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ABSTRACT

This experimental study is to analyze and to investigate the engineering pro-
perties of superplasticized concrete with the different kinds and size of coarse
aggregates.

The results of this experimental study are as the following :

1) By the dosage of 0—4% of superplasticizing agents, the plain concretes with
the range of water cement ratio 30—40% were able to be reduced to 27% without
a falling of consistency of basical plain concrete.

2) The high comporessive strength of 500—700kg/cif at the age of 28days was
gotten by water reduction without a falling of consistency of basical plain con-
crete. The compresssive strength of concrete was improved considerably by using
crushed rock and this tendency was more great with 10zz than in concrete with
20mm in the size of coarse aggregate.

3) In the case of concrete with crushed rock, the unit water content and the
unit cement content of concrete were reduced by 18—67kg/m' and 63—246kg/ 7/,
respectively, at 0—4 dosage of superplasticizing agents, and in the case of con-crete
with river gravel, the unit water content and the unit cement content of concrete
were reduced by 17—68kg/m and 60—240kg/ %, respectively, without a falling of
consistency.
~ 4) The relaltion between the compressive strength and the tensile strength of
concrete was Fc=12. Ft at the range of compressive strength of 300—700kg/crt.
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Arrangement of experiment
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Table 2. Physical properties of used cement. 2znt.
. Setting time« Compressive strength
Kind of Specific Blain (hrs-mins) (kg /ot )
) \ soundness
cement gravity (em* /g) ) {Initial set; Final set 3d 7d 28 d
Ordinary
Portland 3.15 3,240 5—0 7—20 good 170 240 295
Cement’
Table 3. Physical properties of aggregate. zate.
Aggregate Finess Specific: Water Absolute Unit Produc tion
Aggregate sizes . absorption.| volumg weight
(em) | modulus igravity % (%) Ckg” £) areas
River sand 2.5 2.65 2.5%8 1.80 66. 8 1.54 Simchun
River gravel 20 6.99 2.60 1.96 59.8 1.70 Simchun
Crushed rock 20 6.58 | 2.73 1.90 58.9 | 1.5 ] ‘Gongiju
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Table 5.1. Mix proportions and physical properties of fresh concrete. (In the case of river gravel)

. Absclute volume Max aggregate size
Mix W,7C (8 /) s/a | A/C | SP 10 Rerns~
design-| dosage nm 20 nm Temp. | REME
ation (o t)| w c g o 1o/ (o/wt) (o/wt)|Zivmp| Alr {Slump| Air | ¢ rks
em| @l e | G
A0P 40 173 137 267 413 | 39.5] 4.1 0.4 4.5 2.0 5.9 1.9 24 $2.58
35P 35 180 163 189 458 | 29.2 3.3 0.0 5.8 1.8 6.5 1.6 24 G2.58
0P 30 192 204 131 463 | 22.0) 2.4 G.0 5.3 1.5 5.2 1.2 25 C3.15
27P | 27 | 192 | 225 | 96 | 477 | 20.0| 2.1 | 6.0 | 5.0 | t.9| 5.8 1.7 ] 26
40S 27 124 146 283 437 | 39.31 4.1 3.0 5.4 1.8 6.0 1.4 25
358 27 145 170 197 478 1 29.2] 3.3 z.0 5.0 1.7 5.5 1.4 24
308 27 175 | 206 | 134 475 | 22.0| 2.4 | 0.8 | 5.9 1.5 6.5 1 1.2 25
7S 27 162 190 165 473 | 25.51 2.8 1.0 5.0 1.9 5.8 1.7 26
Table 5.2. Mix proportions and physical properties of fresh concrete, (In the case of cuushed rock)
Mix W, C £ A L/ nt) s7a| ASC | sp. Max. aggregate sizc R
; ema-
design-| dosage 10 mm 20 mm Temp
ation |(oA4t)] w C S G | ADI A (oW STump] Air |Slump | Air oot ks
Cen | () | Cem) | (%) ©
40P 40 180 143 262 405 139.31 4.0 0.0 4.0 2.1 4.9 1.9 22 |S:2.58
35p 35 | 185 | 168 | 186 | 450 | 29.2} 3.2 | 0.0 | 5.2 | 2.2 6.0 | 1.7 ] @922 [G:2.72
30P | 30 | 195 | 206 | 130 | 45u | 22.0| 2.4 | 0.0 | 5.1 | 1.9 5.5 | 1.7 ] 22 |C:3:15
27p 27 196 23C 94 470 | 20.0 ) 2.1 6.0 4.5 2.3 5.5 2.2 24
408 27 129 152 | 280 | 433 | 39.3 | 4.0 4.0°1 5.0 | 2.1 5.2 1.8 23
35S 27 149 175 195 472 | 29.2 | 3.2 2.0 5.8 2.0 6.0 1.9 22
30S 27 178 210 133 470 1 22.0| 2.4 1.0 5.5 2.1 6.5 1.9 22
218 217 167 197 160 466 | 25.5 (| 2.7 1.5 6.0 2.1 7.0 2.0 24
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Table 6.1. Mechanical properties of hardened concrete.

(In the case river gravel)

ZE BT A5 A
b AT AL g Ead ey

i Campressive Tensile Staticmodulus | Dynamic moduls i sig
Mlx WC|Age| strength strength of elasticity of elasticity Unit wu5.ht
desigra- Chy/ ) Cho/eh) | (X105 kg /ey | (X10° ke, et ) | Chg /4D
tim (| W)

10mm | 20mm | 10am | 20mn | [0am | 20mn | 10w | 20 mm 10mm | 20mm

11 289 | 238 21 24 2,14 11,79 | 3,32 | 3,30 |3.637 | 3,711

2] 33 | 274 28 26 2,39 12,09 | 3,41 3.55 |3.651 | 3,742

40P |40 41 381 ] 304 29 31 2,50 [2.24 | 3,70 | 3,57 |3,643 | 3,718
8| 387 | 350 29 31 2,56 [2,28 | 3,74 | 3,70 3,651 {3,725

26 1 432 | 375 30 32 2,64 12,34 | 3,76 | 3,75 |3.66Y9 ] 3,725

1} 305 | 292 33 26 2,20 12,09 | 3.37 | 3.48 [3.696 | 3 780

21 353 | 361 36 29 2,30 12,26 | 3,52 | 3,70 13.711 | 3,784

35 P |35 4| 400 | 387 37 34 2,30 12,27 | 3,69 | 3.88 |3.724 | 3,787
8 425 37 34 2,42 [2.56 | 3.70 | 3,90 (3.705} 3,799

26 | 469 | 451 38 35 2,59 12,69 | 3.81 | 3.91 |[3.706 | 3,796

1| 361 | 328 33 30 2,24 12,16 | 3,42 | 3,56 |3,721 | 3,782

2] 397 | 3714 35 34 2,51 12,48 | 3,54 | 3,71 13,798 | 3,786

30P 130 4 445 | 438 35 34 2,55 {2,45 | 3,57 | 3,71 3.725| 3,789
8 457 | 444 39 317 2,59 | 2,54 | 3,70 | 3,82 |3.737 | 3,802

26 | 573 | 497 40 38 2,67 |2.68 | 3,74 | 3.82 |3.737| 3.808

11 390 | 360 | 35 29 2,50 [2,33 | 3,52 | 3,64 |3,743| 3,783

21 430 | 420 36 34 2,61 12,59 [ 3,75 | 3,73 |3.756 | 3,789

2TP | 2T 4] 443 | 433 36 34 2,54 12,62 | 3,80 | 3.85 [3,760 | 3,884
81 460 | 460 38 40 2,60 [ 2,76 | 3,88 | 4.29 {3,766 { 3,901

26| 554 | 520 40 43 2,70 { 2,90 | 3.90 | 4.70 [3.769 | 3,906

1] 404 | 37€ 31 32 2,52 1236 | 3.71 3.84 13.665| 3,769

2] 4N 416 35 35 2,55 12,63 | 3.78 | 3.94 13.680 ] 2,751

40s | 27| 4| 482 | 451 37 37 2.66 12,70 | 3.98 | 4.06 |3.695 | 5,782
8| 531 | 491 38 40 2.71 12,741 3.97 | 4,10 13.680| 3.785

26| 619 | 543 41 43 2,98 | 2.80 | 3.96 | 4.19 |3.686| 3,188

1] 418 ; 376 33 27 2,69 1243 | 3,68 | 3,77 |3.717] 3,793

21 456 | 405 35 32 2,77 1 2.50 | 3.81 | 3,84 |3.732} 3,799

355 | 27] 41 503 | 435 42 40 2,751 2.50 | 3,88 | 4,01 |3,722/ 3,803
81 528 | 477 42 42 2,97 12,75 | 3,94 | 4,02 {3,729 3 811

26| 629 | 576 43 43 3,01 12,9 | 3,66 | 4,04 }3,730 3,815

1| 444 | 365 37 34 2,44 12,34 | 3,48 | 361 |3,740| 3,763

21 450 | 416 37 34 2,59 12,72 | 3.53 | 3,72 | 3,756 3,761

30 5] 27| 41 558 | 439 39 34 2,68 12,57 | 3,80 | 3.83 (3,744 3,772
81 584 | 445 40 35 2.70 1 2,90 | 3,83 | 3,92 |3.752| 3,779

26] 639 | 578 44 45 3.04 | 3,01 | 3,86 | 4.06 {3,753 3,788

1] 435 379 37 32 2,43 12.26 | 3.66 | 3.75 |3.740] 3,785

2] 461 428 38 34 2,51 12,67 1 3,77 | 3.81 3,793} 3.788

21s | 21] 4| 537 467 44 40 2,571 2,59 | 3.83 | 3.96 | 3,746 3,793
8¢ 544 | 474 45 10 2,151 2,74 1 3,88 | 4,99 [ 3.751] 3.800

26] 6584 535 46 44 2,82 2,88 | 3,98 | 5,03 |3.755| 3,804
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TTable 6.2. Mechanical properties of hardened concrete. (In the case of crushed rock)
Mix Compressive Tensile ”310“1‘},“:% of &yg‘?{'\‘gof Unit
desig- WAAge| strength strength e |:,:(1;1(;i Ly &lasti’ci Ty weight
nation| wolewy| (Ko /et ) | Chy /) | (< 105y /et)| (X10% kg, enty | Chgsea)
10 mm | 20 mn 0an] 20mr | 10an ] 20man | 10am | 20w} 10 mm] 20 am
1] 359 308 26 29 2,50 | 2.64 | 4.25 | 4,29 | 3,889 |3,843
21 409 349 29 35 2,67 3,06 | 4,50 | 4,44 |3.890 |3,844
40 P {401 4| 442 413 38 35 2,94 3.30 | 4,63 | 4,59 |3.892 |3 849
8 | 491 428 41 34 2.96 3.26 | 4,811 4,70 3.896 | 3.837
26 | 535 484 42 40 3,05 | 3,38 ] 4,92 4,77 |3.,898 |3.842
1 413 328 33 33 2.517 2.95 | 4.41 | 4,35 |3,920 |3.852
2] 463 383 34 40 2.66 13,15 | 4,60 | 4,53 |3,923 |3,855
35 P|35] 4] 497 A2 30 40 2.85 3,19 | 4,69 4,63 |3.919 {3,854
81 558 426 45 40 3.06 3,20 ] 4,801 4,70 |3.920 |3.866
26 1 621 512 46 41 3.27 3.22 1 4,94 | 4,88 |3.921 13,920
T} 4317 425 37 39 2.90 | 3.33 | 4,451 4,50 |3.941 |3.881
21 462 456 40 42 2,93 | 3,41 |1 4,62 | 4,60 |3,943 {3.884
30Pi301 4 512 479 41 42 3.0 3,47 4,68 | 4,73 | 3,936 |3.884
81 579 512 42 43 3.14 1 3,76 | 4,77 ] 4.82 | 3,953 |3,886
26 | 645 578 43 44 3.28 | 3,951 4,92 | 4,99 |3,963 13,904
1 520 490 39 43 2,99 3.18 1 4,53 ! 4.54 }3.968 |3.924
2| 550 540 44 44 3.30 3.45 | 4.79 1 4.59 |3.970 {3.940
21 P27 4| 585 565 46 46 3.3 | 3.74 | 4,92 4.70 |3.98513.951
81 600 580 43 47 3.43 3.86 | 4,95 4.73 13.99013.937
26 | 746 605 49 48 3.42 3,90 | 4,97 | 4.93 | 3,994 {3,962
11 536 491 42 43 3.21 3.19 ] 4.85 1 4,70 | 3,931 | 3,879
21 »40 540 43 43 3.24 | 348 5,00 4.81 |3.,934 |3.882
40 S| 27} 4 617 550 44 45 3.25 3.56 | 5,07 | 4,96 | 3.934 [3.885
8| 666 575 46 47 3.37 3,991 5,19 5.04 | 3,936 |3.883
26 | 746 694 55 52 3.41 | 4,07 | 5,28 5,12 | 3,938 |3.887
1} 550 483 45 42 3.03 3,47 | 4,78 | 4,71 | 3,976 | 3,922
21 581 502 47 43 3.1 3,67 | 4,94 | 4,84 |3,981 {3,925
35 S127] 4 871 567 49 43 3.13 3.83 ] 5.09) 495 |3.980 13,930
81 679 572 52 59 3.11 3.80 ] 5.13| 4,95 |3.984 {3,931
261 760 627 55 50 3.20 3.95 | 5,21 5.25 | 3,986 {3,933
1| 533 | 478 40 43 | 3,04 | 3.38 | 4,62 4,56 [ 3,948 [ 3,991
2 35 559 45 44 3.20 3,381 4.70 | 4,66 | 3.952 |3.994
30 5|27} 4| 537 572 49 45 3.24 3.65 1 4,80 4,77 | 3,950 {3,994
81 5713 572 49 46 3.40 3.72) 4,90 4,72 | 3,944 13,999
26 | 69 624 50 46 3.48 | 3,97 | 5,01 4,99 | 3,960 | 3,90t
1: 507 517 40 44 3,72 3,6 1 4.64 ] 4,70 | 3,956 |3,913
21 531 554 42 46 3,87 3.55] 4,81 4,84 ] 3.959 |3.920
27 5§ 271 41 545 555 46 50 3.26 3.83 1 4,971 4,92 | 3,959 13,919
81 623 614 47 55 3.30 § 3,92 4,981} 5,04 | 3.959 3,923
261 6713 655 49 58 3,31 404 ] 5.07] 5 15 | 3.966 | 3,927
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Fig. 1. Development of the compressive strength of concrete

with ages.
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‘“Table 7.1. Compressive strength ratios with age by 28 days strength, and compressive strength

ratio of concrete with 10mm gravel by that with 20mm gravel,

Stre~

ngth
ratio

101
104

133

107

by 28days

20 an

81

96
100

103
107

10 am

89

94
100

103

111

30p
vength ratliogiOnag 20=nlStrength ratios |10=n,/ Aen

by 28days
10 mm

Stre-

ratio

ngth

103

107

113
112

+

20 mm

89
35
100
107
121

85

90
100

113
125

Stre~

ngth
ratio

126
121
117
13i
121

by 28days

20 mm

71

90
100

100

120

10 am

83

93
100
112
125

40P
Strength ratios [iom

by 28 days

n/0mn] Strength ratiosi 0w 2wl

Stre-

ngih
ratio

117
117

107

118

{11

20 mm

75
85
160

104
i17

10 mm

81

93
100
111
121

Age

(days)

14
28

60
180

10



40S 353 30s 27s
Age gy reng th ratios |)gu A0mStreng th rativs lion H0m | Streng th ratios |10, Was| Streny th ratios|ygus Mu-
by 28days Stre- |by 28days Stre- |by 28days Stre- |by Z8days Stre-
W Mg e | 0, e |20 | %0, [0 [ wvon | 250 (10w | 2w | 520
7 87 89 109 82 35 114 98 B3 112 85 93 48
14 8t 98 100 81 88 107 99 98 96 89 100 Y6
28 100 100 102 100 100 118 100 100 94 10¢ 100 107
60 108 105 116 101 1 119 107 100 100 105 190! Pl
180 121 126 107 113 110 121 129 104 112 113 118 i03
Table 7.2. Compressive strength ratios with age by 28 days strength, and compressive strength
ratio of concrete with 10mm gravel by that with 20mm gravel in the case of concrete
using crushed rock. (%)
a0p 5P 0P 21p s 35S 305 as
o S T [ o o [ [ e [ T B [
10 <n ] 20 o B | 10t e] 20 el P80 110 e | 20 wm [TE 110 on 20 mm | TEEN 10 e |20 n | P60 10 e | 20 wn|PAER | 10wl 20w | TIED 110 0n 20 onf PR,
71 ] | ss ] sefroa s | a5 | ual se| s3] we | 83| sl wor| 83} se |t sl 83) w2 sr) s} us
14| s e 22| we | wa| ue | sy | ws [ ves| wr | or| we | uz| e8| 13| ot 93} 13 | mt| e | w0kl k6| vz] ok
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Fig. 5.1. Effect of aggregate cement ratio on the compressive strength of concrete.
(In the case of river gravel)
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(In the case of crushed rock)
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(In the case of crushed rock)
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