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ABSTRACT : This study deals with the petrographic examination of aggregates(ASTM C 295) which is
one of the methods to diagnose the quality of aggregates for concrete artifacts. A number of examinations
including size and sieve analysis, test on the coating material, description of the weathering and
contamination condition, petrographic description, and qualitative and quantitative analyses on the rocks and
minerals potential to alkali-aggregates reactivity are carried out to examine the quality of aggregates.

Petrographic description method examined on the fluvial aggregates from Maewhacheon A, B area,
Uljin-gun, Kyungnam province shows that weathering grade ranges from F(fresh) to WS(slightly
weathered) and coating material and contamination are not in a harmful condition. The weight percentage
of the alkali-aggregates reactive minerals or structurally unstable rocks of the aggregates from study area
covers 26% and 19% of all aggregates, respectively. So it is necessary to further identify their quality
through the chemical(ASTM C 289) and mortar-bar method (ASTM C 227).

Keywords : Petrographic Examination of Aggregates, Chemical Method, Mortar-bar Method
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Table 1. Size analysis of coarse aggregates from
Maewhacheon area.

Sieve Area A Area B
size(mm) wt. g wt % wt. g wt. %
> 375 7571 6.6 0.0 0.0
25 23949 20.9 1412.5 11.5
19 1945.8 17.0  2941.1 24.0
12.5 1802.1 15.8  2880.3 23.5
<95 1570.4 13.7 2617.2 21.3
Sub-total  8470.3 74.0  9851.1 80.3
7 1067.6 9.3 1418.0 11.6
4.75 1493.1 13.0 897.7 7.3
2.38 418.5 3.7 97.5 0.8
Sub-total  2979.2 260 24132 19.7
Total 11449.5 100.0 12264.3 100.0

Table 2. Size analysis of fine aggregates from Ma-
ewhacheon area.

Sieve Area A Area B
size(mm) wt.g  wt. % wt. g wt. %
> 4.75 0.0 0.0 38.0 3.7
2.38 80.5 8.7 110.0 10.8
0.1 838.3 91.0 865.5 84.9
< 0.1 25 0.3 6.2 0.6
Total 921.3 100.0  1019.7 100.0
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Fig. 1. Volumetric comparison of coarse aggregates

by grain size from Maewhacheon area.
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Table 3. Mineral constituents of dark gray colored
coating material from Maewhacheon aggregates.

X.R.D. data Minerals*
26 d(A) Vip| 1 2 3 4 5 6
8.68 10.1 35 10.0 10.0
12.08 7.32 23 7.3 7.24
20.74 427 44 1425
2190 4.05 33 4.02
23.46 3.78 28 3.76
25.64 347 32 3.49 3.48 3.48
26.54 3.35 100 |3.34 3.34 334
27.86 3.19 48 3.18
29.14 3.06 32 3.08
29.80 299 34 2.98
30.26 295 33 2.93
31.32 2.85 30 2.84
34.02 2.63 37 2.65 2.60
36.48 246 35 2.46 2.47
3942 228 36
4126 2.18 31 2.18
4294 210 34
45.10 2.00 35 2.00
50.04 1.82 35 [1.81
5498 166 33 1.65
59.94 1.54 34 |1.54
68.24 137 38 1.35
7566 125 32 123 1.25

*Minerals : 1. Quartz 2. Plagioclase 3. Halloysite
4. Illite 5. Prehnite 6. Smectite-kaolinite
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Table 4. Mineral constituents of leucocratic coating
material from Maewhacheon aggregates.

X.R.D. data Minerals™
26 d(A) 1 2 3 4 5
8.68 10.1 5 10.0 10.0
588 7.15 8 7.17
13.62 649 7 6.48
20.86 425 20 |4.25
2190 4.05 11 4.02
25.66 3.46 9 3.49
26.62 3.34 100 | 3.34 334 334
2796 3.18 30 3.18
29.88 2.98 6 2.98
3436 2.60 7 2.60
36.60 245 7 2.46 247
3952 227 10
4244 212 14 2.0
50.16 1.81 12 | 1.81
5498 1.66 5 1.65
60.02 1.54 6 | 154
63.96 145 7 1.48
68.14 1.37 6 1.35
75.66 1.25 5 1.23 1.25
*Minerals : 1. Quartz 2. Plagioclase 3. Halloysite
4. Illite 5. Prehnite 6. Kaolinite
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Table 5. Analysis of rocks and their mineralogy on various aggregates from Maewhacheon A area (wt. %).

R Minerals**

Aggregates 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Gneiss A 32 19 36 5 3 2 - - - - 1 - -
Gneiss B 65 20 14 1 -

Gneiss C 7 62 24 4 1 - - 1
Schist 42 4 1 - 52 1 - -
Phyltite 56 - 30 7 2 - 5
Quartzite 91 - 1 3 1 - 4

Cataclastic rock A 30 25 - 36 5 2 - 1 - -
Cataclastic rock B 99 -

Hornfels 21 36 4 5 2 - 28 4
Aplite 30 63 7 -
Gabbro 5 38 8 45 3 - 1
Diorite porphry 5 52 33 -7 2 1

Basalt 48 5 2 15 7 3 20
Basic dyke rock 15 27 10 3 45

: less than 1%
* Aggregates :

(note) -

; A = granitic, B = quartzose
**Minerals :

Gneiss A=Granitic gneiss, Gneiss B=Pegmatitic gneiss, Gneiss C=Dioritic gneiss, Cataclastic rocks

1. Quartz 2. Orthoclase(+Sericite) 3. Microcline(+Sericite) 4. Plagioclase(+Sericite)

5. Biotite(+Chlorite) 6. Muscovite 7. Hornblende 8. Augite 9. Tridymite 10. Apatite 11. Sphene
12. Zircon 13. Garnet 14. Chlorite 15. Penninite 16. Epidote 17. Opaque mineral

18. Cryptocrystalline+Glass
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Table 6. Analysis of rocks and their mineralogy on various aggregates from Maewhacheon B area (wt. %).

Aggregates* Minerals**
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
Gneiss A 30 16 4 25 12 7 - - 3 2 - -
Gneiss B 44 52 31
Schist 43 2 3 49 2 1
Phyllite 54 - 30 14 - - - -
Cataclastic rocks 32 12 35 8 10 3 -
Meta-sediments 74 - 12 - 23
Granophyre 26 60 5 3 6
Gabbro - 46 - 52 1 -
Diorite porphyry 49 5 10 3 - 15 18
Rhyolite 15 7 4 5 3 45 1
Andesite 47 - - 9 18 4 22
Hornblendite 3 4 91 - 2
(note) - : less than 1%
*Aggregates : Gneiss A=Granitic gneiss, Gneiss B=Pegmatitic gneiss
**Minerals : 1. Quartz 2. Orthochlase(+Sericite) 3, Microcline(+Sericite) 4. Plagioclase(+Sericite)
5. Sanidine 6. Tourmaline 7. Biotite(+Chlorite) 8. Muscovite 9. Hornblende 10. Augite
11. Cristobalite 12. Calcite 13. Apatite 14. Zircon 15. Garnet 16. Chlorite 17. Penninite
18. Epidote 19. Opaque mineral 20. Cryptocrystalline+Glass 21. Muscovite+Clay
22. Rock-fragments
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Table 7. Caiculation of particle count for aggregates from Maewhacheon A area (composition of fractions on
sieve shown below).

37.5 mm 25 mm 19 mm 12.5 mm 9.5 mm < 9.5 mm
Aggregates No. of wt. No. of wt. No. of wt. No. of wt. No. of wt. No. of wt.
grains % grains % grains % grains % grains % grains %
Granitic gneiss 1 13 333 58 30.9 82 333 136 389 203 58.0 137 39.1
Granitic gneiss 2 6 154 29 154 31 126 33 9.4 32 9.1 5 1.4
Pegmatitic gneiss 1 2 51 12 64 10 4.1 67 19.1 31 8.9
Pegmatitic gneiss 2 2 5.1 5 2.0 7 2.0 2 0.6
Dioritic gneiss 1 21 8.5 9 26 10 29 4 1.1
Dioritic gneiss 2 2 51 2] 8.5 2 06 1 0.3
Schist 1 2 51 24 69 18 5.1 21 6.0
Schist 2 12 64 2 06 6 1.7
Phyllite 1 5 20 7 20 2 06 15 43
Phyllite 2 2 51 6 32 I 0.3 1 0.3
Quartzite 1 2 51 10 4.1 4 1.1 1 0.3
Quartzite 2 2 5.1 ‘
Cataclastic rock 1 2 51 21 8.5 7 20 1 0.3
Cataclastic rock 2 4 103 18 9.6 15 6.1 4 1 0.3
Hornfels 1 4
Hornfels 2
Aplite 1 15 43 9 26 9 2.6
Aplite 2 35 186 17 49 6 1.7 I 0.3
Gabbro 1 4 1.1 8 2.3 4 1.1
Gabbro 2 2 0.6
Diorite porphyry 1 18 9.6 5 2.0
Diorite porphyry 2
Basalt 1 5 2.0 4 1.1 16 4.6 6 1.7
Basalt 2 15 6.1 2 06 2 06
Basic dyke rock 1 2 0.6
Basic dyke rock 2
Quartz 1 83 237
Quatrz 2 2 0.6
Feldspar 1 56 16.0
Feldspar 2 4 1.1
Total 39 100.0 188 100.0 246 100.0 350 100.0 350 100.0 350 100.0

(note) The figures of rock name indicate the grade of weathering(ISRM Working Party, 1978) as the figure 1, 2
means Fresh and Slightly Weathered grade, respectively. The aggregates of which the grain size less than 9.5 mm
(< 9.5 mm) are the fine aggregates from Maewhacheon area.
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Table 8. Calculation of particle count for aggregates from Maewhacheon A area (weighted percentage of

constituents in each sieve fraction).

A ‘ Sieve size Rock unit
ggregates 37.5 mm 25 mm 19 mm 125 mm 95 mm < 95 mm ock unt

Granitic gneiss 1 3.1 1.7 6.1 6.6 7.5 7.6 38.6

Granitic gneiss 2 0.9 32 1.9 1.5 0.9 0.9 9.3 479
Pegmatitic gneiss 1 0.2 1.9 0.5 1.6 1.1 0.0 53
Pegmatitic gneiss 2 0.4 0.0 0.4 0.2 0.0 0.0 1.0 6.3
Dioritic gneiss 1 0.0 0.0 1.4 0.6 0.4 0.8 32

Dioritic gneiss 2 0.1 0.0 1.5 0.0 0.1 0.8 2.5 5.7
Schist 1 0.4 0.0 0.0 0.8 0.7 1.5 34

Schist 2 0.0 1.3 0.0 0.1 0.3 0.0 1.7 5.1
Phyllite 1 0.0 0.0 0.6 0.5 0.1 1.4 2.6

Phyllite 2 0.4 0.5 0.0 0.0 0.1 0.7 1.7 4.3
Quartzite 1 0.1 0.0 0.9 0.3 0.0 0.8 21
Quartzite 2 0.1 0.0 0.0 0.0 0.0 0.0 0.1 22
Cataclastic rock 1 0.4 0.0 2.1 0.4 0.1 0.0 3.0
Cataclastic rock 2 0.5 2.9 1.3 0.3 0.0 0.0 5.0 8
Hornfels 1 0.0 0.0 0.0 0.2 0.0 0.0 0.2
Hornfels 2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2
Aplite 1 0.0 0.0 0.0 0.8 0.3 1.0 2.1

Aplite 2 0.0 1.7 0.0 0.8 0.4 0.7 3.6 5.7
Gabbro 1 0.0 0.0 0.0 0.3 0.4 0.8 1.5

~ Gabbro 2 0.0 0.0 0.0 0.1 0.0 0.0 0.1 1.6
Diorite porphyry 1 0.0 1.7 03 0.0 0.0 0.0 2.0

Diorite porphyry 2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2
Basalt 1 0.0 0.0 0.0 0.3 1.2 1.0 2.5

Basalt 2 0.0 0.0 0.0 0.1 0.1 0.0 02 2.7
Basic dyke rock 1 0.0 0.0 0.0 0.3 0.0 0.0 0.3

Basic dyke rock 2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3
Quartz 1 3.5 3.5

Quartz 2 0.8 0.8 43
Feldspars 1 2.9 29
Feldspars 2 0.8 0.8 3.7
Total 6.6 20.9 17.0 15.8 13.7 26.0 100.0
Total of the F grade 4.2 113 119 12.7 11.8 213 73.2
Total of the WS grade 2.4 9.6 5.1 3.1 1.9 4.7 26.8

(note) The figures(l and 2) and its explanations are same as those of Table 7.
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Table 9. Calculation of particle count for aggregates from Maewhacheon B area (composition of fractions on

sieve shown below).

25 mm 19 mm 12.5 mm 9.5 mm < 9.5 mm
Aggregates No. of wt. No.of wt. No.of wt No. of wt No. of wt
grains % grains % grains % grains % grains %
Granitic gneiss 1 60 46.9 132 46.6 170 48.6 194 554 154 440
Granitic gneiss 2 26 20.3 28 9.9 12 34 10 29 8 2.3
Pegmatitic gneiss 1 3 2.3 14 4.9 25 7.1 27 7.7
Pegmatitic gneiss 2 3 23 4 1.4 9 2.6 2 0.6
Schist 1 5 3.9 14 49 5 1.4 7 2.0 25 7.1
Schist 2 3 23 2 0.6 1 0.3 1 03
Phyllite 1 7 25 15 4.3 7 2.0 22 6.3
Phyllite 2 3 0.9 1 0.3
Cataclastic rock 1 5 3.9 4 1.4 3 0.9 8 23 2 0.6
Cataclastic rock 2 2 0.6 3 0.9
Meta-sediments 1 1 03
Meta-sediments 2
Granophyre 1 29 8.3 11 3.1 14 4.0
Granophyre 2 5 3.9 14 49 2 0.6 10 29 2 0.6
Gabbro 1 10 7.8 18 6.4 20 5.7 27 7.7 49 14.0
Gabbro 2 5 39 11 3.9 3 0.9 1 03 2 0.6
Diorite porphyry 1 4 1.4 5 1.4
Diorite porphyry 2 4 1.4 2 0.6
Rhyolite 1 14 4.0 10 2.9
Rhyolite 2 11 39 2 0.6 1 03
Andesite 1 3 23 14 4.9 24 6.9 29 83 8 23
Andesite 2 4 14 3 0.9 1 03 1 0.3
Quartz 1 38 10.9
Quartz 2 1 0.3
Feldspars 1 18 5.1
Feldspars 2 4 1.1
Total 128 100.0 283  100.0 350 100.0 350  100.0 350  100.0

(note) The figures(l and 2) and its explanations are same as those of Table 7.
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Table 10. Calculation of particle count for aggregates from Maewhacheon B area (weighted percentage of
constituents in each sieve fraction).

Sieve size .
Aggregates 25 mm 1I9mm 125 mm 95 mm <95 mm Rock unit
Granitic gneiss 1 5.1 10.4 9.6 10.0 6.6 41.7 48.1
Granitic gneiss 2 2.3 2.3 0.6 0.6 0.6 6.4 ’
Pegmatitic gneiss 1 0.2 0.7 1.1 1.0 0.0 3.0 4.0
Pegmatitic gneiss 2 0.1 0.3 0.5 0.1 0.0 1.0 )
Schist 1 0.7 1.3 0.8 0.4 1.4 4.6 56
Schist 2 04 0.0 0.3 0.0 0.3 1.0 )
Phyllite 1 0.0 0.6 1.2 0.7 14 3.9 438
Phyllite 2 0.0 0.0 0.2 0.0 0.7 0.9 :
Cataclastic rock 1 0.5 0.8 0.3 0.9 0.4 2.9 35
Cataclastic rock 2 0.0 0.0 0.2 04 0.0 0.6 ’
Meta-sediments 1 0.0 0.0 0.0 0.1 0.0 0.1 01
Meta-sediments 2 0.0 0.0 0.0 0.0 0.0 0.0 ’
Granophyre 1 0.0 0.0 2.5 0.9 1.0 4.4 73
Granophyre 2 0.5 1.2 0.2 0.6 04 2.9 :
Gabbro 1 0.8 1.9 1.3 2.2 1.8 8.0 103
Gabbro 2 0.5 0.9 0.2 0.1 0.6 2.3 )
Diorite porphyry 1 0.0 0.4 0.7 0.0 0.0 1.1 15
Diorite porphyry 2 0.0 0.3 0.1 0.0 0.0 0.4 ’
Rhyolite 1 0.0 0.0 1.2 0.6 0.0 1.8 30
Rhyolite 2 0.0 1.0 0.1 0.1 0.0 1.2 ’
Andesite 1 0.0 1.7 2.2 2.5 0.6 7.0 83
Andesite 2 0.4 0.2 0.2 0.1 0.4 1.3 ’
Quartz | 1.7 1.7 20
Quartz 2 0.3 0.3 )
Feldspars 1 0.9 0.9 15
Feldspars 2 0.6 0.6 )
Total 11.5 24.0 23.5 21.3 19.7 100.0
Total of the F grade 7.3 17.8 20.9 19.3 15.8 81.1
Total of the WS grade 4.2 6.2 2.6 2.0 3.9 18.9
(note) The figures(l and 2) and its explanations are same as those of Table 7.
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Table 11. Continued.

249 H471 %A

A8 (ASTM C 295)

Fractions retained on sieve

Whole aggregates

Area|  Composition ., o 25 mm 19 mm 12.5 mm 9.5 mm < 9.5 mm F grade WS grade Total
Granitic gneiss 50 46 46 48 67 41 39 9 48
Pegmatitic gneiss 10 6 6 21 9 5 1 6
Dioritic gneiss 5 17 3 4 1 3 2 5
Schist 5 6 7 7 6 3 2 5
Phyllite 5 3 2 2 1 5 3 2 5
Quartzite 10 0 4 1 0 2 0 2
Cataclastic rock 15 10 15 3 1 3 5 8
Hornfels 1 0 0 0

A Aplite 19 9 4 3 2 4 6
Gabbro 2 2 1 1 0 1
Diorite porphyry 10 2 2 0 2
Basalt 8 2 5 2 3 0 3
Basic dyke rock 1 0 0 0
Quartz 24 4 1 5
Feldspars 17 3 1 4
Total(%) 100 100 100 100 100 100 100

F grade 73

WS grade 27
Granitic gneiss 67 57 52 58 46 42 6 48
Pegmatitic gneiss 5 6 10 8 3 1 4
Schist 6 5 2 2 7 5 ] 6
Phyllite 3 5 2 6 4 1 5
Cataclastic rock 4 ] 1 3 1 3 1 4
Meta-sediments 1 0 0 0
Granophyre 4 5 9 6 5 4 3 7

B Gabbro 12 10 6 8 15 8 2 10
Diorite porphyry 3 2 1 0 1
Rhyolite 4 5 3 2 1 3
Andesite 2 6 8 9 3 7 1 8
Quartz 11 2 0 2
Feldspars 6 1 1 2
Total(%) 100 100 100 100 100 100

F grade 82

WS grade 18
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Table 12. Examination for potential alkali reactivy of aggregates from Maewhacheon A, B area.

Alkali-aggregate reactive materials®

Area Aggregates™*

112131415

6

71891011 |12713]14|15]|16]17

Gneiss A

Gneiss B

Gneiss C
Quartzite

Schist

Phyllite
Cataclastic rock A
Cataclastic rock B
Hornfels

Aplite

Gabbro

Diorite porphyry
Basic dyke rock
Basalt

Others

0000 O 00

Gneiss A
Gneiss B
Schist

Phyllite
Cataclastic rock
Meta-sediments
B Granophyre
Gabbro

Diorite porphyry
Rhyolite
Andesite
Hornblendite
Others

O
O

OO

OO0

O
O

@)

*Alkali-aggregate reactive materials :

1. Opal 2. Cristobalite 3. Trydimite 4. Glassy groundmass of acidic volcanic

rock 5. Glassy groundmass of intermediate volcanic rock 6. Chert 7. Glassy-cryptocrystalline acidic volcanic rock
8. Synthetic glass 9. argillaceous rock 10. Phyllite 11. Meta-sandstone 12. High grade metamorphic quartz 13. Fine
grained limestone or calcite 14. Fine grained dolostone or dolomite 15. Sulfides(pyrite, pyrrhotite etc.) 16. Basalt

17. Sandstone
*Reference of alkali-aggregate reactive materials :

1~12 : ASTM C 295-90, 13~15 : ASTM C 227-90, 16, 17 :
Hwang Hyung Jung (1999), Yong Tae Hyung et al.(1994)

**Gneiss A=Granitic gneiss, Gneiss B=Pegmatitic gneiss, Gneiss C=Dioritic gneiss
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