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Abstract: To investigate the strength degradation behavior of flowable solidified soil under the coupled effects of
salt erosion and freeze—thaw cycles, flowable solidified soil specimens were prepared using cement blended with
slag and phosphogypsum. Laboratory tests were conducted to simulate freeze—thaw cycles in fresh water, sodium
chloride solution, and sodium sulfate solution. The strength evolution, mass variation, and deterioration
characteristics of different solidification systems were analyzed. The results show that with increasing freeze—thaw
cycles, the compressive strength of all specimens exhibits a three—stage degradation pattern, including slow
reduction, rapid reduction, and gradual stabilization. The incorporation of slag significantly improves resistance to

salt erosion and freeze—thaw damage. After ten freeze—thaw cycles, the strength retention rate of slag modified
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specimens ranges from 36% to 54%, while the mass change rate is between 0.25% and 0.60%, indicating the best

durability performance. Under coupled salt erosion and freeze—thaw conditions, the cement slag system experiences

greater strength loss in sodium sulfate solution than in sodium chloride solution, with an increase of 28% to 39%. In

contrast, the cement phosphogypsum system shows better resistance in the sodium sulfate environment. Based on

the experimental results, a strength degradation model suitable for coupled salt erosion and freeze—thaw conditions

is established through regression analysis. The proposed model can be used to predict long term strength evolution

of flowable solidified soil in harsh environments and provides reference for engineering applications in cold and

saline regions.
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Fig.1  Soil material for test
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Tab.l  Main physical properties of soil material for test

fibn Gy w, /% w, /% 1,1%
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Tab.2  Components of cement and industrial residues .47 : %

4y Sio, CaO  ALO,  MgO  Fe,0, S0,
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WA 231 36.56 0.13 0.08 0.66 59.03
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Fig.2 Changes in flowability and 28 d unconfined compressive strength

at different replacement rates of slag/phosphogypsum
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Fig.3  Quality change rate of flowable solidified soil under the coupled

effect of salt corrosion and freeze—thaw cycle
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Fig.4 Strength of flowable solidified soil under the coupled effect of salt corrosion and freeze—thaw cycle
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Fig.5 Strength retention coefficient of flowable solidified soil under the coupled effect of salt corrosion and freeze—thaw cycle
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Fig.6  Environmental impact coefficient of flowable solidified soil under the coupled effect of salt corrosion and freeze—thaw cycle
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Fig.7 Strength decay model of fluid—solidified soil under salt corrosion and freeze—thaw cycle
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Tab.5 Models formulas and related parameters for strength decay of flowable solidified soil
R 5L G5 RIS A, A, k R?
C10 y=115.74+424.26¢™"'* 540 115.74 0.10 0.956
5K C5G5 y=354.87+1 175.13¢ % 1530 354.87 0.09 0.961
C8P2 y=114.69+479.31e !> 594 114.69 0.12 0.972
C10 y=108.97+431.03¢™"1> 540 108.97 0.13 0.972
ALt C5G5 y=319.46+1 210.54¢ 11 1530 319.46 0.11 0.971
Cc8pP2 y=107.86+486.14¢ "% 594 107.86 0.24 0.992
C10 ¥=30.69+509.31¢™"16 540 30.69 0.16 0.939
T R C5G5 y=189.47+1 340.53¢ "1+ 1530 189.47 0.14 0.931
C8P2 y=67.29+526.71e 1> 594 67.29 0.15 0.972
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