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Effects of Aggregate Grading on the Performance of High-Flowing Concrete
with General Strength

%] 1) 2) %] 3)*
AN 3 A o e MEH

Kim, Sang Chel Kim, Yun Tae Shin, Dong Cheol

Abstract

The high—flowing concrete requires additionally or excessively more expensive admixture than conventional concrete.
So, the concrete has not to be widely used in practical field due to the increase of production price, need of additional
facilities, and excessive development of concrete strength in associate with addition of too much cementitious material
even though it has more significant advantages than conventional concrete.

Thus, this study aims at developing high—flowing concrete with general strength unlike high strength which has been
carried out in conventional study. To observe the role of aggregate in the concrete quantitatively and to increase the
performance of high—flowing concrete effectively, parametric studies were carried out such as W/C, s/a, fineness modulus
of aggregate, contribution degree of particle sizes, and the effect of 13mm aggregate and fine stone powder as a partial
replacement of aggregates. And the effect of these factors on performance of the concrete was evaluated by measuring
slump—flow and gap of penetration height in U—typed instrument.

As a result, it was found that flowability of high—flowing concrete depends upon grading of fine aggregate more
significantly than that of coarse aggregate and is enhanced greatly as fineness modulus of fine aggregate decreases and
the value of s/a increases. In addition, the application of 13mm aggregate and fine stone powder are expected as a partial
replacement of aggregate in order to increase the performance of high—flowing concrete more effectively.
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(b) U—box test

(a) Slump flow test

Fig. 1 Test instrument

Table 1 Mix proportion for high—flowing concrete

s/a | W/C | Cement | Water Fine Coarse Compressive
@ | @) (ke) (ke) aggregate | aggregate | strength at 28
(kg) (kg) days (MPa)
52 | 307.0 | 159.64 | 886.51 | 903.83 24.6
50 | 52 | 297.0 | 154.44 | 897.25 | 914.77 23.1
54 | 287.0 | 154.98 | 900.63 | 918.22 21.6
50 | 307.0 | 153.50 | 858.60 | 948.32 24.7
48 52 | 307.0 | 159.64 | 851.05 | 939.98 24.1
52 | 297.0 | 154.44 | 861.36 | 951.36 22.8
54 | 287.0 | 154.98 | 864.61 | 954.95 21.1
46 52 | 307.0 | 159.64 | 815.59 | 976.14 23.2
54 | 297.0 | 160.38 | 818.58 | 979.58 21.9
52 | 317.0 | 164.84 | 770.69 | 1000.03 24.7
44 | 52 | 307.0 | 159.64 | 780.13 | 1012.29 22.8
54 | 297.0 | 160.38 | 782.89 | 1015.86 214
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Fig. 2 Grading curves for fine aggregates
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Fig. 5 Schematic manipulation of grading distribution for coarse
aggregate
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Table 2 Test results with loss of each grade associated with fine

aggregate
Avi | ;
veraged value at | ) o ood offective
_ ) Mass the loss of each deviation (mm)
Sieve size retained on sieve (mm)
(mm)

the sieve | Filling | Slump | Filling | Slump
height flow height flow

5 (No. 4 12.5 35.5 555 0.49 4.88
2.5(MNo. 8) 37.5 36.0 540 0.93 9.25
1.2(No. 16) 1125 38.0 530 2.33 15.50

0.6(No. 30) 125.0 41.0 521 4.50 20.63

0.3(No. 50) 112.5 42.0 520 5.43 23.25

0.15(No.100) 70.0 35.5 563 0.43 10.75
PAN 30.0 - - - -
Total 500.0 - - - -

Note:

(1) Difference of filling height at full grade=35mm
(2) Slump flow at full grade=550mm



Table 3 Test results with loss of each grade associated with
coarse aggregate

Averaged value at .
Averaged effective
Si i Mass the loss of each deviation (mm)
1e(xr§ms>12e retained on sieve (mm)
the sieve Filling Slump Filling Slump
height flow height flow
40 0 - - - -
30 0 - - - -
25 12.5 35.5 563 1.46 5.36
20 75.0 35.8 568 1.49 0.43
15 200.0 36.5 543 1.50 15.30
10 112.5 35.8 553 1.36 12.01
5 75.0 35.0 570 0.85 1.70
0.5 125 34.0 570 0 1.95
PAN 12.5 - - - -
Total 500.0 - - - -
Note:

(1) Difference of filling height at full grade=34mm
(2) Slump flow at full grade=568mm
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Fig. 15 Effective deviation of filling height vs. loss of grading
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r
=

—s— Expr.1 Expr.2 —s—Expr.3 ——Expr.d =CO=Average

=
w
L

Effective deviation of filling height {mm)
w S

Loss of grading size in coarse aggregate (mm)

Fig. 17 Effective deviation of filling height vs. loss of grading
size in coarse aggregate (W/C=52%, s/a=48%)

B8k 0.3mm YA @*OW i {‘% b

;‘.:lo

Zﬁ_i A JHJF EO]J_ 9,201 *ﬂ‘%lv‘i—ol &gt
Aol Qlol Hrp T3 &= vivke e &

o mlo ¥0 of ox 39 I—rl

< =419 9 JERA Fig. 177 189 d¥E 1
A, AzAel g x Ao e FH ko] Haprt
Hd 4mm oW Z Y= dEo] ¢l 492 34mms} H]
wate] 71 %i}el t”%t— ELX] %}. A %—8— A=

s %dii %k 568mm thH] |t Hzfe] =717}

60

w
o
'

—s=—Expr.l Expr.2 —e—Expr.3 —o—Expr.d e_mAverage ”

5 & 2
bt

[ W
O E R E &
L L I |

Effective deviation of slump flow (mm)
s

=
L

01 1 10
Loss of grading size in fine aggregate (mm)

Fig. 16 Effective deviation of slump flow vs. loss of grading
size in fine aggregate (W/C=52%, s/a=48%)

@
=

w
@
'

—s—Expr.1 Expr.2 —s—Expr.3 ——Exprd =C=Average

w
=
L

%8 &
, ;

5 5B B
et

Effective deviation of slump flow (mm)

o w
'

Loss of grading size in coarse aggregate (mm)

Fig. 18 Effective deviation of slump flow vs. loss of grading
size in coarse aggregate (W/C=52%, s/a=48%)

=27 H16R HMez(2012. 1) 69

REEES= PRI



20mm )2 Q% Aol € JPol A FEL &
Q1% 4= oIk 17 Aol 20mm 9] Qo) b A
& Ro= ehtaL AR o) 1A Fe T Fol
A o] Qe AR A Wik Ao W]
ulFo] 71915 RO P,

3.5 13mm =X{et 0 AEo| ARZZol| e st

AnbA o7 xA ol #E =AY 7 71e] He Al
o] 7] 5mmelH, o] {78 7lo] H= Y] A7
oA = oFo] H=3k 4= Qo g omlel 9 HBxv)
FAE7] SEIAE o] §iEelxe] deF BAjo] QT
Ty @dd07 Q1A 27] 5mm kel FAY5)
&al7] wio] A ofATEZZ | ARGH I Qi X
=A 27] 13mm ZAE E-8sto] F2 A9 i
E ARgste] 1 Gl sl Hrtel ®U)E spglvk BEs

—

_\'er

]
w

[
=]

[y
n
|

——Expr.1

——Expr.2

[
(=]
|

——Expr.3

Differences of filling height (mm)

5]
|

: =C~Average |

=}

0 10 20 30 40 50 60
Replacement of G, =13mm (%)

Fig. 19 Differences of filling height with use of 13mm aggregate

(W/C=52%, s/a=48%)

15 4+ | ——Exprl 5

104+ | Expr.2

——Expr.3

Differences of filling height (mm)

== Average
0 ; T T T
0 10 20 30 40 50 60

Replacement of stone powder (%)

Fig. 21 Differences of filling height with use of stone powder

(W/C=52%, s/a=48%)
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Fig. 20 Slump flow values with use of 13mm aggregate
(W/C=52%, s/a=48%)
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Fig. 22 Slump flow values with use of stone powder

(W/C=52%, s/a=48%)
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