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INTERNATIONAL
Standard Test Method for
Measuring Force Reduction, Vertical Deformation, and
Energy Restitution of Synthetic Turf Systems Using the
Advanced Artificial Athlete’
This standard is issued under the fixed designation F3189; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method specifies a method for measuring force
reduction, vertical deformation, and energy restitution of syn-
thetic turf surfaces.

1.2 This method is used to characterize properties of syn-
thetic turf systems including the turf fabric, infill material, and
shock pad (if applicable).

1.3 It can be used for characterizing synthetic turf systems
in laboratory environment or in the field.

1.4 The values stated in SI units are to be regarded as
standard. No other units of measurement are included in this
standard.

1.5 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Terminology

2.1 Definitions of Terms Specific to This Standard:

2.1.1 energy restitution (ER), n—a measure of the energy
returned by the synthetic turf surface after the impact force has
been applied.

2.1.2 energy restitution coefficient, n—the ratio of the dy-
namic load energy applied to the surface to the energy returned
by the surface.

2.1.3 force reduction (FR), n—the ability of a synthetic turf
sports surface to reduce the impact force of a mass falling onto
that surface.

2.1.3.1 Discussion—The reduction in impact force for this
test method is expressed as a percentage reduction when
compared to a reference force of 6760 N. The reference force
is the theoretical maximum impact force that occurs when the
test is performed on a rigid surface (concrete).
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2.1.4 synthetic turf system, n—all components of the syn-
thetic turf surface and subsurface that have the potential to
influence the dynamic properties of the surface.

2.1.4.1 Discussion—These include any shock pads or dy-
namic base constructions installed as part of the synthetic turf
system.

2.1.5 vertical deformation (Def), n—a measure of the dis-
tance a test foot penetrates into the surface when a standard
impact force is applied.

2.2 Symbols:
2.2.1 A—acceleration in m/s>.

2.2.2 Def—deformation in millimeters.
2.2.3 E—energy in Joules.

2.2.4 ER—energy restitution.

2.2.5 F—force in Newtons.

2.2.6 FR—force reduction in %.

2.2.7 g—acceleration due to gravity.
2.2.8 R—coefficient of restitution.

2.2.9 t—time in seconds.

3. Summary of Test Method

3.1 A mass with a spring attached is allowed to fall onto the
test surface. The acceleration of the mass is recorded from the
moment of release until after its impact with the turf surface.
Force Reduction is the percentage reduction in the measured
maximum force (Fmax) relative to the reference force (Fmax).

3.2 Deformation is calculated by double integration of the
record of acceleration versus time. Energy restitution is calcu-
lated from the force versus deformation curve.

4. Significance and Use

4.1 The dynamic interaction between the athlete and the
synthetic turf surface affects the comfort and the performance
of the athlete. Interaction with a surface that has low amounts
of deformation and shock absorption allows the player to run
fast and turn quickly, but has the potential to cause discomfort
and damage to the lower extremity joints. Synthetic turf
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surfaces having high deformation have lower energy restitu-
tion. Less of the energy exerted by the athlete returns from the
surface, possibly increasing the fatigue for the performing
athlete.

5. Test Conditions

5.1 Laboratory Test Conditions:

5.1.1 Laboratory tests shall be conducted on samples of the
complete turf system. The test sample shall have nominal
dimensions of 1 m by 1 m. The turf samples shall be prepared
in accordance with the manufacturers stated method.

5.1.2 Characteristics of the Laboratory Floor—The labora-
tory floor shall be concrete with a minimum thickness of 100
mm.

5.1.3 Conditioning and Test Temperature—The test piece
shall be conditioned at laboratory temperature (23 % 2°C) for
24 £ 0.5 h.

5.2 Field Test Conditions—Testing in the field shall be
performed at ambient temperature and humidity which shall be
recorded and reported.

6. Test Apparatus

6.1 The principle of the test apparatus is shown in Fig. 1 and
consists of the following essential components specified in 6.2
-6.7.

6.2 Falling mass (3), incorporating a helical metal spring (5)
and steel foot (6) and fitted with an accelerometer (4), having
a total mass of 20.0 = 0.1 kg.

6.3 Helical steel spring (5), whose characteristic is linear
(measured with maximum increments of 1000 N) with a spring
rate of 2000 = 60 N/mm over the range of 0.1 to 7.5 kN. The
axis of the spring shall be vertical and shall be directly below
the center of gravity of the falling mass. The spring shall have
three coaxial coils that shall be rigidly fixed together at their
ends. The mass of the spring shall be 0.80 = 0.05 kg.

6.4 Steel test foot (6) having a lower side rounded to a
radius of 500 = 50 mm; an edge radius of 1 mm; a diameter of
70 = 1 mm and a minimum thickness of 10 mm. The mass of
the test foot shall be 400 = 50 g.

6.5 Test frame with minimum of three adjustable supporting
feet, no less than 250 mm from the point of application of the
load. The design of the supporting feet shall insure the weight
of the test apparatus is equally distributed on all of the feet.

6.5.1 The pressure (with the mass) on each foot shall be
<0.020 N/mm?” and the pressure (without the mass) on each
foot shall be >0.003 N/mm?>.

6.5.2 The complete system will have a mass of <50 kg.

6.6 A piezo-resistive accelerometer (4) with the following
characteristics:
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FIG. 1 Test Apparatus
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