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SPORTS SURFACE IMPACT TESTING (field
hardness) has become an integral part of the syn-
thetic maintenance process. Test results can indicate

that a field is in good condition, as well as pinpoint areas
of concern.   

The Synthetic Turf Council recommends a minimum
testing frequency to be at the end of year 1 and the end of
year 3. Other industry experts and/or field specifications
often recommend annual testing. That’s a lot of data! Due
to the large amount of data, the test reports may be some-
what difficult to interpret. In this article, we’ll break down
the field hardness test report, so that the field manager can
understand it better and find the information that is most
important for success.

The field hardness test report is a two-page report (see
Figures 1 and 2). This report includes field conditions and
test results from evaluations performed at multiple loca-
tions on a single field. In Figures 1 and 2, we have divided
the test report into five sections to aid in finding informa-
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>> Below: Figure 3. Graph from research published in February
1990 by Voigt R. Hodgson, Ph.D., Director Biomechanics Labora-
tory, Department of Neurosurgery at Wayne State University De-
troit, Michigan in his paper titled Impact, Skid And Retention
Tests On A Representative Group of Bicycle Helmets to Deter-
mine Their Head-Neck Protective Characteristics.

>> Figure 1.

>> Below: Figure 2.
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tion and explaining the data. Figure 1 is the
first page of the report, and Sections 1 to 3
are found on page 1. Figure 2 is the second
page of the report, and Sections 4 and 5 are
found on page 2.

Section 1: Basic information regarding
when and where the test was performed.
Also included are the weather conditions
during testing.

Section 2: This section has summaries of
testing performed and test results. This is
the heart of the test report, and contains
the information that will likely be of most
interest to sports turf managers.

• Testing Method: Testing is typically
performed according to guidelines detailed
in ASTM F1936.  F1936 provides specifi-
cations for equipment to be used, how and
where tests are to be performed, and field
performance requirements.

• Point: Testing points refer to locations
on the field where test measurements are
performed.  Different locations are speci-
fied per ASTM F1936 for different types of
fields (football, soccer, lacrosse, etc.). Typi-
cally eight test points are specified by the
method and two additional points are
tested at the discretion of our field techni-
cian. If desired, additional points can also
be tested and reported.  

• Total Depth and Infill Depth: This in-
formation can provide insight for evaluating
problems or trouble areas. Depths are typi-
cally not mandated, but turf manufacturer
specifications often indicate acceptable fiber
lengths, infill material, and infill depths.
Total Depth is the depth from the top of
the turf to the backing (synthetic fields) or
soil (natural turf fields). Worn or lost turf
can cause a harder or softer field and impact
performance. Infill Depth is the depth of
infill materials that are between the turf
fibers. Infill is used to provide desired play-
ing conditions, and can act to protect turf
fibers. Typical infill materials include sand,
rubber, and other materials. Most, but not
all, synthetic fields have infill material. Un-
even infill depths can lead to varying hard-
ness and performance.  Loss of infill may
also lead to turf damage, and is a significant
cause of variance in field performance. 

• Gmax is the maximum value of G en-
countered during an impact. G is the ratio
of magnitude of missile acceleration during
impact to the acceleration of gravity, ex-

pressed in the same units (G, being a ratio,
is unit less). The number reported here is
the average of the second and third drop at
each test point. The maximum impact level
of <200 average Gmax, has been accepted
by the U.S. Consumer Product Safety
Commission. ASTM F1936 states that:
“According to historical data, the value of
200G is considered to be a maximum
threshold. Values of 200 Gmax and above
are considered values at which life threaten-
ing head injuries maybe expected to occur.”
Project specifications may require a lower
maximum impact level. For example, many
experts recommend Gmax values no higher
than 170 on fields where sports without
helmets are played.

• Vo fps: impact velocity, velocity of the
missile (in feet per second) as it impacts the
surface of the field. This is not a measure-
ment of the turf, but an indicator of
whether test was performed properly. If im-
pact velocity is not acceptable our field
technician will rerun tests at the test point.

• Tmax ms: time (milliseconds) to im-

pact maximum (Gmax).  Used in calcula-
tions for Head Injury Criterion.

Section 3: Statements regarding whether
Gmax results are less than 200 and that re-
port reflects condition of field. Signed by
field technician.

Section 4: Same as section 1. Basic in-
formation regarding when and where the
test was performed, at the top of page 2.

Section 5: Test results from the individ-
ual test drops at each test point.

• Test point location and individual test
results with the average (2nd and 3rd
drops) are reported for Gmax and Vo fps
(impact velocity).

• Drop height is 2 feet.  This is the dis-
tance that the test missile is dropped dur-
ing the test procedure. ASTM F1936
states: “The test method incorporated into
this specification (Procedure A of Test
Method F355), has been used to test the
impact attenuation of athletic fields for
over 30 years. The development of this 2-ft
fall-height method can be traced back to
the Ford and GM crash-dummy tests of
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the 1960’s, medical research papers from
the 1960’s and 1970’s, and a Northwestern
University study in which an accelerometer
was fixed to the helmet of a middle line

backer to measure impacts received during
actual play. This study found the typical
head-impact to be 40 ft/lb, which is equiva-
lent to the impact generated by dropping a
20 lb missile from a height of 2 feet, the re-
quirement specified in Procedure A of Test
Method F 355.”

• Head Injury Criterion (HIC) is a
measure of the likelihood of head injury
arising from an impact.  HIC is a measure-
ment of impact severity based on published
research describing the relationship between
the magnitude and duration of impact ac-
celerations and the risk of head trauma.  At
the 2012 STMA Conference, Dr. Andy
McNitt of Pennsylvania State University in-
dicated a near perfect correlation between
Gmax and HIC for sports fields (i.e. high
Gmax = high HIC; low Gmax = low HIC).
HIC is used to assess safety related to vehi-
cles, personal protective gear, and sport
equipment. Because there is limited re-
search regarding sports fields, data from the
auto industry and others is used to provide
insight into injury risk. The higher the HIC

value, the greater the risk of injury (see Fig-
ure 3 below).

Turf Diagnostics believes that the Gmax
values should be the key indicator of field
hardness for the turf manager. Individual
test points with Gmax above 200 or a
Gmax average of greater than 170 for the
entire field suggest that maintenance prac-
tices, such as grooming and topdressing, are
required.

We also believe that the field manager
should pay particular attention to infill
depth. For consistency in play, infill depth
should be uniform over the entire field.
Changes to infill depth over time should
also be noted. Infill depth tends to de-
crease over time and should be replenished
as part of a synthetic turf maintenance
program. ■

Sam Ferro is the president of Turf Diagnos-
tics & Design, which performs field hardness
testing on fields throughout the US as well as
testing of soils, sands, aggregates and amend-
ments for natural and synthetic turf fields.

>> Turf Diagnostics technician measuring field
temperature and infill depth as part of a field
evaluation.




