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ABSTRACT

Kinetic frictions of boot-sole materials upon roof-
ing boards were determined by the horizontal slid-
ing method. Kinetic frictions of several kinds of 
roofing boards on roofing boards were also found. 
The friction was expressed as coefficient of fric-
tion and as angle of repose.
A statistical analysis shows that there are signif-
icant differences between means in terms of sole 
materials and surface treatments of boards.
Neoprene or rubber soles are the safest available 
for workers on sloping wooden roofs.



RESUME

Le frottement cinétique entre diverses matières 
utilisées pour les semelles de souliers et divers 
revêtements de toits a été mesuré. On s’est servi 
de la méthode par glissement horizontal. Le frot-
tement cinétique entre divers revêtements de toits 
a également été étudié; on l’a exprimé en termes 
de coefficient de frottement et d’angle naturel de 
repos.
L’analyse statistique a révélé des différences sig-
nificatives entre les moyennes en termes de ma-
tière de semelle et de traitement de surface des 
revêtements.
Les semelles en néoprène ou en caoutchouc sont 
recommandées comme étant les moins glissan-
tes pour les ouvriers travaillant sur les toits.



FRICTION BETWEEN SHOE - SOLE 
MATERIALS AND ROOFING BOARDS

INTRODUCTION

Friction is a complex physical phenomenon in-
volving intermolecular forces between one sur-
face and a second surface. Friction enables us to 
walk, permits a car to propel itself along a road, 
and enables the car to stop when needed.
In general, kinetic friction opposes motion and 
generates heat. This means that the one body 
moves on the surface of another if the force pro-
ducing the motion is large enough to overcome 
the force of friction that is always acting parallel 
to the contacting surfaces.
The friction between two surfaces is measured by 
the coefficient of friction.
Since different pairs of material surfaces show 
different coefficients of friction, a complete char-
acterization of friction requires numerous investi-
gations. Friction between steel and wood, utilized 
by woodcutting machines, has been extensively 
investigated (1,3,4,5). Limited information is avail-
able on the friction between a few shoe-sole ma-
terials and sheathing grade plywood (5). In house 
construction, information on friction is required for 
the safety of workmen walking on roofs or piling 
sheathing boards on roof decks. Since such infor-
mation for waferboards is not yet available, work-
men at present are using spiked attachments on 
their shoes when they work on waferboard roof 
decks (Figure 1). All manufacturers have im-
proved the friction characteristics of their wafer- 
boards by roughening one or both sides (Figure 
2). Since the industry does not know the magni-
tude of improvement, surface treated waferboard 
is neither promoted nor demanded.

The objective of this study was to determine the 
coefficient of friction between various sole mate-
rials (commonly used with workmen’s boots) and 
waferboards as affected by surface treatments, 
and to compare these with those for sole mate-
rials on plywood. The coefficients of friction be-
tween various waferboards and plywoods were 
also determined.

Figure 1. Spiked attachments on workmen’s boots 
while working on an untreated surface of a wafer- 
board roof deck.



UNTREATED PLYWOOD

UNTREATED WAFERBOARDS

SURFACE TREATED WAFERBOARDS

SHOE-SOLE MATERIALS

Neoprene Rubber Leather

Figure 2. Sole and/or substrate materials used. NOTE: The letters A, B, C, D are used to
identify the samples made by the 
four waferboard manufacturers.
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MATERIALS, THEORY, AND METHODS
Materials

Four manufacturers (A,B,C,D) supplied sheathing 
grade panels. All four supplied two sheets each 
of surface-treated and untreated waferboard, and 
A, B and C each supplied two sheets of Douglas- 
fir, two sheets of spruce, and two sheets of poplar 
plywoods. All panels measured 4 ft x 8 ft (1220 
x 2440 mm). Five specimens were cut from each 
sheet as shown in Figure 3. Using pairwise ran-
dom selection, (taking only one specimen at 
each location) the number of specimens for each 
type of substrate material was reduced to 5 from 
10. By this specimen selection, the natural var-
iabilities between and within boards were also 
allowed for.
Each specimen was 12 inches x 12 inches x 7/16 
inch (30 cm x 30 cm x 11 mm) (waferboards), 
and 12 inches x 12 inches x 3/8 inch (30 cm x 
30 cm x 9 mm) (plywoods).
The sole materials were neoprene, rubber, and 
leather. Each sole specimen, 4 inches (100 mm) 
in diameter, was glued to a plywood support 3/4- 
inch (19 mm) thick and 4 inches (100 mm) di-
ameter: a lead weight was superimposed during 
testing. These sole materials have been used in 
construction of workmen’s boots.
To determine the coefficients of friction between 
sheathing materials, which are often piled on roof- 
decks during construction, a 4-inch (100 mm) di-
ameter specimen was cut from each waferboard 
and plywood sheet. Table 1 shows the thickness 
and density of sole and the substrate materials 
used.

Table 1. THICKNESS AND DENSITY OF SOLE AND 
SUBSTRATE MATERIALS.

Material
Thickness 

in.(mm)
Density

Ib/cu. ft. (kg/m3)

Neoprene 0.094 (2.4) 76.8(1230.3)
Rubber 0.125 (3.2) 85.5 (1369.7)
Leather 0.250 (6.4) 63.7 (1020.5)
Waferboards 0.437 (11.1) 40.9 (655.2)
Plywoods 0.375 (9.5) 28.3 (453.4)
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Figure 3. Location of specimens within a panel.

Theory

The tangential force of kinetic friction between two 
sliding surfaces is proportional to the force acting 
normal to the plane of motion. This proportionality 
factor or coefficient of kinetic friction ( .̂K) on a 
horizontal plane, can be visualized as the ratio of 
the horizontal force (responsible for the motion)
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(Fh) and the vertical force (mass of the sole as-
sembly) (Fv). Thus, the coefficient of kinetic fric-
tion can be expressed with the following equation:

HK = = tan 0 ... (1)

Where 6 is the angle of repose. Either the coeffi-
cient or the angle may be quoted.
A heavy flat bottomed object resists being pulled 
across a surface: only after a substantial force is 
applied will it start to move. Once in motion, a 
smaller force suffices to continue the motion.
Thus, a flat object on a horizontal board does not 
move. If the board is tilted, the object will not slide 
until a certain angle is reached (the angle of rep-
ose). Once in motion, the object continues to 
move. The friction encountered just before the 
object moves is named static friction, that en-
countered when the object is in motion is kinetic 
friction. For a given pair of surfaces, the kinetic 
friction is always less than the static friction.

Method

In this experiment an Instron Testing machine 
was used to maintain a constant sliding velocity

of 0.4 inch/min (10 mm/min) and to monitor the 
horizontal force (FH) versus time during tests. 
(Figure 4.) The vertical force (Fv) (the mass of 
the sole assembly) was measured with a Mettler 
top-loading balance and the coefficient of kinetic 
friction was evaluated as indicated in equation 1. 
The total weight of each sole assembly was about 
14.5 lb. (6.6 kg).
Both kinetic and static friction coefficients can be 
evaluated for a test sample assembly. However, 
the variations of these friction coefficients overlap 
to such an extent that meaningful separation be-
tween them is often im possible (2,6). 
Consequently, the comparison of friction in this 
experiment between different materials can be 
achieved adequately on the basis of kinetic fric-
tion alone.
All the waferboard and plywood specimens were 
conditioned for 150 days to an equilibrium moisture 
content of about 7% in a room of 65% relative 
humidity at 70°F (21 °C) where the measurements 
were carried out. The direction of motion of the 
sole on the plywood substrates was perpendicular 
to the grain orientation. Before each test, the sur-
faces were wiped free of broken wood particles.

Figure 4. Test set-up used for the determination of the coefficient of kinetic friction.
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RESULTS AND DISCUSSION

The results of the experiment are summarized in 
Table 2. The variability of the results was high. 
Thus, the five replications per experiment did not 
allow of a full statistical treatment. Instead, the 
results were combined into three groups (i) treat-
ed waferboards (ii) untreated waferboards and (iii) 
plywoods. The results are tabulated by arithmetic 
mean of coefficient of kinetic friction, coefficient 
of variation, and sample size. In addition to these, 
the arithmetic mean of angles of repose is also 
given in brackets for easier visualization of the 
results.
As was expected the highest frictions were ob- 
tined with neoprene and rubber soles on all three 
substrates: the lowest frictions were obtained with 
the leather sole followed closely by the board 
sole. So, workers on roof decks should wear neo-
prene or rubber soled shoes: these materials slip 
or slide least. The results show also that board- 
on-board can slip on a low (13°) roof slope with 
untreated waferboard. On treated waferboard or

plywood roof decks, the limiting roof slope at 
which slipping of boards piled on top of each other 
will occur is about 14-15° (This is based on the 
relationship Uk = 0.75s (2)
The data were compared by pair-wise t-tests to 
show their relation to each other. The results of 
the comparison are given in Table 3.
The statistical comparison clearly indicates that 
treated waferboard and plywood can be consid-
ered of equal kinetic friction with each of the four 
sole materials studied.
On the other hand, the untreated waferboards are 
found significantly more slippery than the plywood 
with all four sole materials. Consequently, these 
two types of board cannot be considered to have 
equal kinetic frictions.
The effectiveness in surface treatment is further 
demonstrated by comparing treated and untreat-
ed waferboards. There are significant differences 
in three out of four cases in favor of treated wafer- 
board. The exception (non significant) was en-
countered with the rubber sole only.

Table 2. COEFFICIENTS OF KINETIC FRICTION AND ANGLES OF REPOSE BETWEEN VARIOUS SOLE
MATERIALS AND DIFFERENT ROOF SHEATHINGS

Substrate
Material

Statistics Coefficient of Kinetic Friction 
(& Angle of Repose)

Sole Material

Neoprene Rubber Leather Board3

Treated Mean 1.15 (49)2 0.90 (42) 0.31 (17) 0.34 (19)
Waferboard CV (%)' 2.8 2.8 30.2 8.0
(All) No. 20 20 20 20
Untreated Mean 1.33 (53) 0.90 (42) 0.23 (13) 0.23 (13)
Waferboard CV (%) 4.5 4.4 18.4 6.6
(All) No. 20 20 20 20
Untreated Mean 1.11 (48) 0.93 (43) 0.29 (16) 0.38 (21)
Plywood CV(%) 6.9 2.3 8.2 21.7
(All) No. 15 15 15 15

NOTE: 1 CV (%) = coefficient of variation %.
2 The mean value in each case is given by the coefficient of kinetic friction on the left and by the 
angle of repose in degrees on the right in brackets.
3 sole and substrate materials are the same.
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Table 3. COMPARISON OF FRICTION BETWEEN VARIOUS PANEL PRODUCTS AND SOLE MATERIALS.

Means Compared Sole
Material

Significance 
at the 99% level

Treated vs untreated waferboard neoprene significant
Treated vs untreated waferboard rubber significant
Treated vs untreated waferboard leather significant
Treated vs untreated waferboard board* significant
Treated waferboard vs plywood neoprene not significant
Treated waferboard vs plywood rubber not significant
Treated waferboard vs plywood leather not significant
Treated waferboard vs plywood board* not significant
Untreated waferboard vs plywood neoprene significant
Untreated waferboard vs plywood rubber not significant
Untreated waferboard vs plywood leather significant
Untreated waferboard vs plywood board* significant

‘ substrate and sole materials are the same

CONCLUSIONS

(1) Plywood and treated waferboard show similar 
coefficients of kinetic friction with common 
sole materials when tested dry.

(2) Neoprene and rubber are the safest sole ma-
terials for the boots of men working on wooden 
roof decks.

(3) Piles of boards on board roof decks (plywood 
or treated waferboard) can slip at slopes of 
greater than about 20°.
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