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ABSTRACT

The steel slag, a by-product which is produced by refining pig iron during the manufacture of steel, is mainly
used as road materials after aging. It is necessary to age steel slag for long time in air because the reaction with
water and free-CaO in steel slag could make the expansion of volume. This problem prevents steel slag from being
used as aggregate for concrete. However, steel slag used in this study was controled by a air-jet method which
rapidly cools substance melted at a high temperature. The rapidly—chilled method would prevent from generation of

free-CaO in steel slag.

This study dealt with the influence of the using rate of rapidly-chilled steel slag on flow, dosage of SP, W/C
ratio, and strength of mortar by statistical experimental design. Also, the results of this experiment were approved
by statistical analysis methods, such as analysis of variance and F-testing.

As results of F-testing, this paper proved at 1% level of significance that the more the using rate of
rapidly-chilled steel slag increased, the more this affected the enhancement of flow, the decrease of dosage of SP
and W/C ratio, and the development of compressive strength. Also, considering the fluidity and compressive strength
of mortar, it is desirable to use 75 % of rapidly—chilled steel slag for river sand.

Keywords : rapidly —chilled steel slag, statistical analysis, flow, dosage of SP
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Table 1 The physical properties of aggregate
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Fig. 1 The grain shape of rapidly -chilled steel slag
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Fig. 2 The grading curve of fine aggregate

Table 2 The chemical compositions of the rapidly-
chilled steel slag

Chemical composition (% by weight) £-Ca0

Si0: | AlOs | Fex0s | CaO I MgO | KO | 05 | 99

13.0 9.6 302 | 399 | 80 |003| 01 0.15

Max |Absolute o Water . Unit Solid | Solid volume by | Fine
Type size | Specific Sgigs:{‘; absorption Qggﬂﬁs weight | volume grain shape particle Sou(n(;h;less
(mm) | gravity (%) (kg/m’) | (%) (%) (%) °
Rapidly-chilled | = 5 356 357 0.42 2263 | 6375 60.00 0.45 26
steel slag
River sand 5 2.55 2.58 1.19 1575 63.40 57.80 - -
Korea Standard - over 2.5 - under 3 - - - under 3| under 10
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Table 3 The design of experiment

_ | The replace= | npe /o | MM | The subject of
Series | ment *ratlo of ratio (%) flow experiment
RCSS™ (°/Vol) °7 | (mm) D

_ The variance
I Cement of flow
0, 25, 50, 75, | Sand | 44 The d f
i s y f v = 1:2.45 € dosage o
100 (b SP
; 3;1 ) 210=5 The variance
0] —
1 wee of W/C ratio
* RCSS : Rapidly-chilled steel slag
33 Agu
T AT 207 A B2 §54 2 dBYEE
AES7] 98 KS F 5106 744 AHE Z2ez2e ¢
7T AgU ) o FEl FES A 2 4SS
SAAE Az
USAE AP 249 AR 042 Tl +5%
A AN 5 A 37, 289 AAsk4T,

3. 4 199 HH 2] W (one-way factorial design)
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Table 4 The results of test
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© Flow (mm)

Compressive strength (MPa)

The . q
Series re;;ﬁicgrg?nt \?‘Z/{S ]I]]] : %Sélg(%ﬁ())f S 00 3 days 7 days 28 days
RCSS™ (°/Vol) 1 2] 3 ave| 1| 2|3 [Ave|l 1 | 2| 3 |Ave| 1 | 2| 3 |Ave
0 114 | 109 | 111 ) 131 |1 2251228 1235|229 | 334|349 | 355 | 346 | 43.0 | 436 | 47.1 | 446
25 143 | 143 | 127 | 137 | 26.0 | 256 | 265 | 26.1 | 383 | 39.7 | 40.8 | 39.6 | 51.0 | 535 | 52.0 | 52.2
I 50 44 1169 | 145 | 167 | 160 | 276 | 27.3 | 29.2 | 280 | 40.8 | 41.2 | 408 | 409 | 54.5 | 53.1 | 54.9 | 54.2
75 203 | 206 | 205 | 205 | 345 | 32.1 | 334 | 33.3 | 45.1 | 43.3 | 438 | 44.1 {544 | 54.0 | 57.0 | 55.1
100 205 | 207 | 208 | 206 | 304 [ 257 | 275|279 | 41.2 | 40.7 ] 40.2 | 40.7 [ 48.1 | 484 | 50.0 | 4838
0 30 |32 [ 30|31 (167|161 (177|168 |235|246[254] 245 |319 3451307 | 324
25 20 1 22 120 | 21 1226 | 250|243 |240 (334|352 |345| 344 | 388|405 ] 39.1 | 395
il 50 44107 | 09 107 | 08 |284|275|305|288 412|402 |419 | 41.1 | 532|555 [ 536 | 54.1
75 00 | 00 ] 00 ] 00 [345]321|334|333]451 433|438 | 441 | 544 | 540|570 | 551
100 00100 ] 00|00 (30427275279 |41.2[40.7]402 | 40.7 | 48.1 | 484 | 50.0 | 4838
0 58 | 59 | 58 | 583192177198 | 189 | 263 [ 258 | 273 | 264 | 364 | 37.3 | 343 | 36.0
25 53 | 54 | 54 153712061216 )21.1 121112881297 ]286) 200 | 4291402417 | 416
I 50 - |49 | 50 | 49 | 493 (232|228 251|237 |335(373|353| 354 [49.1 | 53.0 |41.0 | 477
75 44 | 44 | 44 | 440 | 345|321 334 333|451 | 433|438 | 441 | 544 | 54.0 | 57.0 | 55.1
100 44 | 44 | 44 14401304 125712751279 | 41.2 | 40.7 1 40.2 | 40.7 | 48.1 | 484 | 50.0 | 48.8
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Table 5 The analysis of variance table for flow, dosage of SP, and water/cement ratio

. a Series I ! flow Series II : dosage of SP Series M @ W/C F F
actor S v F 3 v Fy 3 v F, (0.05) (0.0
The replacement -
ratio of RCSS” 4 12086440 | 5216.10 | 95.30 459.41 114.85 49.45™ | 465.73 11643 | 58217 | 348 | 5.99
(°/Vol)
Error 10 547.33 54.73 23.23 2.32 2.00 0.20
Total 14 | 21411.73 482.64 467.73
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Table 6 The analysis of LST for flow, dosage of Table 8& 249 A7 L8 A& 42 =5 43570
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RCSS™(°/Vol)
0
25 *k *x *k 60
50 ok | ok ok [ ok ook [ ok ¢ —
75 sk ok [ sk ook | skok [ sk ok ook [ ok ok [ skok E 50 — M 4
100 *ok | kx| ok kx| Kok |k ok ok | kx| ok = :";"_/ 28days P Sy
*xx 19 Level of significance, * 5% Level of significance o H : /DPT‘:KF*M—
B H 1
g nge 7days P
B30 |5
42 A=LT 2 .—//.//./‘ 3days e
8 20 [t
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Table 7 The analysis of variance table for compressive strength

Compressive strength

Series Factor %} 3 days 7 days 28 days F(0.05) |F (0.01)
S \'% F, S \'% F, S \ Fo
The replacement x o x
ratio of RCSS' 4 172.06 43,02 | 25.08 141.65 35.41 | 45.32 223.66 55.91|25.24 3.48 5.99
I Error 10 17.15 1.72 7.81 0.78 22.15 2.22
Total 14 | 189.22 149.46 245.81
The replacement - 255.41" 148.80"
. ratio of RCSS 4 49541 | 114.85 | 49.45 730.82 | 182.71 « | 115865 | 289.66 « 3.48 5.99
Error 10 23.23 2.32 7.15 0.72 19.47 1.95
Total 14 | 482.64 737.98 117812 | -
The replacement| 4 | s9531 | o883 | 4943 | 66950| 16738 %893 | 6a076| 16019| 17667 | 348| 599
- ratio of RCSS ) ’ : ) ’ * ’ : ' ' )
Error 10 19.99 2.00 11.31 1.13 90.73 9.07
Total 14 | 415.30 680.81 731.50
Table 8 The analysis of LST for compressive strength
The Compressive strength
Series re;; iicgn;?nt 3 days 7 days 28 days
RCSS™(>/Vol)| 0 25 50 75 100 0 25 50 75 100 0 25 50 ) 100
0
25 * *% *% *
I 50 *k X FT 3 Kk
75 Kok *k *% *k *ok )% EZ K Kk *ok
100 *% *% *%
0
25 * *ok *k
o 50 *k *x ok ok sk ok xk
75 *ok *k *k *k *x *k * % *k ok *ok *%
100 *x * % *x *% ok
0
25 ES *
m 50 £ * *oF k% *% *
75 ok *k sk k% kk *% *% 3 ®% Xk * *
100 *k sk ok *ok *3k k% *ok *
% 1% Level of significance, * 5% Level of significance
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