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Study on Dynamic Characteristics and Microstructure of Steel Slag

Filler Considering Time Effects
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Abstract: Steel slag is the second largest waste product in metallurgical industry. Making full use of
waste steel slag to partially replace sand and gravel as a new type of geotechnical filler aligns with the
strategies of "green economy" and "sustainable development". Steel slag differs from sand and gravel
due to its complex chemical composition and aging mechanical properties. Resonant column tests were
used to study the dynamic characteristics of steel slag considering the influence of hydration period. It
analyzed the variation patterns of dynamic shear modulus and damping ratio. The dynamic characteris-
tics of steel slag considering time effects were described by using the Hardin-Drnevich hyperbolic mod-
el, and the Boltzman function was employed to describe the relationship between the maximum dy-

namic shear modulus and the hydration period, providing the range of maximum damping ratio. Com-
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paring these dynamic characteristics with traditional sand, the dynamic shear modulus of steel slag be-

fore hydration was slightly higher than that of traditional fine sand, and the maximum dynamic shear

modulus of standard sand could be reached after 90 days of hydration. This indicates that steel slag can

be used as a filler to replace sand in engineering applications. Finally, the microstructure of steel slag

at different hydration periods was analyzed by scanning electron microscope, revealing that the forma-

tion of hydration product Aft occurred in later stages compared to other hydration products. The gel

structure composed of Aft and C-S-H was the main factor affecting the aging characteristics of steel

slag dynamic properties.

Keywords: steel slag; hydration period; resonant column test; dynamic shear modulus; damping ratio;

microstructure
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Fig.1 Steel slag
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Fig.2 Steel slag grading curve
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Table 1 Chemical composition of steel slag

% Sio,

AlLO, CaO MgO Fe, O, fCaO
SH/% 1128 11.38 48.00 4.86  5.24  3.00
W4y Na,0O KO #&®E SO, kekE
&H/% 006 0.08 011 0.98 7.80

BE Dr o 0.5, il o F2 o, 45 6l S 5T 5o 450 g,
BEREE R 2.29 g/em’s AR SC 3 B AT YA 1) B 5
JE R A I TR 800 T 1 AR Ak K AR G 1 B e R
HCAE K KAk, KA 43 51 2 0.7 .15.30,45 .60,
75.90 do FRI b e, AR A LI o AR wT L KR K
Ry R 15 %o BRI A B IR 34T 1R 3, A 3¢
2 AW I A B R Il SRR N 1 g A M L 3 H 100,
200,300 kPa = Ff [Bl J JF J i 5% o AR5 T 00 L
2, Horp g5 O B (GZ)-H % % 52 -k 4k
H-FE .

2 IR

1256 B A 1 e K T 9 R RN R /N T R A
Wk 2.47 g/cm® F 1.67 g/cm’ B 5% H BURH X %% 5K
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®2 KRAR
Table 2 Experimental schemes
R G5 KA /d [l I /kPa
GZ7-0.5-0-100 0 100
GZ-0.5-0-200 0 200
GZ-0.5-0-300 0 300
GZ-0.5-7-100 7 100
GZ-0.5-7-200 7 200
GZ-0.5-7-300 7 300
GZ7-0.5-15-100 15 100
GZ-0.5-15-200 15 200
GZ7-0.5-15-300 15 300
GZ-0.5-30-100 30 100
GZ7-0.5-30-200 30 200
GZ-0.5-30-300 30 300
GZ-0.5-45-100 45 100
GZ-0.5-45-100 45 200
GZ-0.5-45-100 45 300
GZ-0.5-60-100 60 100
GZ7-0.5-60-100 60 200
GZ-0.5-60-100 60 300
GZ-0.5-75-100 75 100
GZ-0.5-75-100 75 200
GZ-0.5-75-100 75 300
GZ-0.5-90-100 90 100
GZ-0.5-90-200 90 200
GZ-0.5-90-300 90 300
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Fig.3 Variation curves of dynamic shear modulus G with

shear strain y under same confining pressure
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Fig.4 Variation curves of sample A with y under same confin-

ing pressure
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Fig.6 Variations of G,,.~d under different confining pressures
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Table 3 Normalized fitting results of G,,,,

*4 G, dFA—UWEER
Table 4 Normalized fitting results of G,,,,-d

WE HEEoe/ m/ M/
N d/d K RY%
ok kPa MPa  MPa
GZ 100 64.76 130.63 69.42 9.33 94.54
GZ 200 95.07 203.02 64.00 9.71 95.37
GZ 300 128.19 297.09 62.73 8.37 97.63
41 mg,=100kPa
o 0,= 200 kPa
3t A o, =300 kPa
’54: A——A
= g 0
e = .
 pm
#
'l_
00715 30 45 60 75 9
AKAkId /d
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Fig.8 Variation fitting curves of y, of sample with hydration

period under different confining pressures
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Table 5 Normalized fitting results of 7,-d

WEEME K o/kPa k b R’
GZ 100 0.007 41 1.605 3 97.21
GZ 200 0.00593 1.8264 95.69
GZ 300 0.00524 2.016 5 96.81

. KW d/ B o/ G/ /.
R A LRI
d kPa MPa 10
GZ-0.5-0-100 0 100 62.54 23.90 1.63 99.29
GZ-0.5-0-200 0 200 92.68 23.81 1.85 98.49
GZ-0.5-0-300 0 300 117.10 23.32 2.05 99.75
GZ7-0.5-7-100 7 100 60.64 23.29 1.62 99.67
GZ-0.5-7-200 7 200 91.99 23.76 1.86 99.46
GZ-0.5-7-300 7 300 125.47 23.63 2.08 99.68
GZ-0.5-15-100 15 100 64.85 24.52 1.68 98.44
G7-0.5-15-200 15 200  102.67 23.02 1.88 99.26
G7-0.5-15-300 15 300  129.70 22.54 2.07 96.86
G7-0.5-30-100 30 100 75.08 25.12 1.83 99.11
G7-0.5-30-200 30 200 98.43 24.85 1.97 99.59
G7-0.5-30-300 30 300 143.47 25.55 2.12 99.42
GZ-0.5-45-100 45 100 66.31 24.35 1.97 99.48
GZ-0.5-45-100 45 200 120.77 22.61 2.11 99.66
GZ-0.5-45-100 45 300 151.06 22.23 2.23 99.73
GZ7-0.5-60-100 60 100 82.30 19.81 2.12 99.56
G7-0.5-60-100 60 200  130.55 19.09 2.26 99.74
GZ-0.5-60-100 60 300  191.94 18.20 2.36 99.74
GZ-0.5-75-100 75 100  107.64 22.09 2.16 98.95
GZ-0.5-75-100 75 200  180.18 21.78 2.28 99.67
G7-0.5-75-100 75 300 273.22 21.45 2.41 98.87
G7-0.5-90-100 90 100 123.92 22.83 2.22 99.55
G7-0.5-90-200 90 200 189.39 22.15 2.31 98.23
GZ7-0.5-90-300 90 300  286.53 21.01 2.50 93.66
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Fig.9 Variations of maximum damping ratio A, with hydra-

tion period d under different confining pressures
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Table 6 Normalized fitting results of G,,,.-d

. - FNUPEA AN SN N
HAEM R B o/kPa TH/% A ER/%
GZ 100 19.81 25.12
GZ 200 19.09 24.85
GZ 300 18.02 25.55
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Fig.10 Fitting curves of G/ G,y
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Table 7 Fitting results of reference shear strain 7,

KA /d SEWNAy/10 "
0 1.82
7 1.84
15 1.80
30 1.97
45 2.12
60 2.26
75 2.30
90 2.37
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Table 8 G,,,, comparison of steel slag with fine sand and

standard sand

P HUBL 24 FR [Bl HE o/kPa  ZF b3 [l /MPa
1 A 50 4 b 100 46.50~53.80
2 AR ™ 100 125.90~197.20
3 Wy IR 8 D™ 100
4 Wil CREZKAER) 100 60.60~123.90
5 B 54 R 200 66.00~74.20
6 AR ETS 200 174.20~271.70
7 Wy IR P 200 131.40~234.20
8 Witk CRFKAEIT) 200 92.70~189.40
9 T 504 b 300
10 AR ™ 300 211.00~322.60
11 Wy IR 8 P Rp ™ 300 169.20~286.50
12 ik CRFEIKAGH) 300 117.10~286.50
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Fig.11 Comparison diagram of G,
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5 SNiE A )RR TS B R 45 H
5.1 MEBKMKLERHR

Pl 12 S 4 UKL FR 47 7 d I RO S . L e

947



(b) B AL, 5 000
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Fig.12 SEM microscopic images (at 7 days of hydration peri-
od)
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Fig.13 SEM microscopic images (at 15 days of hydration pe-
riod)
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14 SEM UL E & KA1 30 d)
Fig.14 SEM microscopic images (at 30 days of hydration pe-
riod)
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Fig.15 SEM microscopic images (at 45 days of hydration pe-
riod)
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Fig.16 SEM microscopic images (at 45 days of hydration pe-

riod)
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Fig.17 SEM microscopic images (at 60 and 75 days of hydra-

tion periods)
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Fig.18 SEM microscopic images (at 90 days of hydration pe-
riod)
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