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ABSTRACT

An investigation for long-term strength characteristics of crushed sand concrete using crushed sands produced in
Yang-san, Kim-hae and Jin-hae that can be assumed to respectively represent eastern, middle and western suburbs
of Busan has been carried out. Concrete is composed of 70~80% of aggregates in whole volume so the effect of
aggregates quality to the characteristics of concrete is very important. Since 1980s, aggregates used in concrete have
already been substituted crushed stone because of the exhaustion of natural gravel and sand. Crushed sand tends to
increase in using quantity because of the prohibition of sea sand picking and deterioration of river sand. Crushed
sand is blended with river sand in order to investigate the quality changes and characteristics of concrete as
variation of blend ratio of crushed sand (50, 60, 70, 80, 90, 100%). Slump and air content were measured to
investigate the properties of fresh concrete. Unit weight, compressive strength and modulus of elasticity in age of 7,
28, 60, 90, 180 days were measured to investigate properties of hardened concrete. Compressive strength, unit weight
and modulus of elasticity were increased with a passage of time and they are expected to keep on increasing in
long-term age as well. The experimental results of the qualities of crushed aggregates in each producing area, were
all satisfied with Korea Standard. The results of the measurement of slump exposed that slump preferably decreased
as mixing rate increased till 70~80 % but it increased to mixing rate 70~80 %. The air content was exposed that it
decreased by micro filler phenomenon according to that crushed sand blended ratio increased. According to the result
of measuring unit weight in age of 7, 28, 60, 90, 180days, it increased in accordance with that blended ratio of
crushed aggregates increases. As a result of measuring compressive strength and modulus of elasticity in age of 7,
28, 60, 90, 180days, compressive strength was highest when it is 70 % of blended ratio.

Keywords : crushed aggregates, air content, unit weight, compressive strength, modulus of elasticity
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Table 1 Physical properties & Chemical Composition
of ordinary portland cement

Chemical composition (%)
Si02|AlxOQs|Fex03 CaO MgO|SO3

210| 45 | 25 [63.0| 09|10
314 |05~13| 02~09 | ~ | ~ ~ 1l ~1~1~
225] 60 | 35 166033 (20

Physical properties
Specific| Ignition | Insoluble
gravity [loss (%) residue (%)

Table 2 Physical & Chemical properties of

admixtures
Item Main Specific
Kind ingredient pH gravity Phase
Superplasticizer| Melamine |11.5£1.5| 1.220.02 lglfglzfiown

Table 3 Standard mix proportion

foc  |W/C|Slump Air Grmax | S/a Unit weight (kg/rn3)

(MPa)| (%) | (cm) C(f)’/z‘f mm)|%)|w| c| s| Gglsp
Y 15 | 45 4571179, 384|774 949]1.92
K'| 235 {466( = + {25 (48.0{179)384/811/919/1.92
I 25 | 15 43.4] 179 384| 755]997]19.2

* Y : Yang-san suburb, K: Kim-hae suburb, J: Jin-hae suburb

Table 4 Mix proportion in Yang-san suburb
Blended| fu | W/C| S/a Unit weight (kg/m°)

ratio [(MPa)| (%) | (%) | W | C |RS|[CS| G |SP
Remicon| 235 | 465 | 46.1 | 173 | 372 | 257 | 600 | 948 { 1.86
50% | 235 | 46,6 | 389 | 179 | 384 | 325 | 325 [1,067] 1.92

60% | 235 | 466 | 404 | 179 | 384 | 271 | 406 |1,042| 1.92

70% | 235 (466 | 414 | 179 | 384 | 206 | 480 |1,025]1.92

80% | 235 | 466 | 41.8 | 179 | 384 | 154 | 543 |1,018| 1.92

90% | 235 | 466 | 443 | 179 | 384 | 74 | 665 | 974 |1.92

100% 2351466 | 457 117913841 O | 774|949 192

Table 5 Mix proportion in Kim-hae suburb
Blended| f& |W/C| S/a Unit weight (kg/m’)

ratio |(MPa)| (%) | (%) | W | C |RS|CS| G |SP
Remicon| 235 | 53.2 | 47.2 | 184 | 346 | 295 | 527 | 973 | 1.73

50% | 235 | 46.6 | 409 | 179 | 384 | 351 | 351 |1,044|1.92

60% | 235 | 46.6 | 43.2 | 179 | 384 | 294 | 441 |1,004]1.92
70% | 235 | 46.6 | 444 | 179 | 384 | 227 | 529 | 983 |1.92

80% | 235 | 466 | 47.3 | 179 | 384 | 161 | 644 | 931 |1.92
90% 1235|466 | 474 | 179|384 | 82 | 737|931 |1.92
100%6 | 235 | 46.6 | 43.0 | 179384 0 |811]918]192

Table 6 Mix proportion in Jin-hae suburb

Blended| fa& | W/C| S/a Unit weight (kg/m")

Ratio |(MPa)| (%) | (%) | W | C |RS|CS| G |SP
Remicon| 235 { 52.5 | 47.7 | 188 | 358 | 336 | 520 | 938 | 1.79
50% | 235 | 46.6 | 39.6 | 179 | 384 | 338 | 338 |1,064| 1.92
60% | 235 | 466 | 40.6 | 179 | 384 | 280 | 420 |1,045|1.92
70% | 235 | 466 | 414 | 179 | 384 | 214 | 500 1,032} 1.92
80% | 235 | 466 | 42.0 | 179 | 384 | 146 | 585 |1,022] 1.92
90% | 235 | 46.6 | 429 | 179|384 | 75 | 673 |1,005]1.92
100% | 235 ]| 466 | 434 1179 1384 | O | 755|997 [1.92
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Table 7 Qualities of crushed aggregate
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Contents . . . Bulk . |Amount of material . Flat or
Fg | Dersiy Abmton| son) ey | oese 51T ok |, SO, | g (Sotess
Product area (kg/m”) sieve particles (%)
KS |6~8 25 3.0 40 _ B 1.0 55 20 12
more than| less than [less than| less than more than| less than |less than
ngggd Yangsan| 695 | 271 08 15 | 1550 . 0.2 53 12 35
Kimhae | 7.12 2.70 1.3 12 1,494 - 0.2 55 8 3.2
Jinhae | 7.18 2.69 14 9 1,439 - 0.1 55 6 2.9
KS _ 2.5 3.0 _ B poppy red 7.0 53 B 10
more than| less than less than more than less than
Czﬁfd Yangsan| 367 | 256 14 — [ 1686 | citrine 2.3 66 - 24
Kimhae | 4.14 2.54 2.3 - 1,690 citrine 3.8 67 - 2.0
Jinhae | 3.21 2.62 2.3 - 1,805 citrine 3.5 67 - 1.6
MM MM = 222 g S50 28t 37 571
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= = Standard grain size(KS F 2500} —m— Yangsan suburt —e— Kimhae suburb —a— Jinhae suburb

Fig. 1 Size distribution curve of crushed sand

100

IS -3 @
=3 3 S

Passing rate (%)

n
=1

=

10 5(No.4) 2.5(No.8) 1.2(No.16)  0.6(No.30)  0.3(No.50)  0.15(No.100)
Sieve size (mm)

— - Standard grain size(KS F 2502) —®— Qushed sand(50%) : Rver sand(50%)
—e— Crushed sand{60%) : River sand{40%) ~—a— Crushed sand(70%) : River sanci(30%)
—8— Crushed sand(80%)  River sand{20%) —o— Crushed sand(90%) : River sand(10%)
—#— Crushed sand{100%) : River sand(0%)

Fig. 2 Size distribution curve of crushed sand in
Yang-san suburb
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Fig. 3 Size distribution curve of crushed sand in
Kim-hae suburb
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Table 8 Qualities of mixed sand in Yang-san suburb (Crushed sand + river sand)

W M Density | Absorption |Bulk density Organic Amount of material finer|Solid content|Soundness
Blended ratio(% (g/cm®) (%) (kg/m®%) impurities than 0.08 mm sieve (%) (%)
50 2.32 2.52 19 1,663 dyer’s broom 2.02 66 1.9
60 2.61 2.53 1.8 1,703 citrine 2.09 67 1.9
Yang san| 70 2.81 2.53 16 1,740 citrine 2.13 69 2.1
suburb 30 2.89 2.53 1.6 1,747 citrine 2.18 69 2.1
90 3.39 2.54 14 1,758 citrine 222 69 2.3
100 | 3.67 2.56 14 1,686 citrine 2.27 66 2.4
Table 9 Qualities of mixed sand in Kim-Hae suburb (Crushed sand + river sand)
W FM Densitgy Absorption | Bulk denssity .Orga.nﬁc Amount of material finer|Solid content|Soundness
Blended ratio% (g/cm”) (%) (kg/m°) impurities than 0.08mm sieve (%) (%)
50 272 2.56 19 1,771 citrine 3.53 68 1.6
60 3171 257 19 1,789 citrine 3.61 70 1.8
Kim-hae 70 3414 257 19 1,804 citrine 3.67 70 1.8
suburb 80 4,00 2.58 15 1,837 citrine 3.75 71 1.8
90 401 | 262 1.6 1,848 citrine 3.81 71 1.9
100 4.04 2.54 2.3 1,690 citrine 3.84 67 2.0
SAQA MADE 2372 g S50 248 337 573
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—#— Crushed sand{100%) : River sand(0%)

Fig. 4 Size distribution curve of crushed sand in
Jin-hae suburb
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Table 11 Properties of fresh concrete

Area Blended ratio(%) | Slump(cm) | Air content(%)
Y Remicon 11.0 3.9
50 13.4 5.2
60 14.8 4.8
Y;‘S]furssn 70 16.7 40
80 174 3.6
90 16.0 2.5
100 14.4 2.3
K Remicon 13.0 4.0
50 15.4 4.3
. 60 16.2 3.9
flr;ufrlze 70 17 35
80 16.8 29
90 14.2 2.8
100 12.0 2.5
J remicon 16.0 3.8
50 15.6 4.6
. 60 16.8 4.3
Jin hae 70 185 35
80 175 3.0
90 17.0 2.8
100 16.3 2.6

Table 10 Qualities of mixed sand in Jin-hae suburb (Crushed sand + river sand)

\‘,;r;ten\tg M DensitSy Absorption | Bulk denssity _Orga_n_ic Amount of rnaten'gl finer|Solid content| Soundness
Blended ratio(% (g/cm®) (%) (kg/m") impurities than 0.08mm sieve (%) (%)
50 254 258 19 1,648 citrine 3.50 63 1.2
60 266 261 19 1,695 citrine 3.66 64 14
Jin-hae 70 281 260 2.1 1,738 citrine 3.72 65 14
suburb 30 293 263 2.0 1,749 citrine 3.95 65 15
90 312] 263 2.0 1,310 citrine 4.16 63 15
100 321} 262 2.3 1,805 citrine 3.45 67 1.6
574 =2 OCESR| =F& 173 45(2005)
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Fig. 7 Unit weight as to variation of age in Yang-san
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Fig. 8 Unit weight as to variation of age in Kim-hae
suburb
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Fig- 9 Unit weight as to variation of age in Jin-hae
suburb
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Table 12 Properties of hardened concrete in age of
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Table 14 Properties of hardened concrete in age of

7 days

60 days

Area Blgnded Unit weisght Compressive Modglus of Area Ble:‘nded Unit Weisght Compressive Mo@glus of

ratio(%) | (kg/m°) |strength(MPa)]|elasticity(GPa) ratio(%6) | (kg/m>) |strength(MPa) |elasticity(GPa)
Y remicon 2,393 21.7 234 Y remicon 2,410 26.0 25.9
50 2,389 23.0 24.1 50 2,406 26.9 26.3
Yang 60 2,395 235 24.4 Yang 60 2,411 27.0 26.5
-san 70 2,403 24.1 24.9 -san 70 2,422 30.2 274
suburbl 80 2,406 23.7 24.7 suburb 80 2,428 28.3 274
90 2,409 23.3 245 90 2,432 25.5 26.0
100 2,402 22.5 24.0 100 2,418 25.6 25.9
K remicon 2,404 20.5 22.9 K remicon 2,428 27.1 26.8
50 2,425 21.0 235 50 2,435 25.7 26.2
Kim 60 2,432 22.2 24.3 Kim 60 2,446 27.4 27.2
~hae 70 2,437 23.8 25.2 ~hae 70 2,453 31.1 28.0
suburb| 80 2,442 23.3 25.0 suburb)| 30 2,451 28.9 28.0
90 2,444 22.6 24.7 90 2,454 27.4 27.4
100 2,436 21.1 23.7 100 2,456 25.7 25.2
J remicon 2,399 21.3 23.3 J remicon 2,418 27.3 26.7
50 2,401 20.6 23.0 50 2,434 25.9 26.3
Jin 60 2,405 21.1 23.3 Jin 60 2,438 28.5 27.6
~hae 70 2,421 22.0 24.0 ~hae 70 2,441 29.5 28.2
suburbl 80 2,422 21.6 23.8 suburb| 80 2,439 28.4 276
90 2,426 21.3 23.7 90 2,443 27.6 27.3
100 2,422 179 21.7 100 2,454 25.4 26.3

Table 13 Properties of hardened concrete in age of

28 days
Area Ble‘znded Unit weigght Compressive quglus of
ratio(%) | (kg/m’) |strength(MPa) |elasticity(GPa)
[Y remicon| 2,403 24.3 25.0
50 2,401 24.7 25.1
Yang 60 2,406 24.7 25.2
-san 70 2,415 271.8 26.9
suburb| 80 2,420 26.1 26.2
90 2,423 23.6 24.9
100 2,412 23.0 24.4
IK remicon| 2,418 24.9 25.5
50 2,427 23.6 25.0
Kim 60 2,435 24.7 25.7
~hae 70 2,442 28.6 278
suburbl 80 2,445 26.6 26.8
90 2,447 24.8 25.9
100 2,448 235 25.2
J remicon 2,413 25.9 25.9
50 2,429 23.8 25.1
Jin 60 2,432 26.5 26.5
-hae 70 2,430 26.8 26.7
suburb] 80 2,432 25.8 26.2
90 2,439 25.3 26.1
100 2,443 23.0 24.9
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Table 15 Properties of hardened concrete in age of

90 days
Area Ble?nded Unit Weisght Compressive chh}lus of
ratio(%6) | (kg/m’) |strength(MPa)|elasticity (GPa)
[Y remicon| 2,411 274 26.6
50 2411 28.2 27.0
Yang 60 2,417 28.0 27.0
-san 70 2,433 30.8 271.7
suburb 80 2,436 305 276
90 2,443 2713 27.1
100 2,428 26.9 26.7
IK remicon| 2,411 28.2 27.0
50 2,439 26.8 26.8
Kim 60 2,452 28.4 27.8
~hae 70 2,461 32.0 28.4
suburb 80 2,464 30.6 28.0
90 2,465 28.6 28.1
100 2,451 27.2 272
J remicon 2,410 28.6 27.2
50 2,437 27.4 27.1
Jin 60 2,452 29.7 285
—hae 70 2,466 30.6 28.0
suburb 80 2,465 29.7 28.7
90 2,466 29.1 28.4
100 2,460 26.6 27.1
st=224e|ESS| =28 M7 43(2006)



Table 16 Properties of hardened concrete in age of

180 days
Area Blgnded Unit weisght Compressive quglus of
ratio{%) | (kg/m”) |strength(MPa))elasticity (GPa)
Y remicon 2,415 30.5 27.4
50 2,418 31.0 276
Yang JO 2,423 314 21.3
-san 70 2,435 34.7 28.9
suburb 80 2,441 32.8 28.4
90 2,449 304 213
100 2,434 29.4 27.2
K remicon 2,425 30.8 276
50 2,444 29.3 213
Kim 60 2,454 32.0 28.3
~hae 70 2,463 345 20.2
suburb 80 2,466 32.9 28.8
90 2,466 30.1 219
100 2,457 289 27.3
J remicon 2,418 30.9 275
50 2,440 28.4 27.0
Jin 60 2,454 33.3 28.7
-hae 70 2,468 35.1 29.5
suburb 80 2,467 33.3 28.9
90 2,468 31.8 284
100 2,462 29.3 215
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Compressive strength (MPa)
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Fig. 10 Compressive strength as to variation of age
in Yang-san suburb
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Fig. 11 Compressive strength as to variation of age
in Kim-hae suburb
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Fig. 12 Compressive strength as to variation of age
in Jin-hae suburb
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Modulus of slasticity (GPa)
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Fig. 13 Modulus of elasticity as to variation of age in
Yang-san suburb
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Fig. 14 Modulus of elasticity as to variation of age in
Kim-hae suburb
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Fig. 15 Modulus of elasticity as to variation of age in
Jin-hae suburb
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