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Personal Introduction

* Education
— MS Engineering: Vibration and Noise Analysis
— PhD Engineering: Sports Surface Research

* Research Engineer at Robbins Sports Surfaces

— Manufacturing

— Testing
— Product Research and Design |
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Personal Introduction

Professional

— Licensed Engineer: Ohio & Indiana
— CPSI Certified (since 2009)

ASTM Member since 1997

— Participated in a variety of subcommittees
Founded ASET Services, Inc. in 2002

8 Sports Surface Related Patents/Applications
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ASET Services Introduction

* Provide testing, research, and engineering
services

» Scientific Body Member of ISSS (International
Sports Surface Scientists Association)
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ASET Services Introduction

* Testing Overview
— ASTM, EN, DIN and other standards
— Lab and Field Testing
— Inspection Services

— Standardized and Proprietary Methods
* Markets Served

— North American focus but provide services world
wide
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Outline

 Asked to discuss ASTM
F2772

* But ASTM F2772 is part
of a larger group of
standards

* This group of standards
are joined by a ‘web’ of
requirements from
‘nodes’ of common
methods
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Outline

* Focus on the methods used in ASTM F2772

— These methods are ‘nodes’ that are common to
multiple standards

— F2772 Methods

* Force Reduction

* Vertical Ball Rebound

* Vertical Deformation

* Friction / Surface Effects
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Outline

e Details for each Method/Node

— Equipment summary
— Calculation summary
— Repeatability summary (when available)

2012 ASBA Presentation



Outline

* Cover examples showing how the results can
be used in multiple standards

e Questions
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Node: Force Reduction

* Force Reduction

— Compare sport surface
and ‘rigid’ surface
impact forces to obtain
percent reduction

RO =1 - (L2

)
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Nodes: Force Reduction
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Nodes: Force Reduction

* Close Up
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Node: Ball Rebound

Compare sport surface
and concrete rebound
heights to obtain
rebound percent

R(%) = ( )

Height is calculated from
the time between impacts

Hfloor
Hrigid

Sound generated at impact
used to determine time
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Node: Ball Rebound
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Node: Vertical Deformation

e Vertical Deformation
— Reports vertical deformation
caused by 1500 N load

— Vdef(mm) = dypgy * (1500

)

Fmax
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Node: Vertical Deformation
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Node: Vertical Deformation
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Node: Vertical Deformation

* ASTM F2772

— Requirements Depend on System Type

* Wood Systems
— Class A: 1.8to 5.0 mm
— Class B: < 1.8 mm

* Synthetic Systems

— <3.5mm

 Combination
— Total System: 1.8 to 5.0 mm
— Point Elastic Top: < 0.5and < 2.0 mm
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Node: Surface Effects / Friction

* EN 13036 & ASTM E 303

— Standard methods that describe the equipment
and method

— Equipment is identical for both
— Travel of pendulum after strike determines value
— Tested in dry conditions only for indoor surfaces
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Node: Surface Effects / Friction
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Node: Surface Effects / Friction

* ASTM F2772

— Requirements:
* Average between 80 and 110
* No value more than 4 points from average
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Repeatability/Reproducibility

* Repeatability

— Ability of same lab to obtain the same result on
same sample

— Within lab error level
* Reproducibility

— Ability of different labs to obtain the same result
on same sample

— Between lab error level
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Repeatability/Reproducibility

* Note on values presented in this presentation

— Values have been obtained from published
sources (ASTM F2569, or ISSS group)

— Values have been approximated because the data
was not collected to provide a
repeatability/reproducibility level for the final
outcome of the tests

— Because | have approximated the values others
may present slightly different levels.
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Reproducibility: Force Reduction

* Reproducibility is the most critical
— Data Derived from ASTM F2569 -2011

e Values are approximate

m Repeatability Reproducibility

Rubber 1.5% 5.25%
Shock Pad 4.5% 5.25%
Padded Carpet 1.5% 5.0%

* A good general estimate is that the reproducibility range is
+/-5% from the target value
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Reproducibility: Force Reduction

— Reproducibility Example (using +/- 5% general level)
— Project goal = Rubber floor with 35% Force Reduction
* Upper reproducibility limit =40 %
* Lower reproducibility limit = 30%
* Limits are centered around target value
— All products within this reproducibility range are

considered within the error limit and would be
considered to meet the desired target

— All products within the range are not considered
equal.

— Products differing by more than the reproducibility
limit are considered significantly different
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Reproducibility: Ball Rebound

* Repeatability / Reproducibility

m Repeatability Reproducibility

Rubber 2.4% 5.4%

Shock Pad 3.0% 6.0%

* Numbers obtained from www.isss-sportsurfacescience.org 2010 Round Robin
Results

* Results apply to basketballs only

* A good general estimate is that the reproducibility
range is +/-5.5 % from the target value
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Reproducibility: Ball Rebound

* Reproducibility Example (Using 5.5% level)

— Project goal = Rubber floor with 98% Rebound
* Upper reproducibility limit = 100%
* Lower reproducibility limit = 92.5%
* Limits are centered around target value

— All products within this reproducibility range are
considered within the error limit and would be
considered to meet the desired target

— All products within the range are not considered
equal.

— Products differing by more than the reproducibility
limit are considered significantly different
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Reproducibility: Vertical Deformation

* Repeatability / Reproducibility
— Derived from ASTM F2569 -2011

e Values are approximate

m Repeatability Reproducibility

Rubber 0.14 mm 0.47 mm
Shock Pad 0.74 mm 0.74 mm
Padded Carpet 1.4 mm 2.8 mm

* Numbers obtained from www.isss-sportsurfacescience.org 2010 Round Robin
Results

* A good estimate for reproducibility on synthetic surfaces is
0. 5mm
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Reproducibility: Vertical Deformation

e Reproducibility Example (Using 0.5 mm level)

— Project goal = Rubber floor with 2.0 mm Vertical Def.
* Upper reproducibility limit = 2.5 mm
* Lower reproducibility limit = 1.5 mm
* Limits are centered around target value Values that are less than
the reproducibility limit apart are statistically equivalent.
— All products within this reproducibility range are
considered within the error limit and would be considered
to meet the desired target

— All products within the range are not considered equal.

— Products differing by more than the reproducibility limit
are considered significantly different
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Reproducibility: Surface Effects

* Repeatability/Reproducibility

— The first Round Robin of its kind was conducted in
2012. The results are currently being reviewed
and are not yet publicly available.
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ASTM F2772 Overview

* Scope

— This specification establishes levels for athletic
performance properties of multi-purpose indoor
sports floor systems excluding turf and materials
specific to running tracks and tennis courts

— Note Running Tracks are evaluated using ASTM
F2157 which has 3 nodes in common with F2772
(force reduction, vertical def., surface effects)
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ASTM F2772 Overview

* Original Version Approved 2009
— Included only Force Reduction and Ball Rebound

— Established performance groupings within Force
Reduction Category

e Standard was modified in 2011

— Vertical Deformation was added during revision

— Surface Effects (or Friction) was added during the
revision
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F2772: Force Reduction

* Requirements

— Apply to all floors, not dependent on type

(synthetic, wood, etc.)

— Uniformity: all points within +/- 5% of average

— Classes

ass 1 —10%to 21%
ass 2—22%1to 33%
ass 3—34% to 45%
ass4—-46%to 57%
ass 5—-58% and above
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F2772: Ball Rebound

* Requirement

— Apply to all floors, not dependent on type
(synthetic, wood, etc.)

— Greater than 90% using an official NCAA Game
Ball

— Uniformity: All points within +/- 3% of average

2012 ASBA Presentation



F2772: Surface Effects

* Requirement

— Apply to all floors, not dependent on type
(synthetic, wood, etc.)

— Average between 80 and 110
— Uniformity: All points within +/-4 of average
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Standards and Products

e Select Standards Using Same Test Methods
— ASTM F2772 (Per Scope: Indoor Courts Only)

* |In practice, outdoor courts too but surface effect may
not be appropriate

— EN 14904 (Indoor Courts, Tracks, Outdoor Courts)
— DIN 18032-2 (Legacy Standard: Courts)

— DIN 18035 (Legacy Standard: Tracks and Outdoor)
— ASTM F2157 (Running Tracks Only)
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Standards and Products

* This section covers incorporating multiple
standards into your product development and
testing programs

* All standards using identical methods have the
same repeatability and reproducibility levels
outlined in this presentation.

* The ‘Nodes’ from the previous section are the
common tests that link many standards
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Standards and Products

* This section has been simplified to consider
only point elastic sports surfaces

— Includes most synthetic court surfaces
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Standards and Products

* Force Reduction Criteria for Different

ASTM F2772

EN 14904

ASTM F2157

DIN

Class 1 (10-21%), Class 2 (22 — 33%), Class 3
(34 —45%), Class 4 (46 —57%), Class 5 (>
58%)

Mandatory ( 225%, <75%)

Optional Types defined based on product
Point Elastic; Type 1( 225, <35%), Type 2
(235, <45%), Type 3 ( 245)

Class A (30-50%), Class B (30-50%), Class C
(25-50%),

Has been discontinued in Europe
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Standards and Products

* Force Reduction Examples

Standard Test Result Test Result Test Result
(15%) (30%) (50%)

ASTM Pass Pass Pass
F2772 Class 1 Class 2 Class 4
(10-21%) (22-33%) (46 — 57%)
EN 14904  Fail (<25%) Pass Pass
Type 1 Type 3
(=25, <35%) (>35%)
DIN Fail (<45%) Fail (<45%) Pass
Point Elastic Category p)

(> 45%)
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Standards and Products

 Vertical Deformation Criteria

ASTM F2772 <3.5mm

EN 14904 Mandatory (£ 5 mm)
Optional Types defined based on product
Type 1(< 2 mm), Type 2 (< 3 mm),
Type 3 (< 3.5 mm)

ASTM F2157 Class A (0.6 to 2.5 mm), Class B (0.6 to 2.8
mm), Class C (0.5 to 3.0 mm),

DIN Has been discontinued in Europe
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Standards and Products

* Vertical Deformation Examples

Standard Test Result Test Result Test Result
(.75 mm) (2 mm) (3.5 mm)

ASTM Pass Pass Pass
F2772 (£3.5 mm) (£3.5 mm) (£3.5 mm)
EN 14904 Pass Pass Pass

Type l, 2,3 Type 2, 3 Type 3
DIN Fail Pass Pass
Point Elastic (<08 mm)

— Note: EN types are determined using both force reduction and
deformation results
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Standards and Products

 Ball Rebound Criteria

ASTM F2772 > 90 %, all points within 3% of average
EN 14904 > 90 %, all points within 3% of average
ASTM F2157 Not Measured

DIN Has been discontinued in Europe
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Standards and Products
e Ball Rebound

Standard Test Result Test Result
(92%) (85%)

ASTM Pass Fail
F2772
EN 14904 Pass Fail

DIN Pass Fail
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Standards and Products

* Surface Effects / Friction

ASTM F2772 > 80, <110, all points within 4 of average
EN 14904 > 80, <110, all points within 4 of average
ASTM F2157 > 80, <110, all points within 4 of average

DIN Uses a different method
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Standards and Products
e Ball Rebound

Standard Test Result Test Result
(90) (75)

ASTM Pass Fail
F2772
EN 14904 Pass Fail

DIN Uses Different Test
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Testing Program Suggestions

e The common methods
(nodes) produce results.

e Different standards
view those results
differently (sort of like a
colored lens)
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Testing Program Suggestions

When possible pick methods (nodes) common

to multiple standards

Determine if multip

e standards are of interest

— Ask your testing provider if not sure

Ask for results from all desired standards

Consider how you’ll take to the market

— May request one large report, or reports
customized for each individual standard
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Testing Program Suggestions

* Don’t simply ask for F2772 testing

— May require additional testing in the future for
another market

— May pass other standards more marketable or
recognized in other markets (etc. Global)

— Ask to consider other standards during analysis
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Conclusions

e Comments on Current ASTM Directions
— Indoor courts
— Qutdoor courts

* Questions
* Contact: elliottp@asetservices.com
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