Appendix U.2.7 — ASTM C1138

Generic Name of
Test

ImpactingSteel Balls (in Water) : Abrasion/Erosion Test

_FF;I;ItCIple of Steel balls tumbling in a circular orbit in swidinvater on the concrete specimen.
_ _ The test was originally developed by Liu in 1980dwaluating the resistance of
Historic concrete surfaces subjected to the abrasive asftisaterborne particles in hydraulic

Development of
Test

structures such as stilling basins and outlet wok&TM adopted this test procedure
with some modifications in 1990, i.ASTM C1138 Test Method for Abrasion
Resistance of Concrete (Underwater Methddu (1991)]

Apparatus and

As indicated in figure U.2.7.1 the apparatus casgia drill press, an agitation
paddle (see figure U.2.7.2) and a cylindrical stesitainer that houses a disk-shape

abrasives concrete specimen and 70 steel grinding ballszefss?5mm, 19mm and 13mm. [Liu
(1991)]
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Figure U.2.7. 2Agitation Paddle

Figure U.2.7. 1Test Set-up Details

Test Method

The immersed agitation paddle that is powered b\dtiill press rotating at 1200 rpm
circulates the water in the container. The ciréngptvater, in turn, moves the abrasiv
charges (steel grinding balls) on the surface efcitmcrete specimen, producing the
abrasion effects. The standard test consists dfZixour test periods for a total of 72
hours. [Liu (1991)]

Abrasion Wear

This is expressed as the average depth of abragian [Liu (1991)]
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APPENDIX U.2.7

Wear Mechanisms according to Authors

(i) Liu (1981): Abrasion wear is caused by the ahm effects of waterborne gravel, rocks, and otiedris
circulated over a concrete surface during the djperaf a hydraulic structure.

(ii) Visual Effects: A relatively good visual cotetion exists between the abrasion wear of thesggstimen
(see figure U.2.7.3) and that of the actual sitsien (see figure U.2.7.4). It is quite evident thggregate
de-bonded by the impact of the balls has been redchfrem the matrix by the fast flowing water.

Figure U.2.7.4Eroded stilling basin surface at
Figure U.2.7. 3Typical surface condition of Arkabufla Dam [Liu (1991)
a tested specimen [Liu (199

Wear Mechanisms According to Writer [R2 S2 12]

(i) Ralling and sliding As the balls swirl around from the action of feddle and water, the balls are made
to skid, roll and even bounce (when they make @yntith uneven areas of
concrete).

The adjacent diagram shows a mild form of crushingsionQQ

that

occurs as a result of the mass of the rolling diaklcrushing the asperities of the
surface. Some shearing of asperities also occutedsall skids and slides
tangentially, particularly at the point of firstrgact following a bounce, resulting

in shearing abrasiorQ)

crushing?

shearing
chushing 2] W(mm3)
QshearinglJ nW(mm3)

(i) Impact The adjacent diagram shows a steel ball of nfasand initial velocitylU striking a surface of

angle @ . This results in impact wedQ essentially resulting in crushing

impact

2
and shearing effects. According to Hutchings (1992),4.: 1 %.f @,

where H is the indentation hardness of the surface matamif (g) is a
function related to the angle of impagt

Relative severityThe abrasion wear corresponding to Rolling ardirsgdiis likely to be limited to the
asperities, while impact will likely result in sorsab-asperity abrasion

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




