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Abstract
Keywords: Non-slip Surface, Non-slip Properties, Non-slip Coefficient

Origin and Purpose

Slipping is a common accident and people usually neglect its significance. According
to a survey done in 2006 by the Bureau of Health Promotion, Department of Health in
Taiwan, approximately 20% of elders suffered from accidental falls. In addition, a study by
Professor Chen Chia-Chi revealed that over five percent of people had either fallen down or
slipped at home. Though these accidents do not lead to death, they could have serious
affects, especially to elderly people and diabetics. This includes not only suffering and a
burden to patients and their families but also more than ten billion dollars in health
insurance expenses every year. Faced with three percent annual growth in senior population
in Taiwan, preventing slips is obviously a key measure, which would not only protect life
quality but also decrease resource expenditures and increase public welfare.

According to the relevant literature, there are many reasons for slips, include personal
and environmental factors in which architectural factors may play a key role, its effort is
expended to select better non-slip surface materials. Therefore, many countries subscribe to
the minimum standards for non-slip surface materials to increase non-slip surface properties
and to decrease the potential risk of falling down. Though the Building Technique
Regulation and the Protocol on Design Standards for Barrier-free Building Facilities
stipulate rules on non-slip surface materials, there is no clear definition of what non-slip is,
thus inhibiting effective standards from being set up.

We have cited the concept of functional regulations in this study and expect to set up
reasonable legal standards along with standard measurements to clearly mark the non-slip
surface material properties, so as to effectively regulate its uses, increase non-slip surface

properties and decrease the potential risk of people slipping and falling down.

|.  Study Methods and Processes
The study methods include analysis of literature collected from local and overseas

sources and non-slip properties tests of common domestic ceramic tiles.

X1l
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Analysis of literature: includes the comparison between overseas and domestic
building laws on non-slip surface regulation, examination methods, and standards
for non-slip properties.

Trials on ceramic tiles properties: conduct non-slip properties’ tests on domestic
ceramic tiles such as quartz, polished ceramic tiles, and kiln-fired granite with

manual level dynamometers, variable incidence tribometers, and ASM825.

Il.  Significant Discoveries

We discovered the following after synthesizing the research results:

A. Review of decrees and test methods

1. Urgent need to review and improve domestic statues: though there are national

inspection standards for non-slip coefficient on surface materials, it is not a
required test item and the relevant building laws have not subscribed the basic
standards for non-slip surfaces; this urgently needs to be improved.

Standards for non-slip properties: currently there are more than 70 instruments that
can be used in testing non-slip surface properties; however, their output values are
not always consistent. Besides, there are no known measures that can be used to
calculate the outcome correlation among all tribometers. Therefore, no countries
have enforced the regulations. Only the United States has suggested in relevant
statutes that the minimum non-slip coefficient ought to be above 0.5 on level
surfaces and 0.8 on slopes.

Testing instruments for non-slip properties: fine instruments must possess (1)
precision: meaning same test sample has the same test results in repeated measures;
(2) validity: meaning the test results can truly reflect the test purposes; and (3)
consistency: meaning the same type of instruments can obtain the same test results

with the same materials.

B. Discoveries from test results

1. Suitability of instruments: we discovered that the variable incidence tribometer has

the best suitability in precision, validity, and consistency of the three instruments

compared in this study.

2. Decrease non-slip properties in wet state: we conducted tests on 16 ceramic tiles and

XV

rock materials for which the non-slip coefficient was all above 0.5 in dry state. But



e
according to the test results by variable incidence tribometers, only five test samples
are above 0.5 in wet state. We have confirmed the theory that materials in wet
condition have worse non-slip properties.

3. Rough surfaces can increase non-slip properties: having the same ceramic nature,
ceramic tiles with rough surfaces have higher non-slip coefficient than those with
smooth surfaces. This has proved that the theory espoused in the literature that

rough surfaces possess better non-slip properties.

Main Suggestions
We have proposed short-term, mid-range, and long-term suggestions from the
synthesized test results aiming at the standards and examinations of non-slip properties

on surface materials.

A. Immediately practicable suggestions

Leading institutions: Architecture and Building Research Institute of the
Ministry of Interior; and Bureau of Standards, Metrology and Inspection of the
Ministry of Economic Affairs
Supporting institutions: Construction and Planning Agency of the Ministry of Interior,
Taiwan Ceramic Industries Association, and Architects Association

According to the study results, there are no clear and definite standards for
non-slip properties on surface materials domestically, so the relevant statutes must be
revised to increase non-slip surface properties as soon as possible.

1. Suggest the minimum standard for non-slip coefficient surface materials to
be 0.5 and revise relevant building decrees as soon as possible especially for
sloping outdoor walkways and bathrooms, where it’s easy to slip.

2. Suggest bringing non-slip properties into required test items for ceramic tiles
S0 as to provide non-slip coefficient surface reference data for designers and
builders.

3. Both the literature and results of this study show that the manual level
dynamometer is not suitable in wet state. We suggest the Bureau of
Standards, Metrology and Inspection should revise this test method and
complete the procedures for variable incidence tribometers so as to provide

effective trial standards and methods.

XV
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B. Mid-range suggestions

Leading institutions: Architecture and Building Research Institute of the Ministry

of Interior; and Bureau of Standards, Metrology and Inspection of the Ministry of

Economic Affairs

Supporting institutions: Construction and Planning Agency of the Ministry of

Interior, Taiwan Ceramic Industries Association, and Architects Association
We suggest to establish a complete inspection system and to proceed with a

deeper study so as to master critical techniques in increasing non-slip properties

of surface materials.

1. Continue to conduct appropriate test instrument studies on various kinds of
surface materials to build up a complete inspection system and to advance
practical materials with non-slip properties.

2. Though variable incidence tribometer was suitable in both dry and wet states,
through simulated walking in small test samples, whether it can accurately
reflect reality is unknown. We suggest comparing it with slope testing
methods or other methods.

3. Conduct an advanced study aimed at mastering effects of the characteristics
of roughness on surface materials with non-slip properties, then to propose a
valid non-slip materials strategy for developing reference materials for

manufacturers.

C. Long-term suggestion
Leading institutions: Bureau of Standards, Metrology and Inspection of the
Ministry of Economic Affairs, Taiwan Ceramic Industries Association
Supporting institutions: Construction and Planning Agency of the Ministry of
Interior, Architecture and Building Research Institute of the Ministry of Interior,
and Architects Association

Our goal is to increase non-slip surface properties - decreasing the potential

risk of falling down - by developing non-slip surface materials with relevant
studies on non-slip properties such as surface materials, quality and roughness of

surface.

XVI
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iy ANST AL117.1 2 “fq‘ﬁr#ﬂ ! (Understanding Coefficient of
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% 2-3.1 ANSI x4z ASTM C1028 i3 ;N2 23k 4

RIFRE FER e
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2% FHRAYENE
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i@ﬁ?@’ﬁiﬂéiﬁi’ifﬁiﬁﬁ
EXAPRTRA T RER R
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3% ASM 8257385 » MW R ARk R B2 i > BT 2G5

B £ 1T 0L SRR R B2 - R o
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5 - & Wﬁﬁﬁiﬂ&ﬂﬁ%

g ir 2 B+ (Hunter ;ﬁ‘“}igL)J‘z j\ ) 2
3 J‘X—T FFB"EE :

o _|j,{5’§§ jv' = 1 f;éif"li

iy — 2

B R P HZPREREA G
v P

SHEREBERZFFPRAG P WAL T ARRER
m%ﬁﬁﬂ%&’ﬁﬁiwwﬁﬁﬁﬁﬁguﬂmﬁwﬁwiﬁg

oo 4w E VT AL 43R N 4 41 B3 (PIAST » Brungraber

Mark T3]) > % ¥ % & & o 3+ (VIT £English XLA)™* -
o kB AR

2, ﬂ'bi\ Iiggmﬁg;],,', El; ’ T' /ili-r\j—- i)( sy ¥ ,»‘l, ﬂ‘b Iren
BT iE é%m#ﬁfﬁéwofmyﬂﬂgﬁ P B _F L S R 5

A Eangi o 2 (T4 i & orig = (Steven Di Pilla & Keith Vidal,

2001 ) -
3. # B = 1% < (SCOF ) & 1# iﬁ‘“ ThBCS ER TR o BEAREF BTl PR
A b Glic- PR 6§ BRI R LR ik
A ET T ¥

P FHT]

BRE(Plor w54 2 53 £ 6 ) o 2R

Betilc, Rpwm S R* G
iy ENE 'E;Lé}gk?}éﬁ ' B idae (slip resistance) #ip# & ¥

ﬁ:% 'rt\m’/\i B %E_:LI?J
=3

#2 (AT Pedestrian Slip Resistance | p.3 ?,H& IS BRI AR 226 (ASTM)FE (=5
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EE RIS ATEE R PR AR o IR FJJ
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Tooogte A4 Apy < odkF 4 (William English, 2003) -
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i# * B34 (articulated strut) A2 > ¥ JJ%’"%& d -8 ¥ B
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Pt AT PHERPF RN LR G GERTEFEE RS
2 gtk @ B OF Gl R TR R 2 RN Rz AE 0 o I B
#A1RE B > %% Raoul Grongvist # 199 & £322 R B kp2 RIZ
RIE 2 7 e ERRAc R 3101 -

L3LIBFRARERE: RE LEHBIHE- Fi

\\

PRI (W2 E) |REB L 7y WERTEER
s 1. Bigfoot 3 B 4 Bc (Static
Drag / Towed sled 3. Schuster COF) :12345
(Force) 2. Drag sled tester, PTI - DST Rk BBk
4. Model 80 ( Steady - state kinetic
5. Horizontal Pull Slipmeter, HPS COF) = 34567
7. Floor slide Control 2000
6. Tortus
$1462% Pendulum striker 8. British portable skid tester, g @5}%—!’:’?-@: o
(Loss BPST ( Transitional kinetic
of energy) 9. RRL skid tester COF) :8910
10. Sigler
VAL 2 R 11. Carlsoo - Mayr # B % B (Static
Articulated strut/ 12. Pangels COF)» : 111213141516
Inclined leg (Angle of 13. Brungraber Mark | o B T i
inclination) 14. Brungraber Mark 11 ( Transitional kinetic
15. Ergodyne COF) : 141516
16. English XL
ESSR B 17. Portable friction Tester, PFT  |{& Tk fi 2 # B ik
Braked wheel/ 18. FIDO (prototype of PFT) ( Steady- state kinetic
Skiddometer (Axel torque COF)> :17,18
from braked rolling wheel)

AR 0 A=Y “Endorsement of Portable Test Methods and Slip Prevention
Standards for Existing Flooring” p.2 E&F}‘l
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- AR 2ZZRIRE PRRERG I RETESE R
WoRE TR Ee- AV ERER LY EE" (A Sariisik, S. Gurcan,
A Senturk, 2007 ) » 12 F Ij‘fiﬂ TR TERRRE R PEH R E
?g-@ i BdeT™

- ~oRE 4 RI3E 3 i (Horizontal pull-meter method )

a3 & kg ASTM C1028 > &Rl > 2 5 £ RI1#F i B4 > COF & d

KT /& A EAE B BT
FARLBP A B E S ER R T o
Fefd o BN ONS 13432 L 6 A& 2511 [ ! Al -

FA G R BRGSO R

% °

(=) % Z %% 2 ')

ARELEATT 2 RART L W3-2.1 KTl 3
— o @ ERIE G LR T FRAE T - A P

WicEr e 0 MBI E L R 2003
8o oy bR 2 A PR AR R Rl 2 By e
(=) 2% @
ARRRZ B EGRA R 0L 1 2F > EA&SPLAT-pFRAER - 1
ARREFLpFREE 2T AR D SR Z M L SR
HEF 1% > % @B g1 (Occupational Safety and Health
Administration) ~ #*&f § % ¥ (Underwriters Laboratories) ~OAHA
2 mei 24 ¢ (Federal Trade Commission) # - % 1 pr i Crdic/ 5
0.5 T M Ml T FWETo™ 0.0 75 ML 2
TRE -

730 no machine provide an absolute reference for the measurement of a given slip resistance.
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1 1997 £ d 2@ 2 2 st B € (Architectural and

Transportation barriers Compliance Board) #°e*% V< & 2l ez

Ay oo #EMy REehia s o AR L& R|Rg 0 TR AkT

o FEPF T 2 0.6 AHERE S 0.8 fed MR F
(FEMHEIR) F%2 2% > a PR RE2L B
BB i i o

2 3
Ho B T 2l A2 pRE R
A RAZAAEAF T pwin 500 0.51F5
v %4 R 3 (English XL Variable Incidence Trobometer)
KRS R R K L G s F W, Blc ok, @R, 2
B 2Pyl 2&REF LA AL B Fa @ Rkin o By
BRI N AR = T
(=) i * 2 4% 2 ')
AREVRFTRCEE PRL A
oo Bt AR 0 B ONS &4 AR
Edlre TV RERLFT ) RS
%P oo g F ®2 ASTM >+ (2006) &
#-

A LA S

(=) ZERiE
AREFRINZSE S FE Gl (Slip

Index) > 2% & %] B/ 0.0 B 1.0, AR P& 4 4%
B, ARE R AARE 2o AREERY 0.5 1

T4 i p ,ﬁ' GHcz Hor g o

=~ AL RREE (James machine)
i@ * dxgadedepE P BEERE G M > COF %
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BY EF 8B o B P 5% IR0 Sindey James 0 e Q& fFEF
B gk R fE5 James AR BtaaiE A A Al BEst o BN
g0 TRDLE A ONRRR (LI HF) > HFL %1 &0 5 i
40 8 32 E s (Steven Di Pilla, 2001)-

G Wmﬁwnww%iﬁi—’féﬁﬁ?ﬁtme&L FE 2 PIRE R
Boru g P RERIEARTLHES REFL o 2 AR RS
D%M?%@%&ﬁﬂé%%i%ﬁwﬁ
SECEREPTFFIME2EHREEH
Flpb € %77 #202 James Machineir|:#
g bR
(=) % 224 % 2 4]

LR EIN ey B e e R g e 1 RS
LR R LS
R X AR BRIRR S RkETEA G H

fit‘ 3'&‘_{’ ’

Bt ATILEGE £ - R E PR D W3-2.3 AwLipE
- o o1 B4 3R 0 ASTM At
T2 B R A R o (el il
(=) ZEHE

AP SR PR ABEEEEGER ) B E - B2 KT R4 RS 2
M EERR 0D 1 2B HERE T 0.5 7 ik

T~ F4EREE ® (Pendulum tester)
PRIFLZFRRAREEL AR - d TRFE-HFE =
(R4) > % B ASTM #2483 47 % 5 F 303-93 (1998)« 5 # R ~ ;@ 2
L d R R R L AupE G S .

(=) " 2 %92 4]

)

P RE R JTames Machinedf[E 3 0 & TfUnderwriters LaboratoriesfR ™| l"p%@% TR S
WE - D& @!ﬁfw 1 ( Chemical Society Manufacturers Association ) ¥ %E Ell T Bl 2% 5! ﬂflﬁlf‘ﬁ b By
FEEISATRI Ry - OAHAR B ijy % 5 | %“f ( Federal Trade Commission ) <~
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PRAVRENRHZERS > PRETRE* W% BIRNF 52

2 A G XA TG KT 2 A G 2
RIGE TN APy Bl A E A
EHFREEH 2 B B2 iR Tl A A
Z A RERERFRTBEATT S|

MR Bl 3-2.4 ikl
(2 ) RIREL BN G R R
PR E RIS % 2 BPN (British Pendulum Number) # 7+ ° BPN &
B B EAHHEF RS gk F 2R
EFREES X 2F % F UAEERFE Ry (BSTIT6) RIFEZ 5% o
FARRBEED M 4ok 3-2.1 0
# 3-2.1 M fsERIE R Ryp (BS T976) RIFELFEL "G I1EM G4

PR B & E R G
0-24 %

25-35 ¢
36-64 [

65+ LY

FP9p - APk MECT The assessment of pedestrian slip risk | p.3 s/

I ~ABFERFE (Ramp slip meter)
ARGFEBREARETR T ¥R w2 IR L ¥ A
PIEEAEE ¢ 3546 B DIN 51097 2 DIN 51130 » & iRl3E & 454 Bl3E 4 R
A FR AL R E (53T B EREAL > B FIRIEA R R -
G EZ T E BTV I e k2 B i (coefficient
friction ) -
# ¢ DINHIOIT HAMrd BB FE .t v X ‘JE'J%’ b2t
WH B IHEL R EFER R Aok R G412 3
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SET WRPHEEG
18" RlfF s A% /3018 124" RliFs BEx-24" n2plFsC
Foaonupiflin s o Coasbd Asnb i Fad ¥R B

% 3-2.2 &% A Pl E & DINLSIOIT R E & 4 %

Classification Angle (%)

& 12.0-18.0
-2

B 18.1-24.0

C >24.0

i 2 A3 “Description of slipping test methods and
application study on travertine by ramp slip meter”

W 3-2.5 AR E

2 DINSI130 % ¥ EN345 % 24 A48 5 42 1 F - RIERE

_5
kﬁa%%ﬁ’%ﬁvﬁﬁﬂiif*ﬁF’Eiﬁﬁm\iﬁwmﬁa

B AER -

B 3-2.6 g m i § % Bop| R
Pfi*§ ¥Fi ¢ The assessment of pedestrian
slip risk

i@ * DINDGII30 iplz#% % % &2 5 3.0° 1 10.0° F%mﬁﬁfi‘?m R9 -
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BT bR P L e P
% 3-2.3 @7 Asplia B DIN 51130 iz % &

Classilication Angle (%)
: RO 3.0-10.0
‘ R10 10.1-19.0
‘ R11 19.1-27.0
‘ R12 27.1-35.0
‘ R13 =35.0
FR
“Description of slipping test methods and application study on travertine by ramp slip meter”
E
L. ey i vt B & AT ac A 3-2.4 -
2324 ¥7 2R L FRERLBRFEL R FH
€ RE et # o
V4R |ASTM F1679 | * 2% ~ R RE © (R h e 5% AT
English XL fi # GK 2 B NI e R ;.
VIT FiiE ¥ &
4 i - ASTM C1028 |Z A1 Fu&-g PlzE > 7 @38 i1 CNS NN Y
Horizontal FRRE SRS | & 6 R R
pul l-meter e
dd LRIt ASTM D2047 |#2k 45 > 7 g * fe s i d
James Machine RS HRZ B G R4
R Z2IH
Pobbi B 15 ASTM T SEARNS T 2 < 3N 1. BR F 4RI -
Sigler: ﬁ?ﬁ- BPS1E303-03 - i~ ’Ti *ARIE S (2. AR 0>t CNS T
BS 7976 *ﬁ%ﬁ&iﬁﬁﬁ. wE B RS
sy b plzEE  [DIN 51097 % |3 * vy CHRZE G L AARE BN E R RS B
(Ramp slip DIN 51130 |77 2+ PR
meter) 2. ZiRIE R EH iRl

R AR T R e

2. 8¢ B LA S f ks AR B R ¢ (A Sariisik, S. Gurcan,
A Senturk, 2007) > & A FERREF R FAEWE > BFF
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8 21.13 18. 81 20. 83 19.93 20. 32 20. 33 20. 68 22.51 17.45 | 16.75 17.74 17.45
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1 | 18.86 | 20.56 | 20.09 | 17.79 | 12.87 | 12.40 | 13.48 | 11.94 | 13.77 | 13.87 | 13.49 | 13.55
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1 16. 49 14. 62 13.24 | 13.85 11.51 11. 62 11.64 | 11.35 14. 52 16. 11 16.19 15. 82
2 16.13 14.7 13. 52 14.57 | 11.02 11. 24 10. 97 10.3 14. 81 14.8 14. 39 15.17
3 15. 88 15. 68 13.89 14. 96 10. 66 11.05 10. 72 11.28 14.77 | 15.32 14.21 15.44
4 15. 56 15.89 14.1 15.83 11.15 11. 43 10. 86 11.37 | 15.51 14.15 14. 65 15.12
5 15. 32 14. 49 13.94 16. 2 11.22 11.35 9.98 11.57 15.01 15.45 16.11 15.74
6 16. 21 15.17 | 13.77 | 15.81 12. 22 11. 62 10.4 11. 23 14. 66 15.37 | 14.51 15.14
7 15.32 | 14.19 | 13.58 | 15.65 | 11.31 12.48 | 11.32 | 10.73 | 15.34 | 15.24 | 15.36 | 15.51
8 15.15 15. 43 14.11 16.64 | 11.81 12.35 11.37 | 11.59 15.21 15. 33 15. 68 15.4
9 14.67 | 15.55 13. 84 16. 28 12. 49 13.05 11. 62 11.37 | 15.11 15.00 15. 84 15. 24
10 | 15.41 14.64 | 13.74 | 16.46 11.64 | 12.99 11.70 10. 63 15. 63 16.27 | 16.19 15. 67
Fe | 156.14 | 150.36 | 137.73 | 156.25 | 115.03 | 119.18 | 110.58 | 111.42 | 150.57 | 153.04 | 153.13 | 154.25
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1 | 15.73 | 15.92 | 16.69 | 17.39
2 | 16.10 | 16.81 | 16.48 | 17.21
3 | 16.40 | 15.11 | 14.31 | 15.56
4 | 15.93 | 15.67 | 15.47 | 15.54
5 | 15.47 | 15.79 | 15.49 | 15.38
6 | 15.62 | 14.68 | 16.68 | 16.16
T | 1552 | 15.10 | 15.29 | 16.02
8 | 15.29 | 15.50 | 15.13 | 16.85
9 | 15.23 | 16.38 | 14.90 | 17.09
10 | 16.41 | 15.00 | 15.40 | 15.50
fo | 157.7 | 155.96 | 155.84 | 162.7
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A B C D A B C D A B C D

1 12.69 | 14.32 | 13.46 | 13.85 [ 13.77 | 13.18 [ 12.20 | 12.75 | 12.36 | 12.77 | 13.69 | 11.65

2 14.23 | 13.67 [ 15.75 | 15.03 | 14.40 | 13.58 | 12.67 | 12.77 | 12.77 | 11.63 | 11.67 | 11.40

3 16.03 | 15.10 | 12.46 | 15.02 | 14.30 | 14.37 | 12.10 | 13.76 | 12.12 | 12.09 | 11.55 | 11.87

4 15.02 | 15.62 [ 13.41 13.41 14.34 | 14.76 | 12.98 | 14.97 | 12.72 | 12.43 | 12.06 | 11.93

5 14.59 | 15.55 | 14.15 | 13.55 | 14.67 | 12.48 | 12.31 14.87 | 12.86 | 11.65 | 12.17 | 11.92

6 15.56 | 15.88 | 14.46 | 14.77 | 14.93 | 13.22 [ 13.62 | 13.15 | 12.39 | 12.26 | 12.07 | 11.56

7 14.83 | 15.42 | 13.51 14. 86 15.3 14.58 | 13.47 | 13.93 | 11.64 | 11.41 12.43 | 12.14

8 15.85 | 14.78 | 14.88 | 14.80 | 13.58 | 15.49 | 13.67 | 14.44 | 12.54 | 12.46 | 11.97 | 12.49

9 13.97 | 14.98 | 13.96 | 14.68 | 12.02 | 14.53 | 12.74 | 15.69 12.2 11.4 12.94 | 11.96

10 | 15.51 15.66 | 15.64 | 14.48 | 15.00 | 15.25 | 12.67 | 14.89 | 12.76 | 12.07 [ 12.85 | 11.80
kA
e | 148.28 | 150.98 | 141.65 | 144.45 | 142.41 | 141.44 | 128.43 | 141.22 | 124.36 | 120.17 | 123.40 | 118.72
T
5 | 14.83 | 15.10 | 14.17 | 14.45 | 14.24 | 14.14 | 12.84 | 14.12 | 12.44 | 12.02 | 12.34 | 11.87
B
i
" 1.01 0.69 1. 04 0.61 0.95 0.98 0.58 1.01 0.38 0.48 0.65 0.31
Z

0. 67 0. 63 0. 95

0. 04 0. 04 0. 02
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y 2 B Sl it EFE-Ke R -RETUE I
A B C D A B C D A B C D

1 7.55 8.66 9.11 9.67 12.46 | 13.21 13.79 | 13.88 | 12.92 | 12.36 | 12.83 [ 13.29

2 8.5 8.32 9.52 10.57 | 12.69 | 13.08 | 13.05 | 13.07 [ 12.55 | 12.96 | 12.80 | 11.70

3 9.84 9.05 9.69 10.55 | 13.67 | 13.22 | 12.93 | 13.78 | 12.21 13.45 | 12.92 | 12.4

4 9.30 9.84 | 10.02 10.6 13.32 | 14.15 | 13.37 | 13.96 | 12.44 | 13.58 [ 12.83 | 12.25

5) 8.73 9.88 10.77 | 11.05 | 13.48 | 12.69 [ 13.46 | 12.48 | 12.70 | 13.01 12.65 | 11.95

6 7.81 | 10.28 [ 10.73 | 11.24 | 13.27 | 13.97 | 13.12 | 14.59 | 13.14 | 12.59 | 13.68 | 12.19

7 7.63 | 10.03 | 10.68 | 11.14 | 14.02 | 14.73 | 14.62 | 15.41 13.65 | 12.40 | 13.16 | 11.23

8 7.57 | 10.08 | 10.47 | 10.97 | 13.13 | 13.69 | 14.98 | 15.17 | 13.41 12.53 | 13.06 | 11.34

9 7.91 | 10.72 | 10.48 | 10.86 | 14.64 | 14.02 | 14.62 | 14.94 [ 13.39 | 13.40 [ 13.07 | 11.30

10 | 7.82 | 10.62 9. 86 11.69 | 15.17 | 14.16 | 15.03 | 15.53 | 13.91 12.62 | 12.14 | 11.56

R
RS

fe | 82.39 | 97.48 | 101.33 | 108.34 | 135.85 | 136.92 | 138.97 | 142.81 | 130.32 | 128.90 | 129.14 | 119.25

8.24 9.75 10.13 | 10.83 | 13.59 | 13.69 13.9 14.28 | 13.03 | 12.89 | 12.91 11.93

0.76 0.81 0.58 0.54 0.84 0.63 0.83 1.02 0.56 0.46 0.39 0.64
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1 8.44 10. 51 12. 95 13. 67 13. 90 13.55 12.5 12.92 14.03 14.59 14.35 12.93
2 9.17 11.99 12.37 12.27 13. 46 13.08 12.27 13.77 14. 81 15. 28 15. 28 12. 98
3 8.14 11.71 13. 56 11.70 13. 00 13.75 13. 56 13.12 15. 01 14. 06 14. 06 13. 35
4 8.91 11.81 12. 67 12. 80 13.44 13.55 13.74 13.13 15. 02 15.32 15.32 13.93
5 8.36 11. 56 13.05 13. 04 13.17 13.43 14. 05 1.7 14. 41 14. 63 14. 63 11.84
6 9.48 12.37 13. 36 13.19 13. 87 12.65 14.15 12.98 14.37 13.49 13.49 13.14
7 8.76 12.28 13.18 12.95 13.16 13.45 13. 62 12.32 14.15 14.47 14.47 12.32
8 8. 87 12. 56 13.91 13.35 13. 26 13.10 13.51 13.24 14.51 14. 96 14. 96 12. 86
9 8. 37 12.94 13.12 12.77 14.05 14.52 13.37 12. 67 14.73 15.43 15.43 13. 64
10 8.98 11.48 13. 63 12.47 13.97 14.03 13. 30 12. 81 14.76 14.70 14.70 13. 66
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The Americans with Disabilities Act Accessibility Guideline

4.5.1 General. Ground and floor surfaces along accessible routes and in accessible rooms
and spaces including floors, walks, ramps, stairs, and curb ramps, shall be stable,

firm, slip-resistant, and shall comply with 4.5
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Code on Barrier-Free Accessibility in Buildings 2002

32 FLOOR SURFACES
321 General
3211 Floor surfaces shall -

(a) be stable, firm, level and slip-resistant:

(b) not have any projection, drop or unexpected variation in level; and
(c) have colour and tone that are contrasting with the walls, otherwise

the skirting must provide a clear distinction between the floor and
wall.
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