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Abstract - Top-base foundation (TBF) is a cutting-edge
technology in construction area. It is in terms of increasing the
load-carrying capacity of the ground, reducing settlement,
especially the difference in settlement between the footings,
resisting earthquake loads, fast construction, friendly
environment, and low construction cost. To date, most of the
research has mainly focused on field and laboratory experimental
studies. These studies require large costs, and take a long time. In
addition, most practical experiments only determine the
displacement field, while the stress field is difficult to determine
precisely. Therefore, in this study, a finite element analysis (FEA)
is proposed based on verification with the experimental results of
previous studies. Consequently, the accuracy and reliability of the
FEA can be assessed. Through the FEA procedure, it is possible
to predict the stress field with high reliability, which can be
applied in practice, bringing economic efficiency, especially
suitable for current conditions in Vietnam.

Key words - Top-block; Top-base foundation (TBF); Settlement;
Bearing capacity; Finite element analysis

1. Introduction

TBF technology originated in Japan in the early 1980s.
After the great earthquakes in Chiba in 1987 and Kobe in
1995, the buildings designed with TBFs were virtually
undamaged. Many theoretical and experimental studies
have been conducted to explain the effectiveness of the
TBF and have been published in Japanese geotechnical
journals as well as at international conferences on
foundation treatment methods [1-4]. In the early 1990s,
TBF technology was studied and applied in Korea and
there have been important improvements in the field of
construction. In Korea, top-blocks are cast in situ concrete
using recycled plastic molds, which are very eco-friendly
[5-7]. TBF technology in Korea is not manufactured at the
factory. Hence, there is no need for a warehouse to store
the top blocks. This technology also prevents the cracks
from occurring during transportation, from the factory to
the construction site, or during loading and unloading of
top-blocks, or during top-block installation process. It also
simultaneously limits the crane shift during production,
transportation as well as construction [8]. The result is to
improve construction efficiency, shorten construction
schedule, and reduce construction costs.

The bearing capacity studies of the TBF by field tests
through the plate load test method have demonstrated that
the bearing capacity of the TBF increases from 50% to
100%, and the ability to restrict settlement decreases from
30% to 50% compared to the original soil ground when not
treated with top-base technology [3, 5, 7, 9]. In 2010, Kim
et. al, conducted a re-evaluation of the bearing capacity and

settlement limitation of the TBF in the laboratory with a
scaled model of 1/5 compared to the actual model at the
construction site [10]. The results were performed on
100 test samples and the author concluded that the bearing
capacity and settlement limitation of the TBF between the
field test and the laboratory test were appropriate.

Other studies use analytical and numerical methods to
comprehend the working mechanism of the TBF for the
effect of significantly reducing the load transfer from the
foundation to the ground, limiting the settlement of the soil
ground, and force distribution mechanism between top
blocks and crusher-run [8, 11]. These studies do not verify
or evaluate the accuracy and reliability of the numerical
model for field tests. Therefore, in this study the FEA is
used with improved theories and algorithms to enhance the
efficiency of the numerical model. Then, it is verified with
the actual model to evaluate the accuracy and reliability of
the numerical model. If the evaluation results are reliable,
the numerical model can be exerted instead of the field tests
to resolve the cost and implementation time of the projects.

2. Finite element analysis of top-base foundation
2.1. The governing equation description of TBF ground

TBF ground is considered as a porosity material.
Behavior of TBF ground involves the fluid inside porous
space and soil skeleton. In this study, the stresses of an
isotropic porous elastic material containing fluid is exerted
to describe stress state in TBF ground. According to
Terzaghi's principle [12, p.84], the stress in TBF ground is
described as follows [13]:
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In which o =

identified as the effective stress. It is only generated by soil
skeleton that neglected the stresses due to fluid; Because
fluid in porous space only exists spherical stress (no
deviatoric stress), as a result vector

m=|11100 O]T, Pueasy 1S Caused by groundwater

level; p,,. is due to the excess pore pressure.

excess

The correlation between stress state o and body force »is
described in the static equilibrium of a continuum deformation.
Its strong form(1a) can be formulated as [14, 15]:

I'oc+b=0 2

where IT is the transpose(2a) of a differential operator,
defined as:
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Most FEA problems are described under the integral
form. The goal is to easily impose boundary conditions and
solve problems on the whole mechanical system. Using
Galerkin's variation principle, the governing Eq. (2) is
reformulated under the integral form as bellows:

fo‘uT Fo+bdV =0 4)

In which &u represents a kinematically admissible
variation of displacements; t represents the tractions on
surface S ; € is the strain state(3a) related to the stress
state under rate form e.g., & = Mé. Green’s theorem is
employed to expand the partial integration with respect to
the first term of Eq. (4). The result leads to(4a):

f seladV = f suTbdV + f suTtdV 5)

An incremental process with respect to stress such as

o ="'+ Ao with Ag— ff"dt to assess the

development of stress state in entire structure. As a result,
the Eq. (5)(5a) can be rewritten as bellows:

JoeTacav = [suTb'dv + [su"vds — [eeTo'1aV (6)

2.2. Continuity equation of underground water flow motion

TBF ground is assumed as an isotropic porous medium,
due to the mass conservation, it means the water outflow
from volume is equal to the changes in the mass
concentration [16, 17].

k ‘
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Inwhich n, S, ¢, p,» P, and knl are the porosity, the

degree of saturation of the soil, the acceleration vector due
to gravity, the density of water, the water pore pressure and
the ratio of permeability at a given saturation to the

permeability in saturation state k** respectively.
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identified as the specific discharge. In addition, the

deformation of soil skeleton partials and the gradients of

the density of water (according to Boussinesq’s

approximation) are neglected. Hence the equation can be

rewritten under simple form as:

o
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Where K is the bulk modulus of the pore fluid.

vT. p,q4 + Sm

2.3. Finite element discretization

The TBF is discrete into a number of elements. Each
element consists of number of degrees of freedom that
correspond to the displacement/pore-pressure components.
It generates a displacement/pore-pressure field of element

that is obtained from the discrete nodal values v and p
as shown in Eq. (10). Where matrix ~ is arranged from
shape functions (interpolation functions).

and (10)

u = Nv p = Np,,

Element deformation correlated to its displacement field
through the kinematic relation e.g, e=1Lu =« .

Substituting(6a) u in Eq. (10) into relationship « leads to:
e = LNv = Bv (11)

Note that the relationship in Eq. (10) and Eq. (11) can
be exerted in every rate, incremental, variational form.
Therefore, they can be substituted into Eq. (6) so that it
may be reformulated under following incremental form:

[BTAcdV = [N"AbdV + [NTAtdS +R,  (12)
with R, — [[NTbydV + [N"t,ds — [BTodVv

The constitutive equation is presented under the nodal
equilibrium relationship by dividing the total stresses into
pore pressure and effective stresses according to Eq. (1) as
following equation:

KAv + LAp, = Af, 13)

where K, L and f are the stiffness matrix, the coupling
matrix, and the incremental load vector. They are given as
follows:

K = [B'MBdV

L= [B'mNav

Af, = [NTAbaV + [NTAtds

(14)

For the underground water flow motion, the p g is

adopted as bellows:

Yw¥ = Psteady — P
p,q4 = kV feady (15)
Tw
where 7, is the unit weight of the pore fluid,

k =k k*, and k is defined as:

k, 0 0
k=0 k 0 (16)
0 0 k

A Galerkin procedure is employed for finite element
discretization, and simultaneously prescribed boundary
conditions with respect to Eq. (9) and Eq. (15) as given:

v I, (17)

' — —Hp, —ST =q
ot ot "
where q,, is determined as in formula « + , itis a vector

due to the prescribed outflow at the boundary; mand s are
given as follows:
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(18)

Applying the incremental algorithm and integration
procedure to solve the Eq. (17). Its form is given as bellows:

I'Av—A'p,, —S Ap, = Alg (19)

n
where S =aAH+S,q =q,, + aAq,, the parameter

« 1s the time integration coefficient, subscript indicator o
denotes value at the beginning of a time step.

Finally, a compact form of finite element analysis, it is
cooperated between Eq. (13) and Eq. (19) with respect to
TBF ground gives:

K L | Av
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2.4. Interaction between top blocks and TBF ground

In this study, FEA of top block is not(7a) presented
because it is the special case of TBF ground when the
porosity effect is neglected. The interface between top
block and TBF ground is described by an embedded
(7B

+ (20)

element. The top block force vector characterized for
the interaction between top block and its ground. Using
incremental algorithm, the development of the ¢!7 at
initial time (it’s so-called initial force) after each force
increment At"?

is presented as bellows:
(2D

The institutive equation between the interface traction
increment and the relative displacement increment is
formulated as:

At"™ = D" Au (22)

Applied the virtual work into Eq. (22), it can be written as:
sul At"P = 6" NI DTN Aw , =K"PAv

rel” " rel rel

(23)

In which K”? is the stiffness matrix at top block
interface and it is given as:

TB TB
TB __ Kbb Kbs 24
K™ = KB KIB 24
sb 58
here
KI? = NID™N, : contribution of the top block nodes
K?P = NTD™®N, : contribution of the soil nodes 25)

K2 = N ZDTBNH : mixed top-block and soil nodes

bs

KﬁB =-N bTDTBNS : mixed soil and top-block nodes

2.5. Material model for top base foundation ground

This study uses Mohr-Coulomb model. Consequently,
the strain is separated into elastic and plastic strains [18]. It
is given in the rate form as:

€ =¢£°+4¢&’ (26)

The constitutive relation between effective stress and
elastic strain is formulated under following rate form in
which pis incremental elastic stress-train matrix:

6 =Dé" =D e —é” (27)

The plastic train increment ¢’is formulated as:
— The case of associated plasticity
e =2

. 1 1 .
with f:i o, — 0y —|—§ o, + 0y sing — ccosyp

— The case of non-associated plasticity

with ¢ = 3 05— 0y —1—5 0, + 0, siny + const

Finally, the incremental stress-strain relation is derived
as bellows:

€ (30)

o =

D—labT
d

According to Mohr-Coulomb yield criterion, the
parameters in Eq. (30) can be deduced as:

1—wv 3] v
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1/2 —v ’ 214w
v v 1—-v
T S o
=2 gl1 4 sy (32)
oo 1—2v
5 —1 4 2v + sinv
a = pZd - _ = 2usin (33)
Joo 1—2v .
1—2v + sinvy
r Off : : :
b' = O—D = [—1 +2v +sing 2vusing 1-2v+ sm<p] (34)
o

3. Validation
3.1. Finite element analysis procedure

This study uses the field test results of Kim et al. [8, 10]
in order to validate the results of the finite element analysis
procedure. The load test site is located at the mouth of the
Nakdong River in the Busan, South Korea as shown in
Figure 1. The top-base foundation is placed on the
sedimentary soil layer. That is soft silty sand layer. Its SPT
N-value ranges from 4 to 13. The input data for FEA is
given in the Table 1.

Table 1. Input data for finite element analysis

5 ] B R A

Ufut Cohesi "‘ Friction | Young’s Ponsst_)n s
Grading weight angle | modulus | ratio
vlkN/m®]|c[kPa]| @[°] | E[kPa] | v|-]
Top-block 23 - - 21,000,000| 0.15
Crusher-run 19 0 42 100,000 0.33
Soft sedimentary 17 0 25 27,000 | 035

layer

Sedimentary layer 18 0 26 28,000 0.35
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Borehole depth SPT N-value

10 20 30 4

Symbol Soil description

Backfill layer with a thickness of 3.0 m 4530 3 a

Foundation loading

30°] B0’ 13530 3 K

f f oo

ano 1|4

Soft sedimentary layer: silty sand layer , N=4-13)

1230 ‘
Fo.00 1
970 710
9.70)
000

—
Figure 1. Ground geology in the load test for top-base foundation

Sedimentary layer: dense, sand, silt sand 1650

3.1.1. Finite element model for the ground

The ground model used for FEA is a combination of
pore-diffusion liquid and soil skeleton. Under the impact
of the top-base foundation, the diffusion of liquid pressure
interacts with the soil skeleton to create a practical stress as
given in Eq. (1). Therefore, this study approaches the
problem by FEA procedure, the 10-node tetrahedral
element (shown in Figure 2) is used. The degrees of
freedom at each node of the element are in addition to

displacements in 3 directions, Z,¥Y,;%Z (displacement field

v ) also generate additional degrees of freedom, pore
pressure p,, (seen in section 2.3).

AT

Figure 2. The element
used to generate the mesh

Figure 3. The element used to
generate the mesh

The soil ground contains 3 layers: First layer is the
crusher-run, and its thickness is about 0.25m; Second layer
is the soft sedimentary layer, and its layer is about 3.75m;
Third layer is the sedimentary layer, and its thickness is
about 5.70m. The mesh generation for the soil ground is
given in the Figure 3.

3.1.2. Finite element model for the top-block

TBF consists of 2 components, the crusher-run ground,
and the top-block layer. In which, the crusher-run ground has
completely similar properties to the natural soil ground.
Therefore, the crusher-run layer is considered as a soil layer
of the ground, and its FEA has just been presented in section
3.1.1. Another is a top-block layer that cast in-situ concrete.
The size of a top-block to work most efficiently investigated
in the study of Kim et al. [8] and is given as in Figure 4a.
The interaction conditions between the top-blocks and the
crusher-run layer are presented in section 2.4.

The concrete material model of the top-block block in
FEA analysis uses the model in the study of Le et al, [19].
In this study, the top-blocks use the 3D-stress element
C3D8R to generate the mesh. This is an 8-node brick
element with the technique of reducing to a Gauss integral
point, so the shear locking phenomenon is overcome, the
stress-strain relationship has high accuracy. Since only one

integral point is located at the centroid of the element, the
computational cost is greatly reduced. At the same time,
the small size elements will accurately describe the stress
concentration at the corner and boundary positions of the
structures. The mesh generation is shown in Figure 4b.

V 500.

H 100"

Figure 4. a) Top-block geometry; b) Top-block mesh in FEA
3.2. Validation

The loading process proceeds gradually, and the
displacement/strain sensors were set up to determine the
settlement and fracture shape when the ground is cut as in
the studies of Kim et al., [8, 10]. This process was
re-simulated by using the FEA, the simulation results were
validated with the experimental results of Kim et al. From
this validation, the accuracy and reliability of the FEA
procedure are evaluated. In this study, the FEA results were
compared with the experimental results of the TBF in the
study of Kim et al., [8] shown in Figure 5 and Table 2.

Load [kPa]

0 100 200 300 400 500 600 700 800
0

O-\O

220 =

Settelment [mm]

=304

—O— Experiment, Kim et al. [8] >

—O—FEA \]

404

Figure 5. Validate FEA results with field tests [8]
Table 2. Compare FEA results with field tests [8]

P-Load Settlement Error
N, Experiment FEA
[kPa] [mm] [mm] [%]
1 0 0 0 0

2 80.47 -2.01 -1.86 7.30
3 160.00 -4.23 -4.03 4.62
4 237.21 -7.39 -6.47 12.45
5 322.33 -10.55 -9.468 10.30
6 400.47 -15.50 -12.47 19.54
7 480.70 -19.23 -16.36 14.94
8 553.72 -25.04 -20.57 17.85
9 641.86 -31.40 -26.95 14.18
10 722.09 -37.93 -32.62 14.00
Average error 11.52

The analysis results in Figure 5 show that the tendency
of settlement development in the TBF between the
experiment and the FEA is resemble. The results of error
assessment on each load level are given in Table 2. The
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error ranges from 4.5% at 160 kPa loading level to 19.5%
at 400 kPa loading level. The error increases with respect
to the increase of loading level. This can be explained when
the load is small, the ground works in the linear elastic
limit. Most FEAs use the linear elastic materials that can
precisely simulate with respect to real model. When
starting from the loading level of 400 kPa, the soil begins
to plasticize, and the material model of the soil is now
working as an elasto-plastic model. In the FEA, the Mohr-
Coulomb model is exerted (see section 2.5). This model
has idealized some actual physical and mechanical
properties of the ground. Hence, at the loading level of
400 kPa, the settlement of the TBF has a sudden change,
while the FEA has not reflect the actual behavior at this
loading level. As aresult (8a), the error at this loading level
is 19.5%. After passing the loading level of 400 kPa, the
ground is reinforced and the bearing capacity is relatively
stable. In these loading levels, the FEA results reflect
relatively like the experimental results, and the error in
these loading levels fluctuates around 14.5%.

The results of the evaluation error on the entire model
are about 11.52%. This result shows that the FEA
procedure is relatively accurate and reliable. Although soil
material contains solid, liquid and gas phases with very
complex behavior, and it is very difficult to predict results
accurately. At force level 722 kPa, the displacement field
in the TBF is shown in Figure 6. The results in Figure 6
demonstrate(9a) a reasonable displacement distribution
and ensure reliability.

Figure 6. The displacement field of the top-base foundation
In addition to increase the accuracy and reliability of

the FEA procedure, this study also compares the FEA
results with the laboratory tests of Kim et al., [10].

Load [kPa]
0 20 40 60 80 100 120 140
o -ﬁ% 1 1 L L L
OBer
-5 RONGWAS
e
-10 SN
Osaob,
-15 ESUREN
B 1§\g\@ e
= -20 SOCONAL
g = ‘QQO: PO,
= -254 WS =X
o) =
g 30 =N O\%\AA
= ol RS e
s —— Experiment: Medium sand-Kim et al., [10] X O\O \/x
% =35 1 —A—FEA:Medium sand SN
-40 4 —0— Experiment: Loose sand-Kim et al., [10] D\D O\o/
is —O— FEA:Loose sand 5
-50 4 1 L3

Figure 7. Verify FEA results and lab tests [10]

In this experiment, Kim et al., tested the TBF on two
types of medium sand and loose sand. The comparison
results are shown in Figure 7. The results demonstrated the
similarity between the experimental model and the finite
element model as in analysis. But the error in this
comparison result is smaller, it ranges from (7.0-9.0) %
compared to the results (seen Table 3). The reason is that it

was performed in the laboratory with a model of 1/5 times
smaller than the actual model, and the maximum loading
level is only 140 kPa.

Thus, this claims that FEA results ensure accuracy and
reliability. The FEA can be exerted to analyze and evaluate
similar buildings without having to conduct experiments
(or field tests) that require a lot of time-consuming and
experimental expense.

4. Application

In this study, the FEA procedure is applied to evaluate
the effectiveness of the TBF option in the design with
respect to projects with small and medium loads.

The applied project contains 1 basement and 14
floating floors. The ground floor as well as others are
symmetrically designed, the basement is used to arrange
the underground water basin, the technical room, the
remaining area is used for car and motor parks(5b). The
first floor is used to arrange a large reception hall,
administrative-material supply room, propaganda and
support room, dining room, coffee area for entertainment
needs. In addition, 2 more toilet blocks, 3 stairs and 1
elevator are arranged to organize vertical traffic between
floors. The 2™ floor has an atrium with the 1% floor, a
large meeting room and a break hall for the meeting room,
an additional large office room, a small office room with
an interior toilet area. The first two floors designed with
a rectangular shape are larger than the typical floors, it
forms a podium to support the high-rise tower (1b). The
3rd to the 12th floor is used for offices, meeting rooms,
corridors, etc(2b). The 13th floor contains the following
function rooms: the storage room, document editing
room, elevator technical room(3b). The roof floor is
arranged with roof water tank, waterproofing, heat-proof,
and lightning-protection system. The load used to design
the foundation for the building is shown in Table 3.

Table 3. Load combination using foundation design

Ultimate limit states

M, | M, N Q,
EN
-10.5

Serviceability limit states
QM | M| v |Q
EN
87.9

Q,
N
764

Element

EN.m|kN.m
-15.9 [ 165.1

kN
-4561.7

EN
-9.1

kN.m|kEN.m
C38| -18.3 | 189.9

kN
-5246.0

A | Position

~

The building placed on a soft ground has(10a) the
mechanical and physical properties as shown in Table 4.
With the above-mentioned construction and soil properties,
in the structural design, it was proposed the of bored pile
foundation for high-rise tower and pressed piles foundation
for podium, and it is described in Figure 8.

Table 4. Mechanical-physical properties of the soil ground(11a)

Unit . JFriction Young’s (Poisson’s
. Cohesio .

Grading weight angle | modulus | ratio

y[kN/m®]|c[kPa]| ¢[°] | E[kPa] | V-]

Backfill soil 17.67 7.13 8.08 | 4854.29 | 0.31

Loam (soft) 17.89 9.12 7.08 | 517791 0.33

Fine sand, gray-green | ¢ 56 | 000 | 26.30 | 8433.72 | 029
(loose)

Clay, gray-green (liquid) | 17.20 8.83 3.67 | 274586 | 0.34

Clay, brown-red (semi-\ 19 15| 2461 | 1647 |1631827| 0.8
dense)
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Figure 8. Construction structure and foundation plan

In the design, a bored pile of diameter 600mm(4b) is
used, and the depth of the pile tip is 28m calculated from
the natural ground. The settlement plot under the bottom of
the conventional pile foundation is shown in Figure 9.

Settlement [mm]

0.000 0.002 0.004 0.006 0.008 0.010 0.012 0.014
0 L L L "

//O—//O
/O
o}

—O— Settlement vs. depth under foundation

-154

Depth under foundadtion [m]

-20 S

Figure 9. Settlement of the conventional pile foundation

According to the TCVN 9362-2012 standard, the
settlement limit of the foundation is considered to the 6%
settlement point at a depth of 6,192 (m) calculated from the
bottom of the conventional pile foundation. The final
settlement result of the pile foundation is as follows:

n
s = ZEﬁ'aff'hi =521 ecm < {s] =8 e¢m (35)
i=1 L
Now, in this study, we change the pile foundation
option by the TBF, by using a two-way strip foundation
placed on the top-base ground. Then FEA is used to
analyze and evaluate the effectiveness of the TBF with
respect to pile foundation.

4.1.1. Finite element model

o VYV TPV VY PPV Y PR PRV PR oo

FINE SAND, GRAY-

Figure 10. FEA model of top-base and pile foundations

TBF and pile foundation use the finite element model
presented in sections 3.1.1 and 3.1.2. In this analysis, an
infinite boundary element is used (the infinite element
instead of boundary conditions around the soil ground in
order to reduce the ground size during analysis. But it still
ensures that the model works close to reality and the
simulation results ensure accuracy). The finite element
model of the soil ground is shown in Figure 10.

4.1.2. Analyze the results
a. Displacement

The simulation results in Figure 11 show that the 1-
layer TBF reaches the maximum settlement of 1.25cm at
the loading level of 11.5 MN, the 2-layer TBF reaches the
maximum settlement of 0.5cm at the loading level of
25.6 MN and the pile foundation reaches the maximum
settlement of Scm at the loading level of 6.6 MN.
The displacement spectrum distributed in the soil ground is
shown in Figure 12.

Thus, the bearing capacity of the 1-layer TBF is
1.74 times higher than that of the pile foundation, while its
settlement is only 0.2 times that of the pile foundation.
Similarly, the 2-layer TBF is 3.88 times higher than the pile
foundation, while its settlement is only about 0.08 times
that of the pile foundation. This shows that the criterion of
settlement and load-carrying capacity of the top-base
foundation is superior to that of the pile foundation.

Load [MN]

Q22468 10 12 .14 -16 18 20: 2224 26

0.00 rrmtoobootatmot s e
\0\00 2 L ;
R b ot
-0.01 W%\ \2 - L™
= 4 o 4
= 0.02 y L“\ >
oy 5 o g
5 -0.03 i g
g 71 /]
2 | o #
5 -0.04 3 g 992 |
% & |2 i
5 —— 1 layef top-base foundation |
20 %‘\?{/ —— Z:j%ij er top-base foundation |
¢ *_,P,ile foundation
-0.06 1 /

Figure 11. Settlement analysis of the foundations by FEA

Pile foundation.

I-layer TBF.

2-layer TBF.
Figure 12. Displacement spectrum distributed in the ground

Theoretical calculation according to TCVN 9362-2012,
we have the settlement of the pile foundation 5.21 cm (see
Eq. (35)) at the loading level of the foundation 5.25 MN
(seen Table 3). According to the results of FEA at the
loading level of 5.25 MN, the settlement of the foundation
is 2.82 cm (seen Figure 11). This settlement result is equal
to 0.55 times the theoretical result. But according to the
results of FEA analysis, the foundation still has bearing
capacity and when the foundation reaches a settlement of
5.21 cm, the corresponding loading level that the
foundation can withstand is 6.95 MN, and this is 1.34 times
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higher than the theoretical result. This result is reasonable
because in the design standard, the factor of safety is
considered, which is not considered in the FEA analysis.

When increasing the quantity of top-base layer become
to 2-layer TBF, the bearing capacity of the top-base
foundation increased by 2.23 times and the settlement
decreased by 0.4 times compared to the 1-layer TBF. This
demonstrates that for projects requiring severe settlement
and large bearing capacity, then the number of top-base
layers can be increased.

b. Stress

Determining the stress field distributed in the ground is
also one of the essential factors. Because when we know the
exact stress distribution field, then stress concentration on
which ground area will be specifically analyzed, and
whether the allowable strength of the soil ground in those
areas is guaranteed or not? Thence, it helps us to accurately
predict the locations where the ground will be damaged
early. Also, it helps the designer to make reasonable
adjustments to the design of the foundation, that increases
the load-carrying capacity of the foundation. Inversely, in
the experimental model, it is difficult to determine the stress
distribution field in the top-base layer and soil ground
accurately, and when implementing requires a huge
investment of cost, time, and effort. The establishment of the
FEA procedure is extremely convenient for determining the
stress distribution field in the top-base layer and the soil
ground. The results of which are shown in Figure 13.

Pile foundation.

1-layer TBF. 2-layer TBF.
Figure 13. Stress spectrum distributed in the ground

The results show that the stress distribution in the TBF
is quite large but the stress distribution in the soil layer
under the TBF is very small. These exposures the effective
promotion of the TBF, it redistributes the pressure/stress
from the foundation to the ground evenly. At the same
time, because the top-block structure has a conical shape,
it is naturally the top-base itself absorbs the pressure of the
foundation transmits to the ground. For the 2-layer TBF,
the stress distribution under the top-base layer is more
uniform than that of the 1-layer TBF.

5. Conclusion

The study has developed the FEA procedure for TBF
problem. The analysis results claim that the FEA procedure
has accurately simulated the behavior of the TBF through
validation of the actual experimental results in the field and
in the laboratory tests. Simultaneously, the results of
applying the FEA procedure with respect to the actual
building demonstrate the rationality and accuracy of the
FEA procedure(12a) (6b). In addition, the results of using

FEA are biased towards safety in the design problem.
Therefore, in similar design problems, this FEA procedure
can be exerted to reduce the cost, time, and effort for the
experiment in the design problem.
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