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Model tests on deep soft ground improvement of existing
sand-filled subgrade with squeezed branch piles
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Abstract: There are limitations from the pavement structure layer and construction site space during the deep soft soil
reinforcement of the existing sand-filled subgrade in expansion of expressways. Firstly, a new method using the squeezed
branch pile (SBP) with one single plate for treatment of the existing soft foundation is proposed. In this method, a plate is set on
the top of the piler to achieve the effects similar to a pile cap or support plate without breaking the road structure layer.
Secondly, a physical model test on the pile group foundation is performed, and a pile-soil unit is simulated to study the bearing
behavior of the SBP. By analyzing the mechanical and deformation indices of the pile, plate and soil, the bearing performance
and soil-deformation characteristics of the new reinforcement method are studied. Finally, a simplified two-dimensional model
for the reinforcement method with SBPs for the existing sand-filled embankment is derived by considering the soil parameters
and pile sizes. The results indicate that the axial force of piles and soil pressure vary with time under constant loads due to the
compressibility of soft soil and the properties of loose sand. The total axial force at the top of the pile is approximately
positively correlated with the magnitude of the constant loads linearly. At the same time, the larger the diameter of the support
plate, the greater the total axial force at the top of the pile and the higher the proportion of pile-bearing loads. It is found that the
pile-bearing ratio of the reinforcement method with SBPs is about 70%. In addition, the proposed two-dimensional simplified
model for parameter analysis shows that the minimum pile spacing in the sand-filled subgrade is related to the overlying load,
internal friction angle of sand-filled soil, strength index of deep soft soil and geometric parameters of support piles.
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Fig. 1 Model tests on squeezed branch piles
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Table 2 Parameters of sensors
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Fig. 2 Installation of sensors
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Fig. 3 Calibration of sensors
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Table 3 Parameters of model tests
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Table 4 Implementation indices of model tests
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Fig. 4 Time-axial force curve in test No. 2
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Fig. 5 Variation of parameters with loading pressure
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Table 5 Comparison of pile axial force
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Fig. 6 Variation of parameters with loading time in test No. 2
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Table 6 Pressures on bulb top and surface of model No. 2
o BT RETNE A MNUE S SER
i il i @Ej}/ 7
kPa Jj/kPa  kPa  #  f# TUEA

atf 60 20299 109.74 13748 338  1.83 0.54
bAE 60 218.10 132.16 16557 3.64 220 0.61
cHE 60 180.01 117.95 147.77 3.00 1.97 0.66
dbE 60 169.09 83.79 10497 2.82 1.40 0.50

K 7 SR SO SR AR LIRS ) IR 0 AR AL,
PEMETTLLAE, BT B R 1A s i KR, SR
T 0 5 i s 77 KT B R M KT e, P A (A R
R B4R AR TR/ A

B
B 7 SAREENEHNDEHERES

Fig. 7 Spatial distribution of vertical pressure on bulb
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Fig. 8 Time histories of loads and pressures on bulb surface and

top in test No. 2
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Fig. 9 Soil pressures and pore water pressures between piles

during loading of test No. 2
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Fig. 10 Axial forces at pile end and soil pressures between piles

during loading of test No. 2

B 11 OB 2 g #E b AR A
FLBRAKE I B R A o B 11 o, 7R R — 2 Ao i 72
W, 2 SRS ANR J2 S A R A O SR 28
(LR35 Rt s U D S YN B | B EVAE (IS YRS
o2 LB K S A IR AR R g A . AR 4
AT — B 7ok B RS 2 AL 5 7 A B R, —
IR IR R BIHE K 4, PIAAR TS R AN T gk



%8

EYE, S5 SR N AT SERD B R B R SR AT 1773

Mo £ 7 9 3 MEALRRIG S RN £+ E R AR R Al £
JE 4, B s R B R e AN SR ELAR SO R

60 - 140
—— RN #
ol T R EFLBRKE S 435
—— MR A
—— LERESR 130
A0F —— BiYRIR R Bt {25 &
£ £
R 30+ 120 ﬂjg
H 115
20
110
10
415
0
0 50 100 150 200 250
[l /h

11 1R mEGE A2 TRt ) SHE R L E
Fig. 11 Axial forces at pile end and soil pressures between piles
during loading of test No. 2
x7 RBRIEESH

Table 7 Parameters of sludge before and after tests
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