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An Experimental Study on Heating Manufacture of Recycled Aggregate by
Design of Experiment
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Abstract

The use of wasted concrete can settle the environmental pollution and shortage of natural aggregate.
However, recycled aggregate includes substantial amount of cement paste, so that these aggregates are
more porous, and less resistant to mechanical actions than natural aggregates. Recently, the new
manufacturing processes of high quality recycled aggregates were suggested such as heating. In this
paper, for the purpose of manufacture of high quality recycled aggregates, the heating processes was
considered to the existing process of recycled aggregates. To find the optimum process, the experiment
was performed through the statistical design of experiment. The heating temperatures of 4 levels (300,
450, 600 and 750TC) and heating duration time (5, 20, 40, 60minute) were main experimental
variables. Through the test results, it was found that the optimum manufacturing condition of coarse
recycled aggregate was evaluated to be 600TC and 40minute.
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Table 1 Standard of recycled coarse aggregates”

item KS quality condition
water absorption (%) < 30
oven-dry gravity = 25
abrasion ratio (%) = 40
ratio of absolute volume (%) = 55
amount of loss .at pass test of < 10
0.08mm sieve (%) )

alkali aggregate reaction harmlessness

amount of ball of clay (%) =< 0.2
soundness (%) <12
amount of foreign organic =10
substance (%) inorganic =10

Table 2 Quality of exisitng recycled aggregates

Water absorption (%) Oven-dry gravity
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Fig. 3 Point estimated value for the water absorption of

i recycled coarse aggregates at confidence level 95%
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Table 4 Deviation analysis for the water absorption of recycled coarse aggregates

S DOF \ FO F(0.05) significance level 5 % | F(0.01) significance level 1 %
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 2.9 3.55 6.01
A X B 1.52 9 0.17 1.8 2.46 3.6
A X C 1.83 6 0.30 3.2 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) significance level 5 % | F(0.01) significance level 1 %
A 11.81 3 3.94 24.4 2.83 effective 4.3 effective
B 21.05 3 7.02 43.5 2.83 effective 4.3 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 ABlodok KSe ZRAV|ZRS wEsle Aoz Yehgth
coarse aggregates at confidence level 95%

Al A2 A3 Ad Table 7 Test result of oven-dry gravity of recycled
Bl | 451-513 | 3.96-4.58 | 3.32-3.94 | 3.32-3.94 coarse aggregates
B2 | 3.56~4.18 3.01~3.63 Variable Al A2 A3 Ad
B3 | 2.90~3.52 Cl 2.35 2.40 2.48 2.40
B4 | 2.88-350 Bl c2 2.32 2.40 2.39 2.37
C3 2.35 2.42 2.36 2.42
Cl 2.40 2.42 2.48 2.46
34 25122Tx|o| MYAH= HIE B2 c2 2.42 2.45 2.48 2.50
C3 2.43 2.40 2.48 2.50
C1 2.43 2.48 2.56 2.55
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Table 8 Deviation analysis for the oven-dry gravity of recycled coarse aggregates

S DOF \ FO F(0.05) significance level 5 % F(0.0D significance level 1 %
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
A X C 0.01 6 0.00 2.1 2.66 4.01
B X C 0.00 6 0.00 15 2.66 4.01
Error 0.01 18 0.00
Total 0.22 47

Table 9 Pooled deviation analysis for the oven-dry gravity of recycled coarse aggregates

S DOF \ FO F(0.05) significance level 5 % F(0.01) significance level 1 %
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 10 Estimated value for the oven-dry gravity of recycled
coarse aggregates at confidence level 95%

Al A2 A3 A4
Bl | 2.31-2.37 | 2.38~2.44 | 2.38~2.44 | 2.37~2.43
B2 2.39~2.45 | 2.39~2.45 | 2.45~2.51 | 2.46~2.52
B3 | 2.41~247 | 2.45~2.5]1 | 2:52~2.38 | 2.52~2.58
B4 | 2.40~2.46 | 2.45~2.51 | 2:53~2.39 | 2.53~2.59
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Table 11 Test results of recycled coarse aggregates

KS manufacture
Item quality method
condition | existing | proposed
water absorption (%) = 30 4.19 2.01
oven-dry gravity = 25 2.37 2.56
abrasion ratio (%) = 40 28
ratio of absolute > 55 48 79
volume (%)
amount of loss at
pass test of 0.08mm = 1.0 1.4 0.2
sieve (%)
alkali aggregate harmless- | harmless- | harmless-
reaction ness ness ness
amount of ball of
clay (%) =02 0.11 0.07
soundness (%) = 12 6 4
amount of | gonpic | < 10 0.04 0.04
foreign
substance | . .
(%) inorganic = 1.0 0.3 0.3
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