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Model tests on negative pressure distribution in vacuum preloading

JIANG Yan-bin, HE Ning, XU Bin-hua, ZHOU Yan-zhang, ZHANG Zhong-liu
(Department of Geotechnical Engineering, Nanjing Hydraulic Research Institute, Nanjing 210029, China)

Abstract: The rule of negative pressure distribution is an important subject in the studies on vacuum preloading mechanism. By
discussing the spatial distribution characteristics of vacuum preloading and the associated concepts, the negative pressure is
defined in a broad sense, and the methods and influencing factors for the negative pressure measurement are analyzed. The tests
are carried out, with a well-designed large scale indoor model 15 m in vertical height, to study the negative pressure distribution
in vacuum preloading. The test results show that there is hysteresis effect in vacuum measurement in saturated clay soil, and the
limit depth where vacuum exists is 8.9 m. The pore water pressure and vacuum degree in drain board exhibit a symmetrical
linear distribution above zero pressure plane at the vacuum stable stage, and the slope is similar to hydrostatic pressure gradient.
The negative pressure distribution along the depth is of piecewise linear type, due to the energy consumption in water lifting,
attenuation is found in the unsaturated soil above the underground water level, and the average attenuation value is 21.4 kPa in
the stable period. The negative pressure is uniform with no attenuation under the average water level, and the corresponding
average negative pressure is -67.0 kPa within the depth scope of drainage board in the stable period. Based on the experimental
results and the flow pattern distribution of gas-liquid two-phase flow in the equivalent drainage tube, the piecewise linear
negative pressure boundary of the vertical drainage board in the stable period of vacuum preloading is put forward.

Key words: vacuum preloading; negative pressure distribution; model test; vertical large scale; hysteresis effect; two-phase
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Fig. 1 Schematic of spatial distribution of negative pressure in

(a) HNERR (AP=P-R)

vacuum preloading

(2) W FKRAZTH B IX

HIMRE T, Kbz R O &
FERDN SR AR PO KIES P, 0K T P o il
HAE, Sl A4 Xis B m Ak AR LB ) B
DX AR, A M KL T — 8 TR FEVE N R A
FLEKEIART P, » P2E T SRR ALK ST Au .
B DX R B2 X LB K e 7w AR T 23R R,
GRfE By X), By XA FLIRE SR A [Py, P ] -
BRI A T AU RAS HAFFE R A B . DO FLBRKE BEAN
P E M ekae, KA T P, BEIREESAMER K, Frbe
By X i H AT B BEIR R KT, HAR /N T4
T AR EME |Aul IAEZR AL b = A7),
AL T AN L P L P PPN Z X A AU RS, I A
55 FFLKE 7T Au BEE— 20 TRV B [Aul
PN HUE KN

¥ B XH) R0 KIRie/E By X, B X5 B, X
{73 F AR P Y« R 7, T AL FLBR K S )
N—DAMARAE P, FIRMREET EAER TR,
TR Z T By KA FLUEME KT P IMEA HE
=, BARLE, (H B, XAFAE A LI KIS T A
TR S5 B Aw TR AR 3K SEI, B B,
DX A [ 28R

H L5 BE R E SR 7 5 LS 20 A s AR



1876 H O+ T OB % M

2017 4¢

W, FEMmZ LA, &EM%F%&*F?HN&%
ARFR ZHRFR G (BT (a). $HES G, AERE
wgmmmm%@,m?mu&AE@wrm$,ﬁ
It 4, By, By XEorFtHAEFIH, RET 081, 3
ot b3k 2y B SRR KT T .
1.2 "X EES

B 114, B X¥ETHE (BEs RE,
FAEEAE, (HNILBRRARE AR, H2S R R 4
AFE . NG L URIRE, Jr VR R K
/N, FFFERIRTHLLT By XM N B R i F5k, ik
G K Fl B2 BE IR R AFE RN R, BT S S
. WAL E S w (T H AR E 1k
&ﬂ@ﬁﬁg,wk%ﬁﬁﬁﬁoﬁE#LmE Fif
FHXPIRZS R F B AR 2 10 e A8 DA B DN,
B “T"XE” 5 “HEILE” &2, ERbhEs
SRS M R HE K [ 25 1) i3, AH T SCwk[12)
W AR LARCSCHIR[ISIFTR ) “ A 3 s
237 ) AU RE AT DA I AT - R LB RS
AT DL A+ LR K TR %uﬁﬁ“~
%ﬁﬁ&(ABL&BLE%ﬁﬁT EAHET (B
X))o U “BE BEVRAREYI 51040 7 IR PR AR 2
AEEL, TS SR T DO e A < R
LA A N R (R R .

2 DAEMNEFSFE

SRR AR ERRE: KFES
e MR KA. B EAEE LR RS EUIESE, X
H G RRON “ U AR TR BR 7, AH DG IINE AT 25 SRR 16],
ALEREWIL P RS ENER AR,

HAME TP EEL R RNE L h R
R CE 2D, 40 AR R TR T — A KRR,
S E R AR I ME SO s (RARINE 2
fE V) WIZA, REECNAHRN AR ik
FEAHTRAT L BN ER, f£E DT

(1) il J5 28

Al s A B LR SRR, A EESL A
MR AR R ZE, WS iR Vo ik R AR
PRAZ e, WISk AR T FTIA )P dT i B R & T
RS o PRI, ol FH 3 35 A S0 s 3R & b LR I
DUAEL B AR A AR T S i v TR RR AR 4. O
22900 S Ak T AR AT - o BEE IE E A RT (i D
HE, WA SR VAR T DUIE ISk s b
ARSIk A A FLE AR 2 AR RAR AR AR
B R, EASEWELHER S @40k Ti8E
PR Z B AR VE L R i, DSk 5 AR AR S e 1%

WAL AR S WA 2 i VN IR AR AR AR A 5
FR B IR 8], s R RO 18 HLWT i 5 T
DR R 32 JRy A FLBR e 07284k, RIS “ i 5 R
R T BE AR RN W SV ARR
NG D= VA S AT

HER

meE

\
iz

B2 BEEAEZRIERE
Fig. 2 Working principle of spring tube type vacuum gauge
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Fig. 3 Water head in the tube affects the vacuum degree reading
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Fig. 4 Vertical large-scale vacuum preloading laboratory tests
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