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Experimental studies on vacuum preloading incorporated with electro-osmosis
consolidation for dredger fill
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Geomechanics and Embankment Engineering, Hohai University, Nanjing 210098, China)
Abstract: The dewatering effect of dredger fill using the vacuum preloading incorporated with electro-osmosis in different
ways is evaluated by implementing six laboratory tests. The test results show that the asynchronous consolidation effect of the
vacuum preloading incorporated with electro-osmosis is better than that of the other tests. However, the vacuum preloading and
electro-osmosis will not be able to give full play to the drainage effect if the alternate time is too short. Alternatively, the energy
provided by the vacuum preloading and electro-osmosis will not be able to make full use if the alternate time is too long. There
are some advantages when using the vacuum preloading and electro-osmosis asynchronous reinforcement. The alternate time of

vacuum preloading and electro-osmosis has to be constantly adjusted according to the water discharge or drainage rate in

engineering application.
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Fig. 1 Schematic configuration of experimental cell
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Table 1 Physical and mechanical properties of dredger fill before treatment

sK%E OWR MR T LY
b V% Z¥U(em's ) a B FE R -

1% 1% 1% <0.005 0.05~0.005 0.1~0.05
2.72 4.91x107 124 58.2 34.0 24.2 46.5 51.4 2.1




252 H O+ T OB % M

2017 4¢

*2 EF-RERASESEREATR

Table 2 Test schemes of vacuum preloading incorporated with electro-osmosis

g 5 (SIS

L HE

TR /e HIUE & IKF /%

1A% /kPa
TS1 HiZ 7165.5 69.2 50 0
TS2 HATUE 7165.5 71.9 0 80
TS3 B 5 HB R mE 7165.5 69.7 50 80
TS4 SRR S AT, 7165.5 72.0 50 80
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Fig. 2 Test arrangement
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Fig. 3 Location of measuring points for moisture content and

mini-penetrometers
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Fig. 4 Drainage curves of six tests
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Table 3 Differences of calculated and measured moisture content
wEe  ERER WRE oK BRIRBT fREOKE RENFEE A SSnE S g RS SIS
s Hig IKFE /Y% Jii /g /g Jii /g FRIEIKE % CFHEKEYS KFEERY%
TS1 7165.5 69.2 2930.6 4234.9 507.0 57.2 49.9 7.3
TS2 7165.5 71.9 2997.1 4168.4 488.1 60.2 60.0 0.2
TS3 7165.5 69.7 2943 4222.5 514.7 57.5 49.3 8.2
TS4 7165.5 72.0 2999.5 4166.0 542.6 59.0 41.2 17.8
TS5 7165.5 71.6 2989.8 4175.7 532.0 58.8 43.3 15.5
TS6 7165.5 70.8 2970.2 4195.3 642.8 55.5 40.6 14.9
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Table 4 Liquidity indices, bearing capacities and compression coefficients of soil after tests

- TIBH 71/MPa WVEFRHL &S 1/kPa JE4E #EU/(MPa ™)
TS4 TS5 TS6 TS4 TS5 TS6 TS4 TS5 TS6  TS4 TS5 TS6
BH A% Bt 3 5.8 5 6.9 0.56  0.60  0.49 175 170 180 0.19 0.2 0.17
1A% Bt 3 1 1 1.3 1.03  1.05 0.93 100 80 120 0.52 0.8 0.4
Hh ] X 3 1.6 0.9 23 097 1.05  0.79 135 120 145 033 0.4 0.29

8 PS-MPT-A BUEI T NIY

Fig. 8 PS-MPT-A mini-penetrometer
TR BENASCAE 77 5 R F /N (R AT 5k (A
(1 TN AN R LA AT T KRETR N (E
8), FHTETI NS LRI RS R, AR HAT
A AR BENPE ) PARS 46 R4 a,_, AAAEUNTT R
&
a_, =0.119(P)" )
X, a, NEAREE 100, 200 kPa i F R4 2%
(MPa'"), P NBIABLY] (MPa). TS4 REG4EH S,
STERR . BHARB T REAT BENRES, FRPE TN sl
FEHT RS, KM PAES RS Rl a, ,
Pl 2 B2, BRI AE AR SR iR o6 R AU
L ARG R, WER 4, LR EAE R
HAIRRAEBARAL BN, ARG R . TS6 LAk
JE4i ZH0H 2 0.1 MPa ™! <qa,_, <0.5MPa™, HikET
HRGETE L, T TS4. TS5 BARZB L 44 1) 45 R 4L
a_,>05MPa”, HARIET mEgErE L. =4k
T BEAR B30 1) 4 R A LU e i, i 7 B AR PRI Fr)
U R RIOR

3 TiENAEN

i3 Bh X L g b e B A U 45 RS S B T [
FHEE AR & 7 AR 4, t B3R KT AR HE
KBTI, KeEE KA T e, JA TR R
PERE1 (HRK SN F7, K AR BT AR P R KR R
SR, RSB R, HOE PR s B R AN e S 7
RIEHKVER: BB AR, WASREDS 78704
MR AL 5 RS R RE R, A ITHFEL 2 I RE.
KA TREM I, BT 5 s S s (1

IS 1) S AR 8 HE /K B R ACHE 2 AR A R E ,  JRREE
O] AR ] FRY S A AN 7 8 5

PR S, M E A=
HEER ALK, X E KA S HEHFERREBAS, fF
HEAKH R B K & U B IS 45 bR B IT AR s,
MR IE T RAT B, St A] g TR R
FF A B PR 7K

0. =(2n, +3n, +4n, +6n,)k i At, , (3)

A, &, NHIBIE R B (em®/s V), AT 5.0X 107
em®s VI, i CAHABEE (Viem), 4 A% HEZ
I 3@ AR T AR (em®)o 2B S IE I IR X B
Z AR I AT IR, WK, R
IUAH SR AR [HAF AEAH FLEENR), 422 IR P Ak i i 7 4
S NVURIE G, Wi 9 s, BPIAAL T A R, A
PR BAARON F B HE KA Tk, an B AR i o,
FIFERANY i, iii, iv 20502 B =R, PUARL ZSHREHBR
(R 2R, DRI T S B J% B8 ) P B 1B 8% 250M 2, + 3, +
dny + 6n,, o BN IANELL 0, BB i A
B ng N i NG n, NBAAR v IS

@ vtk

9 HRLREEAR Z EEI AR E S
Fig. 9 Influences from adjacent electrodes
BEjm, LRI R A S, RS, T
RAFLERLI 1] ¢, SR B 0 U O HEK &
2 _ g2
kh (H B h() ) tv , (4)
R
lg—

7

o,k WA HB R AR 755 R (emds), H N
JE KA (m), hy AEASTEIX P T B S R KA
(m), RN EVD fEHZHUEAEH T2 (m),
R SAMING /N HAREE F1 25 K EVD HEK

0,=2.72n



2 INETE, 5. AE B INE SR K E 85800 7T 257

BRI R A L, MR T oA % N5 X

EVD /A~ [R] A5 15 18] 5 ) AR 3R AT 31025 U 1R 56 LA 52

5 N EVD MEXCER (m). 40.-0,, 15 5,
Z IR AN

kid R

=-S5 1g— 1,

272k, (H" = hy) 1,

AR HL VB R HOE S U AR 2 H VS 8 HE S ]

t,, SNJERRE U S TR R E S, o B

AR B TR HE K R B R ARk i e 1,

BETRAE ¢, -

4 &% g

EFXEET EVD 9305 BUE 5 HIB R 5 i i o
TEAEMIL G, 45072 7 His ., EATHUE 5 E 415
S IR, PRI T RIS B R 45
B, HAHRHERIET T RGN, B R

(1) FL7% MBI A i AR M E 381 5
FLAS TR SR SR, e S0 FE IR, 7T LT LA
HEHE 2 K, T34 BUE 5 38 DR RIS 7 2
MERCRAI R, TS, HEHIES s
S B 1 100 min B 0001 28R 5 HoA 2L Bk L
BA W RO

(2) BT RS S 5 5 L kR LT 3%
25, FU RS R AT HK 1 7 IR
TRk T RIS IRIG I 5 S A B K SR 1 2
3% 7.3%, I T E B E A AL A AR KR
Ri, 3 HAERABETHEKSER: HHBEE
SRS B2 5k 14.9% 0 F, KR T2
FE A HL 95 oL TR L R K 4 26 R 7 A 1 R T 2 5
HeL

(3) SehR TARRLA R, BUCK A E A HUE S s
AN, 50 5 B ) TR B2 T 5 s A
R IFD 0 Hl K B 7 O 1 5 et s, TR LA T30
PRGZI ], 25 BRI, A SRR A PUR 5
LI (38 B 6 1] o

. (5)

P
(1] & %, &, PR . WO TR

WA, LAEHIEE, 1999(5): 3 - 7. (PENG Tao, WU Wei,
HUANG Shao-kang, et al. Research on engineering geologic
properties of blown filled muck[J]. Geotechnical
Investigation and Surveying, 1999(5): 3 - 7. (in Chinese))
2] #pflE, 2 R, HER, & OB IERE
25 U R A BT SR (D). A R AR, 2014, 36(7):

1350 - 1359. (BAO Shu-feng, LOU Yan, DONG Zhi-liang, et

[3]

[4]

(6]

[7]

(8]

(]

al. Causes and countermeasures for vacuum consolidation
failure of newly-dredged mud foundation[J]. Chinese Journal
of Geotechnical Engineering, 2014, 36(7): 1350 - 1359. (in
Chinese))

KRB, KM, e, & PR Ve IR AL B o 1
BB T[], & B TR 2R, 2010, 32(9): 1429 -
1433. (ZHU Qun-feng, GAO Chang-sheng, YANG Shou-hua,
et al. Transfer properties of vacuum degree in treatment of
Journal of

super-soft muck Chinese

Geotechnical Engineering, 2010, 32(9): 1429 - 1433. (in

foundation[J].

Chinese))

B &P, mHE, SR BRI ek R R 2 A G
WHFE[T). & T LREZR, 2011, 32(12): 1956 - 1960. (YING
Shu, GAO Chang-sheng, HUANG Jia-qing. Experimental
study on surface-layer improvement of soft foundation filled
by newly dredged silt[J]. Chinese Journal of Geotechnical
Engineering, 2011, 32(12): 1956 - 1960. (in Chinese))
CHAI J, MIURA N, BERGADO D T. Preloading clayey
deposit by vacuum pressure with cap-drain: analyses versus
performance[J]. Geotextiles and Geomembranes, 2008, 26(3):
220 - 230.

SN, ATIERR, FERRES, . HATURM LZR S0
[0]. #&EJ1%, 2007, 28(12): 2711 - 2714. (JIN Xiao-rong,
YU lJian-lin, GONG Xiao-nan, et al. Improvement of partial
technology for vacuum preloading[J]. Rock and Soil
Mechanics, 2007, 28(12): 2711 - 2714. (in Chinese))
FEMERG, A0, 25T, EAHK IR N E Kt 1
BFFLIUIR % B [CY/ HukAb B 0 B Sk — 55 B A
B DI AR W SCER. M R EACRIK L H R,
2002: 3 - 7. (GONG Xiao-nan, CHEN Yang-run, LI
Chang-ning. Actuality and expectation in the research of
vacuum preloading reinforcement of soft foundation[C]/

The 7th

Theory and Practice of Foundation Treatment
National Academic Conference on Foundation Treatment.
Lanzhou: China Water and Power Press, 2002: 3 - 7. (in
Chinese))

CASAGRANDE L.
Géotechnique, 1949, 1(3): 159 - 177.

Electro-Osmosis  in  soils[J].
RITTIRONG A, SHANG J Q, MOHAMEDELHASSAN E,
et al. Effects of electrode configuration on electrokinetic
stabilization for caisson anchors in calcareous sand[J].
Journal of Geotechnical and Geoenvironmental Engineering,

2008, 134(3): 352 - 365.



258 Hs

2017 4¢

[10] SUJ Q, WANG Z. The two-dimensional consolidation theory
of electro-osmosis[J]. Géotechnique, 2003, 53(8): 759 - 763.

[11] JONES C, FAKHER A, HAMIR R, et al. Geosynthetic
materials with improved reinforcement -capabilities[C]/
Proceedings of the International Symposium on Earth
Reinforcement. Fukuoka: CRC Press, 1996, 2: 865 - 883.

[12] g, Af4es), £ %, 55 —Fal 3 i 2R KR
FE, 201210197981.4[P]. 2012-10-10. (ZHUANG Yan-feng,
Z0OU Wei-lie, WANG Zhao, et al. A conductive plastic drain
board: China, 201210197981.4[P]. 2012-10-10. (in Chinese))

[13] B, 1% L, AR B L - s A HK E
S5 VE R IO U )], MR R A R (B R B RR),
2006, 34(11): 70 - 75. (FANG Ying-guang, XU Min, ZHU
Zhong-wei. Experimental investigation into draining

consolidation behavior of soda residue soil under vacuum

preloading-electro-osmosis[J]. Journal of South China
University of Technology (Natural Sciences), 2006, 34(11):
70 - 75. (in Chinese))

[14] BT, R, RN, & ASTHUSRKE BBk~
o KRR AR IR (], AT R 2 2 AR (B R RR),
2011, 39(6): 671 - 675. (WANG Liu-jiang, LIU Si-hong,
WANG Jun-bo, et al. Model test for high-water-content soft

soil treatment under vacuum preloading in combination with

electroosmosis[J]. Journal of Hohai University (Natural
Sciences), 2011, 39(6): 671 - 675. (in Chinese))

[15] % H, §IZRE. HASTE 5 FIB [ 2500 A I H R i 2
W], R A R(E R BIARR), 2012, 52(2): 182 -
185. (WU Hui, HU Li-ming. Analytical models of the
coupling of vacuum preloading and electro-osmosis
consolidation for ground stabilization[J]. Journal of Tsinghua
University (Science and Technology), 2012, 52(2): 182 - 185.
(in Chinese))

[16] PENG J, XIONG X, MAHFOUZ A H, et al. Vacuum
preloading combined electroosmotic  strengthening of
ultra-soft soil[J]. Journal of Central South University, 2013,
20(11): 3282 - 3295.

[17] SUN Z H, GAO M J, YU X J. Vacuum preloading combined
with electro-osmotic dewatering of dredger fill using electric
vertical drains[J]. Drying Technology, 2015, 33(7): 847 -
853.

(18] PNHEAE. FT EVD B FB A INE WOE £ IR 06
5 5E[D]. B iK%, 2015. (SUN Zhao-hua.
Experimental and theoretical study of vacuum preloading
combined with electro-osmotic consolidation on dredger fill

foundation using EVD[D]. Nanjing: Hohai University, 2015.
(in Chinese))

AHIr-&ES

B2 JERHEETEERARAR
B3 AU ELIERAR R A IR A
B4 LEESTEARTERHARA A
JE T 1

JEH 2 S EORA IR A

VU 327 e TR e - 2 4 22 A S TR AR T b



