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Experimental study on vacuum combined with electro-osmosis
for reinforcing ultrafine particle dredged soil

WANG Bing"?, HU Xiao-bo’, KONG Nan-nan'-?
(1. Anhui Provincial (Huaihe River Conservancy Commission of the Ministry of Water Resources) Water Resources Science Research Institute,
Hefei, Anhui 233040, China; 2. Anhui Provincial Key Laboratory of Water Science and Intelligent Water Conservancy, Hefei, Anhui 233040, China;
3. CCCC Third Harbor Scientific Research Institute Co., Ltd., Shanghai 200032, China)

Abstract: Vacuum preloading, as a widely adopted ground improvement method for saturated soft soils with high water content, is
extensively applied in large-scale coastal reclamation projects. However, post-reinforcement bearing capacity remains insufficient in
many engineering cases, particularly with limited strength improvement in deep soil layers. Numerous studies have demonstrated that
the consolidation efficiency of vacuum preloading is constrained by two critical factors: depth-dependent attenuation of vacuum
pressure and fine particle enrichment-induced clogging of drainage paths near prefabricated vertical drains. To address these
challenges, this study integrates electro-osmosis with vacuum preloading (EVP) during the later stage of vacuum preloading in the
dredger fill project of Yueqing Bay North Port Area. A large-scale model test pool was employed, where conventional vacuum
preloading was conducted for 108 days until settlement stabilization, followed by a two-phase EVP intervention. The first phase
lasted 11 days, after which electrode polarity was reversed for the second phase (6.5 days), totaling 17.5 days of EVP reinforcement.
Post-EVP results revealed significant improvements: at depths of 20 cm, 60 cm, and 100 c¢m, soil water content decreased by 4.2%,
4.84%, and 2.34%, respectively, while vane shear strength increased by 32%, 75%, and 61.1%. The test results indicate that
superimposing the electro-osmosis method during the later stage of vacuum preloading can achieve a significant improvement in vane
shear strength (with a water content reduction of less than 5%). Particularly for deep soil layers with low initial strength that are

difficult to reinforce solely by vacuum preloading, the strength increased by 61%—75%, demonstrating effective reinforcement
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Fig.1 Particle size distribution of dredged soil
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Table 1 Comparison of particle size distributions in
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Table 4 Results of the first stage of vacuum combined
with electro-osmotic testing

oy TR E kPa TIKE! %
20 cm ¥& 60 cm & 100 cm & 20 cm ¥ 60 cm P& 100 cm I

B 1 153 5.2 4.7 50.13 54.32 59.97
e 2 13.1 6.3 4.9 49.95 55.37 57.85
BHRA 3 13.5 7.1 6.4 48.87 53.27 57.83
BifH 4 20.8 9.0 4.9 48.54 5356  57.62
BIFA 5 20.1 8.7 5.9 48.39 54.12 57.94
fH 6 19.6 8.7 6.8 49.03 54.06 58.05
e 7 14.7 8.7 7.4 48.52 54.33 58.57
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Table 5 Average soil indicators after the first stage of
electro-osmosis combined with vacuum preloading

reinforcement
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A1t
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Table 6 Change rates of soil indicators after first stage
electro-osmosis combined with vacuum preloading

reinforcement
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20 1230 238 3560 3.64 4330 382 3040 3.28
60 17.80 272 7830 337 6950 392 5520 3.34
100 1.50 1.69 50.10 229 21.10 280 2423 2.26
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Fig.12 Layout plan of measurement points for the second
stage of vacuum combined electro-osmosis test
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Table 7 Test results of the second stage of vacuum
preloading combined with electro-osmosis

IR/ kPa BIKE %
120 cm P60 cm 100 cm & 20 cm ¥ 60 cm P& 100 cm &
19.6 7.3 54 49.30 54.11 58.43
13.8 7.5 6.3 49.15 53.68 58.25

209 11.7 132 48.84 53.45 5831
15.6 10.3 12.9 48.24 52.53 57.49
215 11.2 6.5 48.19 5235 57.34
12.8 7.4 6.9 47.59 53.15 56.34
16.2 8.1 6.1 48.21 51.75 56.25
14.6 7.8 7.2 47.63 53.57 57.27
159 8.0 6.1 47.35 52.85 56.73
10 175 9.2 7.3 48.36 5237 57.34
11 18.7 72 7.4 48.23 51.74 56.93
12139 6.8 6.2 47.89 51.36 57.33
13 16.1 8.7 7.6 47.92 52.56 56.50

O 9 AN AW N =

£8 HTBAHBHBERREEI T
Table 8 Data analysis of the second stage of vacuum
preloading combined with electro-osmosis tests
TSR kPa BIRE %
20cm ¥ 60 cm PR 100 cm ¥ 20 cm 3R 60 cm 3R 100 cm 3%
1 16.73 7.67 5.86 49.06 54.15 58.26
2 16.70 8.55 7.62 48.22 52.73 57.27

JEia

7 20 60+ 100 cm IR AR 58 EE B F -0.17%- 11.50%- 30.15%,
BB -1.71% —2.62% —1.70%.

A BRI FE AR %, FTELAN 20 em
Ab - B SR FEAE N 115 B WAL . MAZIR
FERISKFR M, e 1 BOR S TR & s n
JE B EIKZ 49.06%, Z23d 2 By BOnIE Ja i) &K 3
N 48.22% . MRAEIZ T HIEBR 2, R)= AR
219 45% A, HBRERIR L IR E A MR N
52%MQ@IRIRTe, HERGHIRMAZIE KT 45%.
181 PO w9 1] s W -5 L i N PN AU
FLE KR ) g AN 5 FE G AR L 32 R, PR R

HATRBA BB INEE — WA AR, thE
KR FEI VR i [ 25 SR B . P A1

FAHT 60 100cm P AR IR BE 0 [ 20CR
60 co PREEAL, TEMGREESE S T 11.50%, FKE
FEK T 2.62%; 100 cm JRFEAL, iR EHE =
30.15%, KKK T 1.70%. Wil E S FERS
HEL Y8 0 1 S5 S S8 ) A ] R R B R R
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Fig.13 Voltage-time curve of vacuum combined
electroosmotic test
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P = 0 F R 5 @K (] Fry e F 2 B AR R AR AR AL
HmA AR, SECRE BT ©HBIERM A
ROk ERHES ], FLBRZE AR, BN T rEE L )
fH7): @z d, BT 8 SEUR IR,
A RETE R FERE RS, B RHIE N .



11 T R

¢ B G FLIS N [ R 4 UL A 1R IR BF

3531

X L A FEL S T [ I B ) R S
N, o 2 BYBOLAIHE 2885 kW -h, HHLBHH
53.1kW-h &, HZHH 2354kW-h, HBHIZM
BRI EEBZAN 18.4%. HEXBEHE 2T

LA HL 586.2 kW - h, H A HLIB A HIE 112.83 kW - h,
B A B 47337 kW - h, HLIRAEAE 2.98~3.01 A
Z[8], M HEZ B EERNLEY 192%, Sk
KU, HYBFH HE R (IDEA N s B FR R B

R RAEReHBHAEBLATR

Table 9 Statistics of electricity consumption for vacuum combined electro-osmosis tests

R ) HA AR BB
1N EIL I = 725 s Jﬁ
™ i /d R /KW -h /KW -h
BB+ AT 9.0 A 3dH 5.5 VEREIRNE 45V, FREELSV

1 FrB R 238 59.73

4l L T E 2.0 _

RS TYEN 2.5 _
2 B LR 235 53.1

HB+E UL 4.0

A 4h, BETFESTIV, J&20 min RIE[FE 24V, FREERE 22~26V

TE RGBS N ) A 72, 6 ilaeith () H
IKHEAT TSR IR R E e K&, H/KE R &
F BRI 77 AT H T BN, tH KR
B ] A 2R P 14 B

1.6 R Asymptoticl

14§ fﬁﬁf it y=a-broxp(-cn)

Lo AT B a 0.044 19:0.049 00
: b ~1.198 70+£0.086 00

1.0 c 0.788 41+0.032 00
0.8 F Reduced Chi-Sq 0.011 30
R 0.920 37
RS R 0911

K/ (kg - hY)
(=)

0O 2 4 6 8 10 12 14 16 18 20
i fa)/ d
Bl 14 FZ8 BB A H 7K - ] 2%
Fig.14 Water yield-time curves of vacuum preloading
combined with electro-osmosis tests

B 14 A1, 7EHSECA B AR, X5
HKHRZN 1.45 kg/ho BEEETEA BRI
BT, HKHE R RIREOE Ak, KO R
LT BB B AR RETE DU T 1%, 22
HHBIRRAR, HACHERRATEATIELE 0.1 kgh,
HRAE B 6 T 5 10 40 30 23 T e Js — o) () H 7K ey
3.14 kg/d, 214 0.13 kg/ho ¥EBLIHE, RAEATEE
G HIBYILAR %, KR L) N Al J A T
11.2 ff. 1628 2 BRI ASBEE B ME S s, %
FARARFREERI S KR HARGREE AT TR, 5
5B HIB N E mT 0 AR AR bRl AT
EE, XEEAE SR 10 Fos.

HF 10 FTAN, 20 B BA B, &K%
TES MR A T TR, (2T REIRETE 60 cm Abf

K (—4.84%) , HUUE 20 cm IFE (—4.21%) , M
T FR BRI RE, 60 cm IR M AR
EFEIIR AR, AT T 75.28%, HUUE 100 cm IE
FERL, BEIEIAF] 61.16%. X8, S4iE 2 HEH
T2 P R 5| A ) 2 T 2 T A A R ) e
AN, BEAA HIB N R B T S L AN
AARetE, — 5T, BB INE 5] RS & K3 R R
i B s A AR S S KR ARG, WA B KR
RS INE SRR Ao —J7m, BT AR
i B B0 25 0 1R 22 38 0 7K M IBRHHEZK AR R 395 28
BHHEZKMR ) FHE, X ERER I Ak, 53R &
REMITENL, BT 100 cm IREEAL, HA KK B 0E
A AR P IR T AAMIE T 60 om IR AL . 45 1
30T, TERTIGE BRI G, s R
DHUERCA BB INE, T N AR B v H
B AR, 2dasdagE, w2E
IR FE BRI .

£10 ETHBHENRNLER
Table 10 Detection results before and after vacuum
electro-osmosis tests

[ + IR EE/ kPa TIKZE] %

BBt 20 cmi%E 60 cmi® 100 cmi% 20 cmi%E 60 cmi® 100 cmi®
BT

ot 12.65 4.88 473 5242 5757  60.60
B E

ot 16.70 8.55 7.62 4822 5273 57.27
7 HBJE 204 604 100 cm VRFE R+ AR AREN 32.02%-
75.28%- 61.16%; KRB FA-421%. —4.84% —3.33%.

R 10 s, 2 BB,
TR S IR AT PR, SRR R A UL
MA AR EREE RS KR AR M A RO A, ks
SRE THBN—E. N T RIERARIB TR RS
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Fig.15 Scatter plots of the relationship between soil
strength and moisture content
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