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Reinforcement and Heavy Metal Cu Removal Effect on Sludge Ground
Treated by EKG Prefabricated Radiant Drain Vacuum
Preloading-Electroosmotic Method
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Abstract: The sludge ground formed by dredging poses challenges such as difficulty in reinforcement and excessive
heavy metal content. To address these issues, an electrokinetic geosynthetics (EKG) prefabricated radiant drain vac-
uum preloading-electroosmosis method was proposed in this paper, which can achieve dual functions of sludge
ground reinforcement and heavy metal removal. First, prefabricated vertical drain was combined with prefabricated
horizontal drain using a four-way connector to create radial drain. The EKG material (carbon fiber conductive geosyn-
thetic cloth) was used as the outer membrane, which was fixed around the core plate through the needle punching

textile technology, forming EKG prefabricated radiant drain electrodes that can realize both electrical conductivity

WFEHA: 2024-10-07; fEEIEHA: 2025-01-08.

VEERIA: WA (1988— ), B, 14, @5,

BE1EE: HEM, leihuayang74@163.com.

EE&TIH: FHEARBEREVIHIIH (52108336) 5 KHT A RBIERL SV B H (22JCQNIC00130).

Supported by the National Natural Science Foundation of China(No. 52108336), the Natural Science Foundation of Tianjin, China
(No. 22JCQNJC00130) .



762 RHRZ 24 (A AR 5 TR R

F58% HTM

and drain. Then, to validate the effectiveness of this method, the dredged sludge contaminated with heavy metal Cu

from one river channel in North China was taken as the research object, and three kinds of model tests were con-

ducted, i.e., traditional vacuum preloading, EKG vacuum preloading-electroosmosis and EKG prefabricated radi-

ant drain vacuum preloading-electroosmosis. The changes in indicators such as drainage volume, settlement,

average consolidation degree, consolidated water content, vane shear strength, content of heavy metal Cu in soil,

microscopic parameters and energy consumption per unit of drainage volume were analyzed and compared. Results

demonstrate the effectiveness of the proposed method. Compared with those obtained by the traditional vacuum pre-

loading, the drainage volume approximately increased by 3.17 times, the settlement increased by 1.2 times, the

average consolidation degree reached 80.6%, the consolidated water content decreased by 20%, the vane shear

strength was improved by 2.44 times, the heavy metal removal increased by 7.85%—13.95%, and the number of

micropores increased by 18.15%. Moreover, the energy consumption per unit of drainage volume for EKG prefabri-

cated radiant drain vacuum preloading-electroosmosis was the lowest, and it can reach 18.76 (kW + h)/L. The find-

ings in this paper can extend the application scope of traditional vacuum preloading ground treatment methods and

provide theoretical reference for the design and construction of soft soil ground reinforcement.

Keywords: sludge ground; vacuum preloading; prefabricated radiant drain; electroosmosis; electrokinetic geo-

synthetics (EKG) ; heavy metal removal; reinforcement effect
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Tab.1 Physical and mechanical parameters of test soil

sample
B B
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Fig.1 Grain-size distribution curve of test soil

®2 AETHTUHIGIT

Tab.2 Statistics of mineral composition of test soil sample

LR/ % Er % LR/ %y FR%
A 19.53 A 4.52
B A 2.50 R 21.07
FHCA 727 lriziira) 17.56
IriEf 16.60 =l ay 3.01
EPN 1.30 £ 3y 4.01
BN 0.70 NG 0.30
A 1.63

54 S4 PIONEER XRF AT R i, 3K
BFREAYIN SR, 3R 3 PR, N 3 BTk
B, CuO & HEH 3.444%, $i /R i 5., Cu Ju &R
FrERT N AN 2.748% (274.8 mg/kg) , MR HE ( L+ IR
B TR AR b+ HES Y RIS b e GRAT) ) P,
Cu A% = XS (BN 200 mg/kg, B8 HAER) B4
JE AR s A 74.8 mg/kg, 336 J R AT 3 54 PR Ry T
MR K HERC T BUR RIS G
3 UEWAEST

Tab.3 Statistics of chemical compound contents

L&Y ERY%
SiO, 49.180
ALO; 17.180
Ca0 8.139
Na,0 5.711
Fe,0; 5.598
MgO 3.947
Cu0O 3.444
TiO, 0.585
HoAth 6.216

1.1.2  EKG HeAKM A

HiAK M R SF R 50 mm x 250 mm (58 x &) , HEK
MU 704 RERRI % 1F, T 5 F IR Hek S i
I IBGEI AN [ , WL S F IR HI R
ML E . T 4 T A B RN FHEK A B I
i LA N, Qi 2 Fios.
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Tab.5 Summary of quantitative analysis of microscopic parameters of soil samples
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