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Appraisal of Concrete Performance and Plan for Stable Use of EAF
Oxidizing Slag as Fine Aggregate of Concrete

Bong-Suk Cho,"*

Hoon-Ha Lee,” Seung-Kyu Yang,” Woong-Jong Lee,” and Tai-Sun Um”

"Resources Recycling Research Dept. Environment&Energy Research Center, RIST, Pohang 790-330, Korea
’Concrete Reserch Office, Technology Research Center, SsangYong Cement Industrial Co. Daejeon 305-764, Korea

ABSTRACT Recently, more focus is shift to imbalances in aggregate market supply and demand and an exhaustion of natural
resources. In this situation, Electric arc furnace oxidizing slag (EAF slag) has high application possibility as aggregate for concrete due
to similar property with general aggregate. However, it is inherent the problem which causes pop-out by free-CaO contained in slag In
this study, we've got the plan to assure the chemical stability of EAF slag, and then experimentally tested the mechanical performance
and durability for the fine aggregate used EAF slag. On this test result, we suggest the application plan. At the result of this study, it
shows that EAF slag would reduce the surface defect such as pop-out due to natural aging for the fixed hour and adjustment the grain
size of EAF slag. And mechanical performance and durability according to the replacement rate of concrete service, were revealed more
than equal or equal compare to general aggregate. Hereafter, quality control must precede not to impede the beauty of concrete surface
as assure the safety for aging and processing. And, to establish the environmental resource recycling system for by-products of steel,
it should be made development of various application and guideline of quality control for the EAF slag aggregate. Moreover, it must
be constantly studied all kind of engineering performance and durability for related to this study.
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Fig. 1 Manufacture of stainless EAF slag
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Fig. 2 Mechanism of pop-out generation
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Table 1 Experimental plan
. Max. size of . Temperature Exposure Measurement
Series EAF slag (mm) Aging method C) term item
Drying in high 140, 160, 180 .
I 2.5 temperature condition | (in dry oven) 10, 20, 30 min. | - Number of pop-out
Stability security 05 generated at surface of
of EAF slag 11 2.0, 0.85 Soaking in hot water (hot water) 15 min. mortar (ea)
aggregate . . - Free-CaO (%)
11 2.5 Air aging . Air condition |1, 3, 5, 6 months (KS L 5120)
(exposure in open air)
- Three types of concrete
a. General concrete of
Application architect
evaluation as fine | 25 Air aging Air condition over 6 months b. Pavement c. Tetrapod

aggregate for
concrete

(exposure in open air)

(‘08.1~°08.12) - Compressive & bending
strength, Carbonation,
freezing&thawing,

Chloride ion penetration
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Fig. 3 Experiment progress and test method
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Table 2 Physical property of using materials

Material Physical property
Ordinary portland cement,
Cement specific gravity 3.15 g/em’
Specific gravity 2.17 g/em’,
Fly-ash fineness 3,610 cm’/g
EAF Specific gravity 2.89~3.12 g/em’,
absorbtion 1.11%,
slag

FM 1.96~2.24 (Gmax; 2.5 mm),

Crushed sand,
Fine Specific gravity 2.61 kg/em’, absorption 1.57%

aggregate Sea sand,
Specific gravity 2.54 kg/em’, absorption 1.29%
Coarse Crushed granitic aggregate, (size 25 mm)
aggregate | specific gravity 2.67 kg/cm’, absorption 0.98%

Table 3 Chemical component of EAF slag sand
Compo. CaO MgO Al,O4 SiO, Fe,05
(%) 327 5.95 6.6 24.0 6.04

Table 4 Leaching test result of heavy metals

Leaching concentration of heavy metals (mg/L)

Pb Cu | As Hg Cd | Cr | CN
EAF slag| N.D*|0.019| NND | ND | N.D | ND | ND

Standard | <3 | <3 [<1.5(<0.005|<03(|<15]| <1
*N.D; not detected
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Fig. 4 Grading curve of bended EAF slag aggregate
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Table 5 Mix proportion with type of concrete
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Unit weights (kg/m’ Fresh properties
Type of EAF | Target T W/B | S/a | Water : (Si/nd) Gravel T .
con'c sla:c?r slump (MPa) | (%) | (%) |(kg/m’) FA | EAF slag |(crushed(crushed AD | Stump |- Air
rep.(%)| (mm) sand) | stone) (Cx%)| (mm) | (%)
0 48 | 49.0 | 165 | 292 | 52 |[335(sea sand)| 503 | 910 | 1.30 | 155 | 4.7
NO““ja‘ 25 48 | 485 | 165 | 292 | 52 237 622 | 919 | 136 | 160 | 6.1
(zcgnzz 50 |150:25| 24 48 | 475 | 165 | 292 | 52 463 406 | 937 | 136 | 155 | 48
15) 75 48 | 47.0 | 165 | 292 | 52 388 201 | 946 | 137 | 150 | 43
100 48 | 465 | 165 | 292 | 52 907 0 955 | 135 | 145 | 4.0
Pavement| 0 25 425 | 486 | 165 | 338 | 50 |333(sea sand)| 506 | 907 | 0.51 | 70 52
con'c 40 | 80+2.5 | (bending | 42.5 | 48.6 | 165 | 338 | 50 414 506 | 907 | 053 | 80 4.9
(25-2.5-4) 100 strength) | 425 | 44.6 | 165 | 338 | 50 949 0 978 | 0.53 | 75 59
Tetrapod | 0 63.5 | 50.5 | 176 | 235 | 42 |360 (sea sand)| 544 | 907 | 0.67 | 145 | 3.1
(25-18- | 40 [150+2.5] 18 63.5 | 50.5 | 176 | 235 | 42 446 544 | 907 | 072 | 150 | 3.4
12) 100 63.5 | 465 | 176 | 235 | 42 1027 0 980 | 0.80 | 155 33

Table 6 Variation of water content of EAF slag in dry oven with high temp.

Temp. in dry oven

Water content before inputting

Water content in drying machine

with elapsed time

‘O into dry oven (%) 10 min. 20 min. 30 min.

140 9.03% (104°C™) 7.42% (120°C) 2.55% (125°C)
160 9.66 7.94% (129°C) 6.73% (139°C) 0.67% (155°C)
180 7.20% (155°C) 470% (163°C) 0.89% (178°C)

* Internal temperature after inputting EAF slag into dry oven
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Fig. 5 Number of pop-out at mortar surface in dry condition exposured by high temperature
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Table 8 Number of pop-out and free-CaO contents by aging

Aging Free-CaO Number of | Average of
(months) (%) pop-out (ea) | pop-out (ea)
0.6178 53
None-aging 0.7367 67 61.0
0.7042 63
0.2503 11
1 0.3712 9 10.7
0.2459 12
0.1854 5
3 0.2836 8 7.0
0.1988 8
0.1584 0
5 0.1893 3 2.7
0.1806 5
0.1505 3
6 0.2011 4 3.0
0.1491 2
70
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o RZ=09799 [~~~/ -
% I e A
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o]
éL 40 |--mmmm e
-
T e
=
E
8 20 f--mmmmm e -
o
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L R e T i R
0 O
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Fig. 8 Correlation between accumulated pop-out and free-
CaO contents
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Fig. 9 Strength performance with concrete mix
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Fig. 10 Durability of normal concrete mix with EAF slag
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