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Abstract

Field trials have been carried out to compare Crown III Fibre System when measured against other types of reinforced rootzone that are currently being used.  Wear was applied to the trials areas to simulate games being played.  The object is to assess the playability qualities of Crown III Fibre System.  Measurements were made for traction, sward density, ball bounce and surface hardness.

Following initial wear conditions it was found that Crown III Fibre System gave good playability qualities with significantly improved surface hardness qualities, with a slight loss in sward density.
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Project Title

A preliminary study of the playability qualities of Crown III Fibre System reinforced rootzone.
Introduction

The object of this study is to assess the playability qualities of Crown III Fibre System, this is a new product that incorporates fibres with Rubber Crumb™ to produce an improved surface for winter sports pitches.  Crown III Fibre System is a product by Tebbutt Associates, who already produce Rubber Crumb™ as an amendment for winter sports pitches.  The study will compare Crown III Fibre System with the original Rubber Crumb™, Fibresand and Fibrelastic from Mansfield Sand, and natural turf.  

Statement of Investigation
Playing quality will be determined by four separate mini hypothesis, the results of these will determine which hypothesis will be accepted.

Hypotheses
Null Hypothesis

There will be no difference in playing quality between Crown III Fibre System rootzone and existing rootzones.
Alternative Hypothesis

There will be a difference in playing quality between Crown III Fibre System rootzone and existing rootzones. 
Mini Hypothesis
Sward Density

Null - There will be no difference in sward density on Crown III Fibre System rootzone and existing rootzones.
Alternative - There will be a difference in sward density on Crown  III Fibre System rootzone and existing rootzones.

Traction

Null - There will be no difference in traction on Crown III Fibre System rootzone and existing rootzones.

Alternative - There will be a difference in traction on Crown  III Fibre System rootzone and existing rootzones.

Ball Bounce

Null - There will be no difference in ball bounce on Crown III Fibre System rootzone and existing rootzones.

Alternative - There will be a difference in ball bounce on Crown  III Fibre System rootzone and existing rootzones.

Hardness

Null - There will be no difference in hardness on Crown III Fibre System rootzone and existing rootzones.

Alternative - There will be a difference in hardness on Crown  III Fibre System rootzone and existing rootzones.

Literature Review

Sport is a well participated past time in the United Kingdom and also across the world.  The majority of outdoor sports are played on natural turf, and not all sports are played when the conditions are not favourable.  Football and rugby are classed as winter sports, played on natural turf sports pitches when the turf grasses may well be in their dormant/semi dormant stage of growth.
There is large participation for both sports, in football for example there are “7 million participants including plus 5 million in schools”, playing on “45,000 pitches” state The Football Association (2010), this shows how there is a large demand for winter sports pitches.  Included in those participants are differing end users, there are national, professional, semi professional and amateur teams requiring good playing surfaces.  
Total Turf Solutions (2009) “works in accordance with the Performance Quality Standards as set out by all major governing bodies of sport”, these cover both football and rugby. “The Performance Quality Standards provide a recommended minimum quality standard for the maintenance and construction of pitches” Total Turf Solutions (2009).  These standards can be used by any groundsman to benchmark their pitch, with information and resources available winter sports pitch standards can improve.  
Playability is also known as playing standards, from the playing quality standards produced by Total Turf Solutions (2009), and research from Bell and Holmes (1998), they suggest that the main playability standards to test are “Surface hardness, Traction, Ball Bounce and Grass Cover”.  
The introduction of reinforced, amended rootzones and improvements in drainage has increased the playability of winter and in particular professional sports pitches.
 Spring and Baker (2006), suggest that “rootzones dominated by material in the sand size fraction are now used in all pitch construction work for professional football in the United Kingdom”, this suggests that sand is preferred to natural soil and a second material is now standard.
Sand dominated rootzones are mainly used for their drainage rates and there pore spaces, as Baker et al. (2001) explains the “structure offers advantages of good infiltration rates and reasonable levels of air-filled pore space”, this is backed up by Spring and Baker (2006), who suggest “sand content is important for drainage and helps maintain a favourable balance between air and water within the rootzone”. 
The drainage and pore spaces are determined by the particle size of the sand, if the sand is too fine the drainage rates are not as high, the decrease in pore spaces can lead to compaction.  Baker (1983) suggests “the desirable particle size for winter games pitches is 0.125-0.5mm”, which falls between a fine and course sand. 
With the higher drainage capabilities, increased play per pitch can be achieved, as Gingell (2003) explains, a sand dominant pitch will give “4-6 hours of play by adults per week in comparison to 2-3 hours for a simple pipe drained soil pitch”.  This is an increased benefit for amateur sports clubs as well as professional clubs, as  today many sports pitches are being used for multi sports or other teams are using them.  The Wembley Stadium pitch is the obvious example, Jackson (2010) recently stated “Wembley is a multi-functional venue that hosts football, rugby and pop concerts”.  So for many stadiums like Wembley it is important that playing time is increased.
Gibbs (2002), states “various types of reinforcement materials have been used since the mid-1970’s, with the aim of improving playing quality and profile characteristics of sports turf surfaces”.  Reinforcement materials were introduced because “sands and sand dominated rootzones become unstable when ground cover is lost” explained Adams (1997), it was also thought by Baker et al. (1988) that reinforcement would “counteract the instability that may occur in high wear areas when ground cover is lost”.  This all suggests that a reinforcement material will stabilize the sand dominated rootzone once grass cover is lost.

The materials used for reinforcement are varied, the products which seem to be preferred are loose fibres, stitched fibres and rubber fragments.  The products have developed into Fibresand, Fibrelastic, Rubber Crumb and Desso.  
Wembley Stadium has just changed their pitch construction to Desso, it was thought that it would need “20 million artificial fibres to support Wembley's natural grass” explained Jackson (2010).  A Desso construction is “100% natural grass reinforced with Desso synthetic grass fibres”, the grass fibres are stitched into the rootzone, each pitch incorporates “20 million individual artificial grass fibres” states Desso (2010).  Desso is an expensive method of construction according to Jackson (2010) the Wembley pitch cost “no less than £250000” which means professional sports clubs can only afford it.  “Arsenal, Manchester City and Liverpool are among clubs that use Desso” stated Jackson (2010). 
Figure 1 Desso Rootzone
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‘Fibresand’ and ‘Fibrelastic’ are products from Mansfield Sand, “Fibresand is the original” according to Mansfield Sand (2008) which is “unique polypropylene fibre reinforced silica sand that is mainly used for incorporation into winter sports pitch rootzones”.
Baker and Richards (1995) claimed that “Fibresand is widely used for professional football in the United Kingdom”, this suggests at that time ‘Fibresand’ was the market leader.  
Spring  and Baker (2006) suggest “that fibre reinforcement can improve traction, and reduce the number and size of divots”, this addressed another stability problem with the player having increased stability, with the decrease of divots means the surface stays intact, and keeping the percentage of grass cover.  This product has its problems, Baker and Richards (1995) found “increased surface hardness under dry conditions” which would lead to “decreased soil water content” found by Canaway (1994).
‘Fibrelastic’ rootzones are based on ‘Fibresand’ “reinforced with both Polypropylene and Elastane fibres” according to Mansfield Sand (2008).  This product could be considered to be a second generation of the original ‘Fibresand’. Mansfield Sand seems to have addressed the issues with surface hardness, by adding the elastane fibres.  Mansfield Sand (2008) claims a ‘Fibrelastic’ rootzone gives “A reduction in surface hardness”, “An increase in surface resilience” and “A further increase in rootzone cohesion”, this all suggests a softer playing surface with greater traction properties. Spring and Baker (2006) who has tested the product, claim “the rootzone resulted in greater cushioning at the surface, with hardness and ball redound values being significantly reduced”.  ‘Fibrelastic’ rootzone has been in use since 2007, Fibrelastic (2010) state “Newcastle United, Glasgow Rangers, Llanelli Scarlet’s and Bristol City” are currently using the product.  Further proof that ‘Fibrelastic’ is an improvement was the resulted in Newcastle United winning “championship pitch of the year” and Bristol City was “awarded runner-up” according to Fibrelastic (2010).
The above examples of rootzone reinforcement have been based on incorporating fibres into a sand dominated rootzone, another option is adding rubber crumb into the soil profile.  The rubber crumb that is used is “essentially a waste product, manufactured from discarded vehicle tyres” states Baker et al. (2001).  A study from Rogers et al. (1998) showed “that rubber crumb can enhance the wear tolerance of a high traffic area”, also “rubber crumb was also found to improve traction”, it “also decreased ball bounce height” and “turf quality was improved”.  The surface hardness has been “achieved through the elastic properties of the rubber crumb”, Baker et al. (2001).  
The rubber particles have stable properties and once added the soil profile the characteristics of the profile will changes, this was also though by Riggle (1994) who stated “the inclusion of rubber particles in soil could improve soil physical properties such as aeration and infiltration rates”, McNitt et al. (2001) also found “improvements in soil physical properties”.  This all suggests that rubber crumb can be added to most soil profiles and increased playability can result.
Whilst rubber crumb gives good playability factors, using a waste product as an amendment raises issues of contamination through a possible toxic material.  Furthermore a sports pitch is open to the weather, in particular rainfall which could lead to leaching of toxic particles.  Ormondroyd (2002) claims the product “is washed prior to sale and there is no evidence in practice over the last five to six years of any deleterious effect on the turf”, also  Tebbutt Associates (2010) who produce Rubber Crumb™ state it “uses predominately truck tyres, which give the cleanest end product”.
There is therefore in today’s current market a variety of differing products, each striving to increase playability, some are aimed at the professional sports surfaces and others can be used at grass roots for amateur sports clubs.  Is there room for another product?  
Methodology

Trial Construction
The test site is Askham Bryan winter sports field, Askham Bryan College, York.   The test site comprised of six different rootzones including natural soil.  The test plot size is 1.5m X 1.5m with each rootzone replicated three times in at random (see appendix for design).
Each plot was modified to the rootzone product specification, overlaying the natural soil for Askham Bryan which is a sandy loam (see appendix for mechanical analysis).

All plots that required re-turfing were re-turfed with Lindum washed turf.  The turf used was washed on recommendations from Lindum (2009) “washed turf is particularly appropriate if you have an area that needs to become established quickly”
Once the trial plots were completed the area was cordoned off to let the trial plots establish, once established the area was opened up for wear to be added.  The wear was added from footballers practising on the plots, a five-a-side goal was set up encouraging the players to use the area. 
Methods for Installing Rootzones

1. Crown III™ Fibre System
200mm of natural soil taken out and mixed with 90kg of Crown III™ Fibre System, the amended soil added and re-turfed

2. Crown III™ (added to surface)

Surface hollow tinned, 6kg per m² added and brushed in.
3. Crown III™ (mixed in soil)

200mm of natural soil taken out and mixed with 13.5 kg of Crown III™, the amended soil added and re-turfed.
4. Fibresand

100mm of natural soil taken out and replaced with 333kg of Fibresand, and re-turfed
5. Fibrelastic

100mm of natural soil taken out and replaced with 333kg of Fibrelastic rootzone, and re-turfed.
6. Natural soil 

No amendments to natural soil.
Table 1 Summary of Plot Management

	Mowing
	Once established the trial plots were mowed at 25mm using a cylinder mower.

	Aeration
	No aeration to trial plots once established.

	Fertilizer
	Fertilizer applied to all plots

	Irrigation
	Only irrigation was natural rainfall

	Wear Applied
	Wear to be applied from April until July.


Measurement Methods
Sward Density
Sward density is the measurement of grass cover.  Each plot visually measured one measurement per whole plot.

Traction

Method adapted from Canaway and Bell (1986), “torque required initiating movement of a studded sole, using the standard arrangement of six 15mm studs”.  A torque wrench used, with measurement in Newton metres, three readings per plot. 
Ball Bounce

The ball bounce or rebound resilience method was adapted from method used by Canaway (1983), “a football inflated to 0.7 bar was dropped from a height of 2m and its rebound height measured”, three measurements per plot.  

Hardness

Hardness is measured using a Clegg Impact Soil Tester, tests replicated three times per plot.  To gain a result “a cylindrical hammer, with a mass of 0.5kg and a diameter of 50mm was dropped down a guide tube from a height of 300mm” states Clegg (1976).  

Results
Below are graphical representations of the initial and final results for each test.  The full results are in the appendix.  Statistical results will determine the hypothesis result, full statistical results are in the appendix.
Sward Density
Figure 1 Showing Sward Density Results
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Table 2 Kruskal-Wallis Test Result
	H = Test Statistic
	9.00

	P-Value
	0.109


A Kruskal-Wallis test resulted in a p-value of greater than 0.05 suggesting no differences between rootzones.  Based on this result, the null hypothesis can be accepted, there is no difference in sward density.
Traction

Figure 2 Showing Traction Results
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Table 3 Test for Equal Variances
	Test Statistic
	8.740

	P-Value
	0.120


The P –Value is greater than 0.05 showing equal variance, and a one way anova can be run.

Table 4 Results of One-way Anova
	F or Test Statistic
	11.48

	P-Value
	0.000


The P-Value is less than 0.05 showing significant differences between the rootzone results.  The alternative hypothesis can now be accepted, there is significant difference in traction.
Ball Bounce

Figure 3 Showing Ball Bounce Results
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Table 5 Test for Equal Variances
	Test Statistic
	5.140

	P-Value
	0.399


The P –Value is greater than 0.05 showing equal variance, and a one way anova can be run.

Table 6 One-way Anova Result
	F or Test Statistic
	3.27

	P-Value
	0.043


The P-Value is less than 0.05 showing significant differences between the rootzone results.  This result means the alternative hypothesis has been accepted, there is significant difference in ball bounce.

Hardness

Figure 4 Showing Hardness Using a Clegg Impact Tester
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Table 7 Test for Equal Variance
	Test Statistic
	9.909

	P-Value
	0.078


The P –Value is greater than 0.05 showing equal variance, and a one way anova can be run.

Table 8 Result of One-way Anova
	F or Test Statistic
	65.29

	P-Value
	0.000


The P-Value is less than 0.05 showing significant differences between the rootzone results.   This has resulted in the acceptance of the alternative hypothesis , showing significant differences in the rootzones.

From the statistical results three mini alternative hypothesis have been accepted against one null hypothesis.  Overall this results in the overall alternative hypothesis being accepted.  Results have shown there is a difference in playing quality between Crown III Fibre System rootzone and existing rootzones.
Discussion and Conclusion

The results have shown differences in the rootzones, this was expected, as stated earlier Fibrelastic rootzone was an improved version of Fibresand.  Therefore it was expected that Crown III Fibre System would be an improvement on Crown III.  
Apart from the sward density results Crown III Fibre System rootzone sits in the middle of each set of results, the traction results show it gives good traction, not the highest but not the lowest either.  The ball bounce results show a similar pattern, the newly laid turf plots all showed similar results, showing some consistency, the plots which used natural turf gave high readings this would suggest a harder surface. This was proven with the hardness test, the natural turf plots gave high readings, and Fibresand gave a high reading which agrees with the findings of Baker and Richards (1995) who found “increased surface hardness under dry conditions”.  Crown III Fibre System showed good hardness results only bettered by Fibrelastic, the lower the value the better the rootzone is.  
Overall the results show that Crown III Fibre System has the playing qualities needed for a good reinforcing rootzone.   It gives good traction, good ball bounce qualities and excellent hardness qualities.  It would suggest that Crown III Fibre System has competed well with its rivals, the results also suggest a comparison to Fibrelastic particularly with is hardness qualities.
The results showed a comparison with the Fibrelastic rootzone and the Crown III Fibre System rootzone (see appendix for graphs), this is interesting as both rootzone incorporate two materials.  The Fibrelastic uses polypropylene with elastane fibres, the polypropylene fibres will give the stability and traction properties, the elastane reduce the hardness.  The same happens with the Crown III Fibre System, the original rubber crumb mixed with the fibres gives similar results.  Spring and Baker (2006) tested the properties of adding elastane to polypropylene and found “the rootzone resulted in greater cushioning at the surface, with hardness and ball bounce values being significantly reduced”.  Crown III Fibre System showed decreased surface hardness.
The Total Turf Solutions performance quality standards (see appendix) give a standard rating of high, standard and basic.  The sward density result showed four plots with a high rating, with the Fibresand and Crown III Fibre System having a standard rating.  The traction results also gave four rootzones with a high rating, all the plots with new turf were of a high standard with the natural turf plots having a standard rating.  To find vertical ball bounce a formulae had to be added to the result, to find a percentage.  Crown III Fibre system and the control plot gave the best results resulting in a high standard, all the other plots had a standard rating.  The hardness result which was tested with a Clegg impact soil tester resulted in poor standard ratings, the Fibresand, control and Crown III (surface add) didn’t have a standard, the Fibrelastic rated the highest with a standard rating, the Crown III Fibre System and the Crown III (new turf) were basic, however the Crown III Fibre System just fell short of a standard rating.  
With the exception of the hardness result all plots showed good performance qualities.  The tests were carried out over the summer months when rainfall was low, there could be a different result if tested during the playing season.  The hardness result was particularly low this could be due to the lack of moisture and lack of mechanical maintenance.  The sand dominated rootzones do need regular maintenance, Gingell (2003) states “maintenance is more intensive and has to be relatively precise as changes to sward performance can be rapid”, this would explain why the Fibresand was too hard.  The Fibrelastic should have given better hardness results as that what it is designed to do.  It could be argued with a regular maintenance regime all the standards would improve.
Fibresand, Fibrelastic rootzones are limited to where they can be used, sports stadia will use these products when relaying their pitch, at great expense.  The amateur club cannot afford such a product, Crown III Fibre System will appeal to all levels of sports surfaces, mainly because it is used as an amendment not a whole product.  Fibresand, Fibrelastic rootzones come already mixed where as the Crown III products don’t, therefore a groundsman can repair and amend certain areas when required.  
Bell and Holmes (1998) suggest different levels of wear, “high, intermediate” are “goalmouths and centre circle” with the Crown III products those areas can be amended and improved without relaying the whole pitch.  For example a groundsman could re turf the goal mouths and the centre circle using Crown III Fibre System rootzone and get the same stability, traction, and hardness qualities as a premiership football stadium.  
The Crown III Fibre System could also be useful for sports stadia, instead of using a 100 % sand dominated rootzone, a 60:40 sand and soil could be used.  Sand dominated pitches need high maintenance, they also need “high inputs of fertilizer, typically three times that of a traditional pitch” claims Gingell (2003), if a percentage of soil was present it would hold on to nutrient better limiting the amount fertilizer needed.  
Crown III Fibre System could be used for all levels of winter sports surfaces, it has the qualities to produce a high standard pitch, it has taken the qualities that Crown III had and improved by adding the fibres.  Crown III Fibre System has better qualities than Fibresand by addressing the hardness issue, it could be in direct competition with Fibrelastic.  

It would need further trials with more precise testing instruments, three of the playability tests relied on human perception, which is fine however it’s not exact.  The Clegg impact tester used gave a digital read, using machines limits the possibility of a mistake.  The wear can be artificially produced resulting in a fair test, the results of this experiment relied on people adding the wear during playing.
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