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INTRODUCTION

FSurveys by the United States Consumer Product Safety Commission (ERSLCpthers have
shown that falls from playground equipment onto the underlying surface-are-a—systematic means
significant cause of injuries to children. Severe head injuries are the most frequently implicated cause
of death in playground equipment-related falls. Use of appropriate impact-attenuating surfacing

materials—fer_in the use—en—playgrounds—has—been—amply—demonstrated by zone of playground
equipment can reduce the-current-difficulty-in-assessing risk of fall-related injury. In particular, it is
believed that the—relative-merits risk_of life-threatening head injuries is reduced when appropriate
surfacing materials are installed.

This specification specifies impact attenuation performance requirements for playground surfaces
and surfacing materials and provides—a-diversity means of detesrmining impact attenuation perfor-
mance using a test method that s,imulagtes the impact of a child’s head with the surface. The test
method quantifies impact in terms, gfimax and-terminology—Coenseguently, Head Injury Criterion
(HIC) scoresG-max is the-geal measure of the maximum acceleration (shock) produced by an impact.
The Head Injury Criterion or HIC score is an empirical measure of impact severity based on published
research describing the relationship between the magnitude and duration of impact accelerations and
the risk of head trauma. The standard includes procedures allowing surfacing materials to be
performance-rated before installation and for installed surfacing materials to be tested for conform-
ance with the specification.

The purpose of this specification is to reduce the frequency and severity of fall-related head injuries
to children by establishing a uniform and reliable means—fer-measure-to-compare—characteristics of
comparing and specifying the-materialsin-orderto-provide-the-potential-buyer with impact attenuation
of playground surfaces. Its use will give designers, manufacturers, installers, prospective purchasers,
owners, and operators of playgrounds—a-useful-yardstick-by-which-to-measure—available means of
objectively assessing the performance of surfacing materials-as-a-surface under and around playground
equipment and hence of evaluating the associated injury risk.

1. Scope

1.1 This specification-eevers establishes minimum performance requirements for the impact atteruation—reguirements, whe
tested of playground surfacing materials installed within the use zone of playground equipment.

1.2 This specification is specific to surfacing used-ir-aeeerdance conjunctior-with-Fest-Method F 355, playground equipment
such as that described in Specifications F 1148, F 1487, F 1918, F 1951, and F 2075.

1.3 This specification establishes an impact attenuation performance criterion for playground surfacing materials; expressed :
a critical fall height.

1.4 This specification establishes procedures for determining the critical fall height of playground surfacing materials under

! Thistestmettiod specification is under the jurisdiction of ASTM Committee FO8 on Sports Equipment and Facilities and is the direct responsibiitynoriee
F08.63 on Playground Surfacing Systems.
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laboratory conditions. The laboratory test is mandatory for surfaces to conform to the requirements of this specification.

1.5 The laboratory test required by this specification addresses the performance of dry surfacing materials.

1.6 The critical fall height of a playground surfacing material determined under laboratory conditions does not account for
important factors that may influence the actual performance of installed surfacing materials. Factors that are known to affect
surfacing material performance include but are not limited to aging, moisture, maintenance, exposure to temperature extremes (for
example, freezing), exposure to ultraviolet light, contamination with other materials, compaction, loss of thickness, shrinkage,
submersion in water, and so forth.

1.7 This specification also establishes a procedure for testing installed playground surfaces in order to determine whether an
installed playground surface meets the specified performance criterion.

1.8 The results of a field test determine conformance of installed playgreund eq-surfacipng materials with the criterion of this
specification and are specific to the ambient conditions under which-a—persen-may-fall. This the test was performed.

1.9 The impact attenuation specification-applies and test methods established in this specification are speeifie-to all types the
risk of-material head injury. There is only limited evidence that conformance with the requirements of this specification reduces
the risk of other kinds of serious injury (for example, long bone fractures).

Note 1—The relative risk of fatality and of different degrees of head injury may-be-tsed-underptaygrotne-eguipment.

1-2-TFhis estimated using the information in Appendix X1, which shows the relationships between the Head Injury Criterion
(HIC) scores of an impact and the probability of head injury.

1.10 This specification relates only to the impact attenuation properties of playground surfacing materials and-dees not imply
address other factors that-an-injury-cannot-be-incurred-f-the-surface-system-complies contribute to fall-related injuries. While it
is believed that conformance with the requirements of this specification will reduce the risk of serious injury and death from falls,
adherence to this specification will not prevent all injuries and deaths.

1311 The values stated in inch-pound units are to be regarded as standard. The Sl units given in parentheses are for informatior
only.

cification:

1.12 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 appropriate safety and health practices and determine the applicability of regulatory
] timitations requirements prior to use.

2. Referenced Documents

2.1 ASTM Standards?

E 691 Practice for Conducting an Interlaboratory Study to Determine the Precision of a Test Method

F 355 Test Method for Shock-Absorbing Properties of Playing Surface Systems and Materials

F 429 Test Method for Shock-Attenuation Characteristics of Protective Headgear for Football

F 1148 Consumer Safety Performance Specification for Home Playground Equipment

F 1487 Consumer Safety Performance Specification for Playground Equipment for Public Use

F 1918 Safety Performance Specification for Soft Contained Play Equipment

F 1951 Specification for Determination of Accessibility of Surface Systems Under and Around Playground Equipment

F 2075 Specification for Engineered Wood Fiber for Use as a Playground Safety Surface Under and Around Playground
Equipment

2.2 SAE Standard:

SAE J211 Recommended Practice for Instrumentation for Impact*Tests

2.3 Federal Documents:

U.S. Consumer Product Safety Commission, Publication 325, Handbook for Public Playground Safety

U.S. Consumer Product Safety Commission, Special Study: Injuries and Deaths Associated with Children’s Playground
Equipment. April 2002

3. Terminology

3.1 Definitions of Terms-Specific Relatedto-—Fhis-StandRtdyground Installations:

3.1.1 aceelerationcritical fall height (CFH)-the-time—rate—a measure-ef-ehange the impact attenuation performance of v a
playground surface or surfacing materials; defined as the highest theoretical drop height from which a surface meets the impact
attenuation performance criterion specified by this specification. The critical fall height approximates the maximum fall height
from which a life-threatening head injury would not be expected to occur.

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or contact ASTM Customer Service at service@astm.org. For Annual BooktahA&Ts| S
Veol-145-67. volume information, refer to the standard’s Document Summary page on the ASTM website.
[ ] 4 Available from Society of Automotive Engineers (SAE), 400 Commonwealth-Brive, Dr., Warrendale, PA 15096-0001.
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3.1.2 areund-playground-eguipmentdesignated play surats

as-protection—any elevated surface for standing, Walklnq sitting, or cllmbmq or a flat surface larger than 2.0 in. (51 mm) wide
by 2.0 in. (51 mm) long having less than 30° angle frem-fallsfrem-eguipment. horizontal.

3.1.3 decelerationfall height-the vertimcal distance between a designated play surface and the playground surface beneath it.

3.1.3.1 Discussior—Fall heights for specific types efreduction-ef-veloeity. play structure are defined in Specifications F 1148,

F 1487, and F 1918.

3.1.4 playground equipmentaceelerationinto-gravity-atthe-earth’s-surface-at seateve{32-#t/s(9-8-m/s)). —any fixed physical
structure installed in a designated play area that is accessible to children for activities such as climbing, swinging, sliding, rocking
spinning, crawling, creeping, or comblnatlons thereof

3.1.5 g-maxplayground surfaeethe-m i AU | initial—a
manufactured or natural material used to cover the qround below playqround equipment, including foundations, substrates, and a
compliant surfacing materials intended to attenuate impact.

3.1.6 headfermplay structure-the-striking-partof-a-testing-apparatus. —a free-standing structure with one or more components
and their supporting members.

3.1.7 headHnjury-eriteria(HES) public use playground equipmerd-meastre-of-impact-severity-that-considers play structure
anchored to the-duration-ever-which-the-most-eritical-section ground or not intended to be moved, for use in play-areas of the

decelerationpulsepersists-as-well-as-thepeak level schools, parks, child-care facilities, institutions, multiple-family dwellings,
private resorts and recreation developments, restaurants, and other areas-of-that-deeeleration. public use.

3.1.8 impactattenuationsurfacing materiatshe-ability—materials used to cover the surface of the playground use zone.

3.1.8.1 loose-fill surface-s-a compliant top layer of small, independently, movable components; for example, wood fiber, bark
mulch, wood chips, shredded foam, shredded rubber, sand, gravel-and-dissipate so forth.

3.1.8.2 aggregate surface-a loose fill surface in which the-erergy compliant top layer is made of panrticulate materials (for
example, sand, gravel, crushed marble, slag, cinders, calcined materials).

3.1.8.3 unitary surface—a compliant top layer of one or more material components bound together to form a continuous
surface; for example, urethane and rubber composites, mouldyed foam, moulded rubber mats.

3.1.9 impact—velocityuse zorethe—veloeity—of area beneath and immediately adjacent to a play structure or playground
equipment that is designated for unrestricted circulation around the equipment and on whose surface it is predicted that a us
would land when falling-bedy-at from or exiting the-time-ef-impact. equipment.

3.1.10 leese-fill-systemspecifierperson or entity responsible for specifying the performance requirements of a playground
surface. (For example an architect, or the prospective purchaser, owner, or operator of a playground.)

3.2 Definitions of Terms Related to Impact Testing:

3.2.1 acceleration—the rate of change of velocity with time, expressed in units of’{ttgs?)

3.2.2 drop height—height from which the missile is dropped during an impact test, measured as the vertical distance between
the lowest point of the elevated missile and surface under test.

3.2.3 g—the acceleration due to earth’s gravity at sea level, having a standard value of 9.8066%me standard value may
be approximated as 32.174 8(9.807 m/5). Accelerations may be expressed in unitgysf where 1qg = the acceleration due
to gravity.

3.2.4 g-max—the maximum acceleration of a missile during an impact, expressegdiinits.

3.2.5 head injury criterion (HIC}—a specific integral of the acceleration-time history of an impact, used to determine relative
risk of head injury. See Appendix X1.

3.2.6 HIC interval—the time interval within the acceleration-time history of an impact over which the HIC integral is evaluated.

3.2.7 impact—contact caused by a moving object (for example, an impact test missile) striking another object (for example, a
surface) and during which one or both bodies are subject to high accelerations.

3.2.8 impact attenuatior-property of a playground surface—system—censisting that, through localized deformation or

displacement, absorbs the energy-ofsmaltindependentmovable-components; an impact in a-way-thatis-sane-gravel-wood chi
reduces the magnitudes of peak impact force-and-se-forth.

3+ nen-leosefill-system peak acceleration.

3.2.9 impact test—a procedure in which the impact attenuation of a playground surface-system-eensisting or surfacing materials
is determined by measuring the acceleration of a missile dropped onto the surface.

3.2.9.1 free-fall impact test-an impact test in which the trajectory of the missile is not restrained by rails, wires, or mechanisms
or structures of any type.

3.2.9.2 guided impact test-an impact test in which the trajectory of the missile is restrained by rails, wires, or other mechanism
or structure.

3.2.9.3 impact test results-one or more measured or calculated values from one or-more co impact tests used to define the
impact attenuats bion of a playground t surface or surfacing materials.

3.2.10 impact test site-point on the sur;face of an installed playground surface-that-is,—feam-compeosites;,—urethane/rubber
blocks,—asphalt—and-so-forth.

3-+12-surface-system is selected as the target of an impact test.
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3.2.11 impact velocity—the velocity (V) of a falling body (for example, a missile) at the instant of impact.

3.2.12 missile—a rigid object of specified mass having a hemispherical surface of specified radius; used to impart an impact
to a surface (see Fig. 1).

3.2.13 missile reference plarethe plane of the flat circular face of the hemispherical missile.

3.2.14 performance criterion-limiting values of one or more impact test results used to specify minimum impact attenuation
performance.

3.2.15 reference drop heighta specification of the theoretical drop height of an impact test.

3.2.16 reference MEP pad-a modular elastomer programmer pad with consistent and known impact attenuation properties that
eontribute is used to verify proper functioning of the impact test equipment.

3.2.17 reference temperabturea specification of the temperbature conditioning of a surfacing materials on which an impact
test is performed.

3412.18 sample test poirt-point on the surface of a sample selected as the target of an impact test.

3.2.19 theoretical drop height-theg drop heighth) that, under standard conditions, would resulth in an impact velocity equal
to a missile’s measured impact velocity,J. The standard conditions assume that friction and air resistance do not affect the
acceleration of the-headferm at missile and thatthe-mement acceleration due to gravity is equal to the standard aalseaof
level. In a free-fall impact test, the actual drop height will approximate the theoretical drop height. In a guided impact test, the
theoretical drop heightthatweuld-generate will be less thanthe-same-velocity if actual drop height, due-te-the-testwere performed
at-seateveland-there-was no effects of friction in the guidance mechanism.

3.3 Definitions of Terms Related-te-retard the h Meadsurement of Acceleration:

3.3.1 accelerometer-a transducer for measuring acceleration.

3.3.1.1 transducefr—the first device in data channel, used to convert-a-grop-from-that-height.

3-2-Fer physical quantity to be measured into a second quantity (such as an electrical voltage) which can be processed by the
definitions remainder ef o the channel.

3.3.1.2 triaxial accelerometer—a transducer or combination of transducers used for measuring the three vector components of
acceleration in-this-speeification—+efer three dimensions, relative-te-—Fest-Methoeds F 355 three orthogonal spatial axes.

3.3.1.3 uniaxial accelerometer-a transducer used to measure the component of acceleration relative to a single spatial axis.

3.3.2 accelerometer data channrelall of the instrumentation areH—429. procedures used to communicate information about the
physical quantity of acceleration from its origin to the point of presentation. The data channel includes all transducers, signal
conditioners, amplifiers, filters, digitizers, recording devices, cables and interconnectors through which the information passes and
also includes the analytical software or procedures that may change the frequency, amplitude, or timing of the data.

4. Performance Requirements

4.1 -All-sSurface Performance ParametersThe average-max and average Head Injury Criterion (HIC) scores calculated
from the last two of a series of three+tmupact tests shall be t used as measures of surface performance.

izl Ralerarnce Plare 4

BecElerametsr

Hemisphencal Sufacs

FIG. 1 Missile Reference Plane and Axes
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4.2 Performance Critedrior-The performance-coriterion used to determine conformance with-the-perfermance requirements
of this specification4. shall be: @max score not exceeding 200 g and a HIC score not exceeding 1000.

4.3 Critical Fall Height of Installed Playground Surfaces

4.3.1 The critical fall height-en,f surfaces-may-also installed in the use zone of a play structure shall not be less than the fal
height of the equipment. The fall height shall be determined as defined by Specifications F 1148, F 1487, or F 1918 for play
structures of specific types or in accordance with4-3—TFesting-inaccordance with 3.1.4 of this specification for play structures of
unspecified type, unless a higher height is specified.

4.3.2 The critical fall height of the-perfermance-reguirements playground surface shall have been determined-in-4-3-is optional

42 \Whentested-in accordance w&h—'Fest—Methed—F—SSS eethe—free—ﬁal-l—teet—methed—m—A&ne*AHmng—an average requirement
of-thetasttwo Section 13 © i y at this specification,

using reference temperatures-of 30, 30 25 72 and 1—29—F_(_1 (- 6 23, a nd—4=9—e)—|=eepect|vely

4-3-Whentested-in surface performance parameters, ane-the-field-at-ambienttemperature-in-aceordance-with-Fest-Method F 3

performance criterion.

Note 2—The specified temperatures span the range experienced by most playgrounds. If higher or lower surface material temperatures prevail whe
the playground is used, additional tests at higher or lower temperatures may be specified.

Note 3—Wet/Frozen TestFhe specifier may require that surfacing materials be tested to determine critical fall height under wet or frozen surface
conditions, or both. Procedures for wet/frozen conditioning are described in Appendix X5.

4.3.3 The laboratory test used to determine critical fall height shall have been conducted on surfacing material samples identic:
inAnnexAlusing-anaverage of design, materials, components, thickness, and manufacture-as-thetasttwoe-efthree-drops, no val
shal-exceed-20@-max-or-1000-HIC-at-the installed playground surface.

4.3.4 The laboratory test used to determine critical fall height of materials speeified-by-the-initial-ownerfoperator for use in a
playground shall have been conducted no more than five years prierto-purchase the date of installation of the playground surfac

4.4 Performance of Installed Playground Surfaces

4.4.1 When an insthalled playground surface-system;-white-in use, is tested in accordanee-with-FestMethoed F 355-or the fre
f&lHest—met—hed—rn—A&ne*A—l—u&ng—&n—averaqe requirements of Sections 16-19-atthelasttwo-ofthree drops, reference drop heigt
the surface performance parameters-at eavery tested Iocatlon in the use zone shall meet the performance-criteria-of-three test si
13, at this specification. The reference drog
helqht shall be the qreater of)(the he|ght specmed by the—rmﬂal owner/operator prior to purchagg tife critical fall height
specified when the playground surfache was install@dhe equipment fall height, o the critical height of the surfaee, at the
time of installation.

4.4.2 When an installed playground surface is tested in accordance with this section, if the impact test scores at any teste
location in the use zone of a play structure do not meet the performance criterion, the surface sheuld-be-matde to comply brougl
into compliance with the requirements of this specification orthe-playground-equipment-on-the surface play structure should no
be used until the playground surface complies.

4.4.3 More Stringent Specificatiors The specifier may specify additional impact attenuation performance requirements,
providing that such additional performance requirements are more stringent than the performance requirements of thi

specification.
5. Summary of Test Method

e

5 1 Critical Fall Height Test—The impact attenuation of a playground surface-systems or surfacing-material-samples; or both,
are-tested-in-aceordance-with-fest-Method-H—355-erthe-free fall materials is measured using an impacttestmethoed described
AnnexAt-ConductHaberatory-tests-atvarious which a missile is dropped onto the playground surface from a predetermined dro
heights-andtesttemperatures—Conduct height. The acceleration-efthefield tests at missile during-the-drop-height specified impz

is measured using an accelerometer and associated data recording equipment. The acceleration time history is analyzed
determineg-max and HIC scores. For each playground surface sample-atthe-ambient each reference temperature and drop heig
scores from the second and third of thre we consecutive drops are averaged to give average scores.

5.2 The critical fall height of surfacing materials is determined by impact testing representative samptes-at-a—speeified range
range of drop heights. The-tabo surfacing matoeryial is tested at temperathures of 25,72, and w 120°F (-6, 23, and 49°C). Th
critical fall height is determined as the-maximum highest theoretical drop keight at from whighnthe-does-noetexeeed-200
of surface performance parameters meetthe-HiC-deesrnoet-exceed-1000-The field performance criterion.

5.3 Installed Surface Performance TestTo test-method-will-determine whether a playground surface installed within the
g-max-and use zone of a play structure meets-the-HC—Hrom the performance criterion of this specification, an impact test is
performed in accordance with Sections 16-19 using a theoretical drop -height-speeified by equal to or greaterthan the initia
ewnerfoperater-at equipment fall height of the structure. The test is performed under ambienttemperature of conditions and th
t results reported.

6. Significance and Use
6-1-bPata-obtained-from
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6.1 The purpose of this specification is to establish minimum impact attenuation requirements for playground surfaces in order
to redueae-tivhe risk of severe head injury from falls.

6.2 This specification provides a uniform means of quantifying-the—+elative impact attenuation-eharacteristics performance of
the playground-surface-system surfaces and is appropriately used to compare the relative performance of different playground
surfacing materials.

6.3 This specification is to be used-enly as a reference for specifying the impact attenuation performance of playground surfaces.
6.4 This specification provides a uniform means of comparing the impact attenuation performance of installed playground
surfaces with the performance requirements of this specification and with other performance requirements expressed in tablerms
of drop height. Consequently, the specificationg is appropriately used to determine the actual impact attenuation performance of

installed playground surfaeeqs under ambient conditions of use.

6.5 In combination with data relating impact test scores to head injury, the information generated by application of this
specification may be used to estimate the relative risk of a severe head injury due to a fall.

7. Equipment Operator Qualifications

+1Hfnetan-employee-of-an-accredited-errecognizedlaboratery, the

7 1 The equment operator shall be tramed—aﬁd—eem#ed by in the proper operatlon of the test equipment-supplier, including
testing. by a competent

8. Test Apparatus
8.1 Themperature Measuring DevieelThe thermometer, digital temperature gage, or other sensor used to measure surface

temperature shall have a functional range of at least from -20 to +130°F (-7 to +54°C), a resolution of 1.0°F (0.6°C), and an
accuracy of+1.0°F (0.6°C). The temperature sensor shall be capable of penetrating the playground surface to a depth of at least
one inch.

8.2 Impact Test SystemA device or system for performing an impact test in which an instrumented missile is dropped onto
a playground surface or surfacing material from a predetermined drop height.

8.2.1 Missile

8.2.1.1 The body of the missile shall be made of Aluminum Alloy 6061-T6, finished with a surface roughness of 1000 pin. (25
pm).

8.2.1.2 The missile shall have a hemispherical impacting surface with an external diametet-di.6.B. (160+ 2 mm). The
missile is defined as being in a level position when the missile reference plane is uppermost and lies in a horizontal plane.

8.2.1.3 The missile may include cavities and additional components required to accommodate the attachment of sensors or to
attach a supporting assembly. The form of any cavities or additional components shall be generally symmetrical Zkmdis the
of the level missile such that center of mass lies within 0.08 in. (2 mm ) oFthgis and the moments of inertia about any two
horizontal axes do not differ by more than 5 %.

8.2.1.4 A supporting assembly (for example, a handle or ball arm) may be rigidly attached to the missile as a means of
connecting it to an external guidance system. The total mass of the drop assembly, which is the combined mass of the missile,
accelerometer, and supporting assembly shall be 2105 |b (4.6 0.02 kg). The mass of the supporting assembly alone shall
not exceed 3.0 Ib (1.4 kg ).

8.2.1.5 Missile Axes—An axis normal to the missile’s reference plane, passing through the missile’s center of mass, and having
its positive direction pointing upwards shall be designatedZHasis. This axis is nominally perpendicular to the surface being
tested. Two mutually orthogonal axes lying parallel to the missile reference plane and passing through the missile’s center of mass
shall be designated th¢ and Y-axes (Fig. 1).

Note 4—In this reference frame, the acceleration due to gravity has a negative magnitude and the acceleration of the headform during an impact has
a positive magnitude.

8.2.2 Guidance Mechanism for Guided Impact Tesfor guided impact tests; the missile may be connected to low-friction
guides (such as monorail, dual rails, or guide wires) using a follower or other mechanism in order to constrain the fall trajectory
of the missile to a vertically downward path. The guidance system must allow the missile to be leveled prior to a drop and must
maintain the missile in a levet{5°) attitude during the drop. The guidance mechanism shall be constructed in a manner that does
not impede the trajectory of the missile during its fall or during its contact with the surface being tested; other than necessary
impedance caused by friction in the guidance mechanism.

8.2.3 Support Structure for Free-Fall Impact TestsFor free-fall impact tests, a support structure (for example, a tripod) shall
be used to ensure repeatable drop height and location. The support structure shall be sufficiently rigid to support the weight of the
missile without visible deformation. The support structure shall be erected in a manner that does not impede the trajectory of the
missile during its fall or during its contact with the surface being tested.

8.2.4 Drop Height Control Mechanism The guidance mechanism of 8.2.2 or the support structure of 8.2.3 shall incorporate
a means of repeatedly positioning the missile at a predetermined drop height.

8.2.5 Release MechanismA manual or electronically operated quick-release mechanism shall be provided as a means of
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initiating a drop of the missile. The operation of the release mechanism shall not influence the fall trajectory of the missile
following release.

8.3 Acceleration Measurement Systesd transducer or transducers and associated equipment for measuring and recording the
acceleration of the missile during an impact with an accuracy of withlrto of the true value.

8.3.1 Accelerometers-An accelerometer shall be rigidly attached at the center of mass of the missile. The sendsing axis or axes
of the accelerometer shall pass through the center of mass of the missile.

8.3.1.1 For a free-fall test, a triaxial accelerometer is required. The three axes of the triaxial accelerometer shall be-&iyned (
with_the missile’sZ-, X-, and Y-axes.

8.3.1.2 For a guided test, a single uniaxial accelerometer may be used. The accelerometer shall be rigidly attached at the cen
of mass of the missile with its axis of sensitivity alignedq°) with the missile’sZ-axis and passing through the center of mass
of the missile.

8.3.2 Accelerometers shall have a minimum sensitive range fr&@0 g and be capable of tolerating accelerations of at least
1000 g along any axis.

8.3.3 Accelerometer Calibration-Accelerometers shall be calibrated by reference to a National Institute of Standards and
Technology (NIST) traceable standard using a shaker table to excite a range of frequencies and amplitudes determined suitable
the accelerometer manufacturer. The calibration procedure shall include, as a minimum, the range of frequencies from 2 to 20C
Hz.

8.3.4 Accelerometers shall be recalibrated at a time interval recommended by the equipment manufacturer or every two year
whichever is the lesser time interval.

8.3.5 Accelerometer ConnectiorsThe means of providing power and signal connections to the accelerometer (for example,
a cable) shall be constructed in a manner such that the connecting devices do not influence the trajectory of the missile before
during the impact test.

8.3.6 Accelerometer Signal Conditioning Any signal conditioning of amplifying electronics required for proper operation of
accelerometers shall be of a type recommended by the accelerometer manufacturer and shall have impedance and frequel
response characteristics that are compatible with the accelerometer. Additional signal conditioning requirements are specified
Annex Al.

8.3.7 Accelerometer Signal Filtering

8.3.7.1 Anti-aliasing Filter—To prevent aliasing in the digitized acceleration data, the acceleration signals shall be filtered with
an analog low passHilter;,-comptying filter prior to digitization. The anti-aliasing filter shall have a corner frequency af 5000
Hz or a maximum of 0.25 times the single channel sampling rate.

8.3.7.2 Data Channel Filter—Digitized data shall be filtered using a 4th order Butterworth Filter appropriate for the data
channel specification described in 8.3.14.2 and Annex Al. An analog filter may be substituted provided it has 4-pole characteristic
and conforms to the data channel specification.

Note 5—A computer algorithm for the 4-pole digital Butterworth Filter is provided in Appendix X4.

8.3.8 Recording Device-A digital recording device such as a digital storage oscilloscope, a dedicated waveform analyzer of
a computer equipped with an analog to digital converter shall be used to capture the acceleration time signal produced during &
impact. Analog oscilloscopes and other analog recording devices shall not be used.

8.3.9 Resolutior—The conversion from analog accelerometer signal to digital data shall be accomplished with a digitizer having
a resolution of no less that twelve bits spanning the rah§60 g.

8.3.10 Sample Rate-Minimum sampling rate of the recording device shall be 20.0 kHz per accelerometer channel. When a
triaxial accelerometer is used, three individual digitizers (one per accelerometer axis), each with a minimum sampling rate of 2(
kHz is recommended. Alternatively, a single digitizer with a minimum sampling rate of 60.0 kHz may be used if simultaneous track
and hold amplifiers are provided for each accelerometer axis.

8.3.11 Capacity—The digitizer shall be capable of recording and storing data continuously for a minimum of 50 ms, beginning
at least 5 ms before onset of the impact and ending no earlier than 5 ms after the cessation of the impact.

8.3.12 Display—The recording system shall have the capability of displaying the recorded acceleration-time data in order to
allow inspection by the operator. A graphical display is recommended, but a tabular printout or other form of display is acceptable
The display shall allow inspection of all the data points recorded from at least 5 ms before the onset of impact until no less thar
5 ms after cessation of the impact. The display shall show acceleration data in a manner that allows inspection of all data point
lying in the acceleration range from -10 g to a value that exceeds the maximum recorded acceleration value.

8.3.13 Accelerometer Data Channels

8.3.14 Accuracy—The accuracy of each data channel shall be such that the maximum acceleration recorded during an impac
is within =1 % of the true value.

8.3.14.1 Frequency ResponseAll acceleration data channels, before signal filtering, shall have a flat frequency respbise
dB in a range extending from below a maximum of 1.0 Hz to above a minimum of 2000 Hz.

8.3.14.2Channel Frequency Class—108All acceleration data channels, including signal filtering, shall conform to the
requirements of a Channel Frequency Class 1000 data channel, as specified-by-SAE-J-241 (see Fig. Recommended Practice J:
with the additional requirement of increased accuracy in the range from 1) to 1000 Hz, as defined in Annex Al.
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8.24 IDrop Height MeasuremenrtA means of repeatably determining the missile’s drop height with a resolution of 1 in (25
mm) and to an accuracy of1 % of the true value is required.

8.4.1 For a free-fall impact test, the drop height shall be measured directly, prior to release of the missile, using a measuring
stick, a steel tape, or other appropriate means where possible. An indirect means of determining the theoretical drop height shall
also be used. Such indirect means may comprise the velocity measuring system described in 8.4.2, or a means of measuring the
time interval between release of the missile and the onset of impact (the fall time), in which case the time interval shall be
determined with a resolution and accuracy of 1.0 ms. Both the measured drop height and the theoretical drop height shall be
reported.

8.4.2 For a guided impact test, the theoretical drop height must be determined by measuring the velocity of the missile
immediately prior to the onset of an impact; at a point in the missile’s trajectory no more than 2.0 in. (51 mm.) above the first point
of contact between the missile and the surface under test. The velocity measuring system may consist of a light gate device to
measure the time an opaque flag interrupts a light sensor or other appropriate means. The velocity measuring device shall not
interfere with or impede the trajectory of the missile and shall be capable-ef-aceuratelyresolving recording impact velocity with
a resolution of 0.1 ft $(0.03 m s™) and an accuracy of 1 % of the-d true value.

Note 6—Sincel theoretical drop height is proportional to the square of impact velocity, 2 tolerance on drop height measurement andtthéso

tolerance on velocity measurement are equivalentaffa typical flag and light gate velocimeter to achievk % accuracy, the flag width must be known
to an accuracy of-0.5 % and the transit time measured with an accuracy2® ms (that is, a timing device with a clock rate of at least 50 kHz is

required).

8.5 Battery-Operated EquipmentBattery-operated equipment shall have a means of monitoring battery voltage (for example,
a voltage gage or indicator).

8.6 System Integrity CheekPrior to and following each use, the test apparatus shall be checked for proper operation. The
system integrity check shall include, as a minimum, the following steps:

8.6.1 The battery status of each piece of battery-operated equipment shall be checked to ensure adequate power availability anc
voltage level.

8.6.2 Test the proper operation of the equipment by performing the instrumentation check described in Section 10.

8.7 Equipment Performance Verification In order to conform to the requirement of this specification, testing agencies shall
acquire and maintain for inspection the following documentation:

8.7.1 For Each Accelerometer

8.7.1.1 A manufacturer’s certificate showing that the accelerometer’s frequency response conforms to the requirements of 8.3.5.

8.7.1.2 Acalibration certificate from a competent agency showing the accelerometer’s sensitive range and the calibration factor
to a precision of three significant figures.

8.7.2 For Each Signal-Conditioning DevieeA manufacturer’s certificate showing that the device's frequency response
conforms to the requirements of 8.3.14.

8.7.3 For the Acceleration Measurement Systefdocumentation from the manufacturer of the acceleration measurement
system certifying that each acceleration data channel conforms to the requirements of this specification. Alternatively, if a testing
agency has assembled or manufactured its own acceleration testing system, conformance with the requirement of this section may
be verified by performing and documenting the results of the tests described in Annex Al.

8.7.4 For the Drop Height Measurement Systefdocumentation from the manufacturer of the drop height or impact velocity
measurement system certifying that it conforms to the requirements of this specification. Alternatively, if a testing agency has
assembled or manufactured its system, conformance with the requirement of this section may be verified by performing and
documenting the results of the tests described in Annex Al.

9. Calculation

9.1 Theoretical Drop Height

9.1.1 The theoretical drop heighg,h, shall be calculated from a measurement of impact veloeity—frem-0-to 500v, using the
formula h = v?/ 2g, where g.

8-3—Fhe is the acceleratientransdueer-must due to gravity.

9.1.2 Alternatively, in a free-fall test, the theoretical drop heidfits may be-eapable calculated from a measurement of
withstanding-impacts-of-atdeast-1000 fall tinteusing the formula-witheut-damage.

84Useh=Yg .

9.1.3 Resultant Acceleratiorf a triaxial accelerometer is used, the-ANSHmetal-Headferm-CHfrom—Test-Method—355 or

resultant acceleration at each point in-the-hemisphericat-headform from time history-ef-the-free-fall-test-methoed-in-Annex Al.
SAHhe—ANSJ—ﬁe%aI—Head#eH%&#emiFes%Me%hed—l;aES—Preeedwe—e must impact shalt-be-connectedto-guides (such

calculated a dively, /A2 + A2 + A2 where

Az is the—heﬁmspheﬁeal—head%ﬁn—#om resultant acceleranonéanél\,, andA, are the—free—FaH—test—methed—rn—AﬁﬁeaeAi—may be
used-f-connectedto-a—system accelerations recorded by accelerometers aligned Xjth,thedZ missile axes.

9.2 g-max—The g-max of-gdides—A-uniaxial-or score is determined as the maximum value of acceleration recorded during an
impact. If a triaxial accelerometermust is usgdnax shall be-used—Fhe-guidanee-system-mustallow determined-as-the-headform
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te-beleveled-priorto-and-during maximum value of—the—elfep—tests in resultant acceleration.
9.3 Average g-max-Determine the i

score by averaging thg#max score of the—vemeal—aaﬂs%he—aeeelefemeteemust—be—attached second and third of a series of three
impact tests.

9.4 Determination of Missile Angle- In a free-fall impact test, the angle of the missile atthe-eenter onset of impact and at the
insstant of maximum acceleration shall be calculated. Forthe-headform.

84-2The-hemisphericatheadform-from purposes of this calculationthe-free-fatttestmethoeHn-AnnexAl must onset of impact
shall be-us the data sample at which the resultant acceleration first meets or exceeds—a—triaxial-aceelerometer—The vertic
aceelerometermustbe-alighedto-within 5° threshold value-efthe-vertical axis. 5-g-Fhe-aceelerometer must angle-shal-be attache
at calculated from the component acceleratlons The cosme—ef—mass—ef—t-he—headform

876—'Fhe—H+€ mlssne angle shall be calculated l_) as:

COS Opegorm) =

COS{ eheadforr‘r) é
9.5 Head Injury Criterior? —The HIC score of an impact shall be computed as follows:
9.5.1 In the acceleration-time history of the impact, locate the time ggiat a point immediately preceding the onset of the

impact and the time point ; at a point immediately following-mathematicat-expression:
the cessation of the impact.

9.5.2 For each time intervat (, t,) for whicht,= T,, t, > t, andt, = T, evaluate and record the trial HIC integral:

ch( - ((t,—t1)(/, ) ftz adtlz'smax<1ooo

27t/
25
Trial HIC(t, t) = (t, — t,) [(t _t)f[ & dt]
| Fhe-speciied-algoerithmand-verification-calewlationsfor HiC-are-ineluded

where:
a, = acceleration at tim¢, defined as-Appendix-X2.
9—TFest-Sample

9-1-Fach-sample-of-surfacing-material-shall-represent-the-playground-surface-system as it resultant acceleration if a triaxia
accelerometer is-intended-to-be-used-inplace,including-seams;,partitions,—corners, used.

5 Chou, C., and Nyquist, G., “Analytical Studies of the Head Injury Criteri@ptiety of Automotive ENgMeeiSAESAE Paper No. 740082, Society of Automotive
Engineers, 1974.



A8y F 1292 — 9904
9.5.3 For each time intervat (, t,) calculate and-fastenersfanchors-or-otherareas-that-may-resultintess-than optimal record

the trial HIC interval,t, — t,.
9.5.4 The HIC score for an impaet-eharacteristics.
92n is determmed as the-ease maximum value-ef-ren-toesefillplayground-surface-systems;—al-the-minimum-sample shall

50 by 450

mm)—aﬁel—s+ele—walls—ef—su#ﬁe|eﬂt—he+qht TrlaI H IC,( t2) scores

9.5.5 The numerical procedures uses i i i i he loose fill
mateﬁals—m—plaee calculate HIC should—be—eenstmeted—afeﬂﬁd—the base prowde results that atE]A%m‘i the—test—eqﬂlpment
v ftundisturbed true value.

Note 7—A computer algorithm for-the-entire-test-period. calculating HIC is provided in Appendix X3.

10. Numberlnstrumentation Check

10.1 Check the proper operation-ef-Speeimens

10-1-Ateastnine-speeimens the test apparatus by performing a series of impact tests-on-a-specific-playgreund-surface systen
reference MEP pad.

10.2 The reference MEP pad may be provided by the equipment manufacturer or by another agency capable of ensuring
reproducible reference pads and shall have been assigned a reference drop height and aymmaxrsore.

10.3 Perform three impact tests on the reference MEP pad from the reference drop height with an interval 6f5Lrhin
between impacts.

10.4 Determine the averagemax score by averaging tiemax scores from the second and third drops.

10.5 Compare the averagemax score to the noming-max score provided with the reference MEP pad.

10.6 If the difference between the recordenhax score and the nomingdmax score exceeds either the manufacturers specified
tolerance or 5 % of the nomingtmax score, the equipment does not conform to the requirements of this specification and may

not be-submitted-fortaberatory-testing. used.

11. -SImpact Test Procedure

11.1 Data Recording

11.1.1 Determine the test ploint of the C conditieninged sample.

11.1.1.1-LIf the sabmple has nonuniform properties (due to uneven thickness, seams, fasteners, ory other factors) the sample
test point shall be-precenditioned-at=5@0-%relative-humidity 72=-5°F(23=+=-3%C)fer the point on the surface of the specimen
expected to show the least favorable impact attenuation properties that lies within an area no closer than 3.0 in. (75 mm) to the
edge of the sample.

11.1.1.2 If the sample has uniform properties, the sample test point shall be the center of the sample’s top surface.

11.1.2 Mount the sample to be tested en-aminimum flat, rigid anvil or floor beneath the impact test system.

11.1.3 Align the sample test point with the point-ef24 h impact of the missile and fix the sample to the anvil or floor using an
appropriate means that does not alter the sample’s impact attenuation properties (for example, with double-sided adhesive tape)

Note 8—Tests with unitary surface samples show that the variability-wiax and HIC scores is increased by a factor of four or more if the sample
is not fixed to the underlying surface.

11.1.4 Before the first drop in any series, elevate the missile to the reference drop height. For subsequent drops in a series, the
missile shall be elevated to the same point, notwithstanding the formation of cavities of other elevation changes in the surface being
tested.

11.1.5 Before the first drop in any series, measure and record the drop height.

11.1.6 Release the missile and record the outputs of the acceleration measuring system and the drop height measuring systern
If the trajectory of the missile prior te-beginning-testing.

11 2-Samples—tested-at-varioustemperatures;—30, 72-anrd—120°F—+-1, 23, during impact is impeded by any fixtures, human

intervention, or other means, data from the trial shall be discarded.
11.1.7 Record the depth of any cavity in the surface formed by the impact.

Note 9—The depth is conveniently determined by measuring the distance between the lowest point of the elevated missile and 49 the surface under
test. The cavity depth is the difference between this measurement and the originally measured drop height.

11.2 Data Check

11.2.1 Examine the acceleration display. The recorded acceleration pulse shall conform to the following requirements:

11.2.1.1 The acceleration pulse shall consist of a single primary impact event.

11.2.1.2 Prior to the onset of impact, the recorded acceleration value should- k& d)

1°€,1.2.1.3 The acceleration waveform sphould descend from its maximum value to a stable value &»fgOwithout
overshooting the zero baseline by more than 2 g.

Note 10—EXxcessive overshoot of the acceleration signal after an impact is indicative of transducer or signal processing error. Overshoot is frequently

10
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symptomatic of inadequate low frequency response in the accelerometer data channel(s).
11.2.2 If the recorded acceleration pulse does not conform to the specifications of 11.2, the test shall be restarted using a frest

conditioned-fg-4-h-minimum—Testing-must specimen.

11.3 Data Analysis

11.3.1 Calculate and record tigemax and HIC scores.

11.3.2 Calculate and record the theoretical drop height. If the calculated theoretical drop height differs from the measured dro
height by more thar:3 in (=76 mm) or by more thart 2.5 % of the measured drop height, data from the trial shall be distcarded.

Note 11—A difference between theoretical drop height and actual drop height that is greater than 1 the specified margin may indicate an error in
measurement eftaking-each-sample out impact velocity, an error in the measurement of fall time, orthatthe-environmental-ehamber with falllef the miss
was retarded by excessive friction in the guidance mechanism.

11.3.3 If a-time-interval-between-drops free-fall impact test is used, calculate the missile angle at the-ersed-863nin.
impact and at the instant of maximum resultant acceleration, in accordance with 9.44the-testintervals-are-net-met—an additione

eonditioningperied calculated missile angle at either point exceeds 10° (that is, the desimevélt the missile angle is less than
0.966), data from the trial shall be-neeessary. discarded.

CRITICAL FALL HEIGHT TEST
(Laboratory Test)

12. taberateryProcedure{Test-Method)
12 1TFestall-samplesTemperature Conditioning
12.1 The crrtrcal fall herqht ofthe a playqround surfaee—system—m—aeeefdaneew&h#}&saeeted%esfmeﬂ&ed%sﬂﬁethod F 35¢

1—2—2—Geﬁeluct surfacing material shall be determlned under Iaboratory condltlons by performing a series of impact tests
considering-the-following-eriteria:

1221 Carry-forth-the-impaettest at reference temperatures of 25, 72, antl 22B (-6, 23, and 49+ 1°C).

12.2 Temperature Conditioning

12.2.1 Samples shall be preconditioned att5Q0 % relative humidity and 72 5°F (23 + 3°C) for a minimum of 24 h prior
to beginning testing.

12.2.2 For testing at each reference temperature three samples shall be conditioned at the reference ten3erétlreC)

§ / th rce minimum-ef-2P0-
max 8 h Testrnq of a sample must be started wrthm 1 mrn—aﬂd—&n HIC aII tests must be completed within Zain_of 1000 the
sample’s removal from the conditioning environment. If the testing is not startee-er-less. It completed within the specified interval,
the sample must-aiso be conditioned for an additional 8 h.

12.3 Temperature Stability Requirements

12.3.1 Surface temperature shall be measured using the temperature measuring device specified in 8.1. Temperatt
measurements shall be made-atintervals-ef-I-ft-everand-underthis-maximum-drep height.

122 2-Animpact the sample testeensists-efthree-drops at point befere-the same firstimpacetsite;-ateach-height. The and aft
the third impact in any serites. The probe shall be inserted to a minimum depth of 1 in. (25 mm) or 50 %-efthelocationthat exhibits
thickness of thedeast-eptimat-impact-characteristies{as-deseribedHn-9-1)—Calculate sample, whichever is least. During testing
the-average reference temperature of 25°F (-6°C);-the-second-and-third drops.

1223 TFhe-impacttestuses temperature of the specimen must not exceed 30°F (-1°C). If the temperature exceeds 30°F (-1°(
the specimen must be reconditioned to the reference temperature-for-a-different-sample-atattheights di®lkréod the-given
temperatures.

12 24-The-impact test-samples-are-te-be-tested continued.

12.3.2 During testing at the-three—specifictemperatures reference temperature—6f-30; 72, ard—120°F{—3,-23;-and 49°(
respectively)-after (49°C), therequired-conditioning.

1225 HHeranyreasen-during temperature of-the-test, specimen must not fall below 115°F (46°C)—-the-headform holding
fixture-interferes-with temperature falls below 115°F (46°C)-the-testnote-itin-thereport-and-discontinue-thetest—he-information
recorded-shall specimen must-be-coensidered-invalid.

1226 When-using-TestMethed-H355,measure-and-record reconditioned-te-theimpacet velocity reference temperature for ea
drop—H-cannot-vary-more-than0-5-ft/sfrom a period D8 h and the-theeretical-free-fall-velocity-at-the-drop-height-used. test

continued.

13. Feld-Test-Procedure{Test-Method)
13-1—TFestatUnitary Surfaces
13.1 Number of SpecimensAt leastthree-differentimpact-sites nine specimens of a specific unitary surfacing material shall

be submitted for testing, with each sample having minimum surface-system-in-use-inaceerdance with dimensions of 18 by 18 in
(460 by 460 mm). Each specimen shall representthe-selected-test-methodeitherTest-Method F 355 or compliant components

11
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thefree-faltestmethod playground surface as it is intended to be usedHnr-Arrex-Al-with-the-headferm-inthe-erown-pesition. The
selected-impact-sites-shalHnelude-these-areas a playground installation, including seams, partitions, corners, fasteners, anchors

or other characteristics that may-exhibit result in less than optimal impact characteristics. Th If a surfacing material is intended
for installation in combination with other materials such as wear mayts, this combination mustbe-high-trafic-or-compressed areas

tested as-well-as-areas-containing-seams,partitions,—corners, it would be installed.

Note 12—Samples larger than the minimum 18 by 18-in. (460 by 460-mm) size may be required to accommodate seams-ant-fasteners/anchors.

132 Cenduct other characteristics.

13.2 Sample Preparatioh-Samples of unitary surfaces shall be mounted on a concrete floor or flat, steel anvil below the impact
test equipment, in accordance with-the-fellowing-eriteria:

1321 Carryforththe 11.1.3.

13.3 Performance ParametersThe performance of an individual sample at each reference temperature and reference height
shall be determined by performing three impact tests at on the same sample test point from the same-drop-height—as-specified by

height using the-initial-ownerfoperator.
13-22-Fhe procedure described in Section 11. The interval between impact tests-shal-have-three-drops at each d@f.be 1.5

min. Calculate the-impact-sites,—for—a—totat-of nine—impacts—Report the average-of-the—second-and-the-third—drops for both
g-mavg-max g-maxg-max and HIC—vaJues

e time of

by averaqmq results from the—t-heefeﬁeal—free second and th|rd |mpacts
13.4 Critical Fall Height Test—Determine critical fal-veleeity-at-the-drop height using the procedure described in Section 15.

14. Loose Fill Surfaces

14.1 Quantity of Sample MateriatThe volume of loose-fill surfacing material submitted for testing shall, as a minimum, be
twice the volume of material needed to cover an 18 by 18-in. (460 by 460-mm) area to the required depth. The same material may
be used for testing at more than one drop height or temperature provided that it is restored to it's original loose state and
reconditioned between tests.

14.2 Sample Preparation-Samples of loose-fill surfacing materials shall be contained in a rigid box with an inside dimension
of 18 by 18+ 0.5in. (457 12 mm) and side walls of sufficient height to hold the loose fill material at the thickness of intended
use and to keep the loose fill materials in place during conditioning and testing. The box shall be mounted on a rigid floor or flat
anvil below the impact test equipment, in accordance with 11.1.3. The box shall be constructed in a manner that allows the missile
to strike the center of the sample. The materials shall be poured to a depth that will allow compaction to a depth representing the
in-use condition of the material.

14.3 Sample Conditioning-Before any temperature conditioning, loose-fill specimens shall be conditioned using a compactor
to apply a uniform pressure of 34t 0.1 psi (21.1+ 0.7 kPa) for a period of 1.& 0.1 min. For an 18 by 18-in. (460 by 460-mm)
container, the applied force required to achieve this pressure will be 082 Ib. Both uncompacted and compacted material
depths shall be reported. If a compacted material depth is specified, the laboratory shall determine and report the depth of
uncompacted material required to produce a compacted surface of the specified depth.

14.4 Performance ParametersThe performance of an individual sample at each reference temperature and reference height
shall be determined by performing three impact tests on the same sample test point from the same drop height using the procedure
described in Section 11. The interval between impact tests shall be 0.5 min. Calculate the averagemax and HIC scores
by averaging results from the second and third impacts.

14.5 Critical Fall Height—Determine critical fall height using the procedure described in Section 15.

15. Critical Fall Height Test Procedure

15.1 Test Procedure

15.1.1 At each specified reference temperature; perform the required number of impact tests in accordance with Section 10 to
determine performance at the series of reference drop heights. Impact tests at each combination of reference temperature an
reference drop height shall be performed on a new sample.

15.1.2 The series of reference drop heights should consist of an increasing sequence at intervals of 1 ft (0.3 m). Increment the
reference drop height until the impact test results do not meet the performance criterion specified in 4.2. As a minimum, impact
tests must be performed at theoretical drop heights of .5 ft (0.30+ 0.15 m) above and % 0.5 ft (0.30* 0.15 m) below
the theoretical drop height at which the impact test results approximates the limiting performance criterion.

15.1.2.1 Record the average theoretical drop height, averagax score and average HIC score at each combination of
reference temperature and reference fall height.

15.2 Critical Fall Height—The critical fall height of the playground surface or surfacing material shall be determined as the
maximum theoretical drop height at which impact test results meet the performance criterion at all of the reference temperatures
and shall be rounded to the nearest whole foot (0.3 m) equal to or below the actual value.

12
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Note 13—<Critical Fall Height Test—Wet and Frozen Surfacesitical fall height may be determined using additional tests performed under
simulated wet or frozen surface conditions, or both. The conditioning procedures are described in Appendix X5, in addition to those describesl in Sect
11-14.

INSTALLED SURFACE PERFORMANCE TEST
(Field Test)

16. Test Site Selection

16.1 To determine whether an installed playground surface meets the requirements of this specification, a minimum of thre
different impact test sites in the use zone of each play structure shall be tested using the impact test procedure described in Secti
19.

16.2 For each play structure served by the playground surface, a minimum of three impact test sites shall be selected. Whe
play structures have overlapping use zones, test sites in the overlapping regions may be used for all applicable play structure
Where there is more than one type of surfacing material system in use, then each material shall be tested at a minimum of thre
test sites.

16.2.1 Each impact test site shall be within the use zone of the play structure.

16.2.2 The impact test sites selected should include any sites expected to have the least impact attenuation. Examples of are
that can be expected to have less impact attenuation (that is, lgjgthax and HIC scores) include high traffic areas; areas where
the playground surface is thin or compacted; areas containing partitions, corners, fasteners, or anchors; and areas contamina
with other materials.

Note 14—Test site selection should also consider the potential effects of ambient conditions on impact attenuation. For example, surfacing material
of different colors may absorb and lose heat at different rates. Under some conditions, temperature sensitivity may cause otherwise ideintical surfa
materials of different colors to have different impact attenuation.

17. Unitary Surfaces

17.1 Test Site Conditioning-The playground surface shall be tested in an as-found condition and no conditioning or preparation
is required.

17.2 Performance ParametersDetermine the performance of each impact test site by performing three impact tests on the
same test point using the procedure described in Section 19. The interval between impact tests shall®é infh. Calculate
the averagegrmax and HIC scores by averaging results from the second and third impacts.

18. Loose-Fill Surfaces

18.1 Test Site Conditioning-Each intended test site shall be conditioned by impacting four times with a 10 by 10-in. (250 by
250-mm) square hand tamper having a mass of 35®5 Ib (7 + 1.1 kq), dropped from a height of 24 1 in. (600+ 25 mm).
The tamper shall be dropped in a manner that causes it to land flat, creating a flat and approximately square impression in tf
surface.

18.2 Performance ParametersDetermine the performance of an individual impact test site by performing three impact tests
on the same test point using the procedure described in Section 19. The interval between impact tests shall®B fnb.
Calculate the averaggmax and HIC scores by averaging results from the second and third impacts.

19. Installed Surface Performance Test Procedure

19.1 At Each Test Site

19.1.1 The surface temperature shall be measured using the temperature measuring device specified in 8.1. Temperat
measurements shall be made at the sample test point before the first impact and after the third impact in any series. The probe st
be inserted to a minimum depth of 1 in. (25 mm) or 50 % of the thickness of the sample, whichever is least.

19.1.2 When an installed playground surface is tested in accordance with the requirements of Sections 16-19 of this
specification at the reference drop height the surface performance parameters at every tested location in the use zone shall m
the performance criteria of this specification. The reference drop height shall be the gredjethefi{eight specified or agreed
to by the owner/operator prior to purchas®), the critical fall height specified when the playground surface was instaBethe
equipment fall height, or4) the critical height of the surface at the time of installation.

19.2 Perform the system integrity check specified in 8.6.2 within 24 h of the test.

19.3 At each selected test site:

19.3.1 Align the test device so that the missile will impact the selected impact test site at the same location for the requirec
number of drops. The device supporting the missile (for example, a tripod) shall be capable of ensuring that each drop takes plac
from the same reference drop height.

19.3.2 Perform the specified number of impact tests using the impact test described in Section 11.

19.3.3 Determine the averagemax and HIC scores of each impact test site.

19.3.4 Record the drop height, and avergg®ax and HIC scores calculated in accordance with 17.2 or 18.2.

19.3.5 Record the surface temperature indicated by the temperature measuring device.

13
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20. Report
1420.1 -RAll reports shall include the following information:

41 1-The-sample-identificationincluding-type—seuree;-size,

20.1.1 Requesting Agency Information

20.1.1.1 The name, address, and-thickness.

1412 TFest-procedure-used telephone number of the person or entity requesting the test.

20.1.2 Testing Agency Information

20.1.2.1 The name, address, ant-missie-deseription-including-mass,-geometry, telephone number of the testing agency.

20.1.2.2 The name an¢ or-siegnature of the test operationr.

20.1.2.3 Date(s) tests were performed.

20.1.2.4 Date of the report.

20.1.3 Description of the Test Apparatus

20.1.3.1 Test equipmengt type and manufacturer.

20.1.3.2 Date of most recendt accelerometer calibrations;-certinficlate.

20.1.4 Test Resudlts-The following shall be reported for each series of impact tests:

20.1.4.1 Whether the sample was dry, wet, or frozen.

20.1.4.2 The ambient air temperatures, reference temperature, and surface temperature measured after the-finak-drop height
emploeyed.

1414 Individual in each series.

20.1.4.3 The drop-values height, impact velocity or fall time, and the theoretical drop height.

20.1.4.4 Thegg-max and HIC scores for each drop and the averpgeax and HIC scores for the last two drops of each series.

20.2 Laboratory Test for the Determination of Critical Fall HeighiThe report shall also include the following information:

20.2.1 Description of Samples

20.2.1.1 The number of samples submitted.

20.2.1.2 The name of the person or entity that manufactured the samples.

20.2.1.3 The commercial name of playground surface product, if one exists.

20.2.1.4 Date of sample manufacture.

20.2.1.5 Date of sample receipt by testing agency.

20.2.1.6 Any discrepancies between the samples and any description thereof provided by the manufacturer or requestor of the
test.

20.2.2 Description of Sample Materials and Construction

20.2.2.1 The description of the test sample shall be sufficiently detailed to distinguish differences in structure and materials that
may affect performance. The description shall include, as a minimum, a description of the composition of each layer of the
specimens, and the thickness of each layer to the nearest 0.1 in. (0.25 cm).

20.2.2.2 For surfacing incorporating loose-fill materials, the description shall include the type and approximate size or size
distribution of particulate materials (for example, sand, gravel, crushed marble, rubber buffings, rubber crumb, wood chips, or bark
mulch) in each layer.

20.2.2.3 Surfacing materials may only be described as “Engineered Wood Fiber” if they conform to the requirements of
Specification F 2075 and reference is made to an acceptable certificate or other documentation of such conformance.

20.2.2.4 For unitary surfacing materials, the sample description shall include the design and material composition of any
prefabricated components (for example, rubber or plastic tiles), and the manufacturer's name or designation of the component, or
both.

20.2.3 Test Outcome-The critical fall height, expressed to the nearest whole foot equal to or below the measured value.

20.2.4 Statement of SpecificityThe following statement: “The results reported herein reflect the performance of the described
samples at the time of testing and at the temperature(s) reported. The results are specific to the described samples. Samples ¢
surfacing materials that do not closely match the described samples will perform differently.”

20.3 Field Test of Conformance with Performance Requirements-g-Aldve report shall include the following information:

20.3.1 Description of the Playground Surface

20.3.1.1 The address of the test site.

20.3.1.2 The commercial name of the playground surface product, if one exists.

20.3.1.3 A description of the type and+HiC—values.

141 5-The-theoretical-drop-heights-used.

14-1-6TFhe-decelerationftimetrace composition of the surfacing materials.

20.3.1.4 Names, addresses, and phone numbers of the manufacturer, supplier, and installer of the playground surface, to the
extent they are available.

20.3.1.5 The area covered by the playground surface.

20.3.2 Description of Each Use Zone

20.3.2.1 A description of the play structure-r-0-5-ms-ntervals. each use zone tested.

14
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20.3.2.2 The location of test sites relative to the play structure in each use zone tested.

ote—t—Thepreferrec-method 15—Appropriately annotated photographs are an acceptable means-of-exhibiting describing play structures and te
sites.

20.3.2.3 The depth of any loose-fill surfaces orthe d thickness of any unitary surfaces, if known or measurable.

20.3.2.4 If a compaction procedure was used, the depth of the material both before and after compaction shall be reported.

20.3.2.5 The condition of the playground surface, including observations of excessive wear, moisture content, and so forth.

20.3.3 Test Outcome-A statement as to whether or not the test sites conformed to the performance specifications of this
specification.

20.3.4 Statement of SpecificityThe following statement: “The results reported herein reflect the performance of the tested
playground surface at the time of testing and at the temperature(s) and ambient conditions reported. Performance will vary witl
temperature, moisture content, and other factors.”

20.4 Summary ReportA summary report may be prepared, provided both the testing agency and the entity requesting the test
retain copies of a complete report conforming to 20.1-20.3.

20.4.1 All summary reports shall include Requesting Agency Information (see 20.1.1.1) and Testing Agency Information (see
20.1.2)

20.4.2 Summary reports of laboratory tests shall also include:

20.4.2.1 The commercial name and a brief description of the surfaces tested.

20.4.2.2 The average thickness of the surfaces tested.

20.4.2.3 For each reference temperature or wet or frozen condition, or both: the average theoretical drop height;:meerage
score, and average HIC score of the impact test series with the highest conforming scores.

20.4.2.4 The critical fall height, expressed to the nearest whole foot equal to or below the measured value.

20.4.2.5 A statement of specificity (see 20.3.4).

20.5 Summary reports of field tests shall also include:

20.5.1 A description of the playground surface according to 20.3.1 but optionally excluding the requirements of 20.3.1.4.

20.5.2 The highest averagemax and average HIC scores recorded-in-¢chart-form any use zone.

20.5.3 The test outcome (see 20.3.4).

20.5.4 For each use zone that digd not meet the requirements of this specification:

20.5.4.1 The location of the use zone.

20.5.4.2 The highest averagemax and average HIC scores recorded in the use zone.

20.5.5 A statement of specificity (see 20.3.4).

215. Precision

15-1Petential-seurees and Bias

21.1 A statement of bias cannot be made because no absolute reference samples exist.

21.2 Appendix X1 describes the relative contributions of different kinds of measurement-efrer-er-deviations-are—as follows:

1544 to errors img-max, HIC, and critical fall height.

21.3 In a preliminary interlaboratory study, three samples (two reference MEP pads and a unitary surface sample) were teste
by five laboratories, using a total of seven different impact test systems. Based on this study the interlaboratory reproducibility limit
of the test method is estimated to bé % for g-max andt10 % for HIC. The estimate assumes that laboratories will conform
to the equipment requirements of this specmcatlon and that the tested speC|men has minimal inherent vaHabHHy—VaHatlons in thl

mechanism.
in results.

21.4 An interlaboratory study was conducted—in—1996-97—during—the—development—of-this—test-method. 1996-97. Seven

laboratories+an performed pairs of tests on eight surface materials using Test Method F 355, Procedure C. The same laborator
also ran pairs of tests on the same surface materials using the free-fall test method. In both seriegefitegtmax and HIC
values were determlned From the results of these tests, precision statistics were calculated in compliance with-Practice E 69!

e-available.

%5—2%—Aﬁ—earheﬁrrﬁeﬂabefafery—s&r&yﬂﬁas—eemp+e{ed+ﬁ—l@ﬂ%9l The—teehﬁrque samples used-to-analyze-the-study data
resulted ina=figure-being-generated-fortest-method-preeision—Applying this test were actual playground surfacing materials,

including loose-fill surfacing materials, rather than reference surfaces. Therefore, the reported precision includes variability due

i =1002.
® National Highway Traffic Safety Admlnlstrann (NHTSA) Department of Transportation., 1997, FMVSS201, Head Impact Protection, 49 CFR 571.201.

15



A8 F 1292 — 9904
“afl -—

1 TABLE 1 Precision Statistics for g-max, TestMethodF355, Procedure €2
Repeatability-Standare-Deviation Reproducibility-Staneare-Deviation Repeatability-Lirmit Reproducibility-timi
Material Average Standard Standard Limit Limit
Deviation Deviation — =
B —52:4 —20 —+8 56 218
b 53.4 48 _86 135 24.1
£ —629 93 14 255 319
E 57.2 101 1.2 28.2 314
H 1672 -38 —9 166 258
H 104.1 39 14 10.8 226
A 1250 —26 -9:5 —+3 266
A 121.5 24 19 66 22.0
€ 1438 —+9 —F 53 216
c 146.4 38 89 105 248
(<] 1932 152 73 42:6 479
G 186.9 105 13.1 293 36.7
B 2620 —26 146 —+3 469
B 2075 53 155 147 43.3
+ 2343 32 120 96 336
F 240.7 71 16.1 198 45.1
'] A Average of Test Method F 355 Procedure C and Free-Fall Test Method of Specification F 1292.
1 TABLE 2 Precision Statistics forg —max, Free Fatt-Test mettrod HfC
Repeatability-Standare-Deviation Reproducibility-Staneare-Deviation Repeatability-Lirmit Reproducibility-kimit
Material Average M M Limit Limit
Deviation Deviation —_ — =
B —544 —76 —94 —213 —26:3
D 144.7 19.1 33.1 53.4 92.7
£ —515 416 416 —36-8 —36-8
E 166.0 46.6 63.6 130.4 178.1
H —166-9 —39 —6:9 —16-9 —19:3
H 592.7 24.3 95.3 67.9 266.9
A —1180 —23 —62 —59 —3+4
A 592.9 80.6 123.7 225.7 346.2
€ —4489 —56 —16:0 —157 —286
C 749.0 28.8 107.2 80.7 300.0
(<] —180-6 —57 —93 —16-6 —255
G 1212.0 59.9 185.9 167.6 520.5
B —2136 —+9 —36-3 —22% —45-6
B 13815 110.1 191.4 308.1 535.9
+ —247% —16:9 —26-2 —36-5 —56-6
F 1849.0 156.6 293.5 438.5 821.7
B “ Average of Test Method F 355 Procedure C and Free-Fall Test Method of Specification F 1292.

to the-1996-7-study, samples as well as variability due te-the+esults-deseribed-inFables 5-and-6-were-obtained. test method itself.

Nort 6 d-to¢ 3 and-6-ishot-as-statistic curate as 16—Based on preliminary interlaboratory testing performed
during the—aﬁa4y5+s—ueed development of this specmcatlon the precision of the test methoeHn-15.2.1. It this specifieationds provided esématétl to b
for+ g-max and=10 % forma HIC. In other words, future test results; intralaboratory or interlaboratory, laboratory or field, may be expected in a range
from -5 to +5 % of theg-max result, and from -10 to +10 % of the HIC result. (For example, agt8@x indicates @-max range of 171 to 189. A 900
HIC indicates an HIC range of 810 to 990.) Users of this specification shoulyd be aware of this fact when establishing critical fall height.

1622. Keywords

1622.1 critical fall height; head impact; head injury criterion; HIC; impact; impact attenuation; impact test; injury; play;
playground; play structure; shock; surface-system
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ANNEXES

(Mandatory Information)

Al. INSTRUMENTATION VERIFICATION PROCEDURES

Al.1l -Anenguided-headform-may-be In order to meet acceptable levels of interlaboratory and intralaboratory repeatability anc
reproducibility, the instrumentation used to make tests in accordance with this specification must meet specific requirements fo
resolutimon, accuracy, precision, and calibrat tion. Differences in instrumentation among laboratories have been identified as

major cause of-playgrountd-surface-systems-or-surfacing-materiak-samples.

AL21-Pefinition-of Term-Speeifie-to poor reproducibility. This-Arnex:
A2t Hreefall—the-trajectory-of annex describes procedures for verifying that instrumentation conforms-te-the-headform

requirements of this specification.

Al.2 It is-hotrestrained-by-rails-wires; or-a-mechanism-or-structure requirement-ef-any type.

ne-headio l‘l _A

: pissile this specification that testing
aqencres retaln documentatron demonstratlnq that the frequency response accuracy, and reselution-ef-diameter2B300.
#60=5-mm)-An-optienal-handle the instrumentation conform to the requirements of this specification. Such documentation may
be-affixedto in the form of calibration certificates or metrology laboratory reports.

Al1.3 Accelerometer Data Channel Verification—End-to-End Calibratiohhe frequency response of accelerem peters, signal
covnditioners, data acquisition devices, and so forth, can be determined from calibration certificates. However-the-total weigh

frequency response of the-headferm-and-handle combination-dees-net-exceed@a-1b{4-6=-0-05kg).

AL32-AccelerometerRigidly-attach-atriaxial-aceeleremeterat-the-center-ef-mass of these devices is unknown, because the
headform.

AL3-2-1-One-axis interconnecting cables, connectors, and other components of the system can affect the frequency respon
(These extraneous effects can often be minimized by using compatible components from the same manufacturer.) It i
recommended that the accelerometermust data channel-be-meunted-paralielwithin 5° calibrated using an end-to-end calibrati
procedure of the whole data acquisition and processing system. This procedure should be performed by an accredited metrolol
laboratory. To conform to the—pﬁmary—axrs regwremenfs—ef—rmpact of this specification;the-headform—This axis frequency response
of the ©@tem should fall within the limits shown in Table Al1.1

and Fig. A1.1.
AL322-TFheremaining-two-axes-of- the-accelerometer-must-define

Al.4 Accelerometer Data Channel—Minimum Verification Requirements an end-to-end calibration is not performed,
testing agencies shall, as—a—plane—nermal minimum, determine that their test apparatus conforms-te-the—primary-axis. Bot
low-frequency response and accuracy requirements-of-these-axes—shalt-have-atinearoutput-sigha-ftoB00-do

AL323-Allaxes-of this specification by performing the-aceeleremetermust-be-capable following tests:

Al.4.1 Accelerometer Low-Frequency Response (Time Constant-Tést purpose efwithstanding-impacts-of-1ap@ithout
damage.

AL3-24-Coennectthe-output-signal-of-the-aceelerometer this test is to determine that-thereeording-device by acceleromete
signal conditioner, and analodg filter have-a-flexible-multiple-conduetorcable. sufficient response at low frequeneies—Fhe-cable sha
required low-frequency response (8.3.15.1) may-be-sufficiently-flexible-so-astonoetinfluence-thetrajectory specified in terms o
minimum time constant of 2.0 s. Appendix X2.2 describes-the-headform-before-or-during-the-impacttest—The-fully-extended lengtt
effects of an improper time constant on accelerometer signals. To measture-the-eable—shall-be-atleast two times time constal

perform the—dfep—he+ght—speerﬂed- by foIIowrnq procedures

Al1.4.1.1 Connect the-initi Hi Hg9A -attached acceleromete
signal normally input to the—head#ema—and data acqursrtron system to a recordrngﬂevrce by (for examp+e—a—srng+e—mtﬂ+rple contac
eleetrical-connector-with-integra-Hocking-action.

Ai—3—2—54Fhe—aaﬂs—Hem+HaHy—perpeﬁdreulaHe+hemapaePsurfaee shall drqltal oscrlloscope or computer data acqursrtron system)
Thrs srqnal should be—aﬁﬁetatédilihe—a*es—fermmgt e para
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TABLE A21.1 Hi€ Vatues for 10tims Half Sime—

Nete—t—The-recs orf Moding-deice-wiltnetpreduee HHC vEC 1000
Datues-with-greater t Chan5-%from-thnese-val

Dynamic Accues.racy

Frequency, Dynamic Accuracy
Hz Peak-6dB, Min dB, Max

—Hic —T1 (seconds) — T2 (seconds)

0.1 -0.1 0.1
—56 —3 f—y

1 0.1 0.1
—10017 —-wy 5084
___100 0.1 0.1
—166 413 — 00017
__1000 0.2 0.1

—4 ——0:0084

_ 1650 _4 0.1
__2000 _-10 0.1
350017 J—) —rY
__3500 -30 -19.4
— 200 2341 o7
__5000 -31.7
10017 — 9 f—Y
10000 -55.7

|gnal conditioner and
analog filter, as shown in Fig. Al 2 The—mi

samples/s-perinputchannels—The ( data recordmg de\ﬁee must should be capab+e—ef—snﬁuttaneeusty—samgl|ng each recording acros
the whole output range of the-three-inp ingle digitizer
signal conditioner with areh B e on-data ottd-eomply with SAE

J—Zia—A—tew—pass—Hteﬁhavmg—a—%ele—Buﬁemmﬁh—trans#eﬁfuﬂeﬂen and resolutloﬂoﬁv for a—eeme&#eqaency minimum
of—lGSG—Hi—meets—Hars—reqt&rement—ngrt&er—reseltmen—shall be 10 s at a m|n mum sample—rate—et—twelve bits.
i i to the

&me—ef—mrtral—rmpaet 100 3. The—ve+eetty—at—rmpaet—w1ll accelerometer should—be—eatealated—by—mtﬂtrptyrng—the—FaH—trme—by the
aceeleration-due fixed and not sub|ect—te—grawty—(-32—2—f=tfs%s-)—tay|eld motion or V|brat|on while measurements are made.

part of the signal conditioner, recording

deV|ce and—wm—net—req*cnre—eperateemterventlon other necessary eIectromcs aIIowrnq them—to—start-and stop warm up, as
recommended by the—measufement

A1 4.1.3 Pregare the recordrng—faneﬁen—shalt—be—rnhrbﬁed and device to recewe—t-he—persen—pe formlng signal. Turr-off the test
alerted-by-anindicator-tamp-ormessage signal condmoner Afterl& turn on the—t:GD—rnterfaeeof S|qnal cond|t|oner and record

the output for a minimum of 10 s. Alonger recor Ay

er-wall-receptacle-connected-chargers, time ma_Le—requswed—ta—restefe—batter—voltaqe to obtaln a satlsfactory recordlng
Al.4.1.4 If the-aceeptable-operatingleveltmpacttestsmay-be-performed with accelerometer, signal conditioner, or analog filter

have a finite low-frequency response,-the-recerding-device-connected to recorded signal will show an exponential decay towards

zero as the—abaemary—pewer—seufee—PHeHe use S|qnal “settles” (qu Al 3)

Al1.4.1.5 Select two points in the a by—impact test
recorded data that fall mmmmeﬁbm%mﬁwaﬁamﬁe%mmﬁb%hﬂbwowdedwemeemg%ﬁ%manufacwrer
exponentlal curve and—be%shedﬂ#ﬁkﬁeferenee—mpaeHes%dataﬁnetudmg—seﬂaFnumber that are separated by a minimum of

S and—H+&Average—the—results a m|n|mum of one tenth
the—last—two output range ea‘—t-hree—dreps—and—eempare ;
is—to—provide—the—eriteria signal conditioner (for example, 1.0 V forté 0 V output ranqe) Record the—requﬁement for
recalibration time and voltage at each-ofthe-headferm;,+ecorder, these two poifitsVas dnd-reference—pad—The-impaet-test
en (T,V,).
Al1.4.1.6 Determine thereference-sample-willnot-be-construedto-be-a-calibration of time constant using-the-inrstrument, which
ean-only-be-perfermed following equation:
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Accelerometer Data Channel =

Data Acguisition  Digital Analysis &
System Filter Display

Accelerometer Signal Analog
Conditioner Filter

O—0 0+ + e
6

Recording
Device

FIG. Al1.2 Schematic of the Time Constant Test

5
n 4 \ Tg=2ﬁs
Sl N, Vo =1/839 V
£2 V0
o T~g =o.
1 sz
0
0 2 4 B 8 10

Time, s
FIG. Al1.3 Example Recording from Time Constant Test

For the example shown-in-a-preperly-equipped-metrology-taberatory.
AL3:3-4-Calibration—Cheek Fig. A1.3:

6.0-20 40
log, (1.839/0.249 ~ _ log. (7.386 _

Te=— 20s

atibration by

fetummg—ﬂeem—to measured tlme constant is Iess than 2 Os—He&manu#ae&we%e&Hbraﬂeﬁ—laberatery—eHepawdepe%quallfred by
equment does not meet Hee—manu#aeturer

pable frequency
response requrrements—e%mﬁeafn&g—g}maeH-He this specrﬂcatron

Al 4.2 Venfrcatron of q max and—rmpaet—waveferm

: i om HIC Calculations Using Known
Inputs—Thls test determlnes Whether the data acqursrtlon system digital fllter and calculation procedures-of-the surface a test
system conform te—be—tested to the—surface requirements of this specification. The test requires—the—headform expected
accelerometer outputte-nitially-impact-the-surface-Measurement shalltbe-made with replaced-by-a-steelrule-ersteeltape measure
Use-a-suppert-structure-or-tripod-to-ensurerepeatable-drop-height synthesized pulse of predetermined shape;width;-and location
amplitude (Fig. A1.4). The—supﬁert—strueture—eHHped—shall pulse may—be—su#ﬁerently rigid qenerated by a programmable signal
generator, a computer-linked digita : -structure analog
converter, ortripoc-mustatiow-for other approprlate means provrdlng%eﬁestmg—eﬂhe%ﬁaeeaemweea%mnﬂﬁtmnﬁeplayspace
A—qweHdease—meehar%rsm—shaH—be—prewded output has a ranqe equrva+ent—te—eenﬁeet—the—|=read#enn—te—the—wppert arm. The
operation that of the i a et he support
structure-ertripedHn-such S|qnal condltroner outp i ne heac on i
minimum resolution of+1 mV, and the—supper%s%metur&eHnoed—be#or&rmﬁaeHﬁﬁl%uﬁae&bang—tested
AL34-Calculation

AL3A I Triaxial-Aceeleration-ComponentSumming-he-components capability-efaceelerationineach of refreshing-the three
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Accelerometer Data Channel e

moom‘t‘ —

Accelerometer Signal Analoyg Data Acquisition  Digital Analysis &
Conditioner Filter - o System Filter Display
Signal
Generator

FIG. Al.4 Schematic of the Calculation Verification Test

axes-must-be-veectorsummed-to-determine-composite-aceeleration generated signal at a minimum-rate-ef-the-headferm. Perfo
veeteﬁad&meﬁ—eﬁ—eaeh—set—ef—thfee—samgles 50 kHz.

Al.4.2.1 The pulse §
on _generated is a cosine wave ofﬂ%e—feHeMﬁﬁg—maH%emaﬁeal—e*pfessmn

form:
B t
V—A(l— cos<2¢r.|—.>>

additien-shall be base

AL —afnt—tednri2—+ayfnt2—+ax{n2)0:5

AT

where:

apV = cemposite-aceeleration-at-sample-peint{n], the output voltage,

aGmA = aceceleration-value-ef-axis-at-sample-peint{n], the pulse height (amplitude),
amt = aceeleration-value-of-axis-at-sample-peint{n],time, and

mil acceleration-value-ok-axis-at-sample-poeint{n].target pulse width.

The constanA is calculated from the targggmax and the accelerometer sensitivity gsed in the calculation of g-max and
HIC—Theg-max scores, using the formula:

A = C gmax

This function produces a waveform of the type shown in Fig. A1.5 and was selected because of its similarity to real impact
waveforms. Also, the function allows H¥cS-shall scores te-be-determined calculated directly from first principles.

|-E— Pulze Width (T) %l

20
g 15 T
g— 1.0 | M Pulse
- R -1
8 | / \ Height
E 05 / \ "
=
3 l
0.0 -
0 5 10 15 20

Time, ms
FIG. A1.5 Example of a Synthesized Impact Waveform
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Al.4.2.2 To perform the-eomposite-aceeleration-vatues—Fhe-speeified-algorithm test, take the following steps:

(1) Program the signal generating device to produce pulses of the form described in A1.4.2.1. To complete the test, pulses with
each of the combination of pulse width)(and-v the reference g-max score shown in Table A1.2 will be required. In each case,
determine the amplitude®] of the waveform by multiplying the referencemax by the accelerometer sensitivity.

(2) Connect the output of the signal generator to the input of the data acquisition system.

(3) Prepare the data acquisition system to receive a signal. Send the signal from the signal generator. Acquire and process the
acquired data in the normal way.

(4) Record theg-max, HIC, and HIC interval scores reported by the test system.

(5) Repeat the test for each of the six combinations of pulse width (T) and reference g-max in Table A1.2.

(6) Compare theg-max, HIC, and HIC interval scores produced by the test equipment with the target scores in Table A1.2.

Al1l.4.2.3 If any recorded value differs from the target value by more thado, the test equipment does not conform to the
requirements of this specification.

APPENDIXES

(Nonmandatory Information)

X1. INJURY RISK CURVES

X1.1 Most of what is known about the relationship between impact magnitude and head injury risk comes from experiments
using cadavers and human volunteers subject to high accelerations and impacts under laboratory conditions. The data from these
experiments form the basis of automotive and aircraft impact protection standards. There has been no research directly relating the
magnitude of an impact from a playground fall to the severity of the injuries sustained. We, therefore, rely on data from automotive
industry experiments to provide insights into injury risk.

X1.2 Fig. X1.1 shows the probability of different degrees of injury occurring as a result of impacts with a given HIC score.
These “Expanded Prasad/Mertz Curves” are based on data from cadaver experiments in which the relationship between HIC
scores, skull fracture, and brain damage were obsé&¥dthe two solid curves in this figure show the probabilities of no injury
and of fatal head injury. Broken lines show the probability of minor, moderate, and critical head injuries, defined-asAppendix X2.

AtA4Procedure
AlALForportablerecording-devices,—verify-battery-voltage follows:

X1.2.1 Minor Head Injury—A skull trauma without loss of consciousness; fracture of nose or teeth; superficial face injuries.

X1.2.2 Moderate Head Injury—Skull trauma with or without dislocated skull fracture and brief loss of consciousness. Fracture
of facial bones without dislocation; deep wound(s).

X1.2.3 Critical Head Injury—Cerebral contusion, loss of consciousness for more than 12 h with intracranial hemorrhaging and
other neurological signs; recovery uncertain.

8 Prasad, P. and Mertz, H. J., “The Position of the United States Delegation to the ISO Working Group on the Use of HIC in the Automotive Envig/hEBaiper
No. 851246 Society of Automotive Engineers, Warrendale PA, 1985.

TABLE A21.2 HIC Vamput Wavesfor 20ms HChalf Sime—

NORACTE-—THERECORDINGDEVSTICE-WHELS ANOT-PROBUEEHHE- TALUES
WHFH-GRATGERTHAN—25-06-FR SCOM-THRESE-VALUES

WAVEFORM TARGET SCORES
PuLsear-G WipTH  REFERENCE MAX HIC HIC INTERVAL
(vs) G-MAX (e) (ms)
—Fi—{seeconps) 1006 166 —302(seconns)9 —5:08
10.0 _100 _100 3029 5.08
—56 —+46 —0:6033 —68 —5:0167
10.0 150 _150 834.8 _5.08
10.0 _200 200 17137 5.08
20.0 100 100 605.9 10.15
20.0 150 150 1669.6 10.15
20.0 200 200 3427.4 10.15
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FIG. X1.1 Probability of Specific Head Injury Level for a Given HIC Score

X1.3 As an example of how Fig. X1.1 is interpreted; if a person experiences a head impact equivalent to a HIC score of 500,
there is a 79 % chance that they will suffer a minor injury. At 38 %, the risk of a moderate injury at this HICHevelasreeemmended
by-manufacturer.

AA42Perferm is also significant. The risk of this impact producing a severe or fatal head injury is very low, however. It is also
notable that the-system-integrity chance of experiencing a 500 HIC impact without suffering an injury of any kind is only 21 %.

X1.4 Discussion—HIC injury risk curves should be interpreted cautiously ing-the-testing-eguipment-manufacturers-supplied
surface-sample—erify context of injuries resulting from playground falls. The data on which the Prasad/Mertz Curves are basec

are from adult cadavers subjected to frontal impact. The extent to which this data is valid for children experiencing non-frontal
impacts to the head is not known. Also, a rigid missile such as-thattestresults specified by this specification produces HIC score
that are_ somewhat higher than those generated by a cadaver or a headform with lifelike prop@iesores determined in
agreement accordance with-these-guoted this specification will overestimate the probability and severity of head injury if they are
interppreted using Fig. X1.2, will tend to be overestimated. Consequently, the criteria established by this specification are mor
conservative than if a lifelike headform were used. The more conservative criteria are warranted by the t absence of specific dal
for the head injury tolerance of children falling from playground equipment-manufacturer.

ALA3-Ereet and by the-suppert-structure-or-triped on fact that-the p layimiting HIC seore ouf 1000 is set at the threshold of
fatal injury risk. As the Prazad-Mertz curves show, a 1000 HIC criterion limits the probability of a fatal injury, but still infers a
significant risk of severe, non-fatal injury. The-pesition probability of experiencing a 1000 HIC impact with no injury is very low

(less than 1 %).

9 Saczalski, K.J., States, J.D., Wagar, 1.J, Richardson, E.Q., A Critical Assessment of the Use of Non-Human Responding Surrogates for Safesl @y&irnSBE
Paper # 760805, 1976, Society of Automotive Engineers, Warrendale PA.
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*
* @(#)hiccomp.c v1.0 kpc 04/28/88 -- HIC 68k hic computation module

this module computes hic for a passed in waveform

*
*
* we assume that the limits have been determined for the waveform
* and are set in the hicinfo struct

*

/
#include "hic,h"
#include <stdio.h>

* compute 1ntegral from partial sums array

* from il to i2

*

#define INTEG( i1, i2 ) gs[12] - s[i1
#define AVE( 11, 12 ) INTEG(il,i2

/¢ umypz)((iz)-(il))
#define HIC( 11, i2 ) (power2( AVE(11 12

) ) *(SUMTYPE) (12-11))

static int debug = 0; /* debug mode? */

*
/ﬁ compute hic with sliding endpoints
*/

*/
void hlccomPB( ip, chan )
TupINFO ip;
Thort chany /* data channel # used to compute HIC */
double ower2(); /* we will need this #/

P
extern char *malloc();

HICINFO *hp;

hp = ip->chan{chan];

eps = 1.0e0; /* if it is within lg then its close */
epsf = eps; /* float version of eps */
epsfn = -eps: /* float negative eps */
é' 1n1t vars */
ic 0.0;
h1c1 = 0;
hicj = 0;
/* loop & cycle countars */
ev = av = hv = pv = cv = 0;
/* number of samples in 50.0 msec (50000 usec = 50.0 msec) */
wind = 50000L / 1p->sampt1me.
ipk = hp->ipk - hp->i0

/* how many pnts are there? */
npnts 1 + hp-»>imax - hp->i0;
dp hp->acc + hp=->i0;

/* base addr for part of array we need */

if( (s = (SUMTYPE *)malloc((npnts+3)*sizeof(SUMTYPE))) == NULL )

prxntf("hlccomp3~ malloc bomb (%d bytes)\n",
(npnts+3)*sizeof (SUMTYPE));
return.

void hlccomp( ip, chan )

IMPINFO ip:

short chan,

{
Idx maxn;
short improve; /* loop until no 1mprovement in answer */
short i,3: /* limits for ave */
short g; /* ess *
short iter; /* ilteration count */
SUMTYPE ave; /* current best average */
SUMTYPE aveg; /* next guess at best average */
SUMTYPE hicv;: . .
SUMTYPE hicvs; /* special hic value */
HICINFO *hp;
SUMTYPE *s; /* to hold the partial sums */
double power2()

/* compute partial sums array %/
partsum( s, dp, npnts );

fgrintf(stdarr,
£

i

lush( stderr );

/*
: The starting peint scans over every point upto the peak g Idx

ia
for( ;
{

max({ 0
i<ip pk:

pk—wind )i

extern char

kmalloc(i:

* hp = ip=->chan(0]; */

P =

ip->chan[chan];

maxn = hp->imax - hp->i0 + 1;

#define SAME go)

#define LOWER -

#define HIGHER (1)

/* is it near zero? */

#define ZERO( V ) E&v; < eps && (V) > -eps)
#define ZEROF( Vv ) v) < epsf && (v) > epsfn)
#define min( a, b ; ((a>b)?(b § ;

#define max( ((a>b)?(a):(b)

/* precgmpute data for this i’ #*/

v53 = v * (5.0F/3.0F);
a0 = s(i];

/* setup loop ctl vars */
prevf = curf

=i + wi
min( tmp,
tmp = i + MINWIDTH;
j = max( ipk, tmp );

tm)
n = npnts )i

/* debugging aid */
#if 0
id?fine CTR(

ldefine CTR(
#endif

X ) X

X )

/i
* variables for the algorithm
*

static SUMTYPE *s; /* partial sums array */

static SUMTYPE eps; /* my egsllcn for comparisons */
static DTYPE epsf; /* my float epsilon for comparisons */
static DTYPE epsfn; /* my negative epsilon

w=3j-1i;
for( ; j<ni Jj++,w++ )
{

v2 =dp(]];

diff = v2 - v;

%f( ZEROF(Qiff) )

*
* points are "equal"
* so check the average value of this interval

cTR% ev3+ ):
ave = (s(j] - a0) /(SUMTYPE)(w);

diff2 = ave
if( ZERO( dlffZ ) )

*

/* counts,
static unslqned short
/* more counts,
static unsxgned short
static short

# of equal value,

ev, av,

pv, cv
bg = 0:

# of ave ok,

24

# of bracket pairs, # of hicv’s */

# of times the prev hlc val was used, # of times cur val used

/* debugging flag */

* the average value is close to S/J*dp[x]

* here is where we compute a
*

CTR( av+

):
hicg = (SUMTYPE)(W) * power2( ave );
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X2. EFFECTS OF MEASUREMENT ERRORS

X2.1 This appendix documents the sensitivity of test results to different sources of measuremecnt error.

X2.1.1 Thae sensitivity and error estimatesho were calculated using a-medell owf the impact test. The model assumes a Hertziz
impact between a rigid hemispherical headform dropped from eight feet and a linear elastic surface with propertiesgsoaxthat
= 200 g.

X2.1.2 Table X2.1 shows the effect afl % error in each component measuremenggnax, HIC, and CFH measurements.
For example, a 1 % deviation in the missile radius results in a 0.2 % ergpniax, and 0.5 % error in HIC and CFH results. It
is notable that any error ig-max is amplified in the calculation of HIC by a power of 2.5. Errors in CFH are greater than those
in gomax and HIC because the relationship betwganax, HIC, and CFH. Also, the process of determining CFH compounds
errors in HIC and velocity measurements, making it more sensitive to small errors. In general, test results are least sensitive t
discrepancies in missile mass and geometry. Results are especially sensitive to errors in the components of impact veloci
measurement. If a flag/photogate system is used, a 1 % error in either-the-desiredpointrepeatedly on flag width measurement
the-surface-from transit time\) causes an error more than 4 % in-the-drop critical fall height estimate. Ind a free-fall test, a 1 %
error in the measurement of fall time causes a 10.8 % error in critical fall height.

X2.1.3 Table X2.2 shows the error in each component measurement that results in an erBoinoin the calculated CFH.

X2.1.4 Table X2.3 shows the of the measurement tolerance limits specified by this specification on emmixirHIC, and
CFH results. The values shown assume a test with a fall height of 8 ft gndax score of 200 g. While tolerancesofl % are
specified for acceleration and impact velocity measurements, any error in these measurements is amplified (by a power of two
greater) in the-initial-ownerfoperator.

AtA4Release calculation of HIC and CFH. Consequently, the % tolerance implies that either measurement could
contribute to an error of+2.5 % in CFH Measurement. If both acceleration and impact velocity (or drop height) are at the limits
of their specified tolerances a total error of up 1010 % in CFH Measurement is possible.

X2.2 Accelerometer Time Constant

ALA5-Observe-the-impact-waveform-oen-the-display

X2.2.1 Differences in accelerometer time constan one-impact event
have been identified as a major source of interlaboratory V&fﬁblhty—ThE—Hﬂﬁ&&t—WﬂVéfﬁfﬁﬂ—Sh&uH—SigﬂﬂﬁF@&S&—to time
constant determines thgemax low frequency response of the-drep—and-return accelerometeg:téi®impact-waveform-not

shewing-this—shape—should—be—discarded—Fhe-inerease mechanical inputs, with longer time constants indicating better loy
frequency response. A very short time constant (~0 s) results in ac resporse-and-decrease-portiens-ofthe-wavefoerm-may be smo

accelerometer is insensitive to constan{ or| slowly changing inputs. A very long time constant (>10 s) indicates near-DC respons

A—1—4—6—2—'Feet—pfeeedﬂfe—used—aﬂd—head#ema—deseﬂptlon accelerometer is sensmve to low frequencies,-ireluding mas:
geenmry,—aﬁd—eﬁemaﬂen

X2 2. 2 This specification requires linear accelerometer sensitivity down to 1 Hz or below An accelerometer with a time constant
of-the-seeod 2 s orgreater and-third-drop-vatues appropriate signal conditioning will generally meet this requirement. Typically,
accelerometers are manufactured-fer-bgtimax-and-HC-values.

ALA-6-5-The-drop-heights-speeified by the-initial-ownerfoperator.

NoteAl-i—Thepreferred-method purposes-efexhibiting measuring vibration, and have shorter time constants (<1 s) than the minimum required for
the impact a-wcceleration measulrements required by this specification. Many accelerometers must be modified by the manufaeturerin-ehart form (se

Fg—1)

TABLE X2.1 Effects of a 1 % Measurement Errors on g-max, HIC, and Critical Fall Height Results

Missile Acceleration Flag Width Velocimeter Fall Time Impact Velocity Drop Height
Component -

Measurement Mass Radius g in At s fps ft

- Ib in. - ms ° -
Nominal value 10.12 3.15 200 1.00 0.0037 1.188 22.70 8.00
+1 % error +0.10 +.03 +2.0 +0.01 +0.00004 +0.012 +0.23 +0.08
Errorin ...
g- max +0.4 % +0.2% +1.0% +1.2% +1.0 % +2.5% +1.2% +0.6 %
HIC *+1.0% +0.5% +25% +3.0% *25% *+6.4% +3.0% *+1.5%
Critical fall height *+1.0% *+0.5% 49 % *+5.1% 4.4 % +10.8 % *5.1% +25%
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ull
1 TABLE X2.2 Magnitude of Measurement Error Giving +3in. Error in Critical Fall Height Results
Missile Acceleration Flag Width Velocimeter Fall Time Impact Velocity Drop Height
Component .
Measurement Mass Radius g in At s fps ft
- b in. - ms > -
Nominal value 10.12 3.15 200 1 0.0037 1.188 22.7 8
% error +3.0% +6.3% +1.0% +0.5% +0.5% +0.3% +0.6 % +1.2%
Abs error +0.31 +0.20 +2.0 +0.006 +0.00002 +0.004 +0.14 +0.10
Errorin ...
g-max *+1.2% *+1.2% +1.0% +0.7% +0.7% *+0.7 % *+0.7% *0.7%
HIC *+3.1% *+3.1% +2.0% +1.9% *1.9% +1.9% *1.9% +1.9%
Critical fall height +3.1% +3.1% +3.1% +3.1% +3.1% +3.1% +3.1% +3.1%
Critical fall height +3in. +3in. *3in +3in +3in. *3in *3in +3in
| |
[ ] TABLE X2.3 Effects of a Specified Measurement Tolerances on g-max, HIC, and Critical Fall Height Results
Missile Acceleration Flag Width Velocimeter Fall Time Impact Velocity Drop Height
Component .
Measurement Mass Radius g in At s fps it
Ib in. - ms - -
Nominal value 10.12 3.15 200 1 0.0037 1.18 22.7 8.0
Tolerance 0.1 .05 1.0 0.005 0.00002 0.001 0.227 0.2
% Tolerance +1% 2% 1% +0.5% +0.5% +0.1% *+1.0% *+2.0%
Errorin ...
g-max +0.4% +0.4% *1.0% +0.6 % +0.6 % *+0.5% *+1.2% *+1.5%
HIC +1.0% +1.0% +2.5% +1.5% +1.5% +0.9 % +3.0% +3.0%
Critical fall height +1.0% +1.0% *+4.2% +25% +25% +3.2% +5.1% +5.1%
Critical fall height +1.0in. +1.0in. +4.1in. *+2.4in. *+2.4in. +3.1in. +4.9in. +4.9 in.
| |

Ai—S—l—A—de%&He-d—repeﬁ—\Mll order to be—prepared conform—te—decument—the-result requirements—of-the—drop tests. this
speC|f|cat|on As shown in Fig=A2.1 X1.1, an accelerometer with a time constant that is too low produeces-a-suggested format for

%

y-be used. zero baseline after the impact. The

aeﬂve—aees lack of approprlate Iow frequency response also results—rn—the—aeee+e1=emefe1=nﬂrus{—be—ﬁgrd+y attached underestimation
of g-max and HIC scores.

X2.3 Interval Between ImpactsVariations in the time needed to conduct-the-head-form-and-witfih test result in variable
levels ofthe-axis recovery ef-impacet of the-head-form.

A2 2n-free-fall-head-form-systems,—a-triaxial-aceeterometer material during the room temperature tests. This variation is
reguired—One—axis accentuated in non-room temperature tests by the addition of changing temperature conditions within the
aceelerometermustberigidly-attached sample te-the-headform-and-wiitivariable recovery of the-primary-axis-ef-impact.
Fhe-remaining-two-axes-witHerm-a-plane-parallel to material.

X2.4 Impact Velocity—Variations in the impaet-surface-withitr5%
AZ22-3—The-aceelerometer-orientedparalltel to velocity brought about by changes in drop height or friction in the drop guidaxnce

mechanism.

X2.5 Missiles—Use of-impact-must-have-an—output missiles other than those referenced in this specification may cause
substantial variations in results. Missile with masses greater than the specified—+ange—from—0 to 500 will result ig lower
mirtmtrg-max and HIC scores.
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| X3. COMPUTER ALGORITHM FOR CALCULATING HIC

X3.1 The-seeendary-axes-inatriaxial-aceeleremetermust have following example pseudo-code computes the HIC score of &
eutputrange-from-0 acceleration pulse=&00-g-minimum-—Al-axes-mustbe-capable within 0.5 %-efwithstanding theoretical

values. For clarity, the program has been written -as-a+aximum-shock procedure, with filtered input data and results passed
global variables. It is also assumed that the data presented to the routine has already been filtered.

interval
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/l GLOBAL VARIABLES
_var
/| Data Acquisition Information
SampleFrequency: integer; // Data acquisition rate, samples/second
nSamples :integer; // Number of acquired data samples
/I Input Data
AccelData: array [0..nSamples] of real; // Array of acceleration data in g units

/I Outputs
HICmax : real; /I HIC score
HiCinterval : real, /I HIC interval

/I HIC CALCULATION PROCEDURE
procedure HIC_Calculation;
/I LOCAL VARIABLES
var
/I Intermediate Results

integral : array [0..nSamples-1] of real; // HIC Integral Values
iHICO,iHIC1 :integer; // HIC interval boundaries
HIC :real; /I Intermediate HIC  result
/I Counters
ij :integer;
begin
/I Initialise results
iHICO := 0;
iHIC1 := 0;
HICmax:=-1.0;

/I Calculate Integral
integral [0]:=0.0;
for i:=1 to nSamples do integral [i]: =integral [i-1] +(AccelData [i]+AccelData [i-1])/2;

/I Scan all possible HIC intervals for maximum score
for i := 0 to nSamples-1 do
for j := i+1 to nSamples do
begin
HIC:=(integral [j]-integral [i])/(j-i);
if HIC>0.0
then HIC:=Power (HIC,2.5)
else HIC:=0.0;
HIC:=HIC*(j-i)/SampleFrequency;
if HIC>HICmax then
begin
HICmax:=HIC;
iHICO:=i;
iHIC1:=j;
end;
end;

/I Calculate the HIC interval
HiCinterval := (IHIC1-IHICO)/SampleFrequency;
end;

end.

X3.2 Verification—When correctly implemented, the algorithm computes the theoretical HIC scores (withd2 %) for the

cosine pulses described in A1.4.2.1 and Table X3.1, assuming-a-digital-sterage-oscilloscope-or-dedicated-wave-form digitizer.
Analeg-oscilloscopes-are-not-aceeptable.

A2:3-2-Each-digitizer-input-willhave-a-minimum-reselution sample ra i nning 20 000 Hz.
| X4. ALGORITHM FOR DIGITAL BUTTERWORTH FILTER
TABLE X3.1 Theoretical and Calculated Values of Synthesized
Cosine Pulses
Pulse Width Reference Theoretical Calculated Error Error
T) ms g-max HIC HIC - %
10.0 100 302.9 302.9 0.0 0.013
10.0 150 834.8 834.7 -01  -0.012
10.0 200 1713.7 1713.5 -02  -0.011
20.0 100 605.9 605.9 0.0 0.004
20.0 150 1669.6 1669.5 -0.1  -0.006
20.0 200 3427.4 3427.2 -0.2  -0.005
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one per
aaes—)—eaeh—wrth a-20- i i i i reous track
&Prd—hemld—amphﬁers—are—pfe\ﬁded Butterworth qunal Fllter—feeeaeh—aeeelreremeter axis.

i mirimUM smoothing acceleration data. Also, the response spectrum

of-2 modlfled Channel Frequency Class (CFC) 1000 acceleratlon data channels is defined in terms-efthe-impactwave form to b

Htert e event Butterworth-digitat-sigrat-aliasing. response.
The CFC 1000 data channeI requwes a fourth order (4 pole) Butterworth—FHter—le have -with-a- cut-off -3dB corner frequency of

1—e—kl+z—wrth—a—m1ﬁmﬂrum 1686.1 Hz Instead of |mplementlﬁg—a—twe—pe+e—rell off.
A—2—3—6—].—A—tht—gate—dewee—may—be—used—te—measure fourth order frlter |t is recommendediehat—the—trme—an—epaque—ﬂag interrupt

mpact with
: by the time
feet per filtered twice, onc

ond

{acceleration-due-to-gravity)-to-yield-head-form-veloeity-infeet-persec
A2-3-6-3—Either-veloeity-measurement-willk-be-performed order (2-pole) filter twice with-a—minimum-timer—+resolution -3dB
corner freguency ef—l—e—ms

X4.2 The 2-pole (second order) Butterworth Digital Filter is defined by:

A2 —mgh=12m2
2 2
Fo= 26 A ja T J_Zl DA A
At Aai and bj
where :
mE = weight-of-head-form-{ib), filtered acceleration datum at titne
gA = acceleration-due-to-gravity(32:2-ft/sfs), input acceleration datum attfime
hA = actuatdrop-height(ft),sample interval, and
va = velecity-atimpact{ft/s).filter coefficients
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A2.5.2 The HIC value of an impact wave form will be calculated in accordanceThe correct filter coefficients vary with 8.6 of
Specification F1292The-dtterm-shall-be-an-integermuttiple of the data samplingrate-andinno-case-willbe-greaterthen 0.1 ms.
?he—reee%dmg—dev&eﬂﬁm—have—tm—eapabﬁﬁy%eﬂseﬁefm%e—ealeulatlon rate. Table X4.1 shows coefﬁueﬁts—feFaH—possmle

playgrounc

. hospital

erbing and

&&eﬂuafmg—a—surfaee—eaﬁ—be—nﬁde—mefeﬂﬁhe—mee{meed—mat—the—s venty sample—ra{e—ef—t-he—rﬁjtrry—wm—be—redﬂeed—m addition,
6 i ates to a hal

ppact injuries

X2-1—See 20 000 Hz. Fig—%2.1. X4.1 shows the response function of the filter in relation to the specified limits of the modified

CFC 100 data channel. Section X4.3 describes a computer algorithm for implementing the 4-pole filter using forward and reverse
passes of the 2-pole filter.

X4.3 Computer Algorithm for 4th Order, Zero Phase Shift, Butterworth Digital Fitdthe example pseudo-code below
implements a fourth order, zero phase shift on an array containing a single channel of acceleration data. For clarity, the program
has been written as a procedure, with input data and filtered data passed as global variables.

TABLE X4.1 Second Order Butterworth Filter Coefficients for a
CFC 1000 Data Channel Sampling Rate = 20000 Hz

Coefficient ag a; a, by by
Value 0.071893 0.143786  0.071893  1.111586  -0.399159

30



A F 1202 — 9904

ulf

20 L |

=30 4

Fikker Response, dB

b1 JC S T -

50 J 1 1 110]
10 100 1000 10000

Freguency, H1
FIG. X4.1 Filter Response Function

/| GLOBAL VARIABLES

const nSamples; /I Number of acquired data samples

var

JI Data Acquisition Information
SampleFrequency: integer; // Data acquisition rate, samples/second
nSamples : integer; // Number of acquired data samples

/I Input Data which will be replaced with the filtered data

AccelData: array [0..nSamples] of real; // Array of acceleration data in g units

/I Butterworth Filter
procedure Butterworth_Filter
/I LOCAL VARIABLES
var__temp: array [0..nSamples] of real; // Intermediate results
a,b:array [0..2] of real; // Filter coefficients
i,j: integer,; /I Counters
begin
a [0] = 0.071893;
a [1] = 0.143786;
a [2] = 0.071893
b [1] = 1.111586;
b [2] =-0.399159;

/I First pass in forward direction
temp:=AData,
for i:=2 to ScanSize-1 do
AData [i]:=a [0]*temp [i] + a [1]*temp [i-1] + a [2]*temp [i-2]
+ b [1]*Adata [i-1]+ b [2]*Adata [i-2];

/I Second pass in backward direction
temp:=AData,
for i:=ScanSize-3 downto 0 do
AData [i]:=a [0]*temp [i] + a [1]*temp [i+1] +a [2]*temp [i+2]
+ b [1]*Adata [i+1]+b [2]*Adata [i+2];

end;
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X5. WET/FROZEN CONDITIONING

X5.1 Specifiers may optionally request that laboratory testing include additional tests that simulate the performance of the
playground surface under wet or frozen conditions, or both. Such additional testing is recommended if the installed surface will
be used under such conditions. For consistency among laboratories it is recommended that wet/frozen testing be performed in
accordance with the following procedures.

Note X5.1—This test simulates playground surfaces with optimal drainage. The performance of playground surfaces with poor drainage will be
adversely affected by accumulation of water.

X5.2 Apparatus:

X5.2.1 Fig. X5.1 (A) is a schematic of the apparatus used to condition specimens for wet/frozen testing. Samples to be
conditioned are supported on an 18 by 18-in. (460 by 460-mm) rack (for example, a metal grid, expanded metal sheet or perforated
metal plate) that allows free drainage of water, mounted inside a water-retaining container. The height of the container should be
such that there is a minimum of 8 in. of clear space above the top surface of the sample being tested. The container shall be lined
with a flexible porous material (for example, cheese cloth) that will allow free drainage of water but will not allow surface material
particles to pass through.

X5.2.2 Beneath the rack, a minimum of 8 in. of vertical space is required to collect water. Alternatively, another container of
appropriate volume or a drainage system may be used, provided the method used does not allow water to accumulate above the

support rack.

X5.3 Sample Preparation

X5.3.1 Loose-Fill Materials—Pour specimen material into the container, distributing it evenly to the required depth.
X5.3.2 Unitary Materials—Place the surface specimen in the container. Seal the edges between the walls of the container and
the top edges of the sample using waterproof adhesive tape or other appropriate means.

X5.4 Calculation of Water Volume-This conditioning procedure uses a quantity of water equivateaté in. depth across the
exposed surface of the specimen. To determine the volume of water required, measure the area of exposed surface. For squar
rectangular specimens of unitary surfaces, this area will be the product of the length and width of the specimen. For loose-fill
surfaces, the area will be product of the internal length and internal width of the square or rectangular container. With the surface
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FIG. X5.1 Schematic of Apparatus for Wet/Frozen Conditioning
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area, SA, expressed in inches, the volume of water requireXi§$A cubic inches, equivalent to 3.47 SA fluid ounces or 0.217
X SA pounds of water.

X5.5 Application of Water

X5.5.1 Spray or otherwise gradually distribute the required quantity of clean water uniformly over the surface of the specimen.

X5.5.2 Allow the water to drain for 15 min.

X5.5.3 Remove the sample from the container, allowing any water remaining on the surface of the specimen to drain off.

X5.5.4 For loose-fill surfacing materials, place the wet sample and liner into the test box and condition as specified in 14.2 anc
14.3.

X5.6 Wet Test—Beqin testing within 5 min of conditioning the surface.

X5.7 Frozen Test—If the specimen is to be tested frozen, condition the sample in a freezer at a temperature of 15°F (-10°C)
for a minimum of 24 h before testing. Begin testing within 5 min of removing the sample from the conditioning chamber. The
temperature of the sample should not exceed 26°F (-3°C) during the test.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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