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*Center for Ergonomics, University of Michigan, Ann Arbor, MI 48109-2117;
®Virginia Polytechnic Institute and State University, Blacksburg, VA24061-0118;
‘NASA Langley Rescarch Center, Hampton, VA 23665-8047

A variety of slip measurement devices exist that provide esti-
mates of both static and dynamic coefficient-of-friction (COF)
values between one’s shoes and the floor. Unfortunately, differ-
ent shoe solelheel materials, floor conditions, and contaminants
will affect the tests in ways that result in widely varying COF
estimates. This paper reviews the basic physics of such tests and
describes a set of experiments to determine the static and dy-
namic COF values under operating conditions known to exist in
different jobs. The results define a set of conditions wherein low
(hazardous) COF values would exist (e.g., hard Neolite™ shoe
material in contact with a wet, smooth walking surface). The
results also question the use of light-load testing devices and
static and slow speed reference COF values in the literature.
L of injuries in the workplace. In one analysis conducted
in a large manufacturing facility in Great Britain, the
incidence of foot slip-related injuries was 5.1 incidents per 100
man-years with a severity rate of 16 days restricted or lost per
100 workers.™” The most serious consequences from loss of foot
traction is a fall wherein the person strikes his or her head. Of
the 69 000 fall-related injuries reported in Great Britain in 1979,
about 3000 fatalities resulted.” More often the injury is a
nonlife-threatening musculoskeletal strain injury, usually to the
low back, ankle, orknee."” One U.S. airline reports 10% of acute
injuries are caused by foot slips and twist or trip events common
to fueling, baggage handling, and maintenance operations.® In
Sweden, foot slips were reported to account for about 11% of all
occupational injuries, of which 44% were on a level walking
surface.”’ Construction workers, cleaning personnel, transporta-
tion workers, and restaurant serving personnel appear to be at
particular risk.® These workers are often involved in tasks
requiring moving of materials (e.g., pushing, pulling, and carry-
ing objects) and are often walking on wet or contaminated

surfaces. In the U.S., 17% of all disabling work injuries were
attributed to falls (both from level walking and from heights).®

oss of foot traction has been recognized as a major source

*This study was made possible by a contract from the Ford Motor
Company and NIOSH Training Grant T15-OHO7207-07. This
paper was presented at the 1991 AIHCE in Salt Lake City, Utah.

With more requirements that workers wear protective equip-
ment, an increasing concern is being expressed regarding foot-
wear in many work environments.” The U.S. Navy has recently
developed boots that were meant to “provide a firm, non-slip
grip.”® Unfortunately, the resulting evaluation of the design did
not include objective slip-resistance measurements, but rather
emphasized fit and comfort. This is often the case with commer-
cial footwear; hence, the protection provided against foot slip
hazards is not known.

Arguments are often made that the best method of protecting
workers against slipping and falling is training that results in
slip-avoidance behavior. One study in the surface mining indus-
try, however, disclosed that unsafe worker behavior was less
important than the design of the equipment, e.g., walkways,
ladders, and steps.”” This concern has resulted in the recent
proposed revision to OSHA regulation 29 CFR Part 1910
Walking and Working Surfaces—to include the following: “Stairs
that may become wet or slippery as part of a work operation or
as a result of weather conditions should be equipped with slip-
resistant surfaces, such as non-slip finish or an abrasive paint,”"%
Unfortunately, standardized and objective procedures for deter-
mining the degree of slip resistance were not included, perhaps
because of the difficulty involved in determining the appropriate
slip-resistance value, particularly in a workplace.

In this latter regard, many different research groups around the
world have attempted to standardize slip-resistance measurement
methods."? In all of the approaches it is assumed that the coefficient
of friction (COF) developed between the shoe and a walking surface
will represent the appropriate slip rating (and protective quality) of
the shoe and floor. As simple as this appears, research continues to
demonstrate that a variety of conditions must be considered when
interpreting stated COF values. This paper discusses two major
factors: the vertical (normal) load applied during shoe/floor contact
and the speed at which the two surfaces are pulled across each other.
Variations in shoe sole material, floor surface roughness, and the
effect of water also are considered.

THEORETICAL BACKGROUND

When walking, the first event to be considered in a single stride
is when the heel comes down and contacts the walking surface
(referred to as heel strike). It is at this phase of the stride cycle
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FIGURE 1. Forces operating at the foot when heel strike
occurs. Similar forces exist at the toe before it lifts off to
begin the swing phase.

that foot slip most often occurs, according to Strandberg.” The
reason for this is that the ratio of the horizontal foot forces acting
in shear when compared to the vertical foot forces is greatest in
normal walking. These forces are shown in Figure 1. In this case,
the horizontal foot force is referred to as the foot shear force and
the vertical force is designated as the foot’s normal force because
the latter is perpendicular to the walking surface.

Also depicted in Figure 1 are the floor reaction forces. In this
context, if the foot’s shear force at contact is less than the friction
force available, the foot will not slip because the two vertical
forces are equal (i.e., the floor is stiff enough to hold the person’s
weight and downward inertia).

Another way to think of the system is to decouple the pair of
orthogonal foot forces from the pair of floor forces. In this sense, a
ratio of the foot’s horizontal shear force divided by the foot’s vertical
normal force represents the COF required at the foot to stop the foot
from slipping, or *. Clearly, p* will vary, depending on several
individual and task-related factors. During normal, level walking
the p* values shown in Figure 2 are typical. The absolute value
normally will not exceed about 0.25.° If walking is more rapid than
normal speed, however, the values increase to about 0.40. If pushing
or pulling a heavy cart, * values can exceed 1.0, depending on the
hand force required to move the cart.?

An interesting aspect of walking on slippery surfaces is also
depicted in Figure 2. Lanshammar and Strandberg had subjects
walk on surfaces that caused the heel to start to slip and then grip
(i.e., a micro slip was documented). They propose that such
micro slip-and-stick events are common and serve to warn us to
change our walking behavior, i.e., slow down, shorten stride
length, and co-contract muscles necessary to stop a foot slip from
becoming a fall.®

To protect workers from foot slip injuries, various groups
have proposed that minimum values be set for the ratio of the
friction force developed during contact of a shoe and floor,
divided by the normal force exerted under standardized test
conditions. In other words, by standardizing the shoe and floor
conditions, applying a normal load, and measuring the resulting
frictional force, the COF () could be estimated. The resulting L

REQUIRED COF DURING WALKING

TOE
OFF

03 - LEG

SWING

HEEL STRIKE

(FORWARD) 02 AVERAGE WITHOUT SLIP

0.1

REQUIRED - !
COF p* a A 2
SLIP & GRIP
RESPONSE(S)

L
.6 time (sec)

01 F

{REARWARD) 0.2 7

03 -

FIGURE 2. Typical required COF (p*) values for walk-
ing without slipping are shown (bold curve) with a microslip
recovery shown by a thin line (adapted from Strandberg
and Lanshammar®)

L

values then could be used to rate or rank order the general
slipperiness of a particular shoe-floor system. In other words,
these standardized p values could be used to establish the slip
hazard level for a given shoe or floor.

Prior to the mid-1970s, values of W for safe walking conditions
were proposed to be between 0.4 and 0.5.' However, the methods
for determining the p value for a particular shoe or floor material
were not standardized, and this remains the case today. The efficacy
of setting a particular safety limit, therefore, remains problematic,
though studies are certainly reducing some of the uncertainty in this
matter. In particular, the following factors have been recognized as
affecting L values during the last decade.

Velocity of Contacting Surfaces

As discussed earlier, when the heel strikes the ground for an
instant it is moving. Heel-floor closing velocities may exceed 50
to 100 cm/sec. Leather, rubber, and other synthetic shoe sole
materials interact in a variety of ways with hard surfaces. If a
shoe sample setting on a hard, smooth surface is loaded with a
weight and then pulled, the resulting value, U (i.e., the ratio of
horizontal pull force divided by vertical force), will look like
Figure 3 for most materials. The peak p value before the weighted
shoe moves represents the static value of [ (i.e., W).

As shown, L is often larger in magnitude than p, the dy-
namic COF measured when the weighted shoe is moving at a
constant velocity. If this was always the case, then the measure-
ment of |1, would not be as important in determining the slip
hazard as ;. Unfortunately, under some combinations of shoe/
floor materials, contaminants, and surface geometries, the
static and dynamic u values change drastically. For instance,
James""¥ showed that natural rubber (NR) on a smooth steel
plate responds entirely different when wet compared to dry
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conditions, as shown in Figure 4. Under very slow conditions
(<1.0 cm/min), the values are almost equal. As the velocity
increases into a range commonly documented at heel strike
during normal walking, the wet surfaces exhibit a much lower
COPF. For this latter combination, knowing the static COF values
would not help in rating the slip hazard. For this reason, most
authorities recommend testing materials under both static and
dynamic conditions.**1®

Normal Loads on Contacting Surfaces

Although the basic assumption in computing the COF is that
the friction force increases proportionally to the normal force
holding the contacting surfaces together, under some circum-
stances this may not be true. One way to characterize the process
that creates frictional force is to decompose it into two separate
but additive components.

Friction Force = Fadhesion + Fdefonnalion

As stated by Tisserand,"” adhesion is most affected by
lubrication, which lowers the COF, particularly during motion
when the lubricant can best work between the two surfaces,
Adhesion also depends on the time the two materials are in
contact, particularly with wet leather."® Contact time appears to
increase the static COF (a sticking effect caused by adhesion
takes place), although under most walking conditions this is not
believed to be a major effect because the floor-shoe contact times
are very small, compared to when a person stands in one place
for several minutes."” Deformation of the contacting materials
is most affected by the stiffness of the materials, contact areas
(i.e., roughness and size), and normal loads applied. Deforma-
tion forces are the reason that floor surface roughness measures
have been found to correlate with dynamic COF values.®” The
rougher the floor, the higher the COF. Heel size would be
expected to affect deformation forces, but because the actual heel
contact area is small (i.e., back corner of the heel) at the time
during the stride when high shear forces exist, the heel size
(unless extremely small) is not a major problem.

-
t
T

NO
SLED
MOTION

HORIZONTAL FORCE
SLED WEIGHT

COF (1)

0 TIME

FIGURE 3. Typical plot of horizontal (cable) forces nor-
malized by sled weight

The effect of the normal load magnitude is not simple to
predict. When a soft material such as crepe is loaded heavily
on a rough surface, the deformation force effect on friction
will be larger than when using a smooth surface or harder shoe
material. In other words, an interaction exists that complicates
generalities about COF under light and heavy loads. This is
particularly troublesome because some COF testing proce-
dures use very light normal loads (less than 10 N), but others
advocate quite high loads (1000 N). The light load testing
devices may be used in the field, but the heavier loading
devices most often are for the laboratory.

The Effect of Contaminants

Any fluid contaminant between two sliding surfaces will
provide lubrication and thereby lower the COF dynamic values.
Inessence, the fluid will behave as a hydrodynamic squeeze film,
as discussed by Proctor and Coleman.®” In this context, lubri-
cating qualities are dependent on the following conditions.

1. Area of the contacting surfaces. The larger the area, the
lower the dynamic COF values because the lubricant is
not easily squeezed out.

2. Roughness of surfaces. The size, shape, and number of
surface irregularities can allow the fluid to drain effec-
tively, and hence improve dynamic COF values, com-
pared to a smooth surface.

3. Velocity of the surface motions. Higher velocities will
tend to trap fluids, but very slow velocities will allow time
for fluids to drain.

. Vertical loads. The greater the compressive forces acting
on the fluid, the greater the amount of fluid squeezed from
between the surfaces.

5. Fluid viscosity. The higher the viscosity, the longer the

time required for the fluid to drain from between the

surfaces.
18 |
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FIGURE 4. Coefficients of low-velocity dynamic fric-
tion of a natural rubber compound measured wet and dry
against steel, plotted on a logarithmic scale of velocity
(from James™?)

—
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CONDITIONS TO BE TESTED

Clearly, a variety of factors affect both the static and dynamic COF
values. Also, under dry conditions the static (or very slow speed)
COF values are probably most representative of the hazard level,
but under wet conditions the dynamic COF values become more
relevant. On the basis of this background, a large set of tests was
performed to evaluate the following, more typical, conditions for
potential effects (and interaction effects) on both the static and
dynamic COF values.

1. Vertical load (mass). 4.8 kg (10.6 1b), 11.5 kg (25.3 Ib), 23.3
kg (51.31b), 35.1 kg (77.4 1b), and 47.8 kg (105.3 Ib).
. Velocity of motion (1, 5, and 10 cm/sec)

3. Shoe material. Soft crepe (Bernal hardness number [BHN]
67), leather (BHN 220), and hard Neolite™ (BHN 462).

. Dry and wet contaminants

5. Surface roughness. Smooth glossy paint and rough paint

(incorporating coarse sand with an average diameter of
0.8 mm and density of 28 grit per cm?).

EXPERIMENTAL FACILITY AND PROCEDURE

The experimental facility was created to allow an accurate measure-
ment of the dynamic force required to pull a weighted sled over the
surface of the floor coverings of concern. The bottom of the towed
sled was covered with 10 cm X 10 cm squares of the three different
shoe materials similar to the Bigfoot COF testing device commonly
used in industry. Figure 5 illustrates the test setup.

The experimental procedure was as follows.

1. Calibrate electronic load cell by using known weights.

. Prepare floor material of masonite panels (60 cm X 60 cm)
by sanding and painting with oil-based, high-gloss paint
(normally two coats with no obvious brush marks for a
smooth surface, or add 12 oz of coarse sand per gallon to
second coat to create rough surface).

3. Prepare sled by taping 10 cm X 10 cm square samples of
shoe material to the bottom, after lightly sanding samples
to remove sheen.

. Attach sled to computer-controlled stepper motor through
load cell on sled.

3. Place appropriate lead bricks onto the sled to create de-
sired vertical loads.

. Add enough water to the surface of sample floor material
to create a puddle under
and around the sled for the

VARIABLE SPEED MOTOR
AND CAPSTAN

/—CABLE

LOAD CELL TO COMPUTER
/ WEIGHT ON SLED

ZSHOE MATERIAL ON BOTTOM OF SLED

/FLOOR SAMPLES

FIGURE 5. Test setup showing towed sled resting on
floor sample

EXPERIMENTAL DESIGN AND ANALYSIS

The static and dynamic COF values were computed for each trial
by dividing the vertical loads into the peak horizontal “break-
away” force and the mean of the horizontal forces while the sled
was moving (see Figure 3). Because the experimental conditions
were randomized in a factorial design, an analysis of variance
was performed on both of the resulting COF values to determine
significant differences with each experimental condition and the
interactions. Each significant effect (including major interac-
tions) was then ranked in accordance with the percent variance
accounted for by each condition.

Last, because there is continued general interest in how static
and dynamic COF values might correlate, a regression analysis
of all the data was performed to compare the two types of data.

RESULTS

Because the sample size is large (10 repeated trials for each of
the 60 experimental conditions), all of the main effects, as well
as the two- and three-way interaction effects, were significant (p
£0.05). The resulting mean and standard deviations of the COF
values for the three shoe materials tested under wet and dry
conditions for smooth and rough floors are shown in Table I.

The analysis of variance ranking results are shown in Table
II. Inspection of both the mean values and the analysis of vari-
ance rankings of significant effects provides insight into the
magnitude of the effects on each condition of interest. Some
general results are as follows.

1. The most consistently significant effect on both the static
and dynamic COF values is the roughness of the walking
surface (though hard Neolite was greatly affected by

TABLE I. COF Mean and SD Values for Major Test Conditions

“wet” trials. Smooth Rough
7. Activate stepper motor at Dry Wet Dry Wet
preset velocity and record ~ Static COF Values
horizontal force fromload  Neolite™ (hard) 0.84 (0.26) 0.68 (0.16) 1.11 (0.13) 1.08 {0.20)
cell by using A-to-D sig-  Leather (med.) 058  (0.15) 057  (023) 071 (0.14) 132 (0.31)
nal sampling at 25 Hz.  Crepe (soft) 1.09 (0.12) 1.01 (0.11) 1.55 (0.14) 1.51 (0.28)
Display force graph over )
a 3-sec time period toen-  Dynamic COF Values
sure consistent data. Neolite (hard) 0.66 (0.18) 0.36 (0.15) 0.67 (0.06) 0.55 (0.06)
8. Repeat trials 10 times for  Leather (med) 037 (007 029  (0.18) 046  (0.04) 074  (0.10)
each condition. Crepe (soft) 084  (008) 084 (015 117  (0.08) 096  (0.12)
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wetness). Walking on rough surfaces generally increased
the mean static COF from 0.79 to 1.21 and the dynamic
COF from 0.56 to 0.75.

. Wetness reduced the dynamic COF for the hard Neolite

shoe material from 0.66 to 0.36 on the smooth walking
surfaces. Wetness also decreased the dynamic COFs for
leather material on smooth surfaces, but had an opposite
effect on the rough surfaces. The leather softened when
wet, thus acting more like the softer crepe materials. This
allowed more contact between the surfaces while decreas-
ing the hydrodynamic lubricating effects.

. Overall, the leather material resulted in the lowest COF

values on the smooth surfaces with crepe consistently the
best both on smooth and rough surfaces.

. The effect of applied normal forces was greatest on wet

leather, wherein the lighter test loads of 4.8 kg tended to
result in increased COF values on smooth surfaces com-
pared to the heavier loads used in the tests (Figure 6).

a more important effect for the static COF values, ac-
counting for between 10% and 22% of the variance in the
values. This latter effect was partially attributed to the
sled’s startup inertia. With higher velocities, the cable
used to pull the sled would apply a larger impulse force
to the sled, resulting in consistently higher peak static
COF values before the sled began to move. This is a particu-
lar problem of all pulled-sled test devices, particularly
when heavier loads are used.

Asimple linear regression of all of the data provides a general
relationship between the static and dynamic COF values across
all conditions. This regression is shown in Figure 7. The results
indicate that, on average, the dynamic COF values are approxi-
mately two-thirds the magnitude of the static COF values.

CONCLUSIONS

Several practical conclusions become apparent from a review of
the literature and the data presented in this study.

5. The velocity effect was not that important (<2% of vari-
ance affected) for the dynamic COF values. Velocity was 1. Dynamic COF values are potentially low enough to pose
a significant slip hazard when
TABLE II. Rankings of the Effect of Each Condition and Interactions smooth surfaces are walked
Based on Percent Variance Explained by Each on while wearing shoes with
Crepe Leather Neolite™ leather heels and soles, par-
Source % Rank %  Rank % Rank ticularly if .the surface is wet.
Static COF Vales Hard Neohte wh'en wet also
results in dynamic COF val-
B* 67 1 44 1 42 1 ues low enough to be consid-
ce 1 9 20 2 3 7 ered hazardous.
N° 4 4 10 3 4 5 2. Softer crepe material appears
Ve 10 2 10 4 22 2 to offer consistently high COF
B,N 4 5 <1 12 5 4 values. Such softer shoe mate-
C,N 4 3 2 7 4 6 rials may also provide addi-
C.V <1 12 <1 13 1 1 tional protection to the lower
N, V 3 6 8 5 3 8 extremities and lower back from
B,C,N <1 13 4 11 1 3 the cumulative trauma associ-
B,N,V 1 8 1 9 1 10 ated with standing and walking
C,N,V 1 10 1 10 <1 12 on hard surfaces.®>®
B,C,N,V 1 " 1 8 2 9 3. The use of roughened walking
Dynamic COF Values §urfgcc?s has a beneficial eff.ect
in raising the COF values sig-
B 44 1 58 1 n 3 nificantly under both dry and
c T 4 8 8 46 1 wet conditions. The effect of
N i 3 15 2 S 5 working on such high-traction
v 2 7 <1 12 <1 13 surfaces wherein workers must
BN 5 5 1 8 3 9 continually rotate their feet is
B,V <1 13 <1 13 5 4 problematic, however. If the shoe
C. N 13 2 5 5 15 2 cannot be easily rotated in such
C,V <1 1 4 6 1 " tasks, then additional torsional
N, V < 12 1 7 2 10 stress is placed on the knees and
B,CV 3 6 6 4 1 12 lower back. This “trade-off™ de-
B,N,V 2 9 1 9 3 8 serves further study.
C,N, Vv 2 8 1 10 3 7
B,C,N,V 1 10 1 11 4 6 From a measurement per-

ARough or smooth board surface.
BWet or dry condition.

®Normal
DTowing

load on sled (4, 8, 11.5, 23.3, 35.1, and 47.8 kg).
velocity (1, 5, and 10 cm/sec).

spective, it is clear that light load
testing of floor surfaces may re-
sult in erroneous COF estimates
under certain conditions (e.g.,
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FIGURE 6. Effect of normal forces used during the test-
ing of wet leather shoe material on a smooth surface
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FIGURE 7. Regression of static versus dynamic COF
values across all experimental conditions

wet leather).?® The vertical loading range of 40 to 70 kg recom-
mended by Tisserand"” may be on the high side, however, on
the basis of the results of this study. In general, this finding
simply emphasizes the need for care in interpreting low vertical
load test results and indicates the need to consider the hardness
of materials being tested.

Similarly, static COF values will greatly overestimate the
safety of floors under most conditions. Tisserand"'” has recom-
mended dynamic testing be done above 20 cm/sec. The lower
velocity data in this study indicate a very small effect on the
dynamic COF values from 1 to 10 cm/sec, leading to the conclu-
sion that under most conditions, dynamic testing could be ac-
complished at lower velocities than 20 cm/sec. When testing
under wet conditions with smooth contacting surfaces, however,
the higher velocity tests probably are warranted to make sure the
hydrodynamic squeeze film effect is considered.®"

A working group within the International Standards Organi-
zation standardization committee on foot protection was formed
in 1983. A number of different tests have been compared for
reliability and validity. Validity requires that the COF values

determined by specific tests be correlated with results obtained
when people slip while walking on inclined surfaces or at varying
speeds.?> As yet, no standardized test has been developed for all
shoe, floor, and contaminant conditions common to industry.

In summary, this paper is not meant to resolve all of the
complex problems now apparent when measuring the COF of
various shoe and floor surfaces, but it provides some further
insight and guidance as to which experimental conditions are
most important in making such measurements. In addition, the
results clearly indicate the benefits of ensuring that walking
surfaces are kept dry with a reasonable degree of surface rough-
ness. Requiring shoes with a soft heel and sole material that also
have drainage channels to reduce the effects of fluid film lubri-
cation is certainly warranted in the many working areas wherein
high COF values would be required.

ACKNOWLEDGMENT

The authors wish to thank Mark Redfern, Ph.D., for his technical
assistance and guidance in this study.

REFERENCES

1. Manning, D.P.,, L. Ayers, C. Jones, M. Bruce, and K. Cohen: The
Incidence of Underfoot Accidents during 1985 in a Working Popu-
lation of 10,000 Merseyside People. J. Occup. Accid. 10:121-130
(1988).

2. Manning, D.P.: Deaths and Injuries Caused by Slipping, Tripping
and Falling. Ergonomics 26(1):3-9 (1983).

3. Reid, R.: Safety: Key Element in Airline’s Flight Plan. Occup.
Hazards August:42-46 (1987).

4. Lanshammar, H. and L. Strandberg: The Dynamics of Slipping
Accidents. J. Occup. Accid. 3:153-162 (1981).

5. Strandberg, L.: On Accident Analysis and Slip-Resistance Mea-
surement. Ergonomics 26(1):11-31 (1983).

6. National Safety Council: Accident Facts. Chicago, Ill.: National
Safety Council, 1990.

7. O’Brien, J., E. Collins, and D. Lewandowski: Traction Problems
Respond Well to Safety Shoes, Floors and Coatings. Occup. Health
Saf. March:63-67 (1989).

8. Rosenblad-Wallin, E.F.: The Design and Evaluation of Military
Footwear Based Upon the Concept of Healthy Feet and User
Requirement Studies. Ergonomics 31(9):1245-1263 (1988).

9. Albin, T.J. and W.P. Adams: Slip and Fall Accidents during

Equipment Maintenance in the Surface Mining Industry. In Ad-

vances in Industrial Ergonomics and Safety, edited by A. Mital.

London: Taylor & Francis, 1989. pp. 585-591.

“Walking and Working Surfaces and Personal Protective Equip-

ment (Fall Protection Systems); Notices of Proposed Rulemaking.”

Federal Register 55:69 (10 April 1990).

Redfern, M.S., A. Marcotte, and D.B. Chaffin: A Dynamic Co-

efficient of Friction Measurement Device for Shoe/Floor Interface

Testing. J. Saf. Res. 21:61-65 (1990).

Redfern, M.S. and R.O. Andres: “The Analysis of Dynamic

Pushing and Pulling: Required Coefficients of Friction.” Proceed-

ings of the International Conference on Occupational Ergonomics,

Toronto, 1984.

National Bureau of Standards: An Overview of Floor Slip-

Resistance Research with Annotated Bibliography, by R.J.

Brungraber (PB-248 985). Springfield, Va.: National Technical

Information Service, 1976.

10.

11.

12.

13.

AM. IND. HYG. ASSOC. J. (83) / May 1992

288



14,

15.

16.

17.

18.

19.

20.

James, D.L: Rubbers and Plastics in Shoes and Flooring: The
Importance of Kinetic Friction. Ergonomics 26:83-99 (1983).
Chaffin, D.B. and M.S. Redfern: Slip Resistance Measurements
of Industrial Flooring. In Trends in Ergonomics/Human Factors
1V, edited by S.S. Asfour. North Holland, the Netherlands: Elsevier
Science Publishers B.V., 1987. pp. 453-456.

Perkins, P.J. and M.P. Wilson: Slip Resistance Testing of Shoes—
New Developments. Ergonomics 26(1):73-82 (1983).

Tisserand, M.: Progress in the Prevention of Falls Caused by
Slipping. Ergonomics 28(7):1027-1042 (1985).

Andrea, R.O. and D.B. Chaffin: Exgonomic Analysis of Slip-
Resistance Measurement Devices. Ergonomics 28(7):1065-1079
(1985).

Irvine, C.H.: Evaluation of the Effect of Contact-Time When Mea-
suring Floor Slip Resistance. J. Test. Eval. January:19-22 (1986).
Gringvist, R., J. Roine, E. Korhonen, and A, Rahikainen: Slip
Resistance versus Surface Roughness of Deck and Other Underfoot
Surfaces in Ships. J. Occup. Accid. 13:291-302 (1990).

21.

22.

23.

24,

25.

Proctor, T.D. and V. Coleman: Slipping, Tripping and Falling
Accidents in Great Britain—Present and Future. J. Occup. Accid.
9:269-285 (1988).

Konz, S., V. Bandla, M. Rys, and J. Sambasivan: Standing on
Concrete vs. Floor Mats. In Advances in Industrial Ergonomics and
Safety 11, edited by Biman Das. London: Taylor & Francis, 1990.
Pp. 991-998.

Redfern, M.S. and D.B. Chaffin: Effect of Floor Types on Standing
Tolerance in Industry. In Trends in Ergonomics/Human Factors V,
edited by F. Aghazadeh. North Holland, the Netherlands: Elsevier
Science Publishers B.V., 1988. pp. 401-405.

Redfern, M.S. and P.S. Adams: “The Effect of Vertical Force on
Static Coefficients of Friction.” Proceedings of the Annual Con-
ference of the Human Factors Association of Canada, Alberta,
September 1988.

Jung, K. and H. Schenk: An International Comparison of Test
Methods for Determining the Slip Resistance of Shoes. J. Occup.
Accid. 13:271-290 (1990).

devices tested.

Some studies are designed to critically review products used by health, safety, and environmental
professionals. Often there are no other sources to publicize the performance of these products.
When the purpose of a study is to critically evaluate a product or group of products, the editorial
policy of the Journal requires that these items be identified by manufacturer and model number.
Authors are strongly advised to seek the advice of the manufacturer while designing the study
protocol and to share with the manufacturer the results of the study as soon as possible. Often the
manufacturer may be capable of finding flaws in the protocol (e.g., outdated devices being
evaluated). If such a dialogue has not occurred prior to the submission of a manuscript, the author
will be advised of the desirability for sharing the information with the manufacturer. However,
authors will not be required to discuss their studies with outside parties prior to the publication
of their manuscripts. Authors are also encouraged to examine as many different products that
perform similar functions as practical. Studies that are being undertaken to develop new protocols,
and that are not primarily designed to evaluate specific products, need not disclose the names of

The purpose of this statement is to establish an open and fair policy for authors and manufac-
turers. Please write to the editor with any comments that you may have regarding this issue.

American Industrial Hygiene Association Journal
Policy Regarding Products Mentioned in Technical Articles

289

AM. IND. HYG. ASSOC. J. (53) / May 1992



