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INTERNATIONAL

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

This standard is issued under the fixed designation F 1951; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

INTRODUCTION

The need for systematic and consistent means of evaluating the capability of surface systems to
provide access to playgrounds has been amplified by the passage of the Federal Americans with
Disabilities Act. The goal of this specification is to establish uniform means to measure the
characteristics of surface systems in order to provide the potential buyer with performance
specifications to select materials for use as an accessible surface under and around playground
equipment.

1. Scope E 177 Practice for Use of the Terms Precision and Bias in

1.1 This specification establishes minimum characteristics ASTM Test Method$ _
for those factors that determine accessibility. This specification E 691 Practice for Conducting an Interlaboratory Study to
applies to all types of materials that can be used under and Determine the Precision of a Test Metﬁoq!
around playground equipment. F 1292 Specification for Impact Attenuation of Surface
1.2 The material under and around playground equipment _Systems Under and Around Playground Equiprient
that meets this specification must also comply with Specifica- F 1487 Consumer Safety Performance Specification for
tion F 1292 if the surface is within the fall zone. Playground Equipment for Public Use _
1.3 This specification does not imply that an injury cannot .2.2 U.S. Architectural and Transportation Barriers Com-
be incurred if the surface system complies with this specificaPliance Board Document: o o
tion. Americans with Disabilities Act Accessibility Guidelines
1.4 The values stated in inch-pound units are to be regarded _ for Buildings and Facilities o
as standard. The SI units given in parentheses are for informa- 2-3 U.S. Consumer Product Safety Commission Document:
tion only. Handbook for Public Playground Safety, 1991
1.5 The following precautionary statement pertains only t !
the test method portions, Sections 6 and 7, of this specificatio?%' Termln.ollolgy . .
This standard does not purport to address all of the safety 3-1 Definitions of Terms Specific to This Standard:
concerns, if any, associated with its use. It is the responsibility 3-1-1 cambey n—the angular position in the vertical direc-
of the user of this standard to establish appropriate safety andon Of the individual main wheel axis. Zero camber occurs

health practices and determine the applicability of regulatoryWhen the wheel axis is parallel to the ground surface.
limitations prior to use. 3.1.2 loose fill systemn—a surface system consisting of

small independent, movable components; that is, sand, gravel,
Note 1—Specification F 1951 — 99 replaces ASTM PS 83, Provisionalygod chip, etc.
Standard Specification for Determination of Accessibility of Surface 54 4 mc’;neuverabilityn—the ability of a surfacing material
Systems Under and Around Playground Equipment. o . .
to allow unencumbered traversing or locomotion of a person
2. Referenced Documents with or without prosthetic aids or wheelchair.
21 ASTM Standards: 3.1.4 tog n—the d|ﬁ¢rence in separation distance betwee_n
the front of the two main wheels and the rear of the two main

1 This specification is under the jurisdiction of ASTM Committee F-8 on Sports

Equipment and Facilities and is the direct responsibility of Subcommittee F08.63 om————————

Playground Surfacing Systems. 2 Annual Book of ASTM Standardgol 14.02.
Current edition approved Feb. 10, 1999. Published June 1999. 3 Annual Book of ASTM Standardgol 15.07.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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wheels of a wheelchair. Proper toe alignment occurs when thgresent. This distance shall be 6.56 +0.66 / -0 ft (2.0 +0.20 /-0

axle is perpendicular to the direction of rolling. m) from its starting, measured to an accuracy-00.79 in. (2
| ) cm).
4. General Requirements 6.1.6 Wheel Angular Displacement Measurement

4.1 Playground surfaces represented as complying with thigptional)—A method to measure the angular displacement of
specification shall meet all applicable requirements specifieehe pushrim force measuring wheel can be used. It shall have
herein. Anyone representing compliance with this specificatiomn accuracy of at least 0.5°.
shall keep such essential records as are necessary to documeny 1.7 Data Acquisitior—A data acquisition system shall be
any claim that the requirements within this specification haveysed to record the forces applied to the pushrim and the end of

been met. the trial at a minimum frequency of 50 Hz.
4.2 For the surface within the fall zone of the surrounded g 5 Test Specimen
playground equipment, the surface must meet U.S. Consumer
Product Safety Commission minimum requirements of 200 ; L ; ;
g-max and 1000 HIC at its critical height when tested inZSﬁtfgitzezsth)p\?vci:érgir; gf;te(r;.gllm;)rnigelztnsgpt)ﬁumen size shall be
accordance with Specification F 1292.
4.3 Accessibility specification certification compliance shall

be conducted by an independent accredited testing laborator

6.2.1 Aninstalled site of playground surfacing shall be used

6.2.2 The surface shall be level and free of surface dirt, ice,

r contaminants.

'6.2.3 Testing shall be conducted when surface temperature,
5. Performance Requirement as measured by a temperature probe, is between 40 and 100°F

5.1 Maneuverability—When tested in accordance with the (4 and 38°C).
test methods described in Sections 6 and 7 of this specification, 6-3 Test Procedure
a surface in place shall have average work per foot (work per 6.3.1 Starting from a stationary position with the wheelchair
meter) values for straight propulsion and for turning less thargasters in the trailing position, the test wheelchair rider shall
the average work per foot (work per meter) values for straighprope| the wheelchair across the test surface a distance of 6.56
propulsion and for turning, respectively, on a hard, smooth+0.66 /-0 ft (2.0 +0.20 /-0 m) using four uniform pushes. The

surface with a grade of 7.£ 0.2 % (1:14). distance the wheelchair actually rolls shall be recorded to an
accuracy of 0.79 in. (= 2 cm). The wheelchair rider shall
6. Wheelchair Work Measurement Method—Straight contact the pushrims only during the trial and shall maintain
Propulsion the same posture assumed during weight distribution measure-
6.1 Test Equipment and Setup ment. The wheelchair shall be propelled in a straight path. At
6.1.1 Test Wheelchair-A 16-in. (40.64-cm) width rehabili- least three of the wheelchair wheels shall be in contact with the

tation wheelchair with pneumatic rear tires, front wheels withtest surface during the trial. Each trial shall be completed in 7.0
pneumatic tires, and a total weight of 314.4 Ib (14+ 2kg) =*1.0s.

shall be used as the test wheelchair. The rear wheels shall be6.3.2 Record the forces applied to the pushrim to an
identical with 24 by 1.375-in. (61 by 3.5-cm) pneumatic tiresaccuracy of 0.15 ft X Ibf (£ 0.2 N X m), at a minimum
and pushrim diameters of 20 in. (50.8 cm). The front wheeldrequency of 50 Hz.

with pneumatic tires shall be identical with 8 by 1-in. (20.3 by 6.3.3 Consider the trial acceptable if it meets the following
2.54-cm) wheels with pneumatic tires. One main rear wheetriteria:

shall be capable of measuring the forces applied to the pushrim g 3.3.1 Pushrim torque values below —3.6Xftbf (-5.0 N

that are tangential to the pushrim and parallel to the directionc m) (reverse torque) do not occur;

of travel. The wheelchair shall be adjusted such that there is g 3 32 One or more wheels do not slip on the surface

minimal toe and minimal camber. Tire pressures shall be set tgreating torque values above 7.384tbf (10 N X m) with no
the maximum pressure specified by the manufacttipsi.  torward movement of the wheelchair:

6.1.2 Test Wheelchair Ride+A 165 +11, -4.4-Ib (75 +5, -2 6.3.3.3 The time to complete the 6.56-ft (2.0-m) distance is
kg) test wheelchair rider shall propel the wheelchair dur|ng7'0 +10 s:

testing. : . o
. . 6.3.3.4 The torque applied to the wheelchair pushrim is zero
6.1.3 Weight of Total SystemThe total weight of the or decreasing at the end of the trial;

wheelchair-rider system, including any distance measurement . .

or data acquisition equipment residing on the wheelchair, shaj| 5-3-3-5 The four propulsion strokes cause the wheelchair to

be a minimum of 187.2 Ib (85 kg) and a maximum of 255 |p ravel a total distance of 6.56 +-0.66 /-0 ft.(2.0 +0.20/-0 m).

(116 kg). 6.3.4 Repeat 6.3.1-6.3.3 until a total of five acceptable trials
6.1.4 Weight Distributior—The wheelchair rider shall be &€ recorded. Use a leveled surface for each trial. If testing

seated in the wheelchair such that4@ % of the total weight cannot be completed successfully on the test surface, document

is supported by the front casters and the rear wheels support tHa€ reasons. _ o
remaining 60+ 2 % When measured in a Static position W|th 6.3.5 Repeat 6.3.1-6.3.4 with the same test wheelchair rider

the wheelchair rider’s hands placed on the rear wheel pushrinf @ hard, smooth surface with a grade of Z.10.2 % (1:14)
in the topmost position. and a cross slope of & 0.5 %.

6.1.5 Distance MeasuremenrtA method to measure the 6.4 Calculation
total distance that the wheelchair has been propelled must be6.4.1 Calculation of work per foot (work per meter):
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6.4.1.1 For each trial, calculate the average torque byegotiate the test surface shall be considered less than on the
integrating the area under the torque-time curve and dividindgpard, smooth surface with a grade of 710.2 % (1:14).
by the time to complete the trial.

6.4.1.2 Calculate the total work required for each trial by )
multiplying the average torque value by the total wheel angular 7-1 Test Equipment and Setup . N
displacement. If the test wheelchair was instrumented with 7-1.1 Test Wheelchai-A 16-in. (40.64-cm) width rehabili-

by two. pneumatic tires, and a total weight of 314.4 Ib (14*2 kQ)

6.4.1.3 For each trial, normalize the total work required toshall be used as the test wheelchair. The rear wheels shall be

work per foot (work per meter) by dividina by the lenath of the identical with 24 by 1.375-in. (61 by 3.5-cm) pneumatic tires
trial. P ( P )by gby g and pushrim diameters of 20 in. (50.8 cm). The front wheels

6.4.2 Alternative method for calculating work per foot with pneumatic tires shall be identical with 8 by 1-in. (20.3 by
(Wo.rk. per meter): 2.54-cm) wheels with pneumatic tires. One main rear wheel
6421 For ea.ch trial, calculate the average work per foo hall be capable of measuring the forces applied to the pushrim

K ter) by int tina th der the t hat are tangential to the pushrim and parallel to the direction
(wor per me er) by integrating the area under the 1orqueq: 4 avel. The wheelchair shall be adjusted such that there is
angular displacement curve or the torque-distance curve, al

i ; inimal toe and minimal camber. Tire pressures shall be set to
then dividing by the total angular displacement or length of th he maximum pressure specified by the manufactar2psi.

trial, respectively. If the test wheelchair was instrumented with 7.1.2 Test Wheelchair RiderA 165 +11, —4.4-Ib (75 +5, —2
gnli/wone pushrim force measuring wheel, multiply this valuekg) test wheelchair rider shall propel the wheelchair during
y two. , , testing.
6.4.3 Discard the low and high work per foot (work per 77 3\weight of Total SystemThe total weight of the
meter) values and average the remaining three trials o detefzhee|chair-rider system, including any distance measurement

mine _the average work per foot (work per meter) requirEd_ Qr data acquisition equipment residing on the wheelchair, shall
negotiate the test surface and the hard, smooth surface Withi@ 5 minimum of 187.2 Ib (85 kg) and a maximum of 255 Ib

7. Wheelchair Work Measurement Method—Turning

grade of 7.1= 0.2 % (1:14). (116 kg).
6.5 Report—Report the following information: 7.1.4 Weight Distribution—The wheelchair rider shall be
6.5.1 A reference to this specification. seated in the wheelchair such that#4Q % of the total weight

6.5.2 Complete identification of the test specimen includings supported by the front casters and the rear wheels support the
manufacturer, type, manufacturer’s lot number, if appropriateremaining 60+ 2 % when measured in a static position with
thickness, and any other pertinent information. the wheelchair rider’s hands placed on the rear wheel pushrims

6.5.3 For loose fill systems, specify the procedures used t® the topmost position.
install the test specimen prior to testing, and the procedures 7.1.5 Turn Guide Test Fixture-A test-fixture shall be used
used to level the test specimen prior to each test trial. Describ® guide the wheelchair through the turning maneuver. The test
the method of compaction, if any. fixture shall be constructed such that it guides the wheelchair

6.5.4 Complete identification of the test wheelchair includ-through a 90° turn. The turn guide shall be 47%.4 in. (12
ing name of manufacturer, model, identification number, and= 1 cm) in height and have a radius of curvature of 12:00
weight. 0.05 in. (30.5%* 0.13 cm) '(see Fig. 1)._The ogtside of the

6.5.5 Weight of the test wheelchair rider, total weight and12-0-in. (30.5-cm) turn guide shall by lined with a 0.25

front-to-rear weight distribution of the wheelchair-rider sys- 0-02-in. (0.635= 0.05-cm) polyethylene strip to provide an
tem. antifriction surface; thus, the turn guide with polyethylene strip

6.5.6 Testing conditions including atmospheric and surfacéhaII have an outside radius of .12'25)'07 in. (31.135+ 0'.18
temperatures and any other pertinent information. ¢m). The rear wheel axle location of the test wheelch_alr shall

6.5.7 Date of tests. be tethered to the center of curvature of the turn guide. The

o length of the tether shall be set such that when taut the lower

6.5.8 The name and address of the test institution. portion of the wheelchair pushrim is 0.32 0.08 in. (8= 2

6.5.9 Pushrim torque versus time graphs for each trial.  mm) from the turn guide.

6.5.10 Work per foot (work per meter) values to the nearest 7.1.6 Angle MeasurementA method to measure the angle
0.1 ft X Ibf (0.1 N X m) and total trial times for all five trials that the wheelchair has been turned must be present. This angle
on the test surface and on the hard, smooth surface with a gradgall be 90 +10 / —0° from its starting position, measured to an
of 71 0.2% (1214). accuracy of+ 2°.

6.5.11 Average work per foot (work per meter) to the 7.1.7 Wheel Angular Displacement Measurement
nearest 0.1 fix Ibf (0.1 N X m) for the test surface and for the (Optional}—A method to measure the angular displacement of
hard, smooth surface with a grade of 710.2 % (1:14). If  the pushrim force measuring wheel can be used. It shall have
testing could not be successfully completed on the test surfacan accuracy of at least 0.5°.
the report must state this, as well as the reasons why testing 7.1.8 Data Acquisitior—A data acquisition system shall be
could not be performed according to the test procedure. If thesed to record the forces applied to the pushrim and the end of
wheelchair continued to roll and could not stop at the specifiedhe trial at a minimum frequency of 50 Hz.
distance, the work per foot (work per meter) required to 7.2 Test Specimen
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7.3.3.3 The time to complete the entire turn is ZA..0 s;
7.3.3.4 The torque applied to the wheelchair pushrim is zero

3. or decreasing at the end of the turn;
----- ~+-— ¢ 7.3.3.5 The four propulsion strokes cause the wheelchair to
H‘;‘f,iit%?’ be oriented 90 +10 / —0° from its starting position.
70 QUTSIDE OF 7.3.4 Repeat 7.3.1-7.3.3 until a total of five acceptable trials
POLYETHYLENE STRIP are recorded. Use a leveled surface for each trial. If testing
cannot be successfully completed on the test surface, document
A the reasons.
wrat% \L. 7.3.5 Repeat 7.3.1-7.3.4 with the same test wheelchair rider
POLYETHYLENE 231002 on a hard, smooth surface with a grade of ZD.2 % (1:14)
2.’_'32%“ STIRIP TO and a cross slope of & 0.5 %. The wheelchair shall start the
PROVALE ANTI-FRICTION turn facing 45° from the uphill direction and be turned toward
i the uphill direction until it is facing 45° from the uphill
direction in the opposite direction that the wheelchair started
(see Fig. 2).
1,"'+.\ [475 (1206%) 7.4 Calculation
[ T 1} 7.4.1 Calculation of work per foot (work per meter):
< 1 7.4.1.1 For each trial, calculate the average torque by
- f 25 16.35) integrating the area under the torque-time curve and dividing
AT POLYETHILENE STRIP by the time to complete the trial.
/' \\ 7.4.1.2 Calculate the work per foot (work per meter) re-
{ { \ quired for each trial by multiplying the average torque value by
\‘ /" the estimated, total wheel angular displacement over the length
A . A of the test, and then dividing by the length of the test to

normalize the work required.

7.4.2 Alternative method for calculating work per foot
(work per meter):

7.2.1 Aninstalled site of playground surfacing shall be used 7.4.2.1 For each trial, calculate the average work per foot
as the test specimen. The minimum test specimen size shall Bgork per meter) by integrating the area under the torque-

FIG. 1 Turn Guide Test Fixture

4 ft (1.22 m) wide by 8 ft (2.44 m) in length. ~angular displacement curve or the torque-distance curve, and
7.2.2 The surface shall be level and free of surface dirt, icethen dividing by the total angular displacement or length of the
or contaminants. trial, respectively.

7.2.3 Testing shall be conducted when surface temperature, 7.4.3 Discard the low and high work per foot (work per
as measured by a temperature probe, is between 40 and 100feter) values and average the remaining three trials to deter-

(4 and 38°C). mine the average work per foot (work per meter) required to
7.3 Test Procedure

7.3.1 Starting from a stationary position with the wheelchair
casters in the trailing position, the test wheelchair rider shall
propel the wheelchair on the test surface around the turn guide
using four uniform pushes until the wheelchair is oriented 90
+10 / —0° from its starting position. The angle the wheelchair
actually turns shall be recorded to an accuracytof°. The
wheelchair rider shall contact the pushrim of the wheel that is
on the outside of the turn only during the trial and shall
maintain the same posture assumed during weight distribution
measurement. At least three of the wheelchair wheels shall be
in contact with the test surface during the trial. Each trial shall
be completed in 7.6- 1.0 s. /

7.3.2 Record the forces applied to the pushrim to ang
accuracy of+ 0.15 ft X Ibf (= 0.2 N X m), at a minimum
frequency of 50 Hz. L

7.3.3 Consider the trial acceptable if it meets the following \,
criteria: N

7.3.3.1 Pushrim torque values below —3.6Xftbf (5.0 N
X m) (reverse torque) do not occur;

UPHILL DIRECTION

HUB OF WHEEL LINKED TO BLOCK RADIUS,

7.3.3.2 The wheel on the outside of the turn does not slip on CABLE WUST ROTATE VITH WHEEL AND BE
the Sl_,ll’face creating torque values above 7.38 Ill_)f (10N X FIG. 2 Turning on Hard, Smooth Surface With Grade of 7.1 =+
m) with no forward movement of the wheelchair; 0.2 % (1:14)
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negotiate the test surface and the hard, smooth surface withtesting could not be successfully completed on the test surface,

grade of 7.1+ 0.2 % (1:14). the report must state this, as well as the reasons why testing
7.5 Report—Report the following information: could not be performed according to the test procedure. If the
7.5.1 Areference to this specification. wheelchair continued to roll and could not stop at the specified

7.5.2 Complete identification of the test specimen includingdistance, the work per foot (work per meter) required to
manufacturer, type, manufacturer’s lot number, if appropriatenegotiate the test surface shall be considered less than on the
thickness, and any other pertinent information. hard, smooth surface with a grade of 710.2 % (1:14).

7.5.3 For loose fill systems, specify the procedures used to . )
install the test specimen prior to testing, and the procedured: Precision and Bias
used to level the test specimen prior to each test trial. Describe 8.1 Potential Sources of Error or Deviations
the method of compaction, if any. 8.1.1 \Variations in weight distribution during wheelchair

7.5.4 Complete identification of the test wheelchair includ-propulsion due to changes in test wheelchair rider positioning;
ing name of manufacturer, model, identification number, and 8.1.2 Variations in pneumatic tire pressure caused by tem-
weight. perature differences;

7.5.5 Weight of test wheelchair rider, total weight and 8.1.3 Variations in surface characteristics caused by changes
front-to-rear weight distribution of the wheelchair-rider sys-in moisture and temperature; and

tem. 8.1.4 Variations in friction between the pushrim of the
7.5.6 Test conditions, including atmospheric and surfacevheelchair and the polyethylene strip of the turn guide test
temperatures and any other pertinent information. fixture, brought about by subtle differences in the position of
7.5.7 Date of tests. the chair with respect to the turn guide.
7.5.8 The name and address of the test institution. 8.2 Precision—Preliminary results have been obtained

7.5.9 Pushrim torque versus time graphs for each trial.  through a preliminary test program (see Appendix X2); how-
7.5.10 Work per foot (work per meter) values to the nearesever, additional statistical analysis must be conducted.
0.1 ft X Ibf (0.1 N X m) and total trial time for all five trials 8.3 Bias—These methods have no bias because surface
on the test surface and on the hard, smooth surface with a gradecessibility is defined only in terms of these test methods.
of 7.1 = 0.2 % (1:14).
7.5.11 Average work per foot (work per meter) to the 9 Keywords
nearest 0.1 fix Ibf (0.1 N X m) for the test surface and for the 9.1 playground surface accessibility; playground surfacing;
hard, smooth surface with a grade of 7#10.2 % (1:14). If = wheelchair maneuverability

APPENDIXES
(Nonmandatory Information)

X1. RATIONALE

X1.1 The need to have playground surfaces that are firnmethods. Testing showed that surfaces that failed the crutch tip
and stable and, if within the use zone, resilient, therebyenetration tests also failed the wheelchair maneuverability
enabling use by people with mobility impairments, has beerests. A test procedure for crutch tip penetration does not
acknowledged by the U.S. Architectural and Transportatiorpresently provide any additional information.

Barriers Compliance Board. In addition, the Board understands
that playground owners and operators, as well as manufactur-
ers of playground surfacing, desire quantifiable measureme

methods to determine the accessibility of playground surfacin e wheelchair configuration will also affect the work required
systems. This specification has been developed to address tt(i)lg maneuver acrossg a surface. A wheelchair with gmaller
need for quantifiable measurement of accessibility for persong. . ' ! :

iameter or narrower width wheels will require more work to

with mobility impairments that do or do not use aSS'Stlvecrossasun‘ace than a wheelchair with larger diameter or wider

Qaglr'gs d:\rglc(izevi,al:(lcrlsw'lrnhge tt)g;t nrgtetr]rggse(:nt?hivs\/hseig#i I;i’owidth wheels. The wheelchair maneuverability test procedures
' ' . P Hre performed with a rehabilitation type wheelchair with main
address access not only for children but also for adults wh heel and caster wheel sizes that are typically found on
may traverse the surfacing to aid children who are playing. everyday wheelchairs that are most commonly used by persons
ith mobility limitations that use a wheelchair for all activities

X1.2 Testing was conducted to evaluate the firmness of¢ iy jife. Persons using a hospital-type wheelchair with
playground surfaces using both wheelichair casters and stafa oy, solid tires are not generally using this type of wheel-
dard crutch tips. The wheelchair maneuverability test procezpair in outdoor environments.

dures in this specification are more reliable and more stringent
than currently available crutch tip penetration measurement X1.4 The weight of a person with a mobility limitation

X1.3 The type of adaptive equipment (for example, wheel-
air, crutch, walker) used by a person with a mobility
mitation will affect the work required to negotiate a surface.
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using adaptive equipment will affect the work required tomass commonly used for wheelchair testing. A 165-Ib (75-kg)
traverse a surface and up a ramp. A heavier person will requirest wheelchair rider corresponds to a 50th percentile male
more work and a lighter person will require less work on bothadult. This weight provided the most repeatable results when
a level surface and up a ramp. All wheelchair maneuverabilittesting on various surfaces and ramp angles.

testing is performed with a standardized 165-Ib (75-kg) test

X2. PRELIMINARY TEST PROGRAM

X2.1 Preliminary Test Program-A preliminary interlabo- X2.1.2 Test Result for This StudyFor purposes of this
ratory study of wheelchair work for straight propulsion andstudy, a work ratio was calculated by dividing the average
turning was conducted based upon Practice E 691 with siswork per foot (work per meter) for the test surface by the
laboratories and six materials, with each laboratory obtaining@verage work per foot (work per meter) for the hard, smooth
two test results for each material. Examination of the results o$urface with a grade of 7. 0.2 % (1:14):
this study raised several issues, which warrant further statisti- _average work per foot for test surface
cal analysis. work ratio = average work per foot for 7.1 % ramp

X2.1.1 Repeatability and Reproducibility ConditiorgAll X2.2 Preliminary Estimate of Repeatability and
six laboratories conducted testing at the same test site and witkeproducibility—On average, the typical standard deviation
the same equipment over a period of three months. Testing waer the work ratios are as shown in Table X2.1. The terms
conducted outdoors under various environmental conditiongepeatability standard deviation (within a laboratory) and
Each laboratory used a different test wheelchair rider. The datpProducibility standard deviation (between laboratories) are

acquisition equipment was powered down between the two setsed as specified in Practice E 177. See Tables X2.2 and X2.3
of trials on each material. for more detail. The terms repeatability limit and reproducibil-

ity limit are used as specified in Practice E 177.

(X2.1)

TABLE X2.1 Typical Standard Deviations for Work Ratios

Wheelchair Work Measurement Straight
Method—Work Ratios Propulsion Turning
95 % repeatability standard deviation 0.0914 0.1148
(within a laboratory)
95 % reproducibility standard deviation 0.1942 0.1490

(between laboratories)
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TABLE X2.2 Wheelchair Work Measurement Method—Straight Propulsion A

Material v?/\;?k Repeatability Reproducibility Repeatability Reproducibility
} Std Dev. Std Dev. Limit Limit
Ratio
A 0.422 0.0268 0.0741 0.0750 0.2074
B 0.899 0.0320 0.0320 0.0896 0.0896
D 0.914 0.0299 0.0456 0.0836 0.1277
C 0.973 0.0440 0.1066 0.1231 0.2986
E 1.149 0.0310 0.0946 0.0867 0.2649
F 1.330 0.0324 0.0632 0.0907 0.1770
AA = accessible carpet.

B = inaccessible carpet.

C = 1:16 ramp.

D = cedar chips.

E = 1:12 ramp.

F = 1:10 ramp.

TABLE X2.3 Wheelchair Work Measurement Method—Turning A
Material \/A\/\é?k Repeatability Reproducibility Repeatability Reproducibility
- Std Dev. Std Dev. Limit Limit
Ratio
A 0.505 0.0208 0.0254 0.0583 0.0712
B 0.774 0.0366 0.0527 0.1026 0.1475
D 0.882 0.0505 0.0610 0.1414 0.1708
C 0.977 0.0534 0.0607 0.1495 0.1699
E 1.113 0.0385 0.0385 0.1078 0.1078
F 1.290 0.0462 0.0809 0.1293 0.2266
AA = accessible carpet.

B = inaccessible carpet.

C = 1:16 ramp.

D = cedar chips.

E = 1:12 ramp.

F =1:10 ramp.
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