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Ultra-soft soil improvement via vacuum preloading without
sand cushion overlying water
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Abstract: In a land reclamation project, modified vacuum preloading without sand cushion overlying water was
performed to pre-treat the soft dredger fill. The details of this technology are introduced and the technical
parameters for construction and tests are presented. The changing rules of surface settlement, horizontal
displacement , lamination settlement, and pore water pressure were analyzed through field monitoring. The results of
the static penetration test, the vane shear test, and the indoor soil test show that the technology is effective in soft
ground treatment. After consolidation, the water content of the undisturbed silt decreased, the density increased,
the void ratio decreased, and the compression modulus and direct shear improved significantly. Compared with
conventional soft ground treatment methods, this technology can shorten the construction period by five to 12 months

and reduce construction costs by 40% .
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Fig. 1 Field monitoring schedule diagram of vacuum degree, pore water pressure, and underground water level
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Fig. 2 Time chart of subsurface settlement
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Table 1 Main physical and mechanical indices of soil before and after pretreatment

) KR, N TS I i fbi e/ 25 R EL

B oy & f}i TP %ﬁ‘?fﬂl FE i % .

iy ) MPa MPa [E4E S p=100kPa [F45 1 p=200kPa
7‘7 gy RN RV RN VN RV

AbFRET AbFRSE AbEEET AR AR¥ET AAHMUS  A¥ERT AFE O AT AFE S A¥iET AME

1 0.5~1.0 68.0 33.2 1.85 0.916 1.63 0.55 1.75  3.46 4.50 .18 4.41 1.90
b 1.0~1.5 53.0 39.6 1.439 1.137 1.09  0.83 223  2.59 0.72 0.37 0. 69 0.44
3 1.5~2.0 59.1 28.8 1.588 0.783 1.25 0.37 2.07 4.88 2.14 1.51 2.07 1.76
4 2.0~2.5 56.9  57.3  1.555 1.547 1.32 1.28 1.94 1.99 1.67 0.58 2.06 0.31

VEREAN 1,24 MR £ PER 3 M IRIRIR A £

b. Z WIS RN N 5 FAR IS 1) FoK SRR 5 BE 3 K FLIR LUt/ | 4 45 F0 59 48 A 1Y
PN FY O 0 A B 1 ) o e Y T T R S T

c. A4 K o 1 3 b 35 Ak B A (i), fin bR 4 b P b ) 35 5 R R T B0 TR O R R e Ak B
20 J7 m® T [ AN I b A B VA R R S B 6 ~ 12 N H DL A RESE e T, A B T —
K6 ~12 4 H, BT k12 ~24 A EARAEWIEG AT D it bt T, 0B T HI7E 4 ~6 DA &4, il L
W EG R TS ~ 12 A ol RO R Rl Fl A,

d. WA BRI TREEEET D Al i A R AS 5 R R R A B T VA A LR B R Y
Hu AL HEMAE 50 ~60 T0/m* , 58 HIT A LF- Y A 29 40%

S Xk

[1] #FHER,KIH, 2500, %, K EGEREH AR & TR 1], /Kig T.7,2010(10) ;:54-67. (DONG Zhiliang,
ZHANG Gongxin, LI Yan,et al. Innovation of large-area reclamation engineering and practice in projects[ J |. Marine Traffic
Engineering, 2010(10) ;: 54-67. (in Chinese) )

[ 2] Z #dklk , XBoo) . R AR R i 3o B0 2 T 2% B B AL BB R B [ )] /K38 18,2004 (2) 14448, (LI Jun, HU Jiye,
DENG Yuanguang. Application of vacuum preloading sealing wall technique for large-area reclaimed land[ J]. Marine Traffic
Engineering, 2004 (2): 44-48. (in Chinese) )

[ 37 K%, AU (HbIX) i A R SR B FeE i 4 LT ). B %89, 2008 (8) : 60-62. (ZHANG Junyan.
Reclamation in countries around the world and useful lessons to China[ J]. Land Resources, 2008(8) : 60-62. (in Chinese))

(4] Fhmi. oGS A B LEEWIFE [ D], 8 HETEFEICE, 2009.

[ 5] =AY, mRE, PVEA. I ST TR M. bt ihEES Tk L, 2005.

[ 6] 25, BIEE AG IR, S5, O 2 T8 W X RBE 1) HE 4R TR AL BRI 9T [ 1], @545 44,2006,36 (4) : 10-12. (LUAN
Maotian, WU Yajun, YANG Qing, et al. Study on preloading technique for treatment of hydraulic reclamation of Dayaowan Port
Area of Dalian[ J]. Building Structure. 2006,36(4) ; 10-12. (in Chinese) )

[ 7] AR, 2L, K, 55, AR L BURAF T mAEZR S5 SR IS % e B [0 ] 5 = TR %412, 2009,31 (1) :139-
144. ( NIAN Tingkai, LI Hongjiang, YANG Qing, et al. Improvement effect of high energy dynamic compaction under
complicated geological conditions[ J]. Chinese Journal of Geotechnical Engineering,2009,31(1) :139-144. (in Chinese) )

[ 8] 2wt myis, Bl BB L6 - &0% 408 [J]. 5 £ TFE4R,2005,19(4) :200-203. (LI Hongbo, GAO
Guangyun, WANG Liming. Analysis of soil-squeezing effects in mixing pile construction [ J]. Geotechnical Engineering
Technique, 2005,19(4) :200-203. (in Chinese) )

(9] XD, #a M, i B, BRIURS LEARTF RS TRAFEL) ] 5 4 1% ,2005,26 (3§ F) 1) :13-16. (LIU Hanlong, DONG
Jinmei, GAO Yufeng. Technical development and engineering characteristic of lightweight mixed soil [ J]. Rock and Soil
Mechanics, 2005,26( Supl ) :13-16. (in Chinese) )

[10] XUBUJe , W6 [, A, 25, WCIFEE A0 6 i 1 025 TR 45 5 SR UR PR A B & [ P P [E LR 201010158412,

2010-08-18.
(117 % EDE, M3 EA R, 25, ORPHYZ B2 U AR L [ 45 T i 25 B s I il 454 [ P, FE L H) . 200920180101 ,2010-
07-14.

[12] e G B . B SRR A FL B KR e (b AR AFST [ J]. 7Kia T.72,2004(2) : 4-8. (ZHENG
Xinliang, DONG Zhiliang, YANG Fulin. A study on variation law of pore water pressure in soil reinforced by vacuum & surcharge

preloading[ J]. Marine Traffic Engineering, 2004 (2) : 4-8. (in Chinese) )



