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Influence of Steel Slag Aggregate on Volume Stability of
Concrete and Its Inhibitory Effect

XIE Zhichao?, WANG Baoyin'?, JIANG Zhengwu"*"

(1. Key Laboratory of Advanced Civil Engineering Materials of Ministry of Education, Tongji University, Shanghai
201804, China; 2. School of Materials Science and Engineering, Tongji University, Shanghai 201804, China)

Abstract: The content and distribution of steel slag aggregate in steel slag aggregate concrete (SSAC) were analyzed
by image analysis software ImageJ, and the volume stability of SSAC applied in a practical project during boiling
method were evaluated. The deterioration mechanism of SSAC was discussed, and the inhibitory effect of various
surface coatings as protection was evaluated. The results show that the average content of steel slag aggregate in
SSAC is about 15% , and the volume ratio of coarse and fine aggregates is close to 11:2;boiling method can be used
as an effective way to evaluate the volume stability of SSAC. The hydration reaction of free calcium oxide ({-CaO ),
free calcium oxide(f-MgO)and oxidation reaction of FeO in steel slag aggregate is easy to occur in the presence of
air and water, and the volume expansion caused by the above products is the essential cause of the volume instability
of SSAC. The inhibition effect of silane coupling agent (SCA ) single layer coating, silane coupling agent-polymer
waterproof mortar (SCA-P) or silane coupling agent-epoxy mortar (SCA-E) double layer coatings on SSAC
expansion failure is better than that of polymer waterproof mortar (PWM) and epoxy mortar (EM) single layer

coatings. To some extent, surface protective coatings can prolong the initial cracking time of SSAC, but it cannot
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completely inhibit the expansion reaction of steel slag aggregate, thus it cannot fundamentally improve its volume

stability.

Key words : steel slag (SS) ; volume stability; boiling method; deterioration mechanism; rapid evaluation;

inhibitory effect
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Fig.3 Contents and distributions of steel slag aggregate in core samples
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Fig.4 Equivalent particle sizes and particle size distribution curves of steel slag aggregate in core samples
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(a) Loose and porous steel slag aggregate (b) Influence of steel slag content on initial cracking time
and failure time of specimen
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(c) Crack propagation path (d) Production of brown-yellow powder
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Fig.5 Failure characteristics of SSAC
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e N - Table 1 Chemical compositions of steel slag and
E‘Jgﬂﬁkﬁ/ﬁfx‘j‘ tl-/l . EE % 1 \2 E‘“U—IL : %Yﬁ H *"I’ E(J /ﬂs%zﬂ yellow-brown powder
W E Bl CaO | Fe/FeO/Fe,0;. SiO,, MgO , MnO , w/%

ALO, % Hirf CaO . MgO . SiO, . Fe/FeO/Fe,0, i Jit
A E R 20%6~60% 2% ~13% .10%~20% .
1096 ~40%6 5 54 P B9 7 B a1 5 B3 B i (R=
3.7) Xt BOFS, #5657k H ol 4.54.
2.3.2 BRI K

Xof PR 0 B v R R R Ak AR T AR R A
KRR 0 ) 41 LA T XRD 4387, 45 2 an &1 6
Jros L6 AT UL : (1) 245 893 22 i RO AH(MgO .
CaO ., FeO K& MnO 41 #0493 &) L iF 55 A 1 85
(-CaO) FIE B2 — 45 (C,S) £H W ; B 8 (& 0 1K i B
f-CaO.C.S RO M 4b , B £77E Ca(OH) , BRR — 5

. Fe
CaO SiO, AlL,O,
total

Material MgO P,0; MnO

46.6 11.0 1.0 30.2 4.6 1.7 3.0
Brown-yellow powder” 67.0 4.3 1.3 21.0 2.0 0.3 2.9
34.6 14.7 2.2 26.3 5.0 1.3 4.8
Brown-yellow powder” 64.2 8.4 2.0 13.3 4.3 0.3 1.4

Steel slag”

Steel slag”

Note: *denotes steel slag and powder after boiling ; denotes
steel slag and powder obtained from the construction site.

(C.F)FaR 0" (Fe,O,) 5 F1 0k 14 322 by 7 86 A (g
BEALEE (FMgO) ) EESR IR fh AT (AR Rl MRS Ay 5
HOHE A7 A1 Mg (OH) 21 A% . (2) 3 & Jo 89 i i £ 2™
Y UK A T AR A B 00 R S ek i b i BT
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Table2 Chemical compositions of steel slag in literatures

w/%
Type of steel slag CaO Sio, ALO, Fe total MgO P,O; MnO
H-basicity SS 1 38-60 9-15 1-5 10-30 3-13 1.0-2.7 0.06-1.4
M-basicity SS7 '! 38-40 16-20 3-5 18-26 4.8-5.7 0.74 1.8-4.4
L-basicity SS!"?! 20-50 13-20 3-12 0.9-48.3 7.4-13.4 1-4 0.6-6.8
BOFS! 40-60 10-19 1-5 10-29 3-13 1-4 2-6
EAFSY! 30-53 11-23 2-18 13-28 8-13 0.1-5.0 5-10

Note: H-basicity SS—High-basicity steel slag(R>>2.5) ; M-basicity SS—Medium-basicity steel slag( R=1.8-2.5) ; L-basicity SS—Low-
basicity steel slag(R<C1.8).
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Fig. 6 Appearances and mineral compositions of steel slag, brown-yellow powder and white powder in core sample
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Fig.9 Deterioration mechanism of steel slag aggregates
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