
Appendix U.4.1 Finnish Steel Wheels 
 

Generic Name 
of Test 

Rolling Steel Wheels : Abrasion Test 

Principle of 
Test 

Loaded 110mm diameter wheels orbiting – tangentially displaced.  

Historic 
Development 
of Test 

This abrasion test determines abrasion resistance according to the Finnish Concrete 
Floors Classifications Instructions. No further information is given by Siro (1991) on the 
development of this test. 

Apparatus and 
Abrasives 

A machine with 3 steel wheels (110mm in diameter, 50mm wide) travels in a circular 
track 500mm in diameter. The wheels are not in line with the tangent of the circle but 
form an angle of 50 to it. A wheel load of 3kN is applied hydraulically or by the use of 
springs. A nozzle continuously vacuums the wear path to removed abraded particles. 
[Siro (1991)] 

 

Test Method 
The test machine is attached to the concrete being tested and the wheel load of 3kN 
applied. The test duration is 2000 revolutions at an unspecified revolution speed. [Siro 
(1991)] 

Abrasion Wear 
This is measured as the average depth of the groove made by the steel wheels [Siro 
(1991)] 
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Figure U.4.1.1 Equipment for determining the wear 
caused by steel wheels according to the Finnish Concrete 

Floors Classification Instructions [Siro (1991)] 

Figure U.4.1.2 The offset angle to 
the tangent ensures substantial 

sliding, simulating slewing actions. 



APPENDIX U.4.1 
 

Wear Mechanisms according to Author 
(i)Siro (1991): Small hard wheels are used to give as good an indication of the actual wear as possible. 
Stresses on the concrete are the combinations of total wheel load, surface pressure from the wheel, skidding 
of the wheel and impact of the wheel when the surface becomes uneven. Heavy wheel loads break particles 
loose from the surface more effectively than a small load, even at the same wheel surface pressure, since the 
larger load has a deeper stress field into the concrete as shown in fig U.4.1.4 
(ii) Visual Effects: 

 
Wear Mechanisms according to writer [R4 S3 I2] 
 
(i) Rolling and Sliding: As the loaded wheels roll over the surface, the concrete asperities beneath the wheels 
will be subject to crushing effects. There is also very significant tangential shear as a result of sliding from 
the offset wheel angles (see figure U.4.1.2). The compressive force is shown as W in figure U.4.1.5, while 
the tangential skidding/slewing effect is shown as F, where W.F m= , and m is the coefficient of friction 
between the sliding wheel and concrete. That the abrasion was as deep as shown in figure U.4.1.3 strongly 
suggests that the mechanism of abrasion wear went beyond that shown in figure U.4.1.5. The various 
cracking mechanisms of figure U.4.1.6 allow for deeper sub-asperity abrasion effects, beginning with 
Hertzian cone cracks, and followed by lateral cracks and finally axial cracks (for very severe loads). The 
concepts set out in figure U.4.1.4 and U.4.1.6 are complementary. 

 
(ii) Adhesion and deformation: See note 1 in introduction to appendix U 

 

Figure U.4.1.3 The relatively high wheel 
load together with significant 

sliding/dragging effects results in a deep 
groove [Siro (1991)] 

Figure U.4.1.5 Microscopic wear effects on 
the concrete induced by the steel wheel. 

Figure U.4.1.4 A heavy wheel load breaks particles loose 
from the surface (as in fig U.4.1.3) more effectively than a 
small load, even at the same wheel surface pressure [Siro 

(1991)] 

Figure U.4.1.6 Cracking wear mechanisms from large 
loads and high contact pressures [Hutchings (1992)] 


