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Table 2.1 Physical Properties of Aggregates

8 Specific Absor |Bulk Solid

': Sort of Gravity ption |Dens. {Vol.R. | F.X.

S| Aggregates S$.8.D [ 0.b. % kg/l %

[ [Pit Sand 2.62 2.59 1. 07 1.79 69.1 2.90
Crushed Stone} 2.64 | 2.61 | 0.92 1.57 | 59.9 | 6.67

1 |Blended Sand 2. 61 2. 517 1. 41 .76 68.°5 2.75
Crushed Stone] 2.62 | 2.60 | 0.95 1.55 | 59.8 | 6:63 |

m {Normal {Xin. 2.58 2.54 0.88 1.51 59.2 1. 66
Sand __[¥ax. 2.65 | 2.63 | 3.77 | 1.84 | 70.1 [ 2 99
Crushed Stone| 2. 62 2.60 { 0.95 1. 55 59.8 | 6.63
Copper |¥in, 3.38 3. 36 ¢.45 2.20 64.4 2.2t
Slag {Nax. 3.65 | 3.63 | 0.55 | 2.43 | 67.3 | 2.59
Crushed Stonej 2. 64 2.61 0.92 1.57 59.9 6.67
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Table 2.2 Mix Proportions of Tested Concretes

Test Unit Content (kg/m’)
Series | Km Kp ¥/C s/a ¥ C S [
(1 ¥ 100 }1.60 |1.30 |0.35 | 0.4041100 286 | 857 |1274
¥ 90 j1.60 |1.11 10.35 | 0.418] 90 1257 | 907 (1274
0| s/a 140 [1.79 [0.35 | 0.340| 15 {329 | 694 |1350
series | 1. 50 |1.69 |0.35 | 0.362|!t5 |329 | 739 |1305
1.60 11.59 |0.35 [ 0.383[1L15 |329 | 78l |1262
1.70 {1.52 {0.35 | 0.402|1t15 [329 | 820 |i223
1.80 j1.45 10.35 | 0.421]415 1329 | 858 11185
¥ 1.50 }1.33 [0.35 | 0.385|100 {286 | 814 |1304
series {1.54 |L. 41 {0.35 | 0.385|105 |300 | 804 |1289
1.57 |1.50 10.35 | 0.385[110 {314 | 794 [1274
[.68 |1.59 10.35 | 0.385)115 [329 | 784 {1258
L76 11.68 10.35 | 0.385§120 (343 | 775 [1243
¥/C 1.64 |1.65 [0.30 | 0.385| 110 |367 | 778 |1247
series [1.57 [1.50 {0.35 | 0.385|110 ;314 | 794 [l274
1.52 |1.39 10.40 | 0.385!110 1275 | 807 11294
I | Normal [1.60 {var. [0.35 | 0.405{100 |286 |var. [1262
Copper jvar. [1.40 10.35 var. |10 |314 jvar. {var.
(note) var. : variable by samples )
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Fig.3.1 Effect of Frequency on Consolidation under Constant Acceleration
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Table 3.1 Effects of Water Cement Ratio on Consolidation

Condition. of Mix Proportion ¥=100, s/a=0. 385
¥ater Cement Ratio ¥/C 0.30 | 0.35 | 0.40
Initial Filled Volume Ci % | 7171.2 | 77.3 | 78.8

Ce (%/1/1
cf %
EQ8 (J/1)

0.10
101.0
0.81

0.10
160. 5
1.13

0. 09
102.3
0.80

Efficiency
Ultimate Filled Volume
Consplidation Effort
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Table 3.2 Characters of Normal Sands and Results of Consolidation Test

Kind of Fine [ Pit Sand [ Crushed Sand

[Biended S. [¥ount

Aggregate| P-A [ P-B[ P-C| C-A| CB| CC| B-A| BB| K

Character of Fine Aggregates

Under 0.15an S.%| 15 7 3 10 14 [ 13

Fineness Mod. {2.21 (2.27 (2.99 12.85 [2.5{ [2.99 }2.53 |2.76

Shape Factor .11 [L.20 J1.15 |1.33 [1.33 [1.19 [l.24 |1.19
Solid Vol. R. 70.1163.4 {68.7 i{64.8 !67.5 [68.3 [68.6 [68. 5

1. 14
1. 66

Mix Proportion
Condition ¥/C=35%, s/a=40. 5%(Ko=1. 60).

¥:100kg/m
Kp 136 {1.31 128 [1.07 [1.90 [1.925 11.97 [1.27

LT
59.2

Results of Consolidation Test

Effort E98 | - 1389 | 319 | - - 1379

Tnitial F.V.Ci|80.8 [79.2 {81.0 [77.2 |76.9 |78.6 [78.0 [78.3
Efficiancy Ce |0.84 10.87 [1.05. (0.78 {0.77 {0.98 0.77 |0.8%
UltimateF.V.Cf |95.0 198.0 [99.4 |89.4 [91.2 |98.4 {90.8 [95.4

[0.84 '
78.9 1. 65
0.67

86.9 : Fig.3.10 Example of Shape and Shape Factor
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Table 3.3 Corelation Factor between Consolidation
Indices and Sand Characters

racter of Sand |Fineness Shape Solid
Consolidation Test Modulus Factor | Vol. R.
Initial Filled Volume Ci(%) | -0.135 0.917 0. 695
Efficiency Ce(%/J/1) 0. 581 0.633 0. 333
Ultinmate Filled Volume Cf(%) 0.370 0.753 0.616
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Table 3.4 Characters of Copper Slags and Results of

Consolidation Test

Copper Slag [ o T BT ¢ o7l & F
Character of Fine Aggregates

Fineness Nodulus 2.44 12.33 j2.41 j2.21 |2.59 [2.57
Under 0. 15am Sieve (%) 7 9 10 10 9 g
Shape Factor 1.28 {1.26 |1.23 [1.18 |[1.24 |1.29
Solid Yolume Ratio(%) 164.4 {65.6 !67.3 [66.1 166.8 [65.4

Nix Proportion
Condition
Kn

¥/C=35%, Kp:=1.40, ¥=1l0kg/a®

1.38 [1.46 |1.60 |i.50 |1.56 |L.45
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s/a 34.2 [36.2 138.9 [36.9 [38.1 (35.8

Results of Consolidation Test
Initial Fill.Vol.Ci(%) |83.1 [82.5 {82.4 |84.2 |83.0 |82.7
Efficiancy Ce (%/J/1) |1.14 (L. 11 [1.10 [1.15 J1.12 {L. 11
Ultimate Fill.Vol.Cf(%)>|98.3 |98.1 [97.8 |98.2 |98.4 |98.6
Consolidation EffortE98 | 338 | 473 212 1 170 1 211
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Fig.3.11 Consolidation Curves of Copper Slag Concretes
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MIX DESIGN OF EXTREMELY DRY CONCRETE
EVALUATED BY CONSOLIDATION EFFORT

Katsuro KOKUBU and Atsushi UENO

This paper reports the compactibility and mix design method of extremely dry concrete. The consolidation curves of
extremely dry concretes are tested, and consolidatin function, which is the relationship betwen the solid volume ratio
of concrete and the consolidaion effort, is discussed. The consolidation function of a certain concrete is dependent on
consolidation effort, if the acceleration of vibration is greater than the critical magnitude of about 2.5G. The compact-
ive characters are evaluated by the function and four indices derived from it. The effects of mix proportion and the
characters of fine aggregate are discussed, and the design method of the concrete with high compactibility is proposed.



