide a
quality all-year facility for foothall at a reasonable
cost.

1.3 Maintenance

In order to maintain a gravel pitch in good condi-
tion, daily maintenance by skilled personnel is
required, in addition to some equipment and
machinery. Suitable skills and appropriate
equipment are indispensable to carrying out
efficient maintenance. Funds for maintenance
must be made available and earmarked for the

Suitable equipment is needed for maintenance

operation of individual pitches. Furthermore,
suitable maintenance equipment and surface layer
material must be accessible by the pitch. Pitches
in use during the winter season also require parti-
cular maintenance with several extra operations in
spring and autumn.

A gravel pitch at Danang University

A gravel pitch may provide an exellent training
field in winter



2. Construction of gravel pitches

2.1 Planning

Essential steps in the planning phase are the
determination of subsoil conditions through a
subsoil survey, classification of soil types, stability
calculations, assessment of settling problems and
subsoil frost heave exposure. A good gravel pitch
depends on correct construction, where the
surface layer is the most important part of the
pitch. The construction must be dimensioned
according to material conditions in the subsoil.
When building a gravel pitch, one should
therefore use consultants with special expertise
in the building of sport pitches. They may assist
throughout the planning and construction phase,
or be hired for parts of the project.

The construction phase can be divided into the
following phases:

e feasibility study

e pilot project

e drafting of grant applications

e application for planning permission
e planning

¢ bidding or tender invitation

e contract negotiation

e construction and construction management
e handover

2.2 Construction site

Gravel pitches for football require a significant
amount of space, and are sometimes constructed
in areas unsuitable for other building purposes.
This might be marshy areas, areas exposed to
settling and/or frost heave, areas with uneven
bedrock depth or depth to solid subsoil, areas with
poor drainage or areas which are relatively uneven
with extremely variable subsoil conditions. When
building a gravel pitch one must therefore empha-
sise a thorough survey of subsoil conditions.
Construction must be carried out so as to create a
pitch structure with the smallest possible settling
risk, with good drainage capability and minimal
frost heave exposure. If an existing gravel pitch is
to be upgraded to an artificial grass pitch, or if the
gravel pitch is the first stage in building an artifi-
cial grass pitch, an according subsoil survey must
be carried out to determine settling and frost
heave exposure, and drainage capabilities of the
subsoil.



2.3 Subsoil survey

If subsoil conditions are unknown, a subsoil sur-
vey should be carried out before planning is initia-
ted. The survey must be carried out by geotechni-
cal professionals with the purpose of:

e clarifying the mechanical stability of natural
terrain, fills and cuttings

¢ determining the quality and properties of the
subsoil in terms of drainage, settling and frost
heave exposure.

e determining the excavatability of the subsoil and
its properties during transport and application/
compaction

e determining the distribution and extent of loose
earth materials, as well as bedrock epth

e finding any borrow pits and determining the
quality of the pit material

e determining the groundwater level and local-
ising any water veins in the pitch area

The total extent of this survey, as well as its cost,
will vary greatly depending on local conditions.

A consultant geotechnical engineering firm should
be able to provide a binding price before the sur-
vey is initiated.

2.4 Frost heave protection

A certain amount of frost heave is acceptable on a
gravel pitch. If the pitch is to be used as a winter
pitch, uneven frost heave across the pitch should
be avoided. Permanent deformation caused by
frost heave can usually be corrected in spring.
Frost protection is very costly, and the pitch user
frequency must be taken into consideration.

If there are plans to convert the pitch into in artifi-
cial grass pitch at a later date, the requirements in
terms of evenness and grading of the future artifi-
cial grass pitch are extremely strict. These requi-
rements must be taken into account if an artificial
grass pitch is to be established at a later construc-
tion stage. Unevenness caused by frost heave and
settling must be avoided on artificial grass pitches.

The frost depth depends on subsoil materials,
groundwater levels and amount of cold conditions
locally. For sport pitches, calculations are usually

based on decennial winter events and dimensined
accordingly, leaving a 10 % risk that conditions will
be colder than anticipated, causing frost heave on
the pitch.

Frost protection requires thorough knowledge of
subsoil conditions and various insulation materi-
als. The use of insulation materials in the construc-
tion of football pitches is expensive, and the mea-
sure may have major consequences for the cost of
the facility. Technical publications on the subject of
frost protection may serve as guidelines for dimen-
sioning.

In order to ensure proper drainage of a pitch
exposed to frost heave, one should consider using
materials which are both insulating and provide
drainage. This may either be light clinker or
foamed glass. The insulating effect of both these
materials is much less than in traditional insulation
plates. The thickness of this insulation layer must
therefore be 3-4 times greater than when using
traditional insulation plates. The total cost is
basically the same for all types of insulation
materials. Both loose light clinker and foamed
glass are light materials, which may also be used
as lightweight fill where one wishes to reduce
ground load to lower settling risk.

Applying light clinker as drainage and insulation layer.



2.5 Drainage

Drainage is the process of collecting and disposing
of subsoil water. Subsoil conditions, groundwater
levels, adjoining terrain and constructions are
decisive for facility drainage requirements. The
drainage system must be designed so that ground-
water levels remain virtually unaffected, and that
groundwater levels do not become too high.
Remember that a decrease in groundwater levels
will increase the load on the underlying subsoil.
This may in some cases lead to settling.

Pitch drainage usually consists of ditches with suc-
tion drainpipes placed at intervals of 4-6 m, con-
nected to collecting drainpipes outside the pitch
touch lines. The drainpipe ditches are usually con-
structed with the same gradient as the future pitch
surface (at least 1 %). If the pitch is to be used for
skating in winter, the surface should be horizontal.
The drainpipe ditches must then be constructed
with increased depth out from the centre of the
pitch to provide a sufficient gradient in the drain-
pipes. Horizontal pitches require more frequent
summer maintenance to ensure good water
permeability in the surface layer.

Stiff pipes, not coiled pipes, should be used as
drainpipes. Stiff pipes ensure that the drainpipes
have an even fall with good drainage. The pipes
used as suction drainpipes should be jacketed,
smooth inside but rectified outside, with a width
of 50 to 60 mm. Collecting drainpipes should have
a width of 100-110 mm. The drainpipes are
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Pitch drainage

embedded in drainage material according to the
supplier’s specifications, usually coarse sand or
fine gravel. Suction ditches should not be placed
deeper than 20-30 cm beneath the formation. The
suction drainpipes are connected to gathering
drainpipes outside the pitch touch lines and
provided a fall gradient of at least 1 % to sand trap
basins. The gathering drainpipes should be acces-
sible for hosing through the placement of flush
basins between the sand trap basins.

Gravel pitches may be constructed on subsoil with
good permeability (moraine gravel or rubble
filling) without fitting suction and collecting drain-
pipes. However, interceptive drainage of adjoining
terrain may be required. In most cases, pitch
drainage as described above will be necessary.

2.6 Surface water

A storm drainage system consists of pipes and
basins to gather and dispose of surface water and
water from drain lines. Surface water must be led
away from the pitch area if natural drainage to the
surrounding terrain is unfeasible or undesirable.
The water must be gathered in basins or gutters
and led via sand traps and headwater conduits to a
suitable release site or public mains. The drainage
system should be installed at a frost-free depth or
insulated so that the system remains functional
during frost-free periods of winter and spring thaw.
Heating cables in basins and sand traps may be a
solution for shallow pipe systems.

Basins and pipes must be dimensioned according
to local precipitation conditions and the size of the
catchment area. Sand trap basins must be easy to



empty and have a sufficiently large trap volume.
Plastic basins or prefabricated concrete basins
placed at intervals of 30-40 m may be used as sand
trap basins. In addition, systems must be put in place
to handle surface water from adjoining areas, if
necessary by using intercepting ditches. Basins
should be placed outside the safety area of the pitch.
Manhole covers must not be placed in the inner part
of the safety area, where the surface covering is iden-
tical to that of the field of play. Any manhole covers
placed in the outer part of the safety area must be
installed level with the surface. Dome grates must
not be used in the safety area. If grate covers are
placed in the safety area, a design in which football
shoes cannot get stuck and players will not trip on
must be chosen.

2.7 Substructure

To comply with surface evenness requirements

for gravel pitches, tolerance values for height, even-

ness and layer thickness must be formulated, as well

as requirements to material quality in the individual

structural layers. The closer one comes to the sur-

face, the stricter the requirements.

¢ The allowed deviation on the subbase topside shall
be + 30 mm for point values and + 20 mm for
mean values.

e The allowed gradient deviation at 3 m measured
length for the base course shall be + 20 mm for
point values and + 10 mm for mean values.

Big gravel

e The allowed topside deviation for the bascourse
shall be + 30 mm for point values and + 7 mm for
mean values.

There is a close connection between the subsoil con-
ditions and the thickness and design of the sub-
structure. When dimensioning the substructure, one
must take into account the subsoil drainage capacity,
frost heave exposure, load capacity, groundwater
levels, stability (settling risk) as well as dimensioning
for maintenance vehicles. The substructure must be
dimensioned to handle ordinary operation and main-
tenance equipment. Heavier vehicles than this must
not drive or park on the gravel pitch, as this may lead
to harmful deformation. Where larger vehicles are
used for maintenance of for example light installa-
tions, durable vehicle roads should be constructed
outside the safety area of the pitch.

Sports pitches may be built with a subbase and a base
course. The base course shall distribute point loads
which arise on the pitch surface to avoid subsoil defor-
mation. The subbase will contribute to increasing the
load capacity of the subsoil. Whether a subbase is
necessary or not depends on the subsoil load capacity.
Subsoil may be divided into six load capacity catego-
ries (see appendix 1), where category I is a rock cut or
enrockment, category II is mixed-grade sand and gra-
vel, while category Il is even-grade sand and gravel.
These subsoils have no risk of frost heave, and there-
fore require no subbase. Load capacity categories IV,
'V and VI include gravel, sand and moraine, which
have moderate frost heave exposure, and clay and silt,

Big gravel surface



which have high frost heave exposure. For these ma-
terial types, it is necessary to construct a subbase to
increase the subsoil load capacity and provide frost
heave protection.

To get a proper gravel pitch with uniform and
good utility value, it is important that the thickness
of the various layers be equal across the entire
pitch. The top of the subbase or formation (if a
subbase is unnecessary) must therefore be level-
led with sufficient evenness and a grading equal to
that of the future surface. The formation must be
stable. When replacing material, it is important to
achieve a firm, even and compacted foundation.

2.8 Dynamic layer

Gravel pitches are constructed with a dual top
layer — a dynamic layer and the surface layer itself.
The dynamic layer is extremely important for the
surface layer to function properly. The particle size
for this layer is usually 0-16 mm crushed rock.
The particle structure should be slightly splinte-
red to make it elastic, and should also contain
some fine-grained particles to retain a certain
amount of moisture. It must also be sufficiently
permeable to avoid soaking up water and loosing
stability. The moisture retaining capability is

necessary to feed the surface layer with moisture
during dry spells. Capillary pressure should draw
moisture up into the fine-grained fraction of the
surface layer. In terms of evenness, the dynamic
layer must meet the same requirements as the
surface layer.

The dynamic layer is applied to achieve a thick-
ness of 6 cm on a level base course. The layer
thickness applies to the compacted layer, so be
applied thickness will be 8-10 cm. The dynamic
layer is built to distribute load, provide elasticity,
ensure that larger stone pieces do not emerge into
the surface layer and that fine-grained materials
from the surface layer do not sink into the base
course. The dynamic layer materials must be
transported to the construction site and stored
there without significant particle separation
taking place.

Application of the dynamic layer should be done
with a specialised spreader or asphalt spreader.
Application with a laser-guided grader will also
create a good result, provided the base course is
dimensioned for this sort of load. The surface
layer should be moist upon application. The dyna-
mic layer is rolled with a static roller (non-vibra-
ting), for instance a 6 t compaction roller, traver-
sing twice. Except the delivery of surface layer

Preliminary application of surface layer
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materials, all forms of transport must be avoided
on the applied dynamic layer.

2.9 Surface layer

The surface layer shall consist of broken rock of
0-4 mm fractions. There are strict requirements
as to the rock species, particle shape, particle
distribution curve, method of application, quality
control during construction and maintenance.
Once trimming of the dynamic layer is completed,
the surface layer is applied to achieve a thickness
of 6 cm. This is the thickness of the layer after
compacting, so the applied thickness will therefore
be about 8-10 cm. A gravel pitch must follow strict
technical specifications:

e Good water permeability

e Correct firmness and softness

e (Good dust binding and reduction

e Ability to retain moisture

The surface layer is the playing surface itself, and
must have a required evenness of 10 mm below a
4 m straightedge. Gravel material for the surface
layer must be transported to the construction site
and stored in such a way that grain separation is
negligible. Application of the surface layer should
be done with a paver such as a road paver or speci-

alised equipment, though a laser-guided grader
may also be used. The surface layer material
should be moist during application. The surface
layer is rolled with a static roller (non-vibrating),
for instance a 6 t compaction roller, traversing
twice. When applying the surface layer, the builder
should maintain strict quality controls using
qualified professionals.

The mechanical properties of gravel surfaces
depend to a large degree on the material grading
and mineral composition of the layer mass.

Fine gravel
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Particle distribution curve for surface layer of
gravel pitches

Ideal grading and grading after some time in use
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The surface layer is subject to great strain from both
users and maintenance equipment. The surface layer
has a limited lifetime, but this may be improved by
choosing the right materials, and not least carrying
out proper maintenance. Composite grading is requi-
red to ensure that the layer does not become too
dense or loose, as it must retain moisture, but also
provide drainage of surplus water during precipitation.
Fine-grained fractions retain moisture, but too much
fine-grained material will render the layer impermea-
ble. Over time, mechanical grinding will affect the
particle distribution curve of the surface layer. Testing
will reveal an increased share of fine-grained material,
lifting the left-hand side of the distribution curve.

To alleviate this condition, coarser material may be
applied without the fine-grained fraction, for example
1-3 mm.

2.9.1 Particle size distribution

The particle size distribution of the surface layer is
determined by sifting the material through screen
cloths with square hole openings. The minimum
and maximum size of the particles is indicated in
mm in the following manner: 0-2, 04, 2-5. It is
common practice to allow a certain percentage of
the particles to be larger than the maximum size.
For football pitch surface layer material with frac-
tions 0-4 mm, 3 % by weight may be larger than

4 mm, though not larger than 8 mm. To denote that
the rock particles are crushed, a K is added to 0—4.
To describe a mixture of natural and artificial gra-
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vel, 0—4 NK is used. Particle distribution may

be described in a particle distribution chart, crea-
ting a continuous curve similar to the landing slope
of a ski jump. The most common way of describing
particle distribution is with a particle distribution
chart as shown above.

For gravel pitches it is important that particle
distribution follows an even, rising curve, and that
the sieve classification curve is within and as
parallel as possible to the boundary curves pro-
vided in the chart. In areas with rich precipitation
one should use material that is a little more open.
Such material has a particle distribution curve simi-
lar to the lower boundary curve. In a dry climate
one can use material which lies close to the upper
boundary curve. Experience with various surface
layer materials shows that one should avoid too
many oversized particles, in other words particles
larger than 4 mm. These may easily accumulate on
the surface as a loose layer that is uncomfortable to
players.

When a supplier classifies a stone material as for
instance 0—4 K, this material will often contain
between 5 and 15 % by weight of particles larger
than 4 mm. The requirement for surface covering
for football pitches is that the material shall contain
less than 3 % by weight of particles larger

than 4 mm.



2.9.2 Mineralogical properties

The mineralogical properties depend on the
rock species used as raw materials. Rock spe-
cies usually consist of several minerals bound
together in various ways. The individual mine-
rals are chemically homogenous, and different
minerals have varying properties in terms of
colour, shape, hardness, weight, toughness and
water retention ability. The following mineral-
ogical properties are characteristic for different
rock species:

e Rock species such as granite, syenite and quart-
zite consist mainly of light-coloured, lightweight,
cubic minerals with medium to poor moisture
retention.

e Gabbro and amphibolite consist of a large share
of heavy and dark minerals, and generally retain
moisture well.

e Limestone, hornfels, diabase and basalt have
somewhat varying properties, but a mixture may
have good mechanical properties for use in sur-
face layers.

e Crushed gravel, in other words crushed materi-

als from coarse natural gravel from a sand quarry

mixed with natural sand, may also provide sur-

face layers with good mechanical properties. This
does however require that the raw stone in the
quarry has an appropriate mineral composition.

2.9.3 Rock species properties

¢ The individual particles should have a crushed and
sharp-edged surface, and consist of chemically sta-
ble and mechanically strong minerals, preferably
dark and heavy rock minerals.

e The surface layer material should contain a minor
fraction of laminar minerals like mica and rod-sha-
ped minerals like amphibolite. These minerals will
lend the layer elastic properties, which will help
facilitate maintenance in the form of harrowing etc.

¢ One must avoid materials containing minerals
which weather or react with air or water. This is
usually the case with sulphurous minerals and
talings from ore mines. Using certain types of
limestone and clay shale will result in pitches
with solid surface encrustations, increasing the
surface layer maintenance requirements.

e Dark minerals, as well as rod- and leaf-shaped
minerals, have better water binding properties
than light minerals, and are therefore preferable
when aming to avoid too rapid desiccation of the
pitch, resulting in dust loss from the pitch surface.

Isolating layer of light clinker, canvas and base curse of crushed stone.
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e Dark minerals will absorb and contain solar heat
better than light minerals. A dark pitch surface
may therefore have a longer operating season
than a light surface. If the dynamic strength of
the material becomes too great, in other words,
if some of the soft, elastic components are lacking
in the material, a layer of «<knots» deposit on the
pitch surface. This may be alleviated by adding
0-4 mm material with less dynamic strength.
This is recommended because the durability of
the pitch makes it advisable to maintain the
strong component in the original surface layer.

The largest particles in 0-4 mm material should
not exceed 4 mm (a tolerance of maximum 3 % by

weight above 4 mm). The material should have
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good or suboptimal mechanical properties. The
supplier must furnish brittleness values for the
material. These values should be in the range of
35-50. With new or untested materials, petrogra-
phic and mineralogical analysis should be under-
taken. Mixing different material types to achieve
the best surface layer properties may be advisable.
When storing 0—4 mm grade material, one should
remember that it easily separates when poured
from a conveyor or a truck with a tall dumping
body. This must be avoided.

2.10 Bottom heating

In some areas, it may be advisable to install
bottom heating in gravel pitches. The Football
Association of Norway may be contacted
concerning inquiries about pitch bottom heating.
Most gravel pitches are meant to function as a
training and competition facility, as well as being

a local community facility and a gathering place for
unorganised activities. This influences the design
and placement of the pitch, the space required
around it, the placement of lighting installation,
locker room facility design, stands/terraces, plan-
tation and the size of the parking space. Organised
activities for five-a-side football may be held on
seven-a-side or eleven-a-side football pitches,

while building smaller sized pitches may be more
economical.



Sketch showing recommended shape of superelevation on football pitches

3. Design and dimensions

3.1 Aesthetics and environment

The Ministry of Culture and Church Affairs
has in recent years stressed that greater
emphasis must be placed on the aesthetic and
environmental qualities of sport facilities. It is
important that the area around the pitch also
has aesthetic qualities which create enjoyment
and well-being. Aesthetic and environmental
qualities will be emphasised when applying for
preliminary planning permission. For gravel
pitches, it is important to focus on the follwing
aspects:

e Making good use of opportunities in the terrain
(naturally sloping audience stands/terraces)

e Functional land disposal where the gravel pitch,
access conditions, roads, parking and plantation
form part of a comprehensive, united whole

o Sufficient area for vegetation and plantation, as
well as buffer zone to neighbours

e Materials must be environmentally friendly

3.2 Ball lots - local community facilities

Ball lots are smaller activity areas which serve as ac-
tivity areas for children in the local community. Orga-
nised football matches may not be arranged in such
facilities. But they are suitable for children’s own
activities and expression.

3.3 Pitches for five-a-side football

For five-a-side football, a field of play of 20 x 40 m is
recommended. The minimum pitch size is 18 x 33 m,
while the maximum size is 25 x 45 m. The penalty
area is marked 6 m from the goal line, or one uses
the 6 m area of the handball pitch. Handball goals
(2x 3 m) or minigoals (2 x 5 m) may be used.

3.4 Pitches for seven-a-side football

For seven-a-side football, a field of play of 40 x 60 m
with a minimum size of 35 x 55 m and a maximum
size of 50 x 70 m is recommended. The penalty area
is marked at 8 x 21 m. The size of the goals should
be 2 x 5 m, otherwise handball goals (2 x 3 m) may
be used with the lowest age groups.
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3.5 Pitches for eleven-a-side football

For eleven-a-side football, the minimum size of the
field of play is 45 x 90 m. The pitch size should be
adapted to local requirements and the ambition
level of the individual football club. It is recommen-
ded that pitches are built with a field of play of at
least 64 x 100 m. With regards to pitch size require-
ments for league games at different levels, consult
your national football association.

3.6 Grading and superelevation

The superelevation of gravel pitches should be
adapted to local precipitation levels. A pitch
should normally be constructed with a general
drainage gradient of 1 %. In areas with high preci-
pitation levels, the superelevation may be increa-
sed to as much as 2 %. Other gradient solutions
may be suitable for less important pitches if allo-
wed by the terrain, such a one-sided or diagonal
gradient. It is recommended that gravel pitches
are constructed with sufficient superelevation to
ensure good drainage, as the surface layer may
become less permeable to water with time.

A horizontal area must be constructed between
the goalposts to ensure even and correct height
beneath the crossbar.

3.7 Safety area

The field of play must be surrounded by an area
without physical obstacles. Regardless of pitch size,
standard requirements for the safety area must be
observed; 4 m outside the touch line (including 2 m
with the same surface as the field of play) and 5 m
outside the goal line (including 3 m with the same
surface as the field of play). Pylons, substitute
benches and advertising signs/banners must be
situated outside the safety area.
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Seven-a-side football requires smaller goals

3.8 Surface area five-a-side pitches

Recommended size of field of play is 20 x 40 m
Area with gravel surface
(2 and 3 m outside field of play) 24 x 46 m 1,104 m2

3.10 Surface area eleven-a-side pitches
- minimum size

Minimum size of field of play is 45 x 90 m Area
with gravel surface

Remaining safety area (2 and 3 m outside field of play) 49x 96 m 4,704 m?

(S1=4mandS2=5m) 96 m? Remaining safety area

TOTAL PITCH AREA 28 x 50 m 1,400 m? (S1=4mand S2=5m) 596 m?
TOTAL PITCH AREA 53 x 100 m 5,300 m?2

3.9 Surface area seven-a-side pitches

Recommended size of field of play is 40 x 60 m
Area with gravel surface
(2 and 3 m outside field of play) 44x 66 m 2,904 m?

Remaining safety area

(S1=4mandS2=5m) 456 m2

3.11 Surface area eleven-a-side pitches
- recommended size

Recommended size of field of play is 64 x 100 m
Area with gravel surface
(2 and 3 m outside field of play) 68 x 106 m 7,208 m?

TOTAL PITCH AREA 48 x 70 m 3,360 m?

Remaining safety area

(S1=4mandS2=5m) 712 m?

TOTAL PITCH AREA 72x 110 m 7,920 m?
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4. Technical facilities

4.1 Lighting installation

The standard for lighting requires a horizontal illu-
mination strength of at least 200 lux service value.
This will comply with requirements for arranging
lower-level matches. It should also be possible to
utilise the lighting installation at a lower setting

of at least 75 lux for training purposes. For higher-
level matches (national and international) and for
TV transmission, more powerful lighting install-
ation is required. In addition, there are require-
ments regarding evenness, lighting unit height,
pylon placement, colour temperature and similar
issues (contact your national football association
for additional specifications).

The most reasonable lighting installation for
eleven-a-side football is provided by erecting three
pylons outside each touch line. This may be done
in smaller facilities with limited stand/terrace
space. In larger facilities where unrestricted view
from the stand/terrace is required, a four pylon
solution with one pylon outside each corner of the
pitch should be selected. Pylons for lighting instal-
lation must be placed outside the safety area. For
seven-a-side football pitches, the most reasonable
solution is to place one pylon behind each goal.
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4.2 Audience fence

A low fence with a height of about 1 m may be
erected along the safety area of the pitch (4 m out-
side the touch lines and 5 m behind the goal line)
to avoid undesirable traffic on the pitch and keep
the audience outside the safety area. The fence
should be constructed with crossbars and sleepers
so that advertising signs may be fitted.

4.3 Guard net

It may often be sensible to set up a guard net behind
the goals, both to protect constructions behind them
and to capture the ball before it leaves the pitch area.
The guard net should have a width of 40 m and a
height of 5 m. The net is fastened to poles about

5 m apart, set up outside the safety area, at least

5 m behind the goal line. The net itself may consist
of braided, 3.5 mm polyethylene string with a
mesh size of 100 x 100 mm of rugged construction
and dark colour (green or black)



4.4 Goals - fixed or moveable

Goals used on gravel pitches may be either fixed
or moveable. If one chooses moveable goals, these
must be secured against toppling. Moveable goals
must be firmly anchored to the ground. If the
pitch is to be used for seven-a-side football with
crosswise play, moveable goals are recommended.
Moveable goals may be secured in the rear with a
snap-hook on a wire attached to a driven pole out-
side the edge of the safety area. On pitches built as
seven-a-side or five-a-side pitches, fixed goals are
recommended for security reasons.

4.5 Substitute benches

Substitute benches must be placed outside the
safety area. Each bench shall have a length adap-
ted to the requirements of the various divisions to
provide room for substitutes and team leaders.
The substitute bench should be roofed.

4.6 Service equipment

All service equipment (harrow, roller, etc.) must
be placed outside the safety area of the pitch (4 m
outside the touch line and 5 m behind the goal
line) when the equipment is not in use. There
should preferably be access to a garage building
for service equipment.
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5. Operation and maintenance

Operation and maintenance of gravel pitches
should be a prioritised item in any budget, be it
public or private. A gravel pitch is a facility which
has a wide range of applications, it is economical,
can handle extensive use, and is a valuable facility
for the local community.

5.1 General considerations

In order to operate a good year-round gravel pitch, the
technical staff/volunteers need the necessary know-
ledge and skills concerning operating and mainte-
nance procedures for the facility. In addition, appropri-
ate maintenance equipment and materials must be
readily accessible.

The extent of maintenance depends on the amount of
pitch use, on climatic conditions and the maintenance
methods utilised. In general, the cardinal rule is that a
gravel pitch must be harrowed after every day of use,
while other operational and maintenance proce-
dures are carried out as needed. This requires the
skill to assess the technical condition of the gravel
pitch, and knowledge of the methods and measures
which must be utilised to establish a good mainte-
nance standard.
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In order to achieve an attractive winter pitch, it

is specially important to observe correct winter
maintenance routines. In this context, snow
removal and salting are important elements which
come in addition to harrowing.

It is essential that the owner establishes specific
routines for year-round maintenance of the gravel
pitch. The tasks must be divided into spring main-
tenance, daily summer operation, autumn main-
tenance and winter operation.

It is important to carry out spring maintenance as
early as possible, but on a firm pitch surface. Melt-
water should be led away, and ditches and drains
cleaned. Snow from shady areas should be remo-
ved mechanically. The pitch must be free from sur-
face water before any machinery is driven onto it
to perform the primary harrowing or drag harro-
wing. Traffic on the pitch during spring thaw may
lead to serious damage to the pitch.

Following the summer season, the pitch surface
should be inspected and adjusted before being
put into winter operation. Grading, evenness and
depressions must be checked, and the necessary
maintenance and repairs must be carried out.



5.2 Pitch evenness

The required evenness for the pitch surface is
10 mm below a 4 m straightedge, in other words,
that the gap below a 4 m long straightedge at no
point measures more than 1 cm.

When in use, the pitch surface is kicked loose by
football shoes, creating holes, gravel accumula-
tions, surface furrows and the like. In order to
remove such rough patches and re-establish the
evenness of the pitch, the following maintenance
is appropriate:

5.2.1 Harrowing

After every day the pitch has been in use, any
unevenness on the pitch must be corrected. This
may be done using a harrow. Several types of har-
rows are commercially available, but if you choose
to build the harrow yourself, the following setup is
recommended:

e straightening bar of wood (200 x 200 mm)
or steel (HEA 200)

e straightening bar of wood with nails/bolts
beneath the bar (nail harrow)

e 2 m wide brush or straightening bar with
attached brush

e angle irons, T or L profiles welded together to
make a frame

e skid sweep of steel or trelliswork fencing, about
2x2m

The harrow is attached to the back of a tractor or
car and driven slowly across the pitch, at maxi-
mum 6-10 km/h. The pitch must be moist during
harrowing. Harrowing must be done according to
specific patterns, where the grading of the pitch is
taken into account and maintained. As a rule, this
levelling process is performed lengthwise across
the pitch. In order to maintain the best possible
grading structure in the surface layer, harrowing
should also sometimes be done crosswise on the
pitch or in a circular pattern. If coarser material
from the dynamic layer emerges to the surface,
these particles must be gathered and removed.
Surface layer material may easily accumulate in
the shape of long, low stripes after harrowing.
Such stripes are removed manually with a spade/
shovel to maintain the original layer thickness
(normally 6 cm). It does not pay to use machines

Examples of harrows and skid sweep

for this operation, as they may easily damage the
surface layer. After removing the surplus material,
layer thickness and particle size distribution is
checked.

The pitch must be marked after each harrowing.
Environmentally friendly materials must be used
for marking; marking chalk or water soluble paint.
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Caustic lime constitutes a health hazard and must
not be used.

e Marking chalk is applied with a small hand
wagon.

¢ Paint is applied with battery or compressed air
powered cart systems.

5.2.2 Repairing holes in the pitch surface
Holes, hollows, depressions and the like must be
filled with crushed rock identical to the type used
in the surface layer, in other words 0-4 K. Holes in
the surface layer, or point-shaped irregularities,
cannot be removed by harrowing. Holes must not
be filled with surface material in connection to the
harrowing process. If the holes are filled with fine-
grained gravel (for example 0-2 K), the repaired
area will lose its permeability, and if the holes are
filled with coarser gravel (for example 0-8 K),

it will influence the shearing resistance, creating
areas with poor density. Holes must therefore be
filled with surface material with the right particle
size distribution, particle shape and rock type be-
fore harrowing. The material used should be iden-
tical to the existing surface material, in other
words stock from a reserve store. Material used
for repairs must be moist upon application, and the
repaired area must be compacted with a vibrating
plate.

5.2.3 Repairing longer furrows in the pitch
Where running water has created furrows in
the pitch, fine-grained material will accumulate.
This must not be corrected by harrowing. The
surface material in this area must be raked to-
gether manually, and new, moist surface mate-
rial (0-4 K) must be applied. The damaged area
is levelled and compacted before being checked
with a 4 m straightedge (no gaps measuring
over 1 cm). Following such repairs, the area is
included in the overall harrowing of the pitch.

5.2.4 Sweeping

Sweeping the pitch surface using wide brooms/
brushes may be part of the harrowing process or
serve to remove unwanted coarse surface materi-
als (knot removal). The swept-up material is remo-
ved and transported off the pitch.

5.3 Solidity

The surface layer of a good gravel pitch must have
a certain solidity and density to provide the best
conditions for football players. The solidity of the
layer must satisfactorily handle most strains from
football players. The density is effected by frost
and thawing: the surface layer becomes loose and
must be compressed. This is also true of gravel

Pitch ruined by driving during spring thaw
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pitches in less frequent use and for newly renova-
ted gravel surfaces. Normal summer maintenance
does not include compacting of the surface layer.
Hard gravel pitches are normally softened

by harrowing.

5.3.1 Compacting the surface layer
Compacting the surface layer is done using a sta-
tic smoothing roller with a ground pressure of
maximum 4-6 kg/cm? for example a 500 kg roller
with a width of 90 cm and a drum diameter of 50
cm. A one ton roller with the same width requires
a diameter of 80 cm.

Avoid making sharp turns with the roller, as this
damages the surface layer. Ordinary compaction
rollers must not be used, only light rollers.

It is important to comply with the maximum
ground pressure.

5.3.2 Softening the surface layer

Pitch surface layers which have hardened and
thereby become less permeable to water must
be softened. The surface layer material must al-
ways be moist when this operation is carried
out.

e A harrow or wide rake attached to a machine is
suitable for softening the surface layer down to a
depth of 1-2 cm. This will remove local surface
hardening.

e Heavier harrows or wide rakes may be efficient
at depths of up to 2—4 cm. Using such relatively
deep-set harrows will remix the material grades,
and the permeability of the layer will be signifi-
cantly improved.

e For specially densely packed pitches, mellowing
the surface layer with a rotary cultivator set at a
depth of 4-6 cm may be appropriate. The rotary
cultivator must remain clear of the dynamic
layer below the surface layer.

5.4 Moisture

Optimal humidity in the surface layer will prevent
dust formation and ensure that the layer maintains
a suitable shearing resistance. The best result is
achieved by using calcium chloride (CaCl). If the
pitch is watered, one must make sure not to spray
the surface directly with a concentrated jet. This

will easily cause erosion in the surface, and lead to
separation of coarse and fine particles.

5.4.1 Salting

The aim of summer salting is to improve dust
bonding. The process requires 250-1000 kg of
salt per treatment, the amount is decided by
the level of dust problems. The salt is distribu-
ted using a manure spreader or ordinary salt
spreader. There are no health issues connected
to the use of salt, neither for users nor mainte-
nance staff. In order to avoid crusting following
the application of salt, the pitch should always
be harrowed afterwards. The use of seawater
for watering gravel pitches may be beneficial.

Salt may be spread using a manure spreader

5.5 Size distribution

As a result of climatic conditions and mechanical
strain (use and maintenance), changes in particle
size distribution may take place. The surface layer
must always comply with the construction require-
ments, and must therefore remain within the
boundary curves for 0—4 K:

¢ an excessive share of fine-grained materials will
reduce the passage of water

e an excessive share of coarse-grained materials
will reduce shearing resistance, resulting in a
loose surface which may cause harm to partici-
pants. The surface layer material should there-
fore be checked annually to determine whether
particle size distribution remains within the cor-
rect parameters (in other words, within the
boundary curves for 0—4 K).
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5.5.1 Removal of fine-grained surface
material
During any horizontal drainage as a result of rain
or watering, fine-grained material will be transpor-
ted with separation of the 0 K fraction. This is un-
avoidable, and must be corrected with the afore-
mentioned maintenance measures (repair of long
tracks).

If there are visible pools on the surface, fine- grai-
ned material will immediately gather at the bot-
tom. If these areas are not immediately repaired,
impermeable areas with dangerously soft and slick
surfaces may be created.

Such areas of accumulated fine-grained material
dry up more slowly than the surface at large,
making these areas easily visible on the pitch.
These accumulations must be scraped away manu-
ally with a putty knife or shovel. This material
must not be reused in the surface layer, but remo-
ved. The affected areas are then filled with new
surface layer material.

5.5.2 On-site mixing of surface layer material
Separation of surface layer material frequently
happens as a result of use, maintenance, after rain

Maintenance is required here...
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or following winter. This happens regardless
whether particle size distribution is in compliance
with the requirements. It may happen in patches
or affect larger areas. Concentration of fine-grai-
ned material will reduce the passage of water,
while concentration of coarse-grained material will
reduce shearing resistance. In order to restore the
original size distribution, as much of the surface
layer as possible has to be mixed without affecting
the underlying dynamic layer. In order for such an
operation to succeed, the layer thickness must be
even and correct (6 cm) across the entire pitch
surface, and the evenness and grading of the sur-
face must also be correct. After the surface layer
has been mixed (through tilled), the surface must
be levelled and rolled. The layer thickness and
evenness must be controlled during and after this
operation.

5.5.3 Application of coarser materials

Where concentrations of silt occur, in other words
particle sizes less than 0.06 mm, it may be appro-
priate to apply parts without 0 K material, in other
words 1-3 K material. This graded material is
distributed on the surface and applied into the
surface layer with a rotary cultivator set at a maxi-
mum depth of 5 cm. The thickness of the surface
layer should therefore be reduced by about one
centimetre before the material with the new size
distribution is spread. The operation must be
supervised by competent professionals, both with
regards to the thickness of the removed layer and
the size distribution of the applied material.

5.6 Summer operation

It is important to establish the right attitudes to
the extensive maintenance necessary to maintain
a good gravel pitch; comprehensive spring and
autumn maintenance, fixed routines for daily main-
tenance and for maintenance tasks which must be
carried out once or twice weekly.

5.6.1 Spring maintenance

In the course of the winter, the gravel pitch will be
exposed to particular strains which affect the gravel
surface. Targeted spring maintenance is therefore
necessary. During the winter, the pitch

may have:



¢ been out of use, covered in or free of snow
¢ been cleared of snow and used as an ice rink
e been cleared of snow and used for winter fooball

In the first two scenarios, the gravel surface has not
been treated during the winter season. After freezing
and thawing, the surface will reveal a loose and open
surface which is unusable before maintenance has
been carried out in the form of rolling and levelling
to restore an even and compact surface. In the third
scenario, where the pitch has been used for winter
football, the surface has been exposed to frequent
snow clearance and salting. A pitch in this condition
will require fairly extensive maintenance before the
start of the summer season. Spring maintenance con-
sists mainly in establishing an even, stable and com-
pact surface with the right grading. Layer thickness
and particle distribution must be checked before
standard maintenance operations are initiated.

5.6.2 Summer maintenance

A good gravel pitch which is in extensive use needs
daily maintenance, which mainly consists of levelling
and marking. Loose surfaces are levelled and rolled
down with a light roller weighing up to 500 kg. Hea-
vier rollers are not recommended in the mainte-
nance phase. The evenness of the gravel pitch as a
whole should be inspected with a 4 m straightedge,
and the underlying gap width must be less than 1
cm. The thickness of the surface layer is checked.
The surface layer thickness must be even across the
entire pitch surface (normally six centimetres after
compacting), and the grading must also be
inspected.

A certain amount of weed growth may occur natu-
rally on a gravel pitch. This will introduce some orga-
nic material which may cause undesirable density in
the affected area. Weed growth is the result of infre-
quent use and lack of maintenance. Moss and weeds
should be removed mechanically or manually for en-
vironmental reasons. Hazardous compounds must
not be used for the removal of moss and weeds.

5.6.3 Autumn maintenance

In autumn, when the summer season is over, the
entire pitch must be precisely evened with a leveller.
Levelling must be done according to a set pattern to
prevent changes in superelevation, and to maintain
grading and surface layer thickness. A levelling pat-
tern should be drawn up and followed every time the

Snow removed with snowblower

pitch is levelled. If the pitch is to be used for winter
football, salt (300 kg table salt — NaCl) should be ad-
ded during the final round of harrowing before level-
ling. Drains and basins must be cleaned.

5.7 Winter operation

A good winter pitch for football should be soft and
have a level field of play.

5.7.1 Snow clearance

Snow is removed by car or tractor with front-
mounted plough, or with a snowblower. All snow
must be cleared out to at least two metres outside
the field of play. A maximum of two centimetres of
loose snow may be left on the pitch surface.

5.7.2 Salting

Winter football pitches are salted as required. The
amount of salting necessary depends mainly on the
local climate. One uses calcium chloride (CaCl) or
table salt (NaCl), depending on the temperature.
Calcium chloride is effective down to -5 °C, while
table salt keeps the pitch soft at lower temperatures,
and has a longer-lasting effect. However, table salt is
considerably more expensive than calcium chloride.
Winter salting is performed to prevent the formation
of an ice crust on the pitch. In other words, the salt
melts ice formations in the surface layer. Calcium
chloride is recommended, as it emits heat during dis-
solution and covers a much greater effective area.

A salt solution distributed from a tank truck may also
be used.
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6. Projectimplementation

5.7.3 Adding surface material 6 Quality control

Spreading a thin layer of the same material used in

the surface layer of the pitch a few times during Hiring an experienced professional to follow up
winter provides good results. This may specially the work from the establishment of the formation
be of advantage in situations where one chooses to onwards is recommended. Inspections should be
avoid salting. carried out according to the checklist in Appendix

1, and include all operations from the establish-
ment of the formation up to and including hand-
over of the facility.




Appendix 1 Checklist for gravel pitch construction

It is important that quality controls are performed
by an experienced professional. The following

Subsoil

¢ Type of subsoil materials, risk of settling and
rost heave

e Evenness of formation

e Superelevation and grading of formation

e Groundwater level

e Subsoil drainage properties

Drainage system

e Suction drainpipes; ditch depth, gradient and
embedding material

o Gathering drainpipes; ditch depth, gradient
anembedding material

e Surface water drainage pipes; ditch depth,
gradient and embedding material

e Sand trap basins and drains; placement, design
of manhole rings and covers

Substructure
¢ Thickness and surface evenness of subbase
e Particle distribution curve for subbase material
e Thickness and surface evenness of base course
e Particle distribution curve for base

course material

e Thickness and surface evenness of dynamic layer

e Particle distribution curve for dynamic
layer material

e Water permeability is controlled with every layer-
Surface layer

e Control of sieve curve from supplier

¢ Control of sieve curve on sample taken
on delivery

e Control of sieve curve on sample taken during
application of the surface layer

e Control of evenness, requirement: 10 mm below
4 m straightedge

e Control of total covered area

¢ Control of layer thickness after compacting
Handover

¢ Transfer document signed by the contractor

With three-year warranty

e Issue of security during the warranty period

¢ Deadlines for repairing any flaws or defects

e Completion certificate issued from
planning authorities
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Appendix 2 Dimensioning table for gravel pitch
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construction

Load capacity category and frost heave

category

I. Rock cut, enrockment

Il. Mixed-grade gravel or sand

ll. Even-grade sFrost category T1 —
No frost heave exposure

IV. Gravel, sand with some silt,
3-12 % of material < 0.02 mm
Frost category T2 -

Little frost heave exposure

V. Gravel, sand with plentiful silt,

more than 12 % of material < 0.02 mm
Frost category T3 —

Medium frost heave exposure

VI.Silt and clay
Frost category T4 —
Extreme frost heave exposure

Pitch structure

6 cm surface layer 0-4 K
6 cm dynamic layer 0-16 K
10 cm base course

6 cm surface layer 0-4 K
6 cm dynamic layer 0-16 K

20 cm base course and
subbase

6 cm surface layer 0-4 K
6 cm dynamic layer 0-16 K

30 cm base course and
subbase
6 cm surface layer 0-4 K

6 cm dynamic layer 0-16 K

40 cm base course and
subbase

For frost categories T2-T4, any insulating layer comes in addition to this. The thickness of the insulating

layer depends on amount of frost locally and type of insulation.



Appendix 3 Pitch marking for eleven-a-side football
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Appendix 4 Pitch marking for seven-a-side and five-a-
side football

Pitch marking for seven-a-side football

Handball goal 3x2 m
or mini-goal 5x2 m

Handball goal 3x2 m
or mini-goal 5x2 m

Alternative 1: Alternative 2:
Dividing the pitch out from goal posts Dividing the pitch from the 5.5 m line
Same goal as penalty area in alt. 1

Pitch marking for five-a-side football
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