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Abstract : In the construction industry, lack of reliability in the quality of recycled aggregates, harmful substance
problems, and negative consumer perceptions limit the expansion of the use of recycled aggregates. In this respect,
existing studies mainly focus on the use of recycled coarse aggregates in concrete in consideration of durability.
On the other hand, in the case of recycled fine aggregates, not only are there insufficient cases applied to major
structures, but the scope of application is very limited due to lack of awareness. Therefore, the main purpose of this
study is to present the possibility of their application in bearing and non-bearing wall structures through physical
characteristics experiments of concrete bricks for masonry according to various mixing ratios of recycled fine
aggregates and cement amounts. To this end, the compressive strength and absorption rate of concrete bricks were
measured focusing on the mixing ratio of the recycled fine aggregate and the crushed fine aggregate and the amount
of cement. As a result, it is found that it is possible to use 100% of recycled fine aggregate for 200kg/ni of cement or
25% of crushed fine aggregate mixed with 75% of recycled fine aggregate for the same amount of cement to achieve
the compressive strength of 13Mk, witch is one of the quality requirements for concrete bricks for bearing walls. In
addition, it is found that to meet the strength of 8MP, one of the quality requirements for non-bearing walls, it is
sufficient to use 100% of the recycled fine aggregate for 100kg/m of cement. Through the absorption rate tests, it
is also confirmed that the absorption rate of the concrete brick is 13% or less by meeting the required performance
criteria. This means that even if recycled fine aggregate is used in the manufacture of concrete bricks, the quality
standards required by KS F 4004 (concrete bricks) can be sufficiently met.
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Table 1. Mortar Mix Ratios (/m)

w/C Natural Fine | Crushed Fine |Recycled Fine
. .~ | Water | Cement
Specimen | ratio (ko) (ko) Aggregate | Aggregate | Aggregate
%) | ¥ Y9 (ko) ka)er | (kg)res
Natural
100% 1,600
Crushed 105 300
100% 1,600
Recycled 87.5 250
25% 1,200 400
ﬁ 35 70 200
Recycle 800 800
50% 525 | 150
Recycled
5% 35 | 100 400 1,200
Recycled
100% 1,600
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Table 2. Physical Properties of Ordinary Portland Cement
(OPQ)

Final setting time
Cement Density| nitial | Final
(min) (hrs)
OPC 3.15 215 4.45 285 427 56.5 3.56

Compressive strength (i)

Fineness
3Day | 7Day |28Day | (ei/9)

Table 3. Chemical Composition of Ordinary Portland Cement
(OPQ)

Chemical Composition (%)
Lol | SiO, | ALO, | Fe,0, | CaO | MgO | SO, | Na,0 | K,0
OPC| 252 12047 | 495 | 327 | 6099 | 227 | 225 | 033 | 1.07
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Cumulative Passing Percentage (%)
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90.0%
80.0%
70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%

0.0% Sieve Size

0.00 0.08 0.13 0.30 0.60 118 236 475 (mm)
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Fig 1. Particle Size Distribution of Natural, Crushed, and
Recycled Fine Aggregates
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Table 4. Physical Properties of Natural, Crushed, and Recycled Fine Aggregates (KS F 2527, 2018)

Natural Fine Aggregate (kg) | Test Result | CrushedFine Aggregate (kg) | Test Result |Recycled Fine Aggregate (kg)| Test Result
Density in oven-dry condition (g/cri) 257 2.56 2517 2.56 257 23
Absorption rate (%) 30/ 1.03 30/ 1.16 50/ 3.24
0.08mn Seive Passing Rate (%) 3.0/ 22 7.0/ 29 70! 39
Clay contained (%) 1.0/ 0.1 0 0 10 0.4
Chloride content (%) 0.04 | 0.005 0 0 0 0
Ingredient Safety (%) 100/ 3.1 100 4 10.0 | 4
Particle shape determination 531 54 531 54
Alkali-aggregate reaction Harmless Harmless
Impurity contents Organic foreign material 1.0 | (volume) 03
Inorganic foreign material 1.1 | (mass) 0.2
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Table 5. Compressive Strength by Age (W)

Cement (300 kg/ni)

Natural | Crushed | Recycled | Recycled | Recycled | Recycled

Dy | 1o0% | 100% | 25% 50% 75% | 100%

5 17.27 18.1 21.69 18.18 16.79 14.41

7 17.01 20.39 20.37 19.78 18.92 18.23

28 17.26 22.56 20.77 19.92 19.25 19.08

Cement (250 kg/m)

Natural | Crushed | Recycled | Recycled | Recycled | Recycled

Dy | 1o0% | 100% | 25% 50% 75% | 100%

5 13.88 19.15 19 17.42 15.36 12.64

7 14.94 21.22 20.7 19.89 15.36 13.32

28 13.67 22.43 20.45 19.64 18.82 15.05

Cement (200 kg/m)

Natural | Crushed | Recycled | Recycled | Recycled | Recycled

Dy | 1o0% | 100% | 25% 50% 75% | 100%

5 9.90 15.17 14.31 9.92 8.01 8.67

7 11.15 16.65 15.97 13.55 11.12 10.83

28 11.09 20.39 19.83 14.02 13.04 11.44

Cement (150 kg/m)

Natural | Crushed | Recycled | Recycled | Recycled | Recycled

D&y | 100% | 100% | 25% 50% | 75% | 100%
5 | 682 | 1179 | 908 874 891 8.4
7 | 695 | 1347 | 1137 | 1015 | 935 832
28 | 942 | 1749 | 1422 | 1297 | 1136 | 1051
Cement (100 kg/mi)
Day Natural | Crushed | Recycled | Recycled | Recycled | Recycled
100% | 100% | 25% | 50% | 75% | 100%
5 | 481 9.93 9.49 7.77 837 772
7 | s14 | 1231 | 1019 | 869 895 878

28 7.04 16.59 12.35 11.35 10.52 10.36

Table 6. Compressive Strength Test Results (iPa)

28-Day Compressive strength (iz)
Cement Cement Cement Cement | Cement
300kg/m | 250kg/m | 200kg/m | 150kg/mi | 100 kg/mi
Natural
100% 17.26 13.67 11.09 9.42 7.04
Crushed
100% 22.56 2243 20.39 17.49 16.59
Recyded | 577 2045 19.83 14.22 12.35
25% . s ! : .
Recycled
50% 19.92 19.64 14.02 12.97 11.35
Recycled
759% 19.25 18.82 13.04 11.36 10.52
Recycled
100% 19.08 15.05 11.44 10.51 10.36
Black letter: Exceeds the minimum limit of compressive strength for bearing
walls (13 MPa)

Blue letter: Exceeds the minimum limit of compressive strength for non-
bearing walls (8 MPa)
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28-Day Compressive Strength

——Cement —s—Cement —&—Cement Cement —#-Cement
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Type 1 brick :
13MPa or higher

Type 2 brick :
8MPa or higher

NATURAL CRUSHED RECYCLED RECYCLED RECYCLED RECYCLED
100% 100% 25% 50% 75% 100%

Fig. 2. Compressive Strength (28 Days)
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Fig. 3. Absorption Rate (%)
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