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Changing rules of pore water pressure in drain board under vacuum preloading
LIN Zhi-qiang
(Fujian Key Laboratory of Green Building Technology, Fujian Academy of Building Research, Fuzhou 350025, China)
Abstract: Aiming at the argument of vacuum transmission in drain board under vacuum preloading, this
paper analyzes the concept of vacuum and negative pore water pressure under the theory of fluid mechanics, and
points out that the real reason of soft soil drainage and consolidation is the decrease of pore water pressure in the
drain board. The total potential of pore water in the key position of drain board is calculated by the theory of fluid
mechanics. Then the action mechanism and flow process of pore water pressure is analyzed based on the lowest
energy principle. So the changing rules of pore water pressure in the drain board are obtained. The results show
that: 1) the changing rules of pore water pressure in the drain board relates closely to the ground water level,
vacuum degree under membrane and drainage board deformation; 2) in the drain board, the simplified distribution
pattern of pore water pressure reduction is a broken line, and the line’s turning point is located in the ground water
level; 3) the pore water pressure reduction changes a lot above the ground water level, and the attenuation rate is
10 kPa/m. But the pore water pressure reduction remains unchanged below the ground water level; 4) the more
deformation of drainage board occurs, the more resistance of drainage is. When the drain board breaks, the vacuum
load under membrane can not transmit to the deep ground.
Keywords: vacuum preloading; soil water potential; pore water pressure; initial ground water level;

deformation of drain board

LS U AN A s Bk e A S ik 2 —, SAFHEE N TR, 2 E A e i £ LR T
JUZRLHI TR A e HE PRV R R FC, HASTURANE AL, 302 TR HEK [ 45 21 e

KRS EHA: 2014-11-04
«BETH: #885AHH0T R 5T A (2012Y0020) 5 484 4 AH# %) & 58 (2013H0016)
EE®N: wER (1986— ), B, M, B ITALIF, MFR LA QTR AR TALE 5 @mey B Rkt AR T4k,



- 162 - K iE I A2

2015 5

CEATE R, ESChr TR AT WRE T ks
RZR, BRAGMEHAR" (A EZHK
AR S PR TR B AR A A A [0) LA A 5K 4
W, UNECAS AL MU . A RO A . R K
PEFFRE N[ RRHE TR B 5o 8 8 K 92 4507 SR
b, RS HE K AR 5 DU A AR B L B K R
N2 (KB ES) VR T fi 3k 4 + P4k &
HEK . WL AR b, 2 I A A K
MG AR A RE R 22, Kt M KT 46 & A
HEZK . WL, DA Ik B0 B A R A H . A
RIZAE T, 188 g HE K A B HE DY i A 4 g LR 2%
K, TR SRR R, R HE K R B
R R R I, B R
AR P78 K O S B T v LS TR AR v
i HEAR A FLBR K AR (R . B SR
HEAMR LI R 1A AL, BT AT 45 B4 2 o
FLBUKE IR, LR | FH R B
I A8 5 67 T A 396 1) B o K O 1) S0 T F 5,
B2 T2 B S . (H L2 R R AR A S L
A5 BERER] , BIFTE IR 2 1] 22 AR RER

TEELZS B a1 A% 3 R 5 T B W AT AE A
RSy, B R R G 0T 5T LA U LR
B F G — e B R D . WL R IR
K. ENIRIRHEATIETY, (0 B AE W I S
A ATSEERG . 2 AR T B AR Ak B B S T 2K
AR B FLA W Rl v . 52 25k, FEOITIE AR
ZZERRA, b, EhFLBK SR =
FfLRIZ 3, o AR S AE A A, SO AR YRR
A 72 S BREGF BL 28 U 0 [ HLER B JT 2R 48 10
— B AT

A SCHRIE TR F7 2 0 R B2 B L R B
SC, X H R ELES i B AT A 1 IR EBUHEA T 43 H
VI, iR B 37 e b G vk T A5 B A B A DA
T PO AR LR 22 R R K. 4G, M imiak
Bl E B, mARE S, TR A
SERRYE, T T HEK B AL B K s Sh AL
W R At 7, HE AR B HE KB A S R
SIS AR

1 BEZERGEHN

HRAF AR S 120 B8 B X, 28 B R AR I
AT 5 0 4 Xk P 58 /N T 224 1 K e A 1™
o FLAS FERR X GO AR, s B R/ MR I 2
SRS FRIRERLEE, 3 TR BN, AR,
FLAS R A5 AT BRI X G R WA, il hnok,
7S B K /IMU R B2 B SR /N T 2 R SRS Y
BUE, MARERT Y RSESRET, 5% 52
B o XA B FEAAAE R A, 2SR R R (R
KAIETF M) R, B e s B wpR ik,
JIT LA BE AR AR AR 2 A R A R Y
TR BT R BE AT DR AR AT LU A
L1 EZS TR SRR ) B2 B ST

FLS R BIARAL LR 1, BT B BN
80 kPa, HJhHH F/KAEVR 2 m, B AR MIER
Bghgh 1, A S THROERIE, B e R KA
b, C. D SR FHEF KM T 4, 8 m,
1) HEK A 15 m,

LT T

IR W N ¥ S
\%Ililé?l‘ﬂT
4 1 TRk
8m

|| 2easaemmse

i

A 4

B1 Ex=WELHER
RV bR R AR, BT ESE
BEEIN#Z . RIEFAR A= B E X, 1A
JnzkEE HE K AL B, C. D S ESE p, .
P~ Pc~ Pp:
pA :pv
Py =p, —pgh
' ’ (1)
Pc=p, —pghc
Pp =P, —pghy



%70 WA AR TURSAMA I R A 163

hy. hey hy 53900 B, C. D sEIP)hHHLT 7K
NI, 1, P, =80 kPa, P, =80 kPa,
P.=40 kPa, P,=0, HxzU(1)A[ 0L, 76 D SHLIF
WEREC AN FAERS B, R R %
EWDSUTQ% REE FL2S B, LA B R/ h

&0, [HYEEAS WP TR, i AD2E
H 25 FERE S S AEAS [R) TR B T v W ) I s
KN, e BL28 BE AL B VR B, AR OY B2 AR
R . DR BOR R AS AT, RO AR LR K A
8 mibC A MNFFAERA T, — e T2 Joikm
AN,

KT TR ST AN 6] R BE YR8 rh 25 JiE
SFTIN T WURRT, H2SRHE (SESRCE
Bz) FEIRAERTe P —ERE, AT RHEKAR
ZIE (E 1) i S5 0 L b LUK e i
2%, LRSI IR I P, K ARG E
Tt HETRE LI, EEEE S U 4 AL
IKREEPN 1k B WURTFGR S, S8 1Y JE AL
BUK I W, HEDE S R, Bk
Ao, nTE C B EIW M E=E, fL
BK )75 T B 40 kPa J5 A, ML AT LIE
PN REE, BARAXMEBOCEBRAENLT .

PRI, DV rh L B W T Ve AL
MRS B EL 23 B B 8 T AR mT DL 75
QE,%@ﬁﬁLﬁ%K@%%,%%%axo
L2 7K 25 55

WA DA E BT al A, MR H2S Bl 80 kPa
BF, MR AKMZLLT 8 m i A BT, Wk
JE UL EL A FE A o B RO B K2 AR 8 mg
RS BE U BH A 450 6 R B B M R KA AR
8 m, Kig TREICHRM, EL2s Tl A &40 [ B
AR 20 m DAL, G A AR VR, Ui
JE AT 388 TR B T AN TR A 2800 TR

FE L, K EEBRNESFEERE LK
HLIRZK Y RE B Jay B AN P b R K [ 45
{18 ST J57 2 185 1] HE 7K M 5 1 el A AN AR+ 22 TRl AE AR
FLBUK 1 22, FLBRZK R 7 25 1 K/INED S A Ao
ZHEI . AR ZEMERT, A fLBK m) &

R B I, LRSS, DT o b5
SR A I T I HE K A b FL K T 7 89 22 A R A
SEWTFT AT E BOR e i 2S5 .

2 HKPAREZEATNE

TR AERA LT T b U B HE KON A RS R
TSR, DA — S B TR Ry 4 A R R A 7
W, a2 fos, B O o IE R S5+
DAL R KA 2 8 ) 345 liE, H N KR 2 m,
HERAATBOREE 15 m, b 3k 0y ) 2R 1ok
IRBB I T . ke 2R E T #
FEJi#e fa e, 25 e, @, on Ean, WL
HKIERER ¢ =@, + @, +oyo HTHE L BE
FRBAR/N, E oK s AR, SO S
EVRD) O S o A W =N 123 I S e 8

| |
T e e, Y. . et . ¢ e v e

RN N T O G
iminsaninsrnriBER TF

v/“\/\/\/\ Ah=2m

\
HOF k2%
) SR

— le—

BN e O

B EHE R

Il

I

T —Ne

B2 E=WMEREI®T

21 FLBUKB R RSP

WERT, B2 B HEAR B K R 5
KR TS, WHEKHL A, B, C. D X 4 55 a3

R
{¢A—¢g+¢p+¢N 2)
Ps =®c=¢p

B, =2 m, o5 =¢c=¢, =0, ALl ¢, &

K, RIEAKAE T 5 AL RE RS A B X —

A, Hk#e B, C. D i EMFLBUKARERL M A v

B, ANENILBEKENEER 0 B &, Wt

TRA B HAg — s B IPEH

PO N 2 BR8], B SE L2 iy 2 — Yt i,
NEZJE p, 80 kPa, WG ¢, = - p,/pg =

-8 m, M A GEAERE NS m, B, C, D



- 164 - K IE L A2 2015 #
X3 R RK A RS B 80 kPa, g dh =y 4z v(2) (4)
X N o N F77 4R 2
TS m, HEKAR P 4 SRR 4R B R &
/\p 1y N =] o
{% =, + 0, + @y ) SRR S B - 2
Vv (2)
Cp=@c=¢p hjzf(z) 2¢g (5)

R e, =6m, oy=¢c=¢p,=-8m, L
ou TR [AIBE, AR A ] T i R RE SR A 1Y
Bk — M, B, C. DAL A H/KAEE A &
] A &b, (Hi THEAMR PALEK S SHEE T RE T 8 m,
VUJEER - rh ALK R I AR AE | R RRIRA AR, 1
BHEK AR S £ fLB K iR B 22, BISLE 2%,
DU & A LB K I 46 i HE K B i, HE K AR bk
M R A GE, B2 HE SR,

HEAK M ALK B L B AT 40 4 A BB
1) fhE=H, Hokik B, C. D & SHERMET
A g, fLBUKEAS); 2) B HERR, &
2 FEH 80 kPa, HEK#z A, B, C. DX 4 fily &
PREHAB T FES m, DU L rh A UK BHAGEARAE, &
JCHEAK B LB K 5 A fLBRKAETE S RE 22, 3K
RN, 3) Ak fEd, HAkk B, C.
D {8 ARG T A i &, fLBAKRRE A &
ADCE SN, H TP JE LB K A B e HE K
MIC A, AEHE KA K AR WG &, HEKAR B, C.
D L FLBR K AN W o, S B o AH B8 R
4) HEKB oK A W, EREI RS AT
e, FLBUKZRMRZHEKIES, HEAHR ThFLER
IKFEFIAFEAE AR, 10 & A vk AN ] HE K A oo
T, POEAWHEK , F4E, RZdtm BRmE,

2.2 fLBUKB R R K SRR R

HEAM T LB KRN Wi AR D 82 B 0, B i
B b S A e B, 01K 10X FR4) RE B FR
R EIKER b, o SRR S TR AL B R
he SRR by, —F 2 i HEZK AR AL
KK Z B s A A8 B S AR R PR R

Poizony =Pyzny + iz (3)

MR A ) 22 K S i R It B A 2, ARk

TR TR LR A TS B R K SR R

arxs(4) L (5) B IR B0 B Z—A
HPSY S ESE

3 _FAVvi(2) C v; (z)
Byizony =hy +h; = ) 1R 72g dz + ;gi(z) 2%
(6)

A R AP K J1248 5 A 9 RpE ) &
B v(z) FHEKBREE R BE AR FE s £ (2) R
HEAMR B TR I 2 (B 55 i A SRy B UK Sk 40 2k 2 8
v, (2) A HEAK AR R B 26 5 i A SR K ) It 3 5
Z JHEARBCREE 5 n 0 BT R ik Sk R A

MRS 22 BE, — A SR R Sk 4 2k
ES SIUNS REEY S PR S AN A ]
M WA IE P (F3), RIS, I
JRERACSk IR o ARPESCHR [10], 278 Rk Sk i
REH L RN

£, =0. 946sin’ g+2. 05sin’ g (7)
P& JmffACK IR 280 ¢ 1R AR
£, =[0.131 +0. 163 2(d/p)”](9aio)m (8)

B3 EIHKEER




%70 WA AR TURSAMA I R A F1es-

HRAE LA 3153 2043 T 5 e AT AR L 1 J= 38 7K
SRR, 184, =1.86, (, =0.131, {, >,
FISEH B S BOUE LR 3. ULIAFTE 1 Sy Kk Sk 3
R T8 W SR K Sk B, R R R R
HEEFC2 2 AT %, TR LNk, I,
HEAKARZE AN A5 W) 1 356 52 o A 28000 0 9
A R A Fﬁb%,ﬁ¢f%%&ﬁﬁﬁﬁ
FEJR NPT SRR A S 0, LA R R BOHA B (14
TR

Zi b, HEAKARFL B /K B T oK Sk K
PRHEK MR A S PTRERE | 1B T A K
2.3 FLBRUK RS AR LA ST

R HHEK P ALBR K FE AR AR L, T E 4y
A5 ) B T 1S HE K AR AL BR K R 1 1 43 A
T, WU AT, HEAK B L BR K R 1 43 A5 W]
4a) , HFKALLL ERYFLIRKE SR 0, R KA7
DA A FLISK S R R 1) R LA 10 kPa/m 3
R, WUEE, HOKRPKF E 8z,
JEF A5 R 80 kPa,  JLEHEK B FL BROK K H1 4
i UL 4b) , IR FLBRKE TR - 80 kPa,
IRHLRE 16 T LA 10 kPa/m R Tk, AR A
25 TH T IS HEZK AR b L B K R 1 28 AR 1 B0 T 45 3]
HEAKA P FLBR K 7 48 Ak 43 A A, HE 7K A o
FLBUKE S A8 Ak B o A A PTERAY, Fer e S5 i
TR AR Ak o HEAK AR b L B K R g 25 4k i R
WA KT

80 kPa 0 FLBK 1 /kPa o fLEAkiE/KPa
J H Tkt /80 kPa
An GiwIE )
SN ¥ ___ rdféé___
\ \ AR ]
/ 2
£ ]
=l -]
b
~:_§7
U ) HE K AR
70 kPa 130 kPa 60 kPa

a) BUERAT, JafLHsM b) fLIEAAE A 1

B4 HKRFFLEEKENB SR

24 AREAS RS A

AHESES (FLEZRR) 765 mHE KR
& R S s RO ST BN S RS &L iR A TIPS
R&, BN AR, IR, WREIEH. B
BRE. VIR KA Bk TR 45 B A, T HE
KA AU R TT, ANRZEFE R AR 4
I, AR S, FLBRK R I AR AR 4
ISR AR A R G ek, F 24
Je 5 B A R A R 7 AR W ) HE K AR 4 AN TR) 43 A
B, AN H 0 2 25 R 7 4 A 45 A
FH K,

AR AR A - RS TR I 1K 5 K
fLIE . DUREMEE S, X LA -HE B A WU 3 m
AL i — S e W [ @A T T e, 15 2
YL 22 W HE AR AR o0 A LR 25 W HE K BOER B
LR, HEAKHR AL 22 258 78 kPa, HE/K R
JEENHFLE 22 29 Ky 15 kPa; A4S R B8 L
ST A} A IR 37 ST R B Rt I 43T A 31 8% ) HE
IKBA RS TR AR, I R A TR
FIEHEAK AR b A S A R 3 A Y, H(E—
R A5 BERY 50% oAy, ABARTRA BT Has FER R
(RN 5 b 5 042 ) J LB s A A S AR5 o)
ST TK N B BRI I, IAK T E
SRR, LUK R A R 5, KF
D7 E SRS NS, el
B, BEERBESEIN, RN A R A

3 o 7t 6 X fE A7 3 2 T 2 AR v A L s
P R EAT THIRSE, AN 25 B 76 T R U8
HR AR e I I K T BRI, 0 v i LR
Ve B FE VR IR B S T Y (B A 13 kPa/m, KAR
PR P ELZS BV TR B 0344 R 6 kPa/m,

DRI S W ) 5 s At T S v . 337K
6 14 J PR B A R B2 TR T AR By EL I e e
822k, B S R N AL A Y R SR 2 R 2%

SRR o AR AR 1 2447 S 3R X B 25 TR
I AL J S R GE i — Rtk BRI A3 A, X R B
FEMRM T — 0 S, JF S AR A A R T
AT (FS)



K IE L A2

2015 5

- 166 -
-78 kPa P,
g g
q &
-15 kPa Py
a) i b) A1
P, Py By
£
o~
R K2R
g g s
00 00|
&
0.5P,
¢) HhE I d) KR ) AT

BES5 HARFLHAANEREZEAS RIS

3 &g

AR SCEE TR 7 27 AH DG B8 X L 2 T o 4l
MW “EmEE” 8 R WS T8
B, T8 R HEACH AL B K R 7 A SR HE K
S EIEIRN, JEFRER A AR, A oK
JRUEAE A ) T IR AR SRS R A 12 Sh AL
WA T AR A R HE AR R P B A A A =
IR T R 2 e 07 43 A X 5 i B 9 R
HEFTXFH, AR 458

1) FL28 BEFI G RAE AR 727 1 ME 2 2 A [+
(AR I X G R AT DA R At mT LR AR ke
FIEH BEZE ., #iath R KA LT R A
23 FMATHY L5 B 2 PR S, —RAEH T K
PZELAT 8 m AbINANS 25 B, A R TR
WO e i B FE A I H

2)  HLAS TR AR IR A HE /K 25 7 52 o 18 [
HEZKA 5 0 JE o R AR+ o AE AR FL IR OK g 25, BD
e HEAK M 5 DU JE AR AR - T AR AR R 25, HEK
MR A R0 2 T ) 45 T 10U TS HE A BR i AL
R,

3) HEARMR T FLBRAK 7K S 45 2k A TR K
SR L Rk, o R ERK KR KT
RS, I8 R K Sk B e R T 4548 R i
KRR o BREE TR 7 2 5 BLHE K AR 3T A
B, B R A far B TR 0 FEE R N

RIESTZ IR K, W% BT /il Kk Sk 2k
RSN, SR IBOR N A 2 T AR it

4) HeAR M 8k B2 A 8 A B BRI 0 3t
KA BT LA B R AR K AR S T R R A G
A EACKR SIS, B A R =S iy 28 70 A A X
NI, Fedfr A SN KL AZI A R
KA LA b A7 280 B 45 A 48 5 D38 38 3K 10 kPa/m,
W R KL LA A RO 2 o AR AL

SE A

(1] & B WRE I )] . 5 L TR,
1989(4) : 45-56.

2] %K. AAHK BN HARM] . e st N R3SE
AT, 2002.

(3] A 23 HE Jn 0 ) it 6 & B A5 (D] . A
I Wi ok, 2003,

(4] FEIBHEE, 50 DY, BEMRAR. B0 T A 50 R B A 4R
). K24, 2007(7) - 774-778.

(5] BHZT BRI, 328 00 vh R /KA A8 A i B 5[]
7K3Z T8, 2005(1) : 1-6.

(6] XA, S SCH, B 3C, A, BF AL Bk [ 4 4 st
WIRHFRI] . & £ TR, 2012(4) : 591-599.

[7] Mesri G, Khan A Q. Ground improvement using vacuum
loading together with vertical drains [J]. Journal of
Geotechnical and Geoenvironmental Engineering, 2012,
138(6) : 680-689.

(8] ZREA, WIS, 2BIER, 5. ELos HK TR Ik th B 2s Ji
iAo T RN S B AN = o 8
2003(11):1 399-1 401.

(9]  ZRHEIE, B, PR, S5 RPRTR M IE AL BT rh B2 i

LRSI . 5 TR, 2010(9) < 1 429-1 433.

RFEA KSR (M) db 5t S EHF B R

*1-,2008.

S, DU, MRAKOME. 28 -ME 800 100 5 B LB

W] R 22 B ARFFE A, 2003(5) : 560-563.

R, 10 B, IR e, S5 KR BLAS T e AR AL

B KIS AL AT E[T] - A & TR 27 4k, 2008(5) :

658-662.

B

[10]

(1]

[12]

(ALt KER)



