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Mechanism and numerical analysis of effect of air injection on vacuum
preloading for weak foundation improvement

TU Hong-zhen', XU Yan-hui’, XIE Li-quan’

(1. Port and Shipping Management Bureau of Wenzhou, Wenzhou, Zhejiang 325088, China;
2. College of Civil Engineering, Tongji University, Shanghai 200092, China)

Abstract: Vacuum preloading technique without sand cushion layer has been successfully applied to the weak foundation
reinforcement; but it is difficult to shorten construction period due to the low permeability of weak soil. Intermittent air injection is
proposed to increase the drainage rate for vacuum drainage. The combined method of vacuum preloading and air injection is
investigated for different conditions of the injecting positions and air pressures based on finite element simulation. Seepage velocity,
drainage rate and seepage gradient are compared and analyzed before and after air injection. The simulation results show that the air
injection can improve the efficiency of vacuum drainage, so as to enhance the foundation reinforcement and reduce preloading time
of the vacuum loading. The efficiency of injecting air below the drain boards is better than that above the bottom ends of boards. And
in the case of not breaking through the foundation in the air injection, the greater the air pressure is set, the better effect of
reinforcement will be. The combined method of vacuum preloading and air injection could be widely used in the improvement
practice of weak ground.
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Table 1 Parameters of air injection for different cases

T VEATALE AR SR J)/kPa
T ANEA /
T4 2 AN 1(0.50, 6.00) 70
T3 AN 2(0.50, 5.50) 70
T4 4 AN 3(0.50, 5.00) 70
TS A 4(0.50, 4.50) 70
T4 6.1 A 5(0.50, 4.00) 50
T4 6.2 A 5(0.50, 4.00) 60
T4 6.3 A 5(0.50, 4.00) 70
T4 6.4 A 5(0.50, 4.00) 80
T4 6.5 A 5(0.50, 4.00) 90
T4 6.6 A 5(0.50, 4.00) 100

BEFD T H0BE 5 AN A, 2 A 1 (0.25,
6.00), W& 2 (025, 5.50), Wik 3 (0.25, 5.00),
T4 €0.25, 4.50), P 5 (0.25, 4.00), WL 1.

5.00

10.00
|
N

w
O‘ N
2 rrEARL
AR
RS
v TRESRSS
S SRS
w
<

1 HEEERESNAME CGRA: m)
Fig.1 Schematic diagram of model and location of
measuring points (unit: m)
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Table 2 Parameters of soil in reinforced area

BIBRH WAL EHisCE By JEEA HE
/(ms™) u EkPa)  ClkPa PO YN
2.87x10% 0.32 2 600 28 12 172

Ve B AR R A [ e 1, R A AR
&, ML FALARVFRE AR KSR 1 AR L
JEHIEIA (CPESRP), 8 4 i IR JsAR 2 PUik
TEMMG, S AR MRSy, 35 19 620 T,
AFAEHE KB GG &AL KT R, WG KIS
RIS, TCRP R Z BT (1) S L A 40
=30 kPa, {WAEHTEYD R A ) KT A
KRS TR RN, AR B E,
S AR, KINMEA RS GRS, W
VR TR B B B R AT 2 he VEA
AR, LA OKERE SR R4 KR
ETb DR EHIEHE K BRI S AARE N,
AT T ) AR B 21— 2D s R ) e
AR IR AR . B AP LR 3, 28 1 K
MBI R G

R3 HEEIR R
Table 3 Time steps in the model

s #2~5d ¥ 6~35d 5 36~55d 5 56~85d
n#gEsh) @Az @ESHER) GhES)
LN

-30 kPa -30 kPa -30 kPa
-30 kPa
bR bR FRIEA 2 h bR

4 HEREHT
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T ATEEAREDL T2 FEB 3 HES
MAEV IR by, SRR &N 0.5
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Fig.2 Relationship between ground settlement and total
volume of extracted water
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Fig.3 Relationships between drainage volume and drainage rate for different cases of injecting locations
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Table 4 Velocities for the measuring points after air injecting time of 2 h(m/s)

T ey 1 2 W3 s 4 Wi s
magnitude 4.116x107"° 9.422x107° 3.584x107 4.224x10° 3.988x10%
TH 1 X J5 1) -1205x10""  -5368x10™"° -1.541x10" -1.114x10""  -2.986x107?
Y il 3.936x10™"° 7.742x1071° 3.235x10” 4.223x10” 3.988x10”

magnitude 1.063x1071 1.703x101 1.834x10°4 3.750x10°4 3.974x10%
TH 2 X J5 1) -1.061x107 -6.977x10° 1.826x10° -1354x10"2 -2.199x107"?

Y Jilh -5.238x10” -1.553x10® 1.550x10™° 3.750x10% 3.974x10%

magnitude 1.783x101 9.873x101 1.588x101 2.384x10%) 3.915%10%
TH 3 X J5 1) -7.011x10” -9.869x10® -7.739x10° -2325x107"0  -4.442x10"?

Y J5 1A 1.639x10* 1.051x10° -1.387x10* 2.373x10% 3.915%10%

magnitude 2.752x10°1 1.702x10°*1 8.452x10™1 1.371x10*1 2.838x10°4
T 4 XTI 2.014x10% -7.178x10° -8.433x10® -6.319x10” -8.219x10™"

Y J5 1A 1.874x10° 1.543x10* 5.263x10% -1216%10® 2.837x10”

magnitude  6.057x107°T  1.900x10°7T 2.070x10°*1 6.835x10°%1 1.034x10°%1
THS X Jilh 3.071x10™"° -3.722x10""  -8.773x10” -6.817x10°* -3.085x10”

Y J5 1A 5.218x107"° 1.863x10° 1.875x10% 4.397x10° -9.866x10”

magnitude 4.113x107"° 9.739x10™"° 4.804x10°T 1.798x10°*1 9.879x10°*1
T 6.3 X Jilh -9260x10"  -5.133x10""  -1.784x10” -4572x107 -9.465x10®

Y 5 4.008x10™"° 8.275x107° 4.460x10° 1.739x10* -2.797x10®




2014 4F

Ly 22
604 b + &2
o
. ﬁﬁ
+5.000e+01 i +5.000e+01 .,.;‘&J
+4,5345e+01 i +4.545e+01 P ’
+4,091e+01 i +4,091e+01 5I,. |
+3.636e+01 i +3.636e+01 Ili
+3,182e+01 +3.182e+01 v
+2.727e+01 +2,727e+01
+2.273e+01 +2,273e+01 §
+1.818e+01 +1.818e+01 H
+1,364e+01 +1.36de+01
+9,091e+00 +9,091e+00
+4,546e+00 +4,546e+00
+3.000e-04 +3,000e-04

Mawi +2,751e+00
Elem: PART-1-1.18984 Int: 4
Min: +3,109e-04 F
Elem: PART-1-1,10989 Int: 2

~

(a) IH 1

+5.000e+01

+2,273e+01
+1.212e+01
+1.364e+01
+9.031e+00
+4.546e+00
+3,.000e-04

Max: +1,.715e+02

Elern: PART-1-1,108% Int: 4
Min: +2,998e-04

Elern: PART-1-1.1098%9 Int: 2

(¢) T¥t3: WS

+5.000e+01
+4,545e+01
+4,0%1e+01
+3.636e+01
+3.182e+01
+2,727e+01
+Z,273e+01
+1.818e+01
+1.364e+01
+9.031e+00
+4.546e+00
+32.000=-04

Maw: +1,327e+02
Elern: PART-1-1.11980 Int: 3

Min: +3.103e-04
Elem: PART-1-1,10929 Int: 2

TR

Maw +1,2452+02

Min: +2,93%e-04

Maw: +1.578e+02

Min: +3.053e-04

Elem: PART-1-1,2211 Int: 4

Elem: PART-1-1,10989 Int: 2

~

+5.000e+01
+4.545e+01
+4.091e+01
+3.636e+01

+3.000e-04

Elem: PART-1-1.33 Int: 2

Eler: PART-1-1.10959 Int: 2

Loy

(d) LW 4: FEAN3

+5.000e+01

+3.000e-04
Max: +1,098e+02
Elem: PART-1-1,12904 Int: 3
Min: +3.111e-04
Elem: PART-1-1,10989 Int: 2

Ty TR
T T

Bl

A

(ﬂiﬁmszﬁﬁﬁs

B4 FS 2 h FUHRIIIERSE L&A R

Fig.4 Vector diagrams of seepage gradient around the bottom of sand well after injecting time of 2 h
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Fig.5 Relationship between drainage volume and drainage
rate for different cases of injecting pressure
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