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FACTO 
A V'.uicty of factors can Icad to f.uls. Blaming a slippery walking sUifacc is nOt always the answer. 

by David G. elmy, Sleven Zrbifh, (fllll Kllfll i Kirk-Brn/mlll 

A 
ccordlOg 10 the: Nallon:al Safety 
Olund! (2000), fAlls represent one 
of the mil:'il common Clu..~ of un· 

intentional inJillYdeuhs in the: UnJloo StItes 
lllml1ll.ly (:apprmiJl"'LCly 14,100 in that rear). 
Only lIlotor ,·chide :JCClr.knts 2nd fJOison· 
ings r:ln~ed higher. \11th -tl.?OOllnd 14,500, 
resJ)(cU\~,>'. Of NQJ (:aIls. somc: 9,000 of 
them occurred in the home, :lind (our OUI of 
fiw: bnlil)'\,ctill~ \len! oIdt. ... ,h:.ul 65. FaIh 
arc ~Ituu:d 10 ClUse:l.1 k':l'.t 17 1)Crt'ent of 
occup:mOlUJ InJUrk'S and mort th:m lK per­
eem of public S('('tor injuries. 

In our liligiOlb society. (lUS resulting in 
Injuries often restlll In legnl rro(:t:(."(iings, 
with Ill:!.n)" pbinriff~ t'Qntcmling their full 
rcsulted (rum the slippcnnt-ss of the \\'311:­
mg surface:. In re:llil)" JlltXt OOIIUI"IOII w:tlIdl1g 
surfaces:lfe inherently ~llp n:sistanl. A \'ltri* 
cl)' of f3ctOl'S om I~d f(l F.l1I~, of \Ioh lch fhe 
oct'lsional ~liJlpery ~urf3ce I~ onl)' on~. 
Goetsch (19C) J) identifies four I'nllul)' COIl* 
mooting flctors to 5Iil}!;. lfIp~.:md f;&]ls: I) 
~ forclgn objc:a on the wlI.llang ~lIrUt"t!', 2) II 
design R~w in !.he: .... ":Iollang rurface, J):I slip­
pc:1')' sumce, or -I) ~n individu~l\: impaired 
physial or men~1 oondllion. 

JUliging fmm person~1 expcne:nce. il is 
IIpparenlmanr 1)UIlKlftt'il ~expem ~ t~f)'. 
mg in Yip-:lnd·fall ~ do not h3\'C II good 
gt"lSp of the mech3nic:s of hUI11:m locomo* 
oon, the meaning of the It:nll ~~hp ~is· 
t:lllL. ~ or the requirement>. {(lr w:tlkin/{ \ur· 
f.K.u put forth b)' the VIlrious building and 
S3(et!-. codd: which alll\ly IlrQtmd tlu: Unitc.1 
St:ltes.. Thii IInlcle attempts to :ulcl ress each 
of these L'i .. 1\1CS ~nd show ho\lo the)' lIpply In 

t':l5C!l inllol\1ng ~hl)S lind f.a1l), 

standanl$, Requiremeats, and 
RecommendatJoltS 
Sevenl tenns IllUSt be. dcli.ncJ 10 proceed 
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.... ith this d..isctmion. According to GfOOlJ\·ist 
(I99S). slippINg is dc:lined as "11 suddeilloss 
of grip. resulnng In sliding of the fOOt on ':I 
surfxc due to ':I lower coefficient of fncoon 
dun that required (or the loomenl':lry 1lCIJ\'~ 
it}'." S/'p TtSUtJlIIlr refers to "~Cll:ic, tranSI' 
tionai, ':1M kinetic properties of undcrfool 
surfactS :md fOQvfootwC3r during rel3tivc 
monon In actu:Ii oondition.\ of We:lr" «(iron­
(1";5(, 1997) or ~thc relati,·c fort."e that resists 
the tendcm.')' of the shoe or foot to slide 
olQng the "'":llkw;lysurfacew (ASTNI FI6J7· 
02). 51ip miftllllt ,"elUlS ~thc pro\·ision of 
lIdequ:ltc slip resbt:lUce to rcUuce: the Jike!i* 
hood of slip for pedestrians using reason­
ilble can: on the wllll,ng sumce under ex-
1)C:(:te(I usc condioons" (AST\ I FI6.\7'{)1). 

malfllf is the rcsisuncc: to n)(xWn of one 
body across :mother. ("otDinmf f[frinN)lJ IS 

~the r.lUo of muimum fortt :leting par~lId 
10 a COIltlK1 sUiface tlut resists mnuon of one 
bod~ on the Olh<:r. dl\'ldcd II)' the oonn~1 
f(lCCl: acting on rhe WI1IXt surf:ia( «(l\lftin 
':Ill(] Aooel'SliOJ'l. 198-1). Codfx.iem of fiiction 
is \I: dimcnsionless ql.L3.mity. il1(lqlCndem of 
both the are:l of contact ':Ind the \·clocitr 
between the 1",0 surfactS. 

1\ slip--rc:sisrnnce value of 0.50 has long 
been recognized hy the <sa(ety profcs.(ion as 
being thc minimum criterion (or a "~lip· 
rcsisul1I SUrf3CC M inlhe Unitcd SllIle::.. Un­
derwriters 1_1bormories' UL 4'0. SIIp·mll· 
IlJlltt ajPloor Slirfiltt ,1!tlrn,,,1J, re'luim th:ll 
the a\'cr~gc static t,'()Citicicnl of friction f('lr 
Ooor trealillellt lII:.1tcrillls. floor covering 
II1,1te:rials. and \\':IlkwlIy coustruetioo matt'­
rials shall be :It least 0.50. OS I IA's 29 CFR 
1916.754 <;peCIfies ':I nummum ':I\"eTll~ ~Hp 
rcsiSUntt o£O.50 for muctllnlslui J..~m· 
61) t:bb. Ai'JSls AI164.1-1001 ako reo:Nn~ 
m ... nds this \-'.l!uc untkr dry ('Otu.liUllilS but 
C:lUnons th:u .. Floors, .... hlCh do not meet the 

0.5 gwddUlt: for drycooditions, shoukl n/)I 
be! ooll~iden.'(lto be mhcn:ntly dangerous." 

' I1te Amenc:ms ";m O\S;1biHlies Act (in 
a non-m':lnd:uory lIppendix) notes that. 
~ People who have difficulty w ... lking or 
m:linminmg oobnce 01'" who uSC: cnnchcs, 
ClInes, or ..... illkcrs, and those with restricted 
gails:a.re panicul~rI)' sensitivc to slipping and 
tripping h3Z3rds~ and cites a study sponsored 
by the Tbnspornuon B:lrri~ Compli:mce 
Boord, "·hieh conducted testS with persons 
..... ilh disahilu:ics. Tbe boord concluded th~t 
"':I higher t'OCflicicnt of merion ........ s nt'eded 
1»' $ul:h person:." and rt"COImni!tKI~ a StllUc 

coeflicic:nt of friction ofO.60 for aa:~ible 
fOUlCSllM 0.8 for T:lmps.. II should bt notN 
thc study ciled In this guideline utilized a/l 
enrtmely slilall .... mple St7.t: (fi\"t subjectS) 
lind contains a considerablc S3fet)· m:uglll. 

Building codes :are nomllousi) reticent 
aOOuI !K'"O\;ding lin)' guidllntt .... i1l1 !'eg-mi 
10 tim ISSUe. 1ne Building ()fflo:lls & Code 
AdnUlIIstr:nors {BOCA} Naoonal BUlldm!,C 
Code onl)" spcdfics lh~l "All walking sur· 
faces. inclu(ling thc f\oon; of t'OrridQr.>. mlr· 
ways, and other components of tlle IIlL'alb 

of egress, shall h~l'e a slip·resistllnt :.'Urf:H:e,~ 
withoUt pronding anrguidance as 10 o:anl}' 
wh~t the}' consider 10 be "shp-resist.ln L. ~ 
The C()IIfIl/(IIrury to thi ~ (W,x.'UIIlCl)t points 
QUI thaI ~Fidd testing:lnd unifonn enforce· 
mcllt of the: cono:pt of slip resisunct is nm 
prxtical" but goes on to scm', ~One 1l1Wlod 
u~1 10 esrJhli~h ~lip resisl:lnce is thl! the 
stltlc Cl"lCfticieJ\l offncrion between le:llher 
., ,':Inll the floor surface is greater rn;m 0.5. M 

One: IS fon.-ed w ..... ondet- ':IUouI the nuonak 
for ~tJbhshing ':I reqUirement to hUl.lllcn 
while 5f".lOng fhll thert b no ~I)r.tetic:ti " .... l} 
of seemg "TIcthc:r It i~ met. 

8mh the S~l\(brd Buildmg Code ':IlId 
llie ImeMl3tional Building Code arc: almost 
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equally absent of 2fl} Iurd and fast n:qwn:­
menlS. Th~ 10M Im07JlltlOtW B~iJdillg Codr 
St'lld in Semon IOO} A, o; \\'1I1king surfllces 
or the means of egrw sh:lIl h:l"c II slip­
rcsist2nl surbcc and ~ securely attached," 
and in Section 10 I 0.7.1 th:u "The $tuixe of 
r:unps shall be of slip-resistant nmcnals that 
are $CCUrtly:ltuched." In the 1999 Srl/lllumi 
BIIIMmg VMk. Section 1013.9 eautioll5 that 
"Ramps shall M\'e II slip resislllnt surf~, ~ 

tNt LI conOURS no other ~UlremenlS re­

gan:linpLp rtSistlU1CeOfl wli.bl'll}'$. [t is p0s.­

sible some local lWes (e.g .• the ChiCll!,'O 
Building Code, the New York City Building 

Code, etc.) may COCItnn 11UII1CricaI \-alue:s 1ft 

reqUirementS reg:Jn:hng wlu! conStitutd lIll 

:acttpt:lbly slip-resi5t:lnt surface:. hl.ll to dare. 
the lIUthors h:l\'e $(.'tn no such requirements 
in the codes we have c:nmintd. 

Human locomotion and Friction 
While the recommended value of 0.50 is 
~Pled :IS representing I "siip-rcsistllnl­
surfaet \\ithin the s:tfety commuJUty (atltast 
in the United Scm:5), it does Il()l reprtsent 
the coefficient of friction !.luI is rcquim::llOr 
human kxoInoOon lInCkT nannal ('(lnditioos. 
Accordmg to Templer (1991), -A COF of 

You NflM TM 
FPSKTM Tie-Back Lanyard 

What I6u Need, 
When I6u Need It! 

T~ ~uesl )""" IIU prodlK\ uta\os. 
ul thlt MSA C~ITo"' .. ~It ,."'" lit .... l-ll7-SoIO), 

• Uses the fPSI( (~Iabl nel. a 
new tie-back Iln)"lrd 
connectol with 5,000 Ib I.ue 
Jllength In any direction Ind 
• \. lite opening 

• " .... II;able In web 01 (.able 
wnlon 

• Web wrslon ut li llel MonIter 
Edle webbing with 11,000 Ib 
minimum bluklnl strenlth 

• A ... allable in both ' Inlll and 
twin lei confllur;atlon, 

• Mftb OSHA lelul,I Ic,"" 
AN51 Alo.,. 10: AN51 Z159.I, 
and Is (SA certlfled 

! A .... II;able thlouah Quick-Ship 
prosr;am, to produCT will ~h l p 
nme 01 ntxt bUlineu d;ay 

0.5 Includes. by ~Il accounts, a s;I(ety factor 

and lhercfo~ has some merit as a ClLutiOUS 
~commcndnion (J»rricubrlr as 11 preau­
tion ag:unst slippery shoes)_- A shon dISCUS­
sion of the mech:mia or walking \10111 iIIus­
l1':ne why this is trut'. 

The g:UI cycle in nonn:tl hlUnan ~ 
tion on I lC\'el surface btgins with the heel 
suike (the l)Oint ..... here the heel touches'll 
surface) of one leg and Indude! the sr:mce 
and S\l'ing pluses of both Jegs. The stllllce 
phase is the period "hen the fOOl IS: Tn con­
tlICt \lith the ground. while the s\ling pIuse 
is the period when the foot is ofT the ground. 
TheSCince phase t:lkes up tppro:rim:nely 60 
percent of the full g:Uf c}'cle; thus, ~t le:tSt 
one part of each foot is in contact \I,1h the 
&or for almost two .. thirds of the C)'c1e. 

There ~re three main subphllses mat 
maloe up !he stanCe pluse: IXNlllK"l. midsunce, 
and propulsn~. The oontllCtsubpinse begins 
\l11.h heel ~uike and concinuts as the froOl 
of me (OOt rotawsdownwards and b«omes 
full)' wdght bearing. During this subph:l....e, 
the foot hoth adapts to unh'Cn surfa~:es and 
absorbs the shock of impact with the \I'I1k­
iog surface. Dunng the midsral'lCtsubphase, 
!he foot changes from II mobile ~d3p'or into 
a rigid 1~'C r. During th IS subphtse. the foot 
btgins to lift from the ftlr. prepanng the 
foot for the propulsive subphase. The pro­
pulsive subphue ~ as the hlXllifts and 
continues Ihrough toe-ofT. 

The swmg phase- is the period when the 
foot is IlOl in conl:lct With the ground and 
aC('OOllIS for Ipproxirn~ le1r 38 pem:nt of the 
g;lit cyck when \I"lI.lking. 1'bis phase allows 
the fOOl to recO\·t'r from toe-ofT land then 
rntnge its position lO ready 1I for lhe nen 
hetl strike, The S\\1ng phase can be broken 
down into t .... o subphasts: earl} ij\\lng ;md 
btt' swing. -me. early )wing btgiOS :It the 
start o f toe-off. At Ihis time. both (L'd In: 
slIlIult:meous)y in C:OntllCt "'1m tht' ground 
in a double support ph:lSt. which makes up 
about 10 pcn.tt1 t of the gait crcle. This dum .. 
rion of this .subph:1SC dl"'CN:llstS as the spectl 
OClOCOIllOtion increases, Wlti] the individual 
~aches runmng speed at \I hich time then:' 
t111~ be periods when euher onlr ont: fOOl 
is on Ute ground or both feet our be SlOlU]­
r:meously off the ground. The late swing 
subphase occurs ;as the foot recon~f'!i from 
roe-off and the rorefool and reartoot loci.; 
into:a rigid position Tn ptq)lnlrion for th~ 
conuct subph:ase of the. ~rJnce ph:1Se. 

The iniwl pon:ioo of the cont:K'l sub-
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phase is the twO paino lI .... iuch maomwn &icuon i5 required m nor· 
nul nllang. As tht heel smkes ,be IfOUnd It an Ingle. tk fortts 
gmenttd on be dKompostd intO twO componuts. The IirsIIS 

dimnd \1:malt). 00wn1ll'1n1. " 'hilt: the:.second is dtteaed Kn'2n:1 
III the directIOn of tn,-e:I. F limon ~ beN'CUI the.shoe and w 
.... -aIlan, surber I) rcquucd whmn"tt the.shoe 11 in conrxt 'mb 
the JfOUfMl but It rachcs 11 peak "=' d at the timt: of the IDIt:iaI ~ 
wlkt (to prt'\'tnlll from conunwng iu (or.-ud motion).:\ second. 
SHUIItt peak IS radIcd dunn. the propuw..--e phasot ..... hen: friction 
IS rtqUtmI to mtfI me ~'Vd dtrust fi me be pnor to toe-of[ II 
IS imporwlI to IKKC the forces I I ~ pointS :II~ dircacd In oppo­
stu: honzontlli dlmnonJ. 

T.'O of the pnnury piH'ebted tacton influencing the amount 
of friction rcqum:d Ire the speed lit which the mdh>i.du:al is 11':1\' · 

ding (. major determinant of the rOrel' gcnUlltcd :15 the foot 
$trim the ground) and the angle St which me heelstrikts (which 
duutly Influc:nces the Jlnount O(fOITC directed in the forw:ard 
"CNuS downward dirttUon). The higher !.he speed or the more 
XlIle the angk ~t v. ttlch the hft:1 strikes the ground. the ~ fric­
tion i~ nffiI~ beN«"n the (001 and tht .... ...:Ibng surfatt to o\u· 
romt' the (o"""Ird-dircned forc!! component. Burnfidd 2nd 
~~ (1001) conducted • stUd} to cxamine the C'OCffic:ien1 of 6ic­
tion rcqUlrM ~ •• "I.n~' of suhJfCU or both pders and a .... nge 
oi~ It. Y'InCt)'tA ... -albng ~ RtsuItsoftbar~· a~sum· 
mmud In Table I on right mrJ correspond "'ell ""lIb daa &om 
o<ha-mcud><n. 

En!n thest COI'IIp1~U\C~· IQ .... \'IlIUC!i. ~C\""tt. would not ~ 
S;lnly ~lt in. slip Ind 11.11. Dunng \\:lIlcing. one is often wuw:&tc: 
or slight slips dUI IlUI)· ocrur ~t'C'n the shot Ind the ",,:&lking sur· 
fxe:n the brgtnmn, or dlt hed "n~e (mllmi'fJI). In:l stud}' per· 
ronnro II)· Leamon .nd L, (1m). "num~hpi~ olltss dun j cen­
nmctm had 001) .• m pm:cnt ~of'lldnI dt:tt:cUd ~,tht,,~ 

\ \00 by SunJbc:rJ .. nd 1.JJl)iummar(I9AI) has mmc:ut'd:l slip 
is unlild) to result in I flU unk the rooc sbp!> It K:bl 10 cenmne­
tm;; ",th dIonn d.isuna.s, the wUlt:f" ncnnall)" euru.'f"compmsato 
~·or n!CO\'n'i &om the dlp"lthou! r:l.lling. 11us woO:: 
abo mdtattd I pok~t nffi1cuon ,,.Iue: It duchl &11 W"H 

5I.In: lOoccurof'o.o7. l..ocktun c.1 aI. (2001)oicubtm <I "F.aIJ f"t:IOO\-ay 
---------------------, tbmhold~ dIStltn ror thn:e I~ g:twps Wt must be exctcded In 
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Absorbs shock· Prevents damage· Protects 
loading _ mel trailers· _ truck wheels 

"ftefl • 011 pttJdua lei , M dod rt'. )'"I .--.:h. 
t..n:INtld "'~ moIdcdoll'd~butl1ptI5 ",ill! 
..:tCCll'N'F ...... motird..tmchcd: _~ Ulltthe 

tnno<ooll:n-. pM~ DIn-&.~"'!Uaptrtflow"ll ab:M: 
f!fIf!IY~cbi:produc: _ero.""ed 

"" II'IoIXIt"InIft 1qIkt~!(III. ~ 
prtMdt loci&: lastin&. "'Ill!~ 
~ tr4l: .... PfOIed)'OW" 
!me;tmmllrl b.IiIdlrcs. ttudsolOdG4J 

::::.DURABLE 
.:-: CORPORATION 
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nomlll nlking bc(ort I r.lI .... oultl OttUr or 1.9 antimeU!1"1 (or 
)"OUnget" "'J~ UI ttnUllIttm (or mJddlc.~gtd .... 1ill:cn, and ll! 
for oldt:r wal}(m. 

P)"t: ( 1994) pt:rlOrmt:d :In :In:l~"""s''' 0( reqUired ~ffioent of me· 
oon dill! ohnlined hr the BUlld ,n, Re.se~rch F..5ll!blishment Ind 
tJe..-dopc:d. $C:lU5tie:d ulOlokl (or messing the li~elihood of sbpptng 
~ t SC\~ra1 cocff"lCicntll of fnl.:tion dunng ml"t'C ..... "llang IlUfltu\'t:f5 con­

. l~ thCl are sWnliurilJ:t1 III liallie 1 belO\ol, 

\II ol m. """'"'" """""'" md m. .~"""""""'_ 
lit pmhcucJ un lkJITIul " ... I1 • .IIlII" bct!l\ 1111"". '"Tht:R':ate ~l;:nJ QT. 

cuotsUnCa unJcr Yo ttich rcqwn:d t"IXftioml) oi friction (though 
nee the (unJ:mh) ddTtr trom ~ condllJ(lm. 

\ \ 'hI.on wdt ~ dilfer. dw: rajUIIUI c:cetrJciau d h:tim 
dun~ 2<.'I.'Onlmgk One «1mpl~ {)fmlf I( rwuung. dunng which 
1M ha:1 tnLe I~ of thto ~ n:iIUlrt"':I ~h~dr highc:r fncnon 
(on.~ IU 3\"('1<1 ,h)f>tng (apllruulII,lIdr 0.101. Gruter I~ oIlso 
2J't ~·td at the RIC ... "I !,Plllnn III (hi: \tmk-. \\hn-e ~ rtqwre-

... . ,,," • • III UO • • O<C UPAIIOHAl HfAUH & !AIIIY 
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mcmsart aOOutO.45 (Vlugh:m. 1984). Un­
der t1)ndltions .... -hcrt' the striJc issboncncd. 
the foot srnkes the ground at a Jess oblique 
anglc dun under nonn:II w:dlcing, ~nd re­
IjUlred k-.~ offncnon ~ rMuced. One c;(­

ample of Ibis is smir descem. Arrording to 
Tempbr, refcmng to studies conducted by 
Klopsteg ilnd Wilson, "Force pl:nt srudlCS 

h:l\'t sho"Hl Ih~1 t~ hori1.Olltll.ll."Ornponem 
of fOOt fon:e. In SI"lir descent. is not gn..";lL It 
rcad\e:; two lIpof,'C:es: lit tint C'Ont:1C1 and lit 
I()(.'-Olf. AI these moments, me force is only 
about 6 percent of body weight. compuro 
IOllpogttS of 15 2Ild 10 percent for walking 
on me b'el. "-here the horizontil ~-ds are 
greater." This suggCSUi the CO!!ffident of 
frieuon requll1~d for 5tl1ir descent .... ·()tdd lM: 
betwctn 30 pen:cm 2nd 40 percent of WI 
~unomul",,";l/J.ing.ThissupposlUon 
agrees well \lith th< won.: of I [3'1)(:1' ('t at 
(1967), \\ hleh sho .... ed the :I\'Cl";Igc coeffi­
cient nf t'ncnnn relluirro fOr :t'iCCflding Uf 

OI.."S<Xnding suirs W:1 .... ~rproximalcly 0.09. 
Boolust the polI:ntul for injury i~ higher in 
a f.JH from )tl.il'5, nolle!"'cr, a lo .... er standard 
for coefficient of fiiction on $Iairs is gt:ner­
lily not recommended. 

F"rgurt I : 111I/hllg tNl Lr.,.v/ SlIifilU 

R~ps provide Il SOIl1eYohn different 
qnlloon beause the slope: itself lIervcs 
to inLTe:LSe tM angle: of incidentt of me 
foOl striking thi! ·,nH:.ing surr~ce. :lnd 
thus increlStS the IClcl of (ncuon 
required to counter the mcn.'lsoo nori­
tOnal oomponem of the dccompost.-d foot 
stnke on the \I"llIong surfaC(". HlI'pcr e:t :II. 
(1967) :malpb.1 tM required Ie\"els of fric­
tion requirL-d I') nonn:ll iuhferu: while 
\I'~lking down a 1;6 slope. Ex:unination of 
the IJW1I1lUIll mcUl'\" forces inn>lvtd led to 

an ~I·erage I-:llue: o{ 0.31 :ICI"O£S subjects. 
Under known low-friction conditions. 
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walken: uruallr :tdapt their galt witlun \1 (me 
step cycle :Iner recognizing the )lippery COIl­
dition (;\ndres et ll .. 1992). According to 
l..Jcwcllyn :lnd NC"l-oo (1992), this protean-e 
Slr:lleg) usually involves :ldjU$mll~nl$ to the 
J"KbtUrt.oo the alnount of force employed 
in the early Sl2ntt. Shorter Steps are tD.ken 
:lnd knee 8won is increased, \\ hlCh com­
bine to rt$llh In lower l'ertiClI accdernion 
and {onnrd I'eiocity of the body. as well :IS 

shorter stride Icnbrth. 
\\,~Ikutg is I"Clf.lrded as safe. when the 

coefficient of friction (:) is larger man me 
ntlo o{ hori:wntal (Ft" aud leltial (F\,) 
fortt compon~nts dut :lrt al'pli<.-d me 
ground (: > F1,lI"v). Fnction fOft'e itsel{ (F) 
is directly proportional 10 the nortn:LI fOrt,.­

(the furcc resisting the I·eniol fortt) :md 
on be expnssed as F: • :FN. When lhcse 
tWO equations art CtlmlJincd, the F (F~ > 
F, tlF\". It {ollows then th:n if t.he hori7.ontJI 
:lI\d \·crtk:ll forces applied to the walking 
SUrf;Jl'C :IS well :IS the coeflicient o{ friction 
are all known. It is possible [f) CI-alwle mam-
0113t.iC"JlI~' wMther me surface will poten­
ti~lIr be slippery. Re{erring 10 Figure I, 
"II, hen me S)"Stem IS m «juilibrium (no slilJ­
mg) the limiting friction on. \eI'd 1\·;l\lciJlg 
surface (:) an be ~ppro.xima ttd using me 
equation bcio-u.-: 

"htn! F is the forward dirrtted {ortt, N is 
me nonnal force. R is the force applied by 
rhe heel o{ the forward leg and 0 b the :angle 
befween the forw:ud leg and me l'eroClI 
(fcmpler, 19(2). For ~ 50'" pen."'el1tile nlale. 
me a\"l!r:1~ disr::mcc from the hip joint to the 
heel is 915 centimetcr,,: (J6A inches), and 
me ;a,·e.ragi: stride during fi..tIl-~'td \\-alktng 
is 71.6 centimcters (282 inches) from the 
re:l;r foo Ilecl to lead foot: hl'CI.IC3ding (0 a 
h:alf ~ M 35.8 centimeters ( 14.1Inchl.'S). 
Thc :lnglc 8 then. "ll,ould be 21 J dtgrrts. 
Trigonollletric (';llculltions then lead 16 a 
coefficient of friction under this cornilnon 
0{0,39 i{ no slipping is 10 ()(.'CUr (remember 
from earlier discuSSion tlUI. in normal "lllL:­
ing, ~ll ps of los m3n J cenlllnetm are nor-
111311) not detected :11111 rhn forC"e pbte 
analysis 1'3lues {or nonllal walling I1su~Jly 
result in required coefficiellts of friction o{ 
lIIuch less tMIl this). "'0 re:ach ~ fCtj uin....u 
COF of 0.50, srnde length would h:we to 
be incrtase<1b)' aJlProxim~IC~I}' 15 percent. 

an CXtft.OIe1y :lwkwllrd Stride. \\ luie.such a 
Stride length IS pos:nJ./r, it is extremely un­
likely to oexur dunng noml:ll wall..;ng. Leg 
length \";Iri:IOOll \\uhinse.us nonn:dly affccu 
me Stride length, but not the angle of inci­
dence between mt hed and the \\":llking(ur­
face • .so the ntio 1)cI\\cen leg length and 
stride length is nlOre Qr less comt:ull \lithin 
l (mall r:lnge. 

Figurr 2: lI'lilkmg an 6 SJDptJ Sill!,," 

For a ramped surface. (he equ;l(ion is 
slightly different: 

J1 • F • R~m((X ... 6). un«(X ... 9) 
N Rcos( 01 ... 0) 

\\here 01 is the angle of mclin:ltion of the 
nmp irsel{ (St'e figure 1). Using me \-:llu($ 
{or a 50'" ItCrcemiie nule /Tom Ollr I>m-ious 
eumple to perform .. biomernanic:ll ~l\2lr­
sis. when 1I":II1.:ing down a I: 11 (7.5 degreo) 
sloped sur{x'C, .. cocffictelll of friction o{ 
0.58-1 would be me lunltlng friction. It 
~h(,uld. howe>1!"r.:ilio be nOIl.:d stride lenb'th 
is IlSU!llly shoneneJ 1I·h.;,n de~:cudinK rumps • 
... ·hid! woulll le:ltl to I lower limiting (ric­
tion level. Table J shows a slmibr :lnalysis 
of the friction \alucs th:\[ "ouid he equiv:l­
lem to a 0.>0 COF on:l hom.l)omi surf:lce 
rOt"I":lrious nll1p inclination:>. 1.11 force ],j;l1e 

:uulysis perfonnc:d il> Ilarpe.r CI al. (1967), 
teSt<.-d n~llrelllents offriction fon'C!i altu­
all)' utilized when walking on slopes ranged 
bet" ttn 0.40 amI 0.60 ror ~tlpI!:i (If less dun 
1:3 (33.3 degrees). 

From the abort! disc:usstoft, it ISd~rth:1I 
\\hlic 0.50 ma), be the conSC/lSU~ St:tndBrd 
in me L'ruted States {or ~ ~slil ... resistillil ~ 
wlIlk ..... :!},. a I""JILlc of less than 0.50 is nOI by 
ddinition somcthing that can be chlr:lcter­
ized:lS "~lipl)C:ry" {a tent\ til:!t has no precise: 
lecnnlell dehnnion}. \lcrri:!IlI-Webster) 
online dK:tion~rydefines the ""On! sJiPP"J ~5 
"a ca~ng or lending 10 OUSt 50IIltlhing 
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10 siNk or Call" UStIl8 1')1:' dJla. ~TI 
~'e, It isdlffic:uh IOcoosiI.lerodds ... oteIJ 

of 1,000,000:1 fora codf.xr!.l orf'ncoonol 
OAO~~wC'llI~~tO&l'-" 

About the UIOIt ,lu, can be ~ ~ 11 

~ "'1m. codlk.au of fncuon of 101 

TABlE 3: SCOf VALUES 
EOUIYAlBfT TO SCOf 
(10.50 ON 
IDIZOHTAI. SllfACE 

Bradleve 

INn 0,50 isdur II does not meet the m teN 
(or II ~1'CSISCID'.surf:ac:e The OjO t:T1teric'w1 
lS~bylhc"'~~lnapm 
0( I't'SCIl'Cbm in the ~kt H ~1"8 • b"F 
Inhttent afer,. rnarpt t.W1 IntO II. To sa\ 
dUI J WJIlcing SI.I.If.ace "'1m :I cor of OJ I 
i~ "'shp-n!Slmnt"tnJ tNt ant wuh II OW 
olO.49 is. "slipptry" is Wn losa)"ing that JU5C 
bcc-.lUSC there is :I gmcn.l ron5C.'nsu~ dUI 
bas1:t"tb:t1l pbyer ShaqUlIlt" O~C1.1:.I1 i'" I) 

"uU," men it must folJov, Uul fd~ ulm 
PU)'Cf Kolk BIj":am at "only" 6'6" Ii .. ~hort." 

Thl I~ ch.-lousir :lbsunl-thc~ I~ a nng~ 
IJCt'.Ietn "sltp-m;lSum" lind ·slillpl"f}·, ",IISI 
:IS dlcrc is between "12W :tOil ~shon." 

Measuring COf 
While nUIllCruw; WildJng codes:antl othcr 
pKbntt documents sp«:if)' "~hp re5lSUnl" 

surf~:tre required (Ot"" mt:2nS of ~\ or 
other ",::aILang surfxcs. lhq r:;rd) (if ~""ff) 
spc:rih' hoI.I. II dctmrururion 0( tim 15 It) be 
madt". '[1m bd: h2s resulted 10 nwly builJ· 

on, """""'"' """ """"""'" officiob, "'" 11I.'VI~;ng "txperts" ~"Utg II \":artery o{ 
cotnple:td)" subjecu\'e: cnterill 10 the: wi: 

(r.lnguttt (nmt \l.qW tnSfX'ctJOfl to ruruung 
fingm or ~ M.TOS5 the IW"fxc:s of in­
lemc) IrW nulirtl alnl!Oll1 ttmpktd} w· 
mr)' ~>Ib !JI~ on rMn. 

It afl'lX"l" to be. n~ or namunon 
ml\ftc:t~punn thai In order to be: "'slip ~ 
wu" (snJ thtb mtd tht :t~t.: oodes). 

\I, sunacc mUSt hne 1 \l5UJII~ or txtlDl1}. 
rough mr(xc:. Thl$lS InrncTc:CI... \\ 'bile: It IS 

trot' ~ 1 sur&ce I, almcJ61. wtdoubttdJy slip 
m.I~Clnt, It dl~ not ~, Uut ()I'tr; dw doc::s 
nl. meft Ih:"II ~~uon b rtOf. Common 
lin(~l'Um fltlonng. (ur txalllpk, IS'" quite 
smooth 10 the touch 'ml colUlllonly 1'C:\1I1ts 
in 3 l'lll:ffidcm o( ("roon on me onlcr o( 
0.60 or g~alC~1' \I hen tcsted \11th :tpptopn· 
:lIe apll<1l"1l11l, 

A'~I AI26".2·2001 and 29 CFR 
1926.7H are n(lQbic: t'Il."qM>ons to the: ptIC­

tk"C "1ipCl'l~1ng s1ill m.tSUnt..'e!Jut not spec­
I(P"I!::I mean~ of \·cflfiauun. The: AJ,"SI 
1U",brd r«ulUncntk &."'1: IICCq)t:tbk mtcb­
JItl'IIM (,.,. U') mri.aa: tt'StlIlJ': 

I) dlt" J Il'Ifll.OOW Pull Shpmetn": 
1) the P(Jrt:l1Me Indlnable \rncublc:d 

Strut Sbp Tc:sttrfPL\.\""J:.J:.1hc Brunp:aber 

.,.,.. .. .,ao,.. toMe in coMxt .... hazardous maIIIriah. )'UU -" !h.n to icinify 

..., in wconds. The sigId.n,...,.. color 0# ~ _I_"IICY products en easy 
lID ~ in a crisis.. VtSil us CII_..be .... ~.com Ott cd 1·1OCHIADl.EY. 
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Midi); 
3) the Porubk Articulated Slnlt Slip 

Tc er (PAST. .kll the Bnmgrabcr J,\.M); 
4) the Variable Incidence Tribomctcr 

(\lIT. IIU the English XL); Ind 
5) theJames Machine. 
The first (ouro( thoe tcst appanmlS are 

U:S:Iblc for in-6dd ttsUng, while the Jarms 
\bdune is a "labor,lIolyonly" wliL. There VI: 

ASTM-ttrtificd test pr~um (or the U$l! 

of each of mesc. OSH&. 1926.7H specifies 
the usc of~ Variable Incicknct Tn"bomcn:r 
(Vrll for testing ami allo"~ for the lISt of 
the Portl1b1c Inclill2bk Anirulatcd Sinn Shp 
Tscr (PlAS11 as all altenuth-e. 

When discussing slip resisullcc thl 
mechanisms. II is iml)()l'tlInI to differentiate 
",hat is being ~. Stllnt frimrm tS the 
nitta of the horizonctll~f applitod fon:t re­
quirt<! to move a bod) from rest {)\'n the 
\'tmCllI (oret' applied 10 the surtu:c. b). the 
wcrght of the bod)'. DymJlltic ftiniM invokes 
the s:nne nno. hut the horizontal fOC"Ce Ill­
,'ol\,oo is one WI is n:qmred to maintain 
const2nt ~l)eed of movement once the body 
Ius been lTIO\'ed from ml..\ ten simply pm, 

SllItic fnrnon is the friction fortt th2t must 
be()\1:rrorne town:l bexi)' in motion;K'Jl)SS 
a surface, while d)namiC: i'nClion is the: fric­
tion forec tim IIIUSt be(J\~ to J.:~ th:Il 

body in motion :l.cross me surf. .. :c, In pm· 
lice, suOe friction always exceeds dyn:l.mic 
friCTion In tn:lgnirude. 1l1i:rt isalxi of ron­
sensus r~g:arding whether Static or dyTUmic 
friction is more :lppropriale 10 specify in 
the cn.'2rion of st:lJxbrds (sr:mdard$ in the 
Unned St3u.'S usually refer to suric coeffi­
cient of (rictiOD II here :I. differtttwrion is 
nude, ,,-hile most Othl;!r naoons focus on 
dynamic ~fficient of friction). 

Of the test mem:uusms abo\c. only the 
Vamble Inadcnce Tribome:ter (Vrl) and 
the: Pombie lndin.1bl~ Amcubled Strut Slip 
Tcster (PlASI):lre certified by AST!\\ (or 
the e'o-aluauon o( \Io1!lsurfJccs.1esting of ,,'tt 
5urf.u:cs ~uim speci:iliz.ed al)J)ar:ttus due: 
10 a phenom~non known:a nul:rJ{l/I. Stick· 
rion is tM remit of "':II~r being .squeezed 
om of the interface between the 1('51 surfaCle 
and the w211wlIY surface, ataung:l l~fllPO­
fIIry bond between the t'oI-'O. h is a function 
of the residenCle time be:lwC'Cn dIe instlnt of 

/fIJL 
" 
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surface contact lind the applicltion ofhori­
zonrnl roltt. Test results of devices subject 
10 sucl-tion wh«l lISI!d on wet sUrhces can 
be artifidallr high, at times ~cceding \'lllues 
derivtd for dry testS of me ~me surface. 
Both the PLo\.ST 2nd the \'IT avoid this 
problem by :l.pp1ring both horizonl::d :lnd 
nomlal forces simult:l.J1COUSly during testing. 

\·\'1latC\'er It'Snng lIpp:ll1IlUS is ~Iected. 
mere is o(tcn dispute lIS ro whether leather 
or :I. ~'nu~cic lllaterial should be used for 
the Mfact of the tCSt appmms ID:af is pbced 
in COntllC1 with the: walking surhce. ANSI 
AI Z6-U-1OOI reeon1l1lC:nds Ule use of 'c()­

lite (a synthetic rtl:Ittrilll) for this purpose 
bt.'C''\1JSc: of Mits unifonn :I.l1d homogeneous 
properties. its :w:Iibbility 2S a specified tll;ue­
rial, Ilnd its resisnaoce 10 contamination." 
Le:Jther, being an organic m:aterial, exhibits 
none of these qU:l.liuts and is I1Ireir ~:IS 
:I shoe hed material (the pm of the 5hoe 
"hich is fl1OS( likel)! to slip in nOml31 :unbu~ 
laOon). Neolite, ;t has :llso been argued, is 
strictly a lest IIl:1tcrial and hu nt:\"e:t' b«n 
used in pnacrice 11$:1 heel or sole m:nerial. 
ThIS IIrgunlenl IS spurious; Ncohtc's prop-
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emcs pbao It In the ouddk ran~ of nul~ Dnte WI ~ nude r;Ioba1l)', but the (0l.\0i.". pt~· dccreuutg smdr: kngth (rhus reduc-­
rials WI art US«! fOr Ihu JIW'PCM. lmd a an, mbie txm'pC~ from a rcpon b)' the tn, the angk of Inodmcc ~ rht; htd 
cursory CDD\WUOO on me Intt'met 1hov.'5 8nmh Stmcbrds institution (19tH) as pro- antI the ... Ibng R.llfa::t: and rtduang the 
J \'lIInc"t)' of manubcturm do \lSI!! Neoinc ,ldcd 10 p!'O\U tOmt pmp«U\'C. h must mlwmi ,,=,-d of sbp re51SUJ'1tt). 

ro. """ .. " ond ""'10. 
FICtm AHeeUng W.lkway SwtKI 
Slip-_ 
A \":l~' of oonWuons .ffect the ('Q('fi"lnmt 

of fric:oon on \l'J11anJ surf'xcs. one of the 
lI105t COlllmon of '" hkh is the praoence of 
contllnullJntll (onm liquid). Lubnauon of 
dw! COnlllO am bi:""'ten the shoe and the 
Boor surf:tce Inll)' in lom e CIlSd 5ubsmntiali}' 
reduct iu: slip I'di IlInce. 

Accordmrto Gnmdican (197J). thtde· 
cmI5C' in COF ~-een " 'f:t and dry!RIrt.cn 
mty nnJC fmm u link IS 2 ~rttn1 10 U 

muchu81 ~nt.~on lherom· 
buulJOn of ~.nd \'\'IJ\a"l nu1xe ~If­

RIlls. A1mosc all romblnaOOfd u( W)'t dean 
shots and "''2ihnr curfam c.mibu COF, 0( 
pt~ than 0.50, • Me onl)' ttl«tcd rom­
bmatiom of lI.el ~antl ~ mull In 

COF~ 0( pater than 0.40 (.\Ilikr. I98J). be rcmcmbcn:d WI for kl\O"''n dipptry or 
,"0 $llJUtc of thI= rruucuon In slip fe5I5.- 1I-n conrutions. W'Ilkm; normally .. bn- thm 

Stop Needlesticks 
New patented TurtleSkin Gloves 
6t Sleews have the highest needle 
prolECtion available, so critical 
in preventing accidental 
ruts 6t needlesticks_ 

www.turt/eskin.com 
1-888-477-4675 

811 ..... In tM Real World 
Thus r .. r. I val dal of mfomution has 
btocn ~nlC\J rebu\'t to tht: mtdJ2JUC5 of 
tM hum;tn pit and the sciam6c methods 
1' 'Jlblok to cMI'Io.'tcn«: slip rftISUDCe of 
~'Jlkln{l: ~ J 1O\O.~tt. it is unporuru ro 
dtpm from the bbonUlf)' b- ~ mQme1ll md 
oonsiJcr me: lu ture of tht: interior- and ~ 
nor nun-,1Udc cll\;rufUlImt. One nffib 
onJy m ronSlJ~r W ~Idc \-:uict)' of \\';Ilkmg 
suriaet'l th,n Ul$\ lround the Ilorid to un­
dCMAnd thil t. In genenl tht 0'1.1: ...... hdnw'18 
IIujOrityo( COIl1l1lUn pal1:tJ'IttII .nd flooring 
mll ttnals llrt' Inherently slip 1'CSlSt:U1t. and 
!'or ctntunts. m.n bas iUl'tt't)fuliv tr.I\ocrsed 
~ pat/u, floors. anJ .. irs m;de from • 
\~. of nutenals. 

The most common outdoor sllp-1lDd-laJl 
ICcitkntS rt\-;e."Cd b)' the authon t}~ 
in'''Oh", I pedntriin W1ppmg on an unsus­
pemd pittb of~. 'ntn". or od1t:r slippery 
IOmgn sut.r~. BtMr dun I problem 
\11th me InMfUlt wp-resastant cbuxtms.­
DI3 of the ",..Ibn, wrfitt ,udr. Commcm 
C!Ont1ll\.UU.ntJ Ire: 

• I", 1"- fonnol br..,..".ond ......... 
Jngoi~. \ bny$CItrSlu\'C b\l"$wl hold 
ptl'>pCrty 0'I'Mf11ub1t for inJuries resulting 
IToIn lon "unnuun'- accumubtion of iet . 
• CI"Oth! 'IUffxt iong (commonl}' ref'mtd 
1e):IS "black iet"). Ground su~ Iring re­
wlu when moot :lIr. partK.,uul). ground £os. 
com In rotU ilCI Wl lh cooled sunuteS. such 
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FALL PROTEOION 

as rOMl or ~kkv.1llk I»'"anmt '" hoK" tem· 
pcncun: IS bc:ioM ~. 
• Oils.'I\'Ucs.cbmllJ~ant.I(:\-cn 
W2ter. which nn slgnltinndy rtduce m~ 
aldftocnl of fnm.nn (,( the ",~lbnJ!: swfxe 
nutaul. 

for Inu:n()f' noor IUriliCes. fIlCh .~ 
ttrlmic and Vlnr' ula. COO(.Ttlt lINI \l~. 
.. lJOd. anJ ~ 5lipt mcly occur unIoIs 
rheK INtemKaf"C COf\tIIIUIl.ICrd \II Ith II ~b­

~ qJCh :u oil, "''lIX. 1II;Utr. dC. It IIlust 

be undasu:IOII. how~tt. tNt In K»lle co.st'S. 

sunxx tuauncnl\ eIIn IIURttll)':KId tf) the 
roeff~m c.r m iX) of the walklntt surf:ICCS. 
VlIIrlou$ IttOUb (.'an nise dlC~ ~acc fncuon 
gt'Otrul~ 1I~'e ilia! of the wlIkrt}'ll1g )ub­
stnlCNI'C',.nd IIrtif.a:ll ltlturing (such b is 
often Il.~ on marbk II.l[kw1I), 5urfXU ~ 
ollldoors) an h.1\'C ,he ,..me dTt:a. 

When a r-cnon "''lIlb on • connnuou~ 
UDe\'CI1 or undubullJ M1rf~. ~h u bnd 
Of cohblc.'SfOllc P'I''W)ma, his pI! 1".11 he 
Ixxh """""""r..J -...00..1) oJ,,,",,, 
ro ~f'UU) tmm-t IM~ \ \bm an 
Irrtphnt} m the \00 .ulmtr IW"fxc occun 
(~! .. .m IAnOpCCtro dunl-~ In theM~lJOn 

You've seen us in 
parking lots ......... . 

Now look what we 
can do for you ..... . 

94 

0( an ~ue ~-d and"MOth walk-'ll)')' 
nusstcpsmd mpptnl(nlher dun ~Ippng) 
CIII'I OCUlI" bea\lSle the pcnoo\ pi 8rhymm" 
hal been uncxpeaodh' inttrruptrd. Slip' ran 
noonaDy 0C'CUr .. hen g:all K noc :adrusted 
lOr dwtga in "'"11king sut6a: f'ricnon ~I:I 
(e.g .. from a nontDl W2lhng sutfatt 10 one 
CO\'cn:d ",th unsttn ice Of" "~IU). 

F;alkm the durd-most~auseo( 
aridcntal death In me L rulm SUlr:' and rt'­
prtSCll almost ooe-6fth ofboth OCt'UplbC.uI 

and public sector injuries. lndividu:tls who 
slip Ghe:n pul'SU~ Itglil action, ho"'t\·cr. th~ 
s:;afut). profession h1.~ srudle:J ,J,~ Ind f:tll~ 

in depth :and demonstnued II Roor 5urfaet 

may be smooth tCl lhc touch )""t'f n~ or a'en 
exa:t:d industry suncbrtis for shp R'Sm3nct. 

J\ bking a scientific :.Issessu\t'm of the "II~ 
~nl chJnK"ltrisocs of ...... Iong surfxcs 
and likelihood of:lll M\"HJu:a1 mrwi"ll him­
.ldf on them CUI be: I rellln'el), slntghlfor­
'oro t:tsk. assunung me Indn1dull Ulmtp'­
ing IIlw the: reqUIred J.:nuy.kdgeofhunun 
PI ""lUI1Ucs and the- rocardI dut tus b«n 
~ in rhe fidei, ti .. -ell ., me al~K"O­
pn.ne tc:Sl ~Ulpmenl. There IS little limo-

~NE r INOUSTRIEV = -

PowerPaI 3 100 

1'800' 544' 7779 
www.daneindustries.com 

na~ Of" need kif' ~ 9JI"ecm-e C\'2lwtJOn.\ 

I:.kd 00 tm.ont'OU\ a!6UnIpbons. bt:t!.cs. nr 
pr«tJncqJQON. • 

Dr.J G C.",. P".D, f:IIFp, CXJ:T. u thr 
Jwrnr t( tbt flit"."" Ptifonu,..·~ CMJ1l!lntK 
ItrnI lit PAM fJf(ln~ If \~. fU. 
lit tI II Cmljitt/ 1-/"",.", F.aors Proj"rsntIuI 
r:llb""," *II!O ,..mo· r.l'f'mt1"T",~ • 
IkRxn, lind iI,w",s ~n~ nJl111f'fWf1 II1ptrts 
""/i/lfHII-",IIdo,M nfttnlo.7t011 J Jt till wmni!tr 
'I Jrt'rr;J/ s,., E. r/.\'SI, lind .-Isn 1 ttrlnlwl 
trIbImlttttS. IfIlht,lI~ Ami FI i (Prdmrun 
.,,.) II iJlJ::::lIf SIIfi"'). SIm'l1 l.thri. S.c. P.f:. 
1111 uor"II',J 5'II'/I, lIIrill.nd Proj'ntI(}lInl Engt-
11M' /II PM' .... Iflll/I/ II qUIIJifoJ OSJfA IIII"'/(­
ftll' for t/:lt miutrotttOli lI/,fltStrr ""./ /I l 'dJl Prrr 
/tf/I"II Compet",t JItf:K1/1 /(4;111 Kn*·Bmullld 
lJlI Sti1ff ArdoltttlllJ'ill C#mrJ"ml Imb PJIdrr 
-::60 bill m~ r.lpmtllf't III .,.r/m((lIlnJ 
Jm{'l '"'" I"",".r- 1IflllUlptrlt "rrsI­
Imlwl 111111 ~ strwaJIf'fS. Sbr 1111 __ 

lttrof·-fS '" c:.m.tltrr E1J6. Prrfor-T- rf 
/hilUm ..... AU Ibrrr MtIJ.n UIJI hi ,.,MImI III 
SOO-;U-IJI H 

tC-'''lIld M J»F I J 1/ 
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AEDs starting 

from $1295 

FirstSaV8 AED G3 
$1399 

Survivaunk 
AEO 

$1295 

PawerHean 
AEOG3 
$189G 

UFEPAK SOl) 

AEO 
" 096 

w..no c:aoJY • VIIrlely cI ~ 
n equipment ,.. extngullhers. 
maniki,., I~ Iula. Met AEO 
_CoI _~ 

I Medical, Inc. -....., ..... -
ft ' ........ "1"_ 
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/c..ti. "ttlft- 1M,.., 'HI 
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