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Abstract 

Wijk, A. L. M. van (1980) A soil technological study on effectuating and maintaining 
adequate playing conditions of grass sports fields. Agric. Res. Rep. (Versl. landbouwk. 
Onderz.) 903 ISBN 90220 0743 X, (XIV) +124 p., 26 tables, 57 figs., 133 refs., Eng. and 
D.utch summaries. 
Also: Doctoral thesis, Wageningen. 

Playing conditions of grass sports fields have been studied focusing on top layer soil 
strength meeting the requirements of usage. In a field investigation a reproducible soil 
strength criterion was found from firmness appraisals and simultaneous measurements of 
soil strength. From relationships between soil strength and soil water pressure head for 
differently composed and compacted sandy top layers, pressure head and bulk density 
values were derived that limit playing conditions. The incompatibility between top layer 
compaction required for adequate playing conditions and grass viability has been ex
amined. The oxygen status of grass sports field soils was compared with oxygen diffusion 
rates and concentrations mentioned in literature to limit grass growth. To interpret the field 
measurements, oxygen distributions at different oxygen consumption rates for various 
combinations of top layer and subsoil as well as for different rooting depths were 
calculated. From laboratory investigations detailed information was obtained about com
paction susceptibility of differently composed and wetted sands and about the contribution 
of texture, organic matter, pressure head, bulk density and grass roots to soil strength. To 
find out best top layer-subsoil-drainage combinations, model research was done. Taking 
steady-state conditions for soil water flow, the top layer thicknesses required to prevent 
ponding on differently permeable subsoils were derived. To illustrate the effects of type of 
top layer, subsoil and drainage on soil water conditions in the top layer, pressure head 
profiles have been calculated. The same effects have been studied by using an electronic 
analog that simulates the non-steady-state flow of water in soil. From the simulated course 
of the pressure head in the top layer, duration and frequency of inadequate playing 
conditions have been established with the aid of pressure head and density limits obtained 
from the field and laboratory measurements. Finally, a number of conclusions and 
recommendations to effectuate and maintain adequate playing conditions of grass sports 
fields are given. 

Free descriptors: construction, maintenance, soil physical properties, drainage, electronic 
analog, grass viability 
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Stellingen 

1. De bespeelbaarheid van grassportvelden wordt bevorderd door regelmatige bespeling. 

Dit proefschrift . 

2. Onvoldoende mogelijkheden tot drainage van grassportvelden kunnen in belangrijke mate 

worden gecompenseerd door het maken van een passende toplaag. 

Dit proefschrift. 

3. Waarnemingen die aangeven dat op grassportvelden bij een hoger luchtgevuld poriën

volume hogere grasbedekkingen voorkomen, rechtvaardigen niet het advies tot het uitvoeren 

van onderhoudsmaatregelen die op verhoging van dit luchtgevuld poriënvolume zijn gericht. 

Müller-Beck, 1971. Sportplätze aus der Sicht des Bodenaufbaues und des Pflanzen
bestandes. Diss. Friedr. Wilh. Univ., Bonn. 

Dit proefschrift. 

4. De term bodembeluchting voor het met onierhoudsmachines gaatjes of sleuven in de top

laag van grassportvelden drukken, brengt meer een wens dan een werkelijkheid tot uit

drukking. 

5. Het, zoals Beard voorstelt, zodanig dimensioneren van sportcomplexen dat rotatie van 

speelvelden kan plaatsvinden is ongewenst. 

Beard, 1973. Turfgrass: Science and culture. Prentice Hall, Inc., Englewood Cliffs, 
New Jersey. 

6. De volumedichtheid is een ongeschikte grootheid om de mate van verdichting van ver

schillende gronden te vergelijken. 

7. De verbouw van maïs in gebieden met mestoverschotten is voor de praktijk een extra 

complicatie om tijdig bodemverontreiniging te onderkennen. 

8. Bij de samenstelling van veevoer dient niet alleen rekening te worden gehouden met de 

gezondheid van het dier en de kwaliteit van melk en vlees, maar ook met de kwaliteit van 

de mest. 

Werkgroep 'Mineralen in krachtvoer in relatie tot bemesting en milieu', 1979. De 
gehalten van mengvoeders aan enkele minerale bestanddelen met betrekking tot de 
behoefte van de dieren, de uitscheiding in de mest en urine, alsmede enkele gevolgen 
voor bodem, plant en dier. Rapport II. 



9. Om de regeneratie van blauwgrasland uit cultuurgrasland te bevorderen is het wat de 

waterhuishouding betreft slechts nodig de waterafvoer te beperken tot tijden dat het land 

onder water staat en deze te stellen op 1,3 millimeter per dag. 

10. Teneinde de kwaliteit van de ontwikkelingssamenwerking te verhogen verdient het aan

beveling ontwikkelingsdeskundigen vanuit vaktechnische organisaties uit te zenden en te 

begeleiden. 

11. In de groensector wordt onvoldoende aandacht besteed aan de overdracht van informatie. 

12. De aanncediging 'hond in de goot' op vuilnisauto's dient te worden gewijzigd in 'hond 

bij de boom'. 

13. Hoewel men van het gekrakeel over weidevogelgebieden tureluurs kan worden, dient men 

toch te bedenken dat er bij het bereiken van overeenstemming enkele kemphanen minder 

zullen zijn. 

Proefschrift van A.L.M, van Wijk 
A soil technological study on effectuating and maintaining adequate playing conditions of 
grass sports fields. 
Wageningen, 12 december 1980 
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List of used symbols 

Some incidental symbols are defined in the text only. Some symbols are also used 
for any given constant. 

Symbol Interpretation Dimension 
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Concentration of soil gas (volume per volume) 
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Diffusion coefficient in soil respectively air 
Thickness of aquifer between drain level and 

impervious base 
Thickness of so-called equivalent layer 
Gas flux in the soil 
Acceleration due to gravity (g = 9.813 m • s -2) 
Hydraulic head 
Hydraulic head at phreatic level midway 

between the drains 
Hydraulic head at the open water level in the 

drains 
Hydraulic head for horizontal, radial 

respectively vertical flow 
Amount of infiltration 
Rate of infiltration 
Hydraulic conductivity 
Hydraulic conductivity at i/r = 0 
Distance between parallel drains 
Height of water table midway between the drains 
Amount of precipitation 
Resistance to horizontal, radial respectively 

vertical flow 
Radius of the cylinder sheared by blades of 

vane shear apparatus 
Amount of precipitation to be stored in top layer 
Degree of saturation (volume per volume) 
Vane shear strength 
Torque applied to vane apparatus 
Time 

r1 

M-
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L 
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Symbol Interpretation Dimension 

u Height of the cylinder sheared by blades of 
vane shear apparatus L 

t; Flux of soil water; drain discharge rate L • t - 1 

z Vertical distance from reference level as 
indicated in text L 

a Soil constant: exponent of fc(t/>) relationship L - 1 

ß Volume of oxygen consumption per unit volume 
of soil per unit time t~x 

e Total volume of pores per unit volume of soil 
in bulk — 

eg Volume of air-filled pores per unit volume 
of soil in bulk — 

6 Volume of water per unit volume of soil in bulk — 
p, pw Bulk density of soil resp. water M • L - 3 

p' Relative density of soil — 
a, a' Total respectively effective stress M • L _ 1 • t~2 

T Soil shear strength M • L _ 1 • t~2 

4>' Angle of shear resistance — 
X Area fraction over which t/> contributes to <r' — 
^mass Total water potential expressed as energy 

per unit mass L2 • t - 2 

^weight Total water potential expressed as energy 
per unit weight L 

«/f Soil water pressure head L 



1 Introduction 

1.1 General 

The playing condition of a grass sports field depends on many characteristics. 
The most significant prerequisite is a smooth, stiff, resilient but sufficiently firm 
turf, free from ponding. Here turf is defined according to Beard (1973) as: a 
covering of grass vegetation plus the matted, upper stratum of soil filled with roots 
and/or rhizomes. The term sward is used for the above-ground parts of the grass 
cover, while grass is used to indicate the entire grass plant. 

The main factors determining the playing condition requirements are: 

! - intensity and type of use (degree of treading intensity, type of sports shoes, 
nature of actions as scuffing, turning or stopping, size of the ball, etc.); 
-frequency of use (number of matches per weekend or per day); 
-weather conditions (summer or winter use). 

In the case of ball sports such as soccer and field hockey the smoothness and 
resilience of the turf must be such that trueness and distance of ball roll and ball 
bounce is not influenced negatively. The use of a small ball (e.g. hockey) sets 
other requirements at smoothness of the surface and cutting height of the grass 
than that of larger balls. At the same time the turf must have sufficient bearing 
capacity. It then can take up the forces exerted, without deformation to the extent 
that playing is adversily affected and a repair of the playing surface therefore 
becomes necessary. 

To fulfill the required playing conditions, the combined influence of both grass 
and soil component must be considered. The role of grass with regard to the 
playing conditions mainly is a functional one. It reinforces the soil, it contributes 
to the surface resilience and prevents direct contact between sport practiser and 
soil surface. 

In this study playing conditions are considered to be adequate when the top 
layer maintains the mentioned prerequisites at the weather conditions, playing 
frequency and intensity pertaining to the usage intended. 

During the last decades in the Netherlands the number of practisers of outdoor 
sports as well as sports fields is strongly increasing (see Table 1). There are a 
number of reasons for this development such as growth of the population, 
increase in income, in leasure time, in mobility, compensation for the little 
physical exercise during work and revaluation of sports in general. 

To quantify the demand in number of sports fields within a certain region one 
first has to know the population figure and the participation rate in different kinds 

1 



Table 1. Number of organized practisers and available grass fields for some 
main outdoor sports in the Netherlands (derived from NSF, 1975; CBS, 
1971, 1976) 

Soccer 
Korfball 
Hockey 
Handball 

Number of practisers 

1963 

487 515 
40 853 
35 142 
37 566 

1969 

618 850 
56170 
46 090 
51515 

1975 

900 000 
74 477 
66 884 
72 327 

Number of fields 

1963 

4 543 
563 
468 
211 

1970 

6 293 
715 
673 
397 

1975 

8 076 
844 
879 
681 

of sports for various groups of the population, subdivided by age and sex. Other 
important factors are the number of players per team, the permissible number of 
matches per field, per weekend or per day and the number of home-matches 
played (Van Duin, 1971; Rosenboom, 1977). The spatial demand for sports fields 
is inversely proportional to the number of matches, possible with respect to the 
available time, which can be permitted while maintaining adequate playing 
conditions. When the playing conditions are poor, matches frequently have to be 
cancelled. Then more fields are required to realize a competition programme. 

Because of the growing demand, an increasing spatial claim in a densely 
populated country as the Netherlands and the generally high construction and 
maintenance costs of grass sports fields, it is worthwhile to try to improve the 
playing conditions by means of a well-thought-out construction and maintenance. 
The objective of this study is to contribute to the knowledge of soil physical 
properties and processes responsible for the playing conditions of grass sports 
fields and to improve their construction and maintenance. 

1.2 Earlier investigations 

1.2.1 Design criteria and construction methods 

Design criteria for sports fields should be directives or standards set by the 
intended form of usage. Design criteria found in literature about top layers of 
fields for outdoor sports all refer to sandy soils or soils amended with sand, other 
coarse textured materials and peat. The hydraulic conductivity is the characteristic 
of these materials mainly considered (Table 2). Most of these standards are 
derived from prospective rainfall amounts or application rates of surface irriga
tion. They are often used as a standard to test the suitability of sands, or soils 
amended with all kinds of anorganic or organic materials for top layer or root 
zone construction. 

Apart from setting a quantitative standard for the hydraulic conductivity, the 
acquiring of a sufficient permeability is often indirectly pursued by prescription of 
a particle size distribution or distribution area (Fig. 1) and a maximal organic 
matter content (see Table 3). When a particle size distribution area is prescribed, 



Table 2. Minimal requirements of hydraulic conductivity of top layers or root zone 
materials of sports fields, as proposed in various countries 

Country 

Denmark 
German Federal Republic 
The Netherlands 
Great Britain 
United States of America 

Hydraulic 
conductivity 
(cm • d"1) 

24-48 
130 
60 

240 
60 

120 
120-240 

408 

Author 

Petersen (1974) 
Deutscher Normenausschuss (1974) 
Stuurman (1970) 
Adams et al. (1971) 
Schwartz & Kardos (1963) 
Beard (1973) 
Waddington et al. (1974) 
Bingaham & Kohnke (1970) 
Daniel et al. (1974) 
Brown & Duble (1975) 

it is stated that the partiele size distribution curve of the material applied must 
have a shape corresponding with and lying between the boundary curves. The 
figure shows little similarity in the coarseness of the root zone material as given by 
the US Golf Association Green Section (Radko, 1974), Deutscher Nor
menausschuss (1974) and Working group (1970). This difference in root zone materi
als indicates a different elaboration by various authors of hydraulic conductivity 
requirements. 

In literature the requirements of hydraulic conductivity and particle size dis-
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Fig. 1. Particle size distribution areas for root zone materials (texture nomenclature 
according to Soil survey staff, 1975). 



Table 3. Requirements of particle size distribution, median particle 
diameter (M50) and organic matter content of top layer or root zone 
materials. 

Author Particle size distribution 

Working Group (1970) 130<M50<230 /xni 
<10% of the particles <20 /urn 
organic matter content 2 -5% 

Bingaham & Kohnke (1970) 200 <M50 <400 /xm 
Adams et al. (1971) 100<90% of the particles <600 ixm 
Radko (1974) 100% of the particles <1000 ^ m 

35% of the particles <500 /xm 
15% of the particles <250 /xm 
5% of the particles <60 /xm 

Deutscher Normenausschuss 200 <high particle content <600 /xm 
(1974) 60 <high particle content <200 /xm 

8% of the particles <20 /xm 
organic matter content < 4 % 

Petersen (1974) 80-85% of the particles >50 /xm 
12-15% of the particles <20 /xm 
organic matter content < 5 % 

tribution are sometimes supplemented by qualifications of factors as total porosity, 
air porosity and water holding capacity (Table 4). 

The design criteria mentioned in the Tables 2, 3 and 4 all refer to the top layer 
or root zone. Qualifications of the subsoil are very scanty. Deutscher Nor
menausschuss (1974) judges the drainage of a subsoil inadequate when the 
hydraulic conductivity is less than 0.001 cm • s"1, i.e. 86.4 cm • d"1. In this case a 
coarse textured drainage layer must be constructed between top layer and subsoil. 
When a drainage layer is constructed, an additional subsurface drainage system is 
considered to be necessary when groundwater tables higher than 70 cm below the 
surface occur. When a drainage layer is not necessary, a drainage system must be 
installed if the phreatic surface regularly rises above 85 cm below the surface. 
Beard (1973) judges a drainage system to be needed if the groundwater table 

Table 4. Requirements of total pore volume (e), air-filled pore volume 
(eg) and water availability (0a) of top layer or root zone materials. 

Author e eg 0a 

(cm3 • cm 3) (cm3 • cm"3) (cm3 • cm -3) 

D . , , „ . . ,1Q_„s >0.30 >0.10 >0.15 
Bingaham & Kohnke (1970) Q 3^_Q 40 
Beard (1973) 
Gandert (1973) 
Daniel et al. (1974) 
Petersen (1974) 
Radko (1974) 
Skirde (1974) 

>0.50 

>0.50 
0.40-0.55 

>0.20 
>0.10 
>0.15 
>0.15 

0.30-0.40 
0.15-0.30 

>0.20 
0.35-0.40 



reaches above 120 cm below the surface. In the Netherlands, natural drainage of a 
grass sports field soil is considered to be insufficient if the groundwater level 
regularly rises above 50 cm below the surface. The drainage system installed in 
that case must satisfy a discharge of 1.5 cm • d_1 with a groundwater table at 
50 cm below the surface. 

The design criteria summarized in this section show partly similarities, partly 
large differences. Differences in design criteria will reflect differences in construc
tion. A number of constructions as proposed in literature are schematically given 
in Fig. 2. They roughly vary between a subsoil simply covered by a thin sandy top 
layer and sophisticated constructions where soil water conditions are highly 
controlled (Beard, 1973; Daniel, 1969; Daniel et al., 1974; Deutscher Nor-
menausschuss, 1974; Langvad, 1968; Moesch, 1975). 
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Fig. 2. Schematic representation of grass sports field constructions as given in literature. 



1.2.2 Comments 

When formulating standards it must be brought to mind that a strong general
ization of standards increase the probability of deviations from the result desired. 
Against an overall application of standards it can be argued that usage of sports 
fields can widely differ with regard to place (climate, soil conditions), frequency, 
intensity and type of use. 

Most of the standards mentioned in literature are empirically derived and show 
little theoretical or experimental background. Experiments on transferability of 
standards to actual field conditions scarcely are found. A number of standards 
create the impression of high security. Over-dimensioning of standards, however, 
has the disadvantage that many soils in natural state do not satisfy the standards 
prescribed. This may lead to expensive soil modifications or to every kind of 
artificial soil mixtures. 
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Fig. 3. Factors influencing the possibilities for use, grass growth, maintenance and con
struction of a soccer field respectively playground turf. 



Once it is agreed that the use of grass sports fields requires a resilient but 
sufficiently firm surface which in spite of compacting actions maintains an ade
quate permeability and viability of the turf, then the main characteristics of the 
top layer to which attention must be paid are: soil strength, soil water characteris
tic, hydraulic conductivity, and gas diffusion coefficient. Most of the existing 
standards as a particular grain size distribution, permissible portion of some 
granular fractions or organic matter content are indirect measures only. 

When studying design criteria it is better to start from the functional purpose of 
grass sports fields. Differences in type, intensity and frequency of use and in 
prevailing weather conditions must lead to differences in design criteria, construc
tion methods and maintenance. An example is given in Fig. 3, where the 
conditions and consequences of the use of a turf for playing soccer is compared 
with its use as a playground. Both types of use differ widely with respect to the 
attack on the turf (soccer use with and playground use without studded boots) and 
the weather conditions during the main period of use. In the Netherlands the 
playing season of soccer mainly coincides with a period of precipitation surplus 
(winter) and of playgrounds with a period of a precipitation deficit (summer). When 
aiming at favourable playing conditions also when weather conditions are poor, a 
sufficient bearing capacity of the top layer is essential (see also Boekel, 1972; 
1979). Improvement of the bearing capacity is, however, limited by the growth 
conditions of the grass and the hydraulic conductivity of the top layer. Bearing 
capacity results from a combination of soil physical factors and processes and the 
reinforcing action of roots. If the bearing capacity meets the usage requirements, 
the top layer will hardly deform and the turf will remain smooth, stiff and firm. 
Therefore this study is primarily dealing with the bearing capacity of grass sports 
fields. 

1.3 Scope of present investigations 

In this study grass sports fields to be used for soccer are considered. Soccer 
has been chosen not only because it is the most popular sport in the Netherlands 
(Table 1), but also because it is the most aggressive type of usage of a sports field. 
Moreover the playing season coincides mainly with wet soil conditions in autumn 
and winter. This provides the opportunity to study the significance of bearing 
capacity under extreme circumstances. 

In the Netherlands most sports fields used for outdoor sports are grass covered. 
From the number of competition fields for the sports mentioned in Table 1, 96% 
consists of natural turf. For fields used for training this amounts to 76% (CBS, 
1976). Apart from hard topped fields, mostly used for training, in recent years 
also some fields are constructed with an artificial turf. Such fields have a number 
of advantages, such as higher speed and precision of play, and the possibility to 
play frequently because of its high resistance to tear and wear and its indepen
dency of the weather. Disadvantages of artificial turf are the very high construc
tion costs, a friction and resiliency differing too much from natural turf and the 
likelihood of injury to players (Kocher, 1976). Therefore for soccer competition 
purposes artificial turf cannot yet be considered as an equivalent alternative to 



natural turf. 
Investigations on the bearing capacity of agricultural grassland in the Nether

lands in connection with the sensibility for trampling of the sod by cattle have 
been carried out by means of penetrometers (Wind & Schothorst, 1964). Because 
of the totally different way of usage and weather conditions during the playing 
season of most field sports, the standards for the penetration resistance and 
groundwater table depth valid for natural grasslands do not apply to grass sports 
fields, however. 

To some of the aspects of the investigations reported in this study attention has 
been paid by Van Wijk (1973, 1980); Van Wijk & Beuving (1975a, 1975b, 
1978); Van Wijk et al. (1977). The present study offers an integrated soil physical 
- soil mechanical - hydrological approach to evaluate playing conditions of grass 
sports fields, and it is intended to contribute to theory and practice of construction 
and maintenance of these fields. The research described here is divided into three 
parts: 

- an inventorizing part based on field data; 
- an analysing part based on laboratory measurements; 
- an analysing and generalizing part based on model research. 

The procedure of investigation and presentation is schematically given in Fig. 4. 
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Fig. 4. Scheme of the procedure followed to evaluate, with the aid of basic soil properties, 
the playing conditions of grass sports fields with diiïerent top layer, subsoil and drainage 
conditions. Encircled numbers refer to the chapters in this study. 



Field investigations In first instance an inventory type of investigation was 
performed on a number of sports fields that differed in top layer, soil profile and 
water regime. Many sensory firmness appraisals and simultaneous measurements 
of soil strength, water content, water pressure head and bulk density were 
conducted to derive a measurable soil strength criterion for adequate playing 
conditions and to establish the soil physical properties responsible for soil 
strength, their interrelations and limiting values (Chapter 2). 

Additionally it was investigated to what extent the requirements set to the top 
layer in view of playing conditions and of grass viability are controversial. 
Information on this point was obtained by comparing the oxygen demands of 
grass as given in literature with oxygen levels and diffusion rates measured on 
several established grass sports fields (Chapter 4). 

Laboratory research For a better understanding of the field measurements a 
more thorough examination of compaction behaviour, and the soil strength - soil 
water pressure head - bulk density relationship of sandy top layer materials was 
performed. Detailed information was obtained on compaction susceptibility of 
differently composed sands and on the contribution of texture, organic matter, 
pressure head, bulk density and grass roots to soil strength. Moreover, pressure 
head limits for playing conditions as derived from field data could be sup
plemented and confirmed (Chapter 3). 

Model research Its purpose is to supplement and generalize the field and 
laboratory experiments. An evaluation is given of the effect of organic matter 
content, compaction and thickness of sandy top layers, type of subsoil and 
subsurface drainage by means of tubes or a tube drained sandy layer between top 
layer and subsoil, on the soil water conditions of the top layer. Taking steady-
state conditions for the soil water flow the thickness of the top layer required to 
prevent ponding was estimated. To illustrate the effects of top layer, subsoil and 
drainage on soil water conditions in both top layer and subsoil, pressure head 
profiles were calculated. The same effects were studied by using an electronic 
analog that simulates the non-steady-state flow of water in soil as a combined 
effect of precipitation, hydrological characteristics of top layer and subsoil and the 
properties of the drainage system. From the simulated course of the pressure head 
in the top layer, duration and frequency of inadequate playing conditions then can 
be derived with the aid of the density and pressure head limits for adequate 
playing conditions obtained from the field and laboratory measurements (Chapter 
5). 

In conclusion a number of recommendations for the practice of sports field 
construction and maintenance, derived from the field, laboratory and model 
investigations will be given (Chapter 6). 



2 Soil physical properties determining playing conditions 

2.1 Usage of sports fields 

As the soccer competition in the Netherlands takes place from August to May 
inclusive, the playing season mainly coincides with a period having a precipitation 
surplus. Fig. 5 shows the yearly variation of precipitation and open water 
evaporation as monthly averages over 25 years. Only at the end of the playing 
season evaporation exceeds rainfall. Because of a mean precipitation surplus of 
about 2 mm • d_1 during the winter months, the soil water content of the top layer 
will predominantly be high. So at certain textures and bulk densities, the top layer 
will often be soft and slippery, thus reducing playing conditions. When construct
ing grass sports fields much attention therefore is paid to the texture of the top 
layer and to controlling the groundwater table depth (see Section 1.2.1). Mainly 
on basis of experience, standards have been set with regard to particle size 
distribution and highest acceptable groundwater level. The amount of particles 
<20 fim may not exceed 10%. The median particle diameter of the sand must be 
about 200 fim and the organic matter content between 2 and 5%. The groundwa
ter level must not rise above 50 cm below the soil surface. When this occurs, a 
drainage system must be installed with a discharge capacity of 1.5 cm • d"1. 

Nevertheless, in many circumstances adequate playing conditions of grass sports 
fields constructed in accordance with these standards cannot be guaranteed. 
Playing conditions, in so far as depending on bearing capacity or soil strength, are 
not constant but regularly liable to change. Short term changes may occur in 

precipitation resp 
evaporation (mm) 

120p playing season 

Fig. 5. Precipitation and open water evaporation at De Bilt, the Netherlands, as monthly 
averages over the period 1945 through 1969 (after Anonymous, 1971). 
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consequence of changes in water content of the top layer. In the long run 
accumulation of leaf clippings, thatch formation or earthworm activities may alter 
the prescribed grain size distribution by enriching the top layer with organic 
matter and fine particles. 

The effect of playing depends, except on the conditions of the top layer, on the 
nature of actions such as rushing, scuffing, turning, etc. Because the effect of the 
forces exerted depends on the surface area on which these forces act, the type of 
sport shoe becomes of major importance. Compared with regular street shoes 
soccer boots have a very small contact area. They are supplied with studs, which 
must prevent sliding of the player by their light penetration into the turf. When 
stationary, a 75 kg heavy man wearing street shoes may exert a vertical pressure 
in the order of 0.025 to 0.040 MPa. When walking and placing the entire heel 
down first, this pressure may increase up to 0.12 MPa. For soccer two types of 
boots are used. The more professional type has six studs of which four are placed 
at the base of the front part of the boot. A 9.5 (U.K), equivalent to a 11.5 (USA), 
size boot has studs with a top 0 of 1.25 cm, base 0 of 1.40 cm and height of 1.30 
to 1.50 cm. Another type with nine studs of which six at the front of the boot, has 
studs with a top 0 of 1.30 cm, base 0 of 1.60 to 1.70 and height of 0.95 to 
1.00 cm. In standing position a 75 kg player wearing the six-studded boots exerts 
a pressure of 0.51 MPa and when wearing the nine-studded boots of 0.31 MPa. 
When walking he puts his weight on the studs at the front of one of his boots and 
exerts a pressure of 1.53 MPa or 0.94 MPa respectively. When running he may 
exert a pressure two to three times as large than when standing (Beard, 1973). 
When running or scrummaging the effective momentary pressure of a soccer 
player can increase up to about 4.0 MPa (Thornton, 1973). 

At these large pressures it seems inevitable that damage to the surface and wear 
of the sward will occur. The damage to the turf will be the more severe, the more 
the studs penetrate the surface. This will lead to shearing and disruption of the 
turf. 

2.2 Usage and soil physical properties 

Because of playing, compaction of the top layer may occur. The susceptibility 
for compaction depends on a number of factors, such as soil texture, soil water 
content, frequency and severity of the pressures applied. In this context Beard 
(1973) points out the role of the vegetation cover in cushioning the effects of the 
forces exerted. Soil compaction alters the soil physical properties. Bulk density 
increases which implies a change of both total pore volume and pore size 
distribution and at the same time a change of the soil water characteristic, the 
hydraulic conductivity as well as the oxygen diffusion coefficient. 

On the other hand an increase in bulk density also implies a change of the 
strength properties of the soil. The shear strength of granular soils is highly 
dependent on its degree of packing. The denser the packing the greater the 
energy input needed for shear distortion and volume change (Yong & Warken-
tin, 1975). To estimate at what pressure top layer failure occurs and which 
exerted pressures still are acceptable, the equation of Coulomb can be applied: 
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T = c' + 0-'tg<É>' (1) 

where 
T = soil shear strength (Pa) 
c' = cohesion (Pa) 
a' = effective stress (Pa) 
<t>' = the angle of shear resistance (degrees) 

According to this equation the resistance of the soil to deformation consists of 
cohesive and frictional forces. Cohesion represents that portion of soil strength 
that is not depending on the vertical load. The frictional forces at the interparticle 
contact areas counteract sliding of the particles, c' and </>' are soil constants which 
are related to texture, organic matter content and bulk density (Smith, 1964) (see 
also Section 3.4.6). If for various sands with different bulk densities data on c' 
and <t>' would be available, it would in principle give the opportunity to forecast 
top layer deformation from the pressures exerted. 

In this study it is attempted to derive the soil strength required for adequate 
playing conditions by measuring the in situ strength of top layers. Reasons for this 
are: 

- data on c' and <j>' are not available for top layer materials and conditions usual 
in the Netherlands. Moreover they only can laboriously be determined; 
- the unknown contribution of grass roots to top layer soil strength; 
- the experience of Smith (1964) and Green et al. (1964) who found that directly 
measured soil strength values such as vane shear strength, cone index and triaxial 
shear strength reflected changes in soil water content and bulk density with better 
precision than indirectly measured or derived values such as cohesion and angle of 
shear resistance. 

2.3 Fields investigated and methods 

2.3.1 Experimental sites 

Field investigations were performed during the playing seasons from the second 
half of the winter of 1972-73 up to the playing season of 1975-76 inclusive, in 
first instance (1972-73 and 1973-74) on seven and later (1974-75 and 1975-76), 
as a consequence of a more intensified measuring program, mainly on four grass 
sports fields. The seven grass sports fields, all used for soccer, differ from each 
other in texture, top layer, profile, drainage and age. On each field three plots 
were chosen in such a way that three quite different playing intensities were 
encountered (Fig. 6). In sequence of increased playing intensity the Plots 1, 2 and 
3 represent respectively an extensively, a moderate intensively and a very 
intensively used part of the field. Each field was visited about once in two weeks. 

When selecting the fields for investigation it was taken into account that grass 
sports fields in the Netherlands occur on various profiles and almost all have an 
artificial sand cover or sand-mixed topsoil. A survey of the profiles of the seven 
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Fig. 6. Location of the 3 plots on half of each of the soccer fields investigated. 

fields chosen is given in Fig. 7. Fields A and B both are situated on silty clay loam 
(creek ridge soils), Fields C and D on heavy clay soils over peat (back-swamp 
soils), Field E on a humous fine sand, Field F on a humous medium sand and Field 
G on a fine loamy sand almost without humus. 

To characterize the different drainage of the various soil profiles, the highest, 
lowest and mean groundwater table depth as measured during the period of 
investigation are given. For Fields B, C and D this period lasted from December 
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Fig. 7. Profile, texture and groundwater table depth of the 7 selected grass sports fields (for 
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1972 to April 1973 inclusive and from October 1973 to April 1974 inclusive. For 
Fields A, E, F and G the data are pertaining to the periods December 1972 to 
April 1973 and October to April 1973-74, 1974-75 and 1975-76. 

The profiles of Fields A and B can be qualified as being well-drained. The 
subsurface drain of the profile of Field A seems to be superfluous, because the 
groundwater table depth very seldomly exceeds the subsurface drain level. Fields 
C and D are subsurface drained because they are located in areas with high ditch 
water levels. Field E can be considered as being representative of wet sandy soils, 
Field F representative of dry sandy soils. The drainage of Field E is intermediate 
to Fields E and F. 

As already mentioned, playing conditions of a grass sports field directly 
depends on the composition of the top layer. Table 5 shows both the texture and 
organic matter content of the top layer of the 21 experimental plots at the start of 
the investigation. 

Table 5. Texture, median particle diameter (M50) and organic matter content of the layer 
0 to 2.5 cm of the 7 grass sports fields investigated (for the profiles see Fig. 7). 

Field 

A 

B 

C 

D 

E 

F 

G 

Plot 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

Texture 

< 2 urn 

12.4 
8.0 
5.9 

5.7 
6.5 
4.5 

14.3 
11.3 
10.4 

2.7 
3.8 
7.9 

2.8 
2.5 
2.5 

2.8 
2.7 
2.1 

1.9 
1.6 
1.5 

2-16 

8.3 
5.7 
3.5 

4.9 
5.2 
3.3 

6.6 
5.4 
4.7 

1.1 
1.4 
4.0 

1.4 
1.3 
1.3 

2.0 
1.1 
1.4 

0.7 
0.5 
0.5 

16-50 

7.9 
5.8 
4.4 

7.1 
7.6 
5.8 

3.8 
3.8 
3.5 

3.0 
4.0 
4.3 

2.5 
2.6 
2.7 

3.8 
3.3 
2.3 

1.8 
1.0 
1.5 

50-105 

2.2 
3.6 
4.7 

10.4 
9.1 
9.8 

1.6 
2.3 
2.1 

7.5 
8.9 
7.9 

14.6 
15.0 
14.2 

6.8 
8.1 
9.2 

13.6 
11.9 
11.3 

105-150 

3.0 
8.4 
8.7 

15.5 
17.4 
24.0 

2.6 
4.2 
3.8 

19.0 
19.1 
16.4 

26.7 
27.1 
25.1 

13.8 
20.4 
23.4 

31.5 
32.7 
31.2 

150-210 

11.1 
17.3 
15.6 

25.9 
23.0 
27.0 

7.1 
9.1 
9.1 

30.4 
27.6 
24.1 

28.2 
27.1 
25.0 

19.4 
25.0 
27.9 

29.0 
31.0 
31.9 

> 2 1 0 n 

55.1 
51.2 
57.2 

30.5 
30.2 
25.6 

64.0 
63.9 
66.4 

36.3 
35.2 
35.4 

23.8 
24.4 
29.2 

51.4 
39.4 
33.7 

21.5 
21.3 
22.1 

M50 Org.m. 
m 

306 
260 
280 

185 
185 
171 

316 
315 
313 

170 
188 
193 

161 
160 
168 

241 
193 
181 

156 
157 
161 

(%) 

7.6 
6.7 
6.1 

5.7 
6.1 
5.5 

7.7 
7.2 
7.4 

5.2 
5.7 
6.4 

8.8 
7.8 
7.7 

8.8 
8.9 
7.5 

2.6 
2.1 
2.1 
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2.3.2 Measuring methods 

Simultaneously with sensory appraisals of the condition of the top layer, 
physical measurements were carried out as well as sward density appraisals. 

During the playing season of 1974-75 and 1975-76 these measurements were 
supplemented on the four Fields A, E, F and G, with additional regular measure
ments of soil water pressure head along the depth of the profile and of oxygen 
diffusion rate and oxygen concentration (see Chapter 4). On these four fields from 
time to time measurements of bulk density of the top layer and observations 
about rooting depth and intensity were made. 

2.3.2.1 Firmness appraisal 

To be able to derive a true and reproducible criterion on playing conditions it is 
necessary to correlate physical measurements with practical appraisals of the 
actual playing condition. To this end, at the same time and place as the 
measurements, a sensory firmness appraisal was made to estimate the bearing 
capacity of the top layer from the penetration depth when kicking a shoe-heel 
into the turf (Pieters, 1961; Boekel, 1972). For this heel-method a scale was used 
ranging from 1 to 10. A score of 7 implies that the bearing capacity of the top 
layer is sufficient to allow intensive playing. At this score just perceptible imprints 
of the studs are observed on intensively played parts of a field, where the sward is 
generally thin. Lower scores given to such parts are coupled with increasing 
deformation of the top layer. Higher scores indicate a decreased grip because of 
increased hardness of the top layer. These appraisals were carried out in coopera
tion with professional turfmen and include their experience. Perceptible consequ
ences in the course of time such as changes in smoothness and stiffness also were 
taken into account. 

The disadvantage of the heel-method is that the reliability and reproducibility 
of the observations depend on the experience of the essayer. Therefore observa
tions have to be carried out by the same person or by a few closely attuned 
persons. 

2.3.2.2 Soil strength 

In situ soil strength can be measured in several ways. In the experiments 
discussed here, two devices were used, a penetrometer and a vane shear apparatus 
(Fig. 8). The penetrometer applied is a hand-operated static cone type (manufac
tured by the Goudse Machinefabriek) registering the penetration resistance in 
kg • cm-2 met by the cone when slowly at a constant rate pushed into the top 2 to 
3 cm of the soil. The penetration resistance depends on the size and shape of the 
cone applied (Freitag, 1968). The cone used had an apex angle of 60° and a base 
of 1 cm2. The vane shear apparatus consisted of four blades (each 1x4 cm) at 90° 
intervals around a central shaft. The vane is pushed into the top layer till the 
upper side of the blades coincide with the soil surface. The torque applied to 
overcome the soil shear resistance at the surface then is measured. It can be 
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Fig. 8. Vane apparatus and penetrometer used in the field experiments. 

converted to shear strength by applying the equation: 

T 
Sv = 2nr2(u+kr) ( 2 ) 

where 
Sv = vane shear strength (Pa) 
T = torque applied (N • m) 
r = radius of cylinder sheared (m) 
u = height of cylinder sheared (m) 

An extensive review on types, application and underlying theory of the pene
trometer (especially with regard to the determination of the bearing strength of the 
soil to support foundations) is presented by Sanglerat (1972). Smith (1964) and 
Green et al. (1964) give soil strength measurements as obtained with the vane 
shear apparatus and correlations between vane readings and other soil strength 
parameters. 

It is apparent that penetrometer and vane apparatus do not differentiate 
between the cohesion and friction component (Eq. (1)). Only in the case of a pure 
cohesive soil (<£' « 0), such as a nearly saturated fine grained soil, or a cohesionless 
soil (c' = 0), as pure sand, the measured resistance may be interpreted in terms of 
a single strength parameter. This will be, however, a rather exceptional situation. 
Generally the penetration and vane shear resistance will be a composite parame
ter. Smith (1964) found for fine grained soils a distinct penetration resistance at a 
number of c' and <f>' values. For practical application, however, a separation of 
these strength parameters is not necessary and penetrometer and vane apparatus 
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are therefore convenient tools to evaluate the in situ mechanical strength of soil in 
a quick and reproducible way (Smith, 1964; Green et al. 1964; Freitag, 1968; 
Gill, 1968). 

2.3.2.3 Bulk density 

Data on bulk density of the top layer of the experimental plots were obtained 
by core sampling. Before sampling the sward was removed. It was performed by 
means of two stacked steel rings (height 2x2 .5 cm, diameter 5 cm) which were 
separated after sampling to give information on bulk density of the layer 0 to 2.5 
and 2.5 to 5.0. On Fields A, E, F and G the sampling was performed five times, 
on the other fields once only. 

2.3.2.4 Soil water conditions 

The state of water at a given temperature can be described by the Gibbs' 
function, often called the water potential, ^m a s s . The water potential is an 
expression for the work capacity of a unit mass of water as compared to the work 
capacity of the same mass of pure free water. Pure free water at the same 
temperature is defined as having a potential of zero. Potentials thus are expressed 
on a unit mass basis (J • kg"1). They can also be expressed as energy per unit 
weight, height- Under the condition that the density of soil water is taken to be 
103 kg • m~3 the relation holds: 

^ , = — (m) (3) 
g 

where 
g = the acceleration due to gravity (m • s~2) 

g varies with the place on earth. In this paper a value g = 9.813 m • s - 2 was 
used. On a weight basis the potential has the dimension of length. ^weight includes 
the matric potential («/>) due to forces resulting from the attraction of soil matrix 
and water and the gravitational potential (z) due to the force of gravity. The first 
usually is measured by tensiometry, the second is the height above some reference 
level. When only dealing with the sum of matrix and gravitational potential, one 
usually speaks of the hydraulic head, H. Thus 

H=tt> + z (m) (4) 

with ty now being the soil water pressure head (negative in unsaturated condi
tions) and z the gravitational head. 

In this investigation the soil water pressure head was measured with tensiome-
ters. During the winter of 1972-73 measurements were limited to the upper 3 cm 
of seven grass sports fields. Later on during the winters of 1974-75 and 1975-76 
for Fields A, E, F and G they were extended to depths of 1, 5, 10, 20, 40, 60, 80 
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and 100 cm. Except for the 1 cm depth, all tensiometer cups were installed 
permanently. At each measurement these cups were connected to a strain gauge 
pressure transducer (Bakker, 1978) by means of thin nylon tubes, which were 
joined in a vertical hollow tube of which the top was buried directly under the 
turf. 

Simultaneously with the pressure head measurements, the soil water content of 
the top 3 cm was measured gravimetrically. It is expressed as a volume fraction 
(cm3 water • cm-3 soil). 

2.4 Soil strength 

2.4.1 Criterion for adequate playing conditions 

Fig. 9 gives correlations between soil strength of the top layer characterized by 
the heel-method and that measured by penetrometer and vane shear apparatus for 
the 7 fields investigated. At a heel-method value of 7 (required for intensive 
playing) the penetrometer registers a resistance ranging between 1.2 and 1.4 MPa, 
for all 7 fields. At the same heel-method value the penetration resistance of sandy 
top layers on sandy soils tends to be somewhat lower than on clay soils. The vane 
readings show a lower correlation with the heel-method than the penetrometer 
readings and more variation at a heel-method value of 7. By the way they are 
measured, the vane readings are much lower than the penetrometer values. 

Because the vane readings were less correlated with the soil strength estima
tions by means of the heel-method, and the vane apparatus is less easy to handle, 
the penetrometer is to be preferred for judging playing conditions in the field. The 
penetrometer resistance of 1.4 MPa will be used in this study as lower limit for the 
soil strength required for intensive playing of grass sports fields. At this value top 
layer deformation does not occur on the intensively played parts of the field. 

On the non-intensively played parts (Plots 1 and 2) the score obtained with the 
heel-method was mostly below 7 in the wet season, while the penetration 
resistances were below 1.4 MPa. Because of the less intensive playing, serious 
injury to the top layer at these lower bearing capacities does not necessarily need 
to occur, however. From the data collected on the moderate intensively used parts 
(Plot 2), it could be derived that serious deformation of the top layer does not 
occur when the penetration resistance amounts to 1.0 MPa or higher. On the 
extensively played parts (Plot 1) serious deformation of the top layer was only 
observed locally in spite of the penetration resistances being often lower than 
1.0 MPa. The assessment of a criterion for penetration resistance for extensively 
played parts therefore is rather difficult. A penetration resistance of 1.0 MPa on 
parts extensively played still seems to be desirable there too, because the lower 
the penetration resistance the heavier the playing character of the field. 
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Fig. 9. Soil strength of the upper 2 to 3 cm of the top layer of 7 grass sports fields, as 
measured by penetrometer (upper part) and vane apparatus (lower part), versus appraisals 
of the playing conditions by the heel-method, r, correlation coefficient; n, number of 
observations. A heel-method value of 7 implies that the soil strength is sufficient for 
intensive playing. 
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2.4.2 Penetration resistance, playing intensity and playing reliability 

When playing intensity is denned as the number of treads during a match on a 
spot of a sports field, playing intensity is not uniformly distributed over the field. 
Fig. 10 shows the results of a survey of the penetration resistance as measured on 
the Fields A and E in winter. Both fields were playable without serious damage 
being done. Each number on the maps is an average of 10 penetrometer readings, 
which consist each of 2 groups of 5 data taken around 2 corresponding points on 
both halves of the field. Isopenetration lines run in a more or less radial pattern 
from the goal to both sides of the field, i.e. going from the goal to the middle of a 
soccer field the top layer is compacted over an increasing width around the centre 
line of the field. This general pattern on soccer fields regularly played is both a 
result of the way of playing the field, and the maintenance measures taken 
according to this playing pattern. The more intensively a part of a field is played 
the more compacted the top layer is and the more attention it is given during 
maintenance operations. Extensively played sides are less compacted and have a 
smaller soil strength. The midfield of Field E satisfies the criterion of 1.4 MPa, 
while the extensively played parts at the sides meet the 1.0 MPa criterion. The 
sides of Field A, with a higher clay content, show more soft soil conditions. 

If the penetration resistance at various parts of the field regularly falls below 
the critical value, the field can be characterized as being little reliable. A survey of 

p e n e t r a t i o n res is tance (MPa) 
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Fig. 10. Distribution of penetration resistance of the upper 2 to 3 cm of the top layer over 
Fields A, a sand covered clay soil and E, a humous sandy soil, at good playing conditions. 
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the reliability of the seven grass sports fields is given in Fig. 11. For Fields B, C 
and D the measured penetration values are plotted for the period January 1973 
through April 1974. On the other 4 fields the measurements were taken through
out May 1976. The general course of the three lines shows that soil strength as 
characterized by the penetration resistance is not constant but varies between 
large boundaries. From the start of the playing season, in consequence of the 
precipitation surplus in August/September, the penetration resistances decrease to 
a low level and fluctuate within a rather narrow range. Then they are close to the 
limits for adequate playing conditions of 1.4 and 1.0 MPa. A sharp increase in soil 
strength is not observed before there is an evaporation surplus starting from about 
mid-March. From Fig. 11 it appears that the largest fluctuations of the penetra
tion resistance, in spring and autumn, closely coincide with the change of 
precipitation to evaporation surplus or reversely. From a soil technological point 
of view the figure would point towards the necessity of a better adjustment of the 
playing season to the weather conditions prevailing in the Netherlands. 

In general not only the soil water conditions are determining the soil strength of 
the top layer, the bulk density is also an important factor. This is demonstrated by 
the separate and parallel course of the curves of Fig. 11. The parallel sequence of 
the curves corresponds with differences in bulk densities because of differences in 
loading. Considered over a long period the bulk density is not a constant at all, 
but is liable to change. As mentioned earlier both bulk density and soil strength 
may be reduced by soil loosening activities of earth worms and root growth. This 
holds especially for the non-playing period in summer and for periods with low 
playing frequency. Regular playing (if necessary supplemented by dressing with 
sand and rolling) appears a useful measure to maintain the soil strength above the 
critical level of 1.4 MPa at the intensively and 1.0 MPa at the moderate inten
sively played parts. Temporary omittance of playing or temporarily less frequent 
maintenance of the entire field or some of its parts may reduce both soil strength 
and reliability. This pertained to Fields A and E during the seasons 1973-74 and 
1974-75. Especially during the wet winter 1974-75 unplayable conditions very 
often were met. Field F is the only field with a high degree of reliability over all 
the consecutive years. During the first year of observation also Fields A, D and E 
mostly met the soil strength criteria and were reliable also in the opinion of the 
managers. Fields B and C were soft almost throughout the entire season and had 
undesirable underfoot conditions. Injury of the top layer occurred regularly. 

The curves of Field E during the first year and of Field G during the 
consecutive years demonstrate a gradual adaptation of the density of the top layer 
to playing intensity. In the summer of 1972 the playing on Field E was changed in 
such a way that extensively played parts were switched with intensively played, 
compacted, parts. After the change, the smallest penetration values were mea
sured on that part of the field now most intensively played on (Plot 3) but later, in 
autumn 1973, as is to be expected, the largest values were found there. At Field 
G, newly constructed at the beginning of the investigations, the curves show a 
sequence which fits more and more the playing intensity. 
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