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Field tests on top-shaped concrete block cushion-reinforced soft soil
foundation drained with sand bag well

LI Guo-wei"?, YU Yan-jie" 3, XIONG Li' 4, WU Jiang-tao" %, CAO Xue-shan'
(1. Key Laboratory of Ministry of Education for Geomechanics and Embankment Engineering, Hohai University, Nanjing 210024, China
2. Highway and Railway Research Institute, Hohai University, Nanjing 210024, China; 3. Zhejiang Electric Power Construction Company,
Ningbo 315000, China; 4. Geotechnical Research Institute, Hohai University, Nanjing 210024, China)

Abstract: The soft soil foundation drained by the conventional sand bag wells requires slow loading, which occupies more

construction period and is not conducive to post-construction settlement control. In order to accelerate the loading rate of the
drainage foundation of sand bag wells, field tests on the top-shaped concrete blocks-reinforced drainage foundation of sand bag
wells are conducted. The research shows that the top-shaped concrete blocks can improve the overall stability of the foundation
and keep the foundation stable under the condition that the rapid loading causes the value of the pore pressure coefficient B
of soft soil to be greater than 1. The top-shaped concrete blocks reduce the high-compressibility soil in the shallow part of the
foundation. The compression of the layer relatively increases the compression of the undrained soil layer under the soft soil
layer, inhibits the development of lateral deformation of the soft soil, and reduces the rate of post-construction settlement. The

top-shaped concrete block layer reduces the pore pressure in the compression layer, and the peak value accelerates the

comprehensive behavior of the drainage sandbag ground is strengthened.

consolidation process of soft soil. The top-shaped concrete blocks have greater rigidity than the sand cushions, resulting in a
significant change in the type of additional stress distribution generated by the upper load in the foundation, leading to that the
simulation
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Table 1 Physical and mechanical properties of soil
HZ EE &K RO W B EHRE B4R g f FhE N BEE A
R m /%  f(gem?d) b /% /% /MPa! &&/MPa /MPa /kPa JlcokPa ¢, /(° )
® R L 3.7 55 1.56 1.7 58 41 1.25 215 022 6.0 8.4 11
@) R L 4.0 52 1.70 1.4 62 45 0.76 312 045 144 11.4 16
® WRE4 7.7 22 2.06 06 — — 0.13 12.12  2.65 345 — 32
@ BT 4.6 35 1.82 0.9 43 30 0.21 8.85 1.85 40.7 12.8 18
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Fig. 1 Laying top-shaped concrete blocks
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Table 2 Parameters of soft soil foundation reinforcement program
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Table 3 Summary of test plan
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Fig. 2 Layout of instrument embedment
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Table 4 Analysis of observed data of settlement

o JEHbIE L 0~18 m

BrpEE+ 0~18 m i+ 0~8 m

— )

WA RN TR GREE R DR RIEGE  REE

/mm /(mm-d1) /mm /(mm-d1) /mm /(mm-d™)
0~23 0 0.5 0.02 0.2 0.01 0.2 0.01
24~42 0.5 1.4 0.05 6.9 0.38 31.0 1.71
43~62 2.5 78.9 4.07 105.0 5.16 116.3 4.27
63~81 3.0 112.9 1.88 153.7 2.70 178.6 3.46
82~145 3.5 135.9 0.37 182.9 0.46 200.4 0.34
146~163 4.5 149.4 0.79 198.3 0.91 219.6 1.13
164~260 5.5 243.6 0.98 362.2 1.71 337.7 1.23
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Fig. 3 Settlement-time curve of foundation
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Fig. 4 Hyperbolic method for calculating final settlement
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Table 5 Parameters and consolidation degrees of hyperbolic

empirical model for foundation settlement

Tafr s/, SRS Sciesa S0 S Ur-260d I{;ﬁ
K4 E2GE ——————— fom Jom 1%
a B /mm
e 0.0993  0.0055 209 362 391 93 29
0~18 m
Eg%i/ 0.1070  0.0078 223 338 351 96 13
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318 m — — — 24 40 61 16
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Fig. 5 Curve of measured pore pressure at a depth of 6 m in

roadbed



428 =

+ T B % ik

2021 4E

* 6 BEFLIKENWNERESL DR
Table 6 Analysis of observed data of excess-static pore water

pressure

ML ek arBOEE JUE A g Au

HF/(kPa'd 1)

4 FEm Ac,kPa u kPa APa DO g L
1 0~42 0.5 8.75 2.3 23 0.26 0.21 0.05
(2) 43~62 2.5 35.0 279 256 0.73 1.84 1.34
(3) 63~81 3.0 8.75 18.5 -94 -1.07 0.49 -0.52
1) 82~145 3.5 8.75 43 -142 -1.62 0.14 -0.23
(5) 146~163 4.5 17.5 23.4 19.1 1.09 1.02 1.12
6) 164~168 5.5 17.5 36.4 13.0 0.74 4.38 3.25
(7) 168~260 5.5 0 9.6 -26.8 — 0.00 -0.29
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Fig. 6 Curve of deep displacement
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Table 7 Comparison of simulated and measured progressive

Accumulated settlements

0~145d BitUikE  0~260d BEitUik&
I F=C A= /mm /mm
SEPUME BRME sl HUE

BE A 0~8m 182.9 197.8 337.7 332.5
4 0~18 m 200.4 209.9 362.2 358.5
#H 0~18 m 136.9 150.3 243.6 248.3

K 5 A S BUE AR & 1 FLBRK I it e 7
R 8 NALBUK IR AR ZE BRSO, AL 55K
ML R a3 e — 2, VAR, (HAHUALES
THECER, R AT RELE TR 30 B I 72 v 0 J= 8
Sl I Arr BRI, LR BB p A 43 2R R AR
R

#* 8 RGN ARFLBRKE HRTEE R
Table 8 Comparison between simulated and measured maximum

pore water pressures

B 0%4%§ﬁﬂﬁ M&Qﬂg%kﬂﬁ
SR BE LT — 8

MAME SEME FEFE S

BEAF/6m 2593 27.92 35.92 36.40

K 6 A S5 BUE AU, & AR R KT B 7 Afi 1]
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Table 9 Equivalent mechanical parameters used in numerical

model

MR pAgrem?) okPa @/C ) EMPa V. fim'd') k(em's")

-+ 175 150 20  20.0 022 43X104 4.98X10°
WA 2.30 0.1 40 45 030 15 1.7X102
s 53X
WRREEO 156 8.0 11 2.7 033 915035 1.1X107
N 1.43 X
WRELE® 170 11.0 16 5.8 028 10 1.7X107
s 32X
WA 180 01 32 122 025 13022 5.0X10°
_ 01X
AR 190 130 18 8.6 025 810014 9.3X107
[’5is 2.12 50 30 12025 20 23X102
W 7.80 — —  2X10° 031 — —

[E B 2.40 — —  3X10* 0.30
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Fig. 9 Time histories of simulated settlement of soil layer of 0~
18 m in foundation of road
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Table 10 Comparison of cumulative settlements
0~145 d KiHYiFE/mm 0~260 d RiFYiFE/mm

" ;?’E R wRE o R RE o

Sa Sb Sa Sb
P 0~18m 2099 3577 0.58 3585 616.6  0.58
BFEEF 0~8 m 197.8 3470 057 3325 598.0  0.56
3 8~18 m 12.1 107 1.13 26.0 186  1.40
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Table 11 Characteristic values of simulated pore pressure at depth

of 6 m
T BEIRAEAL  RRE 3= Au  BREEIPEX
CEINBY =
[UEVSNS Ao o
WhE JRWEE FLIRIE(E u, ! FhERE
FEI B u
Ao, u, Au, u, Au, “b R
/d FEAZHE D42 FRURDE
/kPa /kPa /kPa /kPa /kPa =
(2) 43~63 35.0 27.9 24.8 329 299 085 0.71 085 & &%
(5) 146~163 17.5 23.1 20.1 25.8 24.1 0.90 1.14 137 I KJE
(6) 164~168 17.5 32,9 13.3 43.6 233 0.75 0.76 133 & =@
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Fig. 11 Comparative curves of horizontal displacement-depth of
subgrade edge with or without top-shaped concrete block pile
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Table 12 Characteristic values of deep horizontal displacement

distribution of subgrade slope foot

B s Sl i’é%&k%ﬂﬂﬁﬁ%ﬂ $’Ki1ﬁ"ﬂﬁ§;¢r§iﬁﬁ%i’ﬂﬁ
R R B

e m m PORE BEE L TERE GRE
8 b Da Dy

A Da/D
A /Db

0.105 0.169 0.62 3.5 56 062
0.398 0.628 0.63 13.3 209  0.63

0~145d 30 2.9
145~260d 30 2.9
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