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Abstract: To investigate the effects of high —volume steel slag sand (SS) and fly ash (FA) on concrete properties, test
specimens were prepared by replacing river sand and cement with SS and FA (at replacement rates of 25% and 50%,
respectively). Tests conducted included compressive strength, splitting tensile strength, elastic modulus, water permeability,
chloride ion permeability, and dry shrinkage deformation. A systematic analysis was conducted on the influence patterns of
single SS addition and combined SS—FA addition on concrete’s mechanical and durability properties. Results indicate: As SS
content increases, concrete exhibits enhanced compressive strength, splitting tensile strength, elastic modulus, water
permeability resistance, and chloride ion permeability resistance. As FA content increases, concrete’s mechanical properties
slightly decrease, while water permeability resistance and chloride ion permeability resistance significantly improve. SS addition

reduces early—stage dry shrinkage deformation but increases late—stage shrinkage, while FA effectively mitigates this trend and
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significantly reduces total dry shrinkage deformation; concrete with 50% FA + 50% SS exhibits superior mechanical and durability

properties. The research findings may provide a basis for mix design in the application of solid waste resources within concrete.
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Table 1 Main chemical components of OPC, FA, and SS /%

WSy Ca0 Si0, AL O; Fe,03 MgO SO, K,0

OPC 62.1 22.6 5.2 4.3 2.7 0.2 0.9
FA 1.6 67.5 24.4 3.8 0.4 0.1 0.7
SS 33.6  31.7 18.9 0.8 6.1 0.8 6.5

1.2 &ABFHZE
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AR BN 25% . 50% , SS AR TS %L
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ik, KK R 0.4, WK 48 B0 IR EE R
1%,
2 WEASHERLESH

Table 2 Mix proportion of steel slag fine aggregate concrete

/ (kg/m’)

' oPC FA SS bOE i K
S0 420 730.0 1070 168
S25 420 182.5  547.5 1070 168
S50 420 365.0  365.0 1070 168
F2550 315 105 730.0 1070 168
F25825 315 105 182.5  547.5 1070 168
F25550 315 105 365.0  365.0 1070 168
F50S0 210 210 730.0 1070 168
F50S25 210 210 182.5  547.5 1070 168
F50S50 210 210 365.0  365.0 1070 168
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different SS and FA content
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Fig. 3 Splitting tensile strength of concrete with
different SS and FA content

2.1.3 SRR

m & 4 AT, SO, S25. S50, F2580., F25825.
125850 314 90 d FEA 22 AR RN, (HiB 25%FA
iR EE 1 28 d PEBC R FEAR T2 8%; HIEMELA SO
AL, S25. S50 444 90 d A 4l K T
2.2% . 4.7%; 5 F25S0 iR{FHHLL, F25S825. F25S850
RAF 90d BPERI R IIERK T 5.3% . 8.6%; XKW
Bl SS Bac N, SRMAE R R E ., B A S0%FA
IR BE PR RN, 5oR48 FA 19 S0, S25,
S50 i EAH L, FS0S0, F50825 . F50850 i 28 d i
PEBLE M BIFRAE T 29. 6% . 25.7% ., 23.2%, 90 d 3



68 M EIREE 5 M

40 %

PERR 3 B FRAK T 18.7% ., 18.3% . 14.8%, % I,
% 25%FA BEXT N AP IR BE A E S AN K, 1B
50%FA B F PR H IR KRR 5 TR R - 1 L P A
HEPET LR B, FREEE, 8 25%FA I,
— 85> FA 2 57K A0 S 0 4 v JE A i i M B S, —
54338 A8 3 7R RO FEAR LB R, 2 I R E FH 4K
TIKUYEAB 5 B AR AT K AR08 50% FA B,
280 FA R ARV R e Ve A T 3k rh, BmT
PRI SR, (H i TR ORI T, [F
FEREAR T IRBE L s o

501

728 d
[90d

HPERE L/ GPa

20 S0 S25 S50 F25S0 F25S825 F25S50 SSO F50825 F50S50

£

B4 A[ESS, FABERZLIEEEE

Fig.4 Elastic modulus of concrete with different SS and FA content
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Fig. 5 Depth of water seepage in concrete with
different SS and FA dosages
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Fig. 6 Chloride ion permeability coefficient of concrete
with different SS and FA content
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Fig.7 Dry shrinkage strain of concrete with different
SS and FA content
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