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Abstract: The application of underwater vacuum preloading technology has long been limited by difficulties in stabilizing vacuum
pressure in marine environments, which restricts its effectiveness in deep-water conditions. To address this bottleneck, this paper
proposes a novel underwater vacuum preloading method, which utilizes a large-diameter sleeve anchored in marine clay as the
waterless operation system of the vacuum pump, thereby overcoming vacuum-pump pressure loss in the marine environment. Four
model experiments compare the consolidation performance of the new underwater vacuum preloading method at different
overlying-water depths with a traditional vacuum preloading method that has no overlying water, using underwater soft clay as the
test material. Results show that the new method achieves significant consolidation, and the reinforcement effect increases with greater
overlying water depth. Compared to the control test T4 with an overlying water depth of 0 m, the reductions in average water content
for tests T1, T2, and T3 with overlying water depths of 7.2 m, 4.6 m, and 1.4 m were 43.8%, 31.3%, and 12.5% greater, respectively.
The average undrained shear strength of the soil of tests T1, T2, and T3 increased by 39.5%, 25.7%, and 8.7%, respectively, compared
to test T4. According to the improved Asaoka’s method, the consolidation degrees of tests T1, T2, T3, and T4 after 40 days were
90.2%, 90.2%, 92.7%, and 95.3%, respectively. This study provides an effective approach for applying underwater vacuum
preloading technology in deep-water regions, presenting significant prospects for engineering applications.
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Fig.1 Schematic of the proposed new underwater vacuum
preloading method.
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Fig.3 Locations of the measured points (unit: mm)
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Fig.6 Time-dependent variation curves of the pore water
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preloading improvement

3.5 AHEKPIBYEE

IS5, 75 UL M U2 AL E ST 7 H7 BTk
55, T1 Mg RanE 8(a)Fn, Kk il rwidh
FUETSRE CFZN 1.5 kPa) tH|F|E . T
A, KFEZHERREE, KFESHEE EZ
T ARIIASHE K BT BY 5 P8 0l o T2 A, UL &
THB B AN HE/K U BT 58 FF EUJRE 3 HY 60.8%, [H]I U2
K7 R TH T RS 8 v Y 84.4% . BB SR HE/K AR ) Ul
LB BT [ A sy, HomEEmG & T U2 A&
Ul M ERPFIAHDK BB R Z) N 30.4 kPa, U2
RLEZ)N 27.3 kPa. FALEHMHIE T2, T3 Al
T4 w1, 35 WL 8(b)~8(d)-

STECE 8 1 4 N, T1 A HEK ST o
FELE T2 w20 9%, Eb T3 &l 29.3%, b T4 &l

40.9%., XEZERRE, BN EEKIRERE T
e CARPIAHEK BT R, TEH KT A TE
ik, A KR P N e 5 2 B i ] 45 R

PUBY O JE /kPa PUEY AR /kPa
0 10 20 30 40 0 10 20 30 40
O—T—T—T— 0
10 10
20 20
5 £
B 30 a 30
® s
40 40 [
X pt
SO Suf 50 —a—1Ul
——U2 —o—12
60 - —)(—%ﬂtlﬁgﬁifg 60 - _X_T‘)ﬂlé‘gﬁg
(@ Tl (b) T2
PUBI 5% /kPa PUEY AR kPa
0 10 20 30 40 0 10 20 30 40
O—T—T—T 0
10 10
20 20
= g
k3 2
= 30N s 30 f
55 ES
40 40 |
50 50 f
——TUl1 —— Ul
—o—U2 ——12
60 L X WIUATREE 60 L X MG
(c) T3 (d) T4

B8 KTEERENRAERAKEZENL
Fig.8 Undrained strength before and after underwater
vacuum preloading improvement

3.6 BE%E

P35 45 B nT DA i Pl S e AR
HIECAE AR5, B 20 P B i ol FH Oy 3 A T Ay
ST R R PRI 77 v : O Asaoka 74128,
2T VESE TR I 8] 7 S 5, J8d 2 ANB B
DUBEMLIIME, SR FH Z& M 21 V928 Al B A 24 BT
@ USUE R £ L2, 1277 7] FH R sl T) Bl 2 1 30
HZRARHIE, dI LA 2R TN e 4 DT R =

MUl Asaoka ¥EFET (6 H(s-1)Ve Z A2
PG R T fe 4y e, aniEl 9 B 7 vEAE
F—Mri A ok R A DIE R, Hrbs-1 fis &M
I G B R N RSN ZIIUTRRE, N
W2 TR, &I E, W R AIR% Ar fR
FriE P8, F etk Asaoka 7%, ELR 5 il



1268 = +

5oz 2026 4

KA il S DU R B (o)X (SRR
HiZk, RAWHAE G Ar=3d, 5% T1. T2. T3 M
T4 FIHRAE TR 5N 7.9 7.1, 5.2 cm Al 4.1 cm.
30 d JE I8 Z5 FE Umso a 73909 81.3%+ 83.2%-
86.9%F1 92.9%; TM{E 40 d J&i, Uao o BT 58421 45,
TEAEE R 2.

15 15 r
1=0.851x+1.696 6
12  R=09971 12+
1=0.85x+1.56
R=0.995 1
9 F l OO 9 | \
3 o7 2
6t > | a,
s 6 o
(4 91
o o
3 M, 3 _,9’
[< ] d
0 L L L L ) 1 I L L )
0 3 6 9 12 15 003 6 9 12 15
G (31
(@) T1 (b) T2
9 r 9
1=0.81x+1.24 3=0.79x+1.12
6 I R2=0.995 7 o 6 [ R=0.9972
“ g, - x
Y .
S s < o
3 F g 3k o
’ 14
Io ol
’ /
' ¢’
0 L L J 0 1 1 )
0 3 6 9 0 3 6 9
(& (G-
(©) T3 (d) T4

B9 Bt Asaoka ¥
Fig.9 Application of a modified Asaoka’s observational
method

2 FIFH SRR FLBR K E 1 303 B B 45 S A
Table 2 Analysis of degree of consolidation based on
measured settlement and pore water pressure data

WURRE [ 25 /% FLEBE 45 /%
R M Asaoka 71281 SO XL 291291 Chu %5530
U104 Ussod Ua0d U0 Uissod Usaoa Ustod Ussod Ursaod
T1 457 813 902 460 775 872 455 723 769
T2 479 832 902 509 834 905 457 731 778
T3 502 869 927 507 833 869 525 746 79.8
T4 562 929 953 554 878 90.1 579 784 823

S X 2632235 T 1105 ¢ B’ R aeo FIT oo i
SE [ 2R 2 2 R 0N 5 2 [ 2 i b 2, P 10 i
TN o o 2 [ S5 TR 1 S FT LARIR N Mo, Hodt o i
MR B ag0 5 aso Z A1 VEBLIRL R, 1 NZPE
BRI B, @i iZ ik, T1. T2, T3 F T4 (1)

AP R AN 8.3, 7.1, 5.5 cm A1 4.3 cm.
30 d JG T [E 45 B Umsoa 73908 77.5%- 83.4%-
83.2%11 87.8%; £ 40d J&, Uswsoa HEilT 58 4% [ 45,
ZAE R 50 Asaoka IEFTISEE R, VRANSS
2.

8r 8 r
y=0.095x+1.82 y=0.11x+1.75
R*=0.994 5 R2=0.997 5
ok a~0.095 a=0.11
a=a 61 a=a
= Su=8.3 cm T =
- It ‘E Su=7.1 cm
15 Q
. 4r ‘4
S 2
= N 2 o0
= 220 =
2 2 60
Q60
0@ L L L L ) 0d 1 1 1 I )
0 10 20 30 40 50 0 10 20 30 40 50
[ 45t TE/d I 250} [l /d
() T1 (b) T2
10 [ =0, 14x+2.41 127 y=0.18x+2.39
R*>=0.993 4 R>=0.994 1
g Fa=0.14 10T a~0.18
a=o; a=oy
Sur=5.5 cm ~ 8 Su=43cm
I - I
g6 £
Q (9] 6
SA
o Ol =
% 4 F 90 %/ 220]
= = 4
60
2 2
O 1 1 1 1 J 0(' 1 1 1 1 ]
0 10 20 30 40 50 0 10 20 30 40 50
[i] £5 5] [ /d g Ta)/d
(c) T3 (d) T4

B10 Sk £
Fig.10 Application of a modified hyperbolic observational
method

TRV R RIS A5 R, SR SRR
KIARIG A, v B[] 45 P B R M A, 3 R Bl
[ 2 B e — AN AR T JF e ey 0 ] 2k RE 4R
Fro BN, FEEGEZKE SRR K )5 5 12 T
T1, B[] 45 3k 72 1 oK 08 30 8 e o8 R (leide
Asaoka £ 90.2%, BEUE X2 87.2%), H
TRt ORI B TR OGS, SRR TR
FE 15 39.5%

IEAh, FET Chu ZBOME W 1 FLIRK 1 0 A 77
%, LA A S S5 R . Ja e S 2 i LB
IKIE ST SIRER AR, R VIaRES . mA&R
BULIAE B PR A O, Wil 11 fs. i
PEFLB/K IR A BE 5, T1. T2, T3 Al T4 [# 45 30
d JEHPFE SR Uso o 200009 72.3% 73.1%-
74.6%K1 78.4%, 40 d J5 (1T 35 [E &5 FE Umao a 705111



¥4 JA

W BRI BIK N BB PR AR B B 7T 1269

76.9%. 77.8%- 79.8%A1 82.3%. HULMEIEMLEL,
FLBE A 7773 H 5 () [ 45 FE AR, X B2 T 4K
B AR g 1 FE B I RO R 4 R AU AR S AR
1k, PALK PVD fnfE F=4EH0K 2 2440, 6
RS A BRAE A o bk, WA B ) 2 R Bk
TETE IR N AR P BE X 45 SR P2 A — e Re i . 14N
%) ] 25 P v B R NLER 2.

FLBRIK & J1/kPa FLBRIKE J1/kPa
-80 —40 0 40 80 -80 —40 0 40 80
0 T T T 1 0 T T T 1
0.1} 0.1 F
Uo —p]
g 02 g 02 P
2y =
= o3t %03
U,
\ —u,
0.4 p 0.4 [
.
05t 05"
—8—10d —9—30d —2—40d —&—10d —*—30d —2—40d
(@) T1 (b) T2
FLBRKIE 71/kPa FLERIK & 71/kPa
-80  —40 0 40 -80 —40 0 40
1 0 T 1
0.1} 0.1
I: le~1o < Uy
g 02} EO02
= | i
K \ K
™03 e, 0.3
“u,
'
04 04
: ha'A
5

05L 05 ¢
—8>10d——30d—=—40d —5—10d—e—30d—A—40d
(©) T3 (d) T4

B fUETEESE
Fig.11 Degree of consolidation calculated by pore water
pressure

4 ¥ w

AW T — MoK FERBHE %, BER
FHEPECR: TR 8RR G0 T
FRF LR KERER AL, HRTER
BEICK TAERES, MRA L ffok T B S AR WGEIR
355 v DRI KO 4 2 T 5 S5O0 B AR ) 1 A8, AT
SEPL T RIKIREE T [ R R .

B 12 JEoR TR AR GK R bl BB S TR
ERR B, AFEFLBRKE DRI N AR &R
GiAi R . B 12(a)s 12(d). 12(g)RFEL 78
FEGK T Kbt B B2 WS R R G A R s il
Bl 12()H, Bk FEETE RGuld KEAERS

HEKHR (PVDs) & EATE, MRS IRIETIKIE
B R Os AT, TH MR T KIS R i R 45 K ) A
BT T B E SRR B 12(d) MR T ESK
NETWE RGN AR, HRh 77 L jRFE KL )
po X IR R E M, ok H A RAL T KT &
IR, HBME LA G A I ) BE R FE 1S InTTE
B ), SR GUAER B RRRRY. E 12(g)
W B TR RGN SR, BT AFEK
JEFZ, RGueAT N E, (HHE TG R R T
EhEREE . B 12(b). 12(e). 1207 HT T 3 Fhyiz:
NFLBUKIE AR . B 12(0)% 8, fEHTK T
HAWEET, HTHESEEE T OKRHE, H
W 3 AR 2 KR 1k B2, FLBRZK I ) il 2
u(Z) NI R R T I —us AR S 1 2 A0 B 5 VR 3K
B LR wdz), TR FLER K 7 T ok
FE, BEEE T EENE. LR, B 12(e)
R GUK T BT TTiE, 2SR B IR 5 386 i
ERW, FLBKEIREEERN, THEEA L, [H4h
OB T E 12(h) s T B B TUEJ7E F AL
B HE 3 AR AR o T B b PR 858 A AN A7 AE KR
S, ETRIRRE, FLBR/K R SRR 78 T EL
i 25 200 R, ABJCEEIRTS B K ) vy R ) [
gEWAS . B’ 12(c). 12(H). 12(0)%FEL T 3 Fh 7k R IE
i [ 45 3 A OB AR R . B 12(c) R B, T
KN B2 U 5 v E i R B K R 7 8 25 A
N, ARSI o (OMNHERF I uctywH IE
AMHETHERHELERTN o+Au, Hh
Au=po(Ah+H). B FEIKER H BI3EM, §KIE7)
uo(2) R, EAEW ML uiz) 5 FLBE K 7l 2%
ud(2) Z (AR B SR R, AT G 58 T A5 A58 3
K, MR EER. mER 1209, 80K F
FLA TR T A BT o0/ () NIRRT 1)
us—ywH AL TR oo'+Au, HA Au=poAh. FEEE
IKERIE N, KR 77 57T 520 A6 45 L BsK s
FEW/IN, BN I3 SZ PR, [ 25 R R « B 12(1)
MR BN F R TR A ES, BT RA KR TIm)
T, AR AR WBON B, (B[ 4R Tk
5¥KFEBWEFEML, CIHEELER A L
BKIESR RN N . Hk, Bk NS HE T
I B RO EE A A B IR TR,
A E G T F K R 70 B T, A5 F
A FEKE I EE, SRR ) BT
AA BN I, TEGKIRES N X R 1t
(N B R A T A% Gk N B2 T A%, [RIR7E
N7 FH L B A 435 1k Rt A T Ik b s U ik,



1270 A + al e 2026 4F

JEBL 22 BB AR S TR YA BRAE L W1 71 R A Wi s 5

JUEHRNRIRY], Pt oK FRAERE  EERA. Bk, SR SKbrg 5P iE Al
THEMB TG INERA TR, HIZERE LG R ARE I B Hdn 3t — PRk
R BE TV T S I IR A B2 I B R Bl A eI,

v v
= = — FUAILE u(z) -
rra - - - BRI uo(z) ()
HFIK H| | \ e LBEAKES wz ] e a'\(2)
= "
2 B
==
S S T
- 4;‘3\; "
o~ o) a
] z Z
N PVDs
R | 70(2)

(@ FOKTREWREAERERE (b)) Bk T REHRELBKE 224k () BK T A URRA B4

HER V4 v
B8 v - - HEWL () =
K ' K T2 uo(2) 7'(2)
7 I\ Hl 1 \eeee FLBKE 77 u(z) )

f L H \ T
BEE N S b ke
— = I P\
I A uo(2)—po—u(z)
| 2, g
e o] : e
e
AR+ —|[— R z |, u(2) A':LywAh z a AbOLAu

(d) 80K A TR AT B R = () YUK FABEPURIAILBKIE IR () 150K T BUREA M8 224

23
_ m R L AL
T o2 =0)+
—|— (z)~uz)
. 2 P /uo Z)—ulz
— T — a'o(z [”s(z)
IR L RIE, z , u(2) AL'tijAh ao Ab(t':Au
(g) Ffi LT EAG B (h) Bifi b3S TR VL B R 338 4k () Bifi b TR 28 S A

12 HE. FGKT M ERZREENFER. fLERAEDSHRMN AN
Fig.12 Layouts, pore water pressure, and effective stress variations for new, traditional underwater vacuum preloading, and
land vacuum preloading

5 4E B B, BT 4 AAE EEKEERRE, BRI
45

ARSI T —FloBr 8K R BT 7%, RA (1) FARNAIGR I, BE_EEKGEE A, HKTF

JEIHE AN PR ERER NS RZRM HSPUREESE SRS EE. 570 FE/KIINIE

TR TAERER, AR T BB RAEE RS T A H T4 MHLL, BEKIRERN 7.2, 461 1.4m [ Tl,

JEDJH R FE R M. RVEIZTEINE R T2, T3 &5t 40 d B SRR E, HAREYE



54 0 JA

W BRI BIK N BB PR AR B B 7T

1271

KR EMEIRTE T 43.8%. 31.3%A01 12.5%, A&
ANHEK BB SR IE 4> A S T 39.5% 25.7%F1 8.7%-
T1.T2.T3.T4 ", BT YRR « >R Xtdt Asaoka
R BRI 45 08 90.2% 90.2%. 92.7%A1
95.3%; 1 2% T FL B /K & 7 43 A 19 8] 485 B 49 3 R
76.9%. 77.8%. 79.8%7F1 82.3%, T1 I T2 4 [
SEFERUN R DR A BB KR ik i [ 45 i
ETE /88

(2) BERGLREG il s Bk N RS TR,
fFE 2K eI B 41-80 kPa HASZ/KIE T
[F A ROR T REAKE T, § R TR S5 LR
IKIE IR 2 [RIIBRIE, IS 1A 87, d—
AR T SRR

2 % 3 W

[1] ZHOU Y, SUN L, REN Y. Consolidation analyses of
PVD-improved marine clay considering long-term natural
sedimentation[J]. Applied Ocean Research, 2023, 141:
103795.

[2] WANG X Y, SUN H, NIU F J. Microstructure study of
natural marine clay in loading and unloading processes[J].
Engineering Geology, 2023, 327: 107363.

(3]  ZREE. ARRLIR RS /KRR R [ S5 MR IR T D).
50 2R R, 2019.

MOU Cong. Experimental investigation of consolidation
behaviour for dredged clays with high water contents under
low stress levels[D]. Nanjing: Southeast University, 2019.

[4] ZHAO K, WANG Q Z, WU Q, et al. Stability of
immersed tunnel in liquefiable seabed under wave
loadings[J]. Tunnelling and Underground Space
Technology, 2020, 102: 103449.

[5] GUO W, ZHOU Y, SUN L Q, et al. Large-strain
consolidation of vacuum preloading combined with
partially penetrating prefabricated vertical drains[J].
International Journal for Numerical and Analytical
Methods in Geomechanics, 2024, 48(9): 2450-2467.

(6] HEEEom. WRIAIA YR 22 0K [ 45 LB 5 HEK AR Bl i 3%

AFRE R[] A TFE2EHR, 2021, 43(2): 201-225.
CAI Yuan-qiang. Consolidation mechanism of vacuum
preloading for dredged slurry and anti-clogging method for
drains[J]. Chinese Journal of Geotechnical Engineering,
2021, 43(2): 201-225.

[71 CHU J, GUO W. Land reclamation using clay slurry or in
deep water:

challenges and solutions[J]. Japanese

Geotechnical Society Special Publications, 2016, 2(51):

[10]

[11]

[12]

1790-1793.

M, R, ik, . HR-A A BE L TRk
o ML E S FAR[)]. AL TR, 2022, 4403):
533-540.

TIAN Yi, WU Wen-bing, ZHANG Lin, et al. Consolidation
theory of soft foundation with partially penetrating vertical
drains under surcharge-vacuum preloading[J]. Chinese
Journal of Geotechnical Engineering, 2022, 44(3):
533-540.

WRES, A, Mg HEMEM T RS KER R
WORLT RS RIS AU [T]. & - TSR, 2024, 46(8):
1776-1782.

ZENG Ling-ling, WANG Qi-zhong, LIN Xiao-xin.
Experimental investigation on particle migration behaviour
of dredged clays with high initial water contents under
vacuum pressure[J]. Chinese Journal of Geotechnical
Engineering, 2024, 46(8): 1776-1782.

T%, LT, kg, F B8 AR
I 2R U PRI B e IR 7L ()], & T
FE2AR, 2025, 47(4): 801-810.

WANG Jun, ZHANG Kai-yu, NI Jun-feng, et al.
Experimental study on consolidation of dredged sludge by
grouting  flocculation-vacuum  preloading  method
considering the influence of soil salinization[J]. Chinese
Journal of Geotechnical Engineering, 2025, 47(4):
801-810.

WM, T, QM & ARG B Hs %
ho B W E AR 6 0 BT 0], B kA1, 2022, 43(4):
891-900.

LEI Hua-yang, WANG Lei, LIU Jing-jin, et al.
Experimental analysis of chemical modification combined
with vacuum preloading method for reinforcing dredger
fill[J]. Rock and Soil Mechanics, 2022, 43(4): 891-900.
TR, ¥ K%, KHOTEJA Dibangar, 2. ZR#Et-/KF
A BB A A B v 5 K AR A T e A T 1R
F[I]. & J1%, 2020, 41(5): 1502-1509.

PU He-fu, PAN You-fu, KHOTEJA Dibangar, et al. Model
test on dewatering of high-water-content dredged slurry by
flocculation-horizontal vacuum two-staged method[J],
Rock and Soil Mechanics, 2020, 41(5): 1502-1509.

BRI, ENSE, (P8R B8 EEKSGEEERIFK TR
FHUSVIRESHT[I]. A L TR, 2019, 41G8T) 1)
241-244.

LIN Shu, YAN Shu-wang, FU Deng-feng. Settlement

analysis by considering combined effect of covering water



1272 = +

e 2026 4F

[14]

[15]

[16]

[17]

[18]

[19]

(20]

(21]

in underwater vacuum preloading[J]. Chinese Journal of
Geotechnical Engineering, 2019, 41(Suppl.1): 241-244.
GAO Y B, ZHANG Z. Vertical compression of soft clay
within PVD-improved zone under vacuum loading:
Theoretical and practical study[J]. Geotextiles and
Geomembranes, 2020, 48(3): 306-314.

KIYAMA M, OSHIMA A, HIGASHI S, et al. The new
accelerated consolidation method combining vacuum
consolidation and plastic-board-drain by floating system
(PDF) methods[J]. Journal of the Society of Materials
Science Japan, 2004, 53(1): 37-40.

LIU F Y, LI H, WANG J, et al. Experimental analysis of a
staged vacuum preloading method with PHD-PVD for
waste slurry treatment[J]. Acta Geotechnica, 2024, 19:
2487-2497.

NGUYEN B P, DO T H, KIM Y T. Large-strain analysis
of vertical drain-improved soft deposit consolidation
considering smear zone, well resistance, and creep
effects[J].
103602.
SAOWAPAKPIBOON J, BERGADO D T, VOOTTIPRUEX

Computers and Geotechnics, 2020, 123:

P, et al. PVD improvement combined with surcharge and
vacuum preloading including simulations[J]. Geotextiles
and Geomembranes, 2011, 29(1): 74-82.

FENG Y, ZHANG L. The applied research of underwater
vacuum preloading method in soft soil foundation[J].
Applied Mechanics and Materials, 2014, 580-583:
742-745.

KWONG A K L, HAN X, SO T C. Constructional aspect
of underwater vacuum preloading technique[C]/Hong
Kong Institution of Engineers (HKIE) Geotechnical
Division Annual Seminar. Hong Kong: HKIE, 2008.
BHOSLE S, DESHMUKH V. Experimental studies on
soft marine clay under combined vacuum and surcharge
preloading with PVDI[J].
Geotechnical Engineering, 2021, 15(4): 461-470.
YEUNG A, SO S, KWONG A, et al. Field-scale

International Journal of

[24]

[26]

[27]

[28]

[29]

[30]

[31]

constructability evaluation of underwater vacuum
preloading[J]. Geotextiles and Geomembranes, 2009,
27(3): 245-252.

LIU A M, YAN S W, YIN C Q. Improvement of
underwater soft subsoil in tidal zones by vacuum
preloading and
Materials, 2011, 71-78: 3643-3652.

KA, XIER. KN EE TSR INE LR H[I]. A+
THEZEIR, 2007, 29(5): 644-649.

ZHANG Jing, LIU Ai-min. Analysis of mechanism of

technique[J]. Applied Mechanics

consolidation of soil improved with underwater vacuum
preloading method[J]. Chinese Journal of Geotechnical
Engineering, 2007, 29(5): 644-649.

e N RILATE KR #. GB/T 50145—2007 (¥ L
IrREFAELS]. Abxt: T E RIS R, 2008.

Ministry of Water Resources of the People’s Republic of
China. GB/T 50145 — 2007 Standard for engineering
classification of soil[S]. Beijing: China Planning Press,
2008.

CAI Y Q, QIAO H H, WANG J, et al. Experimental tests
on effect of deformed prefabricated vertical drains in
dredged soil on consolidation via vacuum preloading[J].
Engineering Geology, 2017, 222: 10-19.

ASAOKA A. Observational procedure of settlement
prediction[J]. Soils and Foundations, 1978, 18(4): 87-101.
GUO W, CHU J, NIE W. An observational method for
consolidation analysis of the PVD-improved subsoil[J].
Geotextiles and Geomembranes, 2018, 46(5): 625-633.
GUO W, CHU J, NIE W. Design chart for the modified
hyperbolic method[J]. Soils and Foundations, 2018,
58(2): 511-517.

CHU J, YAN S W, YANG H. Soil improvement by the
vacuum preloading method for an oil storage station[J].
Geotechnique, 2000, 50(6): 625-632.

TAN S A. Validation of hyperbolic method for settlement
in clays with vertical drains[J]. Soils and Foundations,

1995, 35(1): 101-113.



