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Mechanism of Strength Development in Ultra High Strength Concrete
Using the Electric Arc Fumace Oxidizing Slag as Fine Aggregate

Seung-Heun Lee,'

’* Doo-Sub Lim,l) Seung-Hoon Lee,z) and Joo-Ha Lee”

1)Dept. of Materials Science and Engineering, Kunsan National University, Kunsan 573-701, Korea

2)Samsung C&T Corporation Engineering & Construction Group, Seoul 137-956, Korea

3)Dept. of Civil Engineering, The University of Suwon, Hwaseong 445-741, Korea

ABSTRACT In ultra high strength concrete, when electric arc furnace oxidizing slag is substituted for sea sand as fine aggregate,
compressive strength was improved about 15 MPa. To figure out the cause of the improvement in compressive strength, this study
considered the dissolution characteristics of Ca component in fine aggregate and examined the microstructure, porosity, microhardness,
and Ca/Si mole ratio on the interface of fine aggregate and paste. And to examine the mechanism of strength improvement resulted
from the shape of fine aggregate, this study measured the surface roughness of fine aggregate with AFM. According to the result of
this experiment, the mechanisms of strength improvement in ultra high strength concrete resulted from the use of electric arc furnace
oxidizing slag as fine aggregate can be divided into chemical and physical mechanisms. In the chemical mechanism, the soluble Ca

component contained in electric arc furnace oxidizing slag is dissolved and forms a hydrate between fine aggregate and paste to
improve the interlocking strength of fine aggregate-paste. Also, it makes the microstructure around the fine aggregate. And in the
physical mechanism, electric arc furnace oxidizing slag has a twice greater surface roughness than sea sand, so the interlocking
strength between fine aggregate and paste increases, which contributes to the development of compressive strength.
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Table 1 Physical properties of raw materials

Density Blaine Ayerag§
(e /cm3) (sz a) particle size
()
OPC 3.2 3000 13.2
Blast furnace 29 6000 6.3
slag
. 182000
Silica fume 22 (BET) 0.2
Anhydrite 2.6 3500 15.3

Table 2 Chemical compositions of raw materials

Chemical composition (weight, %)

SiOz A1203 Fe203 CaO MgO SO3 Others
OPC |209| 74 | 24 | 628 | 1.1 2.4 3.0

Blast
furnace | 33.1 | 17.8 | 0.4 | 403 | 4.1 | 2.8 1.5
slag

Silica | o5 61 13| 27 | 06 | 1.8 | 01 | 09
fume
Aol 0s | 03 | 387 30 | 469 | 8.5
hydrite | % . . . . . .




MR Table 3, 490 2t F FAE AF AP A 9 ZaLEn
3 5 -

gapi o, AEs 27 gem'olH, 2HEL 635, F7E = Fete] 1wz Avge o §, =3
o 135%9th 7o ZAle] AUXFE 10 mme) WSAERTAIE FUE] 12 3023t EFEdth 1
=29 W FAFo] FAA I FAe dATE JJerE T, #@e FAE FYse] 17 3023 £t &, 14
A=A W 25 AFM(atomic force microscope, ND- AEZAIY &A35tE f8] 123F $AAIT v 123
MDT)2.2 Sttt AmAels =] e 2o A uEE Form 35 msilth T A 5
A= YRS AASIL AFM AE vReEeof aksiqlth & WO R St FAAE EAE SAEN viAEA S
PO R = vhEEo] 4 HolZE AE7F #70lA st 2 FAAR ‘)rl‘roi Azadet. 4HEAE
U= 77g3F3t) 4 B O 2= contact mode®} tapping SAAE ©100x200 mme] HET=E AREIIATE 21
mode(semi-contact)3 tapping modes ©]-&3to] A3 e FAYEE 370l UH—r A a1 A o] AUt
O, scan speedi= 402 F 33}, 2 FAAE 714 Q0£5T)CE 91Uz A Y. &5
Fre FAYE FAA ArplE ARRE] FAIAE @

23 E32|E WEt W &8 uhe 7, 300tf $3%0] UTME o] §3te] 3staon, 37)
TAAY Bghe AY Av Agssc

ZIGE FAYEE AW 91Y¥ UFZE 200 MPas
%_}:}‘_ O]_ E}‘ =2 QULZH-J H]L— 12.5%% o]_oﬂi]_ %% 24 —g—%—%, Ellﬁ%,'E = %‘IQ_E_A—-! égg AIE X‘"ZS

I ERFE 800+£50 mm, &7 F 1.75£0.25%, =
150 kg/m’, S/at= 35.0%% SFoith AFel ARGE 2317 ARG 91 2ude FAE FAAE TR AM
T ZAYES] wES Table 59 2t A=A ek MjEH A AGAMe] FERE s 10x10x10 mm
% = 3 AAE A opAlE

23 E 2 E g2 AWM EH 100L)E A 2 Agsielet. dkst Ald
gl on, Aelgt Fo 18 HAS gl BHE e of 24X7F A3 T ol A olE oA ok 30E7}F o
ate] ol EN S AAGGT F3F FHF Al

& Az71NA 40Tl 24X AZE 3 2 AF b

Table 3 Physical properties of fine aggregates AAoIE o BAErgT) AxE A|HS uhe Hi o
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Table 4 Chemical compositions of fine aggregates
P geres 244 @R sk,

Chemical composition (wWt%)
Si0, | ALLOs | Fe;Os | CaO | MgO | SO; 25 338 53
Electric arc
Oig;;fjg 1771 72 | - | 205 60 | 02 A ﬁiiﬂji olgstol wEA2 W) FHD
slag To= AHT 9, EPMA(_electron prf)be micro analys1_s,
Sand 90 | 45 | 12 - - - SHIMADZU-1610)5 Akgsto] AA@wn| 7 or et

Table 5 Mix proportions of concrete

Unit weight (kg/m’)
o Blast f Fi
(%) Water OPC Silica fume| =~ o Wmace Anhydrite ne Aggregate | Admixture
slag aggregate
1 35.0 150 660 240 240 60 389 736 20.4
2 35.0 150 660 240 240 60 525 736 20.4

1 : Sea sand
2 : Electric arc furnace oxidizing slag
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Table 6 Compressive strength at 91 days

Compressive strength
Type (MPa)

Electric arc furnace

oxidizing slag 208

Sea sand 193

Fig. 1 Effect of time on the pH of fine aggregates
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(a) Electric arc furnace oxidizing slag

(b) Sea sand
Fig. 2 SEM images around fine aggregates at 91 days
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(a) Electric arc furnace oxidizing slag
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Fig. 3 BSE images around fine aggregates at 91 days
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(a) Electric arc furnace oxidizing slag

(b) Sea sand

Fig. 4 Ca/Si mole ratio around fine aggregates at 91 days
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(a) Electric arc furnace oxidizing slag

(b) Sea sand

Fig. 5 Surface roughness of fine aggregates
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