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Abstract

This paper presents the fundamental study on rational manufacture of Ultra High
Strength(VHS) concrete using industrial by-products as like silica fume, slag and fly ash.

In this study, we had tested various mixing cases to manufacture the UHS concrete(target,
cornpressive strength : over 1,000 kef/om® which is easily workable (target slump flow : 60
£10cm). The main variables are studied: 1) to find the optimumn replacement ratic of
wineral admixture, 2) to find a rational water-binder ratio and a proper binder content, 3)
to find the method for reduction of slump loss. From the test results, it is concluded that the
rational mix design can be made by using 40% slag, 10% silica fume. We found that
commpressive strength of UHS concrete increases according to decreasing W/B ratio but in
W/B ratio 18~20%, the difference is vague and the compressive strength does not necessarily
increase according to increasing binder content over 700kg.
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Table 1 Chemical compcsition and physical properties of cement

Chemical composition(%) Izloss | Specific | Blaine Setting time(hr:min)
. & .
Cal Si0 | AlOs | Fed3 | MgO S0 (%) gravity | (cm™/w) Initial Final
62.75 22.06 547 3.31 2.40 2.34 1.01 3.15 3,366 4:35 810
Table 2 Chemical composition and physical properties of mineral admixtures

ltems Chemical compogitivonif) Blaine Specifie lg.loss

Types Ca0 | Si0; | Alz03 | FerOs | MgQ | S0s {em*/) gravity (%)
Silica fume 0.19 | 95.0 | 0.26 | 0.13 | 045 0.23 260.000 2.30 0.10
GGBF Slag 41.98 | 34.69 | 1542 | 023 | 6.36 | 0.15 4,550 2.90 .04
Fly ash 3.60 | 59.90 | 23.30 | 7.30 1.10 1.7¢ 3,720 2.18 3.53
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Table 3 Properties of chemical admixtures

Types Ttems Main composition Specific gravity Appearance Smn?é’f;fsage
HRWR{ORL) Polyearboxylic 1.05 Brown liquid 20~35
HRWR(SLR} Polycarboxylic 1.04 Transparent liguid 0.5~3.0

Table 4 Physical properties of aggrepates
Items . o . Absorption ; Unit weight Percentare of
Types Gmax. Bpecific gravity (%) F.M. (kg/m’) solids (%)
Fine agg. - 2.60 0.95 2.80 1,580 60.8

Coarse agg. 13 2.65 0.87 6.33 1,567 59.1
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Table 5 Test variables for optimum replacement of mineral admidurss

Items Replacement of SG Replacement of FA
Replacement of SF 0% 10% 20% 30% 0% 10% 20% 30%
(% SFoSGe | SFoSGio | SFeSCGm | SFoSGao | SFoFAs | SFoFAe | SFoFAze | SFoFAw
10% SF18Gy | 3F14SG1e | SF1SGa | SF108Gs | SFuFAe | SF10FAw | SFidlfAn | SFoFAw
20% SFeSGe | SFuSGe | SFS0w | SFxSG | SFuFAs | SFuPFAp | SFyFAxn | SFaoFAsw

Table 6 Mix proportions of concrete

Binder | w/g | sG | SF | 8/a | HRWR Unit. weight (ke/m®)
No. conlwgl. or O Ry s . = -

(kg/m (%) | (%) | (%) | (%) | t\ype W I 30 SF 3 G HRWR
1 800 20 3 10 35 ORD 150 480 240 50 520 984 24.0
2 800 | 20 3 20 55 ORD 180 400 240 160 520 984 28.0
3 800 19 40 10 28 ORD 152 400 320 80 422 1105 20.0
4 800 19 40 15 28 ORD 152 360 320 120 422 1105 224
5 800 18 30 10 | 35 ORD 144 480 240 50 534 1011 28.0
6 800 18 30 20 | 36 ORD 144 430 240 160 534 1011 28.0
7 800 18 | 40 10 | 37 ORD 144 400 320 80 565 1109 26.4
& 800 18 30 15 | 83 QORD 144 440 240 120 504 1180 24.8
g 70 21 3 10 37 ORD 158 450 225 75 567 983 22.5
10 750 21 30 20 37 ORD 158 375 225 150 567 983 28.5
11 750 19 30 10 37 ORD 143 450 225 75 581 1008 26.3
12 750 19 30 20 37 ORD 143 375 225 150 581 1008 31.5
13 700 22 30 10 39 ORD 154 420 210 70 617 984 21.7
14 700 22 30 20 39 ORD 154 350 210 140 617 984 28.0
15 700 20 30 10 39 ORD 140 420 210 70 631 1007 25.9
16 T 20 30 20 a6 ORN 140 350 210 140 631 1007 30.8
17 T00 20 30 10 34 SLR 140 420 210 70 631 1007 17.5
18 700 20 | 40 10 | 3 SLR 140 350 280 70 631 1007 17.5

19 |_700 | 20 | B0 | 10 | 39 | SLR | 140 | 260 | 850 | 70 | 631 | 1007 | 17.5 _

o}, o] Helq @ 4 Ao, 16ujee Uty s Table 7 Test results of compressive strength of mortar
254, Sughe HEEA AY AR :ano;il’r:gsto the replacement variables of mineral
Mgl i
Compressive strength(kgl/em®)
Trems 3 days 7 days 28 days
3. A¥ZEn 3 nE SF)SGo (SFeFAg) 175 (175)285 (285)] 336 (336)
SF %8G (SF1FA.) | 160 (16001294 (294)] 423 (423)
) SF35Gy (SFeoFAg) | 151 (151)[231 (231)] 368 (368)
=3 2= = -
SEHEIAN 2 BHY vy SFeSGy (SFsFAR) 1175 (195)]285 (308)[ 420 (415)
SF1SGie (SF10FA) | 160 (131)]294 (224)] 525 (374)
(1) w=ee SFeSGie (SFalAw) 151 (123)]231 (265)] 528 (416)
LD - RS A SPeSGm (SFoFAm) 185 (119308 (215)] 421 (309)
FEAEHA 3 FRd AAAEE A 9 SF10SGm (SFoFA0) [151 (111)[224 (191)] 514 (347T)
9] Table 5% @& W&gx LEge ZAHE A SFonSGe (SFwfase)| 123 (98) [265 (214)] 510 (362)
e . . s SFeSGe (SFoFAw) 118 (1442215 (190)] 430 (308)
ZH9on AW 3 7 W 989 ey &
Afen], A9 3, 7 W 2699 ARIEE Y% SF10SGe (SF1eFAsg) 111 (104)[191 (151)] 476 (318)
o] A% Ao Table 7ot} SFeSOam (SFwFAw)] 98 (95) (214 (167)] 501 (375)
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Table 8 Experimental results of slump flow value and
compressive strength of concrete

Compressive
No (c?;[r?tdeen;, x?;é 1)3 ﬂf:;l('?:] ) strength (kef/cm®)
g/m’} 3days | Tdays | 28days
1 800 20 62 535 849 | 1025
2 800 20 45 409 750 | 1029
3 800 19 59 525 | 835 | 1142
4 800 19 4() 463 777 1036
5 800 18 61 571 813 1131
[ 800 18 47 550 | 828 | 1145
7 800 18 70 427 | 793 | 1069
8 800 18 40 518 | 745 1091
9 750 21 62 525 758 | 1071
10 750 21 41 431 737 998
11 750 19 53 565 793 1135
12 754 19 35 459 768 1110
13 700 22 5¢ 517 781 1085
14 700 22 46 392 | 691 982
15 700 20 65 475 808 | 1152
16 700 20 41 396 729 1089
17 700 20 65 460 758 | 1153
18 700 20 70 513 802 1199
19 T00 20 70 446 731 1108
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