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Mechanical properties and constitutive relationship of steel slag fine aggregate
concrete under impact load

XUE Gang, LIU Qiuyu” , DONG Wei, LI Jingjun
(College of Civil Engineering, Inner Mongolia University of Science and Technology, Baotou 014010, Inner Mongolia, China)

Abstract ; In order to study the mechanical properties of steel slag fine aggregate concrete (SSC) under impact loading, axial impact
compression tests of ordinary concrete and steel slag fine aggregate concrete with 10%, 20%, and 30% volume replacement ratios
were carried out by using the 100 mm split Hopkinson pressure bar( SHPB) . The effects of steel slag replacement ratio and strain rate
on the dynamic compressive strength, impact toughness, dynamic increase factor ( DIF) F,, and failure mode of SSC were
investigated. Based on the Z-W-T equation, a modified dynamic damage constitutive equation suitable for steel slag concrete was
obtained. The results showed that SSC had a significant strain rate effect, with the same amount of steel slag, the dynamic
compressive strength, F,, impact toughness, and failure severity of SSC gradually increased with the growth of strain rate. The
mechanical behavior under impact loading was changed by the addition of steel slag. When the strain rate was similar, the dynamic
compressive strength and impact toughness of SSC showed an upward trend when the steel slag content increased from 0 to 30%, but
the increase was relatively small, while the F, value significantly decreased after the addition of steel slag. By fitting the
experimental stress-strain curve, it could be concluded that the Z-W-T equation considering damage evolution could effectively
describe the dynamic stress-strain relationship of SSC.
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Table 1 Chemical composition of steel slag

% CaO SiO, ALO, Fe,0, MgO
TRV % 423 152 53 229 7.1

AR AR T S AR IR R SR D B T 5 s VR R -
TREFK A F KUE R ASAE 43 ) e ) 385 3 VR o+
SRR 10% .20% 30% 140 i TR 8 1, 43 9
%5 >h NC ,SSC10,SSC20 F1 SSC30, IR #E it & Lt
W& 2,

Hofth
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Table 2 Mixing ratio of SSC

Gy ﬁ/ﬂ‘iﬁﬁﬁﬂ ‘ ‘ m® PR + A LA B T kg \
TR/ % iy K b R K WK B IR
NC 0 0 323.0 795.0 1 054 171.0 1.0 57.0
SSC10 10 104.42 323.0 715.5 1 054 171.0 1.0 57.0
SSC20 20 208.84 323.0 636.0 1 054 171.0 1.0 57.0
SSC30 30 313.26 323.0 556.5 1 054 171.0 1.0 57.0
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Fig.1 Schematic diagram of SHPB device
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Fig.3 Dynamic compressive strength of SSC under
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Table 4 The constitutive model parameters of SSC under different strain rates
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Fig.10 Fitting results of SSC constitutive models under different strain rates
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Table 5 The constitutive model parameters of SSC under different steel slag content

WEEBESE % NAEF/s" K, 5 E,/MPa E,/MPa E,/MPa  0,/s 6,/ms &4 R?
0 138 1.701 1755 2216 2336 28490  4.010 24 0.0036  0.98
10 126 1754 1737 2268 2355 29601  4.893 21 0.0036  0.97
20 132 1718 1721 2276 2471 28964  4.265 22 0.0037  0.96

30 139 1.725 1.698 2 330 2253 27 465 4.608 22 0.003 9 0.98
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Fig.11 Fitting results of SSC constitutive model under different steel slag content
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