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Consolidation mechanism of vacuum preloading for dredged slurry and
anti-clogging method for drains
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Abstract: Considering the key problem that the vacuum preloading method cannot efficiently improve dredged slurry, the
research findings over the years obtained by the author’s research team are comprehensively summarized, including the
following four aspects: (1) A large number of consolidation-hydraulic conductivity tests are performed using the modified
consolidation apparatus under low initial stress. Based on the test results, the influences of the initial water content and the
liquid limit on the compression-permeability properties are discussed. The evolution laws of the permeability coefficient during
the compression are obtained quantitatively. (2) The development laws of displacement and strain of soils and the formation
mechanism of soil column during the vacuum preloading consolidation of the dredged slurry are illustrated. By utilizing the
particle image velocimetry (PIV) and the particle tracking velocimetry (PTV) techniques, the development laws of the
displacement and strain of soils during the vacuum preloading consolidation process are obtained. Furthermore, the
consolidation process of the dredged slurry is revealed. Besides, the formation process of the soil columns under different initial
water contents and particle-size distributions is obtained. (3) The analytical and numerical methods are proposed to calculate the
consolidation of dredged slurries improved by vacuum preloading. Based on the uneven strain assumption, the consolidation
solutions are derived for the clogging zone and the intact zone, respectively. Subsequently, the consolidation behaviors are
studied under various distributions and development laws of vacuum preloading at the permeable boundaries. Besides, the
consolidation model considering the formation of the soil columns is also established to investigate the relevant influences. (4)
Based on the laboratory and field tests, several methods are proposed by enhancing the vacuum seepage fields, slowing the
formation of soil columns, and improving the soil properties, to

increase the consolidation efficiency. These methods include WRS R 2020 - 12 - 25
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applying staged vacuum preloading, booster PVDs, multi-flocculant treatment, and appropriate pore size of PVD filters. Using

these methods, the clogging of the dredged slurry during the treatment process can be reduced, and then the consolidation speed

and improvement quality can be increased. The research findings are of great significance to developing and utilizing dredging

slurry sites, alleviating the shortage of urban land resources, and promoting the sustainable urban development.
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Fig. 34 Effects of compressibility ratio on settlements for soil

columns and normal zone
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Fig. 35 Effects of radius of soil columns on consolidation degree

for soil columns and normal zone
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Fig. 36 Technological roadmap
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Fig. 39 Variation of vacuum pressure
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Fig. 42 Schematic diagram of GR test apparatus
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Fig. 46 Variation of surface settlement with time
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Fig. 47 Variation of maximum settlement difference with time
4.3 BERAEZTAERRK

HEPH R s R LA B R [ AN ST 08 s P A
HI TR K R, EE S TS &k
SELR G A8 1) ARE NS, R RSB,
AAESLIEUKHE, PR S ROR . A TAEMEH T R
PR ASEN TR HEAC 2, FFER AT A
TSI TARR BT 7 ST, iyt
i S pr ARSI 73 A A BUS G, PP
TR SRAT T RN RAOR . A Ged e AR 1 R
W5 (1 48 Cad, WIEHRARNRAT B0, JCEM T A .
VR AR A R B 8 (&1 48 (b))e MR
HAXWEIRE: OB ER A SRS 48 2 T
HIE; @HEAERFNE B, R4t
SRR HR TS . S8R E AL, HERARSEEL T —
WA, TR, LG

@i

(a) HER (b) UM
[ 48 HEEHFAE
Fig. 48 Illustration of booster pipeline

(1) HGEHLEE

Kl 49 o 1 8 e R A T o A b A B T
JPRZES . WIIARE, LRITAE AR, A 49 (a)
Pios. B EMEA LS, WmiE 49 (b) fos, HER
JTLEBTIN % [ FIPE RS BN ) Ao, (E TR 4SS, IR
A ORI N A2 R . ROk, RS RS
MG 7, Wk 49 (o fiow, LEITH-— B2
LI E Aoy, ITERTR A4 e st 1



% 2 3

BERU, WA YR A P [ S5 WL S HE KR B A B R 217

FE AT AR ATTHEACKR I K FTBERE (K,
T AR 88 AR S 2 L 0
K, HRITFHK,

l Aoy,

——————

' 1oh0=ko G0+
Acyy+Acy,

t

(a) FARIPRES (b) HEEH TR (c) HAFBHIEES
RESTRAS JIFEIRL RS

[ 49 HExFIBEENMER T RTHNIRT

Fig. 49 Stress states of soil element subjected to vacuum pressure

and booster pressure
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Fig. 50 Variation of pore water pressure at depth of 50 cm
b) K F MR I 1 98 P PR P A FL
B 51 RoR & /KM AR BT 1  JRE il v P2 e At
. WEIRAT LU Y, 39 s AR i A (L sk E
A Ho AARERER I L B R T R R R,
7 A F A 5T T DU

60% I FFARHY e, HARER S SRR AR, AR R+

PRIV SR AT f o PRI, AR R AL A [ 4
BEIA B 60% I U538 K
BKE% T FARBY VI 58 B /kPa
40 44 48 52 14 16 18 20 22

—o— AHfl:
-y =boilip: )i
20 —— BAL: [E45fE40% 201
g —¥— C4: [F145 5 60%
2 —o— DZ: [F45E80% E
40 = 40|
% K
60 - 60 -
8oL 8oL

(a) (b)

51 B7KER+FIREYEE MR ER T LiEES

Fig. 51 Variation of water content and vane shear strength with
depth
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Fig. 57 Initial and post—soil improvement vane shear strength
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Fig. 58 Variation of discharged water with time under various lime
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Fig. 59 Variation of vane shear strength with depth under various
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Fig. 61 Device of flocculation and mixing
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