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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. Gill's offered testimony is the 

key issue on appeal. 

Ms. Gill tested the utility nm cover in question twice usmg 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 95th 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 95th 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 contr~lling 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--Dr fail to work-Ms. Gill points to no contrary studies. 

Instead, she relies on standards that do not apply to her tribometer and on 

materials 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. 

2 



II. ISSUES PERTAINING TO ASSIGNMENTS OF ERROR 

1. 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? 

2. 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? 

3. 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? 

4. 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? 

5. 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? 

3 



III. STATEMENT OF THE CASE 

Ms. Kill alleges she slipped and fell while walking on a wet utility 

cover on November 13,2009 in downtown Seattle. l (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. 2) It is unknown when the cover 

was installed, other that it was in 1989 or before.3 The utility cover 

included two inch flat metal rim.4 Ms. Kill contends that she slipped on 

that rim.5 

City records indicate no prior slips on the handhole.6 The flat 

metal rim around the handhole, although installed over 25 years ago, 

meets present industry standards.7 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. 8 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 

1 CP 19. (Declaration of Twyla Kin 11 2 and 3.). 
2 CP 1200 - 1201 (Order Denying Plaintiff's Motionfor 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.) 
4 CP 571-572 (Fourth Declaration of Joel/en Gill Ex. 1,4-5.). 
5 CP 28 (Myers Dec!. in Supp. Of Pis. 'Mot. For Partial Summ. J, 1118/2013, Ex. 1 (Dep. 
of Twyla Kill), 34:2-3.) 
6 CP 301. (Declaration of Steven Read at 118). 
7 CP 164. (Declaration of Jeff Baker at 11 5-7). 
8 CP 298 (Declaration of Steven Read at 1 8). 
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Specifications For Road, Bridge, And Municipal Construction, new 

handholes are to be "non-skid.,,9 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. 10 

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.l1 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. 12 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.1" is that "[a] static coefficient of 

9 Seattle 2011 Construction Specifications 1-07. 1(3), 9-34.6, pp. 1-47; 9-138. Available at 
http: //www . seattle. gov /utiU groups/pub lic/@spul@engineeringidocuments/webcontentiO 1 
_011339.pdf(last visited Feb. 11,2014). 
10 Id. 

II 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) 
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friction of .5 is required for safe ambulation.,,13 Mr. English's publication 

was not peer-reviewed and is self-published. 14 

Ms. Gill measured the rim on February 24, 2011 and June 12, 

2013, measuring a .35 COF and .21 COF, respectively. IS 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. 16 Ms. Gill is a voting 

member of that ASTM committee. 17 Had the standard not been approved 

by a 90% vote of at least 60% of the committee, it would not have been 

adopted. 18 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. 19 

12 See id. 
13 CP 393-99 (Declaration of Joseph G. Groshong Ex. 2.) 
14 1d. at vii-ix. See also CP 411 (Declaration of James Flynn at '12). 
15 CP 53 (First Gill Decl., ,7); CP 564 (Fourth Gill Decl. '8). 
16 CP 410 (Declaration of James Flynn, P.£', '8.) CP 410. 
17 CP 264. (Second Declaration of Joellen Gill, '11.) 
18 CP 1143-1189. (Declaration of Joseph Groshong, Exhibit 2 (Bylaws of ASTM»: 
"12.2 Main Committee Ballot Voting Requirements: 
"12.2.1 An affmnative vote of at least 90% of the combined affmnative and negative 
votes cast by voting members is required with not less than 60% of the voting members 
returning ballots." 
19 CP 408-10; 413-29 (Declaration of James Flynn, P.£', ,,5-8, Ex. 1,2,3). 
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Until 2007, no published studies relied on human test subjects to 

come with a relative scale of slipperiness. 20 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. 21 The 2007 test used 

human test subjects to analyze 6 different surfaces.22 Fourteen subjects 

walked across each surface.23 They wore rubber soled shoes and goggles 

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

The results ofthe testing are summarized here?4 

T ABLB3-NIImbe.r of slip events 011 lhe .six suifoces. 

Surfaces 

DlyHPL 
Dry DelriDf#: 
WetlJPI,. 
Dry TeOoncll; 
Wet DelriDtP 
Wet TIIfIon® 
'l"otaI 

No Slips 

14 
14 
14 
6 
2 
o 

SO 

BPI., high-pressure lamilWe.. 

20 Jd. at Ex. 2. 
21 Jd. 
22 Jd. 
23 Jd. 
24 Jd. 

Toe Slips 

o 
o 
o 
8 
2 
1 

11 

Heel Slips 

7 

o 
o 
o 
o 

10 
13 
23 

Group 

Not sliPI»?' 

Slippery 
Very .Blippery 

N=84 



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 

25 on. 

In subsequent testing in 2010, the tested surfaces include polished 

granite, porcelain, vinyl composition tile and ceramic.26 Test subjects 

were fitted with harnesses and made to walk across those surfaces when 

wet.27 Test subjects wore shoes with smooth rubber soles, and did not 

know when they would step on a wet surface. 28 The reSUlting slips are 

summarized here: 

r ABtE ·3-.,9lip reslllls: walking ·triaf.l'. 

Su.rfaccs 

.~Iack .~ranite 
:PoTceiain 
veT 
Ceramic' 

N~ ·Slips 

1. 
~ 

13 
20 

-:roc ~.lips 

6 
I J 
7 
'0 

vcr~ Vinyl composition tile. 

Hcei Slips Ran]{~~ 

13 Most .slippery 
4 Mode~.,e.lY .~~p..p·ety 
'0 . ~$.'S .slippery 
O. Lea.~t sJiPpcry 

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

Slip.29 Conversely, no one slipped on the ceramic surface.3o Seven of 

25 I d. 

26 CP 413-18 (Declaration of James Flynn, Ex. 1.). 
27 I d. 
28Id. 
29 I d. 
30 I d. 
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twenty subjects experienced toe slips on the vinyl composition tile, but toe 

slips are notably less hazardous than heel slips.3! 

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.32 Those tribometers came up with average readings of between 

.113 and .258 for Vinyl Tile and .238 and .543 for the Ceramic surface.33 

The average result for the Ceramic Surface was .3675?4 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 .21.35 On the porcelain tile, which 75% 

of the test subjects slipped on, the measurements ranged from .16 to .62.36 

On the ceramic surface, the various devices measured between .20 and 

.95, with the English XL measuring a .49.37 Validation testing in 2012 of 

two different types of English XL tribometers also produced inconsistent 

results for the same surfaces.38 One tribometer measured vinyl tile at .168, 

31 CP 459 (Second Declaration of James Flynn, ~ 8). 
32 CP 460-465 (Second Declaration of James Flynn ~13 , Ex. 1,2). 
33 CP 465 (Second Declaration of James Flynn, Ex.2). 
34 Id. (eight results averaged by counsel). 
35 CP 459 (Second Declaration of James Flynn, Ex. l.) 
36 Jd. 
37 Jd. 

38 CP 456-459 (Second Declaration of James Flynn at ~~ 6-7). 
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the other at .359.39 The measurements on the other tiles did not match 

. h 40 elt er. 

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.41 Validation may only be done by tribometer suppliers 

or an independent testing facility .42 

The validation test set forth In the ASTM uses four reference 

surfaces: polished black granite, porcelain, vinyl composition tile and 

ceramic.43 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 th percentile confidence interva1.45 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 Id. 
40 Id. 

41 CP 432. ASTM F2508 - II §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."). 
42 CP 434. ASTM F2508 - 11 § ILL 
43 CP 432. ASTM F2508 - II §7. 
44 CP 433-34. 
45 CP 433 . 
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independent testing facility's published validation report. 46 That testing 

involves taking 16 measurements on each reference tile.47 

A tribometer is not in calibration unless the average result for each 

reference surface is within the manufacturer's reported 95th percentile 

confidence interva1.48 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. so On reconsideration, for the first 

time, the Kills attacked the validity of ASTM F2508 as a standard that Ms. 

Gill was required to meet. S1 In previous briefing, the Kills had argued that 

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

46 CP 434. 
47 1d. 

48 Jd. ASTM F2508 13.2 ("To be considered a calibrated walkway tribometer, the mean 
for each reference surface' shaU lie within the supplier's reported 95th percentile
confidence intervaL). 
49 Jd. ASTM F2508 13.3 ("Failure to meet this calibration criterion shall beconsidered an 
unsatisfactory result. The walkway tribometer shU be recalibrated or adjusted, or 
both .... ). 
50 CP 652-67 (Order Granting Defendant City of Seattle's Motion for Summary 
Judgment). 
51 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 

F2508.52 

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 first time in 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. Canso!. Res. Health Care Fund 

I, 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."). 
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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. Id. 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 a/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 
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discretion. Rivers v. Washington State Con! 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 also 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 

WPII40.1. 

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. 53 

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 

53 Kills' Appellate Brief at 3. 

16 



P.2d 1225, 1228 (1977). ("There is no duty to replace every highway 

structure not conforming to present-day standards.,,);54 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. 55 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.56 

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 57 

54 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 
prior to a 1973 accident. 18 Wash.App. at 560. 
55 See, e.g. CP 296-302 (Declaration of Steven Read, P.E.). 
56 CP 298 (Declaration of Steven Read, P.E.). 
57 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.58 

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 /utiV groups/pub 1ic/@spul@engineeringidocuments/webcontentiO I 

011339.pdf(last visited Feb. 11,2014). 
38 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 ofER 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 

underlying scientific theory and the "'techniques, experiments, or studies 

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 detennine a fact in issue, a witness qualified 

as an expert by knowledge, skill, experience, training, or education, may 

testify thereto in the fonn 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). Umeliable 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 detennine 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 detennine 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'n v. 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 .... ,,59 

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 set 

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 

59 CP 1210-11 (Order Denying Motionfor Reconsideration). 
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measurements are only useful in that they allow companson 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 
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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. 60 

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 F2508.61 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% requirement. 62 Richard Gill also opines that the 

machine complied with ASTM F2508.63 Their opinions are all flatly 

60 CP 202-03 (Second Declaration of Michael David Myers Ex. 1) (emphasis added). 
61 CP 1114 (Declaration of Peter Widas, Ex. 1). 
62 Id 

63 CP 934-936 (Declaration of Richard Gill). 
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contradicted by F2508 and the 95th 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 

95th 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 95th 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:64 

64 CP 636. (Fifth Declaration of Joelle~ Gill, Exhibit C p. 3 (Report of ASTM F2508 
Validation of the English XL VIT with Sequencer Variable Incidence/Articulated Strut 
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RS-A RS-B RS-C RS-O 
Granite Porcelain Vinyl Ceramic 

Mean 0.080 0.134 0.177 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:65 

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

Mean 0.066 0.116 0.165 
Standard Deviation 0.005 0.010 0.010 

Standard Error 0.001 0.002 0.002 
Validation Confidence Lower* 0.050 0.104 0.138 
Validation Confidence Upper'" 0.110 0.164 0.198 

Hank (1 = least slip resistant) 1 2 3 

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 95th Percentile confidence interval set by ASTM 

F2508.66 As noted above, under F2508 a tribometer is not calibrated if it 

fails to satisfy the 95th Percentile numbers. Whereas the 95th 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». 
65 CP 683-85 . (Declaration of Peter Widas, Exhibit A). 
66 See Kills' App. Brief at 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 95th percentile standard must be relaxed by a 

factor of roughly lOin 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 [95th 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. ,,67 

Mr. Widas has documented his position that "[f]udge 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 95th 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 

67 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 th 

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 0.576.68 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. 

68 CP 1114 (Declaration a/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.69 Even if her "validation" report is 

considered it does not help the Kills. The 95th percentile confidence 

interval from Ms. Gill's report are .062-.078; .09 to .11;.16 to .19; and .84 

to .87.70 Again, the relevant confidence intervals from the suppliers' 

validation report are .078-.082; .132-.137; .173-.180 and .605-.616.71 

Accordingly, none of Ms. Gill's measurements were within the 95th 

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 .641.72 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: 

69 CP 645 (Fifth Declaration of loellen Gill, Ex. B). 
7°Id. 
71 CP 630, 636 (Fifth Declaration of loellen 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 .16 to .19 .84 to .87 
95% interval 
Widas's .8 .1 .149 .641 
"Calibration" 
averages usmg 
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. 73 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 

73 Kill's Appellate Brief at 3 1. 
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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 say 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). 74 

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 

74 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. 

vii. 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 th 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 friction 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 suggest 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 

37 



claims-breach of duty-and the City respectfully requests that the Court 

affirm the trial court's grant of summary judgment. 

DATED this 13th day of February, 2014. 

By: 

PETER S. HOLMES 

JOSEPH G. GR 
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 13th day of February, 2014. 
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1 

2 

3 

4 

5 

6 

FILED 
13 MAY 10 PM 3:35 

The Honorable K~lt~91ml¥ert 
SUPERIOR COURT CLERK 

E-FILED 
CASE NUMBER: 12-2-07790-8 S A 

IN THE SUPERIOR COURT OF THE STATE OFW ASHlNGTON 
FOR KING COUNTY 

) 
7 TWYLA KILL, and TERRY KILL, inilividually) 

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

Plaintiffs, ) P.E., IN SUPPORT OF THE CITY OF 
9 ) SEATTLE'S MOTION FOR SUMMARY 

vs. ) JUDGMENT 
10 ) 

CITY OF SEA TILE, a Washington municipal) 
11 corporation, ) No. 12-2-07790-8SEA 

) 
12 Defendant. ) 

) 
13 ) 

) 
14 ) 

------~-----------------------) 
15 

I, James E. Flynn, P.E. do declare as follows: 
16 

1. I am an engineer with J2 Engineering. I am the author or contributing author to a 
17 

18 

19 

20 

21 

22 

23 

number of scientific studies analyzing slip and falls and the use of tribometcrs. I am 

Collaborative Researcher at the Musculoskeletal Biomechanics Research Laboratory (MBRL) at 

the University of Southern California. I am a registered mechanica) engineer and safety engineer 

in California, and a registered mechanical engineer in Nevada. 
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Seattle City Attorney 
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1 2. The representations I make in this declaration are based on scientific research, my 

2 years of training and experience in mechanical engineering and my familiarity with academic 

3 and peer-reviewed scientific works regarding slips. 

4 3. I have been retained hy the City of Seattle to provide expert witness service8 in 

5 the above captioned case. Tn particular, I bave been asked to opine whether the opinion of Ms. 

6 Joellen Gill that the handhole involved in this case is unreasonably dangerous for ordinary travel 

7 because Ms. Gill measured the rim ofthe handhole as having a 0.35 average coefficient of 

8 fi.'iction when wet using an English XL tribometer. A tribometer is a device that can be uscd to 

9 obtain a coefficient of friction measurement. 

10 4. It is my opinion that Ms. Gill's analysis is fatally 11awed because she relies on a 

11 purported standard that has not been accepted or adopted by the scientific community. Her 

12 hypothesis that any coefficient of friction measurement below 0.5 -indicates that a surface is 

13 unreasonably dangerous for ordinary travel is not supported by current science. 

14 5. Different types oftribometers and different models of the same tribometer will 

15 produce different coefficient of friction measurements, even when recently calibrated and tested 

16 under identical conditions. Research conducted at the Musculoskeletal Biomechanics Research 

17 Laboratory (MBRL) at the University of Southern California has shown that when several 

] 8 different types of tribometers are used to measure the coefficient of friction of identical surfaces, 

19 the results can be widely variable (Powers, et a1. 2007, Powers, et a1. 2010). This variability was 

20 also found when testing identical surfaces with several different tribometers ofthe same type. It 

21 was noted that with the variance in measurements obtained from different tribometers, it was not 

22 possible to relate the measurements to actual human ambulation nor was it possible to know 

23 which, if any, of the measurements should be used to predict the probability of a slip on a 
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1 metered walking surface. lftribometer A measures the coefficient of friction of a surface to be 

2 0.25 and tribometer B measures the same surface to be 0.50, additional data beyond a simple 

3 measurement is required to detennine ifthe surface is safe or slippery. In the absence of this 

4 additional data, the use of a single "threshold" val ue cannot be supported. The articles cited in 

5 this paragraph are attached as Exhibits 1 and 2 to this declaration. 

6 6. In 2007 and 2010 studies at the MBRL, the English XL failed to meet the 

7 requirements necessary to for tribometer validation. A research program was set up at the 

8 MBRL where 84 human subjects were walked across three different surfaces under wet and dry 

9 conditions. The human subjects were monitored with motion analysis equipment and the number 

10 of slips per surface was recorded. The surfaces were then ranked in order from most to least 

11 slippery. Nine different types oftribometers were then brought to the MBRL to test each oHhe 

12 surfaces. Each tribomcter had a separate qualified operator. For the measurements obtained by a 

13 given tribometer to be considered valid, it was necessary for the tribometer to statistically 

14 differentiate between the surfaces and to rank the surfaces in the same order as the human 

15 subjects. The study was repeated using 80 subjects, four different wetted tiled surtaces and 

16 eleven different types of tribometers. In the first study the English XL was not able to rank the 

17 surfaces in the correct order. In the second study the English XL failed both criteria. The results 

18 of both studies were published in the Journal of Forensic Sciences (Powers, et al. 2007, Powers, 

19 et al. 2010). 

20 7. The fmdings of the second Powers study were utilized in the creation of ASTM 

21 Standard Practice for Validation, Calibration and Certification of Walkway Tribometers Using 

22 Reference Surfaces. The F2508 Standard uses the four tiles from the second Powers study as an 

23 adjunct. The tiles and the F2508 Standard arc available for purchase from ASTM. The tiles are 
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used as reference surfaces along with protocols outlined in F2508 to validate a tribometer prior 

2 to its use in the field. Once a tribometer is shown to meet the criteria outlined in F2508, 

3 subsequent field measurements can be compared to measurements obtained from the reference 

4 tiles to determine the relative slip resistance of the field tested surface. Iftribometer A measures 

5 the non-slip reference tile at 0.25 and in later field testing measures a site to be 0.25, it is readily 

6 apparent that the Held tested site is a non-slip surface. Iftribometer B measures the non slip 

7 reterence tile at 0.50, a site measured in the field would need a reading of 0.50 from tribomctcr B 

8 to be classified as non-slip. There is no 'threshold" value. Having bcen shown to be valid per 

9 1'2508 protocols, each tribometcr can directly reference obtained readings back to published, 

10 peer reviewed human ambulation studies (Flynn, et a1. 2012) (Attached as Exhibit 3). 

11 8. Summarizing the above, a coefficient of friction measurement taken by a 

12 tribometer is meaningless absent comparison to other measurements taken by that tribometer in 

13 the manner required by ASTM 2508 (Attached as Exhibit 4). Because Ms. Gill has done no 

14 comparison between the 0.35 Coefficient of Fliction measurement as required by ASTM F2508, 

15 the 0.35 number is of no guidance whatsoever in analyzing how slippery the measured surface 

16 was at the time of testing. 

17 9. Ms. Gill's analysis is flawed in a number of other respects, some of which I detail 

1 S in the following paragraphs. 

19 10. At her deposition, Ms. Gil1 testified that a SOUTce for her use of the 0.5 "threshold" 

20 value was ASTM Standard D2047 "Test Method for Static Coefficient of Friction of Polish-

21 Coated Surfaces as Measured by the James Machine" (105/6-+ 11 and exhibit 10 to her 

22 deposition) (Parenthetical references to page and line numbers of Ms. Gill's deposition). It is 

23 apparent that Ms. Gill did not read D2047. (Attached as Exhibit 5) It was clear that until the time 
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1 of her deposition, Ms. Gill incorrectly believed that the James Machine operated as a "drag sled" 

2 (106/4-+ 11). Ms. Gill testified that she utilized the 0.5 criterion as set by 02047 when 

3 conducting her testing on the wetted surface upon which Ms. Kill reportedLy fell (2114-+ 16). 

4 The Scope of the 02047 explicitly states that the "test method is not intended for use on wet 

5 surfaces." Section 1.2 of the standard states that "the test method is the only method appropriate 

6 for testing polishes for specification compliance with the floor polish static coefficient of friction 

7 criterion." The standard is not intended for use in testing the metallic rim of a utility cover. 

8 11. Ms. Gill's use of the 0.5 threshold based upon D2047 is specifically addressed in 

9 the standard. Section 4.3 ofD2047 states: "The 0.5 static coefficient of friction compliance 

10 criterion of this test method is only appropriate for polish coated surfaces tested in accordance 

11 with this machine and test method. The use of this compliance criterion with other test methods, 

12 other test instruments, and other surfaces is improper, because they are not a part ofthe body of 

13 experiential data upon which the conformance criterion is based." 

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

15 English titled Pedestrian Slip Resistance whieh Ms. Gill states is a ''very comprehensive treatise 

16 on the whole science of slip resistance." Ms. GiJI cites the book as supp011 for her use of the 0.5 

17 "threshold" value (24/16-+24). The book should not be used as support for a " science based" 

18 opinion as the book is a non peer reviewed manuscript which was self published in 2003 by 

19 Mr. English. The information in this book was published prior to any of the research conducted 

20 at the MBRL by Dr. Powers. 

21 13. As support for her use of the 0.5 "threshold" value, Ms. Gill also cites ASTM 

22 F1679 "Standard Test Method for Using a Variable Incidence Tribometer" (1 05/6~ 15). This 

23 standard does not mention a 0.5 "threshold" value. 
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1 14. In summary, Ms. Gill has conducted slip testing, presented opinions and claimed 

2 expertise in an area in which she is not current. Her test results are of no use in determining how 

3 slippery the metallic utility cover is and her conclusion that the rim is umeasonably dangerous to 

4 pedestrian travelers is entirely unsupported by her analysis. 

5 I declare under penalty ofpeIjury under the Jaws oflhe slate of Washington that the 

6 foregoing is true and correct. 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

::2... -t" _ 
DATED this _ T __ day of May, 2013, at t ... ~.Jc , Fresno County, California. 
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mixed into ~e water (200-~Ll500-TT1L)to avoid . bending and 
improve wetting. 

PJ'ocedw't!s-AlJ testing (tl'i~n!eterllnd humMsubject) \vas 
peffumle(Jat the M usCulo.~keleral Biol"QecrulDiJ;8'Research LIIbma
tory:at the. UnNersity of'Souihern California. The ~perature:,lIrnl 
huD]jdity. in 'thelabOnitQJ)' during I'i!~dng' were 70"F and 34%, 
~pcqiivc:b·. To rank. ~~ :~llppcrli1~~ of the · ~iffenint liUrt'aceS.~b
jc<;~ ·were randomly MSiln~ ro. w;ilk aqrOss 9ite .pr.the f~r flOOr 
Sl1lfliCe.~ (2Q s~bject.~. per grollP). $eve~ $tudieJ! hllYl} $own ibot 
awaro~Qfi1 'Po~tiaI ~ipcondi!ionaruJ pp9J' I'llp ~)tJll;iiet\qe , 
can lead to alt~ratio~ lrigli.it (1S:-'20). TherefQre, to iirriit calt 
adju8tmen~thal l1l!lyhave 'liffected the slip trial outcome. slib~ 
OCIly wete ~po~a IQ one SlIrfpoe. Thcfuul'Sroups ~srrni1l\l' in 
lemlS Qf •• h~~~t.1IlI!! ~gbt'ITable 1). 

To coriirol Iorlhe infiqenc;e()f f'o9twear, subjci:ts w~ provided 
f WiIh Ii pair of Oxford-style ;l!hQCis in their size.:. ~ !l9kso!.the$e 

llhcieJ 'COnSiSted ora, ~~. ' &reoe butadiene 1\I.b.!lllr~[h'a 1S 
~ Sbore A hQrdne$S (Qu'abaugc.Qrp •• NP\1h BJ:QOldieId, MM. The 

'. SQle.<; re.p~ll=d, the most oommon Shoe bOttom tp;It"rl<!i \IS¢ 
g1~ba!1y ill ~ 'Y¢ur ~OOl {WilIiijm .Elt" Quaba~Corp .• perli. 
~mlT!,),.Bctore each ~st se8$iOil, the:: OW \VaS ~we~ for dust and 
bolh the floor paneJ 1ln4 spoc:; ~CiJeS ~re clellilOO with 70% isopro-
PYl alOOhol. . 

Dvrirlgall walking trials. 8Uqj~ wen;: requifcll1l9 wear Ii flilt
i" ~titilf bfUi)ess utl1lcltciL to Wi ovedj~ low-«i,¢tIl;lJl JrqIleyth.1It 
~Jd~ the l~gth oj Ibewalkwa:r.. SubjOC~W$t pt'ifQlTOed sev

e .• ~1wnJ;klilg lrillffl Oil a~. npri$)jp~'tkjoT'C'oliditioll. ThC$e 
: 'trials w~lll I,I~~ ~ adju,st t~ ,suroects·$f.III1ii!gpP$itiOil to- ensurca 
" CJe.w fu, sirikeon 1h~' tli!'g~,~ Toe, ~, .waIk1itg VClOCitY 
,,' ,f!>!" iill trials was 2.09 ± o.)~~ml~ 'as.. ~,~ll1.1I(1ed via:, phOtneleqrj~ 
',triggelll plai:&! ai:bothendiar lht! waLk.W,~y. . 

t~, redude awarene.'IS or which mill CQfItaJlled the ~s\liface. 
~. lUQj~ left the roOm for B $ln:iiliif period Of (i!D~ betw~ Cl!Ch 
r.tQai (c:. '2 min). Subp. alSQ woreB~lc.; with thel~ half 
,i 'bla~!!d QIlI ~d wc;:re, iro:tnic:r:ed 10 lOOK 'at I.i &pdt 6Jj·:tIIe far wall lIS 

U':.i:lI\jj)cS/mtlt5 
:i~~ (yean<) 
.•. :l:Ici&ht (em) 
i;~~j@t <kg) 
, .. ~gsp~cd 

Black 
Gr,mil~ 

N=W 

16/4 
ih (5.7) 

1'6'7;8 (11.0) 
'~3,5 (l:t7) 
2.05(0,16) 

PP,,"'cl~ 

N=2\) 

\5/5 
2(j,U (~.,~) 

165,0 (9,5) 
62:S 02.2) 
.2.'S (0.15) 

Yin~1 

CcioliJiC 
COmp~~i\lC)Q 

Tile 

JI .. 20 N:20 

1<1.16 I'VS 
2,5,4 (:~~7) , ~.7(4.1) 

169;3 (7;\)' 170Ji [7,3) 
:~7,S (13:9) 70.6 (13';8) 
·2.05 (0.12J 2:12 (1),]7) 

~.~(~mI~' s~~~) ____________________________________ ___ 

they ~veI1ilCdthe \'I3lkWay. Lighting was dimmed to min~e 
reflections iTam the wet surfaces; and a "~tter" at the far end of 
the Iaborl!/D!:Y gavetfienppenrai)c;e that '!befel,t surface was llear 
the end rIIther than the mid41e of !he walkwny_ To · elimmatC 'the 
effect :Of prior experiooee.subjel$ were ,eKposeqto thcirlls$igned 
lC.,t surfare for only oiu: 'erial. 

Slip Dejinititm Duril1Ji WQlkmg-TO. confirm Whelher 'n slip 
QQ~ 0fI8giy«!, surfaCe, IIng:camera~OIl lUliilY~iS !\Y~tem 
(ViClQn; o~l'o.Id Metric· Ltd" OifQrd. U;Ki)W8I1uSeafu capture 
human subje¢t 'mOli(l1l Witaat I,:w.:}lz; ~f\ectiv() !llarl¢rs wm 
pllioed OIl the hei;1 IIlidsec?<>nd mel?mal head 'atea 'ilo SilbjecrS: 
shOes. Heel slips' were defined asa min!mum 46Jr anteriqr dis" 
placement of the ~I m,arker fullOwing the initia,l (;90lac.:t phase Of ' 
8!Jit (21). Toe 'Slips wert: defined .asany negative <P.<>stCrll)!'''(\ircc
~) velo.clly ,-qfthe toe li1&"ker :betore toe--of'f plwe,Qf!{ait (4), In 
aU ca.~es. digital video w~ used'co confiTlll the; pres~rice of,a slip, 

Tribometcr Tt!.rtillg. 

Trii>omettfS-ElevCl) 'tribomtitel's were used to mCa$UIe the 
cop ' of tl)e fo\.U' $udbce.~ (Table 2): Que trlboineler ' {BOT 3OC!Oi 
was tesred using: IItqlic .and -dynamiC :rnCl'des, Eacb lrlboilleter was 
oper~ b.y. III1npenenccd U$~\" 9f ;~ devj¢c, lind 1!i~0g f~~ 
lowed pfutOCOls provided 'QY the i'nan,illJic~ or, as set fuM ili 
appJi¢ilble stilhdatds frOm ASW. ln~i'ri4tIOJ)al (WeSt C'9fl,shohat:
ktn; . PA).A Sf(;ohd individual mco~ciJhi: tribom¢¢f re.o;ulLs, 
whil~ 11 thirdfndlviduaJ JDomlbred the' tes(iIJg ~cOl toensur:e 
~tent ud!,niql,le I\Ildcorrecl recordiiig. 'ThCV3JUe nie;lllUred by 
oa.ch Irlbometer ,w*s. ~mel:l t~~ptesent thi: col:< m~iiSlI~ by 
that tnoomel!=r unleSs the mal1litllc'W~r spc.cified ihe required iLo:e 
of a oonverQoo filct9f. 

P,'Qced.u~~-"c!)Pte'lting willi the t~ 'was ,ped'~ 
qr) ·the fi,ur flotJt sWfuces . uridet the 'same, la~nrtoryCQ)ld;l~ql)S 
~~ the ti~ pf !he walking triaJs. The tribOmeter lest ~~r 
(~ rnCaswiJ).8 ~ f'QllT liurt~~ ' WIIS. riutdOmly, ' :deSittlllieQ.'~ 
sUi'fAee wettin»~~J ~11S ·tl:l~S,ame 11,s,lhlilll~ for th¢. hiii'nm 
slibjeCt.pOrtion of ihestud,y.Prlor tc? It!lllng. tI:xl tl;st foot'6f·l:lim 
'Ilibo:n:\eierwas . cleaned and rrepared~mg IOmaJ!uCa~ 
$~~!XIIi. This prccedO)'e Was repeated prior 11) the; '[,B,~i~g of 
¢I11Url'~> ~ ~rdent 'obseM-ir en.<ltired tlmt a ~nu.QIIs 
W# ~bn WI'S ~t on the te!.'t .stnface. The ,cop of ~hsDrface 
wiIs IJIeas~d tQurli~, Qnce In cilch' orthogonal direction (I.e., 
0°; 9OQ~ ' J.i!(j'\ WId TiW} relative tQ the IOrigltilllinaJ ,rods' Of the 
wiilkwaY. . 

D4f(J Malysii,....,.,Eachhunian SDb~t 'W!llkm.g ,lila) was cla.ssifi.¢d 
as a no $liP. tQC;': slip; or heel.sIip.T(jt~.'fordiIf~~1:S i~ the:tyW 
of ,slip tIlal~{;~ Qn~the fours1li1ii&s .. a chi~$q~ test for 
homqge~,,~ P~rfonnc:d olill 4 X:3,(floOrsurfuce)('Slip typC:) 
66Dtingency Odlle 'lIl I! 5r~1iI1¢ level of ct'.= 0.05. 

To leSt,to[- dil'fereQCe.~ ~t~ ,$!!! Jl\~U{l!d . t'OPlIahies for 
cadl. ~thb mean Md' $\ancW<l,deViatlons of riJe coPWlueig 

fur ej!Cb 1r1bOmetei'/snrfa'CC:oO(Ilbinruion ~ rim. ~~~~ For 
~,trl~o.rneter. Ii ,oo~Wily analysllof vlidil.nce (Ar~OVA) was 
u~ to' deternd~ Wbe<!hersignifl.cantiliffeience$ were pre.wnt 
~t~ the' four surfl}l:l:~'P(lS( UqC te~t8 w~ t:Onducied uSiJ,lg a 
Fischer Jeast si~ifii;:l\nt dilterem:~.Tht;. ,jlignifu:anci:: Jevel fot' eileh 
ANOVA wO$ a = O.oS 8J1d Was not ,lIdjllsted TO! multiple Conipaii, 
~'On.i; ~se the number oflribomefer$choser) Jor the ~tudy .should 
not iLltiuence whether or DOt a specific trloome,1e1 ldemitied Ille 
's/ippel'irJ;$s .of a $pecific pair of ~wfaoes fUl 'sigTIificantly diff~t: 
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TABLE 'l-TriboIHelcr c/ianlcleriilic.r: trlbfJIRl:fel' "ame, type. and le31-/001 "IlI,erial. 

DeVice OPmllti"g. PrtnCiple 

En,gIiKI1 XL·· 
BOT 300[)' 
Cl028~ . 
ToIfus lit 

1~c1jpabie IlllIsI (pneumatic driven) 
D\'Il1I si~-:-~ot t1ri-v¢n. 
.Diag ileG--mail~ily' jiI!!lCd. 

Neolitc~ (1.3 mm 'di~l11(llcr) 
4BU!er (~.9 ¥ 2:7.9mcn) 
N¢olltc"'(76:x 16.mm) 

i'Drlu,~ m~ . 
:HOrizOl1I~IPUll 'S1lP.IOOI,r" 
WesiexPendlllum~j. 
sijiCi- Peridulum" 
Mark .li~ · 

DnI& :sled'-l1lotor driven 
.Pfliliil¢d~Ql~4rlvcn 
Drrtg.J)i!d-!iiGklrpulkLi 
PCndidum 

4S nJbbcr (9;5 mm dimo~cr) 
~ ",b.ber (? min ;i1hiDii!t~) 
Hl!Olilll- (1;\ mm dtametm 
4S !U~ (16 I< 11)1m) 

· ~lili::~qli.~\3$ · l)lni) 
NAwJ\t8&('l~'X ~~ rom: nonjroeved) 
NC<IIile~ (111 x 7~ 111111.: !f~Vc4) 
Nwijlt~ (76.')( 71hlllTi; grpo~4) 

t.1l!rk Ull 

M~IIif.· 

P.~ul\I{D 
lllcll'nail1e ma!ll (gravity driv"il) 
IIWllllllbte m~l ~gruyily drive!!) 
b¢linabl~Aliist. ~~liI¢Y!ltcd) 

~·WjlJjllln Engliih Il.Ic:. ·Atv,., FL. 
'tRqga'll SCic\'Iiitic.1115tru,,!c·nii. SOliihlD,kc,TX. 
:tSnliihc:n· 'Scielliific Sefl~lt:c$.. /\kron. Of!. 
'Seven; Science Ulnil~. Malol. U.K. 
'~yel~p;;dby 1rV!1ie"iLlbei1y :M"u,a"I. no Ionl:cr mnnufnclili'ed. 
:~"W~S:So)lI BIlKino¢(ing I-(d" U,K. 
·tfOe"elll~.d bY PC1CY. ~iilet I!"rid N;lIiQJ1a.l B!lr~u"Uf ~tnn!lanlj;. ·nO,· cu~nt rn,!l\l,Iflic\i!tcr: 
:I~ ~J1ei:lfic ·n1"lUfacluf(:r. 
1J.SliJl"·e.~ SjJrin: ll\ke, NJ • 

.cQ7IIpllrisOil .of flumrm Subject and Trilioi,lI!ieF. Rcmkj'18-.Ali 
tep~pieviqi+~IY .(14). the; .sliwerlJie$$ Ia~ perenninedfroJJ) 
!he w.alJ<mlnrl/i.l.s Wl!!I. CQ'I$~ !he ref~· agaiD~t which lhe 
trj~ter;det~rllJi~d r;l'QkiJ)g WDS.: oop1P.~ Th.e 'ld\:lQlJIeI~ mea
~uremen\ll were cOll)plll'Cd to.~ galt-ilIIIIed ran)dng ll~g two aile. 
na, 'Ciiterion /I i: djef .a,eivcII trlbilmes« rnDltibe GOP of Jhe 

. aifferenlsutfaces in lhe ~airle OiiIct indicated by the bumiliisubject 
~,ullS? Criterion #2: d,id .a given trjbome~er $illUsticaliy diffei'ctiti. 
i1~' ~~i1 ~I'f'ocI;sWilb ·gipflc:i!ntly dlffC("ent l~ll; Or slip risk? 

Re5I!ItS 

'Il1~ . .f~lllS t;lf t]1e:human Sl\b~~ .~~~ing !IJ1Il~·are ~1IU;4 in 
Tl\lIle 3.. All four ~uJfllce condi~OIIS w.ere significantly difl'(refIt 
from ~. ' oih~r with resp~l: t~ le~.s .ofslipperiness (jJ <Q,O$): 
BlaCk granite tmlhe l8JleSt fil.imbef of sli~"(N:; 19);'thc miJOritj 
ofwh[di Were"heeJ lilip. ... :(N,,; 13) •. P¢¢I:1Airi"ptodlJ¢ed Il inixtJJi¢ or 
.heel $l'p~ (N = 4), 1Qe", :;i i~ Ov.", 1)). AA(! no s~ (N;' 5). Vcr 
i:ndI!~ sevetal ~ llfiJlS (N .. 7) bOt no~ sH~ CCl$iie~e did 
npt pro~c Llny sli~ lhi:ng ~ .~1.Js; Illesud~ were~
terize4 a~ most sllP,ptI)' (biat.k ~dtei.ti1P4~t~ly !Ilippery(pmC\I
lain), I~ .snwe~ (VC1),alld ~'It .sliPpery (ceramic tile). 

The' diStiriCDoiibetweBt the mOSt ~il'!~sllIface ciJntiilnb!&Jlfl.. 
'rt1IUi1y )'ree1£li~ . Md the rrtOi:lec".l!eIY ~I.tp,p¢ry surface' ~ 
J:\tirrUuily ·toe $l!ps was b.8Sedi)n the 'premllre. that 100 ~l'II .~ nQl 
~~oU,s fQr ihe w@<;ei' J!.~~ .af w~ *~.~. in .~. gmt 
~cl~. Toe $lipS ta1,ro piace,ln lal(,) ~~ ·alI weight Is~g' ,tram
f~~Qff .th~~f.PP111¥· '1!nW ~o ihe support Ij\llbi In CQI)~~ he,el 
slips ~ccut In enrty ' stance when vieij.ht· is beirigtransf~rred onto 
the ' slip.l'i~lt limo which !fI(:twe£ the risk ,of If fail COinpaii:d to Ii 
roe. &Iip (14). 

SIllf4CC' 

Blackgranile 
:Porcelaln -vcr 
Ceramic: 

No Slip$ 

5 
13 
20 

Too &lip' 

6 
II 

7. 
0 

VeT. Vinyl c(lmpositi(ln ti"ie. 

lieci sljp~ billing 

13 Most .slippery 
4 MQ<!ellll~.Ii~npjl~y 
(J . 1-!ls.:s$lippcry 
O. LeU! 5Ilppcry 

ACtouiill td1)airieters and ~'utfa:6:S; C0F·iil~~etiti: .varleil · 

from;11 low of .o.OS :1:0..0] Jot the. WeS~x. .p¢Udt)lum :00 blOOk 
,Pte .to a high ·of0.94~· ().03 (Or the· BQTgoQo (stIItiC n;i.od~) 
QD ,~~ Q1e. WJthin eadl kU.~, thclnQst conSistent range 
of . ¢o~ . val~ was. o~r:ved .~ ~lllck . P.!ie(Q;Q~-P.;a~) 
wl$eaS' -the . most. vanedYm!ge of COF vahJes wall o'bReM.d (lI1 
ecriiini~t~~94}. AlthQuih aU 11 'triboJJUllB[S we~ able to 
aIiiliStiCiIlyditfereritiil.te~vels'Ot· ~lipperiness -betWeen .solDe Of 
the 3~, .. oilly m. tri~ft~ (TortUs m, HorizontitlPIlU 
Siipmeter- [WSJ •. W~;Sjg1e{. fvt.~ .Il, ah(! MiIlX lID w~ 
~1C'. tj,) .tficanJly diffet«i~.t~ IIiI (OW' s~ (Qitetion t2 
In 'ra~~ 4) . . 

A cQmpari!l9D' Of (he td~et~C9F ~neal$ to the 
~t-bilsedri\n~8 of s~ ~Ii~ reveaied ibat only' foor 
tiibometm ·(W~gex. S~ler. Mar~ n; aiul . Marl ill) satWied OUr 
'vSlidatioii ~(t:ril\.b)'bOth ~tbi:~~i1I tht~~ 
(9ii~QIJ,4th l!Dd .Ii[a~~1lI1Y diff~Nil1liatJ.Ii8·'dre: diffe~ng de'gree$ 
of sllp~ bet~~ e!1Ch Qf ~ (Q.t!1: $ilrl'ate/! (Crl~on#2), 
There~ng seventrlbQineters. ~eq¢i;JeriQD#l, Cnte.ri9tl #2, 
Orbdth, 

TWb iribOmetetil (BOT 3000 ao~MDik. I} were ·libldo rank !he 
si.trDiCc$ in ~:oorR!ct Qroer·.afSlI'pP«iiless but failed to statisticli!ly 
~ffereiftia1Ci ~g ·~ :{T~4).· m' IIOT3000 (static mode) 
~ m.t&ble U> "i"f~~.~ vcr ,lind ¢iatili.c. tik.. In 
d.}'DlIIl\ic. ~ ~ aW.~Q(!).'~ P9l $.~ti~Uy <!ifI~mQ~~ 
blac:k ~iJB ' IQ'ld~l!ljxt 1.be ~ark. 1 cq!Mnot . ~#1IAl! 
~~PQ!C8lail1l1,!liJ yqr. two l.iil!Or!tctcrs (J'~ m~d JiP.$) 
pilssii()" Ct;teriori 4/12 but fatI!;d Criterion #1 :Olible~). ~.o~ inQo~· 
t~ failed Critdien#.l bY iiicorro:::lIy ratlliTig ~ •.. as ~ing 
mO¢.$li.pptJ)' Ulan vcr. . " 
~ tP~ (EnglWt XI,. ~1():28 •. ···Wld 'TOi1U$ m taiIc:d 
~ Vl1lk.¥.on ·g;teri4 . (Tabl~ 4)" . ThCl. ~Wm~ ~.i(l~~.y 
molted. vcr. ~ ~pre slipPFIY ~ pC)re.e18U1 thc~y fajliitg Cri
ierlon #I.AdditiOnBlly~ the ~~~ish XL did notWfFe~ti.Iltc: 
betwten these ·sumces, thus fnif~ Criterion #2.· The C1028 
·ini::Otrtctly rankedceiamic .tile. its·. riidre slippmy than VCT ·and 
alsO 'fi!i,1ed. t~ : ctiff'erei'ltiate .~e¢II tlit two S¢aces thereby fail· 
mg 1;ioIh VlI!~tiQrl crilciP~. 1lw;. TclrWs. 1Ifa;i.\ed Cdterioo #l~y 
~y ~ ""r~iC?~le '~ mqre .~iWCO'·~ vcr; The 
'tortus Droned Crilerion ·412 by not diffCireJlliating bc:tw~ ocrn
niic tile and vcr. 
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Dbc.-..siOJl 

rhcte'ults "Of our tnlxllUeter IeSting are oonsistent wid! prior 
lItudiC$ thllt ha~ 'dernqnStratcd r:hb.t .diffeCent :tribomeieQ give dire 
~nt. cor valullIi for ~ &aIl~ surfuCe {4--IS). In '1h8 ciu:ltJlt 
itUdy, wet porcelain wasca.tegWlz~ as ~'m~~Iysli~"lIS 
13 0; 20 subj~ RJlp~O When w~n,g' ~~ it; yet tI1e tange .of 
COF tneaSuimJenL'I from th~ 11 !iibometen;' ~¢d fu.JWO.J9"·1O 
tl..62 fur (hIS' Slirfaee. Tbls vari~biJity reprem:n1S ,a prQbl~ lo~ 
in Ute wa1k.WI)' safCtYCotiUlluniiy who ascribe· to tI!e cornmon 
aPPJ'~:Dfrelafuig mbometerCOF fiHilllllit'cments:fu lhe required 
Jtlillimurn (i.e., O.2I-o.26):for walkingspetlds .iil 'the i'arige of 
P.97-2.17"QlI~ (2.2). As. a l'ClGult,* ll$~r ,of ~ tri~ tluit 
rrieasured the wet ~nCO.F ~ 9.19 wpuld. h~ly:ca~gori~ 
llicllUifacie·.as very slippery because the ~ supp~ ~sfrio
tion ·than thepOdestDon demand. The U1;er of the tribometulhl!t 
measured Ii COF of Q.62mlght ~tegorizeth!i{:same ~urface as 
$QP resiStallt..~ ~ mllflSllted COP flu: 'e~ceeds the 1'ilqUired pedes
trj~ demand, lbe \Vi.d~ J<irtge Of tribo11JC:ter . COF readings u!!der
scores' nQt QIlly .I!\e ncedfOl' II ,rlb£!m~ reference. stal'!datP to be 
u$r.d for ~alid!!t,i'?!l:,' l\fldcnJibrapQ1l.,. b\l~ aJs() It)e di~l!y .jJ1. 
Uct!bins a 'single safu thre,<;ho1dCOF to !J. give;n flOQf' ·~urUlce .k;! 
indii;ate ibe 1Jo.Or·spaterit1lil for C!lusipg 'n' iilip. 
T~, ~~iW of Ih~ fQUI' BUtfIiCe~· uiCii iii the Cuitcnt ,rudy to ala

U,~ly ~ .. te buma.ii Subject Slip 'risk'on .1i'OOrilinuum ifum 
ItI~J to l~ $1ippery~~OIDU'ategthal thiS SiJ1tept"materialscan 
provldcc ~ llleIJ.)S' by w~ch' tr!bQ~ m~retiiertt$ 'C!III be iXltn
parr.d .an4 v8i~.Eve.n aft~Jhe f.C\ti~ ~e.d at our w
tier study were usei! In me. ~&J1 of. the presenl in:vt,!it1g~tlon, 
Very few. of :the tribo.beters 'resied produced ~e ~lts~ 
O.l'ilt four Inoometers {WtlliSex; Sigler. MI'irklI, ·and 'Mark IlI) 
met ~ CQinlSllance :(:ritdi.a by .~tLy rankin¥ an foUr ~urface 
c;plJ(liQ,ons ,and dIfl'erenti.6ng .~~ StlJf4I'ce$ of differing 
~~.of~nc;.~IJ.'1 (';Ii,tilblisbedby the hl,!ma.n SlIbjeet waIk

. ingtnal~ 
~. tribometers that paased ollrcolilp14am:e ;I(rl~ re,presc:nt 

two different"ope;mtingJlrincipJes. 'li1e S,gteiI and Wes~. ~ .. (lIl!1-
4UJ,um device$ 'd,:Iatmemurethe energy I08sdf1i sw'triging t(St 

fOQ!. to derl~COF .vQlues. The Mln'lC il ~. MlIrk In are' inoliri
a~l~~ 1ribC)~de~~]J(;b ~~ Ute> ~ foot $~ ihc 

.~~ til II known, IIIlgle;' n~ ~¢, ~ ~\Iicc$ 'are pf.:IiI~at 
design with Ibema4l <l!l.'[er.encebcil1l !hat th~ Mark iT is gn!vlty 
driven whereas llie Mlirk ill 'is spriIl$ IilCtfv.ed. In a~d!~on. one 
diStinguishing, 'charactbtfStiC -of theMarlC. n andMm:k nt 1$ ¢at 
tP.eyUse glriDved.~t rec.t (a~ retammended by the RianufaCtoter), 
~ grQOves r;ut int,O tile I~ foot (C. 3 min 'deep by 1;5 mm wide 
a,.4 ~ .S lTim ~) may better repJic;a~ tb¢~jnilln!csbf II 
'dioe heel ~\h.'~ ~ad ~re,m l8)1ding 'Qn a . wet w~ SUtf~ 
t:ompared to • sm~ .~. ~. t.iIdj~ona1l.y •• ~yioiJs stl,1~y 
NIli'shovin tbBt the Mark n better IqJprolf.illJ.at~,thq, pe;ik impiCl. 
'fOrce li.DdeifOOt early in the g8ll cycle wliensHps aic ~tlilrely 
to ~¢ur (15). 

CQ~tIWY. fO 'our previou,Slesting (14), tile T ortus U 'did nOt 
p~ "ither gi~Qn ilitP~ ~JJ,~1tt • ltu,dy. This mptot,;driven '!rib
ofIl!!l:et hl)S .~ 'pan test foot (9,S-mID dial'lleter) that is· held in 
cioniact with the s~ under a ,6,ted. load .~ 'it sii~& a~ss 
~ ,swface. Other investigators haveimpli,(:atlld the dJ'aI: ~.s.' 
p.ulongeil suiface residence time &\ ,8 cliUse 'Of adIieSI.on, Iead
iilg ·to COF tneal;Utement& 011 wet ,SurfaCes tbilt. are pr.et than 
or .equa!tQ slip T!l~i$ntdry surface,.; (9,12,23J. This adli.osioo 
inIIYl\CCOunt fQrthe poor reS1!its . ~f the Qther drai '$Ieil tribom
~ evalwrted in Qur ri~~y (Bot 3@,. TQr(u.'i 1;11, .. HPS,. and 
CI02&). 
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!he. ~stlc!lly ~iff~tialed .slip risk 'demQ~ 
·W8·IINl'.8.v·'!Ulrf~. tCI'..~. used tn Il}e(;~nt study pro
'{O!J,ndtl\i()!l for (tie validation 'nnli caliilrcltion ,of 

lheRe'four surl8ces oould define a' ref· 
bibomc:tet miuuJflic1mtB 'could uSe tovlilidille 

d";m(i,~~li'atil1ij> 1hiIf tile insb'Umelit's COP meaSU!:e-
.. . i'liiIk :and SWl$Iic-,d1y differelllla~'~ ¢.i!:C~. 

.' ~pijer ~ cOUld. ~ ~ ~~~ ~s to 
COF v\!lues to h.e prpvidedt9 .tribomcier a.~ 

. :in~lly·caii~their .insUuments by ever., 
Ifyi9g'W1~.~!CII' zesulis. 

. ~ trloometer of each model was· InCluded in the 
~ttn,I:,.~itj.Y; oiirre8ults-dO "nOt necesslirily jnvalidat~ 4lI tho; . iPii.tru. 

. II partiCUlW',1lodel, ForhlsUi~ while .~ e.ns1i1lh XL 
.Used In:th1s study (ailed 10 paslj .. \x)\Il ~liancec;ri~a. ~b
Seq~t~ting(J.f 1SEnglw:! XL~ibQ.meters revealedlhalfive 
P¥!iel,{ ~~ ¢~ria \I. Flynn. unpubli~ data). This iIIusirates the 
!IrIP.Qrl2nce of ll.";i1g a referencestandatd \1) iiSse.<;.~lhevalidity and 
l\C~{llCy oreaCh individual inSttumenl. 

'~~alY 

n,eJCS!)ltgdr~~,tl,lrret)t!flu4y a~. ~MI5te1ll, M.1.b previ(yuI:Studies 
in thii~ .ciitt~t lr.(~~~Y~lr;l d~li~ttoF."iiJuellfur agiv.en 
swf~~ Oun~s.W~ Rliiif~ ·ftiei\~ (()r~jcctiv~criieria fu·iliiCer
lain whi!;h tii~~ ~ly ·eYillti*fJOcirSlipperinc$S' nnd a. 
~s riSk of slipp1nj: olii prOWO!>I ~nslnll~S thathwnan 
gait-~ rn'taStires of sJi~. tru:l be used {9 qe"t~:re.t'(#~ 
$lndarlls egafn!;t wh(cb trlbQmele.r <~mts. can !;Ie vaJ~ 
Gi1leo'that Qnly' fOur of j i Ilibometcl'l\ p6S,'ICd 01.11' v)llidationcntcni!. 
care. should be taken ill !he interpn::\a~OD ~f tribomeiel' inea~'U~eriis 
jp·tjetermining the ~elY of various walkWa~ ~tfaCes; 
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Assessment of Walkway Tribometer Readings in 
Evaluating Slip ·Resistance: A Gait-Based 
Approach 

ABSTRAcr: The purpoae ofdlls lludy was 10 __ the viability ofualDg sllpmt (a ~fial ~ ~ IUb~ w.lkiitc lrIaII) to i:r8IIe a 
refCl1mCe SIaIldard apiDlt ",bich 1Il'bc)mela" ~&lS c:ould be ~ Fim, IumIn ~eo::t& (N'" 84) were 0Mid to nnk oijedively the slip
prmaCSl of ~ differc:UlwnaCCi with lind witbolIt a c:oDtmlbwn (aix COIIdIIiIms). kcond. Dine tiibomeb;rs _ used to iudrpuIm!Iy me/I5IIJl: 
.lIIId l"8IIk aurfaco slipperi_ fur ,II IIx COIIclW.onS •. 'lbe !Il,lppcrill.esl rankine ~ fi'OoI1be walking trialt _ QOIJIIdaod tile ~C#I\CC 
~ which the Uibcmda" measurcmcnts WlRCOmpucd. 'Oia-JaUlDl8"laJcd Ihalll!!11lWQ ofthc.u-tri~ ~ (T!mI.Is n MId M.tc 
1Il) met 0\It QOII1~ cri~ by boIh comct1y ranking aU • COIldiIiou lind ~ ~eeI1. SIII'IXlea of difti:riag 4Cgrees Of alip
~. ~ findings llIiDforce Ibe aeed for objdve criteria II) asc:erI3in which ~ c:ffective1y evaJuaiII 'C!oor sUppmi_ aDd • 
~'s risk ofllipplng. 

KEYWORDS: fomIsIc scienOc, lribomelllr. walkway smty. coef1iclDII1 or bic:Ii1)B.llip reslstaDce 

TrlboJnctm IIiC mechaDical ~~entB tl,Iat-piupOrt to ~ 
the slip ~cc. of walkway surfacel. 'IbeI8 devlccs are used in 
many iodQstrics. i.m:,tudiDg flooring, floor 1lOIIIiDg ... Iboc; to teat 
produ.ct safety. In.tditioo, tri~ U: used in the propaty 
insUllU1cc WId f<lRllSi~c:e COI;iDnIUli1ies 10 idemify the.-sea 
.1III!i futerv~ for slip-aad-faU ~ aud claims. CauaIQy. 
eigbtASrMstandardsexislfor~dltJaentll'ibom&::tl:nrmd~ 
~O portable tribclmefet8 are available c:omrnercially (1-3). 1bese 
triDomcteia ~ Using a r1mJC of mcdIahical desiaDl Jiom 
simple I\OlIImpId dtag sleds to DIme complex dynamic devices 
~ aUBmpl to ~ foot contact. I 

Wblle mmy ~ cJalm that tbeir tribomders CIIII 

predict the probsbiIit;y of II8fD human 8DIbuIatiob OIl a WliIkway 
surface, IIWIl£roIJS studies have shown Chat diffem:d: tribomc:b=n 
yield ~dt ~ of ffu:tioa for ~ .-ue fIooriDg 
htalerial (4-14). 'IbeIc fiictiOil diffaCUtei ~ aD Old« of 
magnitndc in IIOUIC C8IIe" (5.9) and ~ often ~ in tho 
prcscnc:e of a oonlJirrdnant (IS). 'I'braIa large ~"bomeIm- dif
f=cea 111_ that lite v~·~ from a sJ:veq ~ 
may or may UOIIepment a ~ofa ~'II ristofsllp: a 
fact that ~y .~ 1IJcI \'aUdity of .u tribo:mr.IIn. 
Tbu&, objective aitcriilllJli ~ to ~ WIdda tri~ 
efi'el:tivcly evatuatD floor dipPerfucss md a pedeetrbn's risk Of 
slipping. . 

In addiJiOD to b.a~g propCniea IUm as high ~i1y (pn>
cisiOJl betWeen deVice mc:asuremeutI with Ihe same opcntoa-) aDd 

lMoac:ulollaidlll lJlomcebm!I:s ~h. ~ •. ~ 
Jl.ialljpt:aIoIijgf ~ Pbyskal ~. UaiviIakJ Of SouIhem c.lifudIa, I SUI B. 
.Abcuar SI., aIP·ISS, Lm ADpIeI. CA~. 
~~lQBtl~~~21076BU.oftwy,SWlel06.Lako 

l'oreIt. CA 97630. 
'12 .l!apeeq ~. 7636 N. Jaarjuu. Saiee los. fn!IDD. «;A 93711. 
~ p~~ ~ '" SdaIllDla, U-I1151 HorIIea Way. 

Ric;hmoDd, BC, Canada'V1 A 4$!!. 
Rec4vecJ, 28 Feb. 200S:.ud ill tmsed form 3 Dec. 2005., 2 A1I&. lQ06; 

ac;:cpflid 1 $epL~ p'~lIlhDd 12 Pek. 2007. 

400 

rqroduclbility ~ .. ~ bc:lwcco device 1DCI\IIIRIICIi1Afrom 

dl1'lIInnt opecatm), a ID"boJDel:el' ~1IId be ~ ~ 1'IIU.. ~
IY dIo 'JipperiDess of dim:mJt llli:flCes (Crireria 1) aDd differ8u.-

. dale bclwa;n surfaces 9f cJif&ring degn!a of alippcriDesi (Cmtria 
~).Jf~ In'bolnllla' _dies tt-ccomplillllCCc:riIuia,!ben a threi,b-
oill dpperiDea valUe ~1bat ~ ..... meaniIIg. eVen !fits 
ebIolute rHpperioeaa value .is not eqaJ to or e9I!II me.ty OO~ 
Iakd to fiiction. 

To deecrmiDc wbdber a ~ IIJCCItS the above. mwna, a 
ICric:I of arfIccs ofkDoWD dippc:ltDoss ale rcqoimIlD fuliilioo as 
~ ItmdanIs apinst wJdchlri~ ~ CII.D ~ 
compamI. Uufortmullely. no IJJl:'clwricaJ ~ to ~ ~iItC 
~~ .. to hul1llBJ lllliJallllioo ... ben _~Iy 
acx;eptcd. To teIOlve 1hW problem, SQIIIe ~ .M~ ~.~ 
~ to ~aluatc a.ubjectiwIy the idippcr:iDcsi of'~ ~m
biirationa of ftoors, foI;Jtwcar. and OOIICIP'in,nta ~ ~ .thcb:. 
~ over a lid of 81IIfac:e& (16-21). other ~~~ m;

OII:!I""QiJcd tIW dyuamic bIqDan ~ ... be ~ ~14). As 
ui~ III'tJ ul1im~ loom to _ sarr.co ~for 
1l..-.1ocOmotioD. ~ is face v.aJ\clity ~~. ~ ~e of 
!lip fmm IumIaD. IUbjIN% WIIIkiDg .tmIls to ~~~w 

~~!~~~1~~n: q ~u~ ~_.~ . . , ~ 

validlldns ~.iadl.bp' ~ a dIIF of ilippainm levels 
aaociaJld widlll1ip evClD(S. 

To date. OiIly t'lIlIIo stecIIcs ba~ ~ .to.~ trl.~ 
~ to acI!J8l riSk of .li,ppiq.~ et a1, (23) m:a~ 
a pDeDl9f avau.bie codHcieDt of iiic:ti0ll (COP) to ~ tbc 
~ ~1riW~ ~ jInd .,ctiJIiI. slips 
wiIb bmnIo subjecfl while ~ a ~ '1'0 ~a pa • 
dieDt of &lW ~ the ~ ~ 8Id' .~ .!#~ of 
cmt.aDtinalJt$ to the ~g ~ wen, vanecl. WblIe ~ au
dun WIft able todeJl1ODSlratlD lfia!;tn. ~~~ from II 
progrIII!III1lbJC sUp lCSi~ feSIEI' (PSRT) PIJUId be'used to pre
d.icl stip ~CIIdI. it ibI;iald be 1IOIIIil tt.tt pit biOmecbaaIca W1u1e 
dCIIc:eIIding a J1IIDP diffiIrS aignific:aufiy from klvel walking (2S). 
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Therefore, the results or Ibis study are difticuh &0 atl'llp<date to 
slips on l~vcl surfaces. Similarly, KDlailDwski et al (12) com:laIed 
!he meuoremcuta of ODe tribomettc (NBS-8nJnpaber) to 1hc to

~Its of buman waIkiDI slip 1ri.oIS. 'Ibese authors reported that 
79911 of ~lipe~~ .cou1d be pmficIe4 ba&c:d on knowledge of the 
subjects' utilized fiicdoo dDriDJ waIkID& and the friCIkm ~ 
ftom 1hc tribometer. A ~ of die ~ies coudocII:d by 
Hanson et aI. (23) ~ Kulak:owIki ct aI. (12) ia._ 8ID8D ~ 
sizes WCIC u.tilized in CIICh (N -5), ~ limi1ing the pneml~ 
izability of the K&u.llBto the .~ popuiation. 
Oiv~ the need for additiqul ~ in 1hia a:rea. the goal of 

this study wu 10 ~ tile viability of usina slip risk (aa qOaD
~fled dodDg I.waian sUbject waJlciDa trials) to CIeate • td'.en:Iwe 
standlrd .. Whic:b ~bomeCm' readings couJd be compued. To 
achieve fhij gOa]. ,",e CoDdacIed a two-part amdy; FU'It, buman 
subject slip ~ts duri1Ig walkiUI ~ 1I8CCl to nuik objecthdy 
·tbe slipptJiue$S of a saite of tIua: differeat lun.:cs With and 
without a ~t (six cODditioDs). SeCond. DiDe co'bomefcn; 
indepeIIdent1y measured md ranked tile SIlif'a<;e llippedness f~ all 
six surfac:cc:onditioue. The human S1Ibjectand UibometcrJ1lllkiDgs 
were UleD compired using the two crital. described a~ 

M~tlloda · 

HUfIWII Subject Teilins 

S!ibj~trEighty-four subjects (42 males, 42 fem8Jes) between 
the ages of 22 aild 38 years (mcau age 25.9 ± 3.8 yeara) were 
rocruited for Ibis portIOIi of the study. AU 1IUb~ were bealthy 
~ capabl!l 9f indqJeDdeat IIIJIbalatioa. Subjids who reported 
lIllY ~pedk: iojwy.1JIIliiical c:cmditioa. or lftIDIDCY were ex
~luded. BefoJe testiDJ. each IObject sigued au iDformed COIIICIIt 
approved by ~ :Institutional Review BoanI of the Univ~ of 
Sootbem Qilfforilia. 

Floor &.,j~ Qnd COIIdiIWu-'l'hree IIa1 IIDOOth suifaces 
were tested u. bc!Ih a my .ad wet COIIdiIioa: a ~ 
IamiDatc (liPL), wbicb ill a c:ommoo hip.density tibedIoard Goor
ing material; polytetnflOurOethyJcnc:, which b a low-friction 
pl~c polymer IIlORI .commonly known 85 T~· (DuPont. 
WilrniDgton. PH); IUd au acetal mawial, ·whicbis a J.q.w-~ 
plastic polymer (OQIinOnly refeaed to as PCIriIl~ (DuPoot)" Bach 
surface opitsisted of a 1,' x 4' rcctaIlgUIar~sec:CioD ~ near 
Ibe middle 0( a 10m walkway_ Pqr the Wet ,*,dilioo. 1Oi'6cient 
wata" was applied 10 the surfce to CIeDI a .~ film. A 
flOl!iOnlc IIUIfai;:t.aot, Triton X-IOO (~Cbanlail, Santa ADa, 
CA), W. ~xed into ~ water (tiw dropaI2SOmL) to i.mpIove 
wetting aod IIIlaiJIijza 1110 IIJIlO1!IIl of WlItc{ ~. 
PrOClr~AU testing wu paforiIIed at the MDaca19*eleca1 

Biomecbamcs ~ t.abora1iay at tI1e Uoivenity of SoudJam 
California. The: ~ aud ~ in the Jaboratory at the: 
time of tcaCiu, WeRl 70"P au4 34~. RllpCCdvely. 

To ·rartit the a1ipF,iJli=u Of the dift'cim .races objectively. 
subjects Were randtmly assigned · to walk aaoss ODD of the six 

Sw1Ice8 OryHPL Ory~. DrYT~4iI 

N 14 14 14 
Ap(ytm) 1:1.7 (4,0) 25'" (1.!5) 25'" (2.8) 
HeiPt(~ 171.1 (6.?) 171.2(9.6) 171.1 (10.3) 

Wei&bl~ 69.9(11.1) 6'" (12.0) 7U(17.5) 
VcIodty 1IIiIWec) 2.19 (0.08) 2.19 (0.19) 2.16(0:11) 

KPL. blab-pJUSWe 1uIInato. 

floor surface coadilions (14 subjects per group). To cmuze a bal
auccd pder disCribotioo withiD each group. males 8IId females 

. wae randomized sepanfdy. Tbt six groups weR siuJilar in terms 
ofap, bdgbt. ami ~Jht (Table 1). 

To CODtld for the iulluence offootwear. subjecb were provided 
a pair of 0xf0ld.sty1e ~ iI! their .ae. The lQlea of 1beac .ooea 
COIISiskd of. smOoth ItymIC butldicae rubber (SQR) with shore 
A ___ of 7~ (mid-rauge)~ 1bi8 scilillg ~ the IIlO8t 

common Ihoe bOttuDa ~ used glotj8lIy in ~ year 2001 
(William BIll, Quabeug Corp., pcnonil ~). Before 
each test scaion, the tlOOI" ~ hIqIJ .for dI!at ~ b9Ih die floor 
pmc1 ad Iboe SQIa wem cieaued willa 701L dbaDoIlOIWoo. 

All SII~ WOftl • . ~.bod.i bimcsI aa8cbcd 10 an 
OYfll'hetd low-fri~n trolley _ ~ aloog !he Jeagtb of the 
walkway." SullfectS first ~oimtld three to siX IIQaIlip walking 
tdaJa, followed by a siDgJe trial in which the fIOOl' panel of ~ 
was iaserted iato the waJkway. Subjects were iDsndcd to walk 
lxisldy for all trial$. ~ aver.ac ",alking \Idocity for all sobjeds 
waa 2.18 ~ 0.13 mI&ee as determined by pbotoeIcc(ric Ii8bl 
.witches. Waltiag spe:ed did not vary bctweeD the six pups 
crable I). 

As awareDCIIs of a pocential slip and prior &tip cJ.paimce can 
,eilente 811Crations in buInI\D galt (26-28). special aIIaJIion was 
paid to miDiDUzinl tbi:se dIi:c:ts. To rcda£e awaienesl of ~cb 
trial ~ the: test lIUI'face, subjeQs left 1hc IIIIOID for a similar 
~ of time betweea .n tri~ (co 2 min). Subjccl& allO wore 
gOciIeI With the lower baIf b~ 0IIt aud wens instructed to 
Io(iiC .. 8, spot 011 !be far wall 81 they travmed the·walkway. 
U,hdns in ~ Wxntory ~ ~ to miDimiza rdIectIODl 

froiD the '"' suifBcCs, aDd a "spotter'" • the far end ~1hc walk
way pvc IIIf; ~ Ibat the .. SIIIfacc was ~ Iht end 
ndIr:r dian 1tIB IJIid4)I:l of ~ walkway. To c1iJI,1iDaIe 1be.t of 
prior experience, iulijCds *'" expOsed 10 Ihdr !IIIigDed tCit 
surface CIIily 0Dce,. 

Slip lMjiIIJI/tNI. Dt.Irlt!8 ~~atclyfollowiDg each 
waltIng trial. aubjecb wmc iI5Ic.cd w~they pm:dved a aUp. If 
10, tboY wens 1hao aaked ~ it wu. a heel 01" tOe slip. and 
wbmaloD, the ~ay die ~ ~ To CCIIII&m object
ively whdber a llip occumcJ. ·au eigJlt-c:"amera (120Hz) Vicaa 
Mocion Analysts SyslIm (~ Memes Ltd.. 0:xf0rd.u'K) was 
1J1ed 10 ~ tic posiliI;Ia. of rdIectivc III1IrIa::rs (lSmm ~n:s) 
placed ODtbe hIcJ IIUd tl!e eecoDd IIICtatarsaI. bca4 ~gkIO,S of1be 
Ihocls. Heel ~ips WeIC delined .. lOmm or mare of ~ 
CnmIIatioa m the bed Id8Iker daiiDg the loading or early mid
sIIIDce phase or die pit ~ A IOe .Iip WII ddtued as die JlR'8-
ence of. nepIive (poIJtcrior) velocity of !he toe marker before toe 
off. ID all cuea, tile video dlila agRled with the sabject's pen:ep
lion of a llip. 

Trlboluter Tenlng 

Tribonteun-Nioe tri~ were ascd &0 II1CIS\IR! the COP 
ofCbe lixsurfaoes 1,TIib1e 2}. Bach 1n"bomdEr wU opendcd by an 

WeaHPL WfltDelrin4P WetTen.& ""mae 
14 14 14 S4 

l4.5 (2.5) 26.9 (5.0) 24.6(2.) 25.1.(3.5) 
168.3 (6.3) 11Q.4 (5.') 170.' (8.2) 170.5 (7.8) 
67.5 (t4.4) I$l'" (12.5) 68.3 (10.3) 68.4~.o) 
2.20(0.11) 2.16 to.l2) :1.20 (0.11) !.I8 13) 
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Device 

Horizoalal pull Illpmeter* (UPS) 
C 1000l 
ToctuJIf 
u.u:veaal walkway IeSIerIl (UWI1 
Sigler PnduIDm·· 
W_ PaduillJu" 

Drqa!ed--tDolor palled 
Dr'I ~y puDed 
Draa Iled-moior driven 
DI3i IIkd--naotot driven . 
PeaduiutR 
~ 

TestPoot~ 

NeolitI:QI) Test LiDcct (Nn.) (3) 1311111l diam_ 
N11. 76mm )( 76mm 
PoIII' & rubber' 9.!1 PIIIl diamell:r 
NTI.. 2811DD X 28_ 
NTL 311)1U11 x 38 mm 

Markn" 
Mark UJlf 

. Eoglisb XL" 

ArtIculalco4 l1nIt-jrIlvlty driven 
Arllculalcd ~.,unreel 
Vailble ~p_1DIdcally drivcm 

Pour S rubber 76~ wide 
Nri..16mm x 76_ ~ 
N1L76D1111 x 76_~· 
N1L 32mm cIiameIm' 

"Deve1Ql)Cd Dr IrvinelLibe~ Mualal, DO loop maIIu'-nd. 
tSmi!li.ea smlUlftc Services, AIaoo, OR 
lNo lpecific mlIlQf~. 
~Sevem ScIaDcti 'UmIted. BriIIDl, UK. 
\ StandanlllimulDd '..,00 8Ole, ~ve1opM by Rubbct '" P1utic. R.eaean:b .ANoc\8I1oa UK. 
INaliOlllll Floor SaIi!ty InIdIUle, SoudIIW, TIC . 

. ··DeveioPed by hie, SI,ler and NaJionlll Bureaa of StaodudI, 110 cumoat Jlllllllfldun:r. 
ttw_Eagiuccrins lAd .• UK. . 
tlSlip-Tcst, SpdDi lake, NJ. . 
4§Bu~ on 11IIIIIUf'actIu. reeommeDdatloos ~. _18 oot Ioto test foot II{IlWOximatdy 311111l deep, J.5 mm wide with lands 5' mm IICI'OS$. 

~'1WiUdm Buglish lnc., Alva, FL. 

experienced USer of that dc\>ioe., and testing was pcrlomJcd ac
Cording to die manumcturer's instroclioas or IIIPpticab18 srandald. 
A second individual rec:onied tile ttibometer test resaJts, while a 
third individual oversaw the leating protocol to ensUre CIOmbIeut 
technique Imd conect EeCOI'Cllilg. The valne JUCUiJmd by each 
tri~ter Willi 8SSullied to represent the COP IIIeIISUI'ed by Ihal 
tribolneter and no diSiinction was made .betweeQ~nJs 
of static, tJiIiISltiOl,.J, and dynamic COP. 
PToce~Triborn*r II!i8dD& WIll conduc:led first on the 

·tbme dly surfaa:s IIJId then on the three wet ~ Teat crdec 
was JIIIIlknnized sepantely VJithin the my IIIUl wet IIII'fBcts. The 
aamc solution aDd wettiDg protocol uicd in the lwmaa eject tcIt5 
\VaS used fur !be Iri~ tcsIS. When 1eatiDI Wet S1IJfacc5. oKb 
tribomet~·.1eSt foot Was dried tbonJugbly before kSiD& tbo DUt 
wet smfaee. Par e.m ISIlrl'ac8 coadition. .the COP wa. maIIIIIred 
four times: oace in CI8Ch of four orthogonal diMakms. i:e.. at 0, 
9~. 180, and 27(1' reJaPve to tho lOngiJwIinallXhl ofb walkway. 

·Data AlIDly&u 

Bach human walking trial over one of the six u:st IIIIIflwc:a was 
classified as a No Slip, Toe: Slip, 01' Heel Slip. To b:It for di.Ifer
. ~ in the t}'Pt: of alip (Do, toe, or heel) Chat 0CICIImd on die six 
surfaces. Ii. x"-tcal for homog~ty WU perfCiCDled 4)Ii tbe 6 x 3 
(floor condilioD x slip typc:) cootiDpey ~ Pon hoc mal,," 
were 1bea performed UliDg simple ~ x 3 i' Compari8Olll to iden
tify homogcncoua groupII of &U1faces CLe., 8OI.'f'ueI Chat rite waIk
ill$ teats ciIcJ not icbltify U being lJip!fic:aDtIy diffm:nt). 

To at fQr differencea ~~ djc J;IIt.IIM1rC(l frici:ion ~ for 
each sorfacc, abc mean· and itlindard deviation of lbe fridiOD 
values for eacb tribomelerlsmface combflllitioci weIe first (:81ca
Iated. For each ~, a one-way aDalysill qf V!IJiuce (ANO
V A) was used to deterDUDc wbctJler lignifbnt cfift'eJmtes weRI 

present bctweea me sia 1IClI'faces. POII.hoc Cats wen nul DSi,. a 
J!ischer leaSt aipiflCaJit diffi:rcDco (LSD) '~ to idemify both bo
mopICOUS groups of swfaccI and sarfua Ibat ftre slgaificaatly 
diffmeat from ODe anothcc IICCOl'I11ns to chat tribonuar. 

The omnibus X2an.s wu evalnaled lIOIIdita:aiooay at a 
significance level of d - O.OS. The iipnfiC8J1C8 lev. for the 
noodltectlonal ponhoc X2_~ were adjusted for. tbe nwn~ of 
potl hoc comparisQue \Ising a Boafmoni adjusUnent. The 81p1f-

~ Ievd for ead1 ANOV A was (I = O.Q5 anel was not 8!ljl!sted 
because !he Dumber oftribomoers chosen fur the BIudy ~ not 
influence: w~ or IlQt a specific tribomctcr idcntitied the slip
perin~ of a spec;ific pair of Sdlfar.es as significaDtly different. 

Comparison oj H_ SUbject cuuI TribomdN Ranking-The 
slippcrineQ nntID! detJ::nnlned from the walkins ttiaIs was con· 
sideced tbe ~ against wbicb the tn1lomcbir measurements 
were: compared. The resaJCI of the tribomclcr me8IIIlft:UU:II were 
!hen coaDpared ~ ~ galt-bascd J'8IIk:ing of JUrftIcc .lipperiness 
using two cri1eria,: (il Did the tribomecer ~11 ~Iy 
rank 1br: BlipperinellS of tbe diffemlt 1Utfaca'l (2) Did !be tribo
IIJIIiIteI' JIIAIQR:Q1eQts di~ bc:tweeD snrfIICCI with lignifi. 
cant1y difJaeat level. « slipperiness? ~ 2 coWd only be 
appIled to IIIJIfaec c:onditiODS that ~ • cOmbiDation of no. 
toe. and/or tal .~ It ~ ~. bo lJIPijcd ~ diadnpim be
twecn aarfaces dlat Fuerate either DO .lipa ~ all beel slips. 

ResPlIs 

'Qac l'CSIIks of the humBD aupjed walkiDI triala are prescntcd in 
Tabk 3. DIy JfPL; dry Debln., and ~ijpLctid ~t pmdllteany 
slips and _ chanIcIeriUd .. being "not slipperY" (Dot slippery 
group). AJdtougb wet DclrfDtII and wet TdIonCIII produced 10 BDd 
1.3 heels slips. respecUvoly. one W'IUl not ~ ~ than the 
o1Ix% Cp .. a.77) aad thus bodl were cbalEtedzed u beiJJi ·vcry 
slippery" (vcr! slippery gwup). Dry Teftoneo• mix of 110 sIlps 
and too slips was mom stippery tbaD the tbree surfaca m the not 

slippay JI'OIlp (p <0.0001) ad leis slippery than the two surfacea 
in Ibe very slippery puP (p<0.()Q5). Tho iDtermcdiak: Ic'ldof 
slippcriDess .~ by dry Teflon«> W8S dBef'~ ~-
Dated "s1ippay" (1Iippmy group). . 

The ~ becWIm die VCJy llippezy caregory c.oacaJnlng 
primIIdIy bee181lPf IIIIcl ~ .alppcry .~qory ~g priDiarlly 
toe IIipI was based 011 tho fact that toe slips Wer$ inti:ipreted 115 

.. 0IDin00s fOr the waIter becaasc of ~ Ibey occur ill the 
gait cycle.. Fcx example. toe &lips ta£ p1aa: in latll stance 115 

WeIght is being tlanafm'ed to the CIODtlBlaktal (Le.. forwBJd) limb. 
ID CODlrut, bee} Blip' occur ~ early ataacc v.tu::n weilbt u be 
1r'ID.IfenJ:d to the ~ limb. ~ a beel slip ~ In for
ward aecderaIion of tile weigbt.bearlng . limb, which results in a 
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Sw1Jces NoSllpa Toe SU'" Heel SU'" Group 

pry HPL 14 0 0 Not sJippeQ 
DryDelr1a~ 14 (I 0 
WetBPL 14 0 0 
Dry TefJoal$ /I 8 0 SIIppt1y 
Wet Delriatl> 2 2 10 Vf:ly .1lIppeIy 
WcITefIon® 0 1 13 
10lil SO 11 23 H=S4 

more unstable situation (i.e., the bIIsc of support is moving away 
from the body c~ of mass). 

All nloe trlbomc:tenl mcuumI significlntly different frictioo 
values td~n at least some ofthefAlri'aas (p<O.QOOl;Table 4). 
Post hoc testing revealed that 1be English XL ~ al1 six 
sUIfaccs. w~ the Wessex. SiF. borizoota1 pull slipmew 
(lIPS), and nniveisal walkway telttr (UWT) resolved only four 
diatmct friction levels ~ the six maces (Table 4). Auos. all 
Iribomctcra aod surfaces, frietion uu:asuremeotJ varied fmID a low. 
of 0.06 ± 0.02 for theBugiiah xL OIl wet Dekbleto a bi&h of 
2.06 ± 0.21 for the Tortu. non &j JiPL w~ ~ ~.mfaces. 
dw II108t cOnm1eDt range of friCtion val~ (0..26-0.48) was 0b
served 00 city Teflon If!) aJid tho Q)Q8t varll!d JllllP'of QictJOn i!llua 
(0.66-2.06) was Qbserved 011 dry HPL. .'I< c.paP8QIl of the IIi· 
lJOlJIdet ~DlS or tii~~ 11;) !be piI-based raIikiDB of 

. surface slipperiness abowe,c! .~ tWo trl~ (rQrtUi n 3I1d 
MIIdt Ill) met our two criteria by comdJy ranIdDg the·iIWfiCes 
and being able to diffamtiate bctweeu aurfaccs of diffc:tCDt de
&reeS of s1ippcltlDess (fable 4). Four tribomeIers (Marlt Do Boglhh 
XL, WeneiI, and Sigler) satiSfied criteria 2 and mislCli tulftI1iDg 
criteria 1 by revening t,be ranIdDa ordIIr of two IItIrfateI (I'abJe 4). 

Tbreo UiboJnetel1l (C 1028, BPS, IIJICl UWT) wero 1lJ1;IbIe 10 
distinguish a difference between wet HPL and wet DelriDiIt, wblch 
wmtwo smfaces 1bar~ afgnificant diffctaeeS in the 
risk of slip in the walking triah. Tbc& three ~~ did DOt 
meet either of the compIiBllCe criteria (Table 4). 

DiscussIon 

Tribometen IIIC rontine1y used to UICIII:the safety Of pc;deItrian 
walkway ~. The importance 'aDd need for developing • 
b{~baied u:at medxxI lOr ~alllaiing the validity of 
tribmiletm baa been recognized JIlWiously by .lnveslfglllOQ aad 
bas been pining ft1OD1CIIl\Ia\ witIiiJJ ~ DDdardI orgaal
zatiODS with ID inten:st in walkway and footWear IIIIRty 
(:23.29,30). Our ~ protocOl demoolltr*d that a pt. 

based system call be used to create reference standards against 
whidJ triIJomerer mcaaurements can be c:oPlp8Md. 

ThB results of our tn"bometcr tueIIJ\I.reIDeI were consialcllt 
with the OOIICIusioos of pn:Yious stodiClS in that di~t tribome
tersgive varied COF valUClS for the nme ·surfue (4-14). For 
example. wet o..hin~ was c;atepizccl as being very ~ppery be
cause of its ability 10 caose 12 of 14 IUbjcds to slip; yet. the: trio 
ban~ IIJCU1Jted a Gllge of COP from 0.06-0;69 for this 
nrface. This cxtmndy wide ranp ~ the impossibility 
of asaIbiDg to a floor ~ • sinp 1lUI!II)cr to indicate ill p0-
tential fPl' causing a slip. a ~c:e all tOo COJnn\OQ hl the stand
mds writing process in 'II1c ~ of walkway ~. ptodact Safct)'. 
Unless all tribometm mimic the c:rUice1 biomecbaDk:a1 paranie. 
tcrs ~ the ~ bQttom, ~naut, aDd ftoor!llhcel strike. 
COF vlhies will CODIlnue to be highly ~ on the test 
method wed. 

The Widlllllllge of COP values i. no surprise. given the vartous 
opendiOnal priaciples for ~e selcc:teCi Ui~~(Table 1), not to 
menlion, 110 Irlbomd.er .has yet been de'Yeloped lhat ~y 
tnodels 1ho 1WIematics and kineOcs of the foot-Door immaction. 
The Mc1assic" Jaws of friction fannaJated in the 17th ccntmy 
.taied that COP i. independent of caatad mea !Ind velocity; how
ever, Ibeac lawa are not obeyed by ~Ill' mbbc:r poIymeo from 
which JDOst Iribometa telt feet are cooslnlClled or tho ....tcrials 
comm~ UICd in flooring (31). In ad4tioo. ~ magaltudc of the 
ioad, kladiDg mte. pressuRI. aDiJ Wue of contact between two 
SUIfKel81so iDftUc(Icc COF _lis in the ~ oflUbber and 
plastic polymers. Chao.g et aI. (32) ,provide·an r.udleDlreview of 
IIICh tHction mochaDlBma daring dx; mc8SllRll1alt or alippaUtclS. 

In tbc~ study. 0II1y two of the uiDe tribometem test.cd (U,e 
Torllll llaud Mark ~ ma 9'11' compliaIi.clc criteria by comctly 
PIIkIn, all ~ <:ODditiOm and diff~atiJ!J ~eeu llirfacel of 
differiui depees of stip~ as ~ by the w~i 
trials. The TattuI n is .: dnta B1e1;1-.,.. tri~ Whole friction 
sUder is bdcI in c:Ontacl with die Boor IAitface tJ8der a fixed load. 
The IIII1£.propcned ~ 1DQVCIi f~md at Ii ~~ wklcity 
IUId the I!dIect:Joa of the fridIcin stider. is JDeIISIJred by a strain 
pDge. Tbc deYi~ av~ ~ smface"·CQF OWft a·2O-cm dis
IaIICe. One DUteWorthy ~ to the Tol1us' iibill!:)' to ~ our 
COIiIpIimIce criteria w .. thB .... gIl COP (2.06) ~d ~ devi
adon (0.28) COIrIpIIbld livlll its four mcaaareuienll On the dJy 
HPL. High (X)P.es ai'e Dot ~1IiUa1 widI this ~ oil c;ert.ain 
drySUIf~ The ~VIIHIIioQ.j,.1ikeIy~ by.lIDaffiDity or 
adbesion belweea ~ de\?ce'i *- foot JI1Ilde of 4S JUbber (Rub
bel" & JIIastk:s)lescaIdl AssocImou. UIQ IIJI(i tbo dryHPL·litC. 

1bI overall performance Of the ToriDs n _ in diteet COQIrast 

to the ped'onulllPl of the ~ 9tbec q,aled tribomel:erl (HPS, 
uwr,lIDd C 102lt). wbich~1O meet eidler of oar ~a for a 

Oroup S~ t:o .. n M-km wmu I!DJIl8hXL W~ S/slet C10U lIPS vwr 
No! slippmy* . . ·IiPL 2.06 (0.28) oH1(O.g3) 0.80(0.01) 0.16 (o.D3) G.71 (O.IM') 0.66(0.02) 0.76(0..04) 0.79 (0.03) 1.00 (0.00) DIy . lIP 

i:JQ'~ 1,10 (0,13) ll.69 (0.04) 0.84 (O.Q8) 0.51 (0lJ9) 0.70{9AM) 0.60(0.07) o.s.(O.Ol) Q.32 (O.~) 1.00(0.00) 
W~IIPL 0,56 (0.03) 0$(0.02) Ml(O,Ol) .0.21 (0.01) D.3O (0,01) 0.20 {Om) 0.64(0.03) C!S1(0.03) 0.72(0.08) 

Slippery DryT~,II· 0.47~~) ~ .~~~ 9~(q.oJ) o.l7 (0.D2) 0.40 (0.01) 033 (0.01) 0.48 (0.03) GAO (0.05) 0.36(0.00) 
Yery,lippl)' We! Delrlll'" 0.32(0.01) G.l3 (tL02) o.CI6 (0.D2) 0.19 (0.01) 0.1;Z (0.01) O~(Q.os) Q3J (0Jl3) 0.69(0.04) 

WetTcfloa;f; 0.31 (O.Ol) 0.19.(O.0'll 0.19 (Q.OZ) O.12toJl2) 0.19 (0.03) 0.1; (0:03) OAZ ~0.D2) 0.31 (O.tm 0.30 (0.01) 
emma IIUIt U 1,2 2 2 :2 1 

··No i1e1CODiD111oa c:oaIcJ!Ie mad6 from 1ho w.IIdn& lIIaIa .. to tile nIIaIiwaUp rel __ ,*-D dry HPL, 4ry DcIriIi~, amlloYet HPL l1li DO _!ips 'f'O'8 i'IICOIIIed 
on these snrfages. T:ba ORI.eifDg of ~ tina snrr.c.. ia coIamD «2 II ODII of _enienI:e. . 

'Column4«lshowl·the nnk cmlerotthe snrt..;es &o1n moar to lcat Blip ~aa deIcnn-.J by 4hoWlll,JdDg trial&. 
Combined mf ~ ~ bJ&h1Igbr bomopaeaua gtaupa. 
Hi'L,~~~; UPS, ~puU~ UWT, UIIIvmaI ,..alkway~.· 
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rompliant tribometer .. In pedicular. these three tribomden failed 
10 4iffermtiatc between wet and dry Dc1rin®, which wem widdy . 
divCJlCnt in creating risk. of slip bued on the walkIng trials. This 
finding ia contilmnt with the obsenraliODl of other f~vestigattn 
who have implicated drag sleds' proIoogcd smface IllIidence tiJ:ne 
in treating die plIe:nDmCnOn of stlcktioo ~, ~ ad-, 
hesion) (11,11,33). In the pRl~ of stiQktioD, tri~ ~ 
mea8UIe a wet slippery swface .. havin,g tho IIIDIC or ~ COP 
c~ with a dJy slip.rc&iatant aurface. Deacnnlning why the 
Tortua n did not«ppcat to elI.peI1ence the .deletion pbmOmcooD is 
bcymd the soope of 1his mean:h. 

11m:e of the trilx:lmet«s (English XL. Wessea. and Si8Jer) faU
CId the tint criteria by Incorrecdy l'8Ilking the wet HPL aud'ace .. 
Ileing more &Iippery IhIIII dry 'IefIon4D. It is ~ible that the et
fuctivc Il18SS of the tat feet OIl 1hc:Ic three devices 111 surface im
pact may be 100 1aw, thus anoWing bydroplaoing of tbe mill feet in 
iheprc:lII:lICeofa Uquidcon!JUDinant (wet HPL) ~ with the 
l;iry Teflon® condition. l'hc Mmk n experienced a similar 1l'oO
lcin ill meeting the: first. ai~ in th.\lt it inc~ ranlccd dry 
Te1Ion® as being man: slippery than ~t~lrill®. 

The se~cqon of tri~ for this atudy WIIS OlIO of conwni
cncC and .availabiUty. While ~ belie~ that tJJe ~y i!lcludel the 
Jl'lQIlt cOll'lDlOlllY used podabJc tribmaders in ~ U~ States. we 
bad no osa;e data to ~ ibis. paJ1iac. We also made 110 111-
tempt to c;sIabIiab the mp~lilf .QI' ~¢y .of the. tribome
te.rs.The seleCtiOn of lQdacelDlitCriaJ& was .baSed on <iIJT aim·af 
clev~lc:rplng a suile of maiaiaIs that ~ ~y aJl8lllWld a wide I1IIIge 

. of slip rcsilitlQll::C dUring WIlking but couid am be easily obtained 
and modified for nse within a galt labonitory. 

Dlrection of Futilre RnMrch 

The plasCicis (Teflon· and Delrin®) utilized in this atIldy arc 
not typlclit wa1Icway 1IUfa.ces. Md Iheir malerial properties may 
~vergc from those .af smfacel1Jl(Jle typic:a1ly encountered. Con
~oently. future ICSCaR:h sboold include more frequeudy used 
walkWay maIerial. if coiItrol1ed DWl~ proc:eues and 
9QI1linuoos IIlIpply can be secuRld. 

In ordCl'to fonnulatc a ~ aoito with a cODtinwam or Blip 
~~!I~ce (as ·opposed to a buWy .tipJno alip .ystepI). fut:ore 
eXperiments should iD!)Ol'pOl'8te more inll:rinediate IIUrilJtes ~t, 
w~1i ~trJd to walkinJ human ~IB, .inay or may DOt cause 
" sliP. Dry- Teflan® with ita ability 'k» C1i\JS8 toe sliP. io the walk
ing trI:ils ~ancd 115 such a surface in. the comnt Itudy. Be
C:!l~ ~e utilized COP at toe ufUs .Ugbtly blaJ!er dum at bed 
Strike doring nomial ambuJatiod, we believe ibe ~ slips MCQrded 
on dry Teflon. defiDed that surfiu:.e as having a slip rcsilltaD«:e ill 
~ the very slippery IWfaceB ~ ~ pri_Iy heel alipa 
and the not slipPery iinfaces Ibat ~·1I0 sUp&. The cballcDic is 
~Q identify more sorfac:ca with IIII!d without contllnfuanls thIit 
pcrfonn in Ibis Inte.tmt:dIaIe ranp ita order to expand Itld refiDe a 
gait-b88cd systan for f\UUr6uibo,uner ~1ion. 
. '[bia IItUdy invasti,gated the .biOftdelity of 1ribo~ IIIIder 

walklnc j;Qoditions ooly. As ~ slip, aud £alb ~ dorina 
more strenOanS 8etioIIi.ildl as pmbiI18 iI ~ 9t~. fI!.~ 
research should incorporate tub with a higbr:r friction demand in 
oRlct tD ~vziJlI;tm atri'bometm' s ability 10 assess safety over 8 

broader ~ or .ctil'itics. 

Conclusions 

The results of ollr triboJnctCr mea&\IlCmeots wem coniisUint 
with the CQnclusions or previous studies In tJIat difl'erent tri~ 

ten live varied COF values for the same surfiu::c.. In the cmrent 
study. only two of am: nine Irlbomcten teited (the Tortua n and 
Malk III) met our compHancc aircria by both comctJy ranking all 
six condltioas IIJId ~ between ~ of differing 
degm::8 of slipperiDess as eStabliJbecl by the walking triala. ~ 
findinp Jeird'orce the Deed far objective c;riteria to ..;ataiII Winch 
uibQmetcrs etrecdvely eval~ ftOQI' IIIlipperiness aod a pedca-
1riaa'. risk of 8lippiDg. Tbfa cxpetimental p~ demoD~ 
.... pit-bascd measun:a of sJippcriness Can be Iiscd to crc:aIe ref
eaence IIlD1dmtIs apimt wbidJ 1he outPut of tribometers can be 
cunpaml 
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The development of a universal approach to 
testing of walkway slip resistance in the U.S. 

James Flynn, PE ... , Steven Di Pilla, ARM, CXLT b and Keith Vidal PE, CXL T C 

• J2 Engineering. 5234 E. Pine Avenue, Fresno, CA 93727 
b ESIS Health, Safety & Environmental, Philadelphia, PA 
• Vidal Engineering Sf Louis, MO 

Abstract. The measurement of walkway slip resistance is required to 8&SesII 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 tribomcters are available 
to measure slip resistance howev~, the measured value oftlle slip rcsistance ofa given surface has been found to be tnbomcter 
specific. The introduction of ASTM International Standard F2508 Standard pJactice for Validati(JR and Calibration of Walk
way Tribometers Using Reference Surfaces, haB produced a method which allows VlIlidation of each type oftribometer and the 
values. generated dlldng testing. 

Keywords: Tnoomcler, Slip, Walkway safety, Slip resistance 

1. Introduction 

The measurement of walkway slip resistancB is 
necessary to assess the risk of slipping. In the U.S., 
there has been considenlble discussion, debate, and 
controversy regarding the selection of a defmitive test 
method and apparatus for detennining walkway slip 
resistance. Unlike several other countries, there has 
never been a single approach to such measurement 
and many different types of tribometers are used. No 
·tn"bometer has been accepted which is able to meas
\U'e slip resistance such that the measllremenlS 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 8S the mea
surements are a function of the material being tested, 
the test foot materililand the specific tribometer ll•9J• 

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

• Corr""Ponding author. 

E-mail addr ... : jflynn@j2en!!com Phone: 1 (559) 251-5600 

walkway surfaces that can be used to vaiidate the 1,ISe 
of any tribometcr. In 2011, ASTM International pub
lished P-2S08 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 SUlface slip resistance 
properties defined by human ambulation studies. 
Through the use ofthe F-2S08 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[,·9) . 

2. Methods 

With the acceptance of the use of several types of 
tribometcrs, it was necessary to develop a method for 

1051-98151121S27.50 C 2012 - lOS Press and the authors. All nibts reserved 
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an objective evaluation of tribometer perfonnance. 
To !hat 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 (VC1). · To 
rank the tiles in order of slip resistance, testing was 
conducted at the University of Southern California 
Musculoskeletal Biomechanics Laboratory. Eighty 
sllbjecll! were recruited to walk across the tiles and 
the subjects were mGnitored 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 resis1ance. The polished black granite was 
most slippery and was followed in decreasing order 
by porcelairi, VCT and ceramic[9]. 

With the availability of the reference surfaces, 
ASTM International Committee F-13 Pedestrian 
Walkway Safety and Footwear, created ASTM Inter
national Standard Practice F-2S0B. The standard in
volves using the reference tiles to validate tribometer 
performance. In order for the perfonnance of a tri
bometer to be considered valid, the tribometer must 
satisfy two criteria. It must be able to statistically 
differentiate between the surmces 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 Laboratory. 

If the tribometer can differentiate between the tiles 
and rank the surfaces in the correcJ order, the testing 
of the reference tiles can provide tribometer specific 
slip 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 asurfiu:e 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 
refererice tiles, values fmm 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 tbat 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 
interpretation of those values are tribometer specific 
[S,9] 

The F-250B Standard Practice is intended for the 
use of the manufacturer of each type of tribometer as 

well as the end user. The manufacturer conducts 
Walkway 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 9Slb percen
tile confidence interval. The rcsults 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 detennined through the use of paired /
tests (p < 0.D5) for all adjacently ranked reference 
surfaces. 

When the end user is conducting Tribometer Cali
bration Testing, sixteen tests are to be C()nducted on 
each reference surface. The results of the testing are 
used to calculate the mean.· Calibration requires the 
mean to be inside the 95111 percentile confidence in
terval as reported by the tribometer manufacturer. 

End user results are reported based upon a specific 
tribomeler 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(ll. 

3. Disculslon 

The human subject testing at the USC Muscu
loskeletal Biomechanics Laboratory and the resultant 
creation of the ASlM International standard F-2508 
are a significant movement in the direction of valida
tion oftribometers and the measurements of walkway 
slip resistance. It must be noted that the standard 

. does not state that the validation will hold for all 
combinations ofwaJkway surfaces and test foot mate
rials. 

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 
TribometeIS requires a Walkway Tribometer Valida
tion Report as defined in Standard F-250S. It also 
requires the manufacturer to conduct a precision 
study through the ASTM International Interlaborato-
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ry Study office (lLS). The precision study looks at 
both tn"bometer repeatability and reproducibility. 
The repeatability is detennined through the use of a 
single tribometer and single operator. The tooometer 
is used to test the reference tiles and fucuses 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
tec/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 
simply provides a confidence level for those looking 
at data from different tnoometers ofthe 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 8 validated tribometer and the as
sociated reference tiles. 

References 

[II ASTM P2508, ZOl1. "Standard praotic., for yaJidation and 
calibralion of walkway tribemctcrs ",ing reference surbces," 
ASTM I!Ilemational, West Consbohocken, PA, 2011, 001: 
10.1520(F2308-11. 

(2) Gronqvist R, Hirvoncn M, Tohv A. Evaluation of three porta· 
ble floor SlipperiDCIIS tasters. Int J Ind BraoD 1999-,2l:8.S-95. 

[3) Chang WR, Matt S. The slip reslstanc;e of common fuotwear 
materials measured with two slipmetenl. Appl Ergon 2001; 
32(6);548-58. 

[4] Kulakowski BT, Buczek n, Cayanagh PR, Pradhan P. Evalu· 
ation ofpcrfOJll1llllce of Ime slip resistance testers. J Test Ev-
311989;17(4):234-40. 

[5J Powers eM, Branlt m, Stefaou MA, Tsai YJ, FlyDn J, Sieg
mund OP Assessment of walkway tribomotor readings in ev .... 
luating slip resistance: a gait-hased approach. J Forensic Sci 
2007;52(2):400-5. 

[6] Marpet MI, Comparison of walway safety triberneters. J Test 
EvalI996;2S(9):245-54. 

[7J Marpet MI. Comparison of wakway safety tribometers: pert 
. twtJ.JTestEvaI1997;25(I):115-26. 

18J Powers eM. Kulig K, Flynn, J, Brault JR. Repeatability and 
bias of two walkway safety trihomelers. J Test Eval 
1999-,27(6):368-74. 

(9) Powera eM. Blanchette MO, Brault JR, Flyrm J. Si.,gtBllld 
OP. Validation of walkway lribometcrs: establishing Ii refer· 
enee standaJ<l J Forensic Sci. 2010;55(2):366-70. 

[lO]MlldoffH, Fleisher DH, Oi Pilia S. Comparison of slip resis
lBltCC measurements between two tn'bometecs using smooth 
and grt)()W(j Ncolit. test-liner test rect. In; Matpet MI, Sapien
za MA. Editors. Metrology of pedestrian locomotion Bnd slip 
resistance. ASTM STP 1424. West COItSbohocken, PA: 
ASTM,2002:67-72. 

[lJ lebam R. Redfern MS. Heel contact dynamics during alip 
events on level and inclined surfllc .... S&f Sci 2002;40(7):559-
76. 

[12]Powcl'£ eM, Bumfield 1M, Lim P. Brault JR, FlyDn lE. Uti· 
lized coefficient during waUcing: static estimalc! exceed IDCWI

ured values. J Fo;ensic Sci 2002;47(6):1-6 

Page 429 



ApPENDIX A.4. 



EXHIBIT 4 

Page 430 



~ Designation: F2508 -11 

Ilj'nIIHATltJHAL 

Standard Practice for 
Validation and Calibration of Walkway Trlbometers Using 
Reference Surfaces 1 

~is. staodard .is issu~d under the fix~ .designation F2S08; the number immediately following the desiinAtion indicates the year of 
ongmal ~ptl,:,n or. m .the. else of rev~310.n. the year~ last revision. A number io parenthesd indicates the year of last reappIOVllI. A 
5uperscnpt epSllon (G) Indicates an editorial chaoge SIDce the last revision or rcapproval. 

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 sllrfaces to validate his 
walkway tribometcr by properly ranking and differentiating the 
surfaces. 

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

1.4 This practice describes the necessary mateIials, 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 reaciing$ 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. Refereoced Documents 

2.1 ASTM Staruiards:2 

I This practice is under the jurisdlction or ASTM Committee FI3 on PedestrJan! 
Walkway Safety and Footwear and is the direct responsibilil}' of Subcommittee 
F13.10 on 1iettion. 

Cumn! edition approved March 15. 2011. Published March 2011. DOl: 
iO.15201F'lSOg·1I. 

~ For referenced ASTM standards. visit the ASTM website, www.astm.org. or 
contact ASTM CustDmer Service at service@8StllLorg. Por Anlluol Boolc of ASTM 
SU111tiarrfs vol.me InformatiDn. refer to the 6111ndard's Documenl Summary page on 
[he ASTM website. 

Dl349 Practice for Rubber-Standard Temperatures for 
Testing 

03244 Practice for Utilization of Test Data to Determine 
Conformance with Specifications 

FI646 Terminology Relating to Safety and Traction for 
Footwear 

3. Terminology 

3.1 Definitions-For terms used in this practice not identi
fied herein, refer to Terminology Fl646. 

3.1.1 paired t-test, 11.....:3. test of statistical significance based 
on the llse of student's t-distribution and used to compare two 
sample means (see Appendix X2). 

3.1.2 supplier, n-any individual, agent, company, manu
factmer, 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 ofTel7rl$ 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. 

Copylight 0 ASTM Internatlonol. 100 Barr Harbor Drl ••• PO Box C700. Weet Conshohocken, PA 18428-2959. Unft"d Staloa. 
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4. Summary of Practice 
4.1 This practice establishes a procedure to: (J) validate 

walkway tribometer models against a 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.3 

4.4 Validation consists of a series of 40 tests on each 
referencc surface from this practice. A walkway tribometer 
model is considered vali4 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 user. 

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· walk.way 
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. Th achieve this 
goal, walkway tribometer models must be validated against a 
standard with relevance to human 8J,11bulation. 

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.3 

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 a mean 
walking velocity of 2.18 mls. 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 repre~entative of the larger general population 
of pedestrians. 

3 Powe ... C. M .. Blanchette, M. G .• Brault, 1. R.. Flynn. J .• and Siegmu.nd. O. P. 
"Validation of Walkway TttDOmeteT$; Es~bllshing a Reference Standard," Journal 
of Forensic Sciences, Vol. 55. No. 2, March 2010. pp. 366-370. 

2 

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 aU walkway surfaces. The outcome of the 
validation practice reflects performance on the type of refer
ence surfaces and surface 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 free 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 service life specifications. The specifications 
shall be sufficient to permit procurement of an exemplar test 
fOOL 

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 Theca1ibration 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 
tribometcr supplier or by Ii fully documented procedure in
cluded in the validation or calibration report. 

7. Reference Surfaces (RS's)4 
7.1 Reference Surface:;; 
7.1.1 RS A-Polished black granite whose surface beneath 

the test foot is covered with a continuous film of 0.04 % by 
volume solution of Triton X_IOOl (nonionic surfactant) in 
distilled water (that is, 200 fll.. of Triton X-tOO 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-Vinyt 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 Each RS shall be permanently marked to designate its 
reference class (that is, "A", "B", "C", "D"). 

'Available from ASTM International Headquancrs. Order Adjunct No. 
ADJP2508. Orlginal adjunct produced In 2011. 

01be lole source of supply of the apparatus known to die committee at this time 
i. Oallade Chemical. Santa Ana, CA. If you ue aware of allmlllrive suppliers. 
plcuc provide ·this information to ASTM Internallonal HcadqWlrters. Your com
ments will receive oarcful consideration at a meeting of the respo!l8ible technical 
committee.1 whid1 yoo may attend. 
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7.3 Reference surfaces shall be stored in a manner that 
prevents deformation and contanrination. 

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 a humidity level of 50 :!: 5 % and a 
temperature range of 23 :!: 2°e (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 blemisbes. 

8.2.1 Cleaning: 
8.2.1.1 No surface treattnent except as specified in this 

section is permitted. 
8.2.1.2 Prepare a 0.05 % by volume solution of liquid 

sodium lauryl sulfate in distilled water (that is, 250 IJL 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 1O-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.i.l.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 lOs. 

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.LlO The cleaning procedure should be performed be
fore each testing session. 

8.3 Re!erenct Surface Mounting--Mount the reference sur
face onto a flat and rigid substrate that prevents movement of 
the reference surface parallel to the test plane of the walkway 
tribometer during resting. 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. 

3 

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 (el) for the 
walkway tribometer test results for each reference surface 
using Eq I through Eq 4, respectively: 

1 • 
X = - '5'. (X;) 

n,~ 

where: 
n = number of measurements (40), and 
Xi = test result 

1 • 
SD = »=T . i~ (XI - :xl 

SD 

(1) 

(2) 

SE=~ (3) 
VII 

95th percentile CI = J( ± (1.96 X SE) 

. = X - (1.96 X Sm lOX + (1.96 X Sm (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 
fo]]owing 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 Xl.. 

9.2.2 Differentiation-Using the mean and standard devia
tion, paired Hests 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 
fOI' troubleshooting shall be followed, and the walkway tribom
eter validation repeated. If the results are still not satisfactory, 
the walkway tribometer fails the validation. 

10. Walkway Trlbometer 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-Mean, 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): 

10.1.1 0 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 wallcway 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, 9(), 180, and 2700 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 each reference surface using Eq 
I (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-

4 

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 infonnation 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 Soutee of reference surlaces 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 

peccentile confidence interval; 
14.1.10 Statement ilddressing 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 perfonned in 
accordance with this practice. 

< IS. Calibration Schedule 

15.1 Calibration shall be performed: 
15.1.1 Following initial manufacture and before deli very 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 

(Nonmandatory Information) 

Xl. RANK ORDER OF REFERENCE SURFACES 

Xl. I Reference surfaces from left to right ranked from least 
to most slip resistant in Table Xl.1. 

TABLE Xl.1 Rank Order of Reference Surfaces 

Least Slip Resistant 

RS-A RS-B RS-C 

Xl. PAIRED t TEST 

MQst Slip Resistant 
~ 

RS- 0 

X2.1 Formula for Calculation of t: 

dm 

t ~ SDI\jN (X2.1) 

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

where: 

X2.2.1 If the calculated t value is greater tilan 1.694 (critical 
value), then a statistically significant difference exists between 

d", = the mean difference. that is, the sum of tl)e differences 
of all the data points (RS A measurement J - RS B 
measurement 1, .... ) divided by the number of pairs 
(40), 

reference surfaces. . 

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

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

N = the number of pairs (40). 

NOTE X2.J-Usc the absolute value of t (that is, assume that t is 
positive). 

Nare X2.2-The selection of this critical value assumes: (1) one-tailed 
t test (used when there is an expectation of a significant diffetence between 
groups). (2) 39 degtees of freedom (number of pairs - I). and (3) O.OS 
level of significance. 

ASThllnternatJonaI takes no poS/lion rsspeclfng the validity ()t any pat9flt rlgh/s aSSfHted in conooctlon with lilly item mentioned 
in this standlJlCi. Users at 11118 s/sndalCi /lIB expressly ad\liS6d that detelmlnlltloll <>f the validity of any such patent rights, and 1h6 risk 
of Infringemsn/ of SUCh rtgirts, are eMlI8Iy their own tUpMSlbJflty. . 

This I1landard Is subject to rfwisioo st any lime by Ihs r~11I technical commJt/ss and must be rflVi&wsd livery "ve yealS and 
If no/ IfIvised, 6iItIet rflll.pproved or withdrawn. Your oomrrumls _Invited tlltherfOT l'fWisjon <>f this standard or for addItional standards 
and should be addressBd to ASTM Intematlonal H6adquarl8J'fl. '(Olll _IS will ~sIva careful coosiaeratlOil at /I meeting <>f th8 
responsible /schnlcal COmmJlt8s, wfJicII you may atlflnd. ·If you f~eI that YOIll comments have not received a fair hsarlng you should 
meke your views known to the ASTM Committee an SlBncIards. at the addresa 5hown below. 

This standard Is copyrighted by ASTM In/smatlonal, 1 ()() Sa" Hamor OI1Ye, PO Box eroo, West Conshohoolwn, PA 19428-2959, 
United StatflS. IndIVidual reprints (single or multiple cOpIes) of this standard may be obtsfned Of oontacling ASTM at Ilia above 
address or at 610-832-9585 (phone), 810-832-9555 (fax). o( serviceOa.sIm.org (e-mail); or through Ihs ASTM websits 
(www.88Im.erg). Permission rights to photocopy the s/sndard may ll190 be sflCIJred from the ASTM website (www.astm.Drg/ 
COPYRIGHT/), 
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tlO~ Designation: 02047 -11 

~ 
INTBftfATIONAJ. 

Standard' Test Method for 
Static Coefficient of Friction of Polish-Coated Flooring 
Surfaces as Measured by the James Machine 1 

This standard is j~ued undef the ftxed designation 02047; the number immediately following tne deJ:ignation indicates the yea:! of 
original .adoptl~n or. in Ih~ ca5C of revision. the year of last revision. A number in plUelllheses indicates lhe year of lut reapproval. A 
superscnpt epSIlon C") indicates an editorIal change since tbe lut revision or reappmva!. 

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 
hwnan locomotion safety. Further, this test method also estab
lishes a compliance criterion to 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 
sculpllll'ed pattern of the surface does not permit adequate 
contact between the machine foot and the test surface. 

l.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. Thevalues 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 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:2 

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 Emu)sion Floor 
Polishes to Substrates for Testing Purposes 

D 1630 Test Method for Rubber Property..:....Abrasion Resis-

I This test method is under the jurisdiction of ASTM Cotrunittee D21 on Polishes 
and is the dt=l responsibility of Subcommittee D21.06 on Slip Rc5istance. 

CllrtCnt edition approved Oct. I, 201l. Publi.hW November 2011. Originally 
approved in 1964 as D2047~4T. Last previous edition approved in 2004 as 
D2047 - 04. DOl: IO.IS2{)/J)2047-ll. 

2 For referenced. ASTM standards. visit the ASTM website, www.ilSlm.org. or 
contact ASTM Customer Service at sc:rvice@astm.!Xi. For AIUIIMlI Book of ASTM 
StCUldard3 volume iofonnarion. refer 10 the standard's Document SUllID1uy page on 
tho ASTM wcbditc. 

tance (Footwear Abrader) 
D2825 Terminology Relating to Polishes and Related Ma

terials 
D4103 Practice for Prepa.ration of Substrate Surfaces for 

Coefficient of Friction Testing 
D6205 Practice for Calibration of the lames Static Coeffi

cient of Friction 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.J Type I-Fac
tory. (for Shoe Making), Class 6-Strips 

3. Tenninology 

3.1 Deftnitions-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 
hori7..()ntal component of force required (0' 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---'Ihe frictional furce 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 marlcedly 
reducing the probability of slipping while walking. 

I Available from Standardization Documents Order Desk. BI~. 4 Section 0, 700 
Robbins Ave .. Philadelphia. PA 19111-5094. Attn: NPODS. 

Copyrlghr CASTM InlllrnaUonol. 100 BaIT Harbor Drtve, PO Box C700. West Conshohocken. PA 1942&-29511. Unll8d Slatu •. 

CqlyrightAS1M IntS"natlonal 
PrO"idQd by IHS ul"lder HcenM wit! ASThi 
No feptockdotl ar Mtworfc.i1g permlt.d wiihout loe ... se.~ tHS 

SaId 10:.12 EN()INEEINCl. WI4\23Q4 
Not "" _.201311/21 23;2a GMT 
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4. Significance and Use 
4.1 Test Method 02047 establishes a compliance criterion 

relating static coefficient of friction measurements of flooring 
surfaces with human locomotion safety. The compliance crite
rion is based on extensi ve 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. 

NO'I'e \- The value of 0.5 meets the requirements for compliance with 
Rule 5 on "The use of ICnns slip retardant, slip resistant, or terms of 
similar import," of the Proposcd Trade Practice Rules for the Floor Wax 
and Floor Polish Industry as issued by the Federal nade Commission on 
March 17. 1953. 

4.3 The 0.5 static coefficient 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 improper, 
because they are not a part of the body of experiential data 
upon which the conformance criterion is based. 

NOT!! 2-The confonnance criteria of this tcst method may be valid for 
other surlaces and surface coatings tes~ by this test method. but this has 
not been substaDtialed by correlation with experIential data. 

5. Appa~tlis 
5.1 James Machine4-8ee Fig. 1. 
5.2 Shoe MaterialS-For interlaboratory and specification 

testing.the shoe material shall be leather, confonnlng to Federal 
Specification KK-L-16SC. Other materials commonly em
ployed as footwear sole or heel material may be used. 
However, it should be understood that theO.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 nonh87.8Id
ouswalkways. If a standard rubber shoe material is required, 
the test rubber should be in accordance with Test Method 
01630 .. '. 

NO'I'e ~-The static coefficient of friction measured with elastomeric 
compos~ions are frequently as much as 0.3 to 0.5 higher than leather. 

5.3 Substrate-For interlaboratory and specification testing. 
ovm, wood panels 7, or standard ceramic tilesa shall be used. 

5.3. f If substrates other than the above standards are to be 
used, they should be of uniform porosity and free of surface 

• Assembled. motorized machines are available from Michelman. Ioc .. 9080 
Shell Road. Cincinnati. OH 45236-1229. AISWlbled. oon-molOri%ed machines 111'. 
available from QUldra. Inc., 1833 Oakdale Ave., RaI'ine. WI 53405. Engineering! 
machinist drawings are available from ConSumet Specialty Product. Association. 
900 17th Street NW. WashingtOn. DC 20006. 

• Precut specification lealMr matuJal 1, available fronl Consumer Specialty 
ProduclS AssOciation. 900 11t~ Street NW, Washington DC 20006. 

• OVC1~ Official Vinyl CompOSition Til". is available from Consumer Specialty 
Products Association. 900 11th Str.et NW. Wlshington. DC 20006. 

Cc9Yf'1Iht A8TM IntamallDl'1l:I 
PtQVidIlld by')HS Uldar Ilcenel Willi Asr ... 
1-<10 reproducQOrl or nehlatllnSJ p,rmitl,d 'NIIhol1 l\Cln ... from IHS 

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

6. Test Surface 
6.1 For inteclaboratory 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 
CI028, 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 
leilther during cutting. Dress the edges square.s 

7.3 Before use, the specification leather should be equili
brated at 50 %(±5 %) 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 confornring to Test Method 01630, 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 
paper9 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 om in. 
(0.25 mm). The inside surface should be free ofloose 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 80 that the 
Oliginal grain of the leather is parallel to the direction of shoe 
trave1. 

7.7 1b 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 

7 Wood panels may be constructed from _emblcd Rock Maple shons (Second 
Orade, or better). available from Robblns, Inc .• 4777 EBSttlnl Ave., CiocinnRti, OH 
4S226. or ftom local distribcltors for Bruce Hardwood Aoorl. or Harris·Tarkeu 
floors. Alternatively. panels may be cut from 3/4 in. (19.1 111m) furniture grade 
maple veneer plywood, available from local lumberyards 01 millworks. 

• Available from the Tile Council of America, P.O. BOl< 1787. Clemson. SC 
29633. The tiles should be prepared far coating in accordance with the procedure in 
Tesr Method CI028. 

·3M-413Q, available frOID 3M Co .• SI. Paul. MN; C414W. available from 
ClI1Iorundum Abrasives Co .. Niagara Falls. NY; T421. available from Norton Co .• 
Stephenville. TIC . 

s.~ IOeJ2 eN!lINEElNO. W'4,23Q4 
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NorE-The schematic is of a hand driven model. Motorized models do not have a table transport hand wheel (0). 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. 

o 

a-Wefgh1S !-Specimen 
~hlon j-Shoo 
c-Chart k-Test Table 
d--Chart Board I-Ratalning Bar 
e--Sp~ng Clip m-Back Pleta 
I-Recording Pencil !l---8all Beet1ng RoUers 
g-6et Screw o-Table Tl'Bnsport wheel 
h-Strut p-6hoehokler 

FIG. 1 James Machine 

direction of shoe travel. Remove all dust from the leather 
surface using a brush, vacuum. blower, or woodworking "tack" 
cloth. Test the surface to be certain it is free of dust by wiping 
with green felt cloth and observing the cloth for dust. 

NOTE 4--Discontinue use of the leather material when sanding has 
reduced the thickness by 0.05 in. (l.3 mm). 

. 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 AST~ ~t.nullion" 
F'rOYld~ by IHS und .. IQMI. win AS'ThA 
No reproduc¥c:n a' natwor1dng parmltSed WithOll\ liGen", tum lHS 

:~ .. 1O:J2 ENGINeElHG. Wl41Z304 
Not fQ" ReMlo,2.01111J21 :!3:ttD GMT 
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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 chartlO 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 actual test, make a test run in four 

mutually perpendicular directions using a panel of known 
coefficient of friction. 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 06205). 
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 uafllc. 
Most commerica! finishes meet these requirements. Samples and corre
sponding coefficient of friction values are available from many formulat· 
ing manufacturers. polymer manufacturers. Qnd other floor finish raw 
materia! suppliers. 

8.~ Us~ three tiles or panels for each test, obtaining four 
readmgs ~m each panel. Rotate the panels 900 between each of 
the four ~adings so that a fresh surface is tested each time and 
direction~l effeCts, jf any, are cancelled. If there is insufficient 
floor fini~ to coat three panels, tests on one or two panels may 
be run, t~ugh with the expectation of reduced precision_ 

8.6 PI~ce the panel on the test table in firm contact with the 
retaining bar. Ughtly dust the test panel to remove any 
extraneous 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.lmin (1524 mmlrnin), ± 3 in.lmin (:t76 mrnIrnin), 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. 

S.10 After each detemiination, 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. 

S.ll 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 

10 Suitable cbarts are available from the Consumer Specialty Proucu Associa
tion, 90? 17th Street NW. Washington DC ZOO06. Only use origioals of !hese charti. 
not COpies. Hven the best copying machines wiU 001 duplicate exactly. and &maU 
deviations in the distance between coefficient affriction lines on the chart could lead 
to inatturatc results. 

Copy~.h1J\&TN ........ Ion.1 
provided ~ IHS urder Ibn .. will ASne 
No rBproducliGt) Of ,,1twO.iling P""'~ wt!ho..,tlic:ense 1rom IHS 

N011! 6-If panels thicker [han 0.5 in. (12.7 mm) lICe to be tested (for 
example., concrete or terrazzo slabs). a shim may be required underneath 
the gear box frame. The shim shall be cut to the contours of the frame and 
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 lest table and shall not impede [he free fall of the 
weighted vertical gear through the geaT box. Holes should be cut in the 
shim to 8Ccomodate bolts so that the unit may be bolted down before 
operation. 

9. Report 

9: 1 The com~leted CSPA chart shall constitute the report of 
testmg. It shall mclude the following: 

9.1.1 The static coefficient of friction as the arithmetic 
~venlge of all twelv~ readings obtained on the three panels. For 
mterlaboratory testmg or external reporting, round off the 
average to one significant digit using the rounding-off method 
of Pl'a~t~ce E29. For intralaboratory dat~ 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.~.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 applied, report 

the number of coats and the application procedure used (see 
Test Method 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 U 

10. 1 ~e following criteria should be used for judging the 
acceptabll1ty of results (95 % confidence); 

10.1.1 Repeatability-Duplicate determinations of the 
mean static coefficient of friction of a polish film, by the swne 
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
t~on of films from a liquid polish determined by two laborato
nes 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 dala MYe beeo filed 81 ASTM International Hcadquanc[1 and may 
be obtained by requesting Research Re~ RR:D21-1000. 

• Sold ",J2 ENCINEEI"'O. W14128D4 
Not lot _1o.'I01~121 2:1:22:9 GUT 
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2. 

3 

4 

5 

6 

FILED 
13 MAY 28 PM 3:44 

The Honorable Keru~tfpge~y 
SUPERIOR COURT CLE K 

E-FILED 
CASE NUMBER: 12-2-07790- SEA 

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

) 
7 TWYLA KILL, and TERRY KILL, individually) 

and the marital community compriRed thereof, ) 
8 ) SECOND DECLARATION Of JAMES E. 

Plaintiffs, ) FLYNN, P.E., TN SUPPORT OF THE CITY 
9 ) OF SEAITLE'S MOTION FOR 

vs. ) SUMMARY JUDGMENT 

10 ) 
CITY OF SEATTLE, a Washington municipal) 

11 corporation, ) No. 12-2-07790-8SEA 
) 

12 Defendant. ) 
) 

13 ) 
) 

14 ) 

---------------------------) 
15 

1, James E. Flynn, P.E. do declare as follows: 

16 
1, I am an engineer with J2 Engineering. J am the author or contributing author to a 

17 

18 

19 

20 

21 

22 

23 

number of scientific studies analyzing slip and falls and the use oftdbometers, 1 am a 

Collaborative Researcher at the Musculoskelcta~ 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, 

2, The representations I make in this declaration are based on scientific research, my 

years of training and experience in mechanical and safety engineering and my familiarity with 
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academic and peer-reviewed scientific works regarding slips. I make these representations as a 

2 response to the Second Declaration of Joellen Gill and to supplement my prior declaration in this 

3 matter. Based on the materials I have reviewed to date, plaintiff's expert's tribometer has never 

4 been calibrated as required by ASTM F2508. Although Ms. Gill recognizes that ASTM F2508 

5 sets the required method for validation and calibration, she offers an interpretation of the 

6 standard that does not match its plain language. Ms. Gill suggests that only validation is. 

7 required. not both validation and calibration. Had her machine been calibrated, she would have 

8 a report demonstrating as much pursuant to ASTM F2508 section 14. Every time Ms. Gill 

9 replaces the test foot on her machine and at least once every year, her tribometer must undergo 

10 the required calibration testing. 

11 3. Although it appeal's ii'om the Excel Tribometers website that thc class of English 

12 XL tribometel's was validated by the manufacturer, ASTM 2508 makes clear that both validation 

13 of the class oftribometers and calibration of the individual tribometer used by a tester is 

14 required. Without the calibration required by ASTM 2508, the results of a tri bometer test are of 

15 no usc whatsoever. 

16 4. A briefreview of the text of ASTM 2508, an exhibit to my prior declaration, 

17 demonstrates that calibration is required, in addition to validation: 

t 8 1.1 This practice is intended to establish the parameters for validation and 
calibration of walkway tl'ibometers. 

19 ].2 This practice provides a walkway tl'ibomctcl' supplier with a procedure and a 
suite of reference surfaces to validate his walkway tribometel' by properly ranking 

20 and differentiating the surfaces. 
1.3 This practice provides the user of a walkway tribometer with a procedure and 

21 a suite of reference smfaces to test calibration of his instrument." 

22 

23 

* * * * * 
3.1.1 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. 
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2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

3.2.3 validation, n-thc set of operations that establishes, under specified · 
conditions, the pJOper ranking and differentiation of reference surfaces by a 
walkway tribomcter. 

* '" * * * 
4.1 This practice establishes a procedure to: (l) validate walkway tribometer 
models against a human gait-based reference system, and (2) calihrate each 
individual walkway tribometers of a validated model against published suppliers' 
reference values (as defined in 9.1, Rq 4)" 

* * * * * 
4.4 Validation consists of a series of 40 tests on each reference smface from this 
practice. A walkway tribometer model is considered valid if it ran1es 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 OJ' on behalf of the supplier and 
made available to the user. 
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 cali bration if the bias of the mcan test values for each smface 
falls within the 95% contidence interval for the walkway tribometer model as 
established by the validation tests (as dcfincd in 9.1 Eq 4). 

* * * * >I< 

12 12. Walkway Trihometer Calibration Testing 
12.1 Using the walkway tribometer being calibrated and the test foot prepared in 

13 6.2.3, use suppliers' instructions or any other formal procedure to perfolm 16 tests 
on each reference surface (defined in Section 7) in the test area that has been 

14 prepared by 8.2. Of the 16 test'), perform 4 in each of four orthogonal directions, 
that is, at 0, 90, 180, 270° relative to an arbitrarily defined direction on the 

15 reference surface. Record the results for all tests specified in Section 10. 
13. Analysis of Results 1lDd WaJJ{Way Tribometcr Calibration 

16 13 .1 Compute the mean for each reference surface using Eq 1 (See 9.1). 
13 .2 To be considered a calibrated walkway tribometer, the mean for each 

17 reference surface shall He within the supplier'S reported 95 111 percentile confidence 
interval. 

18 13.3 Failure to meetthis calibration criteria shall be considered an unsatisfactory 
result. The walkway tribometer should be recalibrated or adjusted, or both, in 

19 accordance with the supplier's instlUctions and the walkway tribometer 
calibration repeated. If the result is still not satisfactory, the walkway tribometer 

20 fails calibration. 

21 5. The validation report from Excel Tribometer's website that is cited as an 

22 altaclmlent to the declaration orMs. Gill also indicates that calibration is required: 

23 
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2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

An F2508 Calibration procedure shall be perfOlmed 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 F25D8 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 yem·. 

The F2508 Calibration procedure consists of a series of 16 tests 011 each ofthc reference 

surfaces, four (4) tests in each of four (4) OJ1hogonal directions, that is, at 0,90, 180, and 

270 degrees relative to an arbitrarily defined direction on the reference surface, all il~ 

accordance with specifications and procedures defined herein and defined in the ASTM 

F2508-11 Standard Practice for Validation and Calibration of Walkway Tribometers 

Using Reference Surt~lces. 

The XL VIT base-model is considered within calibration if the bias of the mean test 

values for each surface falls within the 95th percentile confidence interval herein defined 

for the XL VII base-model, as established by the validation tests, and as established by 

Excel Tribomctcrs LLC. Failure to meet this calibration criterion shall be considered an 

unsatisfactory result, and shalll'equire the XL VIT base-mode] be recalibrated 01' 

adjusted, or both, by Excel tribometers LLC, mld the F2508 Calibration procedure 

repeated. 

An 1?2S08 Calibration Report shall be prepared and include sufficient information 
about the XL VIT base-model, tcst 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 intbnnation; 2.) Source of reference surfaces and date 

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

tribometer supplier, model type, and sedal number; 6.) Test foot number, material, age, 

preparation procedure, and dimensions; 7.) The Excel Tribometers LLC version of the 

XL VIT Uscr 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 95th percentile confidence interval; 10.) Statement addressing compliance or 

noncompliance with criterion; 11.) Comments on any aspect ofthe calibration process 

that the operator judged to be noteworthy or that may have affected the test resuHs; and 

12.) Statement that the calibration has been pClformed in accordance with ASTM F2S08-
11 Standard Practice for Validation and Calibration of Walkway Tribometers Using 

Reference SLllfaces. 

SECOND DECLARATION OF JAMES FLYNN, P.E., IN SUPPORT OF 
THE CITY OF SEATTLE'S MOTION FOR SUMMARY JUDGMENT ~ 4 

Page 457 

PETER S. HOLMES 
Seattle City Attorney 
600 Fuurth Avenue, 4th Floor 
P.O. Box 94769 
Seattle, WA 98124·4769 
(206) 684·8200 



1 The calibration results sh9-11 apply only to the unique XL VrT base-model/XL VIT and 

F2508 tt"eaded-model test foot combination tested." 
2 

3 Second Declaration of Joe lien Gill, Exhibit C, p. 3. (RepOlt of ASTM F2508 Validation of the 

4 English XL VIT Base-Model Variable lncidence/Atticulated Strut Tribometer (wldated, testing 

5 pelformed August 20l1)(emphasis added)). 

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

7 following average measurements for the four reference tiles: 

8 
RS·A RS·B RS·C RS-D 

9 Granite Porcelain Vinyl Ceramic 
Mean 0.125 0.259 0.359 0.858 

10 Standard Deviation 0.006 0.013 0.025 0.014 

11 Standard Error 0.001 0.002 0.004 0.002 
95th Confidence Lower 0.123 0.255 0.351 0.854 

12 95th Confidence Higher 0.126 0.263 0.367 0.863 
Rank (1 =: least slip resistant) 1 2 3 4 

13 

14 7. By comparison, the validation test of another base model tribometer using a 

1 diflercnt method to prepare the test toot came up with the foHowing results: 5 

16 RS·A RS-B RS-C RS-D 

17 
Granite Porcelain Vinyl Ceramic 

Mean 0.083 0.112 0.168 0.557 

18 'Standard Deviation 0.007 0.009 0.013 0.028 
Standard Error 0.001 0.001 0.002 . 0.004 

19 95th Confidence Lower 0.081 0.109 0.164 0.549 

20 
95th Confidence Higher 0.085 0.115 0.172 0.566 
Rank (1 = least slip resistant) 1 2 3 4 

21 Report of ASTM F2508 Validation of the English XL VIT Base-Model Variable 

22 Incidence/Articulated Strut Tribometer with Standard XL V IT N on-Threaded Test Foot and 

23 Standardized Test Foot Preparation Device, June 19,2012 (available at: 
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http://wv.~w.cxceltrjbol1leter:;.c9JIVUploads/download/XL%20YIT%20Basc-

2 MgQcl%20F2508%20~.!.c;l.'yo20Foot%20Yalidation%_?ORcport.pdf Lrist visited May 21,2013). 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

8. To provide an example of the significance of calibration relative to the two 

validation reports: On the third reference slU'face, vinyl composition tile, the difference between 

.359 and .168 is signiticant. During human testing of wet vinyl tile, 7 0[20 subjects experienced 

a toe slip on that smface, but none experienced a heel slip. A noted in the published repOlt that is 

exhibit 1 to my initial declaration, 

. . 'The' tiistiri2tioirbet\Ve¢h the rnost-sU1per.y :8urface corit8lniqg:'pri .. 
:rt1arily heel ;sl~~l~. !$d the' ri1M.e~tetv ~ljp~¢ry. surrate' ttinminin~ 
~rim~ilY 'toe slips \'(~~ b~sed ,n.n Jh~ . .'prenits~~ that toe s~jl?8. {lte 'tl~t 
.·~~·9~U..$ fp.~' the ·w~~er p'~g.~\l~ . of wp~r~ .~l~t pe~' ;n .. ·.Ul~ gail .. 
;(iycie, Toe·.~lip$ i~~~ pJ@e in .18t~ S~8q~~·$ Weight is .. ¥i~g': ,~s~ 
I'" " ," . ' " .,' .... , , ~. • I 4' 

.(~r.r~ . qff .~1~ ~t.~pp~~g.. '~~ni9 ~o the ~upp~rt ~~ml>t In ~~t~a..~~!. h~1 
-:~~p~ ~ccut In etirly' ~iance when' weij~~ ·-isb¢iri~: .. ~~.f~r-red .. 'onto 
··the'. sJippj~s. limo wliich in~rea~' the "risk :of.i" tall comj:JruM to a 
toe.sHpXI4.). 

9. If Ms. Gill's machine had been calibrated pursuant to ASTM F 2508, we would 

have some basis for saying that the tested sUlface is roughly equivalent to Vinyl Composition 

tile, 01' much more slip resistant than such tile. But because the machine was not calibrated, we 

cannot draw any conclusions regaruing her test results. 

lO. . In her Second Declaration, Ms. Gill purports to be "very familiar" with ASTM 

F2508. ,,3, She misunderstands or ignores parts of the standard. ASTM F2508 required that 

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

"calibrate~l" by testing it on a single tile specified by the manufacturer ofhel' machine. 
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11. 1 have spent a signifIcant amotmt oftime analyzing and studying tr:ibomctcrs. 

2 Indeed, Ms. Gill relies on some of my prior pub)ications in SUppOlt of her arglUnents. However, 

3 Ms. Gill does not appear to understand current research in the field. Research that I and others 

4 conducted betwt:en 2007 and 2010 led to the development of ASTM F2508. That research 

5 dt:monstratccl that tribometers do not all operate on the same scale of measurement. Meaning 

6 that one tribometer might measure a surface as having a coefticient offrlction dramatically 

7 different from that measured by a different tribometer, or even another tribometer ofthe same 

8 model. 

9 12. As indicated by thc Excel validation tests cited above, how the test foot is 

10 prepared can have a dramatic effect on results. I have discussed this issue with the current 

11 owners of Excel Tribometers, and they have developed a new test-foot preparation device, "The 

12 Sander," in the hopes of developing more uniform results between XL machines. ''The Sander" 

13 was not commercially available in 2011 and I understand that it has not yet been brought to 

14 market. However, because of my ongoing work in this area, I have been provided a test model 

15 for evaluation. Given that Ms. Gill did not use "The Sander" to prepare heT test toot, I will not 

16 delve further into the issue here. 

17 13. r will note, however, an example of my past research that indicates why the 

18 calibration of a device as required by ASTM F2508 is so critical. In addition to the 2007 and 

19 2010 studies cited in my previoi.ls dec.iaration, I also petformed testing of the English XL 

20 tribometer in 2008. Tn that test, 8 XL tribometers were tested under laboratory conditions by 

21 their respective owners using the factory-proscribed test foot preparation method. Within two 

22 weeks prior to testing, 6 of the 8 tribometcrs had been calibrated by the manufacturer. Even after 

23 further onsite-calibration of the machines, the measurements obtained by the different 
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tl'ihometers was off by orders of magnitude when measuring the foul' different test tiles that are 

2 now part of ASTM F2508. 1 

3 14. I shared the results of the 2008 testing I describe above with thc ASTM F13 

4 committee. The ASTM F2508 standard was developed based on my and other's research during 

5 a time period that included my chairmanship of the F 13 committee responsible for the standard. 

6 The foUl' reference tiles in the studies I cited in my declaration are the same four tiles used in 

7 ASTM F2508. 

8 15. Had Ms. Gill calibrated her machine, it would allow us to compare her 

9 measurements to those obtained by the manufacturer during the validation test. It is throllgh 

10 validation and calibration that the results ofa particular test can be related back to human testing 

11 and analyses. Only tlU'ough that process can we relate the coefficient of friction measured by a 

12 machine to a meaningful hllman measurement of slipperiness. 

l3 16. In suni, Ms. Gill's continued confusion orthe difference between validation and 

14 calibration mean that her test reSllits are useless. Ms. Gill is not up-to-date on current science, 

15 which shows that there can be no single "safe" coefficient offliction because different 

16 tribometers operate 011 different scales of measurement, and cannot be said to be operating with 

17 any degree ufreasonable accuracy without validation and calibration. 

1 8 r declare under penalty of peljury under the laws of the state of Washington that the 

19 foregoing is true and C01TCCt. 

20 DATED this ~ day of May, 2013, at FrLi"$.v" , Fresno County, California. 

21 

22 

23 

/~1~~es:.-L-~~nn-r~· ~---.----
I The test protocols and results are attached as~ibits I and 2 to this declaration. 
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VTT Precision Study March 29, 2008 

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

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

3. Eight operators with eight different tribometers were selected for participation. 

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

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

6. 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 
tribon1eters. The new test feet had been provided prior to the test date by Mr. English. 

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

8. Four different test tiles were utilized: 

a. Polished Granite 
b. Porcelain 
c. Vinyl Composition Tile (VCT) 
d. Ceramic Tile. 

9. Each tile was tested in four orthogonal directions. A 11 tribometers tested the same spot on 
each tile. 

10. 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 (200~Ll500mL) to avoid beading and improve wetting. 
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"'U 
Q) 
co 
CD 
~ 
0> 
01 

Page Edkridge 
Calib. Date: 03-17-08 

Dean Ahlberg 
Calib. Date: 03-18-08 

Mike Stapleford 
Calib. Date: 03-22-08 

David Dainty 
Calib. Date: 03-21-08 

Bill Newman 
Calib. Date: 03-17-08 

AI Ferrari 
Calib. Date: 03-25-08 

Martin 8ataban 
Calib. Date: 05-14-07 

Richard Warner 
not.calibrated 

Reference nle 
0.15 

Reference THe 
0.14 

Reference Tile 
N/A 

Reference Tile 
0.15 

Reference Tile 
0.16 

Reference Tile 
0.14 

Reference THe 
0.11 

Reference Tile 
0.14 

VIT Testing: USC 03·29·08 
Granite Average Porcelain Average 

0.12 0.120 0.14 0.128 
0.12 0.14 
0.12 0.11 
0.12 0.12 -

Granite Average Porcelain Average 

0.05 0.050 0.08 0,075 
0.06 0.09 
0.05 0.06 
0.04 0,07 

Granite Averaqe Porcelain AveraQe 
0.10 0.100 0.16 0.148 
0.10 0.15 
0.10 0.14 
0.10 0.14 

Granite Average Porcelain Average 
0.06 0.060 0.07 0.070 
0.06 0.07 
0.06 0.08 
0.06 0.06 

Granite Averaqe Porcelain Average 
0.14 0.148 0.20 0.190 
0.15 0.18 
0.15 0.20 
0.15 0.18 

Granite Average Porcelain Average 
0.17 0.165 0.14 0.158 
0.17 0.19 
0.16 0.18 
0.16 0.12 

Granite Averaae Porcelain Average 
0.06 0.063 0.10 0.098 
0.07 0.11 
0.07 0.10 
0.05 0.08 

Granite Average Porcelain Averaqe 
0.12 0.116 0.13 0.128 
0.12 0.14 
0.12 0.11 
0.11 0.13 

_ ._-

Vinyl Average Ceramic Average 
0.14 0.165 0.40 0.463 
0.14 0.49 
0.18 0.37 
0.20 0.59 
Vinyl Average Ceramic Average 

0.08 0.113 0,26 0.238 

0.14 0.24 
0.11 0.22 
0.12 0.23 
Vinyl Average Ceramic Average 
0.14 0.163 0.55 0.543 
0.16 0.54 
0.20 0.46 
0.15 0.62 
Vinyl Average Ceramic Average 
0.09 0.150 0.26 0.305 
0.10 0.30 
0.22 0.27 
0.19 0.39 
Vinyl Average Ceramic Average 
0,22 0.258 0.35 0.378 
0.22 0.35 
0.28 0.30 
0.31 0.51 
Vinyl Average Ceramic Average 
0.19 0.185 -0.33 0.368 
0.19 0.36 
0.16 0.27 
0.20 0.51 

. Viriyl . Average · Ceramic Average 
0.14 0.130 0.33 0.320 
0.11 0.35 
0.13 0.30 
0.14 0.30 
Vinyl Average Ceramic Average 
0.11 0.130 0.29 0,325 
0.16 0.28 
0.12 0.25 

L- 0,13 0.48 


