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Abstract

The amount used of aggregates for concrete is increasing rapidly since the mid-1980s in Korea. The natural
gravels from river are already displaced with crushed stone, and use of crushed sand as a substitute of natural

river sands, also, is getting increased day by day.

This paper is presented for analysis on mechanical properties of high strength concrete using fly ash and
crushed sand. The material functions in mixing design of concretes are various water-cement ratios(w/c) such
as 0.25, 0.40, 0.55 and different replacement ratio of crushed sand to natural sands such as 0%, 20%, 40%,

60%.

As a results, it has been shown that compressive strengths of concretes with W/C lower than 0.40 and
0.25 are higher than 400 kgf/cm” and 600 kgf/cm2 respectively. It is also concluded that the results of rapid
chloride permeability tests of concrete are evaluated to negligible. The conclusions of this study is that it
is possible to use fly ash and crushed sand for high strength concrete.

Keywords : Fly ash, Crushed sand, Water/cement ratio, Workability, High strength concrete
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Table 1 The future prospect of aggregate in korea
(unit : 1,000n)

(lassification 1999 | 2000 | 2000 | 2002 | 2003
| Total | 91.112| 100571 | 110,136| 113983 | 116623

Tipe jResidence H302| 37760 41,087 | 43363| 4607

aggregate -

INon-
re31dence

Civl | 36807| 38666 41460 38704| 37202

18503| 21145| 27.589| 3L715| 32716
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Table 2 Chemical and physical properties of cement

Cement Chemical composition (%)
type | SiO, | AlOs | FexOs | CaO | MgO | SOs

OPC | 208 | 6.3 32 | 612 1] 33 | 23

Table 3 Physical properties of aggregates

Max. | Specific | Absorption
size(mm) { gravity | (%)

Fine | River sand (5 260 174 28
agg. | Crushed sand | <5 259 073 31
Coarse agg, 19 262 11 69

Type FM
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Table 4 Test results of fly ash Lotk webr], B A= Ty DAMA] A
Division Test method Composition e: body *}F'ﬂ%’ FAYER TIAZ ALt
(%) Atk
C ASTM D5373-93 62.16
Fement | H | ASTM D5373-93 | 085 2 m=ajE0| st
analysis O ASTM D5373-93 1.56
el N | ASTM D93 | 041 FE22S] £, 2, 40 60%3 B/
> A M BB 4 £ 1(0.25, 040, 0552 A¥WER do] ¥
CaO | ASTM D5142-90 34.55
Y ZagEY A3y SAs wolstast o}‘ﬁ
t}. Table 5& olel gt WiFEE HeRd Zolch.
Eeto] oAl FEsteiLA gadEE A
& ARgaIion], daidd s A HAiE 3. A& HE
Table 4o YeRAITE
1A% ZAgEr W Z/AWE v Hi9 AFAT AFHL 10x20cme] ¥ FAA
delsoR 23 Mol AYHLR 1Y 2 Agse 4 ARE Y ARAZ ARl
TATA A AESAS A8l A 243 3 AYE SISt 2AAREE AFAG BT
Table 5 Mix proportions of concretes
Specirmens Ita/[gaé Slump | Air W/C | S/a Unit weight ( kef/ n?)
() | (em) (%) | (%) | (%) W C S CS G F/a SP
C0-25 20 201 | 2%1 25 35 160 640 543 - 1,020 - 12.96
C0-40 20 18+1 | 3+1 40 40 170 425 681 - 1,036 - 2.76
C0-35 20 151 | 4+1 55 45 180 327 790 - 978 - 0.39
C2-25 20 20+1 | 2+£1 25 35 160 640 434 109 1,020 - 12.96
C2+40 | 20 18+1 | 3%l 40 40 170 425 545 136 1,036 - 2.76
C2-55 20 15+1 | 4+£1 55 45 180 327 632 158 978 - 0.39
C4-25 20 201 | 2#1 25 35 160 640 326 217 1,020 - 12.96
C4-40 20 1811 | 3+1 40 40 170 425 409 272 1.036 - 2.76
C4-55 20 151 | 4%1 55 45 180 327 474 316 978 - 0.39
C6-25 20 201 | 2%1 25 35 160 640 217 326 1,020 - 12.96
C6-40 20 181 | 3%1 40 40 170 425 272 409 1,036 - 2.76
C6-55 20 15+£1 | 4%1 55 45 180 327 316 474 978 - 0.39
C6-F1-25 | 20 201 | 2%1 25 35 160 576 217 326 1,020 64 11.52
C6-F1-40 | 20 18+1 | 31 40 40 170 383 272 409 1,036 43 249
C6-F2-25 | 20 201 | 2+1 25 35 160 512 217 326 1,020 128 11.52
Co6-F2-40 | 20 18+l | 3+l 40 40 170 340 272 409 1,036 85 2.21
% C0,C2,C4,C6: Crushed sand replacement (0, 20, 40, 60%) F1F2: Flyash substitution(10, 20%)

25.40,55: Water/cement ratios(0.25, 0.40, 0.55)
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Table 6 Strength of concrete with curing age(cseries)

| St Air Compressive strength(kgf/cr) Tensile Flexural
Specimens (cn) content 7 14 28 st(iggl%h strength strengtzh
(%) day day day ratio (g% ) (kef/cit) (kgf/crf)
C0-25 21.0 13 475 541 629 100 46 140
C0-40 20.0 1.7 299 357 441 100 33 100
C0-55 16.5 2.3 220 281 321 100 33 81
C2-25 205 1.2 449 510 602 9.7 47 152
C2-40 18.0 19 277 302 388 88.0 37 124
C2-55 170 27 141 191 241 749 29 91
C4-25 185 15 479 523 613 975 48 164
C4-40 185 2.0 299 347 462 1046 39 115
C4-55 16.0 2.5 131 187 238 741 2 9%
C6-25 19.0 14 503 561 612 973 45 141
C6-40 17.0 2.1 333 377 469 106.3 40 98
C6-55 150 3.1 169 201 263 81.8 2 76
AT AEATE BPsle] IFT FAYERA 2 AY 28U AFFEE EF 600kef/cm’
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Table 7 Strength of concrete with curing age (F series)
St Air Comnpressive strength(kef/ o) Tensile Flexural
Specimens (e )p content ‘ Comp, strength strength
(o) | Tdv ) Mday | Zday | stengtho ) gg/an) | (hat/e)
F1-25 20.5 14 568 621 644 100 41 113
F1-40 190 18 337 382 432 100 27 74
F2-25 21.0 1.1 521 586 624 96.9 32 91
F2-40 18.0 16 247 297 345 799 24 62 B
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Table 8 Test results of chloride ion permeability test

Time F1-25 F1-40 F2-25 F2-40 C0-25

(min) | mv | IA) mV 1(A) mV | I(A) mV I(A) mV | I(A)
0 0 0 0.041 205x10° 0 0 001 5x10° 0 0
30 0 0 0041 | 205x10° 0 0 0.01 5%10° 0 0
60 0 0 0.041 205x10° 0 0 0.01 5x107° 0 0
90 0 0 0.041 205%10° 0 0 0.01 5x10° 0 0
120 0 0 0.041 205%10° 0 0 0.01 5x107° 0 0
150 0 0 0.041 205%10° 0 0 0.01 5x107° 0 0
180 0 0 0041 205x10° 0 0 0.01 5x10° 0 0
210 0 0 0.041 205%10° 0 0 0.01 5x107 0 0
240 0 0 0.041 205%10° 0 0 0.01 5x10° 0 0
270 0 0 0.041 205%107 0 0 0.01 5x107 0 0
300 0 0 0.041 205x10° 0 0 0.01 5x107 0 0
330 0 0 0.041 205x10° 0 0 0.01 5%107 0 0
360 0 0 0.041 205%10° 0 0 0.01 5x10° 0 0

Q 0 4 0 1 0

Journal of the Korean Society of Agricultural Engineers, 44 (2), 2002.3

115



Zejol

dglEe BA

i

6.0

5.0

Negligible Permiability
4.0

Coulombs

2.0

Negligivle Permiability

Zevo Permiability (’

F2-25 F2-40

1.0
Zero Permiability

50-25 F1-25 F1-40

Specimens
Fig. 17 Permeability of high strength concrete using
fly ash and crushed sand

Fig. 172 7 A9Ae s3dslges 1902
LR Hlojo,

v.2 &

Eoto] oA FEEAS AHEE SYZ 16~

20cm, 71% 1.5%0.3%<
S a% Q75 s 243 gan
S T3

D FeRd &3 60%2
40%% 25%°1M AH 289U dEHE
469kgt/cm®S} 612kef/cm®S Websit), E8
o] A E 10% AHEFSH AT &£d27t 20
cm o4 FRHT 4ERErt 27} 644kgf/em®S}
43%gf/cm’E UER} 317% £4o] o EE
ZEo|Y A4 9 k]
Z‘joﬂ Z-L% 7 ‘g?‘sL 7 .

2) Ferde T3y 60%Y o %E}Ol of Al

i‘ﬂ%a A7t 10%9} 20%8 Az 1 =
YEA E/AWE H]7} 0.259 F$ %}%%}E%
Zdjo] ofAE 20% EF wigte] 10% ES)E
wjgel oF 97%EA FAlSH Uehgod, B/A
E H] 0409 AT Zeto] ofAE 10% Yt v
o] oF 25%9 FEFAE L}E}”‘E}

3) AZAES} AL AAE
% y=2.9578x—6.6928% EFHS

‘7701-5_

|

==

116

09882 %A verdeh

) Eefo] ofAlE ARG 1T BeRd 23
ZE9 orolL EFAHe o8t EgAadn B
ARE ¥)7F 0.259 AS BHAEFS BF 00
2 YeRdoH, 0.40%Q AfolM T mfg 2 =
FAE vehol TR FAR 5 Qe Aow
ebgct.

zA 2
g ?i?-% oAy " ddste

AAFATA"S] o] Hglef o)
RO ol At =Rt

References

1. Ahmed, A.E., and EI-Kourd, A.A. 1989. Pro—
perties of concrete incorporating natural and
crushed stone very fine sand. ACI Material
Journal, Proceedings 86(4): 417424,

2. Kim, J. K., and C. S. Lee. 1995. A study on
the fracture characteristics of crushed sand
concrete and river sand concrete. Journal of
the Korea Concrete Institute, 7(4): 81—87.
Korean)

3. Nicholas, F. P. Jr. 1982. Manufactured sand
and crushed stone in portland cerment con—

(in

crete. Concrete International, 56—63.

4. Oh, B. H. 1997. Characteristics of concrete
using fly ash and applications of fly ash in
civil engineering. International workshop on
utilization of fly ash and fed-gypsum, KEPCO.
193-226.

5. Proceedings. 1995. Characteristics and indus—
trial utilization of aggregate resources. Ist

Jor

Advanced Mineral Aggregate Composite  Products

Kangwon National University, 69—86.

International ~ Symposium,  Research  Center

EEE e A A48 A25, 2002



