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This research was initiated to establish quality standards and testing methods for fine dust in
aggregates, a component currently not regulated under the Korean Industrial Standards(KS) KS F
E-mail : twhan@cju.ac.kr 2527 for Concrete Aggregates. With limited existing research and no definitive quality or testing
standards for fine dust, this study sought to provide a quantitative analysis of fine dust in aggregates
and to set forth quality standards based on the dust content through a concrete performance
Received : September 26, 2024  evaluation. The experimental findings showed that the primary chemical constituents of the fine dust
Revised :October 4, 2024 were aluminum oxide(Al;03), iron oxide(Fe;03), and silicon dioxide(SiOz). It was observed that
Accepted : October 7, 2024 increasing levels of fine dust in the aggregates led to higher values of the fine dust index(Al,03+Fe;03).
This escalation in the fine dust index corresponded with an increase in the unit water content of the
concrete and a consequent decline in compressive strength. Based on these observations, a maximum
allowable limit for the fine dust index in aggregates was proposed at 23%. This limit was derived from
the correlation between fine dust content and a 15% reduction in compressive strength of standard
concrete specimens. The proposed evaluation method for the fine dust index based on its content in
aggregates is expected to enhance concrete performance and ensure structural stability. This
contribution to the field addresses a significant gap in the standards and provides a foundation for
further research and standardization in the construction materials industry.
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An Alysisan Experimental Study on the Evaluation Method of Clay Mineral Content through Aggregate Composition Analysis
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Table 1. Current state of aggregate sampling

Division Screening Aggregate Forest Aggregate Land Aggregate
GYEONGGI-DO 14 EA SEA 2EA
CHUNGCHEONG-DO 3EA 3EA 2EA
JEOLLA-DO 3EA 1 EA 2EA
GYEONGSANG-DO SEA 1 EA 1 EA
Total 25 EA 10 EA 7EA
Total 42 EA

Table 2. Experimental plan for analyzing physical properties and composition of aggregates

Division Experimental Items Experimental Standards
Absolute dry density(g/cm’) KS F 2503, KS F 2504

Physical Character 0.08mm sieve passing amount(%) KSF 2511
Absorption(%o) KS F 2503, KS F 2504

Component Analysis Method Component analysis of XRF KS L 5222

222 =M9 2™ EM TrtAn}

Figure 2= 27 0] ZA| o] w2 U Ay} vebd Jolc} Avfoll A RS 427]9] Al 2 K715 2 ZA) 5
HofA] ol Zajo] 45 W EA 7] Zof kEsle 20 2 LRt Tok ZAE Ur 2 ) wet Ak Aduky] ZAo]
1712 592 71 U LT}, o) ZAFERF SoflA] dholu] i Za o] A of QB EolEE B A E ZstE S o5t
Aoz v Yekes Aoz At m W 7 w2 Al AEEAR 2.3 02 HEb o 24 o B e s oS 22
Y E ZAre vlglshy drrt =848 Z2o] ofoot 210 2 Q1A 11 9ich
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An Alysisan Experimental Study on the Evaluation Method of Clay Mineral Content through Aggregate Composition Analysis
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Table 3. XRF Analysis results of aggregate
Cemical Aalysis(%)
Division Si0,  ALO; Fe0; CaO0  MgO  SO;  NaO KO  TiO,  P.Os  MnOs ‘;l;%:

1 56.38 17.13 8.37 2.88 2.38 0.45 2.06 3.56 1.39 0.32 0.15 25.50
2 60.31 19.01 6.37 1.23 1.61 0.00 224 3.88 0.76 0.16 0.09 2538
3 5940  20.83 4.46 1.39 1.00 0.07 3.49 4.02 0.81 0.06 0.06 25.29
4 60.12 17.33 6.79 2.24 2.61 0.22 2.72 3.65 0.86 0.14 0.10 24.12
5 62.92 16.40 6.64 1.88 1.85 0.00 2.16 3.37 0.79 0.41 0.06 23.04
6 61.01 16.70 6.30 3.53 1.78 0.00 3.25 2.46 1.01 0.40 0.07 23.00
7 56.71 14.72 8.24 3.93 2.38 1.17 1.81 3.67 0.77 0.24 0.08 22.96
8 60.71 16.51 6.45 2.34 2.16 0.15 2.54 3.64 0.82 0.18 0.08 22.96
9 62.26 16.03 6.69 1.93 1.60 0.40 2.51 3.76 0.98 0.18 0.11 22.72
0 63.19 16.61 5.80 2.29 1.08 0.00 3.81 3.50 0.97 0.31 0.07 22.41
1 63.75 16.83 5.38 1.79 1.85 0.13 3.16 4.15 0.55 0.12 0.08 2221
12 63.94 16.40 5.82 1.41 1.64 0.00 2.18 3.64 0.64 0.36 0.07 2222
3 65.57 18.27 3.08 1.66 0.59 0.00 5.11 3.11 0.39 0.00 0.04 21.35
14 64.78 15.17 5.20 297 1.83 0.42 3.12 3.39 0.65 0.33 0.07 20.37

15 61.42 17.40 5.61 2.96 1.53 0.00 3.77 2.85 0.92 0.38 0.08 23.01

16 63.49 15.77 5.27 2.83 1.66 0.00 3.60 3.13 1.21 0.22 0.06 21.04

17 62.32 16.25 5.71 2.38 2.26 0.00 291 3.41 0.72 0.29 0.06 21.96

18 60.83 14.11 7.65 3.87 1.72 0.13 1.85 424 1.10 0.32 0.08 21.76

19 66.70 16.03 3.72 223 0.55 0.00 423 4.05 0.61 0.10 0.03 19.75

20 67.03 14.68 5.67 2.15 0.69 0.00 341 4.69 0.53 0.12 0.03 20.35

21 66.01 15.05 7.04 1.51 0.65 0.00 3.34 4.36 0.33 0.06 0.03 22.09

22 70.26 13.77 9.32 0.13 0.49 0.00 1.00 291 0.38 0.00 0.06 23.09

23 58.69 12.23 9.42 2.54 1.61 0.97 2.09 2.55 0.58 0.07 0.18 23.65

24 61.20 16.81 6.08 431 1.57 0.47 3.78 221 0.75 0.18 0.09 22.89

25 69.87 13.51 4.73 1.65 0.95 0.00 3.48 3.81 0.62 0.11 0.18 18.24

26 66.76 13.74 4.88 3.42 225 0.22 0.71 3.78 0.58 0.17 0.12 18.62

27 67.35 14.18 4.43 3.12 1.39 0.01 2.63 3.94 0.66 0.21 0.06 18.61

28 67.47 14.95 3.34 1.81 1.15 0.86 1.99 4.89 0.45 0.15 0.04 18.29

29 71.09 14.69 2.07 1.71 0.56 0.00 3.57 4.84 0.43 0.05 0.05 16.76

Forest 30 68.88 13.71 2.62 2.13 1.10 0.47 2.23 491 0.33 0.08 0.04 16.33
Aggregate 31 69.30 13.23 3.27 2.54 228 0.21 2.85 3.72 0.85 0.30 0.06 16.50
32 67.13 12.38 6.05 2.74 1.69 0.18 2.42 3.50 0.75 0.37 0.06 18.43
33 66.68 14.28 2.04 1.73 0.76 0.00 3.59 4.16 0.51 0.02 0.02 16.32
34 80.33 10.30 2.30 0.16 0.46 0.00 1.04 3.24 0.36 0.00 0.10 12.60
35 65.79 12.65 421 3.52 2.06 0.01 3.29 2.84 0.67 0.09 0.08 16.86
36 75.64 11.50 2.88 1.16 0.96 0.00 2.28 3.17 0.79 0.02 0.05 14.38
37 75.85 11.34 2.82 1.12 0.93 0.00 2.44 3.22 0.61 0.02 0.03 14.16
38 64.17 15.66 5.15 2.67 1.48 0.00 3.83 3.08 1.20 0.21 0.06 20.81
39 73.22 12.81 3.14 1.80 1.25 0.00 2.51 3.60 0.43 0.03 0.05 15.95
40 76.24 9.91 4.10 0.88 1.16 0.00 1.14 3.47 1.00 0.03 0.04 14.01
41 55.37 17.11 8.00 5.31 2.18 0.00 3.43 2.35 1.66 0.90 0.10 25.11
42 73.26 11.92 3.57 1.34 1.05 0.01 2.26 3.07 1.16 0.05 0.07 15.49

Screening
Aggregate

Land
Aggregate
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An Alysisan Experimental Study on the Evaluation Method of Clay Mineral Content through Aggregate Composition Analysis
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Table 4. Detailed experimental plans

Factors Levels
Clay minerals in aggregates(%) 0,1,3,6,9,12,15
Mixture Slump 180+25mm, Air content 4.5+£1.5%
Fresh concrete Slump, Air content, Water content per unit volume of concrete
Hardened concrete Compressive strength(3 days, 7 days, 28 days)

Table 5. Physical properties of plain concrete aggregates

Factors Coarse Aggregate Crushed Fine Aggregate
Absolute dry density(g/cm®) 2.7 2.6
Water absorption ratio(%) 0.7 1.2
Safety test(%) 4 4
0.08mm sieve passing amount(%) 0.7 2.9
Distribution of grain shape(%) 58 56
Attrition Rate(%) 21 -

Table 6. Concrete mix design specifications

Level W/B S/a Unit Weight(kg/m®) SP AE

(%) C FA BFS S G Clay (%) (%)

0 920 0 0.016

1 910.8 9.2 0.013

3 882.4 27.6 0.023

Sand 6 48.6 52 258 56 56 864.7 822 553 0.70 0.035
9 837.1 82.9 0.055

12 809.5 110.5 0.090

15 781.9 138.1 0.150

0 822 0 0.015

| 813.8 8.2 0.012

3 797.4 24.6 0.016

Ag;’:;;te 6 48.6 52 258 56 56 920 772.8 492 0.70 0.020
9 748.2 73.8 0.024

12 723.6 98.4 0.028

15 699 123 0.031
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3.2.1 M0 B2 H/HE0 OE EEX|le 24210

Table 7- Plain #-2>= Aol B2 7ol the ofet

Table 7. Chemical composition analysis of aggregates with varied clay mineral content

Chemical Analysis(%)

Clay Minerals AlLOs+Fe,0;
Content SiO, ALO;  FeyOs CaO MgO  Na,O KO TiO, P,0:s SO; (Clay Mineral
index)
0% 6445 1508 337 240 119 290 515 036 024  0.60 19.45
1% 5926 1679 489 280 135 473 425 078 032 0.7 21.68
3% 5853 1695 596 270 130 494 375 092 036 0.1l 2291
Ag;’ggszte 6% 5838 1708 610 253 126 535 358 101 035 008 23.18
9% 5857 17.16 605 254 117 561 350 098 039 007 2321
12% 5820 1746 614 241 121 547 350 104 041 007 23.60
15% 5803 1727 628 260 121 584 337 102 040  0.06 23.55
0% 6335 1546 351 250 119 348 506 041 019 046 19.97
1% 6077 1628 497 245 125 423 441 074 030 034 21.25
3% 5907 1674 577 250 127 486 393 094 035 033 22.51
Sand 6% 5896 1739 550 237 131 493 393 087 031 0.8 22.89
9% 5812 1751 596 241 130 497 38 094 034 016 2347
12% 5818 1749 600 238 140 487 38 090 033 016 23.49
15% 5814 1773 620 234 130 522 364 099 037  0.10 23.93

Figure 7, Figure 8= =74 ] B2 37 1ol mhE ERAlo] A 24 2 oltt 220 244 8dA £

AATR2FE 7.2.0 2 UEo W ZhE A o] B A A A 24187 0.88 2 LR T A Al A2 R2 glol A L
B A0 Hol 80| gk Hrlsl] sl £ ATol ASTehs XRF Al o] aAlo] Slrka poec
30 , 30
fa 1;
= 3, 25
% 25 &
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2 2
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z 5 & 5
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0 0
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Figure 7. Analytical results of clay mineral index in coarse aggregates Figure 8. Analytical results of clay mineral index in sand
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Figure 9. Compressive strength and unit water content of Figure 10. Compressive strength and unit water content of
concrete mixes as functions of clay mineral content in coarse concrete mixes as functions of clay mineral content in fine
aggregate aggregate
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