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Experimental study on properties of bubble-mixed lightweight soil
based on dredged soil and its fiber modification
ZHUANG Ning, WANG Yalin, XIA Xujiang, ZENG Yi
(College of Harbor, Coastal and Offshore Engineering, Hohai University, Nanjing 210098, China)
Abstract: To address the challenges in resource utilization of dredged soil from the Yangtze River (high moisture
content, low strength, and difficulty in forming), and the inadequacies of traditional bubble-mixed lightweight soil
(insufficient tensile strength and high brittleness, rendering it unsuitable as a floating island substrate ), research on
lightweighting and fiber modification is conducted. Orthogonal experiments are conducted to determine the
optimal mix proportion by varying the cement-sand ratio, foam volume content, and water-sand ratio. Basalt fiber
(BF)and polypropylene fiber (PPF)with different parameters are then incorporated. The modification effects are
investigated through mechanical property tests and microscopic analysis. Results indicate that the optimal mix
proportion is a cement-to-sand ratio of 0. 4, a foam volume fraction of 10%, and a water-to-sand ratio of 0. 35,
corresponding to a dry density of 0. 77 g/cm’, a wet density of 0. 84 g/cm’, the optimal 28-day compressive
strength, and a water absorption rate of 12. 3%. The optimal BF content is 0. 5% (length: 12 mm), which increases
the splitting tensile strength by 18% and significantly reduces the dry shrinkage rate. The optimal PPF dosage is
0. 3% (length: 9 mm ), which enhances the 28-day toughness by 30%, improves the saturated compressive
strength, and reduces the probability of brittle failure. Both fibers improve the interfacial bonding strength to a
certain extent. With a density close to that of water, this material can be used as a floating landscape carrier,
providing technical support for the lightweight and ecological utilization of dredged soil from the Yangtze River.
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Tab.1 Main mineral composition of dredged soil
FHR A KkssE NE gaa A% KA it Baf
/% 4.2 9.3 151 14.6 33.2 152 5.3 3.1
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Tab.2 Foaming agent performance parameters
UUBARE/(mm-L7")  WOKE/(geh™') O FRE ZeMTE
5 20 60 20
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Tab.3 Chemical composition of cement

k285> Si0, AlLO, Fe,0, CaO MgO TiO, SO, Na,O
FRAMU% 20.58 5.64 3.95 62.25 2.48 0.32 3.18 0.36
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Tab.4 Fiber performance parameters

R R LY AR/

e KB, Pipimpg, %/
mm MPa (g cm™? ) GPa pm
RWNIGedg 9 486 0.91 4.8 18~48
ZRALTHE 6-12 1050 2.65 7.6 17
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Tab.5 Orthogonal experimental factor levels

SES
F T
RIS (A) KRB (B) KIS (C)
1 0.30 8% 0.35
2 0.35 10% 0.37
3 0. 40 12% 0. 40
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Tab. 6 Orthogonal test mix design plan

N5 R HURER L AL 3T IKADH
B-1 A1(0.30) BI1(8%) C1(0.35)
B-2 A1(0.30) B2(10%) €2(0.37)
B-3 A1(0.30) B3(12%) C3(0.40)
B-4 A2(0.35) BI1(8%) €2(0.37)
B-5 A2(0.35) B2(10%) C3(0.40)
B-6 A2(0.35) B3(12%) C1(0.35)
B-7 A3(0.40) B1(8%) C3(0.40)
B-8 A3(0.40) B2(10%) C1(0.35)
B-9 A3(0.40) B3(12%) €2(0.37)
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Tab.7 Blend ratio for two fibers at different lengths
A LR FHEKE/mm RSB E%
D-1 LRALT Y 6
D-2 TREL Y 6
D-3 LRELT% 6 0. 50
D-4 RRAL Y 9 0.10
9
9
9

0.10
0.30

D-5 ALY 0. 30
D-6 LA 0. 50
D-7 LA 0.70
D-8 KR4 12 0. 10
D-9 LAY 12 0.30
D-10 RRAEL 12 0.50
D-11 RN A 9 0.10
D-12 R4 9 0. 30
D-13 RNIEHL 4 9 0. 50
D-14 RNIHLT 4t 9 0. 70
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