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INTRODUCTION 

The contact mechanism between shoe and surface is crucial 

in order to avoid slipping and falling [1], enhance sporting 

performance or minimize the risk of sport injuries [2]. 

However, studying this contact mechanism, between 

footwear and surface, is challenging and violates the 

traditional Amontons–Coulomb’s law of friction, due to the 

viscoelastic outsole materials [3]. Hence, replicating the 

biomechanical test conditions are of great importance, when 

determining the friction properties of footwear [1]. The aim 

of this study is to present a test-setup able to replicate 

biomechanical relevant test conditions.  

 

METHODS 

The test-setup consisted of a steel frame designed to maintain 

the position of a shoe, mounted above a force plate (AMTI- 

OPT464508HF-1000, Advanced Mechanical Technology, 

Inc. Watertown MA, USA). The force plate is attached on top 

of a hydraulic platform (Serman-Tipsmark, Brønderslev, 

Denmark), which makes it possible to move vertical and 

horizontal. 

 
Fig. 1 Illustration of the test-setup. Drag-test (1,2,4) & impacting 

(3) illustrates platform movement directions. 
 

An indoor Puma One size 43 (EU), (Puma, Herzogenaurach, 

Germany) and a square sample of a Vinyl indoor sports floor 

(7.5 mm Taraflex - Evolution, Gerflor, Lyon, France) was 

used in the test-setup. Four different test conditions were 

performed: 1) Drag-test according to ISO 13287 (normal load 

(NL) 500 N, sliding velocity (SV) 0.3 m/s); 2) Drag-test (NL 

750 N, SV 0.3 m/s); 3) Impacting, with the platform moving 

both horizontal and vertical (NL 750 N, SV 1.0 m/s), and 4) 

Drag-test (NL 750 N, SV 1.0 m/s). We recorded five trials of 

each condition. 

 

Force data were filtered using a 2nd order Butterworth filter 

with a cut-off frequency of 30 Hz and 10 Hz, respectively. 

Zero-phase filtering was performed using MATLAB function 

FiltFilt, filtering both forward and reverse. All measurements 

were synchronized using the kinematics of a retro-reflective 

marker by calculating cross-covariance and aligning data by 

circular shift. Ten empty force plate movements were 

recorded for each condition and used to subtract the inertial 

contribution from the hydraulics accelerating the force plate. 

Coefficient of friction (µ) was calculated by µ =
𝐹𝑓

𝐹𝑛
 from the 

computed normal force (Fn) and horizontal forces (friction 

force, Ff) [2].  

 

RESULTS AND DISCUSSION 

The µ was influenced by the test conditions, where higher 

normal loads and sliding velocities resulted in lower µ, which 

is in agreement with rubber friction theory [3]. The initial part 

of condition 3 mimics somewhat the initial contact, as in real-

world walking or running, and shows a highly fluctuating µ, 

most likely caused by the minimal damping in the present 

setup. However, we still consider condition 3 to be more 

biomechanically relevant, compared to traditional one-

direction sliding tests as per ISO 13287. 

Adding impacts, and potentially also damping characteristics, 

in the mechanical tests of footwear could possibly contribute 

to a deeper understanding of the shoe-surface sliding and/or 

sticking phenomena.                 

 

Fig. 2 µ as function of time for the four different test conditions. 
 

CONCLUSIONS 

This study presents a new test setup that can characterize the 

tribological behavior of shoe and surface in a traditional way, 

by following the traditional ISO 13287 standards, but more 

importantly also being able to add a novel impacting approach 

to the test of footwear, which is arguably more 

biomechanically relevant. 

 

REFERENCES 

[1] Chang WR, et al. (2001), Ergonomics, 44: 1233-1261 

[2] Frederick EC. (1993), ISBS-Conference, 11: 15-22   

[3] Persson BN. (2001), J Chem Phys, 115: 3840-3861, 2001

 


