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Effect evaluation of vacuum and surcharge preloading method on soft
soil foundation in Yangtze River floodplain
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Abstract: Combined with the engineering characteristics of the Yangtze River floodplain soft soil, a comprehensive
analysis of reinforcement effect is carried out for a construction area of the relocation project of Nanjing North railway
station from the perspectives of on-site monitoring data, in-situ vane shear test and geotechnical test by analyzing the
reinforcement process of vacuum and surcharge preloading. In terms of monitoring data, the data of surface settlement and
pore water pressure data show that single vacuum preloading can further improve the effect of soil reinforcement after
consolidation and stabilization. The results of vane shear test show that the reinforcement effect decreases with depth, which
is consistent with the analysis conclusion of the variation law of pore water pressure with depth. The data of geotechnical
test show that the physical and mechanical properties of soil are significantly improved after reinforcement. In summary,
the combination of vacuum and surcharge preloading has good reinforcement effect on the soft soil foundation of the
Yangtze River floodplain, with high reinforcement efficiency. After 6 months of construction, the degree of consolidation
can reach 94.47%, and the soil strength is significantly improved. In order to verify the accuracy of the conclusions, the
pore water pressure data and vane shear test data, vane shear test data and geotechnical test data are mutually verified. The

verification results show that the experimental data are reliable and the accuracy of reinforcement effect evaluation is high.
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Table 1 Main physical parameters of different soil layers
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Fig.4 Piecewise fitting results of surface settlement curve

ME 4 FILEERTUUE W, (1) F—HS
) ] G P b e Y Ry 3 P Y N Ry
JE 29 50 B 1 [ S5 R A 1) 70%, B ATE 2 F
[l H s (FARSEE U=80%); (2) XFLLpiBilA
i 2 ) T 25 B mT s VU AR S TR RS HE
B, Al g b A T A 45 RE AN 66.19% 42 T &
94.47%, IRTFELBEIN 42.7%; (3) LEEfiEhdkn]
BN, M NHERAT T, T ARTE B A B IR A AR
(R SRAT N AkBEE 45, ] L 25 1 3O/ INAN 2 2 L
IR AR HME— R 2R, 2Pt 7 N & feik 3|
E R apiliakie
2.2 FLBHEIKE MR 53 4

N ALK E T T 0~20 m (L2 IR
FEVERE, BL 2 m SNfalbE, RIS A% 10
Ao AR FE AL LR BE I R AR th 2 an ] 5
FrR e

I ) EC A 0T, (1) FLIRAE E A R )
(=1~14d) PEILT 21.8kPa (FJZ¥ME), LINAL
JEJk /N AR A (27.5kPa, & JZIME) 1 79%, B
AW Z A T R K R 7, HAET
TFEEMAMT A, () BHEWEDHY (=14~
87 d) LI/ NER NI B W T8 E, FIRER
FH T~ b = A8 T 46 51 S A BE RS, 3 BUHE K AR )
KR PERE TR, I 7 S R L E
dkohfbih, FCT LEHOKEZE R, (3) WIEHE

it THIA] (=87~99d) FLIEHE K, i WIHER(E £
R T IR LK 77, B e Sk AR AL
MG LR RN g, [ SR R — 4R Tt

MAJRREERI A, I RE s, fUEAL
M E R L3 KT IZ DS U W R A TR HE 2K
T 52 0 P A 3 A R [ 5 HE AR R iR, X
IR ER SR RN [ ROR BE R B . Z5 51 1
{10 b o ) P R R ] SR P B T 3 i e ot
PR LR (@5 SHhEFEE (@9
MIEE A, A RO E R EEAE 20 m AP

120p 3022023246 kPa
=14 =87 =99 .
< 90F , ! i — AT E
& i
< A\
= 60 P\ s
£ \ | [eman
30 | | | Po=46 kPa
: } by i al/d
-50/0 — : : — + : : : :
U} ! 40 0 80 ! 100 120 140 160 180
r ! — 4 —=—2z=2m
T ———eo—o —e—2=4m
[ Y 226
- H e iem
% —4—2z=10 m|

E5 ZRELEFLEREREE KL
Fig. 5 Variation curve of pore water pressure of soil layer
at different depths with time

3 +FIRETIAN BRI

B J5 A 5 AR 99 ) 56 T 490 A
PRI AR LU AHEA FLOTSRIE C, (P 6)- B0 I
SRR AC, FTHIBRRENI R T 40 AC6 (P 7).

AHKIIBIHREE C/kPa
0 5 10 15 20 25 30 35 40 45 50

[ee) [=2] B
T T T

T ZEREm
S

12}

14} _
—e— 0 [E A

16+ —o— JnfE 5

18}

20}

A\

6 MERGE C.hEREE KL
Fig. 6 Variation curves of Cy with depth before and after

ground improvement



%3 1 FEFoE, . RTINS R b 3 A I A HE AR I N [ RCR B 219
FUBIHRER R AC/kPa HoK P RR IS & AC, 5A A S5 1§ As, '
0 5 10 15 20 25 30 [AIfEFECL T EE K &
2 L
AC
v777777) 18% * =0.20~~0.30 4)
487777 58% Ao
77 19% Z

6p 7] 98% &
722070707077 140% 28
8 777,27) 121%
1119 &
V7707 B8R

+JEEEE/m

[N
(e}

80% &

18777777} 10% —e— AC,
777 51% w222 AC.h
20877 41%
0 50 100 150 200 250 300 350 400

RIS K ) E/%
7 MEEEIEE ACHIZKMINEREIEER S AC%
Fig. 7 Curve of shear strength increment ACy and percentage
of shear strength increment ACu%

HE 6 FE 7 vJLUEH, (1) LARPUEERE
Co BIL “ EFR, HlE /N 8o A0 R, 308 s
VR TR I G - 0 S A R AR T R 2 A
(2) AR KB BRI B AC, BEERFER IR
BRI A, 1B A I A 2 T [ 2 SR B
IRPEIRI, 5L B IR B AR R o i 458 — B
(3) HELMK (z=10~16 m) N & 58 B 4 HoAl
L2 A WAR, BT DL R 1 [ T B DA — 2P 5t
TR

R HANUY 25 H BN HEZK SBT3 R Cu Tl
Jiik, IEHBESREST (OCR=1) 1HBMFHE LKA

fEEARAF R L5, (4 T Ag, AT
MU 55 [ 457 A A BT & Ao FHEED . IR
P RN JE B, AL+l Ao=Au+Ac’, H
T Ao HFERTINN 7, Au NFLSUK I S22l - B
B BE RN T, RS TUSNA:

Ho = Hyg gy =00} Q)

e o FYINMBEHIWIAEFLIR 5 0 som AR T HT AL
J&s Aoy N A TR B B A RN T 1
FL ARG SE Jim P Je I HE B A

P+ Ly — 1, =A0, (6)

W p HERATEG e 9 HER e UG P LR AR
SEI A s Aoy AMER TR B AR 88 773 5

TN §T S SRR BN & Ac'=Ac1"+Aacy', T
X (5 A (6) FRNJEH 1

Ao =p+u,—u, (7)

IAZ X SR H T 2 p=46 kPa, H4XF 2 I 8] 75 2
& ERFUEERAR (1) BE A, HiHE AC,
5 AcTIE, ek RIS IR 2 Fis.

M 2 EG R A, LERIRE T AC,S A’
B AR R AT 0.2~0.3 Z 4], 45 B a3
i 550 Rl AR, AE RS 2508 LB T 50%, (s R
BMEAET 50%, FEAHI0AE+ T AR BT R0 45 SR 1)
AIEEPE, (ETE SRR H AR 73— 2B 5

x2 THEMEEEEESAYNNEEHEXRITE

Table 2 Calculation of the ratio between the increment of shear strength and effective stress of soil

WM WIAFLE wo/kPa  INEGFLIE uo/kPa  BRUNJJ3GE Ac'/kPa  AHUKPIE SR & AC/kPa  ACu/Ac’
2 19.0 12.5 52.5 — —
4 33.3 29.5 49.8 12.69 0.25
6 60.1 57.1 49.0 13.09 0.27
8 78.7 83.3 414 13.61 0.33

10 84.0 84.5 455 9.60 0.21
12 116.6 112.6 50.0 5.41 0.11
14 122.1 118.8 493 8.39 0.17
16 144.0 140.6 49.4 12.40 0.25
18 151.9 147.8 50.1 11.69 0.23
20 180.7 183.3 434 1233 0.28
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Table 3 Statistics of main physical property index values of soil 23 before and after treatment
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