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The Effect of Floor Slipperiness on Gait Characteristic
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Abstract

The floor slipperiness is an essential property for the pedestrian safety. This study was conducted to develop the
slip test apparatus to be well accorded with actual characteristics of human gait; and the correlation between RCOF
(Required coefficient of friction), Rz (Surface roughness), and 3 coefficients of slip resistance (C.SR (Coefficient of
slip resistance), BPN (British pendulum number), and SCOF (Static coefficient of friction)) were analyzed. Result of
the analysis revealed that the cadence, stride length, and step length were proportional to the walking speed, and the
significant correlation between walking speed and RCOF was found. However, the correlation between RCOF and the
other respective coefficients of slip resistance was almost unidentified thus it would be difficult to identify the actual

property of floor slipperiness with the RCOF alone.

Keywords : pedestrian safety, floor slipperiness, test apparatus, required coefficient of friction, coefficient of slip resistance
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The Effect of Floor Slipperiness on Gait Characteristic
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2.1.1 AAL
T 197k a0l ASiE YA @, skR]of Ax”I
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4 ZHE 109S AAR e 2 Asiyitt, AArde] duts
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Table 1. Summary of panel for the gait analysis

(N=20)
Gender Age Height (cm) Weight (kg)
Male 24518 174.5+3.1 67.0+4.9
Female 22.9+2.0 163.0+3.1 51.2+4.6

2.1.2 vIA A=

v A R2e F2 31H A7 oA Zto|7t
Aoty FHEE 6572 AE FA] ARE AAEA
t}, A|g2¢] 7j8E Table 29} 2t}

2.1.3 $A A=A
B EAHZ B8] §Jsto] 3xt B2 B4 AlAH
(3D motion analysis system)23} Z|H HFe]7|(force

1) 3¥ AR7|Rz) E SARIEREKS) ol 1= e vlird Al
HhHo| ofgt Z: E2IHC.S.R, BPN, SCOF)

plate)dE o-§3tFch AW ¥HE7|E o83t B3 515
AP 9 Tl 8= Figure 13 2t 52 24 A|2H9
BE FZE(sampling rate)> 120 Hz, A|H ¥27|9]
RE 2EEL2 1,000 Hz2 ZH2F AAs}oict,

oA Fhdetet AH W A5 FXR+E Vicon
Motion Systems?] Data Station¥} 2% ofdZ1 Al
SA|o] AFHanalogue signal control box)S £3f 0|5
olZlc}, B3 F7(gait cycle)o} v gt g3t
(normalization)= &2t £4] AARIA AlFsk= pol—
ygon Z2IFZ o833t

Table 2. Summary of the floor-covering specimens

Floor-covering samples

No. Name Notes
1 Sandpaper 400 Grit
2 PVC® Sheet (1) Interl_or

Flooring
3 PVC Sheet (2) Tempo_rary
Covering
4 PVC Sheet (3) WIanows
Film
5 Rubber Sheet Industrial
Flooring
Interior
6 Coated Paper e

“PVC = Polyvinyl chloride.

« COFx = Fx/Fz : Coefficient of friction in x direction
« COFy = Fy/Fz : Coefficient of friction in y direction

Figure 1. Force plate and kinematic analysis

2) Mx, Vicon Motion Systems Ltd., UK,
3) Type 9286AA, Kistler Instrument AG, Winterthur, Switzerland,
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Figure 4. Ground reaction forces during stance phase of gait
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Table 2. Gait variables according to walking speed

Walking speed

Gait variables

Fast Comfortable Slow
Cadence 132162518 111.99+538  91.46+6.62
(step/min)
Gt”dfm')e”gth 1.3740.08 1354028 1.34+0.12
Step(rLe)“gth 070£009 069029  068+0.08
Walking speed 4 5, 07 1.26+0.11 1.02+0.09

(m/s)

2.3.3 23 £E9} RCOFY 34
7] B3l £=2 BHYPPS o Wsk= 7 AR
RCOFZ Table 3 ¥ Figure 59 Yepdch F A4 Az
E X729 AL B3 &5 RCOF: 49351 &
7FtEtt (0<€.05). AFAAR Aaks b9l =9 B &
T Alolofls fE Aol7t glYlar, LEl =9 whE &
= 9 BE &9 wE &5 Alo|oA= RCOF7} +9J5}
Al F7FHT (p<.05). & H3 S=rh AR Heb
45 RCOF #to] #ostA 7k A2E2 Yesith

Table 3. Relationship between walking speed and RCOF

Sample Walking speed
p
No. Fast Comfortable Slow
1 .36+0.10 .33+0.08 .30+£0.08 16470 .00
2 .33+0.08 .30+0.05 28+0.06 20644 .00
3 .33+0.06 .31+0.06 .30+£0.07 16.115 .00
4 .28+0.05 .27+0.06 25+0.06 12455 .00
5 .37+0.09 .33+0.08 31£0.08 19266 .00
6 .30+0.08 27+0.07 25+0.08 19.243 .00
0.40
* * W Fast
O Comfortable
0.35 _ * : ] & Slow
] :
S0z WU L, — 7
s V1Nl T
1ul .

1 2 3
Floor-covering Samples No.

4 5

Figure 5. RCOF values according to walking speeds
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Ha(wet)9] 27HA] 27402 A5t
A2 = AR U 71 B0 A4 e 9
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E3)o] A7) & S 7S, & dFoAE= Al
279 7S 98l BS EN 1328750] #4335+ ek
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bRt A= sk,

3.1.2 vy

AE FHI HEsto] vpak A3k WAYAI7 1= vl nEH
< 7l TFAES 249 Z7|= AFfsto] ARESIAL 3l
o, Al et 17 AAS e sk ok

KS M 3510:2010(2L2AFA] vl A@)<] “FgAt
oA Hig w1y Al o AE “Shore A 75~80,
A 3~6mm, F7] 70 x80mme] FAIT S ARg3H)

KS F 2375:2001(=9¢] vy A3 Al
(BPD))Y] 7t Al B0l (=2 - &5 F9) =W
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o= BAF =t HSE(Health and Safety Executive)ol|

4) B Ao HAF QA wiet ulzrE ARKS M 3510:2010),
9 EE0l vjmi AR ARRS F 2375:2001), 4% vl
H A A[FEKS L 1001:2010, %2013.10,26, 52 7i=A]
T2 vy AR AR didlE) Y] 37 AlE A8
s3Ik

5) BS EN 13287:2004 (Personal protective equipment -

Footwear — Test method for slip resistance)
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A4 AFAX (BOT—3000E)” 2] u]lmm@ Holl thatod,
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TE5H= SBR, 4S IR EE neolite LRTHOE 3
o} k3 FAska Qlek, EdE KS M ISO 7619-1(71%
IR 9 Griad 1R - AAAEE S - AR
FRujEH(4o] FE))Y] H&A A FollA= Shore A%t
IRHD ko] A9 112 tf3st= A2 AIskL Sltt,

ebs] 2 doie nnHEe s ANShe 59
A=t T A AL 3A F85HA] gl wtst
of mnEHY AL FAHIT(SBR) 1E7E 5t 7
T+ Shore 75 @ Shore 959 2557 = st

3.2 MEey
7 Ame] vlmE Ag S8 utefel] st =t

YEE(KS) SO FATT Qe 7 A, = A
A} Q1] wret olmg ARKS M 3510:2010), 9]
olIrgl Aak AR(KS F 2375:2001), A4 0] #5H4
AR(KS L 1001:2010)& AE3ct, £ o]5 A|glo]
ofat 2o Mg 9 EW ALY WA 245
k. Al A% HBE Figure 6o YEpch
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3.2.1 24 A3 vt wny A
ZAAE 174 Bl AJEAR(O-Y - PSM; O—Y Pull
Slip Metr)E o|-&sto], SA37M27F FAA = A9
A & 33] u|nFAFAR(C.S.R; Coefficient of Slip
Resistance)§ &43to] BaakS AFEsHY

3.2.2 AFA vlny A AP
F=r4] n|1E A AFFR|(BPT: British Pendulum
Tester)& ©l8310], SA7Ma7t AAA| Y= AAAoA &
53] && nlaA|4(BPN; British Pendulum Number)Z
St HotgkS A=l

3.2.3 3% vy AFA A ¥
A2 upEAS A@AA|(DPM; Dynamometer Pull
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Meter)E ol-&stof, 3719 A= tisl] & 123] 4] v}
ZHAI4(SCOF'; Static Coefficient of Friction)g& &%
sto] HatghS ARESISITh

FEHZE ZA7]|(Surtronic Duo)E ©]83}4],
A 270aolA F 153] 10

(d) Surface roughness

(C) Dynamometer pull meter

Figure 6. Slip resistance testing
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Table 4. Slip test results using O-Y-PSM

Table 6. Slip test results using BPT

C.SR
Sample
No. Dry Wet
Mean SD Mean SD
1 0.93 0.01 0.94 0.01
2 0.79 0.01 0.58 0.02
3 0.74 0.02 0.31 0.01
4 0.68 0.01 0.32 0.01
5 0.54 0.01 0.62 0.01
6 0.61 0.01 0.65 0.02
Table 5. Evaluation criteria of C.S.R
Types of floors Criteria
Horizontal surface CSR = 04

Ramps (Angle of inclination: ) CSR-sin@ > 04

1.2

EDry OWet

1.0 A

0.8 A

CS.R

0.6 -

0.2

0.0 -

Floor-covering Samples No.

Figure 7. Test results of C.S.R

3.3.2 ¥4 w}2A 4 (BPN)

BPTZ =43t HAEE BPNS Table 6 ¥ Figure
8o uvrehditt 9= UKSRG(UK Slip Resistance
Group) 7olE=2k1(2005)914+= BPN9Y BH7P|&&
Table 73} Zro] AA|staL Qi

FHo| AR o= ZE AR BPNo| 36
24 zatste] m|lnyd g7t AR SEAdE oAM=
A& No. 1(Sandpaper)S A|£Jg YHA] A=) BPNO]
13~2622 FZ3| Aste|o] HPA| nj11z|d /o]
Ardgt Aoz yehyitt

138

BPN
Sa,\rlr;p.)le Dry Wet

Mean SD Mean SD
1 105 2.07 100 2.49
2 86 1.64 26 1.73
3 106 0.84 21 1.34
4 17 1.64 13 0.55
5 110 1.87 20 0.89
6 90 2.88 24 1.73

Table 7. Slip potential classification (PTV)

PTV® Slip risk potential
0 - 24 High
25 - 35 Moderate
36 + Low

®PTV(Pendulum Test Values) = BPN(British Pendulum Number).

150

100 +

BPN

50 -

Floor-covering Samples No.

Figure 8. Test results of BPN

3.3.3 A4 utZAF(SCOF)

DPMo & 245t THATEE SCOFE Table 8 ¥ Figure
99 UERdth KS L 1001:2010 ¥ wul=E OSHA
(Occupational Safety and Health Administration)oi|]
L SCOF9] #4v|Eoez (.5 oJA;, ADA(Americans with
Disabilities Act)oli= 0.6 oPHBARE 0.8 ohHS &
T8k Qlek T3 ANSI/NFSI B101,1-20097) of|A= A&
Ayeje] uiekel] tigt SCOFe] 5717]12& Table 99} Z0] A
AJskar ek

7) ANSI/NFSI B101.1-2009 (Test Method for Measuring Wet
SCOF of Common Hard—Surface Floor Materials)



FHo|] A=AHY Beole Ee AlEY SCOF7}
0.48~1. 1724 H|aLF QPHRE Ao & Ueyith, dejvt
FaAH oM = A2l vlsi SCOF7F 23512 715t
£ @A Hola gt} ol 22 v Wt n|nHH

Atolof| A BHAS= T 2H(sticktion)d) &l Ao 2 et
g,

Table 8. Slip test results using DPM

Sample SCOF
No. Dry Wet

Mean SD Mean SD
1 1.17 0.13 1.25 0.13
2 0.55 0.06 0.88 0.08
3 0.56 0.05 0.63 0.04
4 0.48 0.05 0.50 0.04
5 0.60 0.06 1.05 0.13
6 0.54 0.03 0.77 0.07

Table 9. Three traction ranges according to the measured SCOF

Wet SCOF value (n)
un = 0.60

Available traction

High traction
- Lower probability of slipping

040 = p < 0.60 Moderate traction

- Increased probability of slipping

u < 040 Minimal available traction
- Higher probability of slipping
1.5
1.0
'S
o
(9}
v
| ﬂﬂﬂ | |
0.0 - T T T
1 2 3 4 5 6

Floor-covering Samples No.

Figure 9. Test results of SCOF
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of Uehdtt = UKSRG 7Fo]=2k1(2005)004= &
o A2 B3 Hih(Water—wet Pedestrian Areas)?]
g A9 7 g Ao =EA Rz
Table 113} Zo] AAJSHL ik,

A& No. 1(Sandpaper), No. 4(Rubber Sheet), No.
6(Coated paper)®] A9 Rz7} Z+2F 66.2 um, 13.6
um, 28.0 mzA B|118)& A|EAdo] A koLt FHo|
gasta st A]& No, 2(PVC AJE(1)), No. 3(PVC
AE(2)), No, 4(PVC AE(3))9] 9= Rz7F 2.2~7.9
mEA YA w7 YFAo] F ALE YERT

L=t N e}
ods=

Table 10. Measuring results of roughness

Sample Roughness Rz (um)
No. Mean SD Range
1 66.2 5.45 593 - 745
2 79 1.31 62 - 119
3 2.2 0.57 16 - 37
4 2.2 0.52 1.2 - 30
5 13.6 2.08 111 - 165
6 28.0 2.26 252 - 333

Table 11. Slip potential classification (Rz values)

Rz Surface Roughness Slip Potential
Below 10 ym High
10 - 20 pym Moderate
20 + pum Low

3.3.5 | A e BF EYF 7o) VA

Z+ vy AEFRR EA% EF=KC.S.R, BPN,
SCOF)¥} £ #27|(Rz)  RCOF Afo]e] Aed& A
E3R7] a9t ZF 1A 7o) AHAIE Table 129
vebdict, 5ASH] o2 052 ARGt 371
B3 &=ofx¢] RCOF 7t A7 23 |98t
7] g2 BE &8 tiFEHOE Syt

A v o2 A& RCOFSF 2+ m|1ny AJ@AA]
2 2% S 7ol olu e AT E A=A 3%
T}, RCOFQ] 3¢ Az wE ghe] wFo] Alsta
7y EA402X9 M= AAtuiet AxNHE] A
(8], ZH5 v|9 A= 3= B3 B4 Fijof 7|%
sto] JpdE|T o] % 7|7 HEE EUE ARFE] S
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= O

the & 52 ARISHH, RCOF AHAgte 2 vieto] o]
Y E4S FgstA 371 4 gl 2 o= wddd
Rz¢) A2 E3] C.S.R (W), BPN (W), SCOF (D)2t
9] AS7E A3 fYste], AiFes vie HY
U1 AFo] 22 Z9of n|IY AEFRR S &
glsFake] Aol & ALE Yepgth

C.S.R9| 7-$+= A2ee} S848Y S3%kl 72
gk Aol §lol, ARRACEAN FHATE(EHIA
B)97F dids] Fask aojlg= AE ¥ 4+ Utk
C.S.R D)= H& Ag@gAof o3t B st &
AE Holx AT C.S.R (W& BPN (W), SCOF
(D), SCOF (W) foJgt AadS Uehfisitt,

ot o=&=

Table 12. Pairwise correlation matrix for slip propensity parameters

H(%()?,F 039 030 047 017 053 062 077
—~ Rz 056 091+ -010 094 093 078
L i-;,f‘ 040 -0.14 078 072 036
L ?\2)5 031 082 081 092
- B(E;“ 002 008 -017
- E(’w)“ 099 077
S SCOF

o 0%
I o < =
W)

= denotes statistical significance.
) = Comfortable walking, ®(D) = Dry, %W) = Wet.
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A AL gl Ae=E Yehdth KS F 2375:20019]
A oM e vhee] FAte|eh Haste] “TAIA &
Hell &AsH FE3] 52 FHAltt "yt 7= 9l
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