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For the preliminary judgement on the chemical stability of concrete aggregates mixed with cement paste, ASTM
C 295 method can be applied prior to the long-term chemical test methods. By using this standard test method, the
petrographic study on the appropriateness of natural KEDO aggregates for concrete was carried out. With the nat-
ural gravel and sand aggregates, the polarized microscope, stereoscopic microscope, and X-ray diffractometer were
used for examination. The result shows the 23% of gravel aggregates and 5.1% of sand aggregates are chemically
unstable. To select the favorable KEDO concrete aggregates, it is required to exclude the highly metamorphosed
rocks, acidic volcanic rocks, highly foliated rocks, and expansive rocks identified from mortar-bar test. Further
chemical test and mortar-bar test method integrated with this study is recommended for the suitability assessment
of natural KEDO concrete aggregates.
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Fig. 1. Grain size analysis of natural KEDO gravel and
sand aggregates.
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Table 1. The composition of leucocratic coating materials of gravel aggregates.
Results of XRD Minerals

20 d(A) I, Quartz Plagioclase Haloysite Ilite Kaolinite
13.84 6.393 10.85 6.39(20)
18.78 4721 943 4.69(50)
20.82 4263 23.23 4.26(35)
22.00 4.037 9.95 4.03(16)
23.08 3.851 8.53 3.85(8) 3.84(40)
23.56 3.773 10.98 3.78(25)
23.98 3.708 23.48 3.72(12) 3.78(25)
25.16 3.537 16.23 3.52(3%5)
26.62 3.346 100.00 3.34(100) 3.34(90) 3.34(100)
27.42 3.250 23.56 3.26(50)
27.92 3.193 55.41 3.19(100) 3.20(16)
30.50 2.929 9.82 2.93(16) 2.9(16)
36.52 2.458 11.56 2.45(12) 2.46(6) 2.45(18)
39.42 2.284 7.49 2.28(12) 2.27(2)
40.26 2.238 4,78 2.23(6) 2.23(20) 2.25(8)
42.40 2.130 8.01 2.12(9) 2.12(8) 2.13(20)
45.76 1.981 465 1.98(6) 1.98(4) 1.98(35)
50.14 1.818 12.92 1.81(17)
59.96 1.542 7.10 1.54(15)
68.32 1372 12.92 1.37(11) 1.38(20)

Table 2. The composition of dark gray colored coating materials of gravel aggregates.

Results of XRD Minerals

20 d(A) 1T, Plagioclase  Haloysite Illite Kaolinite ~ Smectite-Kaolinite
8.78 10.06 2322 10.00(100)
12.48 7.08 17.05 7.3(90) 7.10(100) 7.24(100)
14.18 6.24 17.05 6.39(20)
18.82 471 16.06 4.69(50)
20.84 425 25.14 4.26(35)
23.90 372 27.14 3.75(80) 3.72(12)
2396 371 30.11 3.68(20) 3.53(100)
25.20 3.53 28.52 3.52(35)
26.62 334 100.00  3.34(100) 3.34(90)  3.34(100)
27.46 3.24 17.33 3.23(80)
27.98 3.18 59.92 3.18(90) 3.20(16)
35.48 252 15.03 2.52(70) 2.56(80) 2.53(35)
36.58 245 18.39 2.45(12) 2.46(6) 2.45(18)
37.54 2.39 14.80 2.36(60) 2.38(25)
39.50 2.27 15.70 2.28(12) 2.27(2)
40.28 2.23 13.91 2.23(20) 2.25(8) 2.23(5)
42.40 2.13 14.58 2.12(8) 2.13(20)
4498 2.01 14.80 2.00(50)
50.20 1.81 15.04 1.81(17)
54.86 1.67 13.68 1.66(16)
59.96 1.54 17.05 1.54(15)
68.36 1.37 14.07
69.36 135 13.68 1.35(60)
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Classification Number (%)
Tetragonal 30 (8.6)
Tabular 176 (50.3)
Prismatic 33 (949
Platy 34 (97)
Acicular 77 (22.0) g

Fig. 2. The shape classification of KEDO gravel aggregates.
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Table 3. The rock classification and modal analysis of gravel aggregates (volume %).
Minerals Classification of Rocks"

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Quartz 35 64 45 35 89 25 36 <1 3 <1 2 45 100
Orthoclase+Sericite 20 2 15 9 66 25
MicroclinetSericite 11 2 3 8
Plagioclase+Sericite 25 5 4 14 3 72 <1 3 <1 60 5
Sanidine 1
Biotite+Chlorite 3 20 30 <1 6 20 15 22 <1
Muscovite 1 16 15 2 23 2 15 <1
Hornblende 3 10 87
Tremolite 25 5 15
Pyroxene 6 7
Tourmaline 1 <1
Calcite 30
Apatite <1 <1 <1 <1
Sphene 3 2 <1
Zircon <1 <1
Chlorite a «a < 4 A 4 3 10
Epidote <1 <1 3 4 <1 <1 1
Penninite <1 <1 1
Opage minerals <1 <1 <1 < 2 <1 <i 1 <1 <1 <1 <1
Cryptocrystalline+glass 97
Sillimanite 20
Garnet 1
Perthite 5 22 10
Chalcedony <1

® 1. Granitic gneiss 2. Schist 3. Argillaceous phyllite 4. Arenaceous phyllite 5. Quartzite 6. Mylonite 7. Biotite granite 8. Dior-
ite 9. Syenite 10. Homblendite 11. Rhyolite 12. Andesite 13. Pegmatite 14. Vein quartz

Table 4. The rock and mineral composition of sand aggregates (weight %).

Rocks, Minerals

Rock uartz+ . Total
Composition ¢ Quartz  Feldspars Q Micas Tourmaline Sphene Pyroxene Epidote
fragments Feldspars
Content 64.8 17.2 10.9 6.5 0.6 <0.5 <0.5 <0.5 <0.5 100
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Table 5. The count of gravel aggregates and their proportion with regard to rock type and its weathering grade.

Rock aggregates(*) >60 mm 60~50 mm 50~40 mm 40~30 mm 30~20 mm
Grain % Grain % Grain % Grain % Grain %
Granitic gneiss F/WS 2/1 33.6/16.6 7/3 20.8/9.0 23/15 223/14.7 47/26 21.7/12.1 20/22 14.3/15.7
Schist F/'WS 2/- 5.8/- 4/5 1.823
Argillaceous phyllite F/WS 2/- 5.8/- 2/1 1.9/1.0 1/- 0.5/-
Arenaceous phyllite F/WS 3/- 9.0/- -2 -/1.9 9/6 4.1/2.8 9/4 6.4/2.9
Quartzite F/WS 2/2 5.8/5.8 15/6 14.7/58 17/9 78/41 13/9 93/64
Mylonite F/WS 3/- 2.9/- 8/7 3.7/32 32 2.1/14
Biotite granite F/'WS 1/- 16.6/- 42 11.9/58 12/7 11.7/6.7 24/10 11.1/4.6 24/13 172193
Diorite F/'WS 4/2 3.8/1.9 -1 -/0.5
Syenite F/WS -/1 -/2.9 1/- 1.0/- 3/5 1423 1/3 0.7/2.1
Homblendite F/WS 2/- 5.8/- 3/2 29/1.9 4/5 1.8/2.3 32 2.1/1.4
Rhyolite F/'WS -/1 -/16.6 1/1 2.9/2.9 3n 29/1.0 9/4 4.1/1.8 52 38/14
Andesite F/WS 1/- 16.6/- 2/- 5.8/- 1/- 1.0/- 4/1 1.8/0.5 2/1 1.4/0.7
Pegmatite F/WS 1/5 0.52.3
Vein quartz F/WS -2 -/0.9 171 0.7/0.07
Total 6 100.0 34 100.0 103 100.0 217 100.0 140 100.0

) F: Fresh, WS: Slightly Weathered (ISRM Working Party, 1978). Same abbreviation is used in all tables.

Table 6. The weight percent of gravel aggregates with regard to rock type and its weathering grade.

Weight percent

Rock aggregates >60mm  60~50 mm  50~40mm _ 40~30mm _ 30~20 mm Total
Granitic gneiss F/WS 1.4/0.6 2.8/1.5 7.1/4. 8.3/4.2 1.7/1.8 21.3/12.8 34.1
Schist F/WS <0.1/0.8 0.3/0.6 0.6/1.4 2.0
Argillaceous phyllite F/WS 0.9/<0.1 0.8/0.2 0.1/<0.1 1.8/0.2 2.0
Arenaceous phyllite F/WS 1.6/<0.1 <0.1/0.8 1.4/0.7 0.5/0.2 3.5/1.7 52
Quartzite F/WS 0.9/1.0 4.8/1.7 2.7/1.4 1.0/0.6 9.4/4.7 14.1
Mylonite F/WS 0.9/<0.1 1.3/0.9 0.1/0.1 2.3/1.0 33
Biotite granite F/WS 0.6/0.1 22/1.2 4.62.5 53/1.7 1.9/0.8 14.6/6.2 20.8
Diorite F/'WS 1.7/0.6 <0.1/0.2 1.7/0.8 2.5
Syenite F/WS <0.1/0.5 0.3/<0.1 0.5/0.7 0.1/0.3 0.9/1.5 24
Hornblendite F/WS 0.9/1 0.9/0.7 0.5/0.8 0.2/0.1 2.5/1.6 41
Rhyolite F/'WS <0.1/0.7 0.6/0.2 0.6/0.2 1.3/0.6 04./0.1 2.9/1.8 4.7
Andesite F/WS 0.4/<0.1 0.7/<0.1 0.8/<0.1 0.8/0.2 0.2/0.1 2.9/0.3 32
Pegmatite F/WS 0.2/0.7 0.2/0.7 0.9
Vein quartz F/'WS 0.1/0.1 <0.1/0.2 0.2/0.2 0.2/0.5 0.7
Total 3.5 16.2 344 35.6 103 100.0
Subtotal of F grade 24 10.6 22.5 23.0 6.3 64.8
Subtotal of WS grade 13 52 11.5 12.9 43 352
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Table 7. The count of sand aggregates and their proportion with regard to rock and mineral type and its weathering grade.

Sand aggregates 9.52~5 mm 5~2.5 mm 2.5~1.2 mm 1.2~0.6 mm 0.6~0.3 mm 0.3~0.15 mm
Grain %  Grain % Grain % Grain % Grain % Grain %
Rock fragments F 40 ?3.1 875 818 15411 708 121676 610 288219 494 046x10° 237
Rock fragments WS 7 149 120 113 2002 92 13364 6.7 15169 2.6 0 0
Quartz F 1 2.0 44 4.1 2177 100 32115 16.1 128356 220 0.75x10° 387
Quartz WS 0 0 0 0 0 0 0 0 0 0 0 0
Feldspas F 23 22 1458 67 19348 97 93350 16.0 0.40x10° 20.6
Feldspas WS 0 0 0 0 0 0 0 0 0 0
Quartz+Feldspars F 7 0.6 718 33 12966 6.5 52509 9.0 0.24x10° 124
Quartz+Feldspars WS 0 0 0 0 0 0 0 0 0 0
Micas F 0 0 0 0
Micas WS 5835 1.0 0.09x10° 4.6
Total 48 100 1069 100 21766 100 199469 100 583438 1.94x10° 100

Table 8. The weight percent of sand aggregates with regard to rock and mineral type and its weathering grade.

Weight percent

Sand aggregates S M 2512 mm 1206 mm 0.6-03 mm 03-0.15 mm Total
Rock fragments F/WS 1703 5904 12513 26917  11.6/03 1900 60543 648
Micas F/WS <0.1/<0.1  0.3/0 1.7/0 6.8/0 5.0/0 340 1720 172
Feldspas F/WS 0.10 1210 41/0 3.7/0 180 1090 109
Quartz+Feldspars F/WS <0.1/<0.1  0.6/0 2.7/0 2.1/0 11.0 650 65
Micas F/WS 0.02 0.04 006 06
Total 20 70 173 02 22.9 g6 100.0
Subtotal of F grade 17 63 160 405 224 82 951
Subtotal of WS grade 03 0.7 1.3 1.7 0.5 0.4 49
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Table 9. Residual components from each sieve and their weathering condition.

Gravel aggregates

Residual components

All samples

>60 mm 60~50 mm 50~40 mm 40-30 mm 30~20mm F grade WS grade Total
Gneiss 52 30 37 33 30 21 13 34
Schist 6 4 1 1 2
Argillaceous phyllite 6 3 1 2 0 2
Arenaceous phyllite 9 2 7 9 3 2 5
Quartzite 12 20 12 16 9 5 14
Mylonite 3 7 3 2 1 3
Biotite granite 16 18 18 15 27 i5 6 21
Diorite 6 1 2 1 3
Syenite 3 1 4 3 1 1 2
Hornblendite 5 5 4 4 2 2 4
Rhyolite 16 5 4 6 5 3 2 5
Andesite 16 6 1 2 2 3 0 3
Pegmatite 3 0 1 1
Vein quartz 1 1 0 1 1
Total 100 100 100 100 100 100
Weight 64 36
Residual components All samples

Sand aggregates

9.52~5 mm 5~2.5 mm 2.5~1.2 mm1.2~0.6 mm0.6~0.3 mm 0.3~0.15mm F grade WS grade Total

Rock fragments 52 24 60 4 64
Quartz o8 » o o 2 39 17 o 17
Feldsprs 5 N 7 10 16 21 11 0 11
Quartz+Feldspars ) 3 6 9 12 7 0 7
Micas 1 4 0 1 1
Total 100 100 100 100 100 100 100
Weight 95 5
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Table 10. Review on the potential alkali-aggregates reaction of KEDO gravel and sand aggregates.

Unstable aggregates (Alkali-aggregates reaction etc.)"”’

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Gneiss O
Schist O O
Argillaceous
phy%llite O o
Arenaceous
phyllite
Quartzite
Gravel Mylonite

aggregates  Oranite
Diorite

Aggregates

OR®;

Syenite
Hornblendite
Rhyolite O O
Andesite
Pegmatite
Vein quartz
Rock fragments O O O O
Quartz
Feldsprs
aggregates Quartz+Feldspars O

- Micas O
(*) 1. Opal 2. Cristobalite 3. Tridymite 4. Glass matrix of acidic volcanic rocks 5. Glass matrix of intermediate volcanic
rocks 6. Chert 7. Glass~cryptocrystalline acidic volcanic rock 8. Synthetic glass 9. Argillaceous rock 10. Phyllite 11.
Metamorphosed greywacke 12. High-grade metamorphosed quartz 13. Fine grained limestone or calcite 14. Fine grained
granulite or dolomite 15. Sulfides(Pyrite, Arsenopyrite etc.) 16, Basalt 17. Sandstone 18. Micas

O
Sand O
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