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Introduction
Numerous studies have found that athlete leg stiffness
changes in response to surface stiffness; Ferris[1] is just
one such study.

Several standards (F2772[2], ANSI E1.26[3], FIBA [4],
and PUR™[5] include the force reduction test and
measurement from ASTM F2569[6]. These standards
require all force reduction values to be within £5% of the
average, but treat all systems as equal. Basic
observation indicates that some ‘passing’ systems are
much more uniform than others.
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Purpose
The purposes of this study were

* to quantify uniformity allowing for the development
and specification of more uniform systems

* to explore how uniformity varies within ‘passing’
systems

* to define a set of uniformity index (Ul) classifications
or groupings

Methods
This study chose to focus on the Force Reduction test
method in ASTM F2569 given that it is harmonized with
several other standards and performance rules. This test
compares the force generated on the test surface (fsuf) to
the rigid surface (fiigq) by computing the reduction of
iImpact forces as a percentage of f.gq (Equation 1).

fsurf
rigid
Eq. 1: Force Reduction Equation
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A total of 15 samples were selected for testing. Al
samples met the generic £5% FR uniformity
requirements. All samples were wood systems with
Maple surfaces. Each sample/system was tested at eight
points, which were selected to include a range of
structural conditions. FR values were computed for each
test point per F2569. The average (FR) and standard
deviation (0FR) were computed for all samples.
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Uniformity Index Equation

Ferris, and others, suggest that athletes adapt based on
the stiffness of the surface. A more uniform surface would
allow athletes to more accurately anticipate the actual
impact, and should reduce the need for continual
adaptation.

he sport/dance industry commonly use the Force
Reduction property to evaluate stiffness. Force Reduction
was chosen as the basis for an initial Ul because no
additional testing would be required, and thus there
would be only minimal costs associated with calculating
the Ul value.

The calculation of the Ul assumes that the distribution of
FR values across a floor follows a normal bell curve.
Numerous interactions with athletes lead ASET Services
to believe that athletes can feel differences in FR values
as low as 5%. This study settled on computing the FR-UI
using a +2% range around FR or P(-2 < FR < +2). Figure
2 illustrates two surfaces (FR = 50%), one surface has
oFR = 4%, one surface has oFR = 5%. The vertical black
lines in Figure 2 represent the window within which the
cumulative probability, or FR-Ul is calculated for each
sample.
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Figure 2: Illustration of Normal Distribution and Proposed FR-
Ul computation range

Results and Discussion
Uniformity Index
Table 1 contains the FR, oFR, and FR-UI,for each of the
15 samples. FR-UI; values ranged from 45% to 99%
within this sample set.

- FR-UI=45% means that it would be expected that only
45% of the force reduction values for that surface
would fall within a 2% range around the average.

. FR-UI=99% means that it would be expected that 99%
fo the force reduction values fo rthat surfac would fall
within a 2% range around the average.

Table 1: FR-UI values for each sample

Sample ID 1 2 3 4 5 6 7 8
Avg 61 57 57 60 63 62 61 62
StDev 074  0.99 151  3.38 0.99 189 0.74 198
FR-UL, 99 06 81 45 06 71 99 69
Sample ID 9 10 11 12 13 14 15
Avg 63 56 62 60 63 62 62
StDev 169 1.36 191 185 169 189 189
FR-Ul, 76 86 71 72 76 71 71

. The wide range of FR-UI; values indicate that
significant uniformity differences exist within samples
currently consider equal under existing standards.

Proposed FR-UI, Uniformity Classes

The FR-UIl values for the 15 test samples were examined
to see if there were any logical groupings, or uniformity
classes that could be proposed. Classes would enable
specifications to be developed that would ensure systems
with at least somewhat similar FR-Ul values would be
considered.

The proposed group/class system is presented in Table
2. When the distribution of FR-UIl values, and the ability
for the classes to be easily explained to architects/owners
were considered, 4 classes were proposed. It is expected
that as uniformity becomes more of a focus with regard to
system design, that uniformity levels will increase over
time.

Table 2: FR-UI Uniformity Classes

FR-UC, FR-UIL, FR-UL . Distributior-1
Range Count Percentile

Class 1 90 to 100

Class 2 80 to 89

Class 3 /70 to 79

Class 4 <70

Significance

 This study found that Force Reduction uniformity
varies significantly within systems that pass the
generic uniformity levels in current standards.

 This study proposes an initial Uniformity Class/Group
system that will allow architects and owners to
iIntegrate it into existing specifications so that only
systems with similar uniformity properties will be
considered.

* Quantifying uniformity during the design and testing
phase of product development should enable more
uniform systems and installation methods to be
developed over time.
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