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Mineralogical and Mechanical Properties of Some Rocks as Aggregates
and Their Suitability for Concrete

-y oy | A o
Chin, Ho-ll Min, Kyoung-Won  Yeon, Kyu-Seok

ABSTRACT

This study was designed, firstly, to determine the mineralogical and chemical characteristics
of some rock aggregates, secondly, to offer interrelationships between those and mechanical
properties, and thirdly, to evaluate their suitability for concrete aggregates. Mineralogical,
chemical, physical and mechanical characteristics of the studied rock aggregates indicate
that granite from BJ quarry and banded gneisses from KB. HI and SK quarry, and quartzite
from the Hongcheon riverside are not proper to cement concrete aggregates because of
quartz’s potential possibility of alkali-silica reaction. and limestone in SY quarry is proper
to asphalt concrete aggregates owing to dolomite causing alkali-carbonate reaction. Augen
gneiss and diorite from KB and SA quarry, respectively, are to be not suitable for concrete
aggregates because of biotite contents, but augen gneiss in HI guarry and gneisses in
Hongcheon riverside are proper to concrete aggregates because of mineralogical and
mechanical characteristics.

Keywords: concrete aggregates, mineralogical and mechanical characteristics, suitability
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ol ATE FIPsl7] Yt A FulelM E
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Table 1 Modal abundances of some rock aggregates (Unit :

vol.9%)

Rock types Crushed Aggregates Natural Aggregates
&Sample ineiss Gneiss
No.|Granj iorite | Limest . Granite ite E
Mineral) Granite | Diorite | lLimestone Banded Augen Granite| Quartzite Augen Ba(rilde
BJ-11 |SA-11| SY-i1 |KB-21|HI-21 [SK-21|KB-22|HI-22| ST-gr | 8ST-qz | ST-ag|ST-bg
. 266 | 27.9 1 141 | 14.2 | 299
artz 5. 62 - - 21.5 92.¢ 20 .4 23.6
Quartz 15.1 0.63 25.9(6 22)" 55107 85)" 21.5 92.9 20.4 3.6
‘ . o 5 [50.5 [ 26.4 | 265 [ 58.2 ) o -
K-feldspar 63.0 | 34.3 11 8(10.9)° 12.4(15.9)" 50.6 3.1 70.7 | 51.5
875 [ 11.8 ] 38.0 | 13.0 [ 1.88 | .
agi s 56 | 8. 10.6 2. .
Plagioclase 15 77 551310 T 4405 56)" ) 1 0.62
15.3 [ 9.17 | 20.9 | 37.5 | 9.42
ioti 5.5 26.3 6.29 6.67 .
Biotite o1 15.1(4.79)" 23.5(14.0)" Y 67132
Muscovite 0.38 0.13 2.1 2.11
Pyroxene 26.1 0.12 0.12
Hornblende 1.75 2.1
Opaques 0.25 | 1.88 1.33 0.5 2.6 0.12 0.25 0.12
Chlorite 0.13 0.5
Garnet 0.13 | 4.08 0.12
. 0.12 | 0.63 .
Sericite 0.38(0 26 ° 8.88 0.87 10.7
Epidote 0.38 0.12
Calcite 82.8 0.25
Dolomite 14.5
Olivine 1.25
Diopside 0.25
Apatite 0.25
Hematite 0.62
* Mean {(standard deviation)
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Table 2 Abundance of major elements and loss on ignition in some rock aggregates
(Unit :wt.%)

Rocktypes L

Crushed Aggregates

Natural Aggregates

{tSample . L . Gneiss s .. | Gneiss
No. | Granite | Diorite | Limestone Granite| Quartzite
Banded Augen Augern
Blements\ | py11 |sa-11] 8y-11 | KB-21 | HI-21| SK-21 | KB-22 | HI-22 | §T-gr | ST-qz | ST-ag
, 55.2 | 67.9 | 67.1 | 653 | 788 _
Si0s 2. 50.5 2.0 — 71.9 96.: 70.5
102 724 | 505 03 63.4(581)° 721675 | 19| 963 0.2
. Jos4] 078 ] 085 ] 0.183
r 2 2 : . .( . . N .‘ . )[7 .(
T50e 0.24 | 1.36 | 0.02 TS BT Coro1n] 020 | 005 | 027
L 155 | 15.1 ] 16.3 5. _
AL03 138 | 954 | 056 TEETRGE S o] 148 1.45 13.7
14.6 | 5.38 3.05 | 1.82
] " p . ) .4 ¢
Fe:05(T) 1.70 | 104 | 042 Yo '23)_ i ] 204 040 | 2.99
] . 0.16 | 0.04] 0.05 | 003 [ 002 |
i . 2 e : 0.0 .« .
MnO 0.04 1 0.14 1 0.1 0.08(0.05° 00300+ | 00 | ndo ] 0.02
1.73 [ 1.85 | 0.98 | 0.25 | 0.24
MgO 0.32 | 104 | 4.09 TEiG 5A CoRcon] 088 | 008 | 024
Ca0 141 | 103 | 50.7 L7 1.39 | 1.08 n.d 0.12
A : 5 3.90(2.31)* 0.82(0.58)* ' < '
] 3.31 [295] 276 | 273 | 1.52
as : 3 ) - 3.42 08 L
Na:0 3.67 | 1.46 | 0.01 YRR S0 3 0.03 | 2.40
, 089 [ 292] 396 | 773 [ 569 | _
. 3.92 B 5.07 45 .05
Kz0 4.65 | 3.9 0.13 259012 o O 045 | 7.05
‘ 040 | 0.08] 0.25 | 0.13 | 0.04 .
P30s 0.07 | 1.22 | 0.3 2200 13)° e DRl 008 | 0.02 | 0.10
0.16 | 1.77 [ 142 | 151 | 0.65 . N
e B ) o
Ig. loss 0.58 | 1.34 | 41.9 RO oo as ] 081 0.22 | 0.76
Sum 98.9 | 100.6 | 100.1 | 100.8 |100.7] 1009 | 97.7 [ 99.0 | 99.8 | 99.0 | 97.9
* Mean (standard deviation)
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Table 3 Mechanical properties of some rock aggregates

Rock types & Crushed Aggregates Natural Aggregates

Sample No. - -

) o ] Gneiss  |Quartz- Gneiss
Mechanical Cranite|Diorite | Limestone Banded Augen Granite ite Augen |Banded
Properties
BJ-11 | 8A-11 SY-11 KB-21 | HI-21 | SK~21 | KB-22 | HI-22 | ST-gr | ST-qz |ST-ag| ST-bg
Apparent 2.95 | 271 | 2.71 | 2.62 | 2,59
Specific Gravity 2.62 | 2.97 2.75 2> 79" 581" 254 | 263 2611 2.72
0.14 [ 0.13 ] 0.15 [ 0.29 | 0.43
3 9,
Absorption{(%) 0.29 | 0.17 0.11 014" 036" 1.06 | 0.15 [ 1.19] 0.92
040 ]0.36]039]076]1.11

3 Q,

Porosity(%) 0.75 | 0.49 0.31 0 38" 094" 2.69 | 0.38 | 3.08 | 2.48
Seismic Wave 4,203/(3,189/|3.093/(3,379/|2.162/

. 3,783/|4.589/| 4.288/ « | 3,181/ " o
Velocity(m/sec) 2183 2.666| 2491 2,426 | 1,841 1,*786 1,963" 1,263 | n.4d. 1 836 n.d.*"|n.d.
P/8-wave 3,495%/2,018 2.771*/1613"

Uniaxial 869 | 590 | 947 | 503 [ 978

Compressive 829 | 727 621 N . 792 | 1.478 |1.061|1.667
Strength(kgf/cm?) 802 741

Young’'s Modulus 4.23 I 2.40 | 4.28 | 4.09 1 3.53 . . x
(% 105kgf/cm?) 2.50 | 2.86 2.41 3 64" YT n.d. 5.87 [n.d.**|n.d.

- _ 0.18 ] 0.30 [ 0.13] 0.24 | 0.18 . o -
Poisson’s Ratio 0.29 | 0.32 0.32 0.20° 0o n.d. 0.20 |n.d.**|n.d.
Tensile Strength 84 [ 58 l 84 48 ‘ 91 = . .
(kef/em?) 60 70 61 75 30 5.5 n.d. 107 |n.d.**|n.d.

, 486.8] 406.8 ] 452.0 [ 813.1[360.9 . N N
Modulus Ratio 301.61393.4| 388.1 148 5° 587 n.d. 397.2 In.d.**| n.d.

. 10 [ 10 [ 11 | 10 [ 11 - we| s
Brittleness 14 10 10 103 105° n.d. 14 n.d.**|n.d.
Point Load at o . . n.d."ln.d.”|n.d.** n.d."ln.d.” -

Rupture (kg)** n.d.**|n.d. n.d. NFED nd 690 |n.d. 803 | 1,305

Mean

** n.d. ! not determined.

*** Number of samples for point load test :
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Granite(12),Augen gneiss(15), Banded gneiss(13)
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SWAVE tt+ t+ + t + t t+ +t+ t e +t 8= 07
wisre: @ttt © t t © t t 0t t 07>®>2:05
oo + 0 t t t t+ t t t t t t 05>t =2-05
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TENSIL t 1 T Ll T T t T T t ©® t 0.7 >0

Qtz K-feld Pla Bio Mus Pyx Hb Opa Chl Gar Ser Cal

Fig. 1 Correlation matrix of rock forming mineral abundances and mechanical properties for the rock aggregates. (ASG :
Apparent specific gravity, ABSORP : Absorption, POROS! : Porosity, PWAVE : P-wave, SWAVE :@ S-wave,
UNISTRENG : Uniaxial compressiva strength, YOUNG : Young's modulus, POISS @ Poisson's ratio, TENSIL @ Tensile
strength, Qtz : Quartz, K-feld : K-feldspar, Pla : Plagioclase, Bio : Biotite, Mus : Muscovite, Pyx : Pyroxene, Hb :
Hornblende, Opa : Opagues, Chl @ Chlorite, Gar : Garnet, Ser @ Sericite, Cal : Calcite)
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M FA8 A|E(KB-22)8.¢ z+z+ 1/10 2 1/2
A te tyoes Crushed Natural _ Lo N ] Yo .
geregate type Aggregates |Aggregates o}ate] w2 ghakg UERNRATH Table 4). T3}
Sample No. KB-22 ST-ag 0}{\49} BEAE ARy b32e F AR A

Quartz 14.2 20.4 5 .
ineralogi 52 2 9lo arzrg o 3
ehineralogical [Ty foldspar | 265 70.7 MR ghE gta e, Feadt dHES 8
(omeestOn [ Plagioclase | 13,0 2.10 51(4_%;%2]101]/\1 Y Be #e molm glon], AHgt
Biotite 37.5 6.67 _ﬁzyg_Egl ﬁ_rrl‘ ]_‘ﬂ S}Z}V} ;\:1)\]_01 }\1 H 6]— i\:H

Si0; 65.3 70.2 . ] ]

_ TiO: 0.35 0.27 4—1 A48 AEET oF 2ujdE 9l (Table
Chemical AlzO3 15.2 13.7 ol Al g A whtel wafel] ofs] AT
Composition |5, o, 3.05 2.9 - - N
& Tl 139 012 xHL’— Azet FA] rAuiel A7 E HIEe
[gnition Loss " ke ] - ) N . e I
e MRa0 273 240 A0 W uHE BE QapEo] FAE E

K20 .13 .09 o) gursls #g o AAHYS Wk ohiel,
Ig. loss 1.51 0.76 . o )
Apparent IBLEH@«Q—E' b'ﬁl'oﬂ /JU} JJ 'ﬂo} 8}'%.},%552”0” H]
Spedfic 2.62 261 WA ol o gly] wWEel zles o
Gravity )
Absorption 0.99 | 19 (Table 1).
Mechanical (%0 - — PHel mgBET Beld - A 547
Properties Porosity(%) 0.76 3.08 ~ N N
Uniaxial AEHRAE AHBER, IF Mg 3 459
Comressivel 55| gg  AAE Aeldle ¥E el ABWABAS
(kgf/cm?) r=0.796)8& Jella glenl @ewel &y
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Table 5 Mechanical properties of the banded gneiss
according to direction of gneissosity

Rock Types & Banded Gneiss
Sample

. No. SK-21 SK-22
Mechanical . .

. (vertical) |(horizontal)
Properties
Apparent .
Specific Gravity 271 268
Absorption (%) 0.15 0.18
Porosity (%) 0.39 0.49

H 1 7
e Wty | sosy | aswy
P/S-wave 1,786 2,225
Uniaxial Compressive
Strength (kaf/cm®) 941 810
Young's Modulus
(x105ket/cm®) 4.28 421
Poisson’s Ratio 0.13 0.22
Tensile Strength
(kef/cm?) 84 3
Modulus Ratio 452.0 519.8
Brittleness 11 11
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