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Abstract: To solve the technical issues in vacuum preloading method, including the sediment
clogging of drains and the limitation of drainage conditions, this study investigated vacuum
preloading combined with flocculation and electro-osmosis consolidation for marine soft soil. A
series of column settling tests was conducted to determine the optimal organic flocculant for the
combined method. With the selected organic flocculant, laboratory tests were performed on the
soil samples using the combined consolidation method, in which the electro-osmosis was added
at different time moments. The tests considered three representative cases at different time
moments: (i) at 48 h, i.e., the initial stage of vacuum preloading with the consolidation degree of
0; (i) at 60 h, i.e., the obvious reduction in the dewatering speed with the consolidation degree of
60%; and (iii) at 84 h, i.e., the dewatering speed of O with the consolidation degree of 80%. The
effectiveness of the combined method was evaluated using the tested results, including water
discharge, soil vane shear strength, water content, and pore water pressure, along with the
determination of the best time for adding the electro-osmosis. The results indicated that the
combined method effectively delayed the decrease of dewatering efficiency and significantly
increased dewatering duration. Also, the shear strength and load-bearing capacity of the
consolidated soil were clearly improved, with the evenly dissipated pore water pressure. In
addition, the cationic polyamide was the optimal flocculant for the combined method, which
enhanced the initial dewatering speed and improved the permeability of the soft soil to solve the
sediment clogging in the plastic board during the vacuum preloading. This research
demonstrated the effectiveness of vacuum preloading combined with flocculation and
electroosmosis consolidation for soil improvement.

Key words: vacuum preloading, electro-osmosis consolidation, flocculant, cross plate shear
strength, pore water pressure
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Laboratory study of consolidation of marine soft soil using
flocculation-vacuum preloading-electro-osmosis
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Abstract: To solve the technical issues in vacuum preloading method, including the sediment clogging of drains and the limitation of
drainage conditions, this study investigated vacuum preloading combined with flocculation and electro-osmosis consolidation for
marine soft soil. A series of column settling tests was conducted to determine the optimal organic flocculant for the combined method.
With the selected organic flocculant, laboratory tests were performed on the soil samples using the combined consolidation method, in
which the electro-osmosis was added at different time moments. The tests considered three representative cases at different time
moments: (i) at 48 h, i.e., the initial stage of vacuum preloading with the consolidation degree of 0; (ii) at 60 h, i.e., the obvious
reduction in the dewatering speed with the consolidation degree of 60%; and (iii) at 84 h, i.e., the dewatering speed of 0 with the
consolidation degree of 80%. The effectiveness of the combined method was evaluated using the tested results, including water
discharge, soil vane shear strength, water content, and pore water pressure, along with the determination of the best time for adding
the electro-osmosis. The results indicated that the combined method effectively delayed the decrease of dewatering efficiency and
significantly increased dewatering duration. Also, the shear strength and load-bearing capacity of the consolidated soil were clearly
improved, with the evenly dissipated pore water pressure. In addition, the cationic polyamide was the optimal flocculant for the
combined method, which enhanced the initial dewatering speed and improved the permeability of the soft soil to solve the sediment
clogging in the plastic board during the vacuum preloading. This research demonstrated the effectiveness of vacuum preloading
combined with flocculation and electroosmosis consolidation for soil improvement.
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PRI R IR A 1R K FE ) .

ARCAECA W 7L, % FLO. VPM. EOC
4G, TWHERE-RZ-HE (FLO-VPM-EOC)
A INE 7. SCHE eI 3 MR ML, B
=T RN M % Canionic polyacrylamide, {&] #K
APAMD. PFHE TN (cationic polyamide,
f&] X CPAM) M JE 85 ¥ 5 N M % % ( nonionic
polyacrylamide, & NPAM) BEATPFEMHAL,
P8 7K 53 B THI (100 B 1 1 o B SR S R A L2
. SRJ5, %t FLO-VEM-EOC BEA 51, 205
76 48 h (/X NEZTUE, BRiRE S5 N 00, 60 h G
B TR, [ES5E N 60%) K 84 h (HEZKHE
KILT 0, BELEEN 80%) WA NHE, XHARH
BANKAIE R 7. Ba, LHEPKE, +1ik
TFABIVIREE . KB SFLUEAE RPN TENR,
SEHBRAEN NI, SEE VAN Z 7 VR A 2

AN =]
2 AEHT

PN A Y 50 BT FH M i A B VL 5 R 30E
P, B THRERN 2 m . BRE KB,
BT LF N 0, BIKELE 35%~80% ], 44T
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K YA A3 AT S A - TR AR IE = Tk aG 45 R,
FlEZ LR T AR =R Sk R e+, [
X-ray ATt REBW AT BT Y ER VAR, H
W Si0, A7 L4 60.71%, 40RLE R RIA 87.93% (H
Rk 12.76%, Frkid 75.17%), HARHE PR
THLRE SRR . RS R, IR A,
WA LB, SRE TR B, R A
B, BLACE KERA 78% I HE I+, HIEASHUNER 1
Fime TR EYE /AL a1.=0.5 MPa™!, 125 H
TR R E L BE RECN 2.76x107° cm/s, 1]
DL R ISE T L. G563 1 vA, Tk
FLBR L eo = 0.74, AR 45 REL Cy=4.9%107 cm?/s.

AT 2 FETHE RS R AT U 0 #T
BRI FRIBR R B2k . AT R, A2
AH Cy = deo/di0 =770, B REL C.=d3, / (dioxdso) =

#1 EBELYEMER

Table 1 Material properties of remolded soil samples

ZH EKEwY% MWEE G, BEBRB K (em < s™) BIR w, /% B we/% WISHILEIEL eo ¥IURIEAE REL a1 /MPa™! [HE5 2% C/(cm? « s7)

18 78 2713 2.76x107°° 13.86

30.77

0.74 9.81 4.9x107°
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Fig.1 Gradation curve of soil sample
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Fig.2 Column settling tests
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Fig.4 Experimental apparatus for flocculation-vacuum preloading-electroosmosis
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BANEE], SR BE T Rk 2 fis.
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R - R E R B AN E A5 B

HAMEES, SSRfUE & T T, SRSk
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BEE sy Ak BJE (PR R 100 mm) . H)ZE
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Firose A, X545 o 5 % ok 2 B S FElE + 7
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Table 2 Laboratory test schemes of different
electroosmosis intervention time
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Fig.6 Water discharge-time curves
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