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Abstract: This study aimed to examine the shock absorbency properties of two different soccer playing surfaces, namely
the artificial turf (AT) and natural turf (NT), using a bespoke impact test aligned with the FIFA Advanced Artificial
Athlete (AAA) testing standard. Measurements were collected using an accelerometer sensor to quantify peak impact
force to calculate the shock absorbency property across five field locations, with each location consists of four trials of
impact test at the same spot (T1 — T4). Two data analysis methods were compared: (1) using only the first trial (T1) and
(2) averaging four consecutive trials (AVG) in determining the impact properties of the two surfaces. Results showed
significant differences in shock absorbency on the NT surface between Tl and AVG (p < 0.05), while no significant
difference was found on AT (p > 0.05). This suggests that NT surfaces exhibit greater variability due to environmental
and structural inconsistencies, whereas AT surfaces offer more uniform mechanical properties of multiple impact tests.
The rubber infill in AT likely contributed to its reduced compressibility and consistent shock response. These findings
highlight the importance of considering surface type and test methodology when evaluating playing surface performance.
In conclusion, the study emphasizes that analysis methods and surface characteristics substantially influence shock
absorbency measurements. A standardized and surface-specific approach is essential for accurate assessment.
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possibly due to differences in ground reaction forces and

1. INTRODUCTION quicker force attenuation [9]. The type of playing surface
Soccer, widely regarded as the world’s most popular also influences variables such as shooting accuracy,
sport, boasts an impressive 275 million players across the plantar loading during agility tasks, and game speed, with
globe [1]. Its global appeal is largely driven by the game's harder surfaces being associated with faster play [10].
exciting and dynamic nature, which features countless
spontaneous movements. During match play, players Investigation on these forces and impact attenuation-
frequently execute directional changes, primarily related variables are commonly measured using an IMU
between 0° and 90°. Defenders complete approximately sensor or accelerometer—a device that measures
700 turns per match, while midfielders and strikers acceleration or movement by humans and in mechanical
perform around 500 and 600 turns respectively. Notably, tests to evaluate playing surface properties [11,12].
midfielders and strikers tend to make more turns between
270° and 360° [2]. According to the FIFA Quality Concept Standard, the
shock absorption of a soccer-playing surface is measured
It is well established that an effective force generation using the Advanced Artificial Athlete (AAA) device. The
from surface-athlete interaction is vital for executing FIF A protocol involves conducting three impact tests and
sport-specific movements [3]. Previous studies showed calculating the average value [12]. However, some recent
that soccer players execute quick changes of direction studies have adopted different approaches. For example,
motion which include several movements (sprinting, one study used the average of the fourth and fifth impact
running, and cutting), and the player-playing surface trials to assess the effect of foamed shock pad designs on
interaction involving high-impact force during cutting energy absorption [13]. Others have reported using
maneuver can be manipulated by altering the playing average values from all trials [14], only the highest
surface mechanical properties [4,5]. recorded value [15], or the average peak impact force
from five separate, untouched test sections [16].
With regards to the playing surface, playing on artificial Furthermore, studies using human subjects have
turf has been associated with increased physical effort incorporated accelerometers placed on the head and
and more difficulty in ball control [6,7], whereas natural lower leg to assess impact properties across fields with
turf has been reported to impose a higher relative load different structural configurations [17].

during cutting movements [8]. Other studies indicate that
contact time during cutting maneuvers in sports like
soccer and rugby is significantly shorter on artificial turf,
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One such study also explored the correlation between
human-measured impact data and shock absorbency as
measured by the AAA device, using the average of the
second and third impact trials for analysis. Despite the
establishment of a standardized testing protocol by FIFA,
current practices in impact test analysis remain
inconsistent. Various studies employ differing data
analysis methods ranging from averaging all trials to
selecting only the highest or selected subset of values,
highlighting a lack of consensus.

Therefore, the objective of this study was to examine the
shock absorption properties of two different soccer
playing surfaces using a customized impact test based on
the FIFA Quality Programme Standard (AAA). Two data
analysis methods were proposed and compared: one
using the average value from only the first trial, and the
other using the average of four trials. It was hypothesized
that the selection of the data analysis method would
significantly affect the measured shock absorbency of the
soccer turf.

Figure 1: Artificial turf and Natural turf

2. METHODS

A total of five locations within a 2m x 6m area of two
soccer turfs (AT and NT) were selected for data
collection (Figure 1). The impact force for each location
(P1 —P5) was measured using a bespoke impact tester for
four trials on each exact location for both the AT and NT
soccer turf (Figure 2). There was a one-minute interval
rest between each trial conducted to allow the turf surface
elastic component to return to its original state after the
impact force had deformed the turf’s surface.

In this study, a bespoke surface impact test was used to
measure the soccer mechanical properties, namely the
surface peak impact force and surface shock absorbency
(SA). The bespoke surface impact test (based on AAA
FIFA standard) is a test used to replicate impact ground
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reaction from vertical force and contact time from heel
strike in sports performance. The test foot was hung at
90mm from the soccer turf surface (Figure 3) and was
released onto the test surface by using the release lever to
generate impact to the test AT and NT surface (Figure 1:
a and b). An initial test was conducted to verify the
bespoke device met the FIFA standard of maximum
impact force (reference force) at 6760N when tested on a
hard-solid flooring surface according to the FIFA
standard.
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Figure 2: impact test location on test sides for both
natural and artificial turf (Five location: P1-P5).

An accelerometer is a device that can be used to measure
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Figure 3: Prototype bespoke impact tester (based on
AAA FIFA standard).

Figure 4: Accelerometer device (3-axis 50G at 200Hz used in

this study, produced by 4-assist Inc., Japan

the force of an impact (Figure 4). The device is used as a
surface impact tester sensor (based on the AAA FIFA



standard) on two soccer fields: artificial and natural turf
utilized in this study. The accelerometer was placed on
top of the test foot. The first impact force test was
conducted on hard-solid flooring to measure Fref
according to FIFA standards. Next, an impact test was
conducted for the soccer field to measure Fmax and
shock absorbency properties for the artificial and natural
turf. On each playing surface, measurement of the impact
test was conducted at five locations (P1 — P5) as shown
in Figure 4. Average data from these five locations was
used to calculate the measure of Fmax and shock
absorbency properties for the artificial and natural turf.
The calculation reference used in this study was based on
the FIFA (Test Manual I — Test Methods: 2015 Edition-
FIFA Quality Programme for Football Turf), as shown in
the calculation below:

e Shock absorption calculation F,,, = (m X
g X Gugy) +m Xg

® F,.. is the peak force, expressed in Newton
N)

® Gnax, 1s the peak acceleration during the
impact, expressed in multiples of the
acceleration due to gravity (g)

e m, is the falling mass, which is the kettlebell
weight

e g, is the gravity value at the accelerometer

e on the calculation for shock absorption SA =

[1 - F’M] x 100
Fref

e SA is the shock absorption on %
® F,.. 1s the force max measured on the sports
surface, in N.

® [ is the reference force value of each surface

(artificial and natural) value for a concrete floor

6760N

STATICAL ANALYSIS

A normality test was conducted using IBM SPSS
Statistics 27.0.1 which uses Levene's Test for Equality of
Variances, Skewness Values, and Kurtosis values. In
addition, an independent t-test was conducted to compare
trial 1 (T1) and the average bespoke impact test at two
different playing surfaces (AT and NT) using IBM SPSS
Statistics 27.0.1.

3. RESULTS

The results and data analysis are shown below:

Table 1 Levene's Test for Equality

Levene's Test for Equality of Variances

f Sig. df
AT 1.279 0.291 8
NT 0.709 0.424 8

The results of Levene's Test for Equality of Variances
are presented AT and NT in Table 1. For the AT impact
force F (1,8) 1.279, p=0.291. For NT impact force, F
(1,8) =0.709, p = 0.424.

Table 2 Skewness Values

Skewness
Statistic Std.
Error
AT -0.990 0.687
NT 0.096 0.687

Skewness values were calculated for the variables AT
and NT. The skewness of AT was found to be -0.990 (SE
=0.687), indicating a negative skew, while the skewness
of NT was 0.096 (SE = 0.687), suggesting a near-normal
distribution.

Table 3 Kurtosis values

Kurtosis

Statistic Std. Error
AT 1.388 1.334
NT -0.953 1.334

Kurtosis values were calculated for the variables AT and
NT. The kurtosis for AT was 1.388 (SE = 1.334),
indicating a moderately peaked distribution, while the
kurtosis for NT was -0.953 (SE = 1.334), suggesting a
relatively flat distribution compared to a normal
distribution.

Independent t-test

Table 4 Independent t-tests

t df Sig.
AT -1.119 8 0.296
NT -4.021 8 0.004

Independent t-tests were conducted to compare the
means of SA property between T1 and AVG for
both AT and NT. For AT, t (8) = -1.119, p=0.296
indicating no significant difference. For NT, t (8) = -
4.021, p = 0.004, suggesting a statistically significant
difference.
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Figure 5 Shock Absorption (SA) at AT and NT field

The graph shows shock absorption (SA) compares the T1
and AVG impact tests on AT and NT playing surfaces.
AT showed a T1 value of 26.08 and NT T1 was 17.84.
The value of AVG at AT was 27.69 and NT was 21.41.
Differences in the shock absorption component between
T1 and Avg value at AT was 5% and NT recorded
changes of 11%.

4. DISCUSSION

The purpose of this study was to examine the impact test
measurements of soccer surfaces. Two different playing
surfaces were tested using a bespoke impact test based on
the FIFA Quality Programme for the Advanced Artificial
Athlete (AAA). Two surfaces (AT and NT) were used in
this study, and their hardness at specific locations was
measured using the bespoke impact test based on the
AAA FIFA standard. It was hypothesized that there
would be a significant difference in shock absorbency of
the two soccer turfs (AT and NT) when analysed using
two different analysis methods.

The study results demonstrated a significant difference
on the NT surface compared to the AT surface in impact
tests at T1 and AVG. The NT impact test values (p<0.05)
showed a significant difference in the mean effect of
impact resistance, hardness, or shock absorption
(reduction of shock absorbency at 11%). Meanwhile, the
AT values (p>0.05) suggest consistency in the AT-
engineered material, such as the rubber infill and
synthetic fiber, which provide uniform impact resistance,
resulting in less variability across tests (reduction of
shock absorbency at 5% only). The results from the
independent t-tests indicate that the impact force of the
soccer surface is according to the specific turf type. For
artificial turf (AT), the force value T1 was 5313.49N and

the Average force value was 5629.08N, natural turf
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(NT) was 3695.62N for T1 and 4412.34N for average
force value.

In addition, previous studies showed that the NT was
significantly influenced by environmental factors such as
rain, heat, and insects as compared to the AT [18,19].
Unlike AT, the natural grass will absorb water through its
roots and this may influence the soil's mechanical
properties [20]. This condition may facilitate AT to
maintain its soil’s structural integrity under intense
weather inconsistency. Furthermore, AT playing surfaces
typically possessed a much more consistent and even
surface throughout the fields when compared to a natural
grass soccer field [19]. This condition would likely have
influenced the outcome of this study.

Meanwhile, the lower changes in the SA property of AT
as compared to NT may be contributed by the property of
the rubberized infill used in the AT playing surface.
Styrene-butadiene rubber (SBR) is commonly used as a
performance infill material due to its performance levels
and low cost. It was previously demonstrated that SBR
was found to be less compressible than other organic
materials under high normal loading [20]. Therefore, it is
also likely the AT surface tested in this study was also
less compressible when being impacted more than once
at the same spot as compared to the NT surface which
would be much more compressible and more compact
after four trials of impact test.

Nevertheless, there was a previous study that has
challenged this conclusion. One study found that there
were no substantial performance differences between
natural and high-quality hybrid turfs, suggesting that
maintenance practices, such as irrigation and grass
length, play a pivotal role in the performance of natural
turf [21]. The significant result observed in this study
may reflect specific testing conditions (e.g., dry versus
wet turf) or variations in turf wear, which can influence
the playing characteristics of the surface [22].

5. LIMITATION

This study was conducted at only one specific location (2
width x 3 length) on the soccer turf. To obtain a more
comprehensive and representative understanding of the
surface's overall condition, it is recommended that
similar tests be conducted at multiple locations across the
entire field. Meanwhile, the maintenance of the soccer
field should be documented and considered as a
significant influencing factor. The manufacturing quality
of the artificial grass used in the soccer turf is a critical
factor that must be assessed [23]. The characteristics of
the infill material used in the artificial turf, such as its
composition, granule size, elasticity, and distribution,
should also be examined and considered as factors that
may influence the study outcome.

6. CONCLUSIONS

In this study, it was successfully demonstrated that AT
playing surfaces were likely less affected by multiple
impact tests conducted on the same spot on the surface,
potentially due to its mechanical property and turf
construction as compared to an NT playing surface.
These results highlight the importance of considering a



test approach based on the type of playing surface or its
mechanical property and construction specification.
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