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Mechanical and Durability Properties of Flowable Solidified Soil Based on Waste

Slurry from Pile Foundations
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Abstract: To address the challenge of pile foundation waste slurry disposal, this study proposes a resource
utilization approach based on alkali activation technology, enabling rapid solidification of the waste slurry into a
flowable solidified soil suitable for engineering backfill. An orthogonal experimental design was employed to
determine the optimal mix ratio of the solidifying agent, identified as cement: slag: fly ash = 0.5:0.35:0.15, with
NaOH accounting for 6% of the total mass. Based on this, the mechanical and durability properties of the solidified
soil were systematically investigated. Results indicate that within a certain range, both unconfined compressive
strength and splitting tensile strength increase linearly with higher solidifying agent content and longer curing age,
and a fitting relationship between the two was established. An increase in construction delay time weakens the
mechanical performance, highlighting the need for appropriate time control during construction. In terms of
durability, resistance to wet-dry cycles improves with greater solidifying agent content, though a saturation effect
is observed. The water stability coefficient shows different growth trends with changes in solidifying agent content
and immersion age. Freeze-thaw cycles significantly degrade the strength, and increasing the solidifying agent
content does not effectively improve frost resistance. The findings provide theoretical and technical support for the

engineering application of premixed flowable solidified soil.
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Figure 1 Pile foundation slurry soil
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Table 1 Main performance indexes of pile foundation slurry

RIRERAE/ Y SR/ % WIR/% WH/%  EE/(kKN-m °)
17.3 36.7 21.5 35.8 18.9
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Table 2 Orthogonal experimental factors and levels
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Table 3 Specific mixing ratios of raw materials

i KUe/ % Wi/ % BMOR/% NaOH/%
1 30 49 21 4
2 30 35 35 6
3 30 21 49 8
4 50 35 15 6
5 50 25 25 8
6 50 15 35 4
7 70 21 09 8
8 70 15 15 4
9 70 09 21 6
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1 30 7:3 4
2 50 5:5 6
3 70 3:7 8
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Table 4 Range analysis of unconfined compressive strength at 3, 7, and 28 days
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Figure 2 Unconfined compressive strength of solidified

soil under different NaOH content
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Figure 3 Effect of curing agent content and curing age on

unconfined compressive strength of solidified soil
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strength, curing age, and curing agent content
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Figure 5 Effect of construction delay time on unconfined

compressive strength
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Figure 6 Fitting relationship between compressive

strength and construction delay time
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Figure 7 [Effect of curing agent content and curing age on

splitting tensile strength of solidified soil
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curing age, and curing agent content
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Figure 9 Relationship between splitting tensile strength
and unconfined compressive strength of solidified soil
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Figure 10 Appearance of specimens after 1 and 9 dry-wet cycles with a curing agent content of 6%
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Figure 11 Appearance of specimens after 1 and 9 dry-wet cycles with a curing agent content of 12%
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Figure 13 Variation of compressive strength with curing

agent content and number of dry-wet cycles
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Figure 14 Compressive strength of solidified soil

under immersion
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Figure 15 Water stability coefficient of solidified soil

with different curing agent content
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Figure 16 Variation of water stability coefficient with

curing agent content and immersion days
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Figure 17 Effect of freeze-thaw cycle number and curing

agent content on freeze-thaw cycle coefficient of solidified soil

[Fi] B b, K 11 1 = % T8 00 B BT R 5 B () o il
PEARWE () LR B R () AT LA 15 BHLA o
$ea (5) , A I & 18 B s, HoAH & R B R =
0.878, £l = H HABEIM KR, WG 45 R H X
AR

g=—1.3729—0.188 1o + 0.447 8y +

0.025 522 — 0.013 3y* — 0.020 Oxy (5)
3.6 ITEEX

25T 38 B K A RSB TR L R SR K
B AL L I8 0 A AR T BB F TR ]
ORI TR RK O E S BTMREILT RS
BEURIR SR I AE R S LW ME., R TIE
ARG P Ak 1 i [ AR S TE B o < K U8 7 3 s B K =
0.5:0.35:0.15,NaOH 5t Jy 6 %, - g 5r T Bk £ 1
S B — Iy 0T 4R PR S KA A5 3 T IR R R B K
T 22 BRI 5 A B 2R BK R [k R 45 0 AR AL A
W 58 R O it T 2 B0 il B A T SR AR A PR e T



44 bk

AT S 2025 4%

AR B P B TR . RO IR R A BRI
VR R SR A BRI TR AT R 4 A i A 40D

AE TR, g — P HfESh HOR T AL

i /MPa

) A B

E18 HEEREMEUFEERFHERIEETNLE
Figure 18 Variation of compressive strength with curing

agent content and number of freeze-thaw cycles
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