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Choi, Hyun-Kyu The purpose of this study is to propose an assessment method to analyze clay collectively referred to
Tel : 82-2-6270-6206 as fine particles of clay components contained in fine aggregates, and to propose quality standards for
E-mail : clay use through correlation with the performance of concrete to verify the properties of clay measured

friendchk@sampyo.co kr according to the method. As aresult, it is analyzed that it will be suitably utilized as a method to assess

the fine particles of the clay component of fine aggregates through the component analysis of XRF.
Regarding the related quality standards, considering the error rate of about 10% of KCS 14 20 10, the
Received : September 16, 2022 reJated quality standards were analyzed to be safe when Al;03+Fe;03+MgO is 23.5% or less and
Revised :October 24, 2022 Si0,+K,0 is 66.5% or more. To build on this study, it is expected that a comprehensive review will be
Accepted : October 25, 2022 conducted through additional follow-up studies such as on clay of coarse aggregates and durability
analysis to establish a system for quality control of the soil fraction of aggregates.
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Table 1. Quality standards related to fine particles stipulated in KS F 2527

Density Percentage Amount of material finer Clay
Aggregates in absolute dry condition ~ of absorption  than 0.08mm sieve in aggregate  contained in aggregate
(7o) (7o) (7o) (7o)
Gravel <1.0
h 2.50 < <30 -
Crushed aggregate Sand <70
Gravel <1.0 <025
< <
Natural aggregate Sand 250 < <30 <30,<50 <10
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Table 2. Annex D assessment of fine in EN 12620

Division Conditions applying
2) The total fines content of the fine aggregate is less than 3% or other value according to the provisions valid in the place of use of the
aggregate
b) The sand equivalent value(SE) when tested in accordance with EN 933-8 exceeds a specified lower limit
c) The methylene blue test(MB) when tested in accordance with EN 933-9 gives a value less than a particular specified limit

Equivalence of performance with known satisfactory aggregate is established or there is evidence of satisfactory use with no

9 experience of problems

2 170) AAATE Table 37} e}, 714, St 2 Aebahe Fuf e ml A= EelEo]A ol ALg T e
EHE AHIE(Ordinary Portland Cement_©[5} OPC) 70%, #E]'OPH/\](Fly Ash_©[S}FA) 15%, 1125241 7]EH(Ground
Granulated Blast-furnace Slag_©]5} SP) 15%2] x| gH]-8-2 AMESIA9 Y, ATA TR 340kg/m’ 2 AlZ5tATt E5F A4 E
oA Ftshe Y EL A5 07 - SUSHA F@sH] Aol B wiekr<wols €1 R 9 377 RRE A5
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Table 3. Experimental plan

Factor Level
Target proportioning strength(MPa) 33
Slump(mm) 180+ 20
Mixture Air content(%) 45+15
Binder(kg/m?) 340
Fine Aggregates Screening aggregate(Sa) - 20, Forest aggregate(Fa) - 8
Methylene blue Methylene blue value(MBV)
Assessment . . . Lo
method 0.08 mm sieve passing amount Amount of material finer than 0.08mm sieve in aggregate
(4 types) Volume Volume by fine particle(Visual identification_60 min)
P XRF(X-ray Fluorescence) Chemical composition(SiO., AlL,Os, Fe;O;, MgO, K,0)
Slump, Air content(0 min, 60 min)
. Fresh concrete .
Experiments Water content per unit volume of concrete

Hardened concrete Compressive strength(3 days, 7 days, 28 days)

Table 4. Mix proportions of concretes

Level S/a Unit weight(kg/m’) AE/C  Superplasticizer/C
(%) Binder OPC FA SP Water Crushed sand ~ Crushed gravel (%) (%)
Sal 238 949 682 0.018
Sa2 214 960 708 0.018
Sa3 233 928 687 0.030
Sa4 200 1007 724 0.026
Sa5 213 1006 709 0.018
Sa6 214 978 708 0.028
Sa7 201 998 723 0.015
Sa8 206 972 717 0.020
Sa9 207 989 716 0.014
Sal0 212 966 711 0.018
Sall 58 340 238 1 3 198 991 726 0.018 05
Sal2 212 966 711 0.018
Sal3 189 1024 736 0.022
Sal4 187 1004 738 0.013
Sal5 180 1019 746 0.019
Sal6 180 1003 746 0.019
Sal7 181 1025 745 0.018
Sal8 227 962 694 0.040
Sal9 193 1007 732 0.027
Sa20 184 1009 742 0.020
Fal 191 1013 734 0.012
Fa2 180 1023 746 0.015
Fa3 180 1023 746 0.012
Fa4 185 1038 741 0.018
Fa5 >8 340 238 31 31 184 1044 742 0.011 05
Fa6 186 1013 739 0.012
Fa7 190 1011 735 0.019
Fa8 190 1027 735 0.014
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Table 5. Physical properties of cement

. . Setting time(min) Compressive strength(MPa)
3 2 0,
Density(g/cm’) Blaine(cm™/g) Soundness(%) Initial Final 3 days 7 days 28 days
3.14 3648 0.065 299 371 34.4 47.1 58.5

Table 6. Physical and chemical properties of fly ash

. . . . Activity index(%) Chemical component(%o)
L.O.I(%) D ’) BI /lg) M %) Fl 0
0.1(%) ensity(g/cm’) aine(cm/g) oisture content(%) ow ratio(%) 28 days 91 days Si0,
3.0 2.24 3530 0.1 100 89 100 57.9

Table 7. Physical and chemical properties of ground granulated blast-furnace slag

. . Activity index(%) Chemical component(%o)
D ¥ Bl ¥ 1-(
ensity(g/em’) aine(cm/e) CH(%) 7days  28days 91 days SO; MgO
2.87 4230 0.007 75 90 105 1.86 2.81

Table 8. Physical basic properties of fine aggregates

Type Density Fineness modulus Percentage of Type Density Fineness modulus Percentage of

P (g/em?) aggregate absorption(%) P (g/em’) aggregate absorption(%)

Sal 2.65 3.53 1.09 Sal5 2.59 3.22 0.86

Sa2 2.54 3.36 1.97 Sal6 2.55 3.27 0.84

Sa3 2.54 2.98 1.54 Sal7 2.59 3.01 1.39

Sa4 2.63 3.08 1.08 Sal8 2.62 3.65 1.24

Sas 2.69 335 0.62 Sal9 2.58 343 1.79

Sa6 2.61 3.04 1.30 Sa20 2.57 3.45 1.27

Sa7 2.62 297 0.82 Fal 2.62 2.90 0.65

Sa8 2.56 3.09 1.21 Fa2 2.60 3.06 0.87

Sa9 2.61 3.09 0.97 Fa3 2.60 2.89 0.87

Sal0 2.58 3.29 0.96 Fa4 2.65 3.44 0.92

Sall 2.59 3.29 1.17 Fa5 2.68 3.02 0.61

Sal2 2.56 3.12 1.49 Fa6 2.61 3.17 0.53

Sal3 2.61 3.46 1.88 Fa7 2.61 2.71 0.83

Sal4 2.58 2.64 1.06 Fa8 2.64 2.76 1.29
3.3 Mgy

1 A0 APPHL Figure 17 2], F2A0] E2-S Rk -2 AuHael B2 Wl 0.08mm A S 2
Sy, G0 Sl W O R BESE o IART Y, FUR7H D BAL 915 XREHS o] §3te] 5 4719] 43
o ZAgstqrt. B8, mae|E0] ST, 3713, 4EAEE Kol ufet 25t
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. o e ® : is the percentage of the amount of

fine particles passing through a 0.08
v mm sieve(%).
MBV=—1x10 : is the dry mass before washing.

M
V; 1 is the total volume of dye solution injected, in millilitres(ml).
1, - is the mass of the test portion, in grams(g).

: is the dry mass after washing.

(a) Methylene blue value(EN 933-9)

A O
~-

)i 2345

(c) Volume by fine particle(Visual identification_60 min) (d) XRF(X-ray Fluorescence)

Figure 1. Type of assessment method
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Table 9. Experimental results by assessment method

0.08mm

Methylene . . XRF(%)
sieve passing Volume
Type blue " (ml)
(ml/g) a“(q‘;g" Si0, ALO; Fe,0; CaO MgO SO; NaO K.O TiO, P:Os Mn,O; LOI  Cl
Sal 0.50 2.40 20 56.38 17.13 837 288 238 045 206 356 139 032 0.15 487 192
Sa2 1.00 3.56 30 6031 19.01 637 123 1.61 0.00 224 38 076 0.16 0.09 039 66
Sa3 0.85 4.16 50 5940 20.83 446 139 1.00 0.07 349 402 0.81 0.06 006 436 91
Sa4 0.60 2.20 10 60.12 1733 6.79 224 261 022 272 365 086 0.14 0.10 3.16 276
Sa5 0.50 1.78 10 5671 1472 824 393 238 1.17 181 367 077 024 008 621 181
Sa6 0.90 3.74 30 60.71 16.51 645 234 216 0.15 254 364 082 0.18 0.08 436 167
Sa7 0.35 3.11 10 6375 1683 538 1.79 1.85 0.13 3.16 415 055 0.12 0.08 215 167
Sa8 0.75 2.33 30 65.57 1827 3.08 1.66 0.59 0.00 5.11 3.11 039 0.00 0.04 23 92
Sa9 0.50 2.03 10 64.78 15.17 520 297 183 042 3.12 339 065 033 007 2 196
Sal0 0.65 3.26 30 6142 1740 561 296 153 0.00 377 285 092 038 008 311 132
Sall 0.90 3.01 10 63.49 1577 527 283 166 0.00 3.60 3.13 121 022 0.06 282 120
Sal2 0.75 2.53 30 6232 1625 571 238 226 0.00 291 341 072 029 006 275 122
Sal3 0.75 6.83 40 60.83 14.11 7.65 387 1.72 0.13 185 424 1.10 032 0.08 4.07 216
Sal4 0.40 2.67 10 6670 16.03 3.72 223 055 0.00 423 405 061 010 0.03 175 109
Sal5 0.40 6.27 20 67.03 1468 567 215 069 0.00 341 469 053 0.12 0.03 094 240
Sal6 0.40 1.57 10 66.01 15.05 7.04 151 0.65 0.00 334 436 033 006 0.03 1.64 104
Sal7 0.60 5.06 30 7026 13.77 932 0.13 049 0.00 100 291 038 0.00 006 1.54 69
Sal8 1.75 2.45 20 58.69 1223 1142 254 161 097 209 255 058 007 018 699 139
Sal9 0.65 6.48 30 6120 16.81 6.08 431 157 047 378 221 075 0.18 009 249 180
Sa20 0.40 1.65 10 69.87 13.51 473 1.65 095 0.00 348 381 062 0.11 0.18 1.08 186
Fal 0.35 1.91 10 6735 14.18 443 3.12 139 0.01 263 394 066 021 006 196 125
Fa2 0.35 1.16 10 6747 1495 334 181 1.15 0.86 199 489 045 0.15 0.04 238 176
Fa3 0.35 2.03 10 68.88 13.71 262 2.13 1.10 047 223 491 033 008 0.04 347 128
Fa4 0.35 3.51 10 6930 1323 327 254 228 021 285 372 085 030 0.06 128 399
Fa5 0.25 3.34 20 67.13 1238 6.05 2.74 1.69 0.18 242 350 075 037 0.06 258 107
Fa6 0.25 1.68 10 66.68 1428 204 173 076 0.00 3.59 416 051 0.02 002 6.19 95
Fa7 0.65 3.22 10 8033 1030 230 016 046 0.00 1.04 324 036 0.00 0.10 1.87 37
Fa8 0.50 2.30 10 65.79 12.65 421 352 2.06 0.01 329 284 067 0.09 0.08 4.72 91
Table 10. Experimental results by concrete type
T Slump(mm) Air content(%) Compressive strength(MPa)
ype 0 min 60 min 0 min 60 min 3 days 7 days 28 days

Sal 205 190 4.6 32 6.7 13.0 22.1

Sa2 200 160 4.6 33 9.1 15.1 25.0

Sa3 205 170 5.0 34 8.3 13.1 23.1

Sa4 205 160 6.0 4.5 10.7 17.9 29.0

Sa5 210 170 5.7 4.0 9.6 16.0 27.7

Sa6 210 160 4.4 32 9.8 17.2 26.5

Sa7 210 170 5.9 42 11.3 18.9 315

Sa8 225 170 52 3.7 10.8 18.0 30.3

Sa9 220 185 54 4.0 10.6 18.8 30.5

Sal0 205 165 5.0 3.2 10.2 16.5 27.4

Sall 205 160 5.5 34 11.2 18.8 29.6

Sal2 210 165 5.6 34 9.7 16.3 254

Sal3 205 175 5.0 3.5 133 19.8 313

Sal4 210 170 6.0 42 133 19.8 30.8

Sal5 205 160 52 3.1 13.9 20.8 332

Sal6 210 175 5.8 34 14.2 21.3 325

Sal7 225 180 4.5 3.1 14.4 21.5 35.7

Sal8 200 160 4.5 3.6 73 14.7 25.1

Sal9 205 170 6.0 3.8 11.5 19.2 31.0

Sa20 210 175 6.0 4.2 12.0 20.1 32.7

Fal 210 190 5.1 3.6 13.8 22.7 35.1

Fa2 205 180 5.8 3.6 16.4 232 35.9

Fa3 210 180 5.5 35 16.8 24.5 39.8

Fa4 210 180 5.2 3.8 14.8 23.0 36.5

Fas 210 180 5.4 34 15.1 22.7 36.8

Fa6 210 165 5.0 3.2 14.7 23.7 36.9

Fa7 210 165 52 3.8 17.0 24.4 37.5

Fa8 210 175 6.0 4.0 11.3 21.1 36.5
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