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Properties of High Strength Concrete Incorporating Fine Blast Furnace Slag
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Abstract

The object of this study is to investigate the strength characteristics and the freeze-thaw

resistance of high strength concrete incorporating fine blast furnace slag. Major experimental

variables were the water/cement ratio, maximum size of coarse aggregate, and cement types

such as ordinary portland and slag cement. The results were as follows ; The workability of

fresh concrete incorporating fine blast furnace slag was better than that of OPC(ordinary
Portland cement) in terms of slump. The freeze-thaw resistance showed better than that of
OPC, keeping more than 90% of relative modules of elasticity after 506 cycles and showing

only a hair crack at surface without serious damage. Thus, the fine blast furnace slag might

be recycled at concrete to make high strength concrete at fields.
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1. A = BZ3lgd. 4715+ (Ca0+MgO+ AlLQO,)/Si0,
2 Aag. sy nRdg JAsr] A
1. A8 Sate]l 4% roller millg ¢]£391 FLUEE
2 ﬁ?"ﬂl\‘]“ Bale 59850cm?/gd 12 & Table 1. Chemical components of fine blast
B nEwe EQlste AEH 22 g 23 furnace slag(%)
e s—*:;va— ngsy) AR fg@ = &Y= Si0, [ AlLOs [ Fes03| Ca0 | Mg0 | 7l
n gy)g AYe AAEEE, 2L 3 ES 34.8 146 | 1.2 418 6.6 1.0
Table 2. Physical properties of cement
Grain size distribution(gm) Specific Specific
T;
ype 1 2 4 8 |16 | 32 | 48 | 64 MS gravity | surface area
Fine blast furnace slag cement | 5.1 | 6.9111.0128.6|47.5|76.3(94.3|97.1116.8} 3.02 5,950cm?/g
Ordinary portland cement 8.7 |14.0|25.4|53.6 |75.089.0]97.6199.5| 73| 3.5 | 2,800cm?/g

*MS : Medium size
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Table 3. Physical properties of aggregate
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Type Max. |Specific |Absorption| FM EolglE 3027 AH|NE AA T, AMESs}
size | gravity (%) o dHlR s = al, A E
Fine aggregate| - 2.61 0.87 2.52 AEA] 2 w39 70% & ¥ 18 307 4]
Coarse 19mm | 2.61 0.98 | 5.86 U AAGE, AFHo2 w§r 30% 9 &
Aggregate _25£m 2.65 1.01 7.00 2342 Bty 287 vjwle At
Table 4. Mix proportions of concrete
[ Max.size of Unit weight (kgf/m® -
Specimen | Cement coarse W/C\S/a | Fine : (Ciaise) | Super
(%)(%)| Water | Cement AE .
aggregate(mm) aggregate | aggregate plasticizer
S1-28 28 384‘ 160 571 616 1,005 0.114 5.71
S1-32 19 32 | 38 160 500 639 1,043 0.100 5.00
S1-36 | Slag [ 36|38 | 160 | 444 658 1,073 |0.089| 444
S52-28 cement 28 | 38 160 571 616 1,020 0.114 5.71
S2-32 25 32 | 38| 160 | 500 639 1,059 10.100| 500
S2-36 36 | 38 | 160 | 444 658 | 1,089 |0.089| 4.44
N1-32 | Ordinary 32|38 | 160 | 500 646 1,054 lO.lOO 5.00
———— Portland 19 P
N1-36 cement 36 | 38 160 l:44 664 1,083 ’ 0.089 4.44
* AEA] . 2 KAle] AEA 202839, C9] 0.02%
* 14584 : Fu KAke] Rheobuild 1000, C9} 1.0%

*51-28;(S, N)-AHESR, (1, 2)-ZA (19, 25mm), (28, 32, 36)-W/C

—61—



s 3 832 4403 A55 1998 1049

ngd 12 R AYMES BE 2SS
EE ARE F3YEd U e¥= e

Table 59) el glch S1-32, S1-36 £38 E2)
&#=7t Z+z7b 20.0cm, 19.2cmE VERGO M,
A= 24 17.5cm,

N1-32, N1-36 £=3z59] H

15.0cme] & vEhfo], FU
I ARES £dZ7 6 34 YEygn

744 &=
o] 9}

& AL Y3y FEEE Yo M =
2 u|Eeel EYatet AHE Al vl A
F9o] Wjungr] WEelth ueps 2L SHEZL

=
=
A
&

271 3 28T P rRE

4 & A

T

KX
=

oz WD URL 22 ANEE A
FozH HE FEAS AWES AHEY 2z

Ed} u]3|

o
=2

A998

TY® Mgz AN Beld

A (matrix) &

o] A =7} 7V

A L 3HA

dg 5 A
239+
ate] 1y 74
& Yeple Aol

ZazEe] WAy F/1ABAE AUE

rlo

A
]

e rir

im o

g

]

5

2ol 0.02% & Artste] F71fFel 2+£1%7t
952 dgo 31 9L

HE AMg-3idch. 4823 n
EE A& S183EY FY)
28% % Holu, HE YEUHCZ AWE
NIZ3dEE 2.7%, 28% =2 Vet
ZAATE AgeA 1Y W e Re
B AME 238 E TS
EH AHMES] 37134

& gitk.

Table 5. Slump and air content
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, Specimen | o8 | S1-32 | S1-36 | S2-28 | $2-32 | $2-36 | N1-32 | N1-36
Classify
Slump (cm) 20.3 20.0 19.2 214 21.1 17.0 17.5 15.0
Air Content( %) 2.2 2.5 2.8 2.4 2.6 2.9 2.7 2.8
Table 6. Strength characteristics of concrete
. Compressive strength(kgf/cm?) Tensile strength | Flexural strength
Specimen fa/f2s | f28/Tse
3days | 7 days | 28 days | 56 days (kgf/cm?) (kgf/cm?)
S1-28 346 469 624 701 0.554 0.890 75.0 121.5
S1-32 251 377 513 584 0.489 0.878 60.0 93.9
51-36 210 344 492 524 0.427 0.939 50.0 84.8
S52-28 289 391 544 604 0.531 0.900 57.5 99.9
S52-32 242 352 443 484 0.546 0.915 47.5 75.6
S52-36 189 261 324 356 0.583 0.910 35.5 53.2
N1-32 252 355 438 471 0.575 0.930 44.2 73.1
N1-36 201 295 378 407 0.532 0.929 374 61.8
2. =22 E38|E2| AT EY EE N3] Y3l 5dd 2AeR 3y
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Fig. 1. Development of compressive strength
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Fig. 2. Relationship of tensile, flexural and
compressive strength
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Fig. 3. Relationship of tensile and Flexural
strength
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versus number of cycles
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Table 7. Relative dynamic modulus and durability factors

. Finishing Cycle numbers _J Relative dynamic| DF

Specimen

cycles 138 | 184 | 230 | 276 | 322 | 368 | 414 | 460 | 483 | 506 | modulus (%) (%)

S1-28 506 C 99.9 99.9

S1-32 506 C 92.5 92.5

S2-28 506 C 95.9 95.9

S$2-32 506 C 88.8 88.8

N1-32 506 C w S 70.9 70.9

N1-36 406 C W | S 59.4 54.0
*C : Cracking, W :Swelling, S : Scaling
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