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Chapter 8

Classification of Abrasion
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8.1 The Need for a Classification

Generally successful cbp applications are the result of four interested parties cooperating
together in different ways.

Firstly there is the owner. He decides to invest money in paving an area.

Secondly there is the engineer/architect. He turns the owner's idea into a workable plan. It
is the responsibility of the engineer to correctly specify the cbp in terms of structural
bearing capacity and abrasion resistance if the surface is to remain serviceable and
aesthetically pleasing.

Thirdly there is the manufacturer. He obtains the materials, produces the blocks according
to the engineer's specifications, and delivers to site.

Fourthly there is the paviour who installs the blocks.
However, in executing his responsibilities the engineer faces a number of problems:

a. There is no recognised means of quantifying or assessing the wear on a paved
surface.
b. It follows that there can be no classification defining the limits of wear on sites.
C. Although some limited abrasion testing is done in South Africa (e.g. ASTM C418,
SABS 541, C&CI.TM.7.11, MA20SA) no one test is used for cbp in South Africa.
Ideally the engineer is looking for an accelerated wear test that will, for example,
simulate in five minutes ten years of wear for a given traffic intensity.
d. The abrasion tests that do exist have not been 06c¢
Without this it is not possible for the owner, engineer or manufacturer to know how
the blocks will wear.

This chapter addresses points a. and b. by describing and quantifying wear on in-service
blocks. A classification of acceptable limits for various applications is proposed. Chapters 9
through 12 focus on different abrasion tests and therefore attempt to resolve point c.
Chapter 14 correlates the wear of the experimental blocks at Westgate with the results of
the abrasion tests, thus further addressing point c. Finally the matter of establishing limiting
criteria is discussed in chapter 15, thus resolving point d.
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8.2 Degrees of Abrasion

In paved areas subjected to a high volume of either pedestrian or vehicular traffic for some
years, it is often possible to identify five distinct stages of wear, or degrees of abrasion.

[ I nst eadglr @ds 6a@f abrasiond, it woul dvealde mar estadrlir e
more correct t abrasienyveatdd e gsrienecse afhe term i s meant t
amount of wear that has taken place from an abrasion process, rather than allude to the

severity of the abrasion process. While it is true to say that severe abrasion generally leads

to substantial abrasion wear, this is not always the case. For example severe abrasion will

not lead to substantial wear in very hard materials, nor if the abrasion attack is of a short

duration. Notwithstandi ngwedrh@® itserjmu dged rteee d tadc
cumbersome, and thus 6degrees of abrasiond is use
rest of the manuscript].

This chapter however, does not deal with the blocks installed at Westgate bus terminus, as
this is done in chapter 14. Instead it lays the foundation for assessing the Westgate blocks
in terms of the five degrees of abrasion.

Four sites where cbp was used and which have a known history in relation to the
manufacturer, concrete mixes, duration of wear etc., have been photographed to show the
different degrees of abrasion. The four sites represent blocks supplied by three of the
major producers in South Africa, which all have SABS approved quality management
systems.

A general view of these sites is given in figures 8.1 through 8.4.

The four sites are as follows:

a. a shopping mall in Roodepoort, blocks ex Brickor Precast;

b. vehicular entrance to Brickor Precast's Roodepoort factory, blocks ex Brickor
Precast;

C. vehicular entrance to Randparkridge Mall, blocks ex Grinaker Precast;

d. vehicular entrance to Lifestyle garden centre, blocks ex Concor Technicrete.

A comparison of close view photographs of selected blocks from the various sites gives an
appreciation of the variation in surface texture that can be expected in blocks made by
different manufacturers and subject to different traffic conditions.

Figures 8.6 through 8.49 illustrate photographically, at close range, the five degrees of
abrasion as they occur at the four sites. The photographs have been taken at places of
varying traffic intensity to illustrate the five degrees of abrasion.

Although so many photographs may appear to be excessive, they are in actual fact just
sufficient to give an appreciation of the kind of variation that occurs from one degree of
abrasion to the next for different manufacturers (different mix designs, manufacturing
machines, curing regimes), different traffic conditions etc. For this reason they have not
been relegated to the appendix. The photographs also reveal the variation in surface
texture from site to site for blocks with the same degree of abrasion.

Each block has a paper frame of inside dimensions 30 mm x 50 mm, which serves to
focus attention on a small area of the surface. An example may be seen in figure 8.6, while
the enlarged view of the framed area is given in figure 8.7.

Within this framed area five typical craters on each block were measured with a depth
gauge. The respective craters are identified on the photographs with the letters A, E, N, S,
or T (e.g. see figure 8.7) and the corresponding depths recorded in the caption below the
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photograph. The crater depthf r om é mean crater depthd (mcd), referr
refers to the relative depth between the deepest point of the crater and the highest

protruding particle in close proximity to the crater, and the term mean implies the average

of five measurements. The 6évisible weard and Omean
also indicated in the captions, as alternative expressions for each of the five degrees of

abrasion.

o S8

Figure 8.1 Nine year old blocks in a Roodepoort shopping II. Trafic is limited to
pedestrians. All five degrees of abrasion may be identified on this site.

Figure 8.2 Ten year old block at vehicular entrance to brick factory. This area was paved
with ésecondsdé6 of doubtful quality, and experiences
vehicles, thus providing a site where all five degrees of abrasion can be seen.
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Figure 8.3 Five year old blocks in vehicular entrance to Randridge Mall. Traffic loadings
are almost exclusively limited to cars. Signs of advanced abrasion are evident at the corner
of the entrance.

Figure 8.4 Three year old blocks in vehicular entrance to Lifestyl grdn centre
Considerable abrasion has occurred at the entrance due to the slewing action of cars and
heavy vehicles.
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8.2.1 Zero Degree Abrasion

In zero degree abrasion virtually no signs of wear are noticeable. There may however be a
slight amount of discoloration owing to the presence of dirt, efflorescence, ageing or
weathering.

Szadkowski(1987) for example has stated that exposure to the weather changes the colour
of normal Portland cement, depending on its composition, in the direction of yellow. He
states that it still cannot be said with certainty whether this process is due more to
rearrangement of the cement constituents, caused by weathering, or to decomposition of
the cement matrix. He continues by saying that this phenomenon has no adverse affect on
the cement's mechanical properties, and is only of interest in so far as it affects the colour
of concrete. Assuming that the colour of the cement matrix is thus changed, then, of
course, the colour will also change if pigment is present. The colour of the concrete will
likewise be affected; the concrete will show a yellow cast, which will be more or less
conspicuous, depending on its original colour.

However apart from such colouring effects, blocks in this stage of wear are essentially the
same in texture as they were when newly manufactured.

These blocks are normally to be found on the verge of paved surfaces close to shop
windows, next to the kerb in the case of a road, and generally in places where they are out
of the way of traffic.

Although a certain amount of dirt and discoloration are noticeable, their surfaces show no
appreciable signs of wear. The binder still covers most of the aggreqgate particles and
hence no appreciable colour shift in the direction of the aggregate has occurred. The
texture of the surface is virtually as it was at the time of manufacture, with almost no signs
of polishing or abrading.

A method for determining the O6mean crater
(e.g. see captions in figures 8.6, 8.7) is described in 5.3.2 and 5.3.3. In the case of zero
degree abrasion, these terms do not represent actual wear, but are an indication of the
initial surface texture of the block.

Zero degree abrasion is shown diagrammatically in figure 8.5 below.

dept ho,
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Figure 8.5 Section illustrating zero degree abrasion

Figures 8.6 through 8.13 are typical examples of zero degree abrasion on the four sites.
Most of the aggregate particles are still coated with a thin skin of mortar / cement paste,
and this is the most dominant feature of zero degree abrasion.
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Figure 8.6 Zero degree abrasion at Roodepoort mall. Paving blocks installed on the inside
verge of the mall next to windows and walls show virtually no signs of wear. Visible wear =
4,5 ml, mean visible depth = 0,272 mm (Surface area, excluding bevelled area = 16544
mm 2),

Figure 8.7 Enlarged view of 50 mm x 30 mm framed area. Typical crater depths: A=0,5
mm, E=0,5mm, N=0,6 mm, S =0,6 mm, T =0,4 mm: Mean crater depth = 0,52 mm.
These craters are a measure of the initial surface texture, and not the result of abrasion.
Although some of the aggregate particles are exposed, the majority are coated with a thin
layer of binder paste.
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Figure 8.8 Zero degree abrasion at factory entrance. Blocks installed at a remote
perimeter of the paved area show negligible signs of wear. Visible wear = 6,0 ml, mean
visible depth = 0,385 mm (Surface area, excluding bevelled area = 15600 mm 2).

Figure 8.9 Enlarged view of 50 mm x 30 mm framed area. Typical crater depths: A=0,7
mm, E=0,4 mm, N=0,6 mm, S =0,7 mm, T =0,7 mm: Mean crater depth = 0,62 mm.
The primary characteristic of zero degree abrasion is that the majority of the aggregate
particles are still coated with a thin skin of binder paste.



