Appendix U.2.2PCI TM 7.8

Generic Name
of Test

ImpactingSteel Balls : Abrasion Test

_FFQCIpIeOf Steel ball tumbling in a rotating box lined withnooete test specimens.

_ _ This test Impact abrasion test. PCI test method F@is developed in 1983 to test the
Historic impact abrasion resistance of concrete to be usetkipass linings. The test is
Development modelled on the apparatus used in SABS 541:197agdpears to use two 300mm X
of Test 300mm test specimens per side rather than one 30080@mm specimen as per SAB

spec. [Doulgeris (1996)]
Apparatus and The apparatus consists of a rectangular box turmgterremovable openings in each
AElI’DaSiveS side. The tumbler is rotated about its longitudendk. 25 kg of 25mm diameter

manganese-steel balls are used as an abrasiviig{seeU.2.2.1). [Doulgeris (1996)]
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DIMENSIONS IN MILLIMETRES

Test Method

The concrete specimens are secured such thatdkeythe openings in the container
and the manganese-steel balls are added. Theutasiot is 40 hours in ten periods of
hours, each at a speed of 60 rpm with the directfontation reversed each time.
[Doulgeris (1996)]
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Abrasion Wear

This is measured as the volume of abraded mat@Diaiillgeris (1996)]
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APPENDIX U.2.2

Wear Mechanisms accor ding to Author

(i) Doulgeris (1996): Doulgeris used this test a<hnsidered that it simulated the impact / abresftects
in ore passes. ‘The majority of wear that takesela an ore-pass is believed to take place biyiartr
..."pluck out” and shattering of smaller particlesikely to occur.’

(ii) Visual effects: None shown by author.

Wear Mechanisms according towriter [R2 S213]

As the drum rotates the balls will roll, slide, Inge and fall. Collectively this may be referrecatotumbling.
(Bouncing will be accentuated as the concrete’sasarbecomes rougher). Rolling will result in criagh
effects, sliding in shearing, while bouncing aniirfg result in impact. These mechanisms are camsidlin
more detail below.

(i) Impact: The abrasion wear Q arising out of the impachefliall against the concrete may be quantified

2
by the expressio [ %.f (8) (mn?) [Hutchings (1992)]. Clearly the velocity at impad, is the most

dominant factor, while the mass of the ball, m,itaedness of the concrete, H, and a fat{éf) based on

the angle of impacé are also important.
(i) Rolling and sliding:The abrasion wear corresponding to rolling andirslj may respectively be
guantified by the expressions:

Qcrushing 0 W (for rolling)
Qshearing ! F = 4W (for sliding)
Where QCrushingand Qshearing "€Present the loss of material owing to crushimg) shearing (see figure

U.2.2.2) at the microscopic asperities where cdrisamade. W and F are respectively the weighheftiall
and the frictional drag from sliding, andis the coefficient of friction between concrete atekl.

Steel Ball

r>>d The radius of the .
steel ball, r, is FigureU.2.2.2

several orders of ~ MiCroscopic wear
magnitude greater mechanism for
than the average  rolling and sliding
height of the

asperity, d.
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Abrasion wear from
crushing and shearing
where the steel ball makes
contact with the concrete

Relative severitylmpact from bouncing and falling will result intstantially more severe crushing and
shearing than rolling and sliding, as well as wasitypes of sub-asperity cracking, such as Heriziee
cracks and lateral cracks. It is doubtful thatithpact induced compression of this test is seveoeigh for
the occurrence of axial cracking (discussed inibietahapter 3) since the balls have limited masd
impact velocity U.

(iif) Adhesion and deformatior8ee note 1 in introduction to appendix U




