A Study on the Influence of the Number of Re—crushing with
regard to the Physical Properties of Recycled Coarse Aggregates
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1. INTRODUCTION

in general, when old concrete is crushed, a
certain amount of mortar or cement paste from the
original concrete remains attached to stone particles
in recycled aggregates.

However, it is possible to improve the quality of
recycled coarse aggregates in accordance with the
removal of that mortar or cement paste by repetition
of re-crushing.

The purpose of this study is to demonstrate the
supposition that several re-crushings are available to
improve the physical properties of recycled coarse
aggregates.

2. TEST PROGRAM AND METHOD

The recycled coarse aggregates tested in this
study were produced from recycling plants for
construction waste in Japan. The process of
re-crushing in that plant is illustrated in the flow
diagram which is shown in fig.1.

The types of recycled coarse aggregates and
measure items are shown in table 1.
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Each of the sample ores of recycled coarse
aggregates, which were produced by crushing of
original concrete having a compressive  design
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Fig. 3 Distribution of Water absorption by types
of aggregates and re crushing times

strength of 180 kgf/c’, were selected 25 particles by
a random sampling method respectively.

Fundamental physical properties of recycled
aggregates, which were surface dry specific gravities
and water absorption ratios of aggregates, were
examined in conformity to JIS A 1110.

3. RESULTS AND DISCUSSION

First of all, fig.2 shows the amount of obtained
coarse aggregates decreases in proportion to
reiteration of re-crushing times. Like this, the
decrease in the amount of coarse aggregates led to
a debatable problem without regard to improvement
in the quality of recycled coarse aggregates.

The test results in this study are summarized in
table 2 which also include the test results on the
natural river gravels and crushed stones for
comparison.

Table 2 shows water absorption ratios and specific
gravities tested with the two series of recycled
coarse aggregates. And the aggregates are divided
into conventional recycled aggregates (KO, FO) and
re-crushed aggregates (K1-K3, F1-F3) which were
breaked up one time. two times and three times by
a modified jaw crusher.

Firstly, the average of specific gravities in recycled
coar8e aggregates which were re-crushed by one
time, two times, and three times in surface dry
condition ranged from 246 to 253 for 5-10mm
materials and from 253 to 263 for 10-20mm
materials, see table 2. On the other hand the
corresponding average of specific gravities of
conventional recycled coarse aggregates ranged from
2.43 to 2.47 for 5-10mm materiais and from 2.40 to
2.41 for 10-20mm materials.

The rate of increase in specific gravity between
conventional recycled aggregates and re-crushed

Table 2. Test results on the phy< ical propemes of recyclt—,d ~oarse aggregates
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aggregates was 3.5% for once re-crushing, 5.8% for twice re-crushing, and 6.7% for thrice re-crushing on

an average.

The specific gravities of crushed stones, however, varied between 2.6 and 2.7, and the specific gravities of

corresponding natural river gravels ranged from 2.3

to 2.7.

It may be concluded that the specific gravities of recycled coarse aggregates are somewhat lower than the
specific gravities of crushed stones and natural river gravels due to a relatively low density of the old mortar

which is attached to original aggregate particles.

On the other hand from a relation between the
percentage of water absorption and re-crushing
times, it was found that water absorption was far
more improved in comparison with the results
obtained in specific gravity from the point of view
of a increase rate.

Especially. in case of re-crushed state by three
times, the water absorptions in recycled coarse
aggregates were considerably improved. The water
absorptions were distributed around 2% for 10-20
mm particles. Corresponding water absorptions for
5-10mm particles ranged from 1.4% to 2.7% on
an average. see table 2.

Then the water absorptions were around 5% for
10-20mm recycled coarse aggregates which were
not re-crushed by a modified-jaw crusher. indepen-
dent of the quality of original waste concretes.
Corresponding water absorptions for 5-10mm
recycled coarse aggregates were around 6%.

Therefore the water absorption of recycled
aggregate which is re-crushed results in by far
lower than that of not re-crushed aggregates. This
is because the old particles of mortar or cement
paste attached to aggregates were broken off in
proportion to the reiteration of re-crushing times.

According to ‘the japanese standard for the
use of recycled aggregate and recycled aggregate
concrete ; recycled aggregate should not be used
for concrete production when water absorption is
more than 7% for coarse aggregate and more
than 13% for fine aggregate.

It would appear from what is said above that
most recycled aggregates would meet such
requirements.

However, in fig.4 is shown the distribution of
water absorption ratios by type of the recycled
coarse aggregates.

When recycled coarse aggregates are not
re-crushed by a modified-jaw crusher, the water
absorptions in coarse aggregates are approxi-
mately dispersed two scopes. This depends upon
whether mortar or cement paste is attached to
recycled coarse aggregates or not. But the
dispersion of water absorptions in recycled coarse
aggregates is dwindled in proportion to the
addition of re-crushing frequency.
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Fig. 4 Histogram of water absorptions
by types of recycled aggregates
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Table 3. Comparison ratios of physical properties
by repetition of re crushing
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And according to table 3, comparative decrease
ratios in water absorption between conventional
state and thrice re-crushed state was 65.7% for
5-10mm  aggregates and 547% for 10-20mm
aggregates. That is, the decrease in absorptions of
5-10mm aggregates results in larger variations than
that of 10-20mm aggregates. This is probably
bacause 5-10mm aggregates retained more old
mortar or cement paste particles.

Also the degree of increase in quality for each
test. as determined in both specific gravity and
water absorption ratio, tended to be weakened in
accordance with the reiteration of re-crushing times.
Especially, in the side of the degree of quality
improvement in each re-crushing step, when those
were re-crushed by one time the variation ratios in
the specific gravities and water absorptions of
recycled aggregates are substantially greater than
those were re-crushed by two times or three times.

4. CONCLUSIONS

The results of this study are summerized as
follows:

1) The physical properties, that is, water absorp-
tions and specific gravities, of recycled coarse
aggregates are significantly affected by the
reiteration of re-crushing times. Therefore in order to
obtain recycled aggregates in high quality. several
re-crushings are positively necessary.

2) In the side of the size of aggregate, it may be
concluded that the improvement in  physical
properties of 5-10mm aggregates s somewhat
higher than those of 10-20mm aggregates

3) In advance, it is possible to apply recycled
coarse aggregates for structural materials considering
that water absorptions are decreased around 30%
and specific gravities are increased around 3.5% in
case of one time re-crushing.

4) In an economic point of view, it is nearly
impaossible to re-crush and rehandle the recycled
aggregates over and over again. Accordingly it is
important that the number of re-crushing times has
to be determined taken into account the economical
efficiency. From this study twice re-crushings were
probably most efficient not only in the side of quality
but in the side of economical efficiency.
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