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HUMAN FACTORS, 1992, 34(1), 67-77

Coefficient of Friction and Subjective
Assessment of Slippery Work Surfaces

ERIC E. SWENSEN,' JERRY L. PURSWELL,? and ROBERT E. SCHLEGEL, University of
Oklahoma, Norman, Oklahoma, and RONALD L. STANEVICH, National Institute for
Occupational Safety and Health, Morgantown, West Virginia

Research was conducted to determine how well subjects could distinguish be-
tween surfaces with different coefficient of friction (COF) values and to evaluate
how well subjective ratings of slipperiness correlated with the actual COF values.
Thirty-three ironworkers experienced in working and walking on steel surfaces
and 23 university students inexperienced with these tasks participated in the
study. Subjective slipperiness ratings for a variety of climbing and walking con-
ditions were obtained from the subjects. It was found that subjects could identify
differences in the slipperiness of four types of steel coatings tested in the study.
There was a high correlation between the subjective ratings and the measured COF
values. Subjects did not slip at a COF of 0.41 but did lose footing at a COF of 0.20.

INTRODUCTION

Accidents caused by slips and falls on slip-
pery work surfaces present a significant
safety problem. Buck and Coleman (1985)
showed that in 1982, 14% of all reported ac-
cidents in the manufacturing and construc-
tion industries in the United Kingdom were
caused by slipping, tripping, or falling. They
further pointed out that in a five-year period
ending in 1982, 40% to 57% of all serious or
fatal accidents in the mining and quarrying
industry were of these types. The problem is
one that reaches into all areas of life, includ-
ing the place of employment, public use ar-
eas, and the home environment. This prob-

! Now at the U.S. Coast Guard Research and Develop-
ment Center, Groton, Connecticut.

2 Requests for reprints should be sent to Jerry L.
Purswell, School of Industrial Engineering, University of
Oklahoma, Norman, OK 73019.

lem has been important enough to warrant
investigation over the last 50 years. Research
has concentrated on an objective measure of
slip resistance—the coefficient of friction
(COF)—on COF measuring devices, and on
shoe and floor materials.

The precipitating event leading to a person
falling and becoming injured is often a loss of
traction between the footwear and the work
surface. The traction required by the worker
is related to the type of task being performed,
the load being handled, the type of gait, and
the inclination of the working surface. The
traction that must exist in order to avoid slip-
ping is related to the COF that exists between
the shoe material and the work surface. A
COF measurement of 0.5 has been suggested
as the minimum acceptable value when set-
ting safety standards in industry (Miller,
1983). However, differences in COF testing

Po@lopggioThe HaiPAFAERTS '8 G PIRENTE . ANTRighrsOredervedolt


http://hfs.sagepub.com/

68—February 1992

methods, material specimens, and work con-
ditions in various industries make it difficult
to establish and apply a universal standard.

Brough, Malkin, and Harrison (1979) stated
that three principal actions are involved
when people slip while walking: (1) the heel
may slip forward on making contact with the
ground, (2) the toe may slip backward in the
action of pushing the body forward or during
a turning movement, and (3) slipping may be
started during a turning movement from the
ball of the outer foot. Using film analysis,
they determined the horizontal speeds and
positions of the feet throughout the walking
process. Although both heel slip and toe slip
were observed in their films, they believed
that heel slip was of primary concern in slip-
ping accidents.

Harrison and Malkin (1983) provided fur-
ther evidence of the importance of heel slip
by reporting that there were relatively small
areas of contact between the shoe sole and the
walking surface, especially during the initial
heel contact phase. Even when the ball of the
foot is in contact with the surface, the contact
area does not involve the full width of the
shoe sole.

Attempts to simulate slipping have shown
that slips do not occur from a static position.
Tisserand (1985) showed that a mechanical
analysis may suggest that there is no risk of
slipping as long as thrust does not exceed the
static friction limit. This would suggest that
the static COF could be the basis for deter-
mining safety limits. However, this does not
take into account the differences people have
in gait and equilibrium.

In a study of shoe sole slipperiness and
structural steel coatings under painted, un-
painted, dry, and wet conditions, Irvine
(1970) found that differences in the slipperi-
ness of various shoe soles could be distin-
guished. It was noted that some shoe sole ma-
terials demonstrated better nonslip qualities
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on unpainted steel while it was wet but that
the reverse was true when the steel had a
painted coating. Irvine concluded that the
sole material was more important than the
tread design when walking on steel beams or
plating. This finding concurs with that of
Hopkins (1966) and of Pfauth and Miller
(1976).

Many investigators, including Tisserand
(1985), Andres and Chaffin (1985), Ballance,
Morgan, and Senior (1985), and Perkins and
Wilson (1983), have endorsed the measure-
ment of both static and dynamic COF in de-
termining the effective slipperiness of a sur-
face. Because slips occur during walking, the
foot is in motion when the shoe comes in con-
tact with the surface. Thus according to these
authors, the measurement of dynamic COF
would appear to more closely approximate
the walking task and environmental condi-
tions than would static COF measurements.
Brungraber (1976), however, showed that the
most significant parameter controlling the
slip resistance of floors was the static COF.
He also explained that because of the phe-
nomenon of sticktion on a wet surface, an in-
crease in the measured static COF accompa-
nies an increase in the elapsed time between
application of the normal load (placement of
a test sled on the test surface) and application
of the sliding force. Perkins and Wilson (1983)
suggested that the static COF is a better indi-
cator of slipperiness than is the dynamic COF
but that the dynamic COF is most appropri-
ate for slippery surfaces when a velocity of
50-100 cm/s is involved.

Miller (1983) stated that for walking un-
loaded on level surfaces, a static COF of 0.5
for the shoe-surface interaction appears to be
consensually acceptable as a quantitative
standard. It is slightly higher than the mini-
mum COF of 0.4 that initial research had
shown was required for walking. The U.S.
Federal Trade Commission set a precedent in
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using a static COF value of 0.5 as the dividing
line between slippery and slip resistant
(Miller, 1983).

In many day-to-day situations a decision
must be made by a worker about the hazards
of walking on surfaces where slipping and
falling are possible. This decision ideally
would be made after a COF measurement was
completed and some standard for minimum
COF was applied. However, this is not the
usual situation. In many instances the worker
will make a subjective assessment of the slip-
ping hazard by sliding a foot along the sur-
face or walking carefully over a part of the
surface. This subjective test may provide an
accurate assessment of the hazard of slipping,
or it may be inadequate to predict the risk of
slipping and falling. Even if the subjective as-
sessment is correct, there may be pressure
from the employer to proceed with the work
in the absence of some objective assessment
of the level of hazard (i.e., COF measure-
ment). The present study was conducted to
determine how well workers’ subjective eval-
uations relate to the actual hazard of slipping
as indicated by objective COF measurements.

METHODS
Subjects

Thirty-four male subjects between the ages
of 20 and 60 years (mean = 34.9 years) and
with 0.3 to 35 years of experience (mean =
13.1 years) performed tasks in the first phase
of the study. Of this number, 22 were re-
cruited from a pool of available ironworkers
who were members of the International Asso-
ciation of Bridge, Structural and Ornamental
Ironworkers. All members of the local union
were contacted by telephone, screened for
back injury or other health problems, and
given a summary of the study and pay
scheme. All interested volunteers were used.
Twelve nonunion steel erectors were also re-
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cruited to complete this group of experienced
ironworkers. Each ironworker was paid his
current hourly wage for participating in the
study. One subject was unable to perform the
climbing task and was dropped from the
study. Subject height (mean = 178 cm)
ranged from 168 to 188 cm and subject
weight (mean = 76.6 kg) ranged from 63.5 to
110.7 kg.

In the second phase of the study, 23 gradu-
ate and undergraduate students with no iron-
working experience were recruited. These
subjects were not paid for their participation.
Their ages ranged from 20 to 34 years (mean
= 24.1 years). Height (mean = 174 cm)
ranged from 150 to 191 cm and weight (mean
= 67.7 kg) ranged from 49.0 to 99.8 kg.

Design

Subjects performed climbing and walking
tasks under a variety of surface conditions.
All testing was conducted inside a large
building with temperatures ranging from 24
°C to 31 °C (75 °F to 88 °F). Four structural
steel columns and beams were erected for the
first phase of the study. The columns selected
for climbing were I-beams (W 12 X 35 steel)
having a flange width of 16.5 cm (6.5 in.) and
a web depth of 30.4 cm (12 in.), with a length
of 4.6 m (15 ft). The beams were mounted to
the columns such that the walking surface of
the beams was 3.7 m (12 ft) above the floor.
The beams were fabricated from steel plate
into an I-beam structural shape. The top and
bottom flanges were 15.2 cm (6 in.) wide, The
beams were supported on one end by the col-
umns and on the other end by resting on a
transverse I-beam, which was placed under
the beams. The columns and beams were
spaced at 1.2 m (4 ft) intervals.

The test apparatus for the second phase of
the study consisted of the vertical columns
from the first phase placed horizontally on
the ground with 1.2 m (4 ft) of separation. The
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height of the walking surface was 0.61 m (2 ft)
above the ground with a total walking dis-
tance of 4.6 m (15 ft).

The steel beams and columns had one of
four surface treatments: (1) uncoated (un-
treated natural mill finish with minimal
rust), (2) red zinc alkyd-oxide coating (Anchor
Paint Primer #1722), (3) yellow zinc chro-
mate (Anchor Paint Primer #1721), or (4)
gray zinc-rich coating (Carboline Carbo Zinc-
11). Except for the untreated column and
beam, all surfaces of the columns and the
walking surfaces of the beams were sand-
blasted to remove mill scale and any other
contaminants that might prevent the coat-
ings from adhering properly. The coatings
were brushed onto the steel following the
coating manufacturers’ explicit recommen-
dations. The order of presentation of the coat-
ings was counterbalanced across subjects.

Also included as an independent variable
were different surface contaminants: water in
both studies, clay in the ironworker study,
and an oil/plastic sheet combination in the
university student study. The dry, clean sur-
face served as a control. Water was applied to
the columns and beams in a fine mist using a
standard garden sprayer. The clay contami-
nant was prepared by mixing water with a
screened firebrick clay until a homogeneous
mixture was obtained. The clay was poured
into a large metal tray to a thickness of ap-
proximately 1.3 cm (¥ in.). Subjects stepped
into the clay and immediately began climb-
ing the column. Before walking across a
beam, subjects stepped into a pile of clay
placed at the end of the beam. The oil/plastic
sheet combination consisted of a coating of
oil applied to a thin plastic sheet that covered
the beam. Thus the subjects could not obtain
direct contact with the beam coating.

The criterion measures for this study were
the following: (1) static COF measurement,
(2) subjective rating of the slipperiness of the
surface, and (3) subjective ordinal ranking of

HUMAN FACTORS

the coatings according to slipperiness. The
primary objective measure in this study was
the static COF. To test a subject’s ability to
discriminate between the different surfaces, a
sufficient range of COF values was needed.
The range of COF values presented to the
ironworkers was 0.41 to 0.98. The university
students were presented a COF range of 0.20
to 0.98.

A graphic rating scale similar to the one
used by Cushman (1986) for measuring sub-
jective fatigue and performance was used to
obtain the subject’s evaluation of slipperi-
ness. The subjective scaling method was used
to obtain separate ratings for the beam and
for the column after each trial. To provide the
ratings, subjects placed vertical marks along
an 8.9-cm (3'%-in.) horizontal scale, one mark
for the beam and one mark for the column,
after each trial. The scale was labeled with
three cues: SLIPPERY, MID, and NOT SLIP-
PERY, representing 0, 5, and 10 units, respec-
tively. Each mark was scored on a scale of
0-10 with half-unit increments. A cardboard
mask was placed over the scoring sheet to
eliminate possible bias from observing previ-
ous ratings.

Apparatus

The instrument used to measure COF was
built specifically for this study. A variable-
speed motor with a pulley and a 22.7-kg (50-
Ib) test monofilament line was used to pro-
vide a horizontal pulling force for a 3.1-kg
(6.75-1b) test sled resting on the beam. To the
bottom of the test sled was attached a 13.3 x
10.2 cm (5% % 4 in.) section of the shoe sole
material used by the subjects. An aluminum
wheel 9.2 ¢m (3% in.) in diameter and 0.6 cm
(% in.) thick, mounted on a 10-turn potenti-
ometer, trailed the sled to measure its move-
ment. A 22.7-kg load cell between the motor
and the sled measured the force required to
pull the sled parallel to the test surface.

In operation, the variable-speed motor was
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adjusted to apply a slowly increasing pulling
force to the sled to determine static COF,
measured as the ratio of the pulling force re-
quired for initial sled movement divided by
the weight of the sled. To minimize sticktion
effects for the wet condition, one experi-
menter held the sled clear of the beam until
the second experimenter controlling the mo-
tor was ready. The pulling force was applied
immediately upon contact of the sled.

The equipment used to record the COF con-
sisted of a digital weight indicator AMETEK
Series 6000), which provided the excitation
voltage for the load cell and yielded an analog
electrical signal that was proportional to the
force applied to the sled. The analog signal
was converted by a Transera 8-bit analog-to-
digital converter connected to a Tektronix
(Model 4051) computer. The analog signal
was sampled at a rate of 20 points per second.
Data (force and velocity) were plotted on the
screen and stored for later analysis.

All participants in the study wore their nor-
mal work clothes. This typically included a
pair of jeans and a T-shirt or cotton work
shirt. The ironworkers in the first phase were
asked to wear their tool belt and bolt bag.
Generally this included two spud wrenches, a
bull pin, and a connecting bar. The students
in the second phase did not have this added
weight. Shoe fit and type was controlled by
providing a supply of Red Wing #2233 safety
work shoes with urethane soles. Each subject
was able to select his correct shoe size before
participating in the study.

Procedure

Subjects were tested in groups of three or
four. Because of the logistics involved in set-
ting up the contaminant conditions, the order
of contaminants was fixed. All subjects in the
group first encountered the dry condition,
then the wet condition, and finally the clay or
oil/plastic contamination condition. The col-
umns and beams were thoroughly cleaned
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and then dried with compressed air before
the next group of subjects was tested. Each
subject had a break period while others in the
group were tested on the four steel structures
with the current contaminant. As mentioned
previously, the sequence in which the steel
structures were climbed was counterbal-
anced across subjects. The entire test period
lasted 1.5 to 2 h per group of subjects.

The subject attempted to climb a column
by placing his boot sole against the inside
surface of the flange of the I-beam while
grasping the edges of the opposite flange with
his hands (Figure 1). Subjects were offered
gloves to aid in gripping the column, but all
subjects declined the gloves and preferred to
climb bare-handed. After climbing to the
3.7-m level, the subject swung onto the beam
and attached a safety harness to a lanyard
installed on an overhead mobile crane with a
track parallel to the beam. The track sup-
ported the lanyard as the subject walked (Fig-
ure 2). The subject then walked 4.6 m across
the beam, turned, and walked back. He un-
hooked the lanyard from the harness, swung
onto the column, and then slid down the col-
umn to complete the test. During the tests
some subjects could not climb the columns
under certain conditions. When this oc-
curred, these subjects climbed a ladder in or-
der to walk across the beams. After a subject
had finished each trial, he was asked to rate

Figure 1. Ironworker climbing a column.
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Figure 2. Ironworker with safety harmess walking
across a beam.

that column and beam for slipperiness. Sep-
arate ratings were allowed for the column
and the beam. Each subject rated the slipper-
iness of both the column and the beam
whether or not he was able to successfully
climb. At the end of a run (all four beams with
a single contaminant), the subject was asked
to rank the four coatings from best to worst.

The second phase of the study was con-
ducted in a similar manner. The students
were asked to traverse the columns that had
been positioned horizontally on the ground.
After completing an orientation, the student
subjects donned the safety harness, stepped
onto the steel member, hooked themselves
onto the lanyard, walked the length of the
member, turned around, and walked back.
The students were then asked for a rating of
the surface. At the end of each set of trials

HUMAN FACTORS

with a single contaminant, the students
ranked each surface from best to worst.

RESULTS

The first step in the analysis was to deter-
mine if the subjective ratings of slipperiness
differentiated surfaces with different COF
values. The second step was to determine
how well the ratings correlated with the ob-
jective COF measurements. A comparison of
the two subject groups was also performed.

Objective COF Measurements

Table 1 presents the static COF measure-
ments obtained for the shoe sole for the var-
ious test conditions measured before and af-
ter the subject trials. The COF values were
generally lower (more slippery) for measure-
ments taken at the conclusion of the experi-
mental trials. A visual examination of the sur-
faces showed them to be polished after the
trials from contact with the shoe soles. The
clay contaminant may also have acted as a
polishing agent.

Figure 3 shows the mean posttest COF val-
ues for the beams. It can be seen that the yel-
low zinc chromate coating provided the low-
est COF values (mean = 0.45) across the
variety of contaminants evaluated (excluding
the oil/plastic sheet combination, which con-
sistently provided a COF of 0.20 independent
of surface treatment). The gray Carbo Zinc-11
provided the highest values (mean = 0.74).
The uncoated beam and the red zinc alkyd-
oxide provided intermediate COF values of
0.51 and 0.53, respectively. Interestingly, all
of the COF values for the wet contaminant
(mean = 0.71) were higher than those for the
dry condition (mean = 0.53). Brungraber
(1976), Brough et al. (1979), and Harrison and
Malkin (1983) found similar increases in COF
values from a dry to a wet condition. One ex-
planation for this phenomenon could be that
dust or abrasion of the pigment in the dry
condition produces a contaminated surface,
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TABLE 1
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Static COF Values for Beams under Various Test Conditions

Contaminant
Dry Wet Clay
Coating Pre Post =~ Pre Post Pre Post Oil/Plastic
Uncoated 0.64 0.43 0.73 0.68 0.42 0.41 0.20
Red 0.79 0.49 0.85 0.68 0.41 0.42 0.20
Yellow 0.67 0.42 0.90 0.55 0.41 0.39 0.20
Gray 0.69 0.76 0.98 0.92 0.52 0.54 0.20

Pre = before and post = after subject trials.

whereas the wet condition washes away any
dust or pigment, thus making the surface less
contaminated and more adhesive. This phe-
nomenon has been referred to as sticktion by
Andres and Chaffin (1985).

Subjective Responses: Experienced Subjects

Experienced subjects’ subjective ratings for
the walking task (beams) are presented in
Figure 4. The subjects used a large portion of
the rating scale across the various conditions
(means ranging from 2.9 to 8.7). In terms of
coatings, the ratings differed significantly,
F(3,96) = 47.05, p < 0.0001, and corre-
sponded well with the information from the
COF values. The gray coating, with its aver-
age rating of 8.1, was significantly better than

@ ory
Het
0.8 Clay

COF
Value

Y

()

ray

Coating Type

Figure 3. Mean posttest COF values for beams.

all others. The yellow coating was worst, with
an average rating of 3.5. The uncoated beam
{(mean = 4.6) and the red coating (mean =
5.0) were not statistically different.

The surface contaminant also produced sig-
nificant differences in the ratings, F(2,64) =
10.81, p < 0.0001. Ratings for the clay con-
taminant (mean = 4.6) were significantly
lower than those for the wet (mean = 5.8) or
dry (mean = 5.8) conditions, which did not
differ significantly. The difference in the rat-
ings by contaminant was expected, given that
the slightest amount of clay contaminant
would keep a worker from getting a good grip
on the surface. The Coating X Contaminant
interaction was significant, F(6,189) = 4.11,
p = 0.001.
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Figure 4. Mean subjective ratings for walking task:
experienced subjects.
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Figure S presents the subjective ratings for
the climbing task (columns). These ratings
also differed significantly among the coat-
ings, F(2,96) = 69.52, p < 0.0001, in corre-
spondence with the COF values. The gray
coating was significantly better than all oth-
ers, with an average rating of 5.6. The yellow
coating was worst, with an average rating of
0.7. The uncoated column (mean = 2.5) and
the red coating (mean = 2.2) were not statis-
tically different. There were significant differ-
ences among the ratings for all three surface
conditions, F(2,64) = 106.85, p < 0.0001. The
ratings averaged 4.6, 2.5, and 1.1 for the dry,
wet, and clay conditions, respectively. The
Coating X Contaminant interaction was sig-
nificant, F(6,189) = 6.71, p < 0.0001.

With means ranging from 0.2 to 7.5, the rat-
ings for the climbing task were considerably
lower than those for the walking task. This is
a good indication of the task differences. In
climbing, more force is required to lift the
body in a situation in which less force is
available. Although the COF may be the same
for both activities, the lower force perpendic-
ular to the climbing surface means that less
traction is available for climbing compared
with the traction required to prevent slipping
while walking.

10

Nat

Slippery Dry
8| [Z R

Clay 7]

Slippery

/
A v

Ye]10:
Coating Type

Figure 5. Mean subjective ratings for climbing task:
experienced subjects.

0 L]
Gray
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The subjective rankings of the coatings con-
firm the order obtained from the COF and
rating data. Subjects consistently ranked the
gray coating as providing the best surface for
climbing and walking. The yellow coating
provided the worst surface for both tasks.
With respect to climbing only, the uncoated
beam was slightly better than the red coat-
ing, especially with the water contaminant.

There was a strong correlation between the
subjective ratings for the beams and the sub-
jective ratings for the columns (r = 0.89). A
reasonable correlation was also obtained be-
tween the subjective ratings for the beams
and the posttest COF measurements for the
beams (r = 0.75). This demonstrates a strong
association between the subjective ratings
and the objective COF values, and it therefore
encourages the use of subjective evaluation to
assess the safety of working conditions and to
indicate the need for objective COF measure-
ment.

Subjective Responses: Inexperienced Subjects

Figure 6 shows the mean values of the slip-
periness ratings (ranging from 1.3 to 7.8) for
the walking task performed by the inexperi-
enced subjects. There were highly significant
differences in the ratings among all three sur-
face contaminants, F(2,44) = 148.72, p <
0.0001. Ratings for the oil contaminant
(mean = 1.5) were substantially lower than
those for the wet (mean = 5.9) and dry (mean
= 7.1) conditions. The ratings differed signif-
icantly in terms of coatings, F(3,66) = 9.53,
p < 0.0001, but had fewer significant dif-
ferences than those provided by the iron-
workers.

Because of a significant Coating X Contam-
inant interaction, F(6,129) = 346, p =
0.0033, separate analyses were performed for
each contaminant. There was no significant
difference between coatings for the dry con-
dition, F(3,85) = 2.01, p = 0.1180, or for the
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Figure 6. Mean subjective ratings for walking task:
inexperienced subjects.

oily contaminant, F(3,85) = 0.16,p = 0.9199.
However, the gray coating was significantly
better for the water contaminant, F(3,85) =
8.00, p < 0.0001. These results were evident
during testing because many of the inexperi-
enced subjects had difficulty in ranking the
various surfaces. Many subjects noted that
during the dry trials (and certainly during the
oil/plastic sheet trials), they could not judge
any differences in the four coatings pre-
sented.

As with the group of experienced subjects,
there was a high correlation between the sub-
jective ratings and the objective COF values (r
= 0.90). However, this was not the case be-
tween the beam rankings and the COF mea-
surements (r = —0.14). This is most likely
attributable to the restricted scale (1, 2, 3, 4)
employed for the rankings.

It was of interest to compare the ratings of
the two subject groups, given that both
groups walked on beams under the dry and
wet conditions. There was no significant dif-
ference between the groups in terms of rank-
ing the coatings (in descending order, gray,
red, uncoated, and yellow). However, there
were significant group differences in the nu-
merical ratings of the coatings, F(1,52) =
15.72, p < 0.0001, primarily for the dry con-

February 1992—75

dition (7.1 for the experienced group vs. 5.9
for the inexperienced group).

None of the experienced ironworkers
slipped during any of the trials. The lowest
COF encountered by these subjects was 0.41.
The inexperienced subjects were exposed to
COF values of 0.20 and did experience slip-
ping. Perkins and Wilson (1983) noted that
slipping under normal walking conditions oc-
curred when the surface COF was below 0.30.
They noted that for slips to occur on such sur-
faces, landing speeds of the heel must be
greater than 2 cm/s. The oil surface tested in
this study had COF values less than 0.30; ac-
cording to Perkins and Wilson this would pro-
vide a dangerous slip hazard at any foot ve-
locity. Many students compensated for the
hazardous situation by shortening the length
of their stride, thus producing lower foot ve-
locities and smaller foot shear forces, as the
body’s center of gravity was better main-
tained over the balance zone. This act dimin-
ishes the likelihood of slipping. When the stu-
dents were instructed to walk using a normal
walking gait, slipping became more evident.

Discussion

The primary objective of this study was to
compare measured COF values for different
surfaces with subjective ratings of surface
slipperiness. Various surface coatings and
contaminants provided a wide range of COF
values. There were significant differences in
the subjective ratings and in the rankings
based on the type of coating. Subjects could
identify a difference in slipperiness for the
coatings studied. These findings were consis-
tent across both subject groups.

In comparing the two groups, there was no
significant difference in their ability to rank
the coatings in a dry or wet situation. Signif-
icant group differences did appear in the rat-
ings of the different coatings for the dry con-
dition. Except for the gray coating, the
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ratings provided by the experienced iron-
workers were more toward the slippery end
of the scale and exhibited greater differences
among the coatings than did the ratings pro-
vided by the inexperienced students. One
may hypothesize that experience contributes
significantly to the ability to detect a poten-
tial slip situation. These differences between
groups did not exist with the ratings for the
wet condition.

The strength of the correlation between the
COF values and the subjective ratings is suf-
ficient to demonstrate a substantial relation-
ship between the two. However, the limita-
tions of applying correlation analysis to
subjective ratings must be acknowledged.
The results of this study may not provide suf-
ficient evidence to show that the subjective
method is a total substitute for actual COF
measurement. Rather, low ratings would in-
dicate that a dangerous situation existed and
that actual COF measurement should be per-
formed.

The final aspect of this research was to es-
timate a threshold at which subjects are
likely to slip while walking or climbing on a
surface. Determining a threshold for climb-
ing may prove difficult, given that a vertical
climb requires forces acting in opposition to
gravity. The climber must possess enough
strength and obtain sufficient traction to
overcome the pull of gravity. However, this
research does support threshold values for
walking. Experienced subjects did not slip
with COF values of 0.41. However, inexperi-
enced subjects tested at a COF value of 0.20
did show considerable slipping. These sub-
jects adjusted their walking gaits to smaller
steps. Miller (1983) indicated that for walking
unloaded, COF values of 0.20 to 0.30 were
suitable to use as threshold guides for pro-
tecting against slip accidents. The data pre-
sented here are inconsistent with those lower
limits, at least for this task. The implication
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from this research is that the COF threshold
for loss of footing in this particular activity is
below 0.40 but above 0.20.

This research did not focus on the biome-
chanical modeling of the slipping process,
but it was noted that subjects did adjust their
walking gait, to take smaller steps than nor-
mal, as they walked on the oil/plastic surface.
Future research should investigate this pro-
cess to isolate the difference in static and dy-
namic COF for various surfaces. If there is a
significant difference, a range of velocities
should be investigated to establish specific
velocities for measuring dynamic COF. Fu-
ture efforts in this area should consider the
importance of adopting dynamic COF mea-
sures in current standards. Suggestions for
further research would also include the need
to better isolate the threshold COF value that
leads to a loss of footing and possible acci-
dent. Future accident investigation should
document objective COF values present when
a fall accident is noted. This would also indi-
cate the need for an easy-to-use and portable
COF device that could be used in the field.
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