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An Experimental Study on the Production and Mechanical Properties of
Super-Workable Concrete
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Abstract

The purpose of this experimental research is to produce the super-workable concrete using
ordinary portland cement, blast-furnace slag powder, and fly ash respectively, and investigate
mechanical properties of super-workable concrete.

For this purpose, after production of super-workable concrete for different unit weights of
binder and percentages of fine aggregate, optimum mixing proportion of them was deter-
mined, and then mechanical properties of super-workable concrete such as static modulus of
elasticity as well as compressive, tensile and flexural strength were tested and analyzed.

Also, the mechanical performances of super-workable concrete were compared with those
of high-strength concrete with equal mixing proportions of concrete.

As a result, super-workable concrete has an excellent mobility, compactability and segrega-
tion-resistance, but the strength of super-workable concrete is somewhat lower than that of
high-strength concrete with equal mixing proportions of concrete.
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Table 1. Physical properties of ordinary port-
land cement

Specific Setting time | Fine- | Compressive strength
gravity Initial | Final | ness (kgf/cm?)
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Table 5. Quality properties of admixtures

Soeci Specific [Fineness Place of
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Table 6. Mix proportions of super-workable concrete(B=450kgf/m?)

Unit weight Slump Box Unit weight(kgf/m®) .
of binder W/B Admixtures S/a (Slump-flow) |compactability Superplasticizer
3 (%) (%) W{C|Ad S |G (Bx%)
(kgf/m?) (cm) (cm)
45 25.5(55) Clogged 1711450 0 [756|970 2.0
48 25.0(55) Clogged |171|450| 0 |805|919 2.2
OPC 50 | . 24.0(54) 24 1711450 0 |841881 2.3
53 25.3(56) 12 1711450| 0 |890|829 24
55 26.0(57) 3 1711450| 0 [924|794 2.7
45 25.0(54) Clogged 171|360| 90 (740|951 2.0
Fly ash 48 25.0(55) Clogged 1171|360 90 |789|900 2.2
450 38.0 (Bx20%) 50 24.0(54) 14 171{360]| 90 1823864 2.6
53 24.0(54) 10 171|360| 90 |872|813 3.1
55 25.5(60) 5 171|360 90 |906|778 3.7
45 25.2(54) Clogged |171|360| 90 |753|967 1.8
Blast furnace | 48 25.0(54) Clogged 171|360| 90 |805|913 1.9
slag powder | 50 24.5(55) 18 171|360} 90 |839(878 2.1
(Bx20%) | 53 24.5(56) 12 171(360| 90 |8881827 2.3
55 24.5(58) 4 1711360} 90 |921|791 2.6
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Table 7. Mix proportions of super-workable concrete( B=500kgf/m’)

Unit weight , | Slump ! Box © Unit weight (kgf /m?) Supei
. W/B ) S/a . .
of binder (%) Admixtures (%) (Slump-flow) lcompactability W F Ad S G plasticizer
(kgf/m?) N (cm) (cm) | (Bx%)
43 26.0(55) 10.0 182.5 500 0720 {1,003 2.1
45 25.0(55) 14.0 182.5| 500 0753 967 2.1
OPC 48 26.0(59) 8.0 182.5; 500 0,805 913 2.2
50 26.0(56) 4.0 182.5; 500 01839} 878 2.4
53 25.0(55) 4.0 182.5| 500 0| 888 827 2.6
43 26.0(58) 24.0 182.5{ 375 1 1251699 | 976 22
Fly ash 45 25.0(55) 18.0 182.5{ 375 | 125 | 733 | 940 2.2
500 36.5 (Bx20%) 48 26.0(59) 4.5 182.5| 375 1125 | 782 | 889 2.5
50 26.0(59) 2.0 182.5{ 375 | 125 | 815 | 854 2.6
53 26.0(54) 1.0 182.5/ 375 1 125 | 862 | 805 2.8
43 24.5(62) 22.0 182.5{ 300 | 200 | 715 | 997 7 2.8
Blast furnace| 45 24.5(65) 14.0 182.5[ 300 | 200 | 748 | 962 1.9
slag powder | 48 25.0(60) 3.0 182.5/ 300 | 200 | 800 | 908, 1.9
(Bx20%) | 50 25.5(63) 1.5 182.5{ 300 | 200 | 833 | 873 1.7
53 26.0(57) 2.0 182.5/ 300 | 200 | 882 | 821 1.7
Table 8. Mix proportions of super-workable concrete(B=>550kgf/m?)
Unit weight W' /B S/a Slump Box Unit weight (kgf /m37)KJ Super-
of binder Admixtures (Slump-flow) jcompactability ! ‘ ' plasticizer
(%) (%) W | C|Ad|S |G| ’
(kgf/m®) (cm) (cm) | (Bx%)
40 24.0(55) 13.0 191.5550 0 | 650 (1,022 1.8
43 26.0(58) 8.0 191.5550 0 |697 ] 973 1.9
OPC 45 25.0(58) 4.0 191.5550 0 730, 938 2.0
48 26.0(60) 2.0 191.5|550 0 |779 ! 886 2.1
L 50 25.6(62) 0 191.55560 0 [813] 851 2.2
40 24.0(62) 5 191.51412.5/137.5| 630 | 989 1.8
Fly ash 43 25.4(55) 3.5 191.5412.5[137.5( 676 | 940 1.9
550 34.8 (Bx20%) 45 25.4(60) 1.0 191.5/412.5137.5{ 707 | 908 2.1
48 25.0(55) 3.0 191.54412.5]137.5| 753 | 859 2.2
50 25.3(53) 1.0 191.54412.5137.5 787 | 824 2.5
40 25.1(60) 20.0 191.5(330 220 | 645 1,014 1.8
Blast furnace| 43 25.0(60) 4.0 191.51330 220 | 691 | 965 1.9
slag powder | 45 24.2(59) 4.0 191.51330 1220 {725 930 1.9
(Bx20%) | 48 25.0(58) 2.0 191.5330 220 | 774 878 1.9
50 25.4(55) 0 191.5{330 1220 | 805 { 846 1.9
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Table 9. Mix proportions of super-workable concrete( B=600kgf/m?)

Unit weight Slump Box Unit weight (kgf/m?) Super-
. W/B . S/a o ..
of binder Admixtures (Slump-flow) |compactability plasticizer
3 (%) (%) Wl C|Ad| S |G
(kgf/m’) (cm) (cm) (Bx %)
38 24.7(54) 14.0 1801600 | O |599 (1,024 2.0
40 24.8(57) 18.0 180 | 600 | O |630| 992 1.8
OPC 43 24.(58) 9.0 180 1600 O |676 | 943 2.0
45 25.4(55) 3.0 1803600 O |710| 908 2.3
48 24.5(55) 0 180 /600 O |756| 859 2.5
38 24.7(60) 18.0 180 | 480 | 120 | 581 | 997 1.7
Fl b 40 25.5(62) 12.0 180 | 480 [ 120 | 611 | 965 1.8
S
600 30.0 (B :’ZB(L) %) 43 25.0(61) 1.0 180 | 480 { 120 | 658 | 916 2.0
? 45 25.2(52) 0 180 | 480 | 120 | 689 | 883 2.2
48 24.5(50) 3.0 180 | 480|120 | 735 | 835 2.6
38 24.0(58) 20.0 180 | 420 | 180 | 593 [1,019 1.7
Blast furnace | 40 25.4(56) 18.0 180 | 420 | 180 | 624 | 986 1.9
slag powder | 43 25.1(58) 9.0 180 | 420 | 180 | 674 | 935 2.0
(Bx20%) | 45 24.1(55) 45 180 | 420 | 180 | 704 | 902 2.3
48 25.4(58) 0 180 | 420 | 180 | 751 | 854 2.7
Table 10. Mix proportions of super-workable concrete
U'mt Slump Box O-Funel| Unit weight(kgf/m?) Super-
weight {W/B . S/a| (Slump- | compact- ..
of binder (%) Admixtures %) flow) bilit test plasticizer
et o v B ey W C|Adl s | G| Bx%)
(kgf/m?) (cm) (cm)
OPC 50 | 24.5(58) 14 191.5(550 0 1813|851 2.2
Fi h
v as 45 | 24.8(56) 15 191.5|412.5{137.5| 707 | 908 2.1
500 34.8 (Bx25%)
™ | Blast furnace
slag powder | 50 | 25.5(60) 16 191.5{330 {220 | 805 | 846 1.9
(Bx40%) '
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Table 11. Mix proportions of super-workable concrete

Unit weight of | W/B . | S/a ; Slump | Unit wenght(kgf/m“)/ - Superplasticizer
_ 3 | Admixtures e s T s . .
binder (kgf/m?®)| (%) (%)| (cm) W C Ad. ) G (Bx %)
OPC 40 19.7 174 | 500 0 | 645 11,019 1.5
Fly ash
40 22.4 174 | 375 | 125 | 627 989 1.5
550 34.8 (Bx25%)
Blast f
ast urnace 40 | 225 | 174 | 300 | 200 | 642 |1,011 1.4
slag powder(B x40% )
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Fig. 2. Compressive strength and compactabil-
ity with percentage of fine aggregate
(W/B=36.5%, B=500kgf/m?®)
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ity with percentage of fine aggregate
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Table 12. Optimum mixing proportions of super-workable concrete
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Fig. 7. Flexural strength of super-workable
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450000 . [Gigh-swenath onerete 1|

400000 i ISujer—workable concrete

350000
300000
250000
200000
150000
100000
50000
0

Static modulus of elasticity (kgf/cm®)

ANENENANANANAN

OPC FA BFS
Admixtures

Fig. 8. Static modulus of elasticity of super-
workable concrete and high-strength
concrete(ys)

r°"

H, 2% 3By X 4 ¥A=s 4
7 ?H- 2z} ok 1/11, 1/52 vegx, 173x=
ZagEe AL AR FFEY ¢ 1/15, 1/
6.52 el

%N‘

Ch. HERMA

Eag e @43 4E M 71 Fa9
R F9 Uzt Ao, HA FRE9
AARRRZ ABYATIE AHEE7] qE, 2
ATt e 265 £z 9 33E ZaYE
o digt AEHASFE FIHAT.

Fig. 8& 39 E-A8AH o] 2/% 32E
ol 7% EadEs AVAAFE VP R
1735 3 Ed ¥ 245 Z2IEY
A AFH &S F 90% RAE2 24F =23
g Ee FAEdAFrt ngE EaelEe aRAH
o @A Jdeted, olRe 2HF E3gEV
17z FagEY Bd E-AFAue g4
T 549 dEF 3712 452 =7 Ass o]
ARAAFE A JHEld Aoz gadr

v. & =2

ERAFAEAN nzsR 2 FY E Zelol
AAE AT 2 {F FIYES Ax & 9
3 EAJ @3 2d¥4T ARy dem 2

e Az AT

1 2/% ZIHEY Ax¥d F EAA 9
T 2fRE e Adgstd adZgAZ, A
A FhH B AFALEE HFE 454, %‘—ZW
2 A=EAE THHo= gk B, ol
BF 183 2fF T3 E HF ﬂaw
& 550kgf/m°o 2 vepdon], ojwe] JFA
& MEUEFPANE EY3A @& OPC =2

2 E7} 50%, Egto] ojA] 2 n2&Yga BUg
4% F3dEY 47 45%, 50% = ey

2. @AAEA o] 550kgfl/m*d o, /% Z
e AH 2849 &AL oF 400kgf /cm?
ez RERE d 25 TIYEY AF
T Fdd Aoz gusy, $Y 2-A%AE 9
1% 3 Ed Hi 2H4F EILEY AF
2849 ¢=2ATHE ¢ 67~75% AEE IE
ZANM = 245 TRYET 42 B Ao
=2 ggdd.

3. Y E-ZFAMY 1A= TIHEA |
3 245 238 EY QAR EE = 9 94~98%
2 o]EZY A7t AY flE AR YHBo,
173E ZaEY U 2 /% S3EY F7Z
SHE o 84~89% 2 ThA A Yehdth

o

—112—



Z2H% EaEY Az 2 G833 S B HEH dF
¥, 284% Fadee] 4% 2 A= G 135~146.
7t EEHZEe] ok 1/11, 1/52 JEgE, 135 3RBREFY, 1996, A% Fadsy 4d
23 e IAL 474 AFPES 9k 1/15,1/ 2 A83 A pp. 1562~171.
6.58 et} 4. o] &, &34, HFAM, APY, 1996, £32
4. FY B-A¥ANY 1= FIYEY O YEL E3A e S B A¥H A,
g 2HF EIE] FAFAFH &S F 0% e ESS JMg eddd =&,
A=, 27% FadE] AT 1= 8(2), pp. 140~147.
gagEe IRRY A dehgted, oJRE 5. W3, &44d, 2, Ao, 1996, A
2% 23Er 13 FIYdEY Y E- AE EY3 ZagE EAJ #3 484
AgAn et 8A2E f549 dWEH Friz ¢ AT, dxTad et 71 SeURd =
Z73x7} A= FdAF7E A vehg A 3, 8(2), pp. 70~76.
oz weddd. 6. AMWER, 1996, TIHUEFFAIEAM, AlF
5. 2f% ZAYES HE3E Y= AE H, pp. 64~120.
AlZ& B3l AFH FHLdte Hde ¥ 7. £F18%&, 1995, Bifghar 7Y - FOBRK
Al Aol 3, 24F E3YEL WTH, 24F ERYE, XY bh-a322Y }+, No. 578,
E3Ed g 1RAx FTAYES AZ T pp. 10~21.
@3 ATt A&FH o2 o] Fojxol & Aol 8. HigkrTar, 1994, v 7)) — FEHGE
Bz —b), 2vo)— FITE, 32
3 10 2 @ (6), pp. 73~77.
9. FFTE, /NE—HE 1993, BEOAED Ly
1. w3, &4, T34, 1997, tizlo]l 8 J— bOWT, AV F-avzU-—F,
e 3YE dd F3 A, FA No. 558, pp. 1~14.
215334 Bola2dFY pp. 234~250. 10. #: FFfIBr 7+ BA, 1992, U AT a

2. AXZ, BAE, HAF, =A4F, 1996, 27
T Z3E9 ARSAY BT 43F <
7+, #=EaE%3 =23, 8(3), pp

~113—

- FOERE”, AV -a2v21) =},
No. 547, pp. 49~56.



