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FOREWORD
1. This report has been prepared by CAFS Testing Labs with all reasonable skill, care, and
diligence.
2. This report is confidential to the Client, and CAFS Testing Labs accepts no responsibility
whatsoever to third parties to whom this report, or any part thereof, is made known. Any such
party relies upon the report at their own risk.
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Introduction
The goal of this testing is to determine BrockFill’s impact on minimizing inherent risk
and providing optimal playing conditions for athletes. All tests conducted followed the
American Society of Testing and Materials (ASTM) standards, and/or published scientific
methods.

Materials and Methods
All testing was completed at the University of Tennessee Center for Athletic Field Safety
in Knoxville, TN in the fall of 2018. Plots were aproximately 15 ft by 15 ft. Three synthetic turfs
used in this study were:
(1) Two inch monofilament Greenfields Ironturf (59 oz) with 4 lbs = 14mm sand / 1 lb =
18mm BrockFILL over PowerBase YSR,
(2) Two inch monofilament Greenfields Ironturf (59 oz) with 4 lbs = 14mm sand / 1 lb =
18mm BrockFILL over PowerBase YSR,
(3) Two inch slit filament Greenfields Ironturf (59 oz) with 4 lbs = 14mm sand / 1 lb = 18mm
BrockFILL over PowerBase YSR,
(4) Two inch monofilament Greenfields Ironturf (59 oz) with 4.25 lbs = 15mm sand / 1.8
lbs = 17mm SBR (i.e. 70/30 sand/SBR ratio) SBR over PowerBase YSR.
All plots received 200 traffic events using the CAFS traffic simulator, while each plot had a half
trafficked wet and half dry. Each plot was conditioned by brushing every 20 traffic events. Data
was collected initially and at the conclusion of all 200 traffic events in the study. Analyses of
variance were conducted in SAS (v. 9.3; SAS Institute Inc., Cary, NC).

Data Collection
1. Surface hardness (A-missile)
• A 9.0 kg A missile was used dropped from 0.6 m, measuring the deceleration
(Gmax) of the missile upon impact with the surface
2. Surface hardness (Clegg)
• A 2.25 kg Clegg hammer was used dropped from 0.45 m, measuring the
deceleration (Gmax) of the missile upon impact with the surface
3. Head injury criterion (E-missile)
• Hemispherical missile weighing 4.6 kg dropped from a height of 1.3 m according
to ASTM standard F3146 - 18
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4. Rotational traction (Tennessee Athletic Field Tester)
• A standard (Patrick) shoe with screw-in 1.5 cm long metal studs attached to a
aluminum artificial foot at a 12° angle applied rotational pressure until traction
was broke
5. Rotational traction (FIFA Test Method)

• A test foot comprising a metal disc -150 ± 2 mm in diameter with six football
studs equally spaced on the bottom surface each 46 +1 mm from the center of
the disc. A two-handled mechanical torque wrench with a scale of 0 to a
minimum of 60Nm in maximum 2 Nm increments, which attaches to the top of
the shaft.
6. Force reduction, energy restitution, vertical deformation (Advanced Artificial Athlete)
• A 20 kg falling mass with a standard spring (2000 N/mm) dropped from 55 mm
according to ASTM standard F3189 – 17
7. Infill Depth (Infill Depth Gauge)
• Device with three prongs measured by digital read out
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Results
Surface Hardness (A Missile)
• Plot construction did not have an impact
• Wet vs. Dry did not have an impact
• Traffic vs. Pre-Traffic did not have an impact
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Analysis:
No statisical differences were found by the treatments in the study for the surface hardness
using the A missile. The lack of differences are attritued to the to Brock YSR Powerbase shock
pad under all plots. All plots were consistent with each other, even with infill change due to
traffic throughout the study.
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Analysis of Surface Hardness:
The main effects of plot were significant, but there was no
other interaction. Wet verses dry and amount of traffic did not
have an impact on the results. The crumb rubber plots
averaged 13 Gmax lower then all BrockFill combination plots.
All BrockFill plots regardless of turf type were statistically
similar throughout the study. The lower Gmax values are
attributed to the nature of rubber having more compressibility
then wood. All plots values were within an acceptable range
and no high or low values of concern.

Surface Hardness (Gmax)

Surface Hardness (Clegg)
• Plot construction had an impact
• Wet vs. Dry did not have an impact
• Traffic vs. Pre-Traffic did not have an impact
Figure Description:
Surface hardness using the Clegg hammer for each treatment averaged across all 200 traffic
events wet and dry in Knoxville, TN, fall 2018. Letters that are the same are not significantly
different at α = 0.05 according to Fisher’s LSD.

AAA
Force reduction
• Plot construction did not have an impact
• Wet vs. Dry did not have an impact
• Traffic vs. Pre-Traffic did not have an impact
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Analysis:
No statisical differences were found by the treatments in the study for force reduction using
the AAA. Force reduction followed the same trend as the a-missile in lack of differences. Again
the Brock YSR Powerbase shock pads are attritubed for the lack of differences. The heavier
weight of the AAA and A missile could be reason for the lack of differences observed by the
Clegg. The heavier weight takes a greater depth of the surface into account then the lighter
missiles.
Vertical Deformation
• Plot construction did not have an impact
• Wet vs. Dry did not have an impact
• Traffic had an impact

Analysis:
The amount of traffic events was statiscally
different, with the less vertical deformation being
observed at 200 traffic events. No other differences
were observed. The differences by traffic were
attributed to the differences in infill depth in the
plots at the start and conclusion of the study.

Vertical Deformation

Figure Description:
Vertical deformation using the AAA at game 0 and 200 traffic events for all treatments wet and
dry in Knoxville, TN, fall 2018. Error bars represent
34
Fisher’s LSD values at α < 0.05 within each traffic
event.
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Figure Description:
Energy restitution using the AAA at game 0 and 200 traffic
events for all treatments wet and dry in Knoxville, TN, fall
2018. Error bars represent Fisher’s LSD values at α < 0.05
within each traffic event.

-8

Energy Restitution

Energy Restitution
• Plot construction did not have an impact
• Wet vs. Dry did not have an impact
• Traffic had an impact
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Analysis:
Energy restituion followed the same trend as vertical deformation, with traffic events being the
only thing to have a significant impact. Again, this would be attributed to the infill depth.
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Figure Description:
Critical fall height (1000 HIC) for all treatments before
and after 200 traffic events in Knoxville, TN, fall 2018.
Letters that are the same are not significantly
different at α = 0.05 according to Fisher’s LSD.

Critical Fall Height (1000 HIC)

Head Injury Criterion
• Wet vs. Dry did not have an impact
• Plot by Traffic had an impact
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Analysis of Head Injury Criterion:
BrockFill 3
Crumb Rubber
Critical fall height (CFH) was the same for all plots (2
m) outside of the un-trafficked crumb rubber plot (2.2 m). After all traffic events were applied
no difference in CFH was observed. This was attributed to the Brock YSR Powerbase shock pad.
Even when infill was displace due to traffic the CFH never dropped below 2.0 M.
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(Bottom) Plots wet and dry averaged over 200
traffic events in Knoxville, TN, fall 2018. Letters
that are the same are not significantly different
at α = 0.05 according to Fisher’s LSD.

Rotational Resistance (N/M)

Figure Description:
(Top) Rotational resistance of all treatments
averaged at 0 and 200 traffic events in Knoxville,
TN, fall 2018. Letters that are the same are not
significantly different at α = 0.05 according to
Fisher’s LSD.
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Rotational Resistance (FIFA Test)
• Traffic had an impact
• Plot by wet and dry had an impact
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Analysis of Ball Rebound:
The impact traffic on rotational resistance is
Dry
Wet
significant. All plots had the same decrease in
BrockFill 1
BrockFIll 2
rotational resistance, which was attributed to the
BrockFill 3
Crumb Rubber
loss of infill. Maintaining infill depth
measurements is critical for optimal rotational resistance. When looking at the infill dry the
BrockFill had higher traction then the crumb rubber. When looking at the wet only BrockFill 2
dropped, but an increase in resistance was observed with crumb rubber. The lower rotational
resistance for BrockFill 2 in wet is partly due to the fact that wet and dry were averaged over all
200 traffic events in this graph. BrockFill 2 wet lost the most infill throughout the study overall,
likely leading to the decrease in rotational resistance. Overall, the BrockFill maintained high
traction values but turf choice plays a part in the effectiveness of the BrockFill.
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Infill Depth
• Plot by wet and dry had an impact
• Traffic by wet and dry had an impact
(Top) Infill depth for each treatment wet and dry averaged
across 200 traffic events in Knoxville, TN, fall 2018. Letters
that are the same are not significantly different at α = 0.05
according to Fisher’s LSD.
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(Bottom) Infill depth of all treatments averaged at 0 and
200 traffic events in Knoxville, TN, fall 2018. Letters that
are the same are not significantly different at α = 0.05
according to Fisher’s LSD.
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Analysis of Ball Roll and Angled Ball Rebound:
Both wet and dry treatments found that BrockFill 2 lost the greatest amount of infill when
subjected to traffic events. All other BrockFill and crumb rubber plots lost infill a similar amount
of infill throughout the study. Again, these results highlight the importance of choosing the
correct turf to pair with infill or have a greater management protocol for those turfs. When
looking at all treatments combined wet and dry subjected to traffic, the wet lost more infill.
Both wet and dry lost infill when subjected to traffic events. The same management techniques
of grooming every 20 traffic events were applied to each plot equally. These results suggest
that wet turfs need a higher frequency of maintenance then dry turfs.
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(Bottom) Plots wet and dry averaged at 0 and 200
traffic events for each plot type in Knoxville, TN, fall
2018. Letters that are the same are not significantly
different at α = 0.05 according to Fisher’s LSD.

Rotational Resistance (N/M)

Figure Description:
(Top) Plots wet and dry averaged at 0 and 200 traffic
events for each plot type in Knoxville, TN, fall 2018.
Letters that are the same are not significantly different
at α = 0.05 according to Fisher’s LSD.
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Rotational Traction (Tennessee Athletic Field Tester)
• Plot by traffic had a significant impact
• Plot by wet and dry had a significant impact
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Analysis of Rotational Traction
Rotational traction with TAFT found no statistical difference in the non-trafficked events. After
200 traffic events, plots with lower amounts of infill had higher rotational resistance. All of the
BrockFill plots maintained consistent infill levels and no consistency issues were found.
Standard deviations were three so no issues of concern of the surface as long as the infill depth
was consistent. Wet treatments had lower values then the dry, however, they were consistent
as far as how they were different from each other. Again consistency was not an issue only the
infill depth had an impact on the surface. The higher rotational traction numbers in the TAFT
data compared to the FIFA test are due to a heavier force being applied to the surface with the
TAFT test. Even though the TAFT numbers are higher they are not in a range of concern.
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Pictures after a cold morning:
Pictures show BrockFill when temperatures drop below 26°F. BrockFIll becomes solid and hard
to break apart. However, with snow cover BrockFill did not freeze, the snow acted as an
insulator. From further investigation ice crystals are observed between the infill particles
locking them together. Once the particles warm up, the infill behaved normal again. The crumb
rubber plot did not experience freezing like the BrockFill. Some data was collected below to
indicate what is happening during times of freezing.
Un-trafficked
• Resulted in a 60 Gmax harder surface with the A missile then non-freezing temperatures
• The critical fall height decreased from 2.0 m to 1.6 m with the E missile under freezing
temperatures
Trafficked
• Gmax increased by 14 with the A missile under freezing conditions
• Critical fall height decreased from 2.0 m to 1.9 m under freezing conditions
The trafficked turf had a lower impact due to less infill due to displacement by traffic. Ice
crystals were visible within the infill and on top of the infill.
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Overall Analysis
The surface hardness seemed to be minimally impacted by the type of infill and more of a
function of the shock pad. Infill depth had minimal impact on surface hardness as well. Energy
restitution and vertical deformation were only impacted by the infill depth due to traffic events.
Both rotational (FIFA test) and TAFT Rotational measurements found similar results that traffic
events and moisture conditions. Both rotational measurement devices were found to be
consistent and no extreme outliers were observed. However, under freezing conditions the infill
would freeze and create increase the surface hardness. During warmer months BrockFill plots
had a cooler temperature then crumb rubber plots when manually checking using a handheld
thermometer. Overall, under normal testing conditions BrockFill trafficked and non-trafficked
did not bring up any major areas of concern. End of Report

Reference: Rotational Resistance of Natural turf vs BrockFILL using TAFT tester
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