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An Experimental Study for Manufacture of High Quality Recycled
Aggregate by Heating
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Abstract : The use of waste concrete can resolve the environmental pollution and shortage of natural aggregate.
However, recycled aggregate includes substantial amount of cement paste. So, these aggregates are more porous, and
less resistant to mechanical actions than natural aggregates. So, recently, the new manufacture processes of high
quality recycled aggregates were suggested such as heating and solving to acid liquid. But the method of solving to
acid liquid is not economical and produces additional environmental pollution. In this paper, for the purpose of
manufacture of high quality recycled aggregates, the heating processes was added to the existing process of recycled
aggregates. To find the optimum process, the experiment was performed by using the method of statistical experiment

design, and the heating temperatures(4 levels :

300, 450, 600 and 7507C) and heating times(4 levels :

5, 20, 40, 60

minute) were main experimental variables. By the test results, the optimum manufacturing condition of coarse re-
cycled aggregate was 600C and 40 minute, and for the fine recycled aggregate, a little heating made a satisfaction

to the KS standard quality code.
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Fig. 1. Production process of recycled aggregates.
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Table 1. Standard of recycled aggregatese)

Ttem Water absorption(%) | Oven-dry gravity

Recycled coarse aggregate 3.0 =25

I\ IA

5.0 =22

Recycled fine aggregate
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(c) sample after heating
Fig. 2. Photos of experiments,
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Table 2, Quality of recycled aggregates manufactured by old

process

Item Water absorption(%) | Oven-dry gravity
Recycled coarse aggregate 4.19 2.37
Recycled fine aggregate 343 2.26
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Table 3. Test result of water absorption of recycled coarse
aggregates (unit : %)

Item Al A2 A3 A4

Cl 4.44 3.92 2.74 3.80

Bl C2 5.02 3.82 4.06 4.26
C3 453 4.53 4.47 348

Cl 3.76 3.63 278 3.01

B2 C2 3.52 3.04 2.72 245
C3 3.55 3.93 2.81 244

Cl 335 2.04 2.02 1.90

B3 C2 339 2.52 2.17 2.01
Cc3 333 2.83 2.01 221

Cl 322 222 1.67 1.83

B4 C2 4.07 2.65 1.70 1.86
Cc3 3.08 3.61 1.87 1.78
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Table 4. Deviation analysis for the water absorption of recycled coarse aggregates

S DOF A% FO F(0.05) check F(0.01) check
A 11.81 3 3.94 41.1 3.16 effective 5.09 effective
B 21.05 3 7.02 73.3 3.16 effective 5.09 effective
C 0.56 2 0.28 29 3.55 6.01
A x B 1.52 9 0.17 1.8 2.46 3.6
AxC 1.83 6 0.30 32 2.66 effective 4.01
B x C 0.98 6 0.16 1.7 2.66 4.01
Error 1.72 18 0.10
Total 39.47 47
* S : sum of square, DOF : degree of freedom, V : mean square, FO : ratio of mean square to error
F(0.05), F(0.01) : F—distribution value at cumulative probability of 95% and 99%
Table 5, Pooled deviation analysis for the water absorption of recycled coarse aggregates
S DOF \% FO F(0.05) check F(0.01) check
A 11.81 3 3.94 24.4 2.83 effective 43 effective
B 21.05 3 7.02 435 2.83 effective 43 effective
Error 6.61 41 0.16
Total 39.47 47
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Table 6. Estimated value for the water absorption of recycled
coarse aggregates at confidence level 95%

Al A2 A3 A4
Bl 4.51~5.13 3.96~4.58 3.32~3.94 3.32~3.94
B2 3.56~4.18 3.01~3.63 2.37~2.99 2.37~2.99
B3 2.90~3.52 2.36~2.98 1.71~2.33 1.71~2.33
B4 2.88~3.50 2.34~2.96 1.70~2.32 1.70~2.32
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Fig. 3. Point estimated value for the water absorption of
recycled coarse aggregates at confidence level 95%,
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Table 7. Test result of water absorption of recycled fine agg—
regates (unit : %)

Item Al A2 A3 A4

Cl 3.49 2.84 4.56 422

Bl C2 3.86 441 474 5.05
C3 4.16 4.03 4.85 430

Cl 5.06 4.04 3.19 2.19

B2 C2 5.76 3.81 3.60 4.08
C3 5.18 3.71 3.77 4.00

Cl 4.50 3.12 238 4.00

B3 C2 427 3.98 231 270
C3 4.40 440 2.68 3.15

Cl 3.51 2.89 3.24 2.46

B4 C2 3.06 2.87 3.09 1.94
C3 347 271 3.46 1.77

Table 8. Deviation analysis for the water absorption of recycled fine aggregates

N DOF \% FO F(0.05) check F(0.01) check

A 5.81 3 1.94 9.2 3.16 effective 5.09 effective
B 12.89 3 430 20.5 3.16 effective 5.09 effective
C 0.60 2 0.30 14 3.55 6.01

A xB 12.66 9 1.41 6.7 2.46 effective 3.60 effective

A xC 0.34 6 0.06 0.3 2.66 4.01

B xC 1.80 6 0.30 14 2.66 4.01

Error 3.77 18 0.21

Total 37.85 47
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Table 9. Pooled deviation analysis for the water absorption of recycled fine aggregates

S DOF A% FO F(0.05) check F(0.01) check
A 5.81 3 1.94 9.5 2.90 effective 4.46 effective
B 12.89 3 4.30 21.1 2.90 effective 4.46 effective
A xB 12.66 9 1.41 6.9 2.19 effective 3.02 effective
Error 6.50 32 0.20
Total 37.85 47

Table 10, Estimated value for the water absorption of recy—
cled fine aggregates at confidence level 95%

Al A2 A3 A4
Bl 3.31~4.37 3.14~4.20 4.19~5.25 3.99~5.05
B2 4.80~5.86 3.32~4.38 2.99~4.05 2.89~3.95
B3 3.86~4.92 3.18~4.24 1.93~2.99 2.75~3.81
B4 2.82~3.88 2.29~335 2.73~3.79 1.53~2.59
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Table 11, Test result of oven—dry gravity of recycled coarse
aggregates
Item Al A2 A3 A4
Cl 235 240 2.48 2.40
Bl «Q 232 240 2.39 237
C3 235 242 236 242
Cl 2.40 242 2.48 2.46
B2 C2 242 245 248 2.50
C3 243 2.40 248 2.50
Cl 243 248 2.56 2.55
B3 C2 244 2.50 2.54 2.55
C3 2.44 2.47 2.56 2.54
Cl 243 2.52 2.57 2.55
B4 C2 2.40 249 2.55 2.57
C3 245 2.42 2.56 2.55
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Fig. 4. Point estimated value for the oven—dry gravity of rec—
ycled coarse aggregates at confidence level 95%,
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Table 12, Deviation analysis for the oven—dry gravity of recycled coarse aggregates

S DOF A% FO F(0.05) check F(0.01) check

A 0.07 3 0.02 48.1 3.16 effective 5.09 effective
B 0.11 3 0.04 72.1 3.16 effective 5.09 effective
C 0.00 2 0.00 0.1 3.55 6.01

A x B 0.01 9 0.00 3.1 2.46 effective 3.60

AxC 0.01 6 0.00 2.1 2.66 4.01

B x C 0.00 6 0.00 1.5 2.66 4.01

Error 0.01 18 0.00

Total 0.22 47

Table 13. Pooled deviation analysis for the oven—dry gravity

of recycled coarse aggregates

S DOF \% FO F(0.05) check F(0.01) check
A 0.07 3 0.02 38.9 2.90 effective 4.46 effective
B 0.11 3 0.04 58.3 2.90 effective 4.46 effective
A x B 0.01 9 0.00 2.5 2.19 effective 3.02
Error 0.02 32 0.00
Total 0.22 47

Table 14. Estimated value for the oven—dry gravity of recy—

Table 15, Test result of oven—dry gravity of recycled fine ag—

cled coarse aggregates at confidence level 95% gregates
Al A2 A3 A4 Item Al A2 A3 A4
Bl 2.31~2.37 2.38~2.44 2.38~2.44 2.37~2.43 Cl 242 242 237 2.38
B2 2.39~2.45 2.39~2.45 2.45~2.51 2.46~2.52 Bl 2 2.41 234 235 230
B3 2.41~2.47 2.45~2.51 2.52~2.58 2.52~2.58 3 239 234 236 236
B4 2.40~2.46 2.45~2.51 2.53~2.59 2.53~2.59 cl 235 238 2.44 2.49
B2 C2 2.33 2.39 2.42 2.38
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Table 16, Deviation analysis for the oven—dry gravity of recycled fine aggregates

S DOF \Y FO F(0.05) check F(0.01) check

A 0.02 3 0.01 5.8 3.16 effective 5.09 effective
B 0.07 3 0.02 229 3.16 effective 5.09 effective
C 0.00 2 0.00 0.7 3.55 6.01

A x B 0.05 9 0.01 5.1 2.46 effective 3.6 effective

AxC 0.00 6 0.00 0.2 2.66 4.01

B x C 0.01 6 0.00 1.5 2.66 4.01

Error 0.02 18 0.00

Total 0.16 47

Table 17, Pooled deviation analysis for the oven—dry gravity of recycled fine aggregates

S DOF \Y FO F(0.05) check F(0.01) check
A 0.02 3 0.01 6.2 2.9 effective 4.46 effective
B 0.07 3 0.02 24.6 2.9 effective 4.46 effective
A xB 0.05 9 0.01 5.5 2.19 effective 3.02 effective
Error 0.03 32 0.00
Total 0.16 47
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