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Physical Characteristics of Crushed Aggregates in Korea

Dong-Yoon Yang*, Soon-Bok Lim*, Choong-Ki Min*, Chang-Bum Lee*,
Deog-Won Park*, Ju-Yong Kim* and Dong-Young Lee*

ABSTRACT :In the last decade, the supply of natural aggregates has been continuously increased due to increase of
construction activity in Korea. Specially mining of crushed aggregates were more rapidly extended comparing to the
other types of aggregates. In general, aggregates constitute 70~80% of the total volume of concrete, so the quality of ag-
gregates is main factor controlling physical characteristics of concrete. For this reason, physical properties of aggregate
according to different rock types were studied. The majority of crushed aggregates is taken out of granite, gneiss, sand-
stone, andesite, basalt and so forth. The physical properties of these rock types were tested and most of them fell within
the acceptable limit on the base of Korean Standard Regulation. The major lithology of the crushed aggregates is gran-
ite and gneiss, both of which are marked for more than 50% of total lithology types in Korea. As to the physical pro-
perties of granite, the high specific gravity coincides with low porosity, low absorption ratio, while the abrasion and
soundness index show, in general, no specific trend. It has been assumed that slight differences of the physical pro-
perties of granite aggregates are related with those of the mineral composition, grain size, and so on. In comparison to
granite, the physical properties of gneiss have little correlation one after another. This trend is related to different min-
eral composition, grain size and typical sheet fractures typically prevailing in the texture of gneiss. Spatial pattern of
physical properties shows that high specific gravity of granite coincides only with low porosity and absorption ratio in
all provinces except Cheolla province, and high specific gravity of gneiss coincides with low porosity and absorption ra-
tio only in Cheolla and Gangwon provinces.
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Table 1. Standard of physical characteristics for quality of aggregates.

Countries (Standard) Korea (KSF-2527)

USA (ASTM C 33-90)

Japan (JIS A 5005)

Aggregates Pebble Sand Pebble Sand Pebble Sand
Specific gravity >2.5 >2.5 >2.6 >2.5 >2.5
Absorption (%) <3.0 <3.0 <3.0

Soundness (%) <12 <10 <18 <10 <12 <10
Abrasion (%) <40 <50 <35-40

Weight per unit >1,250

Volume (kg/m®)

Clay lumps (%) <3-5 <1.0 <3-10 <1.0 <0.25 <0.25
Materials finer than

No. 200 sieve (75. um) (%) <5-7 <3.0 <1.0 <3.0 <1.0 <7.0
Friable particles (%) <50 <2-10 <0.5 <5.0 <0.5
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Table 2. Physical characteristics of crushed aggregates in Korea.
Specific Gravity  Aps @  PLS UCS  Abr  Sound Per
Rock type ) 2 No
1* 2+ 3* % %  kg/em® kg/cm % % %
Igneous rock  Rhyolite aver. 258 261 267 141 360 1348 184 184 7 1.19
min. 252 256 263 020 053 93.5 143 110
max. 270 270 271 248 477 1866 257 184
Felsite aver. 2.60 263 267 091 237 25.2 3 0.51
min. 256 260 264 08 227 1180 245
max. 262 265 269 093 244 25.8
Porphyritic  aver. 2.60 263 267 095 253 1220 2450 19 3.34
rock* min. 249 257 259 044 244 461
max. 279 281 284 18 471 2033
Basalt aver. 2.63 269 277 197 506 463 1210 298 0.61 30 5.11
min. 232 240 251 065 184 31.9 674 140 0.10
max. 285 2.87 290 322 750 765 1480 367 1.05
Diorite aver. 2.63 266 2.7 096 249 645 1,705 205 12 2.04
min. 250 255 264 025 054 115 17.2
max. 280 284 291 214 536 196.8 23.8
Granite aver. 2.64 265 268 073 159 769 1,525 311 213 152 25.89
min. 250 253 256 015 041 13.6 724 180 081
max. 290 292 295 259 519 2122 1,97 385 425
Andesite aver. 2.65 269 274 118 312 1585 205 415 42 7.16
min. 252 257 266 036 072 443 120 0.78
max. 278 2.80 284 280 720 269.1 222 431
Aplite 260 269 27 024 064 723 1017
Basic dyke aver. 276 278 283 064 174 1072 18.5 3 0.51
min. 257 260 264 043 120 96.3
max. 287 288 296 105 270 1151
Syenite 287 288 291 049 140 46.5 1 0.17
Metamorphic  Quartzite aver. 2.65 267 269 056 148 935 1,637 268 110 15 2.56
rock min. 250 261 266 037 077 511 1,320 206 047
max. 2.74 275 277 120 3.09 1553 2250 363 1.84
Gneiss aver. 2.67 269 271 057 150 786 1,643 235 194 126 24.70
min. 251 254 259 017 047 109 1,204 158 0.60
max. 281 299 301 256 658 2967 2115 385 350
Schist aver. 2.69 271 274 0.8 1.79 55.0 21.8 16 2.73
min. 254 258 262 027 071 16.7
max. 281 283 289 18 472 1003
Phyllite aver. 272 273 277 064 176 88.1 9 1.53
min. 263 266 273 031 0.83 25.6
max. 281 284 289 138 3.61 1336
Slate aver. 274 275 278 051 141 795 2370 206 1.00 5 0.85
min. 269 270 272 036 0.96 20.3
max. 277 278 280 099 274 1744
Limesilicate aver. 2.85 2.86 288 037 1.05 98.2 1,409 2 0.34
min. 282 282 284 027 0.77 65.3
max. 288 289 291 046 133 1310
Amphibolite aver. 286 2.87 2.89 038 110 936 1325 153 0.78 4 0.68
min. 277 278 279 025 0.19 78.9 980
max. 299 300 302 051 153 1246 1,670
Sedimentary Tuff aver. 255 260 267 171 426 1087 199 17 2.90
rock min. 240 252 257 040 192 2.3 15.7
max. 269 273 281 492 1182 1879 23.6
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Table 2. Continued.

Rock tvoe Specific Gravity  abs ~ ®  PLS  UCS  Abr Sound = Per

P * 2 3 % % kglm® kgom® % % %

Sedimentary Conglomerate aver. 2.63 268 271 112 286 1190 219 11 1.87
rock min. 249 257 269 (.10 040 6.9 21.0
max. 275 278 284 290 723 1239 228

Limestone aver. 2.67 269 272 (.63 167 1364 1230 300 0.78 8 1.36
min. 256 260 265 (41 L14 455 1,050 26.0 0.25
max. 275 276 278 137 345 2967 1410 380 1.30

Siltstone aver. 2.67 270 274 103 292 65.7 14.1 12 2.04
min. 259 260 261 (.74 083 418
max. 279 281 285 182 476 1609

aver. 267 269 272 077 192 1178 1,120 228 550 54 9.20

Sandstone min. 252 257 257 012 033 19.6 15.1 1.00
max. 288 292 292 771 471 2517 335 1249

Shale aver. 270 273 276 091 219 1188 215 20 3.41
min. 252 264 271 012 032 453 203
max. 279 280 282 229 465 2760 227

Abbreviations: 1*; Bulk Specific Gravity, 2*; Bulk Specific Gravity with dried surface, 3*; Apparent Specific Gravity, Abs; Ab-
sorption, ®; Porosity, PLS; Point Load Strength (Is (50)), Abr; Abrasion, UCS; Uniaxial Compressive Strength, Sound; Soundness,
No; Numbers of tested samples, Per; Percentage rate of tested samples, *Porphyritic rock: quartz or feldspar porphyry.

Table 3. Physical characteristics of granite and gneiss used for crushed aggregates in Korea.

Rock type Facies Specific gravity Abs ) PLS ucs Abr  Sound
1* 2% 3% % % kg/em’  kg/em® % %

Granite Akgr 2.56 2.59 2.64 1.30 3.33 62.8
megr () 257 2.57 2.61 1.02 259 67.8 1,462
megr 259 2.61 2.65 0.84 2.16 90.2
er (fo) 2.60 2.62 2.64 0.69 1.79 1,510 200 0.85
for 261 2.63 2.66 0.76 1.96 788 1,667 324 425
gr 2.63 2.64 2.69 1.02 1.55 8.4 1,155 259 2.10
ber (¢, fo) 2.63 2.64 267 0.59 1.55 1139 29.1 2.06
ber 2.64 2.66 2.69 0.63 1.66 627 1,839 305 1.86
ber (f, fo) 2.64 265 267 038 1.01 97.6 284 1.98
gngr 2.65 2.66 269 0.59 157 62.1
ppgr 2.65 266 268 052 122 715 1,624 22.6 2.49
ber (0) 267 2.69 270 0.49 131 577 1,550 29.8 211
amgr 272 2.73 275 0.40 1.08 98.0

Gneiss gren (c) 258 259 261 0.33 0.85 449
qfgn 261 2.62 2.63 051 132 61.8 217
bdgn () 2.61 2.63 2.68 0.23 2.44 45
chgn 2.62 2.63 2.65 047 122 76.7
pben 262 2.64 2.66 0.58 1.52 144.0
agen 2.62 2.63 265 0.40 1.04 873 1,240 276 136
bgn 2.66 2.68 2.71 0.59 1.58 772 2,052 26.6 221
amgn 267 2.69 273 0.82 2.18 1375 1217 172 237
grgn 2.68 2.70 272 0.61 1.63 835 1,376 294 2.05
bdgn 2.68 2.70 273 0.65 1.69 61.0 1,639 24.7 0.65
mggn 2.69 272 2.73 0.50 132 102.0 215 337
gn 270 271 2.74 0.48 122 86.7 206 115

*Abbreviations: (in Granite) gr; granite, mc; mica, f; feldspar, ak; alkali feldspar, b; biotite, gn; gneissose, pp; porphyritic, am; am-
phibole, (c); coarse grained, (f); fine grained, (fo); foliated, (in Greiss) gn; gneiss, gr; granitic, bd; banded, q; quartz, ch; chlorite, ag;
augen, pb; porphyroblastic granitic, mg; migmatitic, see Table 2 for the other abbreviations.
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Table 4. Physical characteristics of granite and gneiss of each regions and basalt of Cheju island used for crushed aggregates
in Korea.

Region  Rock type  Facics Specific gravity Abs ® PLS UCS  Abr  Sound
P 1# 2 3* % %  kegem® kgem® % %
Chungcheong Granite far 2.55 2.59 2.66 1.22 3.07 68.7
amgr 2.65 2.66 267 040 1.06 82.0
bgr 2.65 2,67 270 0.67 1.78 70.6
gngr 2.65 2.66 2.69 0.59 157 62.1
ppgr 2.67 2.69 27 0.57 125 64.3
bdgr 2.69 2.69 271 0.27 0.71 96.4
Gneiss chgn 2.62 2.63 2.65 047 122 76.7
pbgn 2.62 2.64 2.66 0.58 152 1440
bdgn 2.66 2.69 273 1.04 272 39.3
bgn 2.67 2.69 272 0.61 1.62 75.0
grgn 2.69 27 2.74 0.66 1.75 65.0
aggn 27 2n 273 0.37 0.99 88.4
Kyeongsang Granite akgr 2.56 259 2.64 1.30 333 62.8
megr 259 261 265 0.84 2.16 90.2
bgr 2.66 267 270 0.57 1.53 80.0 2028 229
bgr (c) 2.68 2.69 272 0.61 1.64 44.4 279
amgr 276 277 279 046 126 1187
Gneiss gren (c) 258 259 2.61 033 0.85 44.9
qfgn 258 26 262 0.55 142 474
amgn 2.59 262 267 1.09 282 1622
apgn 259 26 262 029 076 968
bdgn (f) = 2.61 2.63 2.68 0.93 244 459
grgn 261 2.62 2.65 0.50 130 1116 29.1 35
bgn 2.68 2.69 27 043 1.15 74.7
bdgn 272 2.73 276 0.55 1.48 41.5
Kyeonggi Granite gr (o) 2.59 2.61 2.64 0.65 1.69 915 18.5
qfgr 2.60 2,61 263 0.46 1.20 66.3
bgr 2.62 2.63 2.66 0.53 1.40 63.6 29.4 222
gr 2.64 2.65 267 0.48 127 78.4 255 112
amgr 275 2.75 2.76 0.20 0.56 68.1
Gneiss qfgn 2.66 2.67 2.68 0.42 1.11 90.2 21.7
bdgn 2.70 2.70 272 0.34 0.92 7.3 245
grgn 27 273 275 0.42 1.13 82.6
bgn 273 274 276 0.35 0.95 90.5 231 1.15
bdbgn 2.80 2.81 2.83 0.32 0.89 50.2
Cheolla Granite fgr 2.62 2.63 265 041 1.07 78.0 324 4.25
bgr 2.62 2.64 2.65 0.48 1.25 73.8 324 1.84
ppgr 2.62 2.64 2.66 0.53 1.39 83.1 23.6 2.64
bgr (c, fo) 263 2.64 267 0.59 155 1139 29.1 2.06
ber (f, fo)  2.64 2.65 2.67 0.38 1.01 97.6 284 1.98
ppgr () 2.65 2.66 267 024 0.65 79.8 215 233
bgr (cc) 2.66 2.67 2.68 0.27 0.71 711 30.6 177
Gneiss bgn 2.66 2.68 274 1.11 296 26.5 221
grgn 2.66 2.67 2.69 0.48 127 834
bdgn 2.67 2.68 2.69 0.33 0.88 67.6
mggn 2.69 272 273 0.50 132 1020 215 337
amgn 2.75 276 2.79 0.55 153 1128 172 237
Kangwon Granite mcgr () 257 257 2.61 1.02 2.59 678 1462
ber 2.59 261 2.63 0.51 133 888 1,839 30.0 115
gr (fo) 2.6 2.62 2.64 0.69 1.79 1,510 200 0.85
ppEr 261 262 264 052 135 753 1,624
bgr (c) 2.68 2.69 270 0.47 1.27 1,550 309 2.44

fer 2.74 2.75 2.76 037 1.02 912 1,667




Table 4. Continued.
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Region Rock type  Facies Specific gravity Abs ) PLS UCS  Abr  Sound
1* 2% 3* % %  kglem® kglem® % %
Gneiss aggn 261 263 265 044 117 82 1240 276 136
bgn (¢) 266 267 269 045 121 922 1,989
bdgn 269 270 273 055 130 763 1,639 248 065
bgn (f) 269 269 270 024 065 980 2,115
grgn 277 277 28 059 161 720 1376
Cheju Basalt pbs 253 26 273 299 740 387 837
bs 263 269 273 205 536 552 1,047 335
fbs 260 274 282 173 460 376 1,527
fpbs 273 277 285 158 434 1,480 246 03
abs 274 279 286 148 404 618 1,150

*Abbreviations: ap; aplitic, p; pyroxene, bs; basalt, f; feldspar, a; aphanitic, see Table 3 for the other abbreviatiors.
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Fig. 1. Variation of the physical characteristics of granite and
gneiss used for crushed aggregates in Korea, see abbreviations
of Table 2 and 3.
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Fig. 2. Variation of the physical characteristics of granite and gneiss of each areas and basalt of Cheju island used for crushed

aggregates in Korea, see abbreviations of Table 4.
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