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Optimum Abrasing Condition for Recycled Fine Aggregate Produced by
Low Speed Wet Abraser Using Sulfur

. . . * .
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ABSTRACT Recently, the amount of disposed construction materials like demolished concrete is growing fast and the shortage of nat-
ural concrete aggregate is becoming serious. Therefore, recycling of aggregate extracted from the demolished concrete is getting important
and use of the recycled aggregate for concrete has been seriously considered. However, the use of the recycled aggregate even for low
performance concrete is very limited because recycled aggregate which contains large amount of old mortar has very low quality. There-
fore, removing the paste sticked to the recycled aggregate is very important in the manufacturing of high quality recycled aggregate. We
have studied a series of research according to complex crushing method, which is removed the ingredient of cement paste from recycled
fine aggregate using both the low speed wet abrasion crusher as mechanical process and the acid treatment as chemical processes. This
paper is to analyze the quality of the recycled fine aggregate produced by those complex method and investigate optimum manufacturing
condition for recycled fine aggregate by the design of experiments. The experimental parameters considered are water ratio, coase aggre-
gate ratio, and abrasion time. As a result, data concerning the properties of recycled sand were obtained. It was found that high quality
recycled fine aggregate could be to obtain at the condition of the fifteen minute of abrasion-crusher time and the over 1.0 of recycled coarse
aggregate ratio.

Keywords : recycled fine aggregate, physical properties, design of experiments, abrasion-crusher time
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Table 1 The design of experiment

Levels .
Factors Test items
0 1|2
)
A [VaterratioT o 5y o | 13
(%) -Density
Coase agg. -Absorption ratio
B . 051015 .
ratio” (%) -Percentage of solid volume
i -Density
c | Abrasion |5 yg 15
time (min)

" Volume ratio of water to total aggregate
? Weight ratio of coarse aggregate to fine aggregate

Table 2 The level of experiment

A B C
ID Water ratio Coase ag.gregate Abrasio.n time| Levels
ratio (min)

A¢ByCy 0.7 0.5 5 A=0.7
ABC,| 10 0.5 15 A=10
A,B,C, 1.3 0.5 10 Ay=13
ABC| 07 1.0 10 B,=0.5
AB,C, 1.0 1.0 5 B;=1.0
A,B,C, 13 1.0 15 Bo=1.5
AB,C, 0.7 1.5 15 Co =5
AB,C, 1.0 1.5 10 C,=10
A,B,C, 1.3 1.5 5 C=15

Rew) 0, 1 and 2 represent experimental level respectively



Table 3 The physical properties of recycled fine aggregate

Density | Absorption M Solid content in | Unit weight
(g/em’) | ratio (%) aggregate (%) (kg/m’)
227 6.56 3.40 59.6 1,443
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Fig. 1 Experimental method

Low speed wet
abrasional
crusher

5,10, 15 min

Fig. 2 Low speed wet abrasional crusher
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Table 4 Test items

D Experimental | Recycled fine
method aggregate
Density (g/cm’) KS F 2503 2.2 over
Absorption ratio (%) KS F 2504 5.0 under
Solid content in aggregate (%) KS F 2505 53 over

Table 5 Test results

. 3

D Density éi/;zt)ed Abs.orption Solid content in

Oven-dry ratio (%) | aggregate (%)

surface-dry

B 227 242 6.56 59.6
ABoCy | 241 25 3.43 60.7
AB)C, | 2.48 2.54 2.46 65.4
A,BoCy 2.44 2.52 32 64.6
AyBC, 2.46 2.54 3.03 64.6
ABCy | 241 25 3.95 62.3
A,B,C, 2.5 2.55 2.02 65.3
AB,C, | 2.53 2.57 1.65 65.7
AB,C, 2.48 2.55 2.9 64.7
AB,Cy | 243 25 3.24 62.7
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Table 6 Variance analysis for density of recycled fine aggregate

Table 7 Variance analysis for absorption ratio of recycled fine

D Factors S |9 V F, | Evaluation®" aggregate

A | Washing water | 0.0002] 2 [0.0001] 3.00 ID|  Factors S |@| V | F |Evalation"”

B | Coarse aggregate | 0.0021 | 2 [0.0010| 31.0 * A | Washing water | 02539 | 2 | 0.1269 | 6.50

C | Abrasion time |0.0113| 2 |0.0056| 169 ki B |Coarse aggregate| 0.3514 | 2 | 0.1757 | 9.00 -
Error 0.0001 | 2 [0.0000 C | Abrasion time | 34867 | 2 | 1.7433 | 89.2 *ok
Total 0.0136| 8 Error 0.0391 | 2 | 0.0195

Rew) ** Accepted at 0.01 of significance level Total 41310 | 8

* Accepted at 0.05 of significance level
- Accepted at 0.10 of significance level
- Not accepted
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Fig. 3 Assumed density of recycled fine aggregate by variance
analysis
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Rew) ** Accepted at 0.01 of significance level
* Accepted at 0.05 of significance level

- Accepted at 0.10 of significance level

- Not accepted
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Fig- 4 Assumed absorption ratio of recycled fine aggregate by
variance analysis

Table 8 Variance analysis for solid content in aggregate of
recycled fine aggregate

ID Factors S |0| V F, |Evaluation®™"
A | Washing water | 0.5067 | 2 | 02533 | 0.60
B |Coarse aggregate| 0.9800 | 2 | 04900 | 1.16
C | Abrasion time | 20.887 | 2 | 10443 | 247 ok
Error 0.8467 | 2 | 04233 | -
Total 8 - -

Rew) ** Accepted at 0.01 of significance level
* Accepted at 0.05 of significance level

- Accepted at 0.10 of significance level

- Not accepted



Table 9 Variance analysis for solid content in aggregate of
recycled fine aggregate after pooling

D Factors S (0] A% F, |Evaluation**"
B |Coarse aggregate| 0.9800 | 2 | 0.4900 | 1.45
C | Abrasion time | 20.887 | 2 | 10.443 | 30.9 ok
Error 13534 | 4 | 03384 | -
Total 8 - -

Rew) ** Accepted at 0.01 of significance level
* Accepted at 0.05 of significance level

- Accepted at 0.10 of significance level

- Not accepted
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Fig. 5 Assumed solid content in aggregate of recycled fine
aggregate by variance analysis
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Table 10 Variance analysis for density of recycled fine aggregate
Factors S (0] \% Fy
Regression | 0.0136 5 0.0027 | 195 ok
Error 0.0000 3 0.0000
Total 0.0136 8

Y =2.411 + 0.056X; — 0.003X, — 0.013X,X, + 0.005X,’

Y is the density of recycled fine aggregate, X; is the coarse
aggregate ratio, and X, is the abrasion time.

Evaluation*®"

Rew) ** Accepted at 0.01 of significance level
* Accepted at 0.05 of significance level

- Accepted at 0.10 of significance level

- Not accepted
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Table 11 Variance analysis for absorption ratio of recycled fine
aggregate

Factors S 0] \Y% F, |Evaluation®"
Regression | 3.9341 5 0.7868 | 12.0 *

Error 0.1969 3 0.0656

Total 4.1310 8

Y =2.411+0.056X; — 0.003X, — 0.013X,X, + 0.005X,
Y is the density of recycled fine aggregate, X, is the coarse
aggregate ratio, and X, is the abrasion time.

Rew) ** Accepted at 0.01 of significance level
* Accepted at 0.05 of significance level

- Accepted at 0.10 of significance level

- Not accepted
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Fig. 7 Analysis response surface for the absorption ratio of
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Fig. 8 The optimum condition
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