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I. INTRODUCTION

In this slip and fall case, the trial court concluded on summary
judgment that no evidence in the record indicated that the City breached
any duty it owed to the walking public. Accordingly, the court granted the
City’s motion for summary judgment. The bulk of the briefing below
dealt with the expert testimony offered by the Kills, particularly
statements by Joellen Gill regarding the slip resistance (coefficient of
friction or COF) of a utility cover rim (also known as a “handhole™). The
trial court determined that Ms. Gill’s testimony was inadmissible under
ER 702 and 403. The admissibility of Ms. Gilll’s offered testimony is the
key issue on appeal.

Ms. Gill tested the utility rim cover in question twice using a
tribometer. Under a 2011 ASTM (American Society for Testing and
Materials) standard, tribometer readings are not valid unless the machine
is both validated and calibrated prior to the test. Ms. Gill’s machine was
not calibrated before either test, as her calibration readings were not within
the 95" percentile confidence interval set by the manufacturer. On appeal,
the Kills rely heavily on the declaration of Peter Widas, the vice president
and chief operating officer of the company that made the tribometer used
by Ms. Gill. He opines that the tribometers his company makes need not

actually satisfy the 95™ percentile confidence interval his company set in
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accordance with ASTM F2508, so long as they satisfy a lesser standard
that Mr. Widas apparently developed during the course of this litigation.
The Kills in essence argue that, despite the fact that their own expert and
the manufacturer of the machine in question both recognize ASTM F2508
as a controlling standard, Ms. Gill’s tribometer need not satisfy the
standard in this case.

Ms. Gill’s opinion is also fundamentally flawed because she bases
her opinion on a false premise: that 0.5 Coefficient of Friction is a
scientifically recognized minimum for establishing reasonable safety.
Nothing in the record supports that assertion. It is further flawed because
she offers the opinion that tribometers can provide universal as opposed to
relative readings. Confronted with peer-reviewed published studies
showing that there can be no firm safety standard because of how
tribometers work—or fail to work—Ms. Gill points to no contrary studies.
Instead, she relies on standards that do not apply to her tribometer and on
materiz.ils self-published by the prior owner of the company that
manufactured her tribometer, William English. Because her opinion lacks
adequate foundation, her opinion is not admissible. The record contains
no issues of fact on the Kills’ claims, as evidence of Ms. Kill’s fall is not
evidence that the handhole was not reasonably safe. Accordingly, the trial

court did not err in granting the City’s motion.



II. ISSUES PERTAINING TO ASSIGNMENTS OF ERROR

I

Where the Kills offered no evidence indicating that Ms. Gill’s tests
conformed to the requirements of the applicable standard—ASTM
F2508-11—did the trial court properly conclude that Ms. Gill’s test
results were inadmissible as unreliable and therefore unhelpful to
the jury?

Where the Kills offered no foundation to support Ms. Gill’s
assertion that any measurement of a coefficient of friction below .5
indicates a surface that is unreasonably dangerous for ordinary
travel, did the court properly exclude that portion of Ms. Gill’s
testimony as unreliable and therefore unhelpful to the jury?

Where the Kills offered no admissible evidence to demonstrate that
the City breached a duty regarding sidewalk safety for ordinary
travel, did the trial court err in granting the City’s motion?

Where the Court ruled that Ms. Gill’s opinions were inadmissible
under ER 403 and 702, is any potential Frye issue regarding her
statements moot?

Where the Kills failed to raise any challenge to the ASTM F2508
until they moved for reconsideration, have they waived any

challenge regarding the applicability of the standard?



IILSTATEMENT OF THE CASE
Ms. Kill alleges she slipped and fell while walking on a wet utility

cover on November 13, 2009 in downtown Seattle.! (As an aside, as noted
by the trial court, the source cited by the Kills to support Ms. Kills
contention that it was raining at the time of her fall indicates that it had not
been raining for hours prior to her fall.z) It is unknown when the cover
was installed, other that it was in 1989 or before.® The utility cover
included two inch flat metal rim.* Ms. Kill contends that she slipped on
that rim.’

City records indicate no prior slips on the handhole.® The flat
metal rim around the handhole, although installed over 25 years ago,
meets present industry standards.” The City adopted the .5 coefficient of
friction standard for new handhole installation in 2011, and did not have a
coefficient of friction standard before then.® The standard applies only to
dry surfaces, not to wet surfaces. The City has no coefficient of friction

standard for wet handholes. Under the 2011 City of Seattle Standard

' CP 19. (Declaration of Twyla Kill 1§ 2 and 3.).

% CP 1200 — 1201 (Order Denying Plaintiff’s Motion for Reconsideration and Motion for
a Frye Hearing at pp 2-3, fn 1.)

3 CP 37 — 38 (First Interrogatories to City of Seattle With Answers Responses and
Objections thereto.)

* CP 571-572 (Fourth Declaration of Joellen Gill Ex. 1, 4-5.).

5 CP 28 (Myers Decl. in Supp. Of Pls.” Mot. For Partial Summ. J., 1/18/2013, Ex. 1 (Dep.
of Twyla Kill), 34:2-3.)

 CP 301. (Declaration of Steven Read at  18).

" CP 164. (Declaration of Jeff Baker at 1y 5-7). .

¥ CP 298 (Declaration of Steven Read at { 8).
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Specifications For Road, Bridge, And Municipal Construction, new
handholes are to be “non-skid.™ Specification 1-07.1(3) Non-Skid Surface
(2011) provides that coefficient of friction measurements regarding such
surfaces are to be taken pursuant to ASTM test method C 1028-96 on dry
surfaces. '’

The parties cross-moved for summary judgment below and during
the course of briefing Ms. Gill prepared six different declarations that the
Kills submitted to the trial court.'! The crux of her opinion is that (1) any
walking surface with a coefficient of friction (COF) of less than 0.5 is
dangerously slippery; (2) she twice measured the metal rim and both times
obtained measurements of less than 0.5 COF using an English XL
tribometer and (3) she therefore concluded that the rim was not reasonably
safe.'”” The primary work relied upon by Ms. Gill, Pedestrian Slip

Resistance by William English, 39 (2003), lists a number of “Myths About

Pedestrian Slip-Resistance.” “Myth No. 17 is that “[a] static coefficient of

? Seattle 2011 Construction Specifications1-07.1(3), 9-34.6, pp. 1-47; 9-138. Available at

http://www.seattle.gov/util/groups/public/@spw/(@engineering/documents/webcontent/0 1
011339.pdf (last visited Feb. 11, 2014).

®1d

'CP 52 - 67, CP 261 — 291, CP 484 — 486, CP 562 — 587, CP 630 — 651, CP 924 — 926

(Six declarations submitted by Ms. Gill below)



friction of .5 is required for safe ambulation.”" Mr. English’s publication
was not peer-reviewed and is self-published."

Ms. Gill measured the rim on February 24, 2011 and June 12,
2013, measuring a .35 COF and .21 COF, respectively."> After Ms. Gill’s
first test, the American Society for Testing and Materials ASTM enacted a
new consensus standard for ensuring that tribometers were working

properly and taking meaningful measurements.'®

Ms. Gill is a voting
member of that ASTM committee.!” Had the standard not been approved
by a 90% vote of at least 60% of the committee, it would not have been
adopted.'”®  The Standard, ASTM F2508, is based on research
demonstrating that different tribometers, even of the same make and

model, do not take consistent readings and commonly measure slip

resistant surfaces at below 0.5 COF."

2 See id.

13 CP 393-99 (Declaration of Joseph G. Groshong Ex. 2.)

" Id at vii-ix. See also CP 411 (Declaration of James Flynn at 112).

15 CP 53 (First Gill Decl., §7); CP 564 (Fourth Gill Decl. {8).

' CP 410 (Declaration of James Flynn, P.E., 48.) CP 410.

'7 CP 264. (Second Declaration of Joellen Gill, {11.)

'8 CP 1143-1189. (Declaration of Joseph Groshong, Exhibit 2 (Bylaws of ASTM)):

“12.2 Main Committee Ballot Voting Requirements:

“12.2.1 An affirmative vote of at least 90% of the combined affirmative and negative
votes cast by voting members is required with not less than 60% of the voting members
returning ballots.”

1% CP 408-10; 413-29 (Declaration of James Flynn, P.E., 115-8, Ex. 1, 2, 3).

6



Until 2007, no published studies relied on human test subjects to
come with a relative scale of slipperiness. 2% Prior to the first of these tests
in 2007, only two prior studies attempted to relate COF readings to
slipperiness, only one of the studies analyzed flat ground, and the flat
ground study did not use an English XL tribometer.”’ The 2007 test used
human test subjects to analyze 6 different surfaces.”> Fourteen subjects

3

walked across each surface.”® They wore rubber soled shoes and goggles

that prevented them from seeing the test surface before they stepped on it.

The results of the testing are summarized here:**

TABLE3—Number of slip events on the six surfaces.

Surfaces No Slips Toe Slips Heel Slips Group
Dry HPL 14 0 0 Not slippery
Dry Delrin® 14 0 0
Wet HPL, 14 o 0 .
Dry Teflon® 6 8 0 Slippery
‘Wet Delrin® 2 2 10 Very slippery
Wet Teflon® 0 1 13
Total 50 11 23 N=84
HPL, high-pressure laminate.

2 Id_at Ex. 2.

21 Id

2 Id

B g

2



The English XL used in the study measured a .21 average coefficient of
friction for the Wet HPL, a surface that none of the test subjects slipped
on 2

In subsequent testing in 2010, the tested surfaces include polished
granite, porcelain, vinyl composition tile and ceramic.”® Test subjects
were fitted with harnesses and made to walk across those surfaces when

27
wet.

Test subjects wore shoes with smooth rubber soles, and did not
know when they would step on a wet surface.”® The resulting slips are

summarized here:

TABLE 3—Slip results: walking trials.

Surfaces No Slips  Toe Sjip_s Heel Siips Ranking
Black granite 1 6 13 Most ‘sl_ip_p?g
Porcelain 3 I} 4 Modenuely slippety
VCT 13 7 0 ~ Less slippery
Ceramic- 20 0 0. Least slippery

VCT, Vinyl composition tile,

Of those tested, 95% of people slipped on black granite, most as a heel

0

slip.29 Conversely, no one slipped on the ceramic surface.’’ Seven of

2 g
*® CP 413-18 (Declaration of James Flynn, Ex. 1.).
27 14 .

28 Id

29 [d

30 !(i



twenty subjects experienced toe slips on the vinyl composition tile, but toe
slips are notably less hazardous than heel slips.31

Another test performed by James Flynn, P.E., in 2008 used eight
English XL tribometers and the same reference surfaces used in the 2010
study.”? Those tribometers came up with average readings of between
.113 and .258 for Vinyl Tile and .238 and .543 for the Ceramic surface.”
The average result for the Ceramic Surface was 3675.% By comparison,
in the 2010 test using a variety of tribometer makes, the measurements of
vinyl composition tile ranged from .20 and .85; with the English XL
tribometer in the test measuring a 21.% On the porcelain tile, which 75%
of the test subjects slipped on, the measurements ranged from .16 to 6236
On the ceramic surface, the various devices measured betwleen .20 and
.95, with the English XI. measuring a 497 Validation testing in 2012 of
two different types of English XL tribometers also produced inconsistent

results for the same surfaces.*® One tribometer measured vinyl tile at .168,

3! CP 459 (Second Declaration of James Flynn, § 8).

32 CP 460-465 (Second Declaration of James Flynn 413, Ex. 1, 2).
33 CP 465 (Second Declaration of James Flynn, Ex.2).

*1d (eight results averaged by counsel).

;: CP 459 (Second Declaration of James Flynn, EX. 1.)

he

¥ CP 456-459 (Second Declaration of James Flynn at 1y 6-7).
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the other at .359.* The measurements on the other tiles did not match
either.*’

ASTM F2508 provides that the results of tribometer testing cannot
be relied upon unless the tribometer is a validated type of tribometer that
is also calibrated.*’ Validation may only be done by tribometer suppliers
or an independent testing facility.*?

The validation test set forth in the ASTM uses four reference
surfaces: polished black granite, porcelain, vinyl composition tile and
ceramic.’ ASTM F2508 — 11 §7. For the validation procedure, each
reference surface is tested 40 times by the manufacturer or an independent
testing facility.44 The results are used to come up with a Standard
Deviation, Standard Error and 95" percentile confidence interval.* A
tribometrist, like Ms. Gill, is required to test a tribometer for calibration

prior to testing a surface for slip resistance using a manufacturer or

39 !d

40 !d

“1 CP 432. ASTM F2508 — 11 §5.1. (“To be meaningful, walkway tribometer results
must correlate the slip characteristics of a surface or contaminant, or both, to the actual
propensity for human slips. To achieve this goal, walkway tribometers must be validated
against a standard with relevance to human ambulation.”).

“2CP 434. ASTM F2508 — 11 §11.1.

5 CP 432. ASTM F2508 — 11 §7.

“ CP 433-34.

“CP 433.

10



independent testing facility’s published validation report.*® That testing
involves taking 16 measurements on each reference tile.*’

A tribometer is not in calibration unless the average result for each
reference surface is within the manufacturer’s reported 95™ percentile
confidence interval.*® If the tribometer fails calibration, the tribometer is
not fit to use for friction testing, because it is not functioning properly.49
Id. at §13.3.

The City moved for summary judgment on the grounds that Ms.
Gill’s opinions were inadmissible and no evidence in the record created a
fact issue regarding breach of duty.”® On reconsideration, for the first
time, the Kills attacked the validity of ASTM F2508 as a standard that Ms.
Gill was required to meet.”' In previous briefing, the Kills had argued that

Ms. Gills’ machine met ASTM F2508 without arguing that her tribometer

% CP 434.

47 I d

% Jd. ASTM F2508 13.2 (“To be considered a calibrated walkway tribometer, the mean
for each reference surface' shall lie within the supplier's reported 95th percentile-
confidence interval.).

* 1d. ASTM F2508 13.3 (“Failure to meet this calibration criterion shall beconsidered an
unsatisfactory result. The walkway tribometer shll be recalibrated or adjusted, or
both....).

% CP 652-67 (Order Granting Defendant City of Seattle’s Motion for Summary
Judgment).

31 CP 696-99, CP 1196 (Motion For Reconsideration and Reply in Support of motion for
reconsideration. (Arguing that application of ASTM F2508 as written is “problematic”
and that Excel could set its own confidence interval for validation, rather than the 95%
interval specified in F2508)).

11



was not required to satisfy the 95% confidence interval set by ASTM

F2508.%

IV.ARGUMENT
A. Although Summary Judgment orders are reviewed de
novo, new issues raised for the first time on
reconsideration are not considered on appeal
On appeal, summary judgment orders are reviewed de
novo. Hearst Communications, Inc. v. Seattle Times Co., 154 Wn.2d 493,
501, 115 P.3d 262 (2005). However, issues first raised in a motion
for reconsideration following a grant of summary judgment are not
generally considered on appeal. Schreiner Farms. Inc. v. Am. Tower,
Inc., 173 Wash.App. 154, 158, 293 P.3d 407 (2013) (citing RAP 9.12).
“[N]ew issues may be raised for the firsttimein a motion
for reconsideration, thereby preserving them for review, where ... they are
not dependent upon new facts and are closely related to and part of the

original theory.”” Id. (quoting Nail v. Consol. Res. Health Care Fund

1 155 Wn.App. 227, 232, 229 P.3d 885 (2010).

52 See e.g. CP 631 (Fifth Declaration of Joellen Gill § 7 “The tribometer I used to test the
rim at issue on June 2, 2013 was calibrated in accordance with ASTM F2508. This
opinion is based upon my review of ASTM F2508, application of the calibration protocol
in ASTM F2508 and my discussions with the manufacturer of the English XL VIT
regarding ASTM F2508 calibration.™).

12



Under CR 56, summary judgment should be granted if there is no
genuine issue as to any material fact, and the moving party is entitled to
judgment as a matter of law. On motion for summary judgment, the
moving party can show the absence of issues of material fact by pointing
out the lack of evidence supporting an essential element of the non-
moving party’s case. Young v. Key Pharmaceuticals, Inc., 112 Wn.2d 216,
225-26, 770 P.2d 182 (1989), citing Celotex Corp. v. Catrett, 477 U.S.
317, 325, 106 S.Ct. 2548, 2554, 91 L.Ed.2d 265 (1986). Once this has
been done, the burden shifts to the plaintiff to set forth affirmative
evidence in support of its case. /d. If the plaintiff fails to produce
admissible evidence on one of the points raised by a defendant, “there can
be ‘no genuine issue as to any material fact’ since a complete failure of
proof concerning an essential element of the nonmoving party's case
necessarily renders all other facts immaterial.” 477 U.S. at 322-23, 106
S.Ct. at 2552- 53. The elements of the Kills’ negligence cause of action
against the City are, as in all negligence cases, duty, breach, causation, and
injury. See, Bodin v. City of Stanwood, 130 Wn. 2d 726, 731, 927 P.2d 240
(1996).

A court's decision not to conduct a Frye hearing is reviewed de
novo, State v. Gregory, 158 Wn.2d 759, 830, 147 P.3d 1201 (2006), while

the denial of a motion for reconsideration is reviewed for abuse of

13



discretion. Rivers v. Washington State Conf. of Mason Contractors, 145
Wn.2d 674, 685, 41 P.3d 1175 (2002).

B. The City is not an insurer of pedestrian safety

In this context, the City’s duty is to maintain its public ways in
reasonably safe condition for ordinary travel. Keller v. City of Spokane,
146 Wn.2d 237, 249, 44 P.3d 845 (2002). This does not require absolutely
safe sidewalks, for that would impermissibly make the City an insurer of
the public’s safety. Hoffstatter v. City of Seattle, 105 Wash.App. 596, 599-
600, 20 P.3d 1003 (2001) (municipality is not an insurer of pedestrian
safety); see .flzlso Clevenger v. City of Seattle, 29 Wn.2d 167, 172, 186 P.2d
87 (1947) ( “a person using a public sidewalk is bound to use reasonable
care and diligence to avoid injury, but he has a right to assume that the
sidewalk is in a reasonably safe condition for travel and can act
accordingly.); Fritsche v. City of Seattle, 10 Wn.2d 357, 360, 116 P.2d
562 (1941). (“It is hardly necessary to say that a city is not an insurer of
the personal safety of everyone who uses its public walks. Its duty is
performed when it keeps them reasonably safe for use for those who use
them in the exercise of ordinary care.”). Accord 19 Eugene McQuillin,
Beth A. Buday, Dennis Jensen, Donna M. Poczatek, Municipal

Corporations sec. 54.35 (3d ed. rev. 1994) (“Although the city has a duty
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to maintain its streets and sidewalks in a reasonably safe condition, it is
not an insurer of the safety of pedestrians who traverse its streets.”).

The test has been described as follows: “whether a reasonably
cautious man, having the duty to preserve and repair the sidewalks, would
or would not consider a particular defect as one where pedestrians might
be injured. Each case must rest upon its own facts and be determined
accordingly.” Fritsche, 10 Wn.2d at 360-361, 116 P.2d at 564. See also
WPI 140.1.

C. Evidence of a fall is not evidence of dangerousness

“It is common knowledge that people fall on the best of sidewalks
and floors. A fall, therefore, does not, of itself, tend to prove that the
surface over which one is walking is dangerously unfit for the purpose.”
Knopp v. Kemp & Hebert, 193 Wn. 160, 164-165, 74 P.2d 924, 926
(1938). The two early Smith cases, cited by the Kills, do not support the
proposition that evidence of a fall on a wet metal surface is sufficient to
create an issue of fact regarding breach of duty. In the first Smith case, the
Court affirmed a jury verdict against the City of Tacoma for a slip and fall
where the plaintiff slipped on a metal coal hole cover. Smith v. City of
Tacoma, 51 Wn. 101, 103, 98 P. 91, 92 (1908). However, in that case the
court ruled that the combination of (1) wear on the cover, (2) a number of

prior slips and (3) an incline combined to create an issue of fact. None of -
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those three issues are present in this case. Similarly, Smith v. City of
Spokane, 103 Wn. 314, 316, 174 P. 2, 3 (1918), involved a manhole cover
that had been worn smooth, an incline, and prior slips on the cover.
Again, there is no evidence of wear, incline, or prior slips regarding the
cover at issue.

D. Construction standards enacted after installation of the
cover cannot be used against the City

Contrary to the Kills” argument and statement of the case, the
record is silent as to when the cover was installed; it is known only that it
was installed prior to 1990. Notwithstanding, the Kills rely on a 1986
City standard, effectively asking the Court to speculate that the 1986
standard was in effect at the unknown time when the cover was installed.*
There is no evidence in to support the Kills’ argument that the 1986
standard predated the installation such that it was in effect at the time the
cover was installed. The Kills’ reliance on the deposition testimony of
Steven Read likewise fails. Relying on Mr. Read’s discussion of current
standards at his deposition, the Kills urge that the cover should have been
retrofitted or replaced prior to Ms. Kill’s fall. As a matter of law,
however, the City is not required to update its facilities when a standard

changes. See Tanguma v. Yakima County, 18 Wash.App. 555, 560, 569

3 Kills* Appellate Brief at 3.
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P.2d 1225, 1228 (1977). (“There is no duty to replace every highway
structure not conforming to present-day standards.”);** see also Ruff v.
County of King 125 Wn.2d 697, 705, 887 P.2d 886, 890 (1995) (no duty to
update every road and roadway structure to present-day standards); Lucas
v. Phillips,34 Wn.2d 591, 596-597, 209 P.2d 279, 282 (1949) (court
rejected the argument that infrastructure must be updated when standards
change, as that would place an “imponderable [financial] burden” on
counties and, implicitly, municipalities.). Moreover, regardless of current
standards, Mr. Read does not offer the opinion that either (1) the rim was
not safe for walking or (2) did not comply with the standard in effect when
it was installed.’®> Absent either statement, the fact that the rim does not
meet current standards does nothing to help the Kills’ case.

It is true that the City now specifies a 0.5 COF for utility covers.’®

However, as noted above, that specification is for dry, not wet surfaces,

and calls for a different method of measurement than the tribometer used

by Ms. Gill.”’

** In Tanguma the court concluded that the County could not be liable for failing to
update a bridge built in the 1940’s using 1935 standards to conform to 1965 standards
?rior to a 1973 accident. 18 Wash.App. at 560.

5 See, e.g. CP 296-302 (Declaration of Steven Read, P.E.).

56 CP 298 (Declaration of Steven Read, P.E.).

%7 Seattle 2011 Construction Specification 9-34.6 (specifying non skid surface made of
slip resistant steel plate), p. 9-138; 1-07.1(3) (A new nonskid or slip resistant surface

shall have a minimum static coefficient of friction in accordance with ASTM test method
C 1028-96 on a dry surface of .50 for non-skid surfaces not otherwise required to meet a
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E. Ms. Gill’s testimony is inadmissible under ER 702 and
403, and therefore no Frye hearing was required.

The trial court excluded Ms. Gill’s testimony for five reasons: (i)
the record does not contain any evidence that Ms. Gill’s machine was
working properly during the initial test and her own declarations show that
her machine failed the ASTM F2508 requirements for the second test; (ii)
Ms. Gill’s statements that her tribometer is capable of providing objective
measurements—as opposed to relative measurements—and her statement
that .5 is an absolute safety threshold would mislead the jury under ER
403; (iii) the variability of the reference tiles used by Ms. Gill to calibrate
her machine makes her results unreliable; (iv) Ms. Gill’s failure to account
for potential surface contamination renders her results unreliable; and (v)
Her testimony amounted to the statement that metal can be slippery when
wet, a proposition not beyond the common knowledge of the jury.53
Order Denying Plaintiffs’ Motion for Reconsideration and Motion for a
Frye Hearing at 12-17. For the reasons explained below, which loosely
follow those relied on by the trial court, this Court should affirm the trial

court.

higher dry surface standard). Available at

http://www.seattle.gov/util/groups/public/@spu/@engineering/documents/webcontent/0 1
011339.pdf (last visited Feb. 11, 2014).

% CP 1210-1215 (Order Denying Plaintiffs’ Motion for Reconsideration and Motion for

a Frye Hearing at 12-17.).
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i. No Frye hearing is required where offered
testimony fails ER 702

“|E]xpert testimony is admissible only when the underlying
scientific principle satisfies the threshold Frye requirements and the
testimony meets the 2—part test of ER 702: (1) the witness qualifies as an
expert and (2) the expert testimony would be helpful to the finder of fact.”
State v. Cauthron, 120 Wn.2d 879, 906, 846 P.2d 502, 516 (1993)
(emphasis in original). “Frye and ER 702 work together to regulate expert
testimony: Frye excludes testimony based on novel scientific methodology
until a scientific consensus decides the methodology is reliable; ER 702
excludes testimony where the expert fails to adhere to that reliable
methodology.” Lakey v. Puget Sound Energy, Inc., 296 P.3d 860, 865

(2013).

To admit evidence under Frye, the trial court must find that the

LY

underlying scientific theory and the “*techniques, experiments, or studies

ek

utilizing that theory’” are generally accepted in the relevant scientific
community and capable of producing reliable results. Anderson v. Akzo
Nobel Coatings, Inc., 172 Wn.2d 593, 603, 260 P.3d 857 (2011) (quoting
State v. Riker, 123 Wn.2d 351, 359, 869 P.2d 43 (1994). To admit expert

testimony under ER 702, the trial court must determine that the witness

qualifies as an expert and the testimony will assist the trier of fact.
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Cauthron, 120 Wn.2d at 890. ER 702 provides that “[i]f scientific,
technical, or other specialized knowledge will assist the trier of fact to
understand the evidence or to determine a fact in issue, a witness qualified
as an expert by knowledge, skill, experience, training, or education, may

% L

testify thereto in the form of an opinion or otherwise.” “When a scientific
theory has protocols for assuring reliability, an expert’s errors in applying
proper procedures go to the weight, not the admissibility, of the evidence,
unless the error renders the evidence unreliable.” Lakey, 176 Wn. 2d
at 920 (citing State v. Copeland, 130 Wn. 2d 244, 270-71, 922 P.2d 1304
(1996)) (emphasis added). Unreliable testimony does not assist the trier
of fact and is properly excluded under ER 702. Anderson, 172 Wn.2d at
600, 260 P.3d 857; Cauthron, 120 Wn.2d at 889-90, 846 P.2d 502.

When applying the Frye test, courts do not determine if the
scientific theory underlying the proposed testimony is correct; rather,
courts “must look to see whether the theory has achieved general
acceptance in the appropriate scientific community.” Grant v. Boccia, 133
Wash.App. 176, 179, 137 P.3d 20 (2006) (quoting State v. Riker, 123
Wn.2d 351, 359-60, 869 P.2d 43 (1994).

To determine whether a consensus of scientific opinion has been

achieved, the reviewing court examines expert testimony, scientific

writings that have been subject to peer review and publication, secondary
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legal sources, and legal authority from other jurisdictions. However, the
relevant inquiry is general acceptance by the scientists, not the courts.
Eakins v. Huber, 154 Wash.App. 592, 599-600, 225 P.3d 1041 (2010). A
trial court's decision concerning the admissibility of expert testimony
under ER 702 is discretionary. See State v. Yates, 161 Wn.2d 714, 762,
168 P.3d 359 (2007). Generally, a trial court abuses its discretion by
issuing manifestly unreasonable rulings or rulings based on untenable
grounds, such as a ruling contrary to law. Wash. State Physicians Ins.
Exch. & Ass'nv. Fisons Corp., 122 Wn.2d 299, 339, 858 P.2d 1054
(1993). “It is an abuse of discretion to admit [expert] testimony if it lacks
an adequate foundation.” Safeco Ins. Co. v. McGrath, 63 Wash.App. 170,
179, 817 P.2d 861 (1991).

An expert must have a sufficient factual foundation for his or her
opinion and must stay within his or her area of expertise. Queen City
Farms, Inc. v. Cent. Nat'l Ins. Co. of Omaha, 126 Wn.2d 50, 103-04, 882
P.2d 703 (1994). Conclusory or speculative expert opinions that lack an
adequate foundation are inadmissible. Safeco Ins. Co. v. McGrath, 63
Wash. App. at 177.

“In the context of a summary judgment motion, an expert must
support his opinion with specific facts, and a court will disregard expert

opinions where the factual basis for the opinion is found to be
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inadequate.” Rothweiler v. Clark Cy., 108 Wash.App. 91, 100-01, 29 P.3d
758, 763 (2001).

ii. Ms. Gill’s testimony regarding 0.5 COF as the
threshold of safety fails ER 702

Ms. Gill did not support her 0.5 coefficient of friction theory with
facts, peer-reviewed scientific studies, or other materials that support her
position. Her statement that in her “opinion” and “experience” the
standard is generally accepted in the scientific community is not enough to
make it so. Rather, those are the types of conclusory expert statements
that are insufficient in opposition to summary judgment. Ms. Gill has had
many opportunities—she submitted six declarations below—to provide
the court with published studies, but has only cited to self-published
studies by Mr. English (he is not a doctor as alleged in the Kills’ moving
papers) and made the general assertion that her position is in accord with
the approach taken in the larger scientific community. Again, experts
have to do more than say that their opinions are in accord with the
scientific community. That is particularly true where, as here, the
opposing party has submitted published, peer-reviewed studies contrary to
the expert’s position.

Ms. Gill’s opinion, that any surface that measures below a 0.5

Coefficient of Friction is dangerous, fails because: (1) the 0.5 number is
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not based on any scientific studies addressing the proper technique for
measuring utility covers, sidewalks or comparable surfaces; (2) tribometer
readings are not interchangeable, as different tribometers do not measure
on the same scale, and many non-slip surfaces fall below 0.5 COF on
certain tribometers, including the English XL. “[A] tribometer can
accurately determine whether one surface is more or less slippery than
other surfaces measured by that same tribometer, but cannot give an
objective measurement of a surface that can be compared to readings by
other tribometers. ...’

The results of a particular tribometer test are only meaningful if
the tribometer used is from a class of tribometers that passed the
“validation™ test and the individual tribometer passed “calibration” test Iset
forth in ASTM F2508 before the tribometer is used to take friction
measurements. Id. at 4.2.

As illustrated above, English XL tribometers are not
interchangeable, and do not take the same measurements as each other.
Moreover, repeated testing on different English XL tribometers has shown

that measurements below .5 obtained using an English XL tribometer do

not indicate that the surface is unreasonably dangerous. Rather, such

%% CP 1210-11 (Order Denying Motion for Reconsideration).
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measurements are only useful in that they allow comparison to other
known surfaces, assuming that the tribometer in question was functioning
properly. A tribometer COF test result of below 0.5 is meaningless absent
additional information not provided by Ms. Gill.

Here, Ms. Gill does not attempt to relate her tribometer’s readings
to the human testing that forms the basis of the standard. Rather, she
argues that the .5 standard is meaningful independent of how it relates to
scientific studies, and that the analysis ends there. She is wrong. Given
that some tribometers measure very slippery surfaces as above .5 and
others measure surfaces that no one slips on well below 0.5, 0.5 COF does
not withstand any scrutiny as a general standard. Ms. Gill’s opinions are
inadmissible.

iii. Ms. Gill’s test results fail ER 702 because the

record does not indicate that her tribometer was
working properly on either occasion

At her deposition Ms. Gill admitted that calibration under ASTM
F2508 was required for a tribometer to produce meaningful results:

Q. So do tribometers have to be calibrated from time-to-
time to ensure that they are working properly?

A. Yes, sir. There's three levels of calibration. The first
one is -- I don't know if you're familiar with the history of
tribometers and the various standards — ASTM standards
that were -- well, I'll just give you a thumbnail sketch.
When tribometers were first developed, ASTM wrote a
couple of standards that were specific to particular
tribometers, and, basically, what they were were just the

24



operating procedures for those particular tribometers. Well,
then they realized that that went against their own
protocols; in other words, they are not allowed by their own
bylaws to endorse a particular piece of equipment. So
those standards were subsequently withdrawn. And in their
place, in order to come up with some way of having a -- the
acceptance by ASTM for the use of a particular tribometer,
they developed a new standard, and that standard number
is -- I think it's in my notes — ASTM 2508, and it's entitled,
"The Standard Practice for Validation and Calibration of
Walkway Tribometers Using Test Standards." So in other
words, if you want your tribometer to be approved by
ASTM for use, you have to meet all of the requirements
that are set forth in the standard. The English XL
tribometer has been subjected to all of those tests and
does meet the requirement of that standard. That's the
number one level of validation and calibration. ©°

Given Ms. Gill’s deposition testimony and ASTM committee membership
in the committee that created the standard, it is not surprising that she
generally accepts the ASTM F2508 standard. Similarly, Peter Widas
offered the opinion that the machine satisfies ASTM F2508.% Notably,
Mr. Widas opined that the machine satisfied the standard once a substitute
for the 95% confidence interval selected by his company was applied
instead of the 95% reqrm'remem.'52 Richard Gill also opines that the

machine complied with ASTM F2508.% Their opinions are all flatly

% CP 202-03 (Second Declaration of Michael David Myers Ex. 1) (emphasis added).
' CP 1114 (Declaration of Peter Widas, Ex. 1).
62
Id
3 CP 934-936 (Declaration of Richard Gill).
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contradicted by F2508 and the 95™ Percentile Confidence Interval
contained in the standard, as explained below.

Despite their acceptance of the standard, the Kills’ experts end up
arguing that the standard should not be applied as written, but in a manner
that allows Ms. Gill’s machine to satisfy it. Critically, they posit that the
95" percentile confidence interval need not be satisfied as stated in the
standard and that tribometer operators may validate tribometers, even
though the standard requires manufacturers to do that. The Kills further
argue that ASTM F2508 contemplates that the same test tiles will be used
for validation and calibration. However, the Kills fail to cite to any
portion of ASTM F2508 that says that. Indeed, by its plain language,
ASTM F2508 does not contemplate that the same test tiles must be used
for validation and calibration. Rather, it provides that particular reference
surfaces must be used.

The Kills argue that their expert’s machine satisfied ASTM F2508
at the time of the second test. To be calibrated, her machine would have
needed to satisfy the 95™ percentile confidence interval set forth in the
validation report for her class of tribometer. The Excel validation report

for that model provides the following confidence intervals:®*

% CP 636. (Fifth Declaration of Joellen Gill, Exhibit C p. 3 (Report of ASTM F2508
Validation of the English XL VIT with Sequencer Variable Incidence/Articulated Strut

26



RS-A RS-B RS-C RS-D
Granite | Porcelain | Vinyl Ceramic

Mean 0.080 0.134 0177 0.611
Standard Deviation 0.007 0.008 0.011 0.019
Standard Error 0.001 0.001 0.002 0.003
95th Confidence Lower 0.078 0.132 0.173 0.605
95th Confidence Higher 0.082 0.137 0.180 0.616
Rank (1 = least slip resistant) 1 2 3 4

Mr. Widas, however, purports to establish different confidence

intervals specific to Ms. Gill’s tribometer:®’

RS-A RS-B RS-C RS-D
Granite | Porcelain | Vinyl | Ceramic

Mean 0.066 0.116 0.165 0.576
Standard Deviation 0.005 0.010 0.010 0.018
Standard Error 0.001 0.002 0.002 0.003
Validation Confidence Lower* 0.050 0.104 0.138 0.561
Validation Confidence Upper* 0.110 0.164 0.198 0.661
Rank (1 = least slip resistant) 1 2 3 4

The asterisk behind the validation confidence lower and upper headings' is
in Mr. Widas’s report. The Kills acknowledge that this margin of error is
different than the 95™ Percentile confidence interval set by ASTM
F2508.% As noted above, under F2508 a tribometer is not calibrated if it
fails to satisfy the 95" Percentile numbers. Whereas the 95™ Confidence
Intervals in Excel’s validation report for the class of tribometers allow for

ranges within .004, .005, .007 and .011 COF, respectively, the “Validation

Tribometer with Standard XL VIT Non-Treaded Test Foot and Standard Test Foot
Preparation Device)).

% CP 683-85. (Declaration of Peter Widas, Exhibit A).

% See Kills’ App. Briefat p. 11-12.
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Confidence” numbers created by Mr. Widas offer ranges of .06, .06, .06,
and .10. In other words, the 95™ percentile standard must be relaxed by a
factor of roughly 10 in order for Ms. Gill’s machine to satisfy it. This is
what led to the Court asking the Kills’ counsel whether they were arguing
for a “fudge factor™ at oral argument below.

THE COURT: And no one is saying that there is that

additional fudge factor but her [Ms. Gill]? Does anyone

else say that the [95'h Percentile] range doesn't really mean

the range; it means the range plus fudge?

MR. NUTE: According to her she talked to Peter Widas,

who did the validation report for this tribometer and he said

"Fudge is okay."®

Mr. Widas has documented his position that “[fJudge is okay™ in
Exhibit A to his declaration. However, he was never explained why a
tenfold deviation from the confidence intervals set by ASTM F2508
somehow satisfies the standard. Indeed, such a deviation does not comply
with the plain language of ASTM F2508. It appears he believes the
standard set by ASTM F2508 is too exacting. If so, he must take the issue
up with ASTM. He cannot substitute his own test for the 95" Percentile
Confidence interval required by ASTM F2508. Although it is easy to

understand why the vice president and chief operating officer for the

company that manufactures Ms. Gill’s tribometer would want that

7 RP 38:22-39:2.
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tribometer to satisfy F2508, the plain language of F2508 does not support
his assertions regarding Ms. Gill’s tribometer. Mr. Widas’s approach also
contradicts the F2508 standard which provides: The published 95"
percentile confidence interval is that found in the manufacturer’s
validation report. Mr. Widas offers a calibration report that does not
reference the validation reports published by his company. Because the
“calibration” report does not reference the published “validation™ report, it
does not comply with ASTM F2508. .

The reason that his report ignores the published validation report is
readily apparent: Ms. Gill’s machine does not satisfy the confidence
interval set by the validation report. Indeed, as discussed above laboratory
testing of the English XL has indicated that it is an inconsistent
instrument, and frequently to take consistent measurements. Mr. Widas’s
testing of Ms. Gill’s machine measured a 0.066 on granite, .116 on
porcelain, 0.165 on vinyl, and 0.576.°® None of those numbers are within
the confidence intervals published in the validation report for Ms. Gill’s
tribometer. Again, Mr. Widas’s tests indicate that Ms. Gill’s machine is
entirely out of compliance with the published validation report for the

class of tribometer used by Ms. Gill.

8 CP 1114 (Declaration of Peter Widas, Ex. 1)..
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Ms. Gill offers an “opinion™ that her machine was in calibration
based on a variety of factors. However, her own testing and the testing by
Mr. Widas reveals the opposite, it has never been in calibration. In her
“validation” report, which ASTM prohibits her from performing, she
reports measurements of 0.07 on granite, 0.1013 on porcelain, 0.1727 on

vinyl and 0.8505 on ceramic.®’

Even if her “validation” report is
considered it does not help the Kills. The 95" percentile confidence
interval from Ms. Gill’s report are .062-.078; .09 to .11; .16 to .19; and .84
to .87.7° Again, the relevant confidence intervals from the suppliers’.
validation report are .078-.082; .132-.137; .173-.180 and .605-.616."
Accordingly, none of Ms. Gill’s measurements were within the 95t
percentile confidence interval published by the manufacturer. Moreover,
in Mr. Widas® “calibration” testing following Ms. Gill’s validation—
which ASTM required to occur before Ms. Gill tested the rim, Mr. Widas
came up with average measurements of .08, .1, .149 and 641.7% A table

readily demonstrates that even using the same tiles for both tests, Ms.

Gill’s machine does not function as required by ASTM F2508:

% CP 645 (Fifth Declaration of Joellen Gill, Ex. B).
70
d
7! CP 630, 636 (Fifth Declaration of Joellen Gill, Ex. A).
72 CP 678 (Declaration of Peter Widas, Ex. B).
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Surface Granite Porcelain Vinyl Ceramic

Gill’s “Validation” | .062-.078 | .09-.11 1610 .19 .84 to .87
95% interval

Widas’s 8 B | .149 641
“Calibration”

averages using

Ms. Gill’s tiles

Even in the last ditch attempt made by Ms. Gill and Mr. Widas to
show that Ms. Gill’s machine was capable of working properly and using
the same set of tiles, her machine failed three of the four 95% confidence
intervals. In sum, the Gills’ theories that Ms. Gill’s results are meaningful
because her machine satisfied F2508 are ultimately based on Mr. Widas’s
substitute test, rather than the 95% confidence interval requirements of
F2508, and therefore fail. Ms. Gill’s machine has never been shown to be
calibrated, even when the same tiles are used for both tests.

The Kills argue that in the absence of testimony from Mr. Flynn on
the issue, the trial court erred when it determined that Ms. Gill’s machine
was not calibrated.” In doing so, they ignore the plain language of ASTM
F2508, which clearly provides that both validation and calibration are
required, and explains how the 95% confidence interval is to be calculated
for purposes of the standard. In making the argument that “Excel is in a

much better position than the City or the trial court to know about the

" Kill’s Appellate Brief at 31.
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interplay between the standard and the precision and calibration of its
machine,” the Kills infer that the City and trial court are incapable of
reading and understanding the plain language in ASTM F2508. Again,
Ms. Kill’s machine has never been calibrated as required by the ASTM
standard. The Kills” attempt to replace the 95% standard with a substitute

standard offered by Mr. Widas is properly rejected.

iv. Any variability between different test tiles does
not render Ms. Gill’s opinion admissible

Irrespective of the tiles used to test Ms. Gill’s machine, her
machine has yet to satisfy the 95% confidence interval set by F2508. The
record does not support the Kills” position. Even using different tiles, Ms.
Kill’s machine has not been shown to work in accordance with F2508.
The tile problem noted by the Kills is just as easily explained by a problem
with Excel tribometers, as opposed to variability in test tiles, and does not
support the Kills’ argument that Ms. Gill’s opinions should go to the jury.
Moreover, even if the tile argument is given some weight, it is not enough
to overcome the other deficiencies with her opinion. She is mistaken as to
the existence of 0.5 COF as the threshold of safety, failed to calibrate her
machine prior to testing, fails to account for potential contaminants, fails
to explain the difference between her different results, and fails to relate

the measurements she did take to human studies.
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V. Ms. Gill does not adequately address potential
contaminants and the different results she
obtained.

Ms. Gill’s recent testing indicates over a .1 difference in COF
between the rims of two adjoining handholes that appear very similar.
Similarly, her first measurement of the handhole rim is .14 COF higher
than her second measurement. Ms. Gill makes no attempt to explain the
differences, other than to sayl they could be caused by contaminants. Had
Ms. Gill made some effort to determine the relative slipperiness of the rim
in a clean condition, we might have some baseline for assessing the
potential effect of contaminants. Because she did not, we have no way of
knowing whether the measurements taken by Ms. Gill, irrespective of
other problems, were based on temporary contaminants. And, again, she
has not and cannot demonstrate that .5 COF is the standard.

It is proper to exclude test results where the conditions at the time
of an accident are not accounted for in a subsequent test. Quinn v.
McPherson, 73 Wn.2d 194, 201, 437 P.2d 393 (1968) (excluding expert
testimony where no similarity in time, in atmospheric conditions, or in any
circumstance which would make the experiment comparable in any way to
accident conditions). Here, Ms. Gill made no effort to determine whether
contaminants might have played a role in Ms. Kill’s fall. The potential

presence of contaminants is important, because the City cannot be found
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liable for temporary conditions on sidewalks that it did not create. See
WPI 140.02. Ms. Gill’s testimony regarding the conditions encountered
by Ms. Gill is speculative because she never cleaned the rim in order to
obtain a baseline Coefficient of Friction reading for a contaminant free
rim. Accordingly, even putting the many other issues with her offered
testimony aside, her test results cannot be said to reliably indicate the
coefficient of friction at the time of Ms. Kill’s fall. Accord Michaels v.
Taco Bell Corp., Not reported in F. Supp. 2d, 2012 WL 4507953, 9 (D.
Or. 2012) (failure to account for effect of potential or actual contaminants
renders coefficient of friction testing unreliable).”
vi. Because Ms. Gill’s “scientific” testimony is

inadmissible, her remaining opinions are also
inadmissible as unhelpful to the jury

Ms. Gill’s opinion that the rim is dangerous is based entirely on
her measurements and interpretation of those measurements. Although it
is known that some metal surfaces can be slippery when wet, it is beyond
the lay person’s ability to determine what degree of slipperiness is
reasonably safe for ordinary walking. Ms. Gill contributes nothing to

understanding how slippery the rim is because her results are not valid

™ See also RP 62:18-24. (Court: “[T]he idea that the presence or absence of contaminants
has no impact on how slipperysomething is, I think was -- was addressed pretty
effectively by that Michael's v. Taco Bell case where it seems clear that if this
methodology is going to be reliable such that it should go to the jury, that it needs to be
able to address the presence or absence of contaminants.)
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because her test results are not valid. The factual basis for her opinion, her
test results, are fatally flawed because her machine has not been shown to

have been functioning properly during either test.

vil. The ER 702 cases cited by the Kills do not
support the proposition that Ms. Gill’s opinion is
admissible

The Kills cite a number of cases for the proposition that Ms. Gill’s
error really was not that significant, and her testimony should be
admissible. However, none of the cases cited are on point. Two cases
cited by the Kills address FRE 702, but neither deal will a complete failure
to satisfy part of an ASTM standard. In Phelps v. Steinmart, 2011 WL
1337362 (W.D. La. 2011), the court did not consider ASTM F2508, but
entirely different standards dealing with flooring. (Dynamometer, not
tribometer, used to test flooring material). The ASTM at issue authorized
different types of materials to be used on dynamometers. On that basis,
the Court rejected an FRE 702 argument that the tests of one expert who
used a different type of test material than the other expert were
inadmissible. Rosenfeld v. Oceania Cruises, Inc., 654 F.3d 1190, 1194
(11" Cir. 2011) (noting that matters of slip resistance and surface friction
are beyond the understanding and experience of the average lay citizen.) is
also a flooring case. The issues in Rosenfeld went to the factual
assumptions made and variables applied by the expert. The case does not
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contain any discussion of how the coefficient of friction was measured or

ASTM standards, and is of little use here.

F. ER 403 also requires exclusion of Ms. Gill’s testimony

ER 403 provides that “Although relevant, evidence may be
excluded if its probative value is substantially outweighed by the danger
of unfair prejudice, confusion of the issues, or misleading the jury, or by
considerations of undue delay, waste of time, or needless presentation of
cumulative evidence.” Ms. Gill’s testimony regarding her test results
would confuse and mislead the jury. Her results do not mean what she
says they mean. Indeed, they have no meaning at all, because her machine
has not been shown to have been working properly during either test.
Similarly, there is no .5 coefficient of frictipn standard that applies in this
context. Ms. Gill’s opinion that the rim is unreasonably slippery is

without foundation, and was properly excluded.

G. No Frye hearing is required, as it would not alter the
ruling under ER 702 that Ms. Gill’s testimony is
inadmissible

Given that the Court excluded the Kills’ expert’s testimony under
ER 702, a Frye hearing would serve no purpose: even if the Court were to
determine that the science underlying Ms. Gill’s efforts was not novel, that

would not affect the Court’s conclusion that other problems with Ms.
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Gill’s proffered testimony render it inadmissible. The Court’s ruling went
beyond the application of F2508. Even if a Frye hearing were held, it
would not affect the result, because it would not address the 0.5 COF
issue, the contaminants issue, or Ms. Gill’s failure to relate her test results
to human studies. Although the Kills’ correctly point out that the City
made Frye arguments in moving for summary judgment, the problems
with Ms. Gill’s testimony beyond the application of F2508 moot any Frye
issue regarding that standard.

The Kills guggest that a Frye hearing on the acceptance of F2508 is
required. However, they do not offer another method of determining
whether Ms. Gill took meaningful results. Moreover, they did not
challenge the applicability of F2508 until reconsideration. Before then,
they insisted that Ms. Gill had met the standard. They have waived the

argument that Ms. Gill was not required to satisfy F2508.

V. CONCLUSION

Ms. Kill fell, but there is no admissible evidence in the record that
would allow a jury to determine that the handhole cover she alleges she
slipped on was not reasonably safe for ordinary travel. No Frye hearing in
this matter is necessary, because Ms. Gill’s testimony is properly excluded

under ER 702. There is no fact issue regarding a key element of the Kills
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claims—breach of duty—and the City respectfully requests that the Court

affirm the trial court’s grant of summary judgment.

DATED this 13" day of February, 2014.

PETER S. HOLMES
Seattle City Attorney

By: fﬁhgw WD E

JOSEPH G. GROSHONG, WSBA #41593
Assistant City Attorney

Attorneys for Respondent, City of Seattle
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Michaela M. Morrison certifies under penalty of perjury under the
laws of the State of Washington that the following is true and correct.

I am employed as a Legal Assistant with the Seattle City
Attorney’s office.

On February 13, 2014, I sent via e-mail, per e-service agreement, a
copy of the foregoing Brief of Respondent upon the following counsel:

Attorney for Plaintiffs:

Michael David Myers, WSBA #22486

1530 Eastlake Avenue E

Seattle, WA 98102

(206) 398-1188

E-mail: mmyers@myers-company.com
and requested ABC-Legal Messengers, Inc., to deliver, by February 13,
2014 and file the original and one copy of said document with the Court of
Appeals and to provide a courtesy copy to the Washington State Supreme

Court.

DATED this 13" day of February, 2014.
P ey

A rets

“MICHAELA M. MORRISON
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Declaration of James Flynn, P.E. in Support of The City of
Seattle’s Motion for Summary Judgment

A.l.

A2

A3.

A4

AJd.

Validation of Walkway Tribometers: Establishing a
Reference Standard

Assessment of Walkway Tribometer Readings in
Evaluating Slip Resistance: A Gait-Based
Approach

The Development of a universal approach to testing
of walkway slip resistance in the U.S.

Standard Practice for Validation and Calibration of
Walkway Tribometers Using Reference Surfaces
Standard Test Method for Static Coefficient of
Friction of Polish-Coated Flooring Surfaces as
Measured by the James Machine

Second Declaration of James Flynn, P.E. in Support of The
City of Seattle’s Motion for Summary Judgment

B.1.
B.2.

VIT Precision Study
VIT Testing: USC 03-29-08
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13 MAY 10 PM 3:35

The Honorable KennetleSchphert
SUPERIOR COURT CLERK
E-FILED
CASE NUMBER: 12-2-07790-8 S§

IN THE SUPERIOR COURT OF THE STATE OF WASHINGTON
FOR KING COUNTY

)
TWYLA KILL, and TERRY KILL, individually)

and the marital community comprised thereof, )
) DECLARATION OF JAMES E. FLYNN,

Plaintiffs, ) P.E., IN SUPPORT OF THE CITY OF
) SEATTLE’S MOTION FOR SUMMARY
VS. ) JUDGMENT
)
CITY OF SEATTLE, a Washington municipal)

corporation, ) No. 12-2-07790-8SEA
)
Defendant. )
)
)
)
)
)
[, James E. Flynn, P.E. do declare as follows:
1. I am an engineer with J2 Engineering. I am the author or contributing author to a

number of scientific studies analyzing slip and falls and the use of tribometers. 1 am
Collaborative Researcher at the Musculoskeletal Biomechanics Research Laboratory (MBRL) at
the University of Southern California. I am a registered mechanical engineer and safety engineer

in California, and a registered mechanical engineer in Nevada.

DECLARATION OF JAMES FLYNN, P.E., IN SUPPORT OF THE CITY  PETERS. HOLMES

OF SEATTLE’S MOTION FOR SUMMARY JUDGMENT - | oo N

P.O. Box 94769
Seattle, WA 98124-4769

Page 407 (206) 684-8200
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2. The representations I make in this declaration are based on scientific research, my
years of training and experienée in mechanical engineering and my familiarity with academic
and peer-reviewed scientific works regarding slips.

3. I have been retained by the Cily of Seattle to provide expert witness services in
the above captioned case. In particular, I bave been asked to opine whether the opinion of Ms.
Joellen Gill that the handhole involved in this case is unreasonably dangerous for ordinary travel
because Ms. Gill measured the rim of the handhole as having a 0.35 average coefficient of
friction when wet using an Lnglish XL tribometer. A tribometer is a device that can be uscd to
obtain a cocfficient of friction mcasurcment.

4, 1t is my opinion that Ms. Gill’s analysis is fatally flawed because she relies on a
purported standard that has not been accepted or adopted by the scientific community. Her
hypothesis that any coefficient of friction measurement below 0.5 -indicates that a surface is
unreasonably dangerous for ordinary travel is not supported by current science.

5. Different types of tribometers and different models of the same tribometer will
produce different coefficient of friction measurements, even when recently calibrated and tested
under identical conditions. Research conducted at the Musculoskeletal Biomechanics Research
Laboratory (MBRL) at the University of Southern California has shown that when several
different types of tribometers are used to measure the coefficient of friction of identical surfaces,
the results can be widely variable (Powers, et al. 2007, Powers, et al. 2010). This variability was
also found when testing identical surfaces with several different tribometers of the same type. It
was noted that with the variance in measurements obtained from different tribometers, it was not
possible to relate the measurements to actual human ambulation nor was it possible to know
which, if any, of the measurements should be used to predict the probability of a slip on a

DECLARATION OF JAMES FLYNN, P.E., IN SUPPORT OF THE CITY  PETERS. HOLMES

3 " Seattle City Allo
OF SEATTLE’S MOTION FOR SUMMARY JUDGMENT -2 SO0 i, kv, 4 Fioie

P.O. Box 94769
Seattle, WA 98124-4769
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metered walking surface. If tribometer A measures the coefficient of friction of a surface to be
0.25 and tribometer B measures the same surface to be 0.50, additional data beyond a simple
measurement is required to determine if the surlace is safe or slippery. In the abscencc of this
additional data, the use of a single “threshold” value cannot be supported. The articles cited in
this paragraph are attached as Exhibits 1 and 2 to this declaration.

6. In 2007 and 2010 studies at the MBRL, the English XI. failed to meet the
requircments nccessary to for tribometer validation. A research program was set up at the
MBRL where 84 human subjccts were walked across three different surfaces under wet and dry
conditions. The human subjects were monitored with motion analysis equipment and the number
of slips per surface was recorded. The surfaces were then ranked in order from most to Icast
slippery. Nine different types of tribometers were then brought to the MBRI. to test each of the
surfaces. Each tribomcter had a separate qualified operator. For the measurements obtained by a
given tnbometer to be considered valid, it was nccessary for the tribometer to statistically
differentiate between the surfaces and to rank the surfaces in the same order as the human
subjects. The study was repeated using 80 subjects, four different wetted tiled surfaces and
eleven different types of tribometers. In the first study the English XL was not able to rank the
surfaces in the correct order. In the second study the English XL failed both criteria. The results
of both studies were published in the Journal of Forensic Scienccs (Powecrs, et al. 2007, Powers,
etal. 2010).

7 The findings of the second Powers study were ulilized in the creation of ASTM
Standard Practice for Validation, Calibration and Certification of Walkway Tribometers Using
Reference Surfaces. The F2508 Standard uses the four tiles from the second Powers study as an
adjunct. The tiles and the F2508 Standard arc available for purchase from ASTM. The tiles are

DECLARATION OF JAMES FLYNN, P.E., IN SUPPORT OF THE CITY  PETERS. HOLMES
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used as reference surfaces along with protocols outlined in F2508 to validate a tribometer prior
to its use in the field. Oncc a tribometer is shown to meet the criteria outlined in F2508,
subscquent field measurements can be compared to measurements obtained from the reference
tiles to determine the relative slip resistance ol the field tested surface. If tribometer A measures
the non-slip reference tile at 0.25 and n Jater field testing measures a site to be 0.25, it is readily
apparent that the field tested site is a non-slip surface. If tribometer B measures the non slip
reference tile at 0.50, a site measured in the field would need a reading of 0.50 from tribomcter B
to be classified as non-slip. There is no ‘threshold” value. Having been shown to be valid per
[2508 protocols, each tribometer can dircetly reference obtained readings back to published,
peer reviewed human ambulation studies (Flynn, et al. 2012) (Attached as Exhibit 3).

8. Summarizing the above, a coefficient of friction measurement taken by a
tribometer is meaningless absent comparison to other measurements taken by that m'ﬁomete: in
the manner required by ASTM 2508 (Attached as Exhibit 4). Because Ms. Gill has done no
comparison between the 0.35 Coefficient of Friction measurement as required by ASTM F2508,
the 0.35 number is of no guidance whatsoever in analyzing how slippery the measured surface
was at the time of testing.

9. Ms. Gill’s analysis is flawed in a number of other respects, some of which I detail
in the following paragraphs.

10. At her deposition, Ms. Gill testified that a source for her use of the 0.5 “threshold”
value was ASTM Standard 1D2047 ;‘Test Method for Static Coefficient of Friction of Polish-
Coated Surfaces as Measured by the James Machine” (105/6—11 and exhibit 10 to her
deposition) (Parenthetical references to page and line numbers of Ms. Gill’s deposition). It is
apparent that Ms. Gill did not read D2047. (Attached as Exhibit 5) It was clear that until the time

DECLARATION OF JAMES FLYNN, P.E., IN SUPPORT OF THE CITY  PETER S. HOLMES

OF SEATTLE’S MOTION FOR SUMMARY JUDGMENT - 4 et YO
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of her deposition, Ms. Gill incorrectly believed that the James Machine operated as a “drag sled”
(106/4—11). Ms. Gill testified that she utilized the 0.5 criterion as set by D2047 when
conducting her testing on the wetted surface upon which Ms. Kill reportedly fell (21/4—16).

The Scope of the D2047 explicitly states that the “test method is not intended for use on wet

surfaces.” Section 1.2 of the standard statcs that “the test method is the only method appropriate

for testing polishes for specitication compliance with the floor polish static coefficient of friction
criterion.” The standard is not intended [or use in testing the metallic rim of a utility cover.

11.  Ms. Gill’s use of the 0.5 threshold based upon D2047 is specifically addressed in
the standard. Section 4.3 of D2047 states: “The 0.5 static coefficient of friction compliance
critcrion of this test method is only appropriate for polish coated surfaces tested in accordance
with this machine and test method. The use of this compliance criterion with other test methods,
other test instruments, and other surfaces is improper, because they are not a part of the body of
experiential data upon which the conformance criterion is based.”

12.  Ms. Gill testifies that she relies on information from a book written by William

English titled Pedestrian Slip Resistance which Ms. Gill states is a “very comprehcnsive treatise

on the whole science of slip resistance.” Ms. Gill cites the book as support for her use of the 0.5
“threshold” value (24/16—24). The book should not be used as support for a “science based”
opinion as the book is a non peer reviewed manuscript which was self published in 2003 by
Mr. English. The information in this book was published prior to any of the research conducted
at the MBRL by Dr. Powers.

13.  As support for her use of the 0.5 “threshold” value, Ms. Gill also cites ASTM
F1679 “Standard Test Method for Using a Variable Incidence Tribometer” (105/6—15). This

standard does not mention a 0.5 “threshold” value.

DECLARATION OF JAMES FLYNN, P.E., IN SUPPORT OF THE CITY ~ PETERS. HOLMES
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14.  In summary, Ms. Gill has conducted slip testing, presented opinions and claimed
expertise in an area in which she is not current. Her test results arc of no use in determining how
slippery the metallic utility cover is and her conclusion that the rim is unreasonably dangcrous to
pedestrian travelers is entirely unsupported by her analysis.

I declare under penalty of perjury under the laws of he state of Washington that the
foregoing is true and correct.

ey . 'r‘\ .
DATED this_7  day of May, 2013, at eee¥® | Fresno County, California.
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js study wus to define a tribometer reference
ve shippetiness of each sucface. Eleveh tn

% of slipperiness can be used 1p creuls refesence stardards

T8 F mechanical dcslgns and COF caleulation methods are
by these various indusisies (1-3). To date, no-fribometer
mechanical iést to medsure COF rélévant to huitien ambu-
- been universally ficcepted, The fuct thal the mezsurembnt
- of friction“is a function of bioth the .materinl being lested ‘and the
" ‘fpeadiring sysem itsclf explaing why seyeral studies have shown
ffcrent devices yield differant GOP mmummta for the
: {4-15). For exampk. 2 study of aine iibomelers dem-
" onsfrated en extremely wide mngeof‘CGFvuluﬁforﬂwmmesur
; when Lested under wet conditions. (0.06-0.69) (14).
" “Inconsistent measuremient is ohe of ¢ reasons why ‘évery mea-
- Guirpierit device should have a reference standard gaingt which to
3 vl]“tlnte and callbrale ity performance; :however, np such reference
' sr.a;pdml exists for tibometers. The consensus standards: organiza-
. figns-that oversee footwear and walkway -safely have recerilly rec-

* -ognized the importance of developing @ protocal for validaiing.

tiibometers to verify theit ability 1o dsiess the safety of.-footwear,
flgar products, and walkway surfaces (16,17).
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:mbunmmm méchanical deviecs used [o measire walkway-coefficignt of friction (COF) for the putpose of
tnd use it 1o assess (he p:rfomwndmlm&ubmmﬂg&ywbpm
1 walk nerogs ooe. of four wel walkway surfaces {otished biack grabiite, porcelain, vinyl composition tile:. and ceramit lile)

slip risk.

y used ‘tp measure and' rank the QOF of -all fopr

. ibumeters were subsequent!
2 thiag only four of the 11 isibometers (Wessex pendulum, Sigler pendufim, Mark 1L and Murk TIT) met ‘obr compliance criteria by
raiky -dlwaaMﬁﬁemeﬂmwﬁmﬁmmd?udsﬁppeﬂpmChup:uwu‘ldemonmmﬂmmmén

tribometér msisurement: ean be vajidated.

In a previous publication, we introduced the concept of using
human subject slip risk to create a reference standard against-which
tribometer measurements could ‘be validated (14). In this priar
study, human subjects (N = 84) walked across, three- different. sur-
ﬂm%ﬂﬁ&m&ac@mﬂnwl{ﬁan&mm} The number
ofsﬁpsmadedmeachmﬁamwmuudwmblmhhm
§ ofmsn’facewndmmW:&enpfbmdm
objeciive critetia to establish the validity of s ;glven mibometer,
First, 2 tribometer had 1 comectly rank the COF of the different
syrfaces: in the order of slip risk as determingd by ‘the humian
subject walking trials; Second, the COF of the surfaces’ of Varying
slipperiness had to be statistically different from each other. RéSulls
m&iledlhlwlytwooftb&mnembmﬁtcrstcdudfrmsﬂ
and the:Mérk I1I) mit the compliance criteria by both tomectly
ranking all six ‘conditions and differentigting between surfaces ‘of
differing degrees of slipperiness. However, a echicism of this study
mthuhmofﬂnmmsuﬁmwmmmndmwkway
50 : g a reference standard uging atypical miteri-
als could preclude.its use fortlmvihdahbn of ttibomerérs normally
ueed t messure theé COF of . materinls corhmonly
encountered by pedestrians, A second limitation of qur previous
study wes that both wet and. dry ‘surface conditions were. used.
Typically, elips do ot oceur under dry conditions. Using & protocol
similar ‘to our previous study (14), the ‘current investigation sought
to address the. aforementioned limitations and define 2 walkwiy
uibunmrmfuremmnrdmﬁmususebyvanum
iiboineters.

Mothods _
Human Subject Testing

Subjects—Eighty subjects (23 males, 57 females) between the
ages of 20 and 39 years (mean age 26.3 % 4.8 years) were recrulted

© .2010 Americain Acndemy of Forensic Sciences
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for this portlon of the study. All subjects were healthy and capable

injury, medical condition, or pregnancy were excluded from partici-
‘piition. Prior lo testing, each subject signed an informed ‘consént

©" Santhemn Califomia

Flopr Surfaces and Conditians—Four flat smooth surfaces
were tested: polished black granite, porcelain, coramic tile, and
vinyl compositian tle (VCT) Each surfice conisted of a
06% 12 m rectangle embedded in the cantor of 2 10~ walkway.
A sufficient -amount of distilled water was applicd to each surface
to create a continuous film. For the black granite surface, Triton: X-
100 vionionic surfactant {Gallade Chemical, Santa Anx, CA) was
mixed inic the water (200-uL/500-mL) to avoid beading and
improve wetting.

Procedires—ANl testing (tibometer and human subject) was
perfarmed at the Musculoskeletal Biomechunics Research Labora-
tory at the. University of Southem Celifornia, The temperaturg. and
humidity in the laboratory during testing: were 70°F and 34%,
respeciively. To rank. the slipperiness of the different surfuces, sub-
Jjects were randomly ngncdmwﬂkmmurmefwrfhor
sufaces (20 subjecis. per group). Several studies have: shown that

can léad to alterations In gail (18-20), Therefore, to limit gait
adjustments thal may have uffected the slip trial outcome, subjects
only were exposed to oné surface. The fodr gioups were similar in
terms of age, height, and weight (Table 1).

“To control for the influence of footwear, subjects were provided
with i pair of Oxford-style shoes in their size. The soles of these
shoes ‘condisted of a_stgoth styréne butadiene rubber with -a 75
©  Shore A hardriess (Quabaug Comp., North Brookfield, MA). The
i “soles repesenied. the most common shoe bottom material vsed
& globally in the ‘year 200] (William Blls, Quabaug Comp,, pers.
. comm,). Before each test session, the floor was sweépt for dust and
i both the floor panel gnd shoe soles were cleaned with 70% isopro-
py! afeotiol.
¥ Dwing all walking trials; subjects were required 1o wear a fall-
. -amestng hamess attached to an overdhead low-friction trolley that

5 exiended the length of the walkway, Sul.-geas first pwfomed sev-
. eval walking (rigls on a dry, npm'hppm-y ﬂuor ‘dondition. These
§ ‘trials were used to adjust the subjects’ Starting position o ensure -a
E cledn foot strike on the target surface. The. méah walking velocity
- . for all hmbm?_m:hl}lwqm as-determined via. pliotoelectrie
¢ triggers plaved al both ends of the walloway.
¥ 'To. redude awareness of which trial contmined the test swface,
¥ Subjects left the rooin for a Stiilaf period of time between each
§ tial (c, 2 min). Subjects alsa wore goggles with the lower half
| ‘blacked oyt and were imtructéd to 100k at @ spot.on-the far wall us

TABLE |—Subject characterlsticy mean {SD).

Vinyl
Black Composition
Granile Porcelgin Ceramic Tile
1 N=120 =120 N=20 N=20
. Femalet/males  16/4 15/% 1446 12/8
F Age (yean) 28357 26052 25437  257@0)
P Height cm) 1678 (11.0) 1650 (9:5) 1693 (7.9) 1708 (7.9)
b Weight (kg) 35037  625(122) -675(139) 0.6 (13:8)
: gspeed  2.05(0.16) 2.5 (0.15) 205 (0.12) 212 017

(/50

of ‘independent ambulation, Subjects who reported any orthopedic:

approved by ‘the Instinitional Review Boand of the Univessity of

awareness of n potential slip ‘condition and prior slip prerich.
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they traversed the walkway, Lighting was dinuned to minimize
reflections from the wet Surfaces; and a “‘spottér™ at the far end of
the laboratory gave the appearance that the test surface was near
the end mther than the middie of the walkway. To eliminate the
effect .of prior experience, Subjects were -exposed 16 their assigned
test surface for only one Gial,

Stip Definition During Walking—To. confirm whether a slip
ageurred on 8 given surfack, un 8-cdinera mofion analysis gystem
{Vicon; Oxford Metric ‘Lid, Oxford, UK)) was uséd to capture
human subject mation data ‘at 120-Hz, Reflective markers were
pludmﬂwhmlmﬂmndmml}mﬂmwmlgéus‘
shoes, Heel slips: were defined as -a minfmum 4 ém anterior dis-
placement of the heg) inarker following the initial contact phase of
gait (21). Toe slips were defined as any negative (posterior-direc-
ted) velocity f the toc mirker béfore toe-off phase. of gait (14). In
all cases, digital video was used ‘(o confirm the preserice of .a slip.

Tribometer Testing.

Tribometers—Eleven tribometers were used to measure the
TOR of the four surfuces (Tuble 2). One tribometer (BOT 3000)
was tested using: static and tlynamic ‘mades. Each tribometer was
operated by an expericnced user of that device, and testing fol-
lowed protocols provided by ‘the mﬁfumm or as set forth in
applicable. standlards from ASTM International (West Conshohac-
ken, PA), A second individual recorded the tribometer results,
while a third Individual fwonitoréd the tésting protocol 1o ensure
consistent mchmque and correct recording. The valie measured by
uanhhibomermas,wmcﬂmmpmtdwCOmemdby
that tribometer unless the manifacturer specified the required use
of a tonversion factor.

Procedures—COF testing with the tibometers was pedformed
on the four floor surfuces under the sime . laboratory condjtions
present at the Gime of the walking trials. The wibometer test onder
for measuring the four surfaces’ was mandonily. designated. The
surface wetfing protoco) was the same s thet used for the hiamin
auluectpmionofmcstudy Prior to testing. the test foot of each
aibometer %as cleaned and prepared acpording to manufacturer
spetifications. This procedure was repedted prior tp. the. testing of
each surfage, The indspendent ‘Ghserver ensured that a continugus
wet film was present on (he test surface, The -COF of each surface
mnmsumdl’ourumm In each orthogénal dieection (e,
0° 90% 180% end 27(1‘1 telative t the [ongitudinal -axis’ of the
w'a.lkway

Data.-Asialysis—Each human sobject walking tria] was classified
as a no slip, toc:slip, or heel slip. To test for differences in the type
of slip* tat gecurred on the four surfades, @ chi-squared test for
hmnogpna:y was perfarmed on a 4 x 3. (floor surface-X slip type)
ecntingency lable-at a significance level of & =10.05.

To test.for differences beiween the measured COF vValues for
each surfuce, the mean and’ s!andnrddewaﬁm of the COF valuss
for each mibometer/surface combination were fi st calculuted. For
euach -tribometer, a one-way’ analysts of variance (ANOVA) was
used to determing whether significant differences were present
between the four surfaces. Posr Hoc tests wend ccmﬂucted using a
Fischer least significant difference. The #ignificance fevel for each
ANOVA was ¢ = 0.05 and was nol ‘adjusted for multiple cormipari-
mwmussfmnumberofmbmncm&mmfordwmdyshmﬂd
not influence whither or not a specific tribometer jdentified the
‘slipperiness of a specific pair of surfaces as significantly different.
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TABLE 2—Tril r chai istics: tribinneter nanre, type, and lest foot material.
Device Operuting Principle Test Foot (Moteriul/Sizz)
English XL‘ Inclinable mast (pneumatic driven) Neofite® (13 mm-diameter)
BOT 3000° Dray sled—mator driven l-cli!r-l (21.9 x 27.9-mm)
cLo2g Drag gléd—manusity puiled lite™ (76 76 mm)
Tortus 11* Drag sled—motar driven 48 rubber (9:5 mm diameter)
Torhss T* Drag §¢d—motor driven 4S cubbér (9 min dlimeter)
Horizonto] Poll 'Stpine Degy; sled—molor pulie) MNIM' {13 mm dismetery
Wessex R-ndulum ki Pendulum - 4S rubber (76 % 2 mm)
Sigler Pcndulum Pendulum Neslite® (38 x 38 mm)
Majk I¥ Ticlinable must {gravity driven) Nenmn" {16 76 som: nongrooved)
Mark 11¥ Inclinable must {grayity driven) Nuﬂ.{le (76%76 mm; grooved)
Mark 1% Inc)inabld. mast (spring ctivated) Neolite® (76.x 76-mm; groaved)

#Willism English lpc., ‘Alva, FL
*Regan Scientific {nstrumenis, Southlake, TX.
l‘Srmlhe.m Scientific Services. Akron, OH.
43evem Science Limited, Bristol, UK.
*Developed by rvinie/Liberty Mutual. no longer manufnctited,
#*Wessex Enginoering Lid,, U.K

fDe'quncl! by Percy Sigler and Natigna} Buresu of Standands, nu current manyfacturer:

Hng specific manufaciurer.
*lssm “Test. Sring Lake, NI,

Compuirison of Human Subjett and Tribométer Ranking—As
reported previously (14), the. slippesiness ranking defermined from
the walking wrials was: considerel the reference apainst which the
tribometer:determined ranking was compared. The tribometer mea-
;umb:mcqnpnmdmmegal: -based ran]dngusmgtwocrhc-
ra. Critesion #1: did a given tribometer rank the COF of the
- different ‘surfaces in the sairie order indicated by the human subject
resulls? Criterion #2: did a given tribomneter stitisrically diffefefitie
ate between surfaces With significantly different levels of slip risk?

Results

The results of the human mblect walking trials are presented in
“Tuble 3. All four surface conditions were significantly different
from etch other with respect to leyels nf'slrppennm (p<005}.
Black granite hiad the largedt fumber of slips (¥ = 19). the méjotity
of which were'hee] slips.(V = 13), Poit€lain’ produced a mlxm of
heel slips (W = 4), e slips (V="11), and na slips (¥ = 5), VCT
induced several toe slips (V = 7) but no heel slips. Ceramic file did
nolwoduccnnyshps.Umgdwemymme were charac-
terized as most slippery (black gmtuei moderately slippery (porce-
lain), less al“ppcrg (VCT), and least sllppery (céramic file).

The distinctioii between the most slippery surface containing po-
tharily heel ‘slips .ahd the' middécarely %Iippg‘y surfiace cmuimg
primarily toe lips was based on the prendise that toe slips ére nol
hazardoys far ihe walker becaase of where they oecur in Lhegml_
cycle, Toe sltpstakc place in late stance as weight is being: trans-
ferred off the slipping limb fo the support limb. In contrast, heel
slips occut in carly stance whr.nwmgtﬂwbungu'ansﬁrmdonto
the' skipping limb which incredses thé rigk -of & fall compared to 4
toe. slip (14).

TABLE S—Shp resalis; walking triufy.

Surfaces No Slips  Toe Slips  Heel Slips Ranking
Black granite 1 6 13 Most slippery
Porcelain 5 ] 4 Modenutely slippery
VT 13 7 0 Less slippiery
Ceramic 20 0 0. Least shippory

YCT, Vinyl composition tile.

Actoss il triboiicters and. surfaces, COF isaiuremeits varied
from :d low of 0.05 0,01 for the Wessex, péudolum ‘on blick

.ganile to a high of 094 +0.03 for the: BOT 3000 (static miode)

on Termic tle. Within cach surface, the ‘mast consistent range
of COR' valves was observed on black granite (0.05-035)
whereas . the- most varied range of COR values was observed on
ceramic -{0:24-0.64). Although all 11 hhmwmnbleto
suatisticélly differsnitiate Jevels ‘of slippériness bétween some of
the surfuces, only six wibomeférs (Tortus M, Horlzontil Pull
Stipmeter (HPS], Wesscx, Sigler, Mak II, and Mark II) were
ahle. to' significantly differentiate all four surfsces (Critsrion #2
in Table 4).
Acmtpmiaonafﬂnmmuumwmtodu
gait-based ranking of surface slipperiness révealed that only four
titbometers (Wessex, Siglér, Mark II, and. Mark: III) satisfied our
validation criteria by both raifking the surfaces in thé comect oider
(Grifetion. #1) und statistically differcniaing"the. tiffering degrees
of s]lp;znm between each of the four smrfaces (Criterion #2).
mmnahﬂngmmbmmfbﬂed rion #1, Criterlon #2,

or both.
Nouibmmm(ﬂ()TSMOandMnrkljmabletomnkme
‘surfiices in the. correct order of slipperiness but failed to stafistically

dxﬂummmanmmu)mnonum(mm)
wis unsble 1o differentiate betwedn VOT and cerarnic tile. In
dypamic, mode, the. BOT 3000 could not stadstically differeatiate
black granite and porcelain. The Mark 1 could not differentiate
between parcelain and VCT. Two tribometers (Togtus IIf nd HPS)
wwad&ﬁmm#!hnfnﬂedﬂiwdm#lﬂhbkﬂmﬁbum
fers Tailed Criterion #1 by incorractly f:inlﬁngcaﬂmicénbemg
more glippery than VCT.

Three tribometers (English X1, C1028, and Tonus IT) fiilled
both validation ‘crieeria (Table ). The Bpglish XL inconectly
renked ¥CT as more dlppely than porcelawn thereby fajling Cri-
iefion #1. Additionally, the XL did nof differentinte
between these -surfaces, (hus fni!mg Criterion #2. The C1028
intoréetly ranked ‘ceramic file. &s. more slippery thar VCT -and
also failedl to differéntiate between the two surfaces thereby fail-
ing both validation critéria. The. Torus, IT failed Criterfon #1 by
incormectly ranking ceramic tile as more slippery ‘than VCT. The
Tortus 11 failed Criterion #2 by not differentiating between cern-
mic tle and VCT.
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Discussion

The sfesults of our tribormeter testing are consistent with prior
studies that have dermonstrated that diffefent tribometers give dif-
ferent QOF values for the same surface (4-15). In the curent
study, wet porcelain was categorized as “moderately -slippery™ as
15 of 20 subjects slipped when walking: across it yet the range of
COF measurements from the 11 tribometers spamadfromﬁlgm
0.62 for this sutface. This Vanatumy represents a problem to those
in the walkway saféty communily who ascribe t¢ the common
approach of relating mibonieter OOF tneasitoments to the required
minimum (ie., 02]-0.26) for walking speeds in the range of
0.97-2.17-m/sec (22). As a result, the, user of the tribometer that
measured the wet pareelain COF a5 0,19 would likely categorize
the surface-as very slippery becavse the surface supplies less fric-
tion than the pedestrian demand. The user of the tribometer that
measwred 4 COF of 0.62 might citeg;oﬁ’m thal same surface as
slip resistant as the measured COP fur'exceeds the tequired pedes-
trian demand. The wide rarige of tribometer COF readings umder-
mnotmﬂyﬂnnwdfmatnbammmfmmndmimbe
used for validation .and calibration, but also the difficalty in
ascithing 3 single $afe threshold COF to a given floor surface to
indicate the floor’s pmenﬁa]'fnrcausmg a slip.

m@ﬂ@yﬁmmm&es-ni&d'iﬁﬂpwmmm
tistically differentiate human subject $lip risk on 4 ‘Confinuum from
mqatwlus:shppuwhmnwm&m this suite pf ‘materials can
provide. 3 means by which tribometer measurements can be gom-
pared and validated. Even after the eriticisms directed at qur ear-
bc.ramdywmused in the design of the present investigation,
very few of the tiboteters tesied produced aceeptable results.
Onily four tribometers (WesseX, Sigler, Mark 1I, and Mark [
met oyr complimee criteria by tomectly ranking afl four surface
condions and differéntiating between surfiess of differing
demmo{ slipperinesy as es;ablmhad hy the hurman subject walk-
mg'fhe tribometers that passed our compliance :criteria represent
two dxﬂemntopemﬁng principles: The Sigle? and Wessex are pen-

0.52 (0.0%)

0.31(062) 0.37 (@01

Mark I
020 (©.00)

0.69 (0.01Y 063 (0.01)

Mark JT
0:18 (0.00)

Mark'T

043 {000 021 (0.10)

Sigler
0.16{0:02) 042 (011)*  0.22 (0.00)

0.20 (0.02), 048 (0:06)*
042 (0.01) o.e;mu-

Wessex

=
o
b
(=)

024001y
9.49°(0.04)

,].._
Pull
Tortus I Slipmeter

Tortas: 11

it of frictios for the foar suifaves ussessed Gt the eriveria inér by. the 1 1-triboieters.mean (SD).

Shadéd areas dénote incorreet Taiking-of surfaces for 4. given tribometer. - -
*Depotes. failure to statistically différenfiate sarfaces.

VCT, Vinyl coropesition tile.

& dulum devices that easure the energy loss of 4 swinging test
5 foqt 1o derive COF values, The Mark T1 and Mark 1l aré inolin-
L o ablo;mayt fribometers designed. such that the test foot sttikes the
4 S P surface &t 5 known angle and speed. The devices are of similar
f EE 3588 design with the-meio difference being that the Mark I is gravity

! g & *-'AEEQN ‘driven whereas the Mark Il ‘is spring activated. Tn addition, one
; =8 8885"° distinguistiing: chatuctéristic of the Mark 1T and Mark 11T is that
: ) they use. grooved test féet (a§ recommiended by the manufactorer).
3 2 _|egss The grooves cut into the tést foot (6 3 mm deep by 1:5 mm wide.
KL 88 E i and gpeced 5 mm fpart) may better replitate the ‘dynamics bf a
§.§ 3'@33« -mnehedmamndpumlmdmgmawetwalkww surface

sEeo

compared t© 2 smooth test foot. Additionally, a previous study
hﬁsslwnlhatﬂwl\hrkﬂtgﬂmappmnmatgsmcpmkunpau
forcé (indérfoot carly in the gall cycle when shps are most likely
o oceur (15).

Contrary fo our premnus testing (14), the Torfus I did nat
pass gither griterion in the twment study. This motat-riven trib-
omeherh@sawmﬂteﬂfnm@imdmmem)thntnmldm
contact with the surfice under a fixed, load as it slides across
th¢ surface. Othér investigators have implicated the drag sleds’
prolofiged surface residenice time as -a cause ‘of adhesion, lead-
ing to COF measurements on wet surfaces that are greatér than
r equal to slip resistant dry surfaces (9,12;23). This adteésion
may account for the poor results of the other drag sled tribom-

cters evalyated in our study (BOT 3000, Tortus III, HPS, and
§§ 2 C1028).

English

Bluck granite

1
Criterion #1 .= comect surface ranking; Criterion #2

Slipperiness  Surface
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" , the stitistically d:ﬁ'emm».tul slip risk -demon-
._.Ifgurwalkwnywrfam used in the-cumrent study pro-
%{ive ‘foundalion for the validation and calibration -of
- believe that these four surfaces comld define a ref-
ﬂwt friborneter manufactorérs -could vsé to validate
‘by demacistratinig that the instrumesit's COF measie-
rank and statigtically differentjate ‘these surfaces,
(et supplier also could use the reference surfuces to
elerenice. COF values to be pmv:dad to tribometer osers

de only one tribometer of each model was included in the

t:§hily; our rosulls do nol necessarily invalidate 4l the instru-
‘meiis of a particular model, For instance, while the English XL
used i this Study failed o pass both complince criteria, sub-
sequent testing of 15 English XL tribometers revealed that five
passed both ceiterta {J, Flynn, unpublished data). This illustrates the
imporiance of using a reference standard to assess the validity dnd
aceuracy of ench individual instrumient.

Summary

The results of the:current slu.dy are cgnsistent with previous studies
in that differeat tribometens yield different COF values for a given
surface. Cior results reinforte-thie need for objective criteria to-uscer-

tain which tibometers accurately evaliats floor Slipperiness and a

pedestriai’s risk of slipping. Ouift protodol demonstratés that Human
gait-based migasurés of slippériness can be used to create reference
sfandards' against which tribometer measurements can be validated.
Given that only four of 11 tribometers passed our validation criterta,
care should be teken in the interprefation of tribormeter measurements
in-determining the saféty of various walkway sutfaces.
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Assessment of Walkway Tribometer Readings in
- Evaluating Slip Resistance: A Gait-Based

Approach

ABSTRACT: The purpose of this study was to assess the viability of using siip risk (as quantified during buman subject walidng trials) to creats a
rdmnwmhdmwﬁchm‘hmmwﬂnpmddhmutﬂnhmnnh,{m(ﬁu&@mmdwm&d;eeﬁvdyﬂ'nslip-

pmﬁhumﬂmmmmwnhmtsm(umm}

Wmﬁmﬁaaﬁppmnmfwdl six oonﬂlionl.‘l'hadigmm
which the tribomeler measurcments were

mwmmmwmmmmmmmmg
— periness, Thess findings reinforce the need for objective criteria to ascertnin which tribometers cffectively evalusie

pe&ah‘imsﬂstoflhpplug.

Second, nine tiibometers were used to i
dﬂmndﬁmum&mgtﬂ'wmmhm

mmmwm«mmmwmudm

md&ﬂﬂmmﬂfﬂ
sﬂmﬁwﬂva

KEYWOIIE: forensic scicnce, tribometar, walkway safety, cocflicient of friction, slip resistance

Tribometers are mechanical instraments that purport 1o measwre
the slip resistance of walkway surfaces. These devices are nsed in
many industries including flooring, flodr coating, and shoe to test
product safety. In addition, tribometers are uscd in the propesty
insurance und forensic-sciénce corumunities to identify the causes
and fnterventions for slip-and-fall events and clelms. Congently,
elght ASTM standards exist for six different tribometers and about
30 portable mibometers are available commercially (1-3). These
tribometers operate using a ramge of mechanical designs from
simple nonimpact drag sleds to more complex dynamic devices
that attempt to simmlate foot contact.

While many mamfacturers claim that their oibometers can
predict the probability of safe boman ambulstion on a walkway
surface, numerous studies have shown that different tribometers
yield different measurements of friction for the same fiooting
material (4-14). These friction difforcnoes approach an order of
magnitnde in some cases (5.9) and are often pronosnced in the
presence of & contaminant (15). Thess large intertribometer dif-
ferences suggest that the value obiained from a given tribometer
may or may not represent 2 measure of a pedestrian’s dsk of lip: a
fact that potentially undérminos the validity of all tribometers.
WcMMwmmMmm

y evaluate floor slipperiness and a pedestrian’s risk of
shppng.

In addition to baving propertics such a3 high repeatability (pre-
cision between device measurements with the same operstar) and
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different operators), a tribometer should be able to rank comect-
ly the slipperiness of diffcrent surfices (Criteria 1) and differen-
tiate between surfaces of differing degrees of slipperiness (Criteria
2). If a tribometer satisfies thess compliance criteria, then a thresh-
old slipperiness value for that tribometer has meaning, even if its
abeolute slipperiness value is not equal to or even linearly come-
lated to friction.

To determine whether a tribometer meets the above criteria, a
scrics 0f sufaces of known slipperiness are required to foriclion as
reference standards against which tribometer readings can be
compared. Unfortunately, no mechanical test o compute surface
slipperiness relevant to humen mmbulstion bas been universally
accepted, To resolve this problem, some researchers have used
humans to evaluate subjectively the elipperiness of variou$ com-

binitions of floors, footwear, and contaminants by rubbing their.

#hos over a set of surfaces (16~21). Other researchers have rec-

ommended that dypamic boman subject tests be used (22-24). As
tribpmeters sre ultimately tools to assess sarface slipperiness for
homan locomotion, there is face validity to using the incidence of
sl.ip from homan subject welking trials to mmrﬂlﬁw

quantify abidlute nﬁppuinbu, it pmvxdna al)dmiﬁ! mnsuf
vmmmpmamﬁwmm
associated with slip events.

To date, only two studies have stempted to relste tribometer
measurements o actnal risk of slipping. Hanean et al. (23) areated
a gradient of avalisble coefficient of friction (COF) to evaluate the
relationship betwern triboimeter measuremesits and actuel slips
wr&hmmmbjmnwhﬂcdawﬁuarm%m;gm-
dient of slip resistance, the ramp angle and the spplication of
contaminants to the walking surface were varied. While these au-
thors were able to demonstrate that friction valoes obtained from a
pmm&mpmmmmwuwmm-
dict stip events, it should be poted that gait biomechanics while
descending a ramp differs significandly from level walking (25).

Copyright © 2007 by American Academy of Forensic Sciences
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Therefore, the results of this study are difficult to extrapolate to
slips on level surfaces. Similarly, Kulakowski et al (12) coprelated
the measarements of one tibometer (NBS-Brongraber) to the re-
solts of homan walking slip wrials. These anthors reported that
79% of slip events conld be predicted based on knowledge of the
subjects’ utilized friction during walking and the friction values
from the tribometer. A limitation of the studies conducted by
Hanson et al, (23) and Kulakowski et al. (12) is that small sample
mmmﬂﬁmcﬂ(ﬂ-ﬁwmﬁcm
jzability of the resulls to the entire population.

Given the need for additional research in this arca, the goal of
this stady was to assess the viability of using slip risk (as quan-
tified during human subject walking trials) to create a reference
standard against which tribometer readings could be compared. To
achieve this goal, we condacted a two-part smdy. First, human
subject slip cvents during walking were nscd to rank objectively
the slipperiness of a snite of three different surfaces with and
without a codtaminant (six conditions). Second, nine tribometers
independently measured and ranked theé surface slipperiness for all
six surface conditions. The boman subject and tribometer rankings
were then compared using the two criteria described above.

Methods
Hyman Subject Testing

Subjects—Eighty-four subjects (42 males, 42 females) between
the ages of 22 and 38 years (mean age 25.9 + 3.8 yeirs) were
recruited foc this portion of the study. All subjects were healthy
and ¢apable of independent mmbulation. Subjects who reported
any orthopédic injury, medical condition, or pregnancy were ex-
cluded. Befomm;,uchsnb_bctdgmdmzﬂumedom
approved by the Institutional Review Board of the University of
Soathern California.

Ploor Surfaces and Conditions—Three flat smooth surfaces
were tested in both a dry end wet condition: a high-pressure
taminate (HPL), which i a common high-density fiberboard floor-
ing material; polytetraflouroethylenc, which is a low-friction
plastic poiym more commonly known as Teflon® (DuPutl.
Wilmington, DE); aod an acetal matexial, which is a low-friction
plastic polymer commonly referred to as Delrin® (DuPont), Each
mfmomnstednfaz'xfmhnguhrmmuddqdnnr
the middle of a 10m walkway. For the wet condition, sufficient
water was applied to the sarface to creafe a continuous film. A
nonionic surfactant, Triton X-100 (Gallade Chemical, Santa Ana,
CA), was mixed into the water (five drops/250mL) to improve
wetting and minimize the amount of water needed.

Procedures—All testing was perforimed at the Muscalogkeletal
Biomechanics Reseatch Laboratory at the University of Southern
California. The temperature and humidity in the lsboratory at the
time of testing were 70°F and 34%, rospectively.

To rank the slipperiness of the differcnt surfaces objectively,
subjects were randomly assigned to walk across one of the six

floor surface conditions (14 subjects per group). To ensure a bal-
anced gender distribution within each group, males and females
were randomized separately. The six groups were similar in terms
of age, height, and weight (Table 1).

‘To control far the influence of footwear, subjects were provided
a pair of Oxford-style ghoes in their size. The sales of these shoes
consisted of a smooth styrenc butadiene rubber (SBR) with shore
A hardness of 75 (mid-range). This soling represented the most
mmmmmmhmmml
(William Bils, Quabaug Corp., personal communication). Before
cach test session, the floor was swept for dust and both the floor
pancl and shoe sples were cleaned with 70% ethano) salution.

All subjects wore a fall-aresting body hamess sttached to an
overhead low-friction trolley that extended along the length of the
walkway, Subjects first pesformed three to six nomslip walking
trials, followed by 2 single trial in which the fioox pancl of interest
wais inserted into the walkway. Subjects were instracted to walk
briskly for all trials. The avierage walking velocity for all sabjects
was 2,18 £ 0.13m/sec as determined by photoclectric Hght
lmtchuWalkmgsp&ddiﬂnotvarybcmmemgmupa
(Table 1).

As awaneness of a potential slip and prior slip expetience can
generate alterations in human gait (26-28), special attention was
paid to minimizing these effects. To reduce awareness of which
trial contained the test surface, subjects left the room for e similax
period of time between all trigls (c. 2min). Subjects also wore
mmmmwwmm“mm
look at a spot on the far wall as they traversed the -waikway.
Lighting in the laboratory was decr¢ased to minimize reflections
froin the wet suifaces, and a “spc at the far end of the walk-
way gave the appearance that the test sprface was néar the end
rather than the middic of the walkway. To eliminate the éffect of
prior experience, subjects were exposed to their assigned test
surface odly once.

Slip Definition During Walking—Inmefiately following cach
walking trial, subjects werc asked whether they perocived a slip, If
s, they were then asked whethér it was a heel or e slip, and
where along the walkway the slip To coafirm object-
ively whether a ship occurred, an cight-camera (120Hz) Vicon
Motion Analysis System {Oxford Metrics Lid., Oxford, UK) was
used to record the position of reflective markers (25 mm spheres)
placed on the heel and the seoond metatarsal head regions of the
shoes. Heel slips were defined es 10mm or more of anterior
translation of the heel marker during the loading or early mid-
stsmce phase of the gait cycle. A toe slip was defined as the pres-
ence of a negative (posterior) velocity of the toe marker before toe
off. In all cases, the video data agroed with the subject’s parcep-
tion of a slip.

Tribomater Testing

Tribometers—Nine tribometers were used to messwe the COF
of the six surfaces (Teble 2). Bach tribometer wis operated by an

TABLE 1—Subject characteristicsimean (SD).

Surfaces Dry HPL Dry Delria® Dy Teflon® Wet HPL Wet Delrin® Wet Teflon® Avenge
14 7 14 14 14 14 84
Agn (years) 21.7 (40) 254 (26) 254 (28) 245 (29) 269 (50) 246 (2.3) 25%(3.5)
Height (cm) 1711 (6.9) 1712 (9.6) 171.1 (10.3) 1683 (63) 1704 (5.8) 1708 (8.2) 1705 (7.8)
69.9 (11.1) 633 (12.0) 718(17.5) 675 (14.4) 614 (12.5) 683 (10.3) 634 (13.0)
vm%my 2.19 (0.08) 2.19 (0.19) 216 (0:18) 220 (0.11) 216 (0.12) 220 (0.11) 2.18 (0.13)

HPL, bigh-presture laminats,
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TABLE 2—Tribometer mame, type, and test foot materlal

Device Operating Principle Test Foot Material/Size
mmpnnimr'm) Drag slad—motor Neolite™ Test Liner! (NTL) (3) 13 wem diameter
C 1028 Drag sled—manually pulled NIL 76mm x 76mm
TutulI' Drag sled—motor driven Four 8 rubber! 9.5 mm diameter
Universal walkway tester! (UWT) Drag sled—motor driven NTL 28mm x 28mm
Sigler Pendulom™* Pendulum NTL 38mm x 38 mm
Wessex Pendulom* Pendalum Four S rubber 76 mm wide
Mark 1% Aniculsted strot—gravity driven NTL 76 mm x 76mm
Mark II* Articulated strut—spring activated NTL 76oun x 76mm grooved*®
English XL™ Varisble in¢idence—poeumatically driven NTL 32mm diameter
*Develaped by Irvine/Liberty Mutual, no longer manufactured.
Smithers Sclentific Services, Akron, OH.
No specific manufaciurer.
Severn Sclence Lirnited, Bristol, UK.

'Stanidard simplated shoe sols, developed by Rubber & nmmwm UK

¥National Floor Safety Institute, Southlake, TX.

"D:vdnpdhypucyﬂglundﬂuhlﬂﬂmafw 10 current manufacturer,

"Weasex Engincering Ltd., UK.
”Slip-‘l‘eu. Spring Lake, NI

¥Based on manufacturer’s recommendations grooves wera cut imo test fool approximately 3 mm decp, 1.5mm wide with lands 5 mm across.

TWWilliam Bnglish Inc., Alva, FL.

experienced nser of that device, and testing was performed ac-
cording to the manufacturer’s instructions or applicable standard.
A second individual recorded the tribometer test resnlis, while a
third individual oversaw the testing protocol to ensure consisteat
technigue and comect recording. The valoe measwred by each
tribameter was assumed to represent the COF measured by that
tribotneter and no distinction was made between measurements
of static, transitional, and dynamic COF.
Procedures—Tribometer testing was condocted first on the
three dry surfaces and then on the three wet surfaces. Test order
was rendomized separately within the dry and wet surfaces. The
same solation and wetting protocal used in the human subject tests
was nsed for the tribometer tests, ' When testing wet smrfaces, each
tribometer’s test foot was dricd thoroughly before testing the next
wet surface. For cach sucface condition, the COF was measured
four fimes: once in cach of four arthogonal directions, ie., at 0,
90, 180, and 270" relativc to the longitudinal axis of the walkway.

Data Analysis

Bach homan walking trial over one of the six test surfaces was
classified as a No Slip, Toc Slip, or Heel Slip. To test for differ-
ences in the of alip (oo, toc, or heel) that occurred on the six
surfaces, & %-~test for homogeneity was performed on the 6 x 3
(floor condition x slip type) contingency table. Post hoc analyses
were thea performed using simple 2 x 3 x* comparisons to iden-
tify homogeneous groups of sutfaces (ie., surfaces that the walk-
ing tests did not identify as being significantly different).

To test for differences between the measured friction valoes for
eech sarface, the mean and standard deviation of the friction
values for each tribometer/sarface combination were first calcu-
lated. For each tribomgter, a one-way analywis of variance (ANO-
VA) was used to determiine whether significant differentes were
present between the six sarfaces. Post hoc tests were run using a
Fischer least significant difference (LSD) test to identify both ho-
mograeous groups of surfaces and sarfaces that were significantly
diffemifwmoneml}nrmdhgmdwmbnm

The omnibus % analyses was evaluated nondirectionally at a
significance level of c=0.05. The significance Jevels for the
nondirectional post.hoc y’-tests were adjusted for: the number of
post hoe comparisons ysing & Bonferroni adjustment. The signif-

icance level for each ANOVA was o = 0.05 and was not adjusted
because the number of tribometers chosen for the study should not
infinence whether or not a specific tribometer identified the slip-
periness of a specific pair of surfaces as significantly different.
Camparbauq‘ﬂm Subject and Tribometer Ranking—The
ranking determined from the walking trials was con-
sidered the reference agalnst which the tribometer measurements
were compared. The resolts of the tribometer mweasurements were
then compared with the gait-based ranking of sorface slippexiness
using two criteria: (1) Did the tribometer measnrements conectly
rank the slipperiness of the different surfaces? (2) Did the tribo-
meter measurcments differcotiate befween surfaces with signifi-
cantly different levels of slipperiness? Criteria 2 conld only be
applied to surface conditions that generated a combisation of no,
toe, andior beel ships. It could not be appljed to distinguish be-
tween surfaces that generate either no slips or all heel slips.

Results

mmwlutiﬁshmnmbjeuwalhuhuharep‘mmdm
Table 3. Dry HPL; dry Delin® udwetHPLﬁduutpamany
slips and were characterized as being “not
group). Although wet Delrin® and wet Teflon' pmﬂwallﬂlmd
Ismmmwly.mmmmmmms
other (p=0.77) and thus both were characterized as being “very
slippery” (very slippery group). Dry Teflon®'s mix of no slips
and toe slips was more slippery than the three surfaces in the not

slippery group (p <0.0001) amd Jess slippery than the two surfaces

in the very slippery group (p<0.005). The intermediate level of
slipperiness demonsirated by dry Teflon® was therefore desig-
nated “slippery” (slippery group).

The disfinction between the very slippery category contalning
primaily beel slips and the slippery category containing primarily
toe slips was based on the fact that toe slips wers interpreted as
Jess ominous for the walker becanse of where they occur in the
gait cycle. For example, toe slips take place in late stance as
welght is being transferred to the contralateral (Le., forward) limb.
In contrast, heel glips occur in early stance when weight is be
transfesred to the Jead limb. Therefore, a heel skip results in for-
ward acceleration of the weight-bearing limb, which results in a
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TABLE3—Number of slip svents on the six surfaces.

Surfaces No Slips Toe Slips Heel Slips Group

Dry HPL 14 0 0 Nat slippery

Dry Delrio® 14 0 0

Wet HPL 14 0 0

Dry Teflon® 6 8 0 Slippery

Wet Delrin® 2 2 10 Very slippery

Wet Teflon® 0 1 13

Total 50 i z N=84
HPL, high-pressurc laminate.

mare unstable situation (Le., the basc of support is moving away
from the body center of mass).

All nine tribometers measured significantly different friction
values between at least some of the surfaces (p <0.0001; Table 4).
Post hoc testing revealed that the English XL discriminated all six
surfaces, whereas the Wessex, Sigler, horizontal pull slipmeter
(HPS), and oniversal walkway tester (UWT) resolved only four
distinct friction levels among the six surfaces (Tuble 4), Across all
tribometers and surfaces, friction measnrements varied from a low.
of 0.06 + 0,02 for the Engfish XL on wet Delrin® to & high of
2.06 + 0.28 for the Tortus Il on dry HPL. Within the six sarfaces,
the most consistent range of friction valucs (0.26-0.48) was ob-
served on dry Teflon® and the most varied rangs of friction Valoes
(0.66-2.06) was observed on dry HPL. A compayison of the tri-
bometer meastrements of friction to the grit-based ranking of
“surface slipperincss showed that two tribometers (Tortus II and
Mg:km)meionrtwomwdaby correctly ranking the surfaces

and being able to differentiate between surfaces of differcnt de-
grees of slippariness (Table 4). Four tribometers (Mark IT, Roglish
XL, Wessex, and Sigler) satisfied critedn 2 and missed fulfilling
criteria [ by reversing the ranking onder of two surfaces (Table 4).

Thres tribometers (C 1028, HPS, and UWT) were unable o
distinguish a difference between wet HPL and wet Delrin®, which
were two surfaces that demonstrated significant differences in the
risk of slip in the walking triasls. These three tribometers did not
mect cither of the compliance criteria (Table 4).

_ Discussion )

Tribometers arc routinely used to assess 'the safety of pedestrian
walkway surfaces. The importance wnd need for developing a
biomechamical-based test melbod for evaluating the validity of
tribometers has been recogmized previously by investigators sad
has been gaining momentum within consensus standards organi-
zations with an interest in walkway and footwear safety
(23,29,30). Our experimental protocol demonstrated that a gait-

based system can be used to create reference standards against
which tribometer measurements can be compared.

The results of our tribometer measurements were consistent
with the conclusions of previons stadies in that differcat tribame-
ters give varied COF values for the same surface (4-14). For
example, wet Deliin® was categorized as being very slippery be-
cause of its ability to cause 12 of 14 subjects to slip; yet, the tri-
bometers measured & range of COF from 0.06-0.69 for this
WMMymmpwmmmm
of ascribing to a floor surface a single number to indicate its po-
tcatial for cansing = slip, a practice all too common in the stand-
ards writing in the field of walkway and prodact safety.
Unless all tribometers mimic the critical biomechanical parame-
ters between the sole bottom, cantaminant, and floor at heel strike,
COF vslugs will continue to be highly dopesident on the test
method used. _

The wide range of COF values is no surprise, given the varlous
operational principles for the selected tribometers (Table 1), not to
mention, no tribometer has yet beza that accurately
niodels the kinematics and kinetics of the foot-floor interaction.
The “classic” laws of friction fonmunlated in the 17th century
staied that COR is independent of contact area and velocity; how-
ever, thess laws are pot obeyed by cither rubber polymers from
which most tribometer test feet are constrocted or the materials
commonly used in flooring (31). In addition, the maguitude of the
load, loading rate, pressure, and time of contact between two
surfaces ilso inflociice COF resalts in the presence of rubber and
plastic polymers. Chang ct al. (32) provids mn excellent review of
such friction mechanisms during the measarement of slipperiness.

In the current study, only two of the nine tribometers wcsted (the
Tortus 11 and Mark II) met our complianice criteria by correctly
mﬂmm&mmmmml&
differing degrees of slipperiness as established by the walking
trials. The Tortus II is a drag sled-type tribomeicr whose friction
slider is held in contact with the floor surface tmder a fixed load.
The self propelled machine moves forward at & constint velocity
and the defiection of the friction skider. is measored by & strain
gauge. The device averages the surface’s OQF over a 20-cm dis-
tance. One noteworthy exception to the Toitus® ability to meet our
compliance criteria was the high COF (2.06) and standard devi-
ation (0.28) computed from its four measurements on the dry
dry surfaces. The phenomenon is likely explained by an affinity or
adhesion betweta the device's test foot made of 45 rubber (Rub-
ber & Plastics Research Association, UK) snd the dry HPL tile.

The overall performance of the Tortos II was in difect contrast
to the performance of the three other drag-sled tribometers (HPS,
UWT, and C 1028), which failed to meet either of our criteria fora

TABLE 4—Cosfficient of friction for the six surfaces measured and the criteria met by tha ning tribomerers.

Growp Suface  TomusO MakIl  MukD EoglshXL  Weseex Sigler c 102 HPS UwT
Notslippery* DiyHPL _ 206(028) 067(003) 080(001) 035(0.03) 0.71(00) 066(002) 076(0.04) 0.5 (003) 1.00(0.00)
Dy Deln® 110 (0.13) 0.69(0.0H 084(0.08) 051(009) 070{004) 060(007) D.B4(DOI) 052(0.03) 1.00(0.00)
Wet HPL 056 (0.03) 039(002) 052 (O01) 1) 030(001) 020{002) 064(0.03) 057(0.03) 0.72(0.08)
Slippery Dry Teflon® 047 (003) 030 (0.02) _ojs (o.o:) 027(002) 040(001) 033(001) 048(0.03) 040005 0.36(0.03)
Very slippery  Wet Delcin® 032 (001) 025 (0.00) 006(002) 0I9QO) 0.I2{001) 059 (0 052 (003) 069 (0.04)
Wel Teflon® 031 gmu o.w.g&.oz) 0. :9 (cum 012 @:m 019 étwa) 012(008) 042(002) 031(002) 03001
Criteria met S 2 2 = s L5

‘mwmaummmmm-wmmmmmmqmmmﬂ and wet HPL a8 no slips were recorded
on these surfaces. The ondeting of these three sarfaces in column #2 is one of convenience.
‘Column #2 shows the rank order of the sarfaces from maost 10 least slip resistance as determined by (he walking trials.

Combined and connscted boxes hightight homogensous groups.

HPL, high-peessure laminate; HPS, horizoata) pull slipmeter; UWT, aalversal walkway tester.
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compliant tribometer. In particular, these three tribometers failed
to differentiate between wet and dry Delrin®, which were widely
divergent in creating risk of slip based on the walking trials. This
finding is consistent with the observations of other investigators
who have implicated drag sleds” prolonged surface residence time
in éreating the phenomenon of sticktion (Le., surface-tension ad-
hesion) (11,12,33). In the presence of sticktion, tribometers often

measurc & wet slippery surface as having tha same or greater COF

compared with a dry slip-resistant surface. Determining why the
Tortus 1T did not eppear to experience the sticktion phenomenon is
beyond the scope of this research,

Three of the tribometers (Boglish XL, Wessex, and Sigler) fail-
ed the first criteria by incorrectly ranking the wet HPL surface as
bmngmeshppaylhmdry'lfdbn" It is possible that the ef-
fective mass of the test fect on these three devices ot surface im-
pact may be too Jow, thus allowing hydroplaning of the test feet in
the presence of 2 liquid contaminant (wet HPL) compared with the
dry Teflon® condition. The Mark II experienced a similar prob-
lem in meeting the first criteria in that it incorrectly ranked dry
Teflon® as being more slippery than wet Delrin®.

The selection of tribometers for this study was one of conveni-
ence and availability. While we belicve that the stady includes the
most commonly used portable tribometers in the United States, we
had no o data to support this premisc. We also made no at-
mmm%mmnwmwdmm
ters. The gelection of surface matcrials was based on our aim ‘of
developing a suite of materials that not only spanned & wide range
of slip resistance during walking but could also be casily pbtained
and modified for nse within a gait laboritory.

Direction of Future Research

The plastics (Teflon® and Delrin®) utilized in this stdy arc
not typical walkway surfaces and their material propertics may
diverge from those of surfaces more typically encountered. Con-
sequently, future rescarch should include more frequently used
walkway materials if cootrolled manufacturipg processes and
continuous sopply can be secured,

In order to formulate a material snite with a continuam of skip
resistance (as opposed to a binary slip/no slip system), future
experiments should inporporate more intermediate surfaces that,
when presented to walking humean subjects, sy or may not causc
a slip. Dry Teflon® with its ability 1o cause toe slips in the walk-
ing trials functioned as such a surface in the cument study. Be-
cause the utilized COR at toe off is slightly higher tham at heel
strike during normal ambulation, we believe the tog slips recorded
on dry Teflon® defined that surface as having a slip resistance in
between the very slippery surfaces that caused primarily heel slips
and the not slippery surfaces that tansed no slips. The challenge is
to identify more surfaccs with and without contaminamts that
perform in this intermediate range in order 10 expand gnd refine a
gait-based system for future tribometer validation.

This study. investigated the biofidelity of tribpmeters under
walking conditions only. As many slips' and falls occur during
more strennous actions.such as pashing a load or nmning, future
research should incorporate tasks with a higher friction demand in
order to pvaluate & tribometer’s ability 10 assess safety over a
broader range of activities.

Conclusions

The results of our tribometer measurements were consistent
with the conclusions of previous studies in that different tribome-

ters give varied COF values for the same surface. In the cument
study, only two of the nine tribometers tested (the Tortus 1T and
Mark TH) met our compliance criteria by both correctly ranking all
six conditions and differentiating between surfaces of differing
degmvfaﬁppermuueﬂabhlhﬂlbydwwﬂhngtmhm
findings reinforce the need for objective ¢riteria to ascertain which
tribometers éffectively evaluate floar slipperiness and a pedes-
frian’s fisk of slipping. This experiméntal protocol demonstrates
that gait-based measures of slipperiness can be used to create ref-
erence standards against which the output of tribometers can be
compared.
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Abstract. The measurement of walkway slip resistance is required to assess the risk of slipping. Unlike other countries, the
U.S. has not decided upon a single approach to the measurement of slip resistance, Several types of tribometers are available
to measure slip resistance however, the measured value of the slip resistance of a given surface has been found to be tribometer
specific. The introduction of ASTM International Standard F2508 Standard Practice for Validation and Calibration of Walk-
way Tribometers Using Reference Surfaces, has produced a method which allows validation of each type of tribometer and the

values generated during testing.

Keywords: Tribometer, Slip, Walkway safety, Slip resistance

1. Imtroduction

The measurement of walkway slip resistance is
necessary to assess the risk of slipping. In the U.S,,
there has been considersble discussion, debate, and
controversy regarding the selection of a definitive test
method and apparatus for determining walkway slip
resistance. Unlike scveral other countries, there has
never been a single approach to such measurement
and many different types of tribometers are used. No
tribometer has been accepted which is able to meas-
ure slip resistance such that the measurements can be
definitively related to human ambulation. The use of
several different types of tribometers is problematic
in that, when metering a walkway surface, the mea-
surements generated have been found to vary with the
tribometer used. This is not unexpected as the mea-
surements are a function of the material being tested,
the test foot material and the specific tribometer*?),

Over the past 10 years, ASTM International, a
consensus standards making orgenization, has
worked to develop a slip resistance test standard for

* Corresponding author,
E-mail address: {flynn@i2eng.com Phone: 1 (559) 251-5600

walkway surfaces that can be used to validate the use
of any tribometer, In 2011, ASTM International pub-
lished F-2508 Standard Practice for Validation and
Calibration of Walkway Tribometers Using Refer-
ence Surfaces!’). This standard practice is accompa-
nied by an adjunct consisting of four tiles. The tiles
are reference surfaces with surface slip resistance
properties defined by human ambulation studics.
Through the use of the F-2508 Standard Practice and
the reference tiles, it can be determined whether or
not a specific tribometer can produce valid measure-
ments of the slip resistance of a walkway surface. At
the same time, a method is provided by which the
values of slip resistance generated from tribometric-

- testing of a walkway surface can be related to human

ambulation®?,

2, Methods

With the acceptance of the use of several types of
tribometers, it was necessary to develop a method for
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an objective evaluation of tribometer performance.
To that end, reference surfaces were selected for tri-
bometer testing. Four types of tiles were selected for
testing. The tiles were polished black granite, porce-
lain, ceramic and vinyl composition tile (VCT). To
rank the tiles in order of slip resistance, testing was
conducted at the University of Southern California
Musculoskeletal Biomechanics Laboratory. Eighty
subjects were recruited to walk across the tiles end
the subjects were monitored using an 8-camera Vicon
motion analysis system. The tiles were wetted prior
to each trial. All slips were recorded and using the
number of slips per tile, the tiles were ranked in order
of slip resistance. The polished black granite was
most slippery and was followed in decreasing order
by porcelain, VCT and ceramic.

With the availability of the reference surfaces,
ASTM International Committee F-13 Pedestrian
Walkway Safety and Footwear, created ASTM Inter-
national Standard Practice F-2508, The standard in-
volves using the reference tiles to validate tribometer
performance. In order for the performance of a tri-
bometer to be considered valid, the tribometer must
satisfy two criteria, 1t must be able to statistically
differentiate between the surfaces of the four refer-
ence tiles. The tribometer must also be able to rank
the slip resistance of the tiles in the same order as that
generated by the human subject testing at the USC
Musculoskeletal Biomechanics Leboratory.

If the tribometer can differcntiate between the tiles
and rank the surfaces in the correct order, the testing
of the reference tiles can provide tribometer specific
glip resistance values for the four different reference
surfaces. The values for slip resistance generated
during testing of the reference surfaces can be used as
benchmarks for the testing of an unknown surface as
the validity of the values can be traced back to the
human subject testing. If a-surface is measured and is
found to.have a slip resistance value of 0.4, the value
only has meaning with respect to the results obtained
from testing the reference tiles. If, when testing the
reference tiles, values from the polished black granite
were close to 0.4, then 0.4 would indicate a slippery
surface. If however, testing the non-slip surface of
the ceramic tile generated a value of 0.4, a value of
0.4 would indicate a non-slippery surface. It is poss-
ible that two tribometers testing the same reference
tiles will get very different values. The values ob-
tained from the testing of the reference tiles and the
[iglerpmtation of those values are tribometer specific

The F-2508 Standard Practice is intended for the
use of the manufacturer of each type of tribometer as

well as the end user. The manufacturer conducts
Wallkeway Tribometer Validation Testing while the
end user conducts Walkway Tribometer Calibration
Testing.

When conducting the Walkway Tribometer Vali-
dation Testing, forty tests are conducted on each tile.
Prior to testing, each tile is wetted. The tiles are
tested in four orthogonal directions. The results of
testing are used to calculate the mean, standard devia-
tion, standard error of the mean and the 95" percen-
tile confidence interval. The results of the analysis
should show that the tribometer was able to produce
significantly different results when measuring the slip
resistance of the each of the surfaces. Significant
difference is determined through the use of paired /-
tests (p < 0.05) for all adjacently ranked reference
surfaces.

When the end user is conducting Tribometer Cali-
bration Testing, sixteen tests are to be conducted on
each reference surface. The results of the testing are
used to calculate the mean. Calibration requires the
mean to be inside the 95 percentile confidence in-
terval as reported by the tribometer manufacturer.

Bnd user results are reported based upan a specific
tribometer and test foot combination. Calibration is
therefore required whenever a new test foot is em-
ployed. Calibration is also required on an annual
basis or whenever the tribometer is repaired!'’.

3. Discussion

The human subject testing at the USC Muscu-
loskeletal Biomechanics Laboratory and the resultant
creation of the ASTM International standard F-2508
are a significant movement in the direction of valida-
tion of tribometers and the measurements of walkway
slip resistance, [t must be noted that the standard
does not state that the validation will hold for all
combinations of walkway surfaces and tcst foot mate-
rals.

The ASTM F-13 Committee continues to move
forward in the area of tribometry. The Committee is
currently working on a new standard and a new guide.
The first is the Standard Practice for Certifying
Walkway Tribometers while the second is the Stan-
dard Guide to Walkway Auditor Qualifications,

The Standard Practice for Certifying Walkway
Tribometers requires a Walkway Tribometer Valida-
tion Report as defined in Standard F-2508. It also
requires the manufacturer to conduct a precision
study through the ASTM International Interlaborato-
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ry Study office (JLS). The precision smudy looks at
both tribometer repeatability and reproducibility.
The repeatability is determined through the use of a
single tribometer and single operator. The tribometer
is used ta test the reference tiles and focuses on the
repeatability of the measurements from each specific
reference tile.

Reproducibility involves the use of a minimum of
six tribometer/operator combinations. Each tribome-
ter/operator measures the slip resistance on the same
group of four reference tiles. The data is used to de-
termine the expected data spread between tribometer
operators.

The precision study has no required minimum
range for either repeatability or reproducibility. It
siraply provides a confidence level for those looking
at data from different tribometers of the same type.

The Standard Guide to Walkway Auditor Qualifi-
cations is intended to provide an overview of the ma-
terials to be included in any program used to certify
walkway auditors. The guide is designed to define a
minimum competence level for those involved in
walkway auditing.

4. Summary

ASTM International has created Standard F-2508
_and a program within Committee F-13 which can be
used to validate the use of a specific tribometer or
tribometer type. The standard further can provide
meaning to the values of slip resistance measure-
ments when using a validated tribometer and the as-
sociated reference tiles.
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Designation: F2508 - 11

__Al
INTERNATIONAL

Standard Practice for

Validation and Calibration of Walkway Tribometers Using

Reference Surfaces’

‘This standard {8 issued under the fixed designation F2508; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (g) indicares an editorial change sinee the last revision or reapproval.

1. Scope

1.1 This practice is intended to establish the parameters for
validation and calibration of walkway tribometers.

1.2 This practice provides a walkway tribometer supplier
with a procedure and suite of reference surfaces to validate his
walkway tribometer by properly ranking and differentiating the
surfaces.

1.3 This practice provides the user of a walkway tribometer
with a procedure and suite of reference surfaces to test
calibration of his instrument.

1.4 This practice describes the necessary materials, specifi-
cations, and the cleaning process for reference materials, as
well as the requirements for the validation of a supplier’s
walkway tribometer and calibration of a user's walkway
tribometer, ’

1.5 This practice applies to walkway tribometers without
reference to the nature of the scale of the readings produced by
them. The scale used in the reports of validation and calibration
must be the same, and are to be those of the instrument or
defined for the instrument.

1.6 The values stated in SI units are to be regarded as
standard. The values given in parentheses are for information
only and are not considered standard.

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

2. Referenced Documents
2.1 ASTM Standards:®

! This practice i3 under the jucisdiction of ASTM Committee F(3 on Pedestrian/
Walkway Safety and Footwear and is the direct responsibility of Subcommittee
F13.10 on Traction.

Cumrent edition approved March 15, 2011, Published March 2011. DOIL:
10.1520/F2508-11.

7 For refi 4 ASTM dards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standartds volume information, refer to the standard's Document Summary page on
the ASTM website,

D1349 Practice for Rubber—Standard Temperatures for
Testing

D3244 Practice for Utilization of Test Data to Determine
Conformance with Specifications

F1646 Terminology Relating to Safety and Traction for
Footwear

3. Terminology

3.1 Definitions—For terms used in this practice not ident-
fied herein, refer to Terminology F1646.

3.1.1 paired t-test, n—a test of statistical significance based
on the use of student’s 7-distribution and used to compare two
sample means (see Appendix X2).

3.1.2 supplier, n—any individual, agent, company, manu-
facturer, or organization responsible for the walkway tribom-
eter prior to receipt by the user. . D3244

3.1.3 test foot, n—shoe bottom material or surrogate
mounted on the walkway tribometer that comes into contact
with the surface being tested.

3.1.4 walkway tribometer, n—any apparatus used to mea-
sure the frictional forces acting at an interface between a
walkway surface and shoe material.

3.1.4.1 Discussion—A judgement of the adequacy of these
frictional forces acting on a walkway surface/shoe surface
interface is the basis for an assessment of slip properties
relative to human locomotion.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 calibration, n—the set of operations that establishes,
under specified conditions, the relationship between the values
obtained by a walkway tribometer and the corresponding
supplier reference values.

3.2.2 reference surfaces (RS’s), n—specified materials,
identified in Section 7, that have an experimentally demon-
strated slip properties for a select population of pedestrians and
serve as references for walkway tribometer measurements.

3.2.3 validation, n—the set of operations that establishes,
under specified conditions, the proper ranking and differentia-
tion of reference surfaces by a walkway tribometer.

Copyright © ASTM Intemationsl, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 18428-2959, Unied States,
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4. Summary of Practice

4.1 This practice establishes a procedure to: (1) validate
walkway tribometer models against 8 human gait-based refer-
ence system, and (2) calibrate each individual walkway tribom-
eters of a validated model against published suppliers” refer-
ence values (as defined in 9.1, Eq 4).

4.2 This practice provides for validation and calibration of
walkway tribometers as a means of verifying their relationship
to reference surfaces and verifying a particular device contin-
ues to produce consistent results,

4.3 The method of ranking walkway surface slip properties
using a limited population of ambulating human subjects is
supported by a peer-reviewed study.?

4.4 Validation consists of a series of 40 tests on each
reference surface from this practice. A walkway tribometer
meodel is considered valid if it ranks the four reference surfaces
from this practice in the proper order with statistically signifi-
cant differentiation between results obtained for each surface.
Validation is intended to be accomplished for each walkway
tribometer model when it is initially introduced and is to be
accomplished by or on behalf of the supplier and made
available to each unser.

4.5 Calibration for a specific walkway tribometer requires a
series of 16 tests on each of the reference surfaces from this
practice. A specific walkway tribometer is considered within
calibration if the bias of the mean test values for each surface
falls within the 95 % confidence interval for the-walkway
tribometer model as established by the validation tests (as
defined in 9.1, Eq 4).

5. Significance and Use -

5.1 To be meaningful, walkway tribometer results must
correlate the slip characteristics of a surface or contaminant, or
both, to the actual propensity for human slips. To achieve this
goal, walkway tribometer models must be validated against a
standard with relevance to human ambulation.

5.2 This practice prescribes a series of reference surfaces
with known relative slip potential ranging from very high to
low (as defined by laboratory conditions only) upon which
walkway tribometer models can be validated, The relative slip
potential of each reference surface was established from human
subject walking trials.?

5.3 The following should be considered in applying the
validation and calibration obtained by this practice:

5.3.1 The scientific study upon which the validation process
is based was conducted with a select population of young
adults (mean age 26 years) who were free from gait deviations
while walking in a straight path on a level surface with a8 mean
walking velocity of 2.18 m/s. This walking velocity is faster
than the average walking velocity for the general population
which includes a much wider age range with greater variabil-
ity; thus, the study sample population of pedestrians and
conditions is not representative of the larger general population
of pedestrians.

3 Powers, C. M., Blanchette, M. G.. Brault, J. R., Flynn, I., and Sicgmund, G, P,
“Validation of Walkway Tribometers: Establishing a Reference Standard,” Joumnal
of Forensic Sciences, Vol. 55, No. 2, March 2010, pp. 366-370.

5.3.2 All subjects walked in Oxford-style shoes whose soles
were constructed of smooth styrene butadiene rubber (SBR)
with 75A Shore hardness. The shoe style and sole material is
not representative of all combinations available in the market-
place.

5.3.3 The reference surfaces defined in this practice are not
representative of all walkway surfaces. The outcome of the
validation practice reflects performance on the type of refer-
ence sarfaces and sorface conditions defined in this practice
only. Validation and calibration of a walkway tribometer as
defined by this practice does not imply validation and calibra-
tion under all combinations of test foot materials and walkway
surfaces.

5.3.4 The validation and calibration procedure defined by
this practice is not intended to establish a “safe threshold”
value for any walkway surface.

6. Apparatus

6.1 The walkway tribometer shall be frec of defects and
operational throughout its range. Refer to the walkway tribom-
eter instruction manual to ensure proper operation and instru-
ment condition before the validation and calibration process.

6.2 Test Foot Designation and Condition:

6.2.1 The supplier must provide test foot material, dimen-
sion, storage, and scrvice life specifications. The specifications
shall be sufficient to permit procurement of an exemplar test
foot.

6.2.2 A uniquely numbered test foot, meeting the supplier’s
material and dimensional specifications shall be provided with
the walkway tribometer being tested.

6.2.2.1 The calibration results shall apply only to the walk-
way tribometer/test foot combination tested.

6.2.3 Prepare the test foot as prescribed by the walkway
tribometer supplier or by a fully documented procedure in-
cluded in the validation or calibration report.

7. Reference Surfaces (RS’s)*

7.1 Reference Surfaces:

7.1.1 RS A—Polished black granite whose surface bencath
the test foot is covered with a continuous film of 0.04 % by
volume solution of Triton X-100° (nonionic surfactant) in
distilled water (that is, 200 pL of Triton X-100 per 500 mL of
distilled water),

7.1.2 RS B—Porcelain whose surface beneath the test foot is
covered with a continuous film of distilled water.

7.1.3 RS C—Vinyl composition tile whose surface beneath
the test foot is covered with a continuous film of distilled water.

7.1.4 RS D—Ceramic whose surface beneath the test foot is
covered with a continuous film of distilled water.

7.2 Bach RS shall be permanently marked to designate its
reference class (that is, “A", “B", “C", “D”).

¢ Available from ASTM international Headquarters. Order Adjunct No.
ADIJF2508. Original adjunct produced in 2011.

3 The sole source of supply of the apparatus known ta the committee at this time
is Gallade Chemical, Santa Ana, CA. If you are aware of altemative suppliers,
please provide this information tv ASTM Laternational Headquarters Your com-
ments will receive carcful cansideration at 8 meeting of the responsible technical
committee,’ which you may attand.
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7.3 Reference surfaces shall be stored in a manner that
prevents deformation and contamination.

7.4 Reference surfaces should not be used for validation or
calibration testing after 5 years from date of purchase.

8. Procedure

8.1 Environment—The validation and calibration test shall
be performed at & humidity level of 50 * 5% and a
temperature range of 23 = 2°C (73.4 *= 3.6°F) (derived from
Practice D1349).

8.2 Reference Surface Preparation—The reference surface
shall be free from visible dents, cracks, voids, or other
significant blemishes.

8.2.1 Cleaning:

8.2.1.1 No surface treatment except as specified in this
section is permirted.

8.2.1.2 Prepare 2 0.05% by volume solution of liquid
sodium lauryl sulfate in distilled water (that is, 250 pL of
sodium lauryl sulfate per 500 mL of distilled water).

8.2.1.3 Dip a clean soft-bristled nylon brush in the cleaning '

solution and gently scrub in a circular pattern the entire
reference surface for a minimum of 10 s. Reapply the cleaning
solution and repeat the minimum 10-s scrubbing two times.
8.2.1.4 Rinse the surface thoroughly with distilled water,
ensuring that no visible suds or soap residues remain.

8.2.1.5 Dry the surface with dry and oil-free compressed air
or air dry if compressed air is not available. The reference
surface shall exhibit no visible moisture film or droplets,

8.2.1.6 Prepare an ethanol solution containing equal parts
denatured ethanol in distilled water.

8.2.1,7 Dip a clean soft-bristled nylon brush, different from
that used in 8.2.1.3, in the ethanol solution and gently scrub the
reference surface for 10 s.

8.2.1.8 Dry the reference surface with dry and oil-free
compressed air or air dry if compressed air is not available.
Any visible contamination remaining after this step will
disqualify the reference surface for use.

8.2.1.9 Ensure that handling of the reference surface does
not introduce contaminants to the surfaces, including exposing
the surfaces to contact of human skin.

8.2.1.10 The cleaning procedure should be performed be-
fore each testing session.

8.3 Réference Surface Mounting—Mount the reference sur-
face onto a flat and rigid substrate that prevents movement of
the reference surface paralle] to the test plane of the walkway
tribometer during testing. Select a substrate that will not
deform during wet testing.

8.4 Walkway Tribometer Validation Testing—Using the
walkway tribometer being validated and the test foot prepared
in 6.2.3, perform 40 tests in accordance with a uniquely
identifiable version of the walkway tribometer supplier’s op-
erating instructions or any other formal procedure in the test
area of each of the four reference surfaces that have been
prepared in accordance with 8.2. Of the 40 tests, perform 10 in
each of 4 orthogonal directions, that is, at 0, 90, 180, and 270°
relative to an arbitrarily defined direction on the reference
surface. Record the results of all tests as specified in Section
10.

9. Analysis of Results and Walkway Tribometer
Validation

9.1 For the 40 tests on each reference surface, calculate the
mean ( X ), standard deviation (SD), standard error (SE) of the
mean, and 95th percentile confidence interval (CI) for the
walkway tribometer test results for each reference surface
using Eq | through Eq 4, respectively:

l n
X=22@ m
where:
n = number of measurements (40), and
x; = fest result
. 1 »
D= \[7=T Z -3 @

SD
SE = W (3]

95th percentile CI = X * (1.96 X SE)
=X-(196 X SE)toX + (196 X SE) (4)

9.2 A valid walkway tribometer must properly rank the
friction between the test foot and reference surfaces and
provide a statistically unique slip resistance measure for each
surface. A valid walkway tribometer model shall satisfy the
following two compliance criteria:

9.2.1 Rank Order—The rank order of the mean walkway
tribometer results for each reference surface shall be the same
as shown in Appendix XI. .

9.2.2 Differentiation—Using the mean and standard devia-
tion, paired r-tests as described in Appendix X2 shall produce
significantly different results (p < 0.05) for all adjacently
ranked reference surfaces (that is, between RS A and RS B, RS
B and RS C, and RS C and RS D).

9.3 Failure to meet the two validation criteria shall be
considered an unsatisfactory result. The supplier’s guidelines
for troubleshooting shall be followed, and the walkway tribom-
eter validation repeated. If the rcsults are still not satisfactory,
the walkway tribometer fails the validation.

10. Walkway Tribometer Validation Report

10.1 The report shall include information about the walk-
way tribometer, test foot, reference surfaces, test procedure,
and analysis method to allow the validation testing to be
reproduced. The report shall include the following minimum
information:

10.1.1 Operator, test address, company, and contact infor-
mation;

10.1.2 Source of reference surfaces and date acquired;

10.1.3 Validation test date,

10.1.4 Validation temperature and humidity;

10.1.5 Walkway tribometer supplier, model number, and
serial number;

10.1.6 Test foot number, material, age, preparation proce-
dure, and dimensions;

10.1.7 The supplier’s published version of the walkway
tribometer operating instructions, test foot preparation, and test
procedure. If a different procedure is used, attach a full
description to the report;
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10.1.8 Test Results—IViean, standard deviation, standard
error of the mean, and 95th percentile confidence intervals for
each reference surface (see Section 9);

10.1.9 Results of the rank order of reference surfaces and a
statement of whether the walkway tribometer complies (see
9.3);

10.1.10 Results of the differentiation of reference surfaces
and a statement of whether the walkway tribometer complies
(see 9.3);

10.1.11 Comments on any aspect of the validation process
that the operator judged to be noteworthy or that may have
affected the test results; and

10.1.12 Statement that validation has been performed in
accordance with this practice.

11. Validation Schedule

11.1 Validation shall be performed by walkway tribometer
suppliers or independent testing facility:

11.1.1 When the walkway tribometer model is first certified
to comply with this practice; and

11.1.2 Whenever the design of a walkway tribometer model
is changed.

12. Walkway Tribometer Calibration Testing

12.1 Using the walkway tribometer being calibrated and the
test foot prepared in 6.2.3, use supplier’s instructions or any
other formal procedure to perform 16 tests on each reference
surface (defined in Section 7) in the test area that has been
prepared by 8.2. Of the 16 tests, perform four in each of four
orthogonal directions, that is, at 0, 90, 180, and 270° relative to
an arbitrarily defined direction on the reference surface. Record
the results for all tests as specified in Section 10. -

13. Analysis of Results and Walkway Tribometer
Calibration

13.1 Compute the mean for cach reference surface using Eq
1 (see 9.1).

13.2 To be considered a calibrated walkway tribometer, the
mean for each reference surface shall lie within the supplier’s
reported 95th percentile confidence interval.

13.3 Failure to meet this calibration criterion shall be
considered an unsatisfactory result. The walkway tribometer
shall be recalibrated or adjusted, or both, in accordance with
the supplier’s instructions and the walkway tribometer calibra-

tion repeated. If the result is still not satisfactory, the walkway
tribometer fails calibration.

14. Walkway Tribometer Calibration Report

14.1 The report shall include sufficient information about
the walkway tribometer, test foot, test foot preparation, refer-
ence surfaces, test procedure, and analysis method to allow the
calibration testing to be reproduced. The report shall include
the following minimum information:

14.1.1 Operator, test address, company, and contact infor-
mation;

14.1.2 Source of reference surfaces and date acquired;

14.1.3 Calibration test date; '

14.1.4 Calibration temperature and humidity;

14.1.5 Walkway tribometer supplier, model type, and serial
number;

14.1.6 Test foot number, material, age, preparation proce-
dure, and dimensions;

14.1.6.1 The calibration results shall apply only to the
unique walkway tribometer/test foot combination tested.

14.1.7 The supplier’s published version of walkway tribom-
eter operating instructions, test foot preparation, and test
procedure. If a different procedure is used, attach a complete
description to the report;

14.1.8 Test Results—Mean of each reference surface;

14.1.9 Comparison of mean to supplier’s reported 95th
percentile confidence interval;

14.1.10 Statement addressing walkway tribometer’s compli-
ance or noncompliance with criterion;

14.1.11 Comments on any aspect of the calibration process
that the operator judged to be noteworthy or that may have
affected the test results; and

14,1.12 Statement that the calibration has been performed in
accordance with this practice.

- 15, Calibration Schedule

15.1 Calibration shall be performed:

15.1.1 Following initial manufacture and before delivery to
the initial end user;

15.1.2 Following introduction of a new test foot;

15.1.3 After any repair of the walkway tribometer; and

15.1.4 At intervals not to exceed one year.

16. Keywords
16.1 slip properties; walkway tribometer
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APPENDIXES

{(Noomandatory Information)

X1. RANK ORDER OF REFERENCE SURFACES

Reference surfaces from left to right ranked from least

to most slip resistant in Table X1.1.

Xa.1

where:

"

i

D

N

]

TABLE X1.1 Rank Order ot Reference Surfaces

Least Slip Resistant

Most Slip Realstant

RS -A AS-B

RS -C RS-D

X2. PAIRED ¢ TEST

Formula for Calculation of t:
d

t= W (X2.1)

= the mean difference, that is, the sum of the differences

of all the data points (RS A measurement I — RS B
measurement 1, ....) divided by the number of pairs
(40),

the standard deviation of the differences between all
the pairs (calculate using Eq 2, see 9.1), and

the numbex of pairs (40).

X2.2 Calculation of Statistical Significance between Refer-
ence Surfaces:

X2.2.1 If the calculated ¢ value is greater than 1.694 (critical
value), then a statistically significant difference exists between
reference surfaces.

X2.2.2 If the calculated ¢ value is less than 1.694 (see Note
X2.2), then no statistically significant difference exists between
reference surfaces.

Note X2,2—The selection of this critical value assumes: (7) one-tailed
ttest (used when there is an expectation of a significant difference between
groups), (2) 39 degrees of freedom (number of pairs - 1), and (3) 0.05

Note X2.1—Use the absolute value of ¢ (that is, assume that t is  Jevel of significance.

positive).

ASTM International takes no position respecling the validily of any patent rights assertad in connection with any item menfioned
in this standard, Users of this standard are emmnhaamedma‘ewumdm validity of any such patent righls, and the risk
of infringement of such rights, are entirely their own responsibinty,

This standard ls subject to revigion at any time by the responsible technical commiltee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are inviled elther for revision of this standard or for additional standards
and should be addressed to ASTM International Headquariers. Your cormmants wil recelve careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel thal your comments have not received a fair hearing you should
make your views known (o the ASTM Comimittee on Standards, at the address shown below.

This standard g copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428- A
Unied States. Individual reprints (single or muitiple copiss) of this standard may be obtained by contacting ASTM at the above
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Ul
INTERNATIONAL

Standard Test Method for

Static Coefficient of Friction of Polish-Coated Flooring
Surfaces as Measured by the James Machine'’

This standard is issued under the fixed designation D2047; 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
superseript epsilon () indicates an editorlal change since the last revision or reapproval.

1. Scope

1.1 This laboratory test method covers the use of the James
Machine for the measurement of the static coefficient of
friction of polish-coated flooring surfaces with respect to
human locomotion safety. Further, this test method also estab-
lishes a compliance criterion 10 meet the requirement for a
nonhazardous polished walkway surface. The test method is
not intended for use on “wet” surfaces or on surfaces wherein
the texture, projections, profile or clearance between the
sculptured pattern of the surface does not permit adequate
contact between the machine foot and the test surface,

1.2 This test method is the only method appropriate for
testing polishes for specification compliance with the floor
polish static coefficient of friction criterion.

1.3 The values stated in inch-pound units are to be regarded
as standard. The values given in parentheses are mathematical
conversions to SI units that are provided for information only
and are not considered standard.

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

2. Referenced Documents

2.1 ASTM Standards:?

C1028 Test Method for Determining the Static Coefficient
of Friction of Ceramic Tile and Other Like Surfaces by the
Horizontal Dynamometer Pull-Meter Method

D1436 Test Methods for Application of Emulsion Floor
Polishes to Substrates for Testing Purposes

D1630 Test Method for Rubber Property—Abrasion Resis-

! This test method 15 under the jurisdiction of ASTM Committee D21 on Polishes
and is the direct responsibility of Subcommittee D21.06 on Slip Resistance.

Current edition approved Oct. 1, 2011, Published November 2011. Originally
approved in 1964 as D2047-64T. Last previous edition approved in 2004 as
D2047 - 04, DOL: 10.1520/D2047-11.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service @astm.org. For Annual Book of ASTM
Standards volume information, refec to the standard’s Document Summary page on
the ASTM website.

tance (Footwear Abrader)

D2825 Terminology Relating to Polishes and Related Ma-
terials

D4103 Practice for Preparation of Substrate Surfaces for
Coefficient of Friction Testing

D6205 Practice for Calibration of the James Static Coeffi-
cient of Priction Machine

E29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications

E456 Terminology Relating to Quality and Statistics

2.2 Federal Specification:

KK-L-165C Leather, Cattlehide, Vegetable Tanned and
Chrome Retanned, Impregnated, and Soles.? Type 1-Fac-
tory (for Shoe Making), Class 6-Strips

3. Terminology

3.1 Definitions—See also Teminologies D1436 and D2825.

3.1.1 friction, n—the resistance to relative motion devel-
oped between two solid contacting bodies at, and parallel to,
the sliding plane.

3.1.2 coefficient of friction, n—the ratio of the horizontal
(shear) component of force required to overcome friction, to
the vertical (normal) component of force applied.

3.1.3 static coefficient of friction, n—the ratio of the hori-
zontal component of force applied to a body that just over-
comes the friction or resistance to sliding, to the vertical
component of force applied.

3.1.4 dynamic coefficient of friction, n—the ratio of the

horizontal component of force required to cause a body to

continue to slide at a constant velocity, to the vertical compo-
nent of force applied.

3.1.5 slip resistance, n—the frictional force opposing move-
ment of an object across its surface, usually with reference to
the sole or heel of a shoe on a floor. A surface having a static
coefficient of friction of 0.5 or greater as measured by this test
method is considered to have adequate slip resistance. That is,
it will provide the required traction for preventing or markedly
reducing the probability of slipping while walking.

! Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700
Robbins Ave., Philadelphia, PA 19111-5094, Atin: NPODS.

Gopyright © ASTM International, 100 Bar Harbor Drive, PO Bax €700, Wast Conshohocken, PA 18428-2958, United States.
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4. Significance and Use

4.1 Test Method D2047 establishes a compliance criterion
relating static coefficient of friction measurements of flooring
surfaces with human locomotion safety, The compliance crite-
rion is based on extensive experiential data from residential,
commercial, industrial and institutional walkway surfaces
since 1942.

4.2 Polishes and other floor maintenance coatings having a
static coefficient of friction of not less than 0.5, as measured by
this test method, have been recognized as providing nonhaz-
ardous walkways,

Note 1—The value of 0.5 meets the requirements for compliance with
Rule 5 on “The usc of terms slip retardant, slip resistant, or terms of
similar import," of the Proposed Trade Practice Rules for the Floor Wax
and Floor Polish Industry as issued by the Federal Trade Commission on
March 17, 1953.

4.3 The 0.5 static coeflicient of friction compliance criterion
of this test method is only appropriate for polish-coated
surfaces tested in accordance with this machine and test
method. The use of this compliance criterion with other test
methods, other test instruments, and other surfaces is impropes,
because they are not a part of the body of experiential data
upon which the conformance criterion is based.

Note 2—The conformance criteria of this test method may be valid for
other surfaces and surface coatings tested by this test method, but this has
not been substantiated by correlation with experiential data.

5. Apparatus

5.1 James Machine*—See Fig, 1.

5.2 Shoe Material®—For interlaboratory and specification
testing the shoe material shall be leather, conforming to Federal
Specification KK-L-165C. Other materials commonly em-
ployed as footwear sole or heel material may be used.
However, it should be understood that the 0.5 static coefficient
of friction compliance criterion value is not relevant when such
materials are substituted for the specification leather (Notes 2
and 3). To date, compliance criterion values for polish inter-
faces with other shoe materials have not been determined with
respect to establishing minimum requirements for nonhazard-
ous walkways. If a standard rubber shoe material is required,
the test rubber should be in accordance with Test Method
D1630:

Note 3—The static coefficient of friction measured with elastomeric
composibions are frequently as much as 0.3 to 0.5 higher than leather.

5.3 Substrate—For interlaboratory and specification testing,
OVCT¢, wood panels’, or standard ceramic tiles® shall be used.
5.3.1: If substrates other than the above standards are to be
used, they should be of uniform porosity and free of surface

4 Assembled, motorized machines are available from Michelman, Inc., 9080
Shell Road, Cincinnati, OH 45236-1229. Aysembled, non-motorized machines ars
available from Quadra, Inc., 1833 Oakdale Ave., Racine, WI 53405. Engineering/
ings are available from Co Specialty Products Association,
900 17th Street NW, Washington, DC 20006.

5 Precut specification leather material ls available from Consumer Specialty
Products Assoclation , 900 17th Street NW, Washiogton DC 20006.

¢ QVCT, Official Viny] Composition Tile, s available from Consumer Specialty
Products Association, 900 17th Street NW, Washington, DC 20006,

hiniet di

irregularities which would interlock the shoe material with the
surface or otherwise impede smooth sliding of the shoe over
the film surface.

6. Test Surface

6.1 For interlaboratory and specification testing of floor
polishes, films on OVCT, wood panels, or ceramic tiles shall be
prepared in accordance with Practice D4103 or Test Method
C1028, respectively.

7. Test Shoe Material

7.1 The size of the shoe material used by the apparatus is 3
by 3 in. square by 0.25 in. thick (76.2 by 76.2 by 6.4 mm).

7.2 For interlaboratory and specification testing, the shoe
material shall be leather manufactured in accordance with
Federal Specification KK-L-165C. Cut the 3 by 3-in. (76.2 by
76.2 mm) specimen from the center portion of the hide by any
suitable method. Mark the direction of the grain fibers for later
reference. The alignment of the sides of the test specimen shall
be along the length and width of the hide. Do not compress the
leather during cutting. Dress the edges square.’

7.3 Before use, the specification leather should be equili-
brated at 50 %(*x5 %) relative humidity for one week. Be-
tween uses, the leather shoe material should be stored under
these same constant humidity conditions.

7.4 Other shoe materials may be used for individual and
specific testing purposes. If rubber is used, a standard rubber
compound conforming to Test Method D1630, Section 7.1, is
recommended, It is further recommended that the thickness of
the shoe material not be greater than 0.25 in. (6 4 mm) or less
than 0.20 in. (5.1 mm).

7.5 Gently sand the inside (flesh) surface of the leather to
produce a uniform thickness. The final sanding in' this process
should be done by using 400 grit waterproof silicon carbide
paper” affixed to a flat surface to produce a uniform surface for
mating with the shoe holder. The inside (flesh) and outside
(grain) faces of the leather should be parallel to within 0.01 in.
(0.25 mm). The inside surface should be free of loose shreds of
leather, grit, and dust.

7.6 Cement the flesh side of the leather to the metal shoe
(3-in. square flat steel plate) using any suitable adhesive or
double-sided tape. Orient the leather on the shoe so that the
original grain of the leather is parallel to the direction of shoe
travel.

7.7 To prepare the face of the leather-shoe for interlabora-
tory and specification testing, sand the grain face of the leather
with 400 grit paper using four passes, two parallel to the
direction of shoe travel followed by two perpendicular to the

? Wood panels may be constructed from assembled Rock Maple shorts (Second
Grade, or belter), aveilable from Robbins, Inc., 4777 Eastern Ave., Ciocinnat, OH
45226, or from local distributors for Bruce Hardwood Floors, or Harris-Tarkett
Floors, Altematively, panels roay be cut from 3/4 in. (19,1 mm) furniture grade
maple veneer plywood, available from local lumberyards or millworks.

® Available from the Tile Council of America, PO. Box 1787, Clemson, SC
29633, The tiles should be prepared for coating in accordance with the procedore in
Test Method C1028,

?3M-413Q, available from 3M Co, St. Paul, MN; C414W, available from
Carborundum Abrasives Co,, Niagara Falls, NY; T421, available from Nerton Co.,
Stephenville, TX.

Copyrght ASTM Intarmalions| s
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Nore—The schematic is of a hand driven model. Motorized models do nol have a table transport hand wheel (o). For clarity, this depiction of the James
Machine does not show guards in place; pinch points should be guarded in accordance with recognized safety engineering standards.

L==1 —

a—Weights —Speciman

b—Cushion j—Shos

c—Chart k—Test Table

¢—Chart Board I—Retalning Bar
e—Spring Clip m—Back Plate
f—Recording Pencil n—_8all Bearing Rollers
g—5et Screw o—Table Transpon wheel
h—Strut p—Shoe holder

FIG. 1 James Machine

direction of shoe travel. Remove all dust from the leather Note 4—Discontinue use of the leather material when sanding has
surface using a brush, vacuum, blower, or woodworking “tack”  reduced the thickness by 0.05 in. (1.3 mm).
cloth. Test the surface to be certain it is free of dust by wiping
with green felt cloth and observing the cloth for dust.
7.8 Lightly sand the grain face of the leather shoe with the
400-grit paper before each reading, as described in 7.7,

Copyright ASTM Intamationsl H
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8. Procedure (See Fig. 1)

8.1 Thoroughly check the James Machine is level in all
directions, and correct any mechanical malfunctions to ensure
reliable results (see Practice D6205).

8.2 Attach the chart'® to the chart board.

8.3 Raise the weights until the strut is perpendicular to the
table and attach the prepared test shoe in the shoe holder.

8.4 Before starting the actval test, make a test run in four
mutually perpendicular directions using & panel of known
coefficient of fiiction. Follow the procedure in 8.8. The test
results shall differ by no more than 5% from the known
coefficient of friction. A greater deviation indicates the neces-
sity to check the alignment of the. machine (Practice D6205).
Repeat this process until specified results are obtained.

Note 5—Finishes of known coefficient of friction are those which have
undergone repeated evaluation by this test method, including round robin
tests, and which have amassed considerable exposure to pedestrian waffic.
Most commerical finishes meet these requirements, Samples and corre-
sponding coefficient of friction values are available from many formulat-
ing manufacturers, polymer manufacturers, and other floor finish raw
material suppliers.

8.5 Use three tiles or panels for each test, obtaining four
readings on each panel. Rotate the panels 90° between each of
the four rgadings so that a fresh surface is tested each time and
directional effects, if any, are cancelled. If there is insufficient
floor finish to coat three panels, tests on one or two panels may
be run, though with the expectation of reduced precision.

8.6 Pldce the panel on the test table in firm contact with the
retaining bar. Lightly dust the test panel to remove any
extrancous matter.

8.7 Carefully place the leather-shoe into the strut yoke and
gently lower the entire assembly into contact with the test
panel. Disengage the small hand wheel.

8.8 Release the recording pen, making sure it is on the zero
line of the chart.

8.9 Move the test table forward at a uniform rate of 60
in./min (1524 mm/min), = 3 in/min (£76 mm/min), until the
shoe slips and the vertical column drops.The table movement
should be started within 5 s after the contact in 8.7 has been
made.

8.10 After each determination, lift the strut and return the
test table to the start position. Rotate the test panel 90°, sand
the leather shoe material in accordance with 7.8, vertically
offset the recording pen, and repeat steps 8.6 through 8.9.

8.11 Record as the static coefficient of friction the point at
which the horizontal curve made on the chart by the recording
pen changes to a vertical line. If this point is not sharply
defined at the top of the vertical line, it may be necessary to
draw a standard curve with the shoe braced to prevent slippage.
Overlay the standard curve on the test curve, and record the
point at which the test curve first deviates from the standard
curve. Estimate the readings to the nearest 0.01

19 Syitable charts are avallable from the Consumer Specialty Prouects Associa-
tion, 900 17th Street NW, Washington DC 20006, Only use originals of these charts,
not copies. Bven the best copying machines will not duplicate exactly, and small
deviations in the distance between coefficient of friction lines on the chart could lead
to inaccurate results.
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Note 6—1If panels thicker than 0.5 in. (12.7 mm) erc to be tested (for
example, concrete or terrazzo slabs), a shim may be required undemneath
the gear box frame. The shim shall be cut to the contours of the frarne end
horizontal support and may be of any thickness necesary to accommodate
the panel. When in position it shall maintain the strut and weights
perpendicular to the test tahle and shall not impede the free fall of the
weighted vertical gear through the gear box. Holes should be cut in the
shim to accomodate bolts so that the unit may be bolted down before
operation.

9. Report

9.1 The completed CSPA chart shall constitute the report of
testing. It shall include the following:

9.1.1 The static coefficient of friction as the arithmetic
average of all twelve readings obtained on the three panels. For
interlaboratory testing or external reporting, round off the
average to one significant digit using the rounding-off method
of Practice B29. For intralaboratory data analysis, two signifi-
cant digits may be retained.

9.1.2 The calculated standard deviation from the mean of
the readings, or the range (lowest and highest) readings in the
test.

9.1.3 The name or other identifier of the polish, and the date
tested.

9.1.4 If other than the standard leather, identity and speci-
fications for the test foot material used,

9.1.5 The temperature and humidity under which the tests
were conducted.

9.1.6 If other than two coats of polish were applicd, report
the number of coats and the application procedure used (see
Test Methad D1436 and Practice D4103).

9.1.7 The polish substrate, if other than the standard OVCT
tile, wood, or ceramic tile:

9.1.8 Name of the operator,

10. Precision 1

10.1 The following criteria should be used for judging the
acceptability of results (95 % confidence):

10.1.1 Repeatability—Duplicate determinations of the
mean static coefficient of friction of a polish film, by the same
operator and on the same James machine, should be considered
suspect if they differ by more than 0.02.

10.1.2 Reproducibility—The mean static coefficient of fric-
tion of films from a liquid polish determined by two laborato-
ries should be considered suspect if they differ by more than
0.07.

11. Bias

11.1 The procedure in Test Method D2047 for measuring
the static coefficient of friction of polish-coated surfaces by the
James Machine has no bias because the value of the static
coefficient of friction of polish-coated surfaces is defined only
in terms of this test method.

12. Keywords

12.1 coefficient of friction; finishes; flooring; footwear;
heel; James Machine; polishes; sole

'! Supporting data have been filed at ASTM International Headguarters and may
be obtained by requesting Research Report RR:D21-1000,
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FILED

13 MAY 28 PM 3:44

The Honorable Ken@HESeRLHEY

SUPERIOR COURT CLER

E-FILED

CASE NUMBER: 12-2-07790-1

N THE SUPERIOR COURT OF THE STATE OF WASHINGTON
FOR KING COUNTY

)
TWYLA KILL, and TERRY KILL, individually)

and the marital community comprised thereof, )

} SECOND DECLARATION OF JAMES E.
Plaintiffs, )} FLYNN, P.E., IN SUPPORT OF THE CITY
) OF SEATTLE’S MOTION FOR
Vs, ) SUMMARY JUDGMENT
)
CITY OF SEATTLE, a Washington municipal)
corporation, ) No. 12-2-07790-8SEA
)
Defendant. )
)
)
)
)
)
1, James E. Flynn, P.E. do declare as follows:
1; [ am an engineer with J2 Engineering. I am the author or contri buting author to a

number of scientific studics analyzing slip and falls and the use of tribometers. [ama
Collaborative Rescarcher at the Musculoskeletal Biomechanics Research Laboratory (MBRL) at
the University of Southern California. I am a registered mechanical engineer and safety engincer
in California, and a registered mechanical engineer in Nevada.

2. The representations [ make in this declaration are based on scientific rescarch, my

years of training and experience in mechanical and safety engineering and my familiarity with

SECOND DECLARATION OF JAMES FLYNN, P.E., IN SUPPORT (jF é"j{ﬁ'}éﬁfz\uﬁo&?m“ﬂs

THE CITY OF SEATTLE’S MOTION FOR SUMMARY JUDGMENT - 1 400 fourth Avene 4t Foor

I.O. Box 54769
Seattle, WA 98124-4769
(206) 684-8200
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academic and peer-reviewed scientific works regarding slips. I make these representations as a
response to the Secﬁnd Declaration of Joellen Gill and to supplement my prior declaration in this
matter, Based on the materials I have reviewed to date, plaintiff’s expert’s tribometer has never
been calibrated as required by ASTM F2508. Although Ms. Gill recognizes that ASTM F2508
sets the required method for validation and calibration, she offers an interpretation of the
standard that does not match its plain language. Ms. Gill suggests that only validation is.
required, not both validation and calibration. Had her machine beeII} calibrated, she would have
a report demonstrating as much pursuant to ASTM F2508 section 14. Every time Ms. Gill
replaces the test foot on her machine and at least once every year, her tribometer must undergo
the required calibration testing.

3. Although it appears from the Excel Tribometers website that the class of English
X1, tribometers was validated by the manufacturer, ASTM 2508 makes clear that both validation
of the class of tribometers and calibration of the individual tribometer used by a tester is
required, Without the calibration required by ASTM 2508, the results of a tribometer test are of
no usc whatsoever.

4, A brief review of the text of ASTM 2508, an exhibit to my prior declaration,
demonstrates that calibration is required, in addition to validation:

1.1 This practice is intended to establish the parameters for validation and

calibration of walkway tribometers.

1.2 This practice provides a walkway tribomecter supplier with a procedure and a

suite of reference surfaces to validate his walkway tribometer by properly ranking

and differentiating the surfaces.

1.3 This practice provides the user of a walkway tribometer with a procedure and
a suite of reference surfaces to test calibration of his instrument.”

k& k&

3.1.1 calibration, n—the sel of operations that establishes, under specified
conditions, the rclationship between the values obtaincd by a walkway tribometer
and the corresponding supplier reference values.

SECOND DECLARATION OF JAMES FLYNN, P.E., IN SUPPORT OF  PETER S, HOLMES
THE CITY OF SEATTLE'S MOTION FOR SUMMARY JUDGMENT -2 goorem avene 4th Foor
; 1”.0. Box 94769
Sealtle, WA 98124-4769
(206) 684-8200
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3.2.3 validation, n—the set of operations that establishes, under specified
conditions, the proper ranking and differentiation of reference surfaces by a
walkway tribometer.

i ok ok ok ook

4.1 'This practice establishes a procedure to: (1) validate walkway tribometer
models against a human gait-based reference system, and (2) calibrate each
individual walkway tribometers of a validated model against published supplicrs’
reference values (as defined in 9.1, Eq 4)”

dge o A ok vk

4.4 Validation consists of a series of 40 tests on cach reference swrface from this
practice. A walkway tribometer model is considered valid if it ranks the four
reference surfaces from this practice in the proper order with statistically
significant differentiation between results obtained for each surface. Validation is
intended to be accomplished for each walkway tribometer model when it is
initially introduced and is to be accomplished by or on behalf of the supplicr and
made available to the user,

4.5 Calibration for a specific walkway tribometer requires a series of 16 tests on
cach of the reference surfaces from this practice. A specific walkway tribometer
is considered within calibration if the bias of the mcan test values for each surface
falls within the 95% confidence interval for the walkway tribometer model as
established by the validation tests (as dcfined in 9.1 Eq 4).

¥ % ok %k ¥

12. Walkway Tribometer Calibration Testing

12.1 Using the walkway tribometer being calibrated and the test foot prepared in
6.2.3, use suppliers’ instructions or any other formal procedure to perform 16 tests
on cach reference surface (defined in Section 7) in the test area that has been
prepared by 8.2. Of the 16 tests, perform 4 in each of four orthogonal directions,
that is, at 0, 90, 180, 270° relative to an arbitrarily defined direction on the
reference surface. Record the results for all tests specified in Section 10.

13. Analysis of Results and Walkway Tribometer Calibration

13.1 Compute the mean for cach reference surface using Eq 1 (See 9.1).

13.2 To be considered a calibrated walkway tribometer, the mean for each
reference surface shall lie within the supplier’s reported 95" percentile confidence
interval. '

13.3 Failure to meet this calibration criteria shall be considered an unsatisfactory
result, The walkway tribometer should be recalibrated or adjusted, or both, in
accordance with the supplier’s instructions and the walkway tribometer
calibration repeated. If the result is still not satisfactory, the walkway tribometer
fails calibration.

S The validation report from Excel Tribometer’s website that is cited as an

altachment to the declaration ol Ms. Gill also indicates that calibration is required:

SECOND DECLARATION OF JAMES FLYNN, P.E., IN SUPPORT OF PETER S. HOLMES

Seattle City Attorney

THE CITY OF SEATTLE’S MOTION FOR SUMMARY JUDGMENT -3 g0t Avenue ith Floor

P.0. Box 94769
Scattle, WA 98124-4769
(206) 684-8200
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An F2508 Calibration procedure shall be performed following initial manufacture and
before delivery to the initial end user of each XL VIT base-model who so requests.
Verification of the F2508 Validation of the XL VIT base-model shall otherwise be
accomplished through an F2508 Calibration procedure following introduction of a new
test foot; after any repair of the walkway tribometer that could affect the performance of
the tribometer; and at intervals not to exceed one year.

The F2508 Calibration procedure consists of a series of 16 tests on each of the reference
surfaces, four (4) tests in each of four (4) orthogonal directions, that is, at 0, 90, 180, and
270 degrees relative to an arbilrarily defined direction on the reference surface, all in
accordance with specifications and procedures defined herein and defined in the ASTM
k2508-11 Standard Practice for Validation and Calibration of Wallkkway Tribometers
Using Reference Surfaces.

The XL VIT base-model is considered within calibration if the bias of the mean test
values for cach surface falls within the 95th percentile confidence interval herein defined
for the XL VIT base-model, as established by the validation tests, and as established by
Excel Tribometers LLC. Failure to meet this calibration criterion shall be considered an
unsatisfactory result, and shall require the XL VIT base-model be recalibrated or
adjusted, or both, by Excel tribometers LLC, and the F2508 Calibration procedure
repeated.

An ¥2508 Calibration Report shall be prepared and include sufficient information
about the XL VIT base-model, test foot, test foot preparation, reference surfaces,
test procedure, and analysis method to allow the calibration testing to be
reproduced. The F2508 Calibration Report shall include at the minimum: 1.) Operator,
test address, company, and contact information; 2.) Source of reference surfaces and date

“acquired; 3.) Calibration test date; 4.) Calibration temperature and humidity; 5.) Walkway

tribometer supplier, model type, and serial number; 6.) Test foot number, material, age,
preparation procedure, and dimensions; 7.) The Excel Tribometers LLC version of the
XL VIT User Guide, test foot preparation, and test procedure used; 8.) Test Results:
Mean of each reference surface; 9.) Comparison of mean to Excel Tribometers LLC
reported 95" percentile confidence interval; 10.) Statement addressing compliance or
noncompliance with criterion; 11.) Comments on any aspect of the calibration process
that the operator judged to be noteworthy or that may have affected the test results; and
12.) Statement that the calibration has been performed in accordance with ASTM F2508-
11 Standard Practice for Validation and Calibration of Walkway Tribometers Using
Reference Surfaces.
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The calibration results shall apply only to the unique XL VIT base-modcl/XL VIT and

F2508 treaded-modcl test foot combination tested.”
Second Declaration of Joellen Gill, Exhibit C, p. 3. (Report of ASTM F2508 Validation of the
English X[, VIT Base-Model Variable Incidence/Articulated Strut Tribometer (undated, testing
performed August 201 1)(emphasis added)).

6. The tribometer tested for the validation report cited by Ms. Gill came up with the

following average measurements for the four reference tiles:

RS-A RS-B RS-C RS-D
Granite | Porcelain | Vinyl | Ceramic
Mean 0.125 0.259 0.359 0.858
Standard Deviation 0.006 0.013 0.025 0.014
Standard Error : 0.001 0.002 0.004 0.002
95th Gonfidence Lower 0.123 0.255 0.351 0.854
95th Confidence Higher 0.126 0.263 0.367 0.863
Rank (1 = least slip resistant) 1 2 3 4
7. By comparison, the validation test of another base model tribometer using a

different method to prepare the test foot came up with the following results:

RS-A RS-B RS-C RS-D
Granite | Porcelain | Vinyl | Ceramic

Mean 0.083 0.112 0.168 0.557
*Standard Deviation 0.007 0.009 0.013 0.028
Standard Error 0.001 0.001 0.002 . 0.004
95th Confidence Lower 0.081 0.109 0.164 0.549
95th Confidence Higher 0.085 0.115 0.172 0.566
Rank (1 = least slip resistant) 1 2 3 4

Report of ASTM F2508 Validation of the English XL VIT Base-Model Variable
Incidence/Articulated Strut Tribometer with Standard XL VIT Non-Threaded Test Foot and

Standardized Test Foot Preparation Device, June 19, 2012 (available at:
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http://www.exceltribometers.com/uploads/download/XL%20VIT%20Basc-

Model%20F2508%20S1d%20) 001%20Validation%20Report.pdf Last visited May 21, 2013).

8. To provide alm example of the significance of calibration relative to thc two
validation reports: On the third reference surface, vinyl composition tile, the difference between
.359 and .168 is significant. During human testing of wet vinyl tile, 7 of 20 subjects experienced
a toe slip on that surface, but nonc experienced a heel slip. A noted in the published report that is

exhibit [ to my initial declaration,

SR A R W B T e IR S o Bme b

The distinction between the mogt-slippery sucféce containing pri-
tharily Fieel ‘Ships aiid thie- riiodecately Slighery. surface’ containing
pimafily toe ips ws baisedd o the préotise: that toe slips &ié nol
“hazardoys for thie walker because of where they opcur in the gail
.cycle, Toe slips fake place in late stance & weighit is being: frans-
St ¥ Fy o 4 S,
femed off the slipping Tinib to the support limb: In confrast, heel
“{ipé oceut in eaily stance when wieight is béing iransferred- onto
the. slipping fimib which in¢rédses: thé risk of 4 fall ¢ompared to a
toe. slip’(14).

9. If Ms. Gill’s machine had been calibrated pursuant to ASTM F 2508, we would
have some basis for saying that the tested sulfaée is roughly equivalent to Vinyl Composition
tile, or much more slip resistant than such tile. But because the machine was not calibrated, we
cannot draw any conclusions regarding her test results.

10. - In her Second Declaration, Ms. Gill purports to be “very familiar” with ASTM
F2508. 4 3. She misunderstands or ignores parts of the standard. ASTM F2508 requircd that

her tribometer be calibrated per the standard. It never has been. Rather, it has only been

“calibrated” by testing it on a singlc tile specified by the manufacturer of her machine.
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11. I have spent a significant amount of time analyzing and studying tribometers.
Indeed, Ms. Gill relies on some of my prior publications in support of her arguments, However,
Ms. Gill does not appear to understand current 1'eseémh in the field. Research that [ and others
conducted between 2007 and 2010 led to the development of ASTM FF2508. That research
demonstrated that tribometers do not all operate on the same scale of Imcasuxement. Meaning
that one tribometer might measure a surface as having a coefficient of friction dramatically
different from that measured by a different tribometer, or even another tribometer of the same
model.

12.  Asindicated by the Excel validation tests cited above, how the test foot is
prepared can have a dramatic effect on results. 1 have discussed this issue with the current
owners of Excel Tribometers, and they have developed a new test-foot preparation device, “The
Sander,” in the hopes of developing more uniform results between X1, machines. “The Sander”
was not commercially available in 2011 and [ understand that it has not yet been brought to
market. [Towever, because of my ongoing work in this arca, I have been provided a test model
for evaluation. Givcn.that Ms. Gill did not use “The Sander” to prepare her test foot, I will not
delve further into the issue here.

13. I will note, however, an example of my past research that indicates why the
calibration of a devicc as required by ASTM F2508 is so critical, In addition to the 2007 and
2010 studies cited in my previous declaration, I also performed testing of the English XL
tribometer in 2008. In that test, 8 XL tribometers were tested under laboratory conditions by
thci:l‘ respective owners using the factory-proscribed test foot preparation method. Within two
weeks prior to testing, 6 of the 8 tribometers had been calibrated by the manufacturer. Even after
[urther onsite-calibration of the machines, the measurements obtained by the different
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tribometers was off by orders of magnitude when measuring the four different test tiles that are
now part of ASTM F2508.]

14. 1 shared the results of the 2008 testing 1 describe above with the ASTM F13
commiittee. ‘The ASTM F2508 standard was developed based on my and other’s research during
a time period that included my chairmanship of the F13 committee responsible for the standard.
‘The four re‘f'crcncn& tiles in the studies I cited in my declaration are the same four tiles used in
ASTM F2508.

15.  Had Ms. Gill calibrated her machine, it would allow us to compare her
measurements to those obtained by the manufacturer during the validation test. It is through
validation and calibration that the results of a particular test can be related back to human testing
and analyses. Only through that process can we relate the coefficient of friction measured by a
machine to a meaningful human measurement of slipperiness.

16.  Insum, Ms. Gill’s continued confusion of the difference between validation and
calibration mean that her test results are useless. Ms. Gill is not up-to-date on current science,
which shows that there can be no single “safe” coefficient of friction because different
tribometers operate on difterent scales of measurement, and cannot be said to be operating with
any degree of reasonable accuracy without validation and calibration.

[ declare under penalty of perjury under the laws of the state of Washington that the
forcgoing is true and correct.

DATED this 23  day of May, 2013, at Facs~e | Fresno County, California.

7 %
es Flynn%
v

"'I'he test protocols and results are attached as'cxhibits 1 and 2 to this declaration.
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VIT Precision Study ' March 29, 2008

10,

The study was conducted at the Musculoskeletal Biomechanics Laboratory of the University
of Southern California.

The test design was reviewed and approved by William English who is the manufacturer of
the VIT.

Eight operators with eight different tribometers were sclected for participation.

Seven of the eight operators had participated in the CXLT program which provided
instruction in the use of the VIT. The CXLT course was taught by William English.

Six of the eight operators sent their tribometers to the manufacturer within two weeks prior
to the precision study.

All tribometers were calibrated prior to testing. Calibration was conducted using a
calibration test tile provided by Mr. English, Test tile readings were widely variable.
Obtaining acceptable calibration required test foot replacement on five of the eight
tribometers. The new test feet had been provided prior to the test date by Mr. English.

Sanding and test protocols were provided by Mr. English. All protocols were followed
without deviation.

Four different test tiles were utilized:

Polished Granite

Poreelain

Vinyl Composition Tile (VCT)
Ceramic Tile.

oo

Each tile was tested in four orthogonal directions. All tribometers tested the same spot on
each tile.

The tiles were wetted prior to testing. The porcelain, VCT and ceramic tiles were' wetted
with distilled water. The polished granite was wetted with a solution of water and Triton X-

100 surfactant (200uL/500mL) to avoid beading and improve wetting.
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Goy abed

VIT Testing: USC 03-29-08

Reference Tile Granite Average |Porcelain Average Vinyl Average | Ceramic Average
Page Edkridge 0.15 0.12 0.120 0.14 0.128 0.14 0.165 0.40 0.463
Calib. Date: 03-17-08 0.12 0.14 0.14 0.48
0.12 0.11 0.18 0.37
0.12 012 ~ 0.20 0.59
Reference Tile Granite Average | Porcelain Average Vinyl Average | Ceramic Average
Dean Ahlberg 0.14 0.05 0.050 0.08 0.075 0.08 0.113 0.26 0.238
Calib. Date: 03-18-08 0.06 0.09 0.14 0.24
0.05 0.06 0.11 0.22
0.04 0.07 0.12 0.23
Reference Tile | Granite Average | Porcelain Average | Vinyl  Average | Ceramic__Average
Mike Stapleford N/A 0.10 0.100 0.16 0.148 0.14 0.163 0.55 0.543
Calib. Date: 03-22-08 0.10 0.15 0.16 0.54
0.10 0.14 0.20 0.46
0.10 0.14 0.15 0.62
Reference Tile Granite Average |Porcelain Average | Vinyl  Average | Ceramic fwuam&1
David Dainty 0.15 0.06 0.060 0.07 0.070 0.08 0.150 0.26 0.305
Calib. Date: 03-21-08 0.06 0.07 0.10 0.30
0.06 0.08 0.22 0.27
0.06 0.06 0.19 0.39
Reference Tile Granite Average | Porcelain Average Vinyl Average | Ceramic Average
Bill Newman 0.16 0.14 0.148 0.20 0.190 0.22 0.258 0.35 0.378
Calib. Date: 03-17-08 0.15 0.18 0.22 0.35
0.15 0.20 0.28 0.30
0.15 0.18 0.31 0.51
Reference Tile | Granite Average |Porcelain Average | Vinyl  Average | Ceramic _Average |
Al Ferrari 0.14 0.17 0.165 0.14 0.158 0.19 0.185 0.33 0.368
Calib. Date: 03-25-08 0.17 0.12 0.19 0.36
0.16 0.18 0.16 0.27
0.16 0.12 | 020 0.51
Reference Tile | Granite Average |Porcelain Average | Vinyl  Average | Ceramic Average
Martin Balaban 0.1 0.06 0.063 0.10 0.098 0.14 0.130 0.33 0.320
Calib. Date: 05-14-07 0.07 0.1 0.11 0.35
0.07 0.10 0.13 0.30
_ 0.05 0.08 0.14 0.30
- Reference Tile | Granite Average | Porcelain Average | Vinyl  Average | Ceramic _Average |
Richard Warner 0.14 0.12 0.118 0.13 0.128 0.11 0.130 0.29 0.325
not.calibrated 0.12 0.14 0.16 0.28
0.12 0.11 0.12 0.25
0.11 0.13 0.13 0.48




