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Experimental Study on Shear Performance of RC Beams with Electric Arc Furnace
Oxidizing Slag Aggregates
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Abstract

This study evaluates the shear performance of reinforced concrete beams with electric arc furnace oxidizing slag
aggregates generated from iron manufacture. A total of six simple supported specimens were cast and tested in shear.
The main test variables were the type of aggregates and the amount of shear reinforcements. The specimens under four
point loading had a shear span—to—depth ratio of 2.5 and a rectangular section with a width of 200mm and an effective
depth of 300mm. Existing equations to predict the shear strength of the specimens were used in this study. Furthermore,
a finite element analysis using shear analytical model was performed to trace the shear behavior of the specimens with
electric arc furnace oxidizing aggregates. From the test results, the shear performance of specimens with electric arc
furnace oxidizing aggregates is similar to that of specimens with natural aggregates.
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Fig. 1 Manufacturing process of steel using electric arc furnace
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Table 1 Physical characteristic of EAF oxidizing slag.
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EAF oxidizing slag aggregate

Test items Coarse aggregate Fine aggregate
KS F 4571 Test result KS F 4571 Test result
Unit volume weight (kg/l) > 1.6 2.20 > 1.8 2.66
Oven density (g/cm’) 3.1~4.0 3.78 3.1~4.0 3.77
Absorption ratio (%) <20 0.70 <20 0.20
Percentage of solid volume (%) - 58.8 - 68.4
F. M - 7.00 - 2.92
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Table 2 Mix design of concrete

. . . 3
_ Design WiC S Unit weight (kg/m’)
Specimens strength @) %)
(MPa) 2 g W C S G AD
AN series 30 54.3 46.5 177 326 807 928 2.53
AS series 30 59.9 475 175 292 1197 1323 1.94
FS series 30 58.1 55.9 175 301 1185 935 2.00
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Fig. 2 Stress versus strain relationships of materials used in this test
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Table 3 Properties of specimens
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A&7 750mm, A7) (o/d) 252 BE APA7}
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o Aggregate types Longitudinal Shear
Specimens - fo. (MPa) . .
Fine aggregate Coarse aggregate reinforcement reinforcement

AN—-N Natural aggregate Natural aggregate 31.7

AS—-N Slag aggregatex Slag aggregatex 29.3 2-D19 -

FS-N Slag aggregatex Natural aggregate 31.6 fy = 478.9MPa

AN-R Natural aggregate Natural aggregate 31.7 3-D25

AS-R Slag aggregate Slag aggregatex 29.3 f, = 534.8 MPa DLO@250mm

ag aggregate ag aggregate - v : fuy = 359.7 MPa
FS-R Slag aggregate* Natural aggregate 31.6

x Slag aggregate: electric arc furnace slag aggregate
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Fig. 6 Shear stress versus shear strain relationships
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Fig. 7 Crack patterns of specimens after failure
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Table 4 Comparison of experimental and analytical results for shear strength of tested specimens

; Experimental results Analytical results Experimental/Analytical
Specimens (I\/I;a) chp Vexp VA ar VA rakawa chp chp
(kN) (MPa) (kN) &KN) Vaa V trakaua
AN-N 31.7 70.0 1.17 67.7 67.7 1.03 1.03
AS-N 29.3 85.9 1.43 65.6 64.4 1.31 1.33
FS—-N 31.6 75.0 1.25 67.6 67.5 1.11 1.11
AN-R 31.7 193.6 3.23 129.2 112.9 1.50 1.72
AS-R 29.3 180.5 3.01 127.2 109.6 1.42 1.65
FS-R 31.6 180.7 3.01 129.1 112.7 1.40 1.60
Mean 1.30 1.41
Cov 14.2% 20.7%
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Fig. 8 FE representation of a typical specimen
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