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An Experimental and Numerical Simulation Study on Vacuum Preloading PVD

Drainage Plate Reinforcement of Backfill Soil Foundation
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Abstract: In order to reinforce the backfill soil with vacuum preloading PVD drainage plates, indoor geotechnical
tests and indoor single well model tests are conducted on a typical construction site in Humen Port area. Through the
pore water pressure, soil settlement, vacuum degree at different positions of the drainage plate, and test drainage amount
in the model cylinder during the tests, soil samples at different positions in the model cylinder are taken for direct shear
tests and moisture content determination. Based on an analysis of the soil reinforcement effect of vacuum preloading
PVD drainage plates and the problem of drainage plate blockage, a corresponding two-dimensional finite element model

is established by using Abaqus software to analyze the influence of factors such as changing the vacuum degree under
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the membrane and changing the insertion depth of the drainage plate on the consolidation effect of the foundation. It
is found that the shear strength of the soil gradually decreases with the increase of depth, with the settlement at the
top of the soil sample being the largest, gradually decreasing to only a slight difference below the middle of the soil
sample. Due to the influence of the siltation layer, the drainage experiences an initial rapid increase in drainage volume,
gradually decreasing after reaching the maximum value, and finally stabilizing. With an increase of the vacuum degree
under the membrane and the depth of drainage board installation, the consolidation effect of the foundation becomes
better.
Keywords: backfill soil foundation; vacuum pre-loading; plastic drainage plate; settlement monitoring
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Table 1 Basic physical indicators of the backfill soil

TR SRR WY BEE p/(gem”) fLBIHL e TR p/(grem”)  HE p,

I+ 78.16 1.84 1.52 1.34
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Fig. 1 Schematic diagram of a single well model test
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Fig. 2 Pore water pressure variation curves
at different burial depths
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Fig. 3 Soil vacuum degree variation curves
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Fig. 4 Soil settlement variation curve
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Fig. 5 Soil water discharge variation curve
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Table 2 Mechanical properties of soil samples after testing
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1 0 5 10.5 6.4 40.32
2 30 5 7.4 45 44.47
3 60 5 4.7 1.8 50.75
4 0 15 8.8 55 4351
5 30 15 6.8 3.7 46.26
6 60 15 4.1 1.6 53.71

FRAEE 2 s BRI, ARG ZEIR T R N BRI A
Bt 5 R P N T 2R T A AR, 5 TR B P AR A R A
o TERABHEAM AR T ARA IR ICER,  HARR &
HEERRE EW RS AKE LT, R LA A dKE
ZHARHEN . A, BRERTTRE LR S KR AR
A ZR A ML EEREA AR ], B R ) TS TR B e
SRIG I ETNL, TR AT B2 5.
X FE U L A3 TR B 45 4 PVD HEZK AN [ W SE -+ 3k
RIS — B MIRCR, (AR S ACRIEL, HE—2
PEmm LRI
133 HEAKAR A B B 547

e 2 s, HoKZR)E, #EFE & HEK AR 10 cm
RN TR BE 1 L 2 h I ALK 7, R B3R
15 cm &b E/MEC N —64.45 kPa, TMHR N 65 cm 4b
MEHEE T ~51.44 kPa, X BB AL H 7 ] |
Wk, HEAS WA R 8 HAh, WFE2H
ATUVE Y, 7R B HE KR AR 9 1 2, RRHER 1
FEFEIRT1 . IR S50 L S S HE /K AARAL 22/ )N
UEAAFLBR/K ) 22 F 224 rP 7EBE B HE/K AR 10 em DAY
AU, PRHAENT, 7EiX RN B TR0kLE % g
BT IREEZ, BHAS T ALBUK RS 5 .

XIAN[R B B B HE K B 6 T 1 b, JF 5 T4
LR B Z RIS 20 T HEZK G B st )
ik, sl 6 R, M 6 HaT LU i LA
HE/K AR BERT ] AL A . FEHEAKTT IR, HEZKEH
HRIRHINN, IR B KA SE B, R BT RE .
X — M2 s 1 HE KR 7R A LS 2 BT RN & SR ik
o WALE)Z R H T 0N [l HE K AR 1) Bl A ) —



13

FUR, & FAHUR -PVD HEAKARIN [ W i U N B AU S 13

FHBELARE I 2R A5, FEHEAK AR ™2 TR~ 1
FE” o IASE TR IAEAE RN T ORI L 25 B A A
SRIIRSES SR EN d e N T VAR L 2 S

1.6

A

0 ) ‘ [ [ C
0 10000 20000 30000 40000 50000
B[] /min
6 TEHEKEZR L 2k
Fig. 6 Soil drainage rate variation curve
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Table 3  Soil mass calculation parameters

Gie 12 JELIE b/ mﬂE% WAL v BRI ¢ FEEEA o/ wIth EISI7 N m¥@ﬁﬂ %mﬁﬁq
m 7o/ (KN-m ™) kPa ° ) flBilbe, E/MPa  FEk/(ms') FEk/(ms)
1 WU - 4.6 18.4 0.33 15.40 23.98 1.510 2.53 1.82x107° 4.12x10°
2 e 6.8 17.8 0.40 12.32 15.61 1.220 1.95 1.41x107° 3.28x107°
30 SEhE 103 19.3 0.35 14.56 12.34 1.712 3.04 2.76x107° 1.04x107
4 JMREEL 125 18.7 0.38 11.28 9.34 1.775 2.15 9.64x 107 2.12x107
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Table 4 Calculation parameters for drainage plates
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Table 5 Adjusted soil permeability coefficients
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Fig. 8 Model meshing of the backfill soil foundation
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