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A new method of replacing soft soil with lightweight foam concrete (lightweight foam concrete replacement method, LFCRM) is
carried out to treat deep soft foundation under the low-filled embankment. Two-dimensional models with different thicknesses
of replacement are established by the finite element platform (MIDAS/GTS). Moreover, the deformation and stress distribution
law of treated foundation is analyzed by numerical simulation with different models. The results are as follows: (1) LFCRM can
offset part of dead load; (2) the transverse distribution of settlement presents an “arc” shape; (3) the replacement made of
lightweight foam concrete can spread stress well; (4) increase of replacement thickness will cause the necking of the
additional stress “bubble”; (5) initial excess pore water pressure is related to the additional stress, and its dissipation path is
deduced; (6) preliminary analysis indicates the feasibility of LFCRM for treating deep soft foundation with the low-filled
embankment.

1. Introduction

Soft foundation failure is one of themost common geotechnical
problems [1–3]. Deep soft soil is widely distributed in the plains
of China [4], and low-filled embankment is a common form of
road construction in this region because of the conservation of
land resources [5]. Conventionally, a deep soft foundation in
road engineering can be treated by the composite foundation,
rigid pile, and drainage consolidation method [6–8]. Related
specifications suggest that the treating depth of the above
methods should be greater than that of soft soil [9], which is,
however, not economical for the low-filled embankment.

Improvements have been made on existing methods to
improve economic benefits in treating deep soft foundation
under the low-filled embankment, such as composite founda-
tion by partial penetration of columns [10–12], silt extrusion
by riprap dumping [13], and shallow drainage consolidation
method [14–16].

Methods for deep soft foundation treatment with low-filled
embankment are far more than above [17–19]. Interestingly,
these methods share similar basic mechanisms: (1) changing
the physical properties (increasing elasticity modulus) of the
top layer of soft soil (area with the largest additional stress) by
physical, chemical, or biological method [20, 21] to reduce the
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deformation of top layer and (2) turning the foundation to the
double-layered structure (the upper layer is harder than the
lower layer) and accordingly changing the distribution of addi-
tional stress (a harder layer can effectively spread the upper load
[22]).

In this paper, treating deep soft foundation with low-filled
embankment is considered by replacing soft soil with light-
weight foam concrete (lightweight foam concrete replacement
method, LFCRM). Except for the above advantages, this
method can also offset part of dead load by the density differ-
ence between the two materials.

Tam et al. [23] studied the physical property of foam con-
crete with different densities (1300-2250kg/m3) and concluded
that the strength of moist-cured foam concrete depends on
both water/cement ratio and air/cement ratio. Nambiar and
Ramamurthy [24] measured the water absorption of foam
concrete by complete immersion for various mixes with differ-
ent fly ash replacement levels for sand and different foam
volume. It was found that sorption values are lower than the
corresponding base mix (without foam) and reduce with the
increase in foam volume. Bing et al. [25] represented that foam
concretes with a density of 800-1500kg/m3 and compressive
strength of 10-50MPa (28 days) can be made using silica fume,
fly ash, and polypropylene fiber. Ranjani and Ramamurthy
[26] examined the behavior of foam concrete produced with
two synthetic surfactants under sodium andmagnesium sulfate
environment. They indicated that the expansion of foam con-
crete exposed to sodium sulfate is 28% higher than that exposed
to magnesium sulfate environment, which can be attributed to
the greater quantum of ettringite formed in sodium sulfate envi-
ronment. Wan et al. [27] studied the full field drying shrinkage
distributions of foam concrete by the expanded digital volume
correlation method with a high precision of 0.01 voxel (about
0.6μm) in displacement.

Zhang and Yang [28] focused on foam concrete aircraft
arresting system, which provides an economical and nonde-
structive means for decelerating aircraft that overshoot run-
way, and also conducted a full-scale test to demonstrate the
effectiveness of the system. Tan et al. [29] put forward a com-
posite support system containing foam concrete damping
layer in view of the large deformation in soft rock roadway,
and related application has been carried out successfully. She
et al. [30] implemented continuous field testing of settlement,
lateral displacement, and soil pressure in the Hangzhou East
Railway Station Project and identified the excellent loading
and differential settlement reduction of foam concrete as a fill-
ing material. Cai et al. [31] studied the dynamic characteristics
of lightweight foam concrete with different wet densities and
water-bearing states under train loading. Huang et al. [32]
established a large-scale model of a subgrade filled with light-
weight foam concrete with target density of 650 kg/m3 to
determine its long-term performance under cyclic dynamic
loads. The results show that the strength of lightweight foam
concrete with target density of 500-800kg/m3 can meet the
requirements of both the static and dynamic conditions of bal-
lastless track subgrade, and the ballastless track subgrade filled
by lightweight foam concrete with target density of 650kg/m3

has a good long-term dynamic stability under cyclic dynamic
loads when a dynamic buffer layer with thickness of 0.5m is

set between lightweight foam concrete layer and foundation
slab. Klomranok and Su [33] conducted numerical simula-
tions based on basic physics experiments and claimed that
the presence of foam concrete in high-speed railways could
reduce the dynamic response that occurs more efficiently than
the traditional track structure.

There has been a great deal of research on the properties
and applications of foam concrete [31, 34–36], but few of
them mention LFCRM directly. This paper sheds light on
the LFCRM and explores the influence of the thickness of
replacement on the deformation and stress distribution of
reinforced foundation (treated by LFCRM) by numerical
simulation. Finally, the feasibility of LFCRM is preliminarily
identified based on the results of numerical simulation and
the Chinese technical specification [9, 37].

This paper is organized as follows. Section 2 introduces a
newly built expressway project and describes the design and
mechanism of this project. In Section 3, the numerical
simulation method and two-dimensional models are con-
structed by finite element platform. Sections 4 and 5 analyze
the deformation and stress simulation results and discuss the
preliminary feasibility of LFCRM. Conclusions are summa-
rized in Section 6.

2. Project Profile

2.1. Background. Soft soil is exposed on the ground surface in
one section of a newly built expressway project, reaching a
maximum depth of 21.6m. Below it lies the strongly weathered
argillaceous sandstone. The longitudinal section of geology in
this section is shown in Figure 1, and the recommended geo-
logical parameters are shown in Table 1.

2.2. Design and Mechanism. In this project, the soft founda-
tion treatment by LFCRM is considered. As shown in
Figure 2, the design and mechanism are described as follows:

2.2.1. Design. The thickness of replacement is 1.5-3.0m; the
width of replacement is equal to the bottom width of the
embankment; the physical parameters are shown in Table 1.

2.2.2. Mechanisms. (1) The weight difference between soft
soil and lightweight foam concrete can offset part of the dead
load; (2) lightweight foam concrete has a larger elasticity
modulus than soft soil, reducing the deformation of the area
of replacement; (3) replacing soft soil with lightweight foam
concrete to form a double-layer structure (upper layer is
harder than the lower) can spread the upper load effectively.

3. Numerical Simulation Method and Models

MIDAS/GTS is a software program for the stress-strain
analysis and design in the construction phase of geotechnical
structures [38–42]. In this study, MIDAS/GTS was used for
simulation analysis, and the geotechnical parameters and
material properties used in the simulation were provided
from the design file of the expressway project, so that the
simulation results can reflect the characteristics of the
treated foundation and better guide the design.
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3.1. Basic Theory of MIDAS/GTS

3.1.1. Finite Element Governing Equation. Based on the
Hellinger-Reissner variational principle [43], the virtual
work equation is obtained:

δGext =
ð
Ω

∇δuð ÞTσ + δσT ∇u − ε σð Þð ÞdΩ, ð1Þ

where Gext is the virtual work generated by the external
force; ∇ is the strain-displacement relational operator; u is
the displacement; σ is the stress; ε is the strain; Ω is the inte-
gral area; and εðσÞ is the strain derived from stress.

If elements satisfy the compatibility equation of defor-
mation, the following equation can be obtained from Equa-
tion (1):

δGext =
ð
Ω

∇δuð ÞTσ uð ÞdΩ: ð2Þ

Equation (2) may be expressed as follows by utilizing the
displacement-strain relationship:

δGext = δdeT 〠
ð
Ω

∇Nð ÞTD ∇Nð ÞdΩ
� �

de, ð3Þ

Layer 1:muddy soil
(soft soil)

Layer 2: highly weathered
argillaceous sandstone

Elevation of the top of
the borehole 1: 7.00m

Elevation of the rock-soil
interface in borehole 1: −14.60m

Elevation of the top of
the borehole 2: 6.50m

Elevation of the rock-soil
interface in borehole 2: −9.70m

Borehole 1 Borehole 2

Figure 1: Longitudinal section of engineering geology.

Table 1: Parameter values of various materials.

Material
Elasticity

modulus/MPa
Poisson
ratio

Volume weight/
kN·m-3

Permeability
coefficient/m·s-1

Cohesive
force/kPa

Friction
angle/°

Lightweight foam concrete 250 0.20 8.00 1:0 × 10−4 120 4

Embankment 50 0.25 20.00 / 15 25

Soft soil 15 0.38 19.22 1:20 × 10−7 12 10

Strongly weathered argillaceous
sandstone

500 0.25 23.00 9:51 × 10−8 32 30

Figure 2: Scheme of the lightweight foam concrete replacement method.
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where D is the stress-strain relational matrix; de is the ele-
ment node degree of freedom; and N is the shape function.

3.1.2. Seepage Analysis Theory. Unsteady-flow analysis was
used in this study. The flow law used in MIDAS/GTS is
Darcy’s law, and the basic equation for flow is as follows [41]:

∂
∂x

kx
∂H
∂x

� �
+ ∂
∂y

ky
∂H
∂y

� �
+ ∂
∂z

kz
∂H
∂z

� �
+Q = ∂Θ

∂t
, ð4Þ

where H is the total head; kx, ky, and kz are the permeability
coefficient in the x-, y-, and z-directions, respectively; Q is the
flow rate; Θ is the volumetric water content; and t is the time.

3.1.3. Mohr-Coulomb Strength Criterion. Mohr-Coulomb
criterion is widely used, as the constitutive model can accu-
rately reflect the characteristics of geotechnical materials.

The equation of Mohr-Coulomb criterion is as follows [40]:

σ1 − σ3
2 = −σ1 + σ3

2 sin φ + c cos φ,
ð5Þ

where σ1 and σ3 are the maximal and minimal principal
stress, respectively; φ is the frictional angle; and c is the
cohesion.

MIDAS/GTS assumes that the material satisfies the asso-
ciative flow rule, and the yield criterion and plastic potential
equations are as follows [44]:

F I1, J2, θσð Þ = 1
3

I1 sin φ + ffiffiffiffi
J2

p cos θσ − 1ffiffi
3

p
sin θσ sin φ

� �
− c cos φ = 0,G I1, J2, θσð Þ = 1

3I1 sin ψ + ffiffiffiffi
J2

p cos θσ − 1ffiffi
3

p
sin θσ sin ψ

� �
− c cos ψ = 0,

8<
:

ð6Þ

d

Embankment

1:1.5

Soft soil Lightweight foam
concrete

The strongly weathered
argillaceous sandstone

Groundwater
level

Lateral constraint Bottom constraint

Figure 3: 2D finite element method model.
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Figure 5: Continued.
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where I1 is the first stress invariant; J2is the second invariant
of deviatoric stress; θσ is the Lode angle; and ψ is the dilat-
ancy angle.

3.2. Models and Physical Parameters. Assuming that the
transverse geology is invariant, the cross-sectional finite ele-
ment model is established based on the geological interpre-
tation of borehole 1 (Figure 3), with the width and height
of 200m and 60m, respectively. The height and bottom
width of the embankment are 2.3m and 44.4m, respectively.
The thickness of the soft soil layer is 21.6m, and the thick-
nesses of replacement are d = 1:5, 2:0, 2:5, 3:0m.

Element type: triangular plane strain element with six nodes
Initial conditions: in the present case, σzz = ρgz is the

initial vertical stress in the z-direction; σxx = λxσzz is the ini-

tial horizontal stresses in the x-direction. Moreover, the lat-
eral total pressure coefficient is λx = 1:0

Boundary conditions: horizontal and vertical displace-
ments are constrained at the bottom of the model, while hori-
zontal displacements are constrained on both sides. A drainage
boundary is set on the ground surface flush with the groundwa-
ter level. A total of 20kPa traffic load is added on the top of the
embankment uniformly after road completion.

Simulation steps include the geostress balance (steady-
state analysis), construction of replacement and embank-
ment, and 15-year opening to traffic.

Themain parameters of materials are presented in Table 1.
The parameters of soft soil and strongly weathered argilla-
ceous sandstone are from the geological survey report, and
the parameters of lightweight foam concrete and embankment
are from the existing literature [9, 45–49].
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Figure 5: Settlement-transverse offset curve of different underground depths in the soft soil with the replacement thicknesses of (a) 1.5m,
(b) 2.0m, (c) 2.5m, and (d) 3.0m.
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4. Result and Analysis

The simulation results of variables in this section are the final
calculation results except for excess pore water pressure.

4.1. Deformation

4.1.1. Settlement. Figures 4 and 5 show the transverse settle-
ment distribution on the embankment top and in the soft
soil with different replacement thicknesses.

The following results are illustrated from Figure 4:

(1) The transverse settlement distribution of foundation
and embankment presents an “arc” shape in cross-
section, which is attributed to the closure effect
[50] of replacement and flow deformation. Soft soil
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Figure 7: Transverse deformation-underground depth curves at different distances outside slope toe in soft soil with variable replacement
thicknesses. (a) Replacement thickness = 1:5m. (b) Replacement thickness = 2:0m. (c) Replacement thickness = 2:5m. (d) Replacement
thickness = 3:0m.
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Figure 8: Transverse deformations at the ground surface with different distances from slope toe.

−60

−50

−40

−30

−20

−10

0
0 5 10 15 20 25

Em
ba

nk
m

en
t-r

ep
la

ce
m

en
t c

on
ta

ct
str

es
s (

kP
a)

Transverse offset (m)

The thickness is 1.5 m
The thickness is 2.0 m

The thickness is 2.5 m
The thickness is 3.0 m

Figure 9: Transverse distribution of embankment-replacement
contact stress with different thicknesses of replacement.

8 Geofluids



in the critical state will flow from the middle to both
sides under the closure effect [50]

(2) The thicker the replacement, the smaller the settlement
of embankment. When the thicknesses of replacement
are 1.5, 2.0, 2.5, and 3.0m, the maximum settlements
on the top of the embankment are 23.95, 20.46, 16.20,
and 11.64 cm, respectively. This is because the weight
difference between soft soil and lightweight foam con-
crete is related to the replacement

The following result is illustrated from Figure 5:

(3) Generally, the settlement in the soft foundation under
the embankment center decreases with the increasing
underground depth, while that under slope toe per-
forms differently (the results are extracted as shown
in Figure 6)

It can be concluded from Figure 6 that an inflection point
exists in the settlement-underground depth curve under the
slope toe and gradually deepens with the increasing thickness

of replacement. This is caused by the closure effect [50] of
replacement and flow deformation of soft soil.

4.1.2. Transverse Deformation. Figure 7 shows the vertical
distribution of transverse deformation in soft soil with dif-
ferent thicknesses of replacement.

The following results are illustrated from Figure 7:

(1) The transverse displacement in soft foundation
decreases with the increasing thickness of replacement.
When the thickness of replacement is 1.5, 2.0, 2.5, and
3.0m, the maximum transverse displacement under
slope toe is 10.02, 7.30, 5.32, and 3.76 cm, respectively.
The same reason is depicted in Section 4.1.1 (2)

(2) The maximum transverse deformation moves down-
ward as the thickness of the replacement increases.
When the thicknesses are 1.5, 2.0, 2.5, and 3.0m,
the underground depths of the maximum transverse
displacement under slope toe are 4.5, 5.5, 6.5, and
7.0m, respectively. In addition, (3) the transverse
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Figure 10: Transverse distribution of replacement-soft soil contact stress with different thicknesses of replacement.
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deformations at the ground surface outside slope toe
are extracted, as shown in Figure 8

As shown in Figure 8, the maximum transverse displace-
ment at the ground surface shifts outward with the increas-
ing thickness of the replacement.

These phenomena (mentioned in viewpoints (2) and (3))
are relevant to the closure effect [50] of replacement and
flow deformation.

4.2. Stress and Pressure

4.2.1. Contact Stress. Figures 9 and 10 show the transverse dis-
tributions of embankment-replacement and replacement-soft
soil contact stress with different thicknesses of replacement,
respectively.

The following results are illustrated from Figure 9:
(1) The transverse distribution of embankment-

replacement contact stress presents a “trapezoid” shape, sim-
ilar to the geometry of embankment. The centrifugal model
test of Jiang et al. [51] verified this viewpoint. In addition, (2)
the thickness of replacement is not the influencing factor of
the embankment-replacement contact stress distribution.

The following results are illustrated from Figure 10:

(3) The distribution of replacement-soft soil contact stress
gradually changes from the “trapezoid” to the “arc” shape with
the increasing replacement thickness, implying the correlation
between the spreading of the load and the thickness of replace-
ment. The variance method is used to quantitatively analyze the
influence of the replacement thickness on the stress diffusion.
The variance of embankment-replacement and replacement-
soft soil contact stresses are shown in Figure 11.

As shown in Figure 11, the uniformity of the distribution
of replacement-soft soil contact stress increases with the ris-
ing thickness of replacement.

4.2.2. Vertical Additional Stress. Figure 12 shows the vertical
distribution of vertical additional stress under embankment
center, embankment shoulder, and slope toe with different
thicknesses of replacement.

The following results are illustrated from Figure 12:

(1) The vertical additional stress in the soft soil decreases
with the thickening replacement layer. For example, at
3 meters below the surface in Figure 12(a), when the
thickness of replacement is 1.5, 2.0, 2.5, and 3.0m, the
vertical additional stress is 44.76, 38.94, 33.03, and
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Figure 14: Excess pore water pressure-time curve in soft soil under embankment center with the replacement thicknesses of (a) 1.5m, (b)
2.0m, (c) 2.5m, and (d) 3.0m.
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26.94kPa, respectively. The reason is consistent with
viewpoint (2) in Section 4.1.1

(2) The additional stress under the embankment center
decreases with the deepened underground depth,
and the gradient presents an increase firstly and then
a decrease. The additional stress under the slope toe
goes up and then down with the deepened under-
ground depth. This is because the transverse shape of
the additional stress contour is similar to a symmetri-
cal “bubble” [52], and the axis of symmetry is at the
embankment center

(3) When the replacement thickness is 1.5 and 2.0m, the
additional stress under the embankment shoulder
decreases with the deepening of depth; when the thick-
ness is 2.5 and 3.0m, the additional stress under the
embankment shoulder first increases and then
decreases with the deepening of depth. This is because
a decompression zone appears in the foundation (as
shown in Figure 13, the new load on the bottom of
replacement is less than the original load) when the
replacement thickness is large, which results in the

necking of the “bubble” around the bottom of
replacement

4.2.3. Excess Pore Water Pressure. Figures 14 and 15 show
the dissipation results of excess pore water pressure in soft
soil under embankment center and slope toe, respectively,
at the last calculation step.

The following results are illustrated from Figures 14 to 15:

(1) The greater the thickness of replacement, the lower the
initial excess pore water pressure is. Taking the posi-
tion 4m below the surface in Figure 14 as an example:
when the thicknesses of replacement are 1.5, 2.0, 2.5,
and 3.0m, the initial excess pore water pressures are
37.20, 32.94, 28.38, and 24.92kPa, respectively. This
is because the excess pore water pressure is caused
by additional stress (the relationship between addi-
tional stress and thickness of replacement is depicted
in viewpoint (1) of Section 4.2.2).

(2) The initial excess pore pressure under the embank-
ment center gradually decreases with the deepening
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Figure 15: Excess pore water pressure-time curve in soft soil under slope toe with the replacement thicknesses of (a) 1.5m, (b) 2.0m, (c)
2.5m, and (d) 3.0m.
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Figure 16: The colored nephogram of excess pore water pressure (a) four months, (b) seven months, and (c) twenty-nine months after road
completion (the replacement thickness is 2m).
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of depth (4-16m), while the initial excess pore pres-
sure at the slope toe gradually increases with the
deepening of depth (4-16m). This phenomenon is
related to the distribution of additional stress

(3) It can be concluded that the dissipation rate of excess
pore water pressure is negatively correlated with
underground depth by comparing the dissipation
curves of excess pore water pressure of different
underground depths. In addition, (4) the dissipation
rate of excess pore water pressure under the embank-
ment center is found greater than that under slope toe
by comparing their dissipation curves. This may relate
to dissipation path of excess pore water pressure

Figure 16 shows the colored nephogram of excess pore
water pressure during the last calculation step (the replace-
ment thickness is 2m).

As shown in Figure 16, the position of the maximum
excess pore water pressure gradually deepens with time.
Considering the geometrically symmetric structure of the
2D model, the dissipation path of excess pore water pressure
can be inferred to dissipate from the embankment center to
both sides and downwards in the near field.

5. Preliminary Feasibility Analysis

The settlement, foundation bearing capacity, and stability of
embankment slope are the main indicators for soft founda-
tion reinforcement design in road engineering [9]. This
paper focuses on the low-filled embankment, and thus, the
instability of the embankment slope is unimportant. Fur-
thermore, given that the volume weight of lightweight foam
concrete is less than that of water, the antifloating stability is
given additional consideration [37].

In this section, the calculation results of settlement,
foundation bearing capacity, and antifloating stability are
obtained for the final replacement thickness of this project
(2.5m, considering safety and construction factors), and
the optimal resting time is suggested.

5.1. Settlement. The maximum settlement on the top of the
embankment with different thicknesses of replacement is
listed in Figure 4. When the replacement thickness is 2.5m,
the settlement meets the requirements of general highway sec-
tions in the existing technical specification (16.20 cm<30cm)
[9]. Therefore, the settlement of soft foundation handled by
LFCRM accords with the existing technical specification.

5.2. Foundation Bearing Capacity.Themaximum replacement-
soft soil contact stress with a thickness of 2.5m can be obtained
from Figure 10, which is 66.90kPa. The foundation bearing
capacity is calculated according to Terzaghi’s equation [53]
(Equation (7)), and the result show the reasonability of the
bearing capacity.

pu = 1/2γbNγ + cNc + qNq, ð7Þ

where γ is soft soil weight; b is footing width; Nγ, Nc, and Nq

are dimensionless coefficients; c is the cohesion of soft soil;

and q is specific soil pressure above footing bottom. The footing
width item in Equation (7) is not considered in this paper.

5.3. Antifloating Stability. Only the permanent load is consid-
ered in calculating antifloating stability (as shown in Equation
(8)), and the safety factor is no less than 1.2 [37]. Taking an
example for calculation (the thickness of replacement is 2.5m
and the groundwater level is flush with the top of the embank-
ment), the calculation result meets the requirements [37].

Fs = 0:95∑i=1
nγiVi

ρwgVw ≥ 1:2, ð8Þ

where γi is the volume weight of filling materials; Vi is the vol-
ume of fillingmaterials; ρwg is the volume weight of groundwa-
ter; andVw is the volume of filling under the groundwater level.

According to above preliminary analysis, it is feasible to
treat the deep soft foundation with the low-filled embank-
ment by LFCRM.

5.4. Resting Time after Road Completion. Figure 17 shows the
relationship between resting time (the time between completion
and using of road) and the total settlement after 15 years of
using. It can be seen from the figure that with the increase of
resting time, the total settlement after using gradually decreases,
and the rate of decrease is also slowing down. The abrupt
change point of the curve, 3.2 months (about 96 days), is calcu-
lated by the Casagrande method [54] as the optimal resting
time.

It should be pointed out that LFCRM is not suitable for
all conditions. According to the existing research results, this
paper believes that the following conditions may not be suit-
able: (1) high-filled embankment sections, (2) areas with
obvious alternate cooling and heating (around 0 degrees Cel-
sius) [55], and (3) saline land [56].

6. Conclusions

The result of deep soft foundation with low-filled embankment
improved by LFCRMwith different thicknesses of replacement
is obtained using the finite element method, and the deforma-
tion and stress of the numerical results are analyzed in detail.
Finally, the preliminary feasibility of LFCRM is demonstrated
by combining the numerical results and the Chinese technical
specification [9, 37]. The detailed conclusions are as follows:

(i) Replacing soft soil with lightweight foam concrete can
offset part of dead load due to the weight difference
between the two materials, reducing the deformation,
additional stress, and initial excess pore water pres-
sure accordingly. This feature will be enhanced by
the increasing thickness of replacement

(ii) The transverse distribution of settlement of embank-
ment and foundation presents an “arc” shape under
the combined action of flow of soft soil and the clo-
sure effect of replacement
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(iii) The uniformity of the replacement-soft soil contact stress
is significantly better than that of the embankment-
replacement contact stress due to the stress spreading

(iv) A decompression zone appears in the foundation
with the replacement thickness increases and results
in the necking of the “bubble” around the bottom of
replacement

(v) The distribution of initial excess pore water pressure
is relevant to additional stress, and excess pore
water pressure will dissipate from the center to both
sides of embarkment and downwards in the near
field

(vi) LFCRM is preliminarily considered feasible by ana-
lyzing settlement, foundation bearing capacity, and
antifloating stability based on numerical results
and Chinese technical specification, and the optimal
resting time is suggested

In the next step in the future, the feasibility of LFCRM
will be further studied by field test.
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Additional Points

Featured Application. New method for treating deep soft
foundation treatment with low-filled embankment. High-
light. (i) A new method, lightweight foam concrete replace-
ment method (LFCRM), is carried out to treat deep soft
foundations under the low-filled embankment; (ii) LFCRM
can offset and spread the upper load effectively which is
related to replacement thickness; (iii) the deformation of
treated foundation is affected by flow of soft soil and closure
effect of replacement; (iv) the excess pore water pressure will
dissipate from the center to both sides of embarkment and
downwards in the near field; (v) the potential feasibility of
LFCRM is demonstrated by preliminary analysis.
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