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Practical application of vane strength in determining acceptance
standard of vacuum preloading

SUN Rui, SHAN Xiao-hui"
(First Survey and Design Institute of Chemical Industry Co., Ltd., Cangzhou 061001, Hebei, China)

Abstract: Aiming at the problems of low strength and difficulty acceptance in the current period of vacuum preloading
construction quality acceptance, this work discusses how to reasonably determine the acceptance standards in the design
stage to avoid such problems as much as possible. The necessity of applying the test data of the vane plate to determine
the acceptance standard of the strength of the treated foundation soil is developed. A method of estimating the initial
value with the regression value line of the vane plate along with the depth is proposed, then iteratively calculating the
internal friction angle of the silt soil, and finally estimating the method of the foundation strength after preloading. The
strength increment of soil consolidation calculated based on the effective consolidation stress method in the current
standard is greater than the measured results. Therefore, this paper proposes to directly predict the growth intensity after
treatment according to the regression value line of vane plate before treatment with depth, as the minimum requirement
after treatment. Some suggestions are proposed for the vacuum prepressing design company: not only the characteristic
parameters of consolidation and foundation soil bearing capacity; also the shear strength and the lowest value that the
vane plate at the corresponding depth should be specified to guide the construction and facilitate the acceptance of the
participating companies.
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Table I Summary of geotechnical experimental results (before preloading)
[l ey
TR YT  WERE/mMm EUKFEY% LRI WERR/%  ZERR/%  EEMEAER WOMEIER
T T1kPa N EEERA()
Z02-01 1.0~15 54.6 1.51 34.9 18.3 16.6 2.19 _ _
Z10-01 1.0~15 54.4 1.51 328 175 15.3 2.41 19.0 7.4
Z02-02 2.0~25 44.2 1.21 325 174 15.1 1.77 — —
Z03-02 2.0~25 56.7 1.55 38.6 19.7 18.9 1.96 _ _
Z710-02 2.0~25 50.8 1.41 30.2 16.5 13.7 2.50 13.0 14.6
Z02-03 3.0~35 60.6 1.82 36.1 18.7 174 241 _ _
Z09-03 3.0~35 49.8 1.37 37.9 19.4 18.5 1.64 12.0 8.7
Z10-04 4.0~45 49.3 1.34 320 17.2 14.8 2.17 — _
Z03-05 5.0~5.5 56.0 1.62 35.8 18.6 17.2 2.17 _ _
Z09-05 5.0~55 40.4 1.13 29.1 16.1 13.0 1.87 — _
Z06-06 6.0~6.5 56.8 1.66 35.4 19.9 155 2.38 15.0 7.1
Z09-06 6.0~6.5 53.1 1.51 41.7 20.8 20.9 1.55 _ _
®x2 FEMTFRRERRIEELER
Table 2 Summary of strength of undisturbed soil of Tane Shear Test before preloading kPa
RE/m e
1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 ¥y
1 27 23 26 45 49 39 29 27 11 13 16 13 29 20 22 15 2.5
2 23 24 34 43 59 22 27 20 12 13 20 19 33 24 — 17 2.6
3 32 29 41 71 81 32 32 24 16 17 33 28 51 30 13 23 35
4 37 37 70 73 87 51 40 30 23 21 62 45 59 39 21 38 4.6
5 — 56 56 78 68 — 42 39 70 83 — 69 — — 34 50 5.9
6 — 96 — 101 75 167 64 96 75 129 — — 70 — 119 — 9.9
7 — 119 163 104 112 — 78 99 86 117 — — — — — — 110
8 160 104 — 213 197 213 234 — — 210 209 — — — — — 193
9 226 — — 208 — — — 146 — — - - - - —  — 193
10 74 — - - - - — 184 — — - — —  —  —  — 179
3.1 [EVIMZSEEE oo FIIR1E GiithE H E N R AIR I 1 ) B £k, #E
ATHBEATSEI 16 MLE B, W o8 8.9°, N 0.3 kPa.
BRPREA 10 m, B H-F5 BT J0IR 38 1 16 .
4 0.6 kPa, fxiEiN 23.4 kPa, EARNLE 2, Giit)s 005520 40 60 80
AR 5.7 kPa. s [N
BT 7 kN $57 2 PITIERE S g0 R e SE A
PR E R, GFRSEEREE, 25 [l S\ - I
W#E3, HAERTIe, MR 12 kPa, MME 1T Eos W\; _
AL 5 N
H AN A LB R JE I i i 40
MM 2m DU REEARSET, X E 2R R AR % | FEREHEKHEREE
JR00-111 Sl e BriX e Rl St 5 m NI EUE, Fig. 1 Calculation of preloading strength increase
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Table 3 Calculation of preloading strength increase
S HEZ A BRI EAYIMGE B K C
R kP SllfE/kPa SEUEL AT Y £ At HAIL ‘ﬁ SR ﬁ@ﬁﬁ
#EL/kPa RN THSE/KPa #REE/KPa RN THEAEKPa BN THEAA/KPa
0 — 1.2 0.3 0.0
7 25 21 14 14
14 2.6 29 2.5 2.8
1.2 7.1 0.3 8.9 115
21 35 3.8 3.6 4.3
28 4.6 4.7 4.7 5.7
35 5.9 55 58 7.1

3.2 ERETEREES g
W%Eﬁ (2) B2 & 2 ‘H‘ﬁ Pcus
tange=3Su/[(1+2K0)0"p]
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i, LARAIE,

N
ad
A 3
fi h o TV
Tl s\
+
i A
& A,
+ +*
\e
d EVENERES

& 2 Peu HEREE
Fig.2 Schematic diagram of calculation @cy

HH g [EHE, FRHIEREZE. FERAHE 1
1B 4R, RN 89MEVIMGEIERITE, & 4 it
A, BACEMER/MEX BT o N 11°0~12°, 1E
BEHL 11.5°,  BP =4 [ 25 A HEK RIS AR go=11.5°,
TR 1 C RARLR,

33 HHE w

3 1) o AT AR ER A A AR 5
SEhRERERS, BT RIS, REGER,
W, B R SIRE A, MeRH
SCIEE Ge it R B, BV 1 R AR,
A w=1.2+oxtan7 1K HEN /) o RNTHE, bH
J&, R AKALA/N T 1.0 m, AR EEFEL 17.0 kKN/m3,
AEHRIRFE N 10 m, BEARHHEEE R LK 5.

Table 4 Iterative calculation gcu

ocl(9 Ko ZAHI(9)
8.9 0.82 2.47
10.0 0.79 153
11.0 0.77 0.71
12.0 0.75 -0.10
13.0 0.73 -0.91
14.0 0.71 ~1.72
15.0 0.69 ~2.52
16.0 0.67 331
17.0 0.65 ~4.10

34 HEEMERTFIREE

ZIH BT R B TUR R B E AN T
85 kPa, M FFE/KIREFRL 0.5 m HE, N Ag, HL
90 kPa, [H45EERA/NT 85%, BRI (1) 4
HO IR 5 M AZIA B 5RPE o, WEE 5. St ibHEE,
PRI HE S om B S R IE K 15.56 kPa, 41 AL
SRFE 7o N 0, ALER S () 5RE N %A B 15.56 kPas

KA LR G 2 PR R, BORTIUE 5 i
WAL+ 7T BME KT 22 kPa, FARMEA N T
15 kPa.
3.5 FERWENER S

WEL 90 d J& , ST R b 2R 4 55 45 R A 3
85%, AR HT AR BT EESRAF I AT 1 AR AW
14 AR X, FEAE 15 ANEA A7 ARL, A&
TR 9 m, FIBRAT 40 kPa I3 ., 56 80
AN FAR IR B - Wik 6 Frow, SFHAE N 21.6 kPa,
f/MEN 2.5 kPa, R RIE N 39.9 kPa. K 7 2 TiE
BT S A S I i B R ) Bl 2 R, e T ke S
JE R, SRR 3~6 m R, RE
FIRERIRZ, PR T 15.52 kPa, HX (1) #%
B A %% 90 kPa, [# 45 FF 85% 5 peu» 45N 7.6°~
14.3°, “F¥JoN 11.45°, FIRTTHIVHAE 45 BP0k

7 WIS B AR R K T 15.56 kPa
(B 5 LEZ) 22%, GnP=iAZ RRIARHERAT, K57
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Table 5 Predicted strength after preloading

WEE/m  HEN S o/kPa ro/kPa Ac/kPa Ut o/(9 At/kPa  tw/kPa 0o/ (9 timin/kPa

0 0 1.2 16.77 9.50

1 17 33 18.88 11.60

2 24 4.2 19.74 12.50

3 31 5.0 20.61 13.40

4 38 59 21.47 14.30

5 45 6.8 90.0 0.85 11.50 15.56 22.34 7.10 15.10

6 52 7.6 23.21 16.00

7 59 8.5 24.07 16.90

8 66 9.4 24.94 17.70

9 73 10.2 25.81 18.60
10 80 11.1 26.67 19.50
P15 — — 24.45 16.51

*6 FERTFRREFEKIEELER

Table 6 Undisturbed soil strength obtained by vane shear test after preloading kPa
s
REEIm
1 2 37 39 35 36 34 32 31 33 310 311 3-12 3-13 3-14 ¥y
1 258 252 238 156 94 307 129 25 56 324 102 81 55 137 — 158
2 159 192 __ 227 146 239 218 35 116 255 271 91 104 345 265 190
3 _ 393 294 187 _ 201 324 73 179 — 208 — 153 285 — 230
4 392 299 192 268 186 226 82 183 3H3 — — 217 94 — 227
5 — 205 _ 290 306 182 _ 172 — 338 — 321 150 — 245
6 _ 9.7 252 313 383 217 170 228 __ — 164 — 394 202 — 242
7 — 46 __ 330 253 252 207 __ _ — 395 — — — — 247
8 . 103 _ 283 _ 31 39 __ __ __ - - _ — — 294
9 _ 37 - - _ 193 . _ 33 — - — — — — 194
*7 WUERIETFRENEEITEL
Table 7 Comparison of measured vane shear strength before and after preloading
TRIEIm Kb ERTT/kPa Kb 3 IkPa 5 1 K /kPa peul (%)
1.00 2.53 15.82 13.30 9.90
2.00 2.60 19.01 16.40 12.10
3.00 3.46 22.98 19.50 14.30
4.00 4.58 22.66 18.10 13.30
5.00 5.86 24.54 18.70 13.70
6.00 9.92 2421 14.30 10.60
7.00 10.98 24.74 13.80 10.20
8.00 19.25 29.40 10.10 7.60
9.00 19.33 — _ _

S _ — 15.52 11.45
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Table 8 Statistics of vane shear strength after preloading

M /A % /kPa /A 7 b /%

72 >15 60 83.3

72 12~15 3 42

72 10~12 3 42

72 9~10 3 42

72 8~9 1 1.4

72 <8 2 2.8
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o 5 RAE D &5 E B /IME E 28 tamin Z [,
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Fig.3 Vane shear strength after the treatment
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Table 9 Undisturbed soil strength obtained by vane shear test after vacuum preloading in some projects
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