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ESTIMATING THE INTERNAL FORCES OF RAFT IN PILED RAFT
FOUNDATION FOR NORMAL AND GROUNDWATER PUMPING

CONDITIONS: A CASE STUDY SOC TRANG PROVINCE, VIETNAM
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Abstract – Piled raft foundations are widely
used in infrastructure built on soft soil to reduce
the settlement and enhance bearing capacity. The
raft can be used for basements and to share the
load. In this paper, Poulos method, in which the
raft was cut into many piled strips, was used as
an analytical method. The study also used Plaxis
2D and SAP 2000 to calculate internal forces
for the raft in a piled raft foundation. A case
of Vietcombank building with 10 floors and 1
basement, constructed on a soil profile in Soc
Trang province, was studied. The piled raft with
a 35m×19m×1m (length×width×thickness) raft
and 28 piles were used for the analysis. Normal
and groundwater pumping conditions were ap-
plied for the soil. The results showed that the
maximum moment and shear force that occurred
in the raft were affected when the groundwater
pumping condition was applied to the model.
The internal forces of the raft in the piled raft
foundation for different conditions were captured,
discussed, and presented in this paper.
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I. INTRODUCTION

In the Mekong Delta, shared by various coun-
tries, predominantly Cambodia and Vietnam,
groundwater exploitation has increased dramat-
ically in recent decades. Up from a limited
number before the 1960s, today more than one
million wells access groundwater for domestic,
agricultural, and industrial needs, causing hy-
draulic heads (i.e., groundwater levels) to steadily
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decline in many aquifers over extensive regions
[1]. Monitoring wells indicate a drop of over
15m at Ca Mau, Viet Nam, since the mid-1990s,
leading to a cone of depression now nearly 20m
below sea level datum. The current rate of hy-
draulic head decline among Delta wells averages
26 cm/yr (range: 9÷78 cm/yr), which has caused
widespread regional drawdown in approximately
a 100 km wide swath trending NE from Ca Mau
towards Ho Chi Minh City. The magnitude of
drawdown diminishes in wells with increasing
proximity to the international border, owing to
minimal groundwater extraction in Cambodia, re-
duced development density in northeastern areas
of the Vietnamese Delta adjacent to Cambodia,
and bedrock outcropping in the Northwestern
corner of the Delta [2].

There are three principal foundation options
for high-rise buildings: 1) Raft foundations,
where the loads are transferred to the ground
via a foundation raft; 2) Pile foundations, where
the loads are transferred to a deeper load-bearing
layers via piles or diaphragm wall elements; and
3) Pile and raft foundations (PRF), where the
high-rise load is taken partly by the raft and partly
by the piles or diaphragm wall [3].

Nowadays, piled raft foundation is widely used
for the design of foundations of medium and high
rise buildings. This type of foundation is applied
as an optimal solution for structures as well as
construction costs [4]. In practice, the piled raft
foundations are usually designed with total load
which is carried by the piles [5], [6]. However,
the contribution of the raft is often overlooked,
even when the bottom of the raft makes contact
with the ground. The drawdown of the water
table profoundly influences the settlement and
load sharing capacity of piled raft foundations.
On the other hand, estimating the internal forces
(moment and shear forces) of rafts in a piled raft
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foundation for normal and groundwater pumping
conditions is very important for the structural
design of the raft. Poulos [7] presented an ana-
lytical method for calculating internal forces of
the raft in a piled raft foundation by dividing
the raft into strips. In the preliminary calculation
stage, the method was found to be suitable for
estimating the internal forces of the raft in a
piled raft foundation on soil data of Soc Trang
Province in this study. Plaxis software [8] and
SAP 2000 software [9] is also a strong finite
element method for analyzing internal forces of
a raft in a piled raft foundation.

This paper was focused on estimating the in-
ternal forces of a raft in a piled raft foundation
for normal and groundwater pumping conditions.
The soil data in Soc Trang Province of Viet Nam
was considered for this research. Poulos method
[7] and finite element method (FEM) were used
in the analysis.

II. METHODOLOGY

Das [10] presented that the stress distribution
in the soil below the foundation depends on
the stiffness of the raft and soil type as shown
in Figure 1. Therefore, when designing a rigid
foundation on a clay layer at the surface, as in Soc
Trang Province, the stress distribution under the
foundation has its maximum value at the center
of the foundation. In this study, stress distribution
under the foundation, taken for calculation of the
internal forces of the raft, was an average value
(Figure 1).

The load sharing by the group of piles as well
as each pile in the piled raft foundation was
calculated by the method presented in Poulos
[6]. In this study, piled load share was chosen
about 75% the total load of the foundation. Then,
loads at the top of piles were used as a solution
for the internal force of the raft. The external
loads on the raft were the working load of the
basement and superstructural load. The external
loads (concentrate and distribution loads) were
changed into distribution loads by dividing the
total load to the area of the raft.

Finally, the internal forces of the raft in the
piled raft foundation were determined based on
Plaxis [8] and SAP software [9]. A worksheet by

Fig. 1: Distribution of stress under the
foundation in different soils [10]

Excel was also used for the calculation of internal
forces of the raft. Results of the analyses were
presented in diagrams.

Soil stress qult exerted on the raft was deter-
mined by the formula:
qult = cxNc×Fcs×Fcd×Fci+q×Nq×Fqs×

Fqs × Fqd × Fqi + 0.5 × γ × B × Nγ × Fγs ×
Fγd × Fγi(MN/m2) (1)

The total bearing capacity of the raft (qult) was
calculated as
Qultraft = qult ×A(MN) (2)

Where A was the total area of the raft (m2).

III. CASE STUDY

The design method is illustrated for a hypothet-
ical soil profile and the building. Soil properties
were taken from Soc Trang, and the building
was chosen, Vietcombank building (branch in
Soc Trang Province). Table 2 and Table 3 show
the summary of soil properties and loading data
of the case study, respectively. (The building is
located at number 3, Tran Hung Dao Street, Ward
1, Soc Trang City, Soc Trang Province, Viet
Nam).

A. Calculation of the raft

A raft with the dimensions of 35m×19m×1m
(length×width×thickness) was considered. The
stress, at the bottom of the raft, in an undrained
condition was, based on equations (1) and (2)
respectively, about 49.13 kN/m2, and the total
ultimate bearing capacity of the raft was about
30.14 MN.
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Table 1: The coefficient of shape, depth, declination of the foundation below the ground [10]

Table 2: Summary of soil properties [14]

(Legend: c is the cohesion of the material, ϕ is friction angle, γ is volumetric weight of the soil, CH
is clay high plasticity, CL is clay low plasticity.)

Table 3: Summary of effected load (Source:
results from the solution by SAP software)

(Legend: MN was Mega Newton)

B. Calculation of pile
Based on soil data and external loads, the

pile was designed to be 20m in length and 1m

in diameter. The ultimate bearing capacity of a
single pile was, based on conventional solution,
about 2.42MN. If the load sharing by group of
piles was about 75% the total load, the numbers
of piles required for this foundation are about 28.
The piles were distributed among all raft areas as
in Figure 2.
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Fig. 2: Distribution of piles in piled raft foundation (mm)

C. Calculation of piled raft

The internal forces (moment and shear) of the
raft were calculated by dividing the foundation
into piled trips [7]. Figure 3 shows the method
of calculation for internal forces of the raft. From
conventional solutions, the total bearing capacity
of the foundation was about 104.732 MN, and the
uniform load of the building was 0.13583 MPa.
Therefore, the load distributed on the top of each
pile was about 2.42 MN. The average bearing
pressure of the soil applying on the raft was about
0.034 MPa. Thus, a piled strip with 4.75m in
width and 35m in length had a uniform load of
0.1615 MN/m. The average uniform load of the
building distribution on the piled strip was 0.6452
MN/m. Figure 4 shows the simplified model of
piled strip for calculating the internal forces of
the raft in a piled raft foundation.

D. Groundwater pumping condition

Similar to the method of calculation for a
piled raft in normal conditions, this study also
considered the case where the water level was
lowered to an elevation of -20 m. The level of the
water table in normal conditions was at ground
surface.

Groundwater pumping conditions occurred
when construction calls for deep excavation. The
bearing capacity of a single pile was about 3.37
MN, and the group of 28 piles was 94.36 MN.
The unfavourable condition was when the soil
under the raft did not make contact with the raft,
and bearing pressure under the raft was zero. The
load distributed on each pile was about 3.226
MN. Figure 5 presents the simplified model of
a piled strip for calculating the internal forces of
the raft in a piled raft foundation in groundwater
pumping conditions.

IV. RESULTS AND DISCUSSION

The internal forces (moment and shear) of
the raft were calculated by the strip on spring
method [7] which was plotted by Excel. The
results based on Plaxis and SAP programs were
also plotted for comparative purposes. The results
of the analysis were presented from Figures 6
to 17. The moment and shear of the raft in
normal conditions and in groundwater pumping
conditions were shown in Figures 6 to 11 and in
Figures 12 to 17, respectively.
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Fig. 3: Method of calculation for internal forces of raft (mm)

Fig. 4: Simplified model of piled trip for
calculating internal forces of raft (mm)

Fig. 5: Simplified model of piled strip for
calculating internal forces of raft in piled raft

foundation (mm)

For all figures, the horizontal axis (x-axis) was
the length of the strip cutting from the raft, while
the vertical axis (y-axis) was the values of mo-
ment or shear calculating from Plaxis, SAP, and
Excel. The units of horizontal and vertical axes
were meter (m) and Mega Newton multiplied
with meter (MN.m) for moment or Mega Newton

(MN) for shear force.

A. Normal conditions

Fig. 6: Bending moments in x-direction (Plaxis
2D) (MN.m)

Fig. 7: Bending moments in x-direction (Sap
2000) (MN.m)
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Fig. 8: Bending moments in x-direction (Excel) (MN.m)

Bending moment and shear forces of the raft
determined by Plaxis, SAP, and Excel showed
the same results. The bending moment was about
1.51 MN.m and shear force was about 1.21 MN.
It shows that the analytical method of Poulos [7]
was applicable for determining internal forces of
the raft in a piled raft foundation.

Fig. 9: Shear force of raft in x-direction (Plaxis
2D) (MN)

Fig. 10: Shear force of raft in x-direction (SAP
2000) (MN)

B. Groundwater pumping conditions

Fig. 11: Shear force of raft in x-direction
(Excel) (MN)

Fig. 12: Bending moments in x-direction (Plaxis
2D) (MN.m)

In groundwater pumping conditions, both
bending moment and shear forces of the raft
increased. The values of moment and shear force
were about 2.0 MN/m and 1.62 MN respectively.
The method of Poulos [7] was also applied for
this case.
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Fig. 13: Bending moments in x-direction (SAP
2000) (MN.m)

Fig. 14: Bending moments in x-direction
(Excel) (MN.m)

Fig. 15: Shear force of raft in x-direction
(Plaxis 2D) (MN)

Fig. 16: Shear force of raft in x-direction (SAP
2000) (MN)

Fig. 17: Shear force of raft in x-direction
(Excel) (MN)

V. CONCLUSIONS AND
RECOMMENDATION

Based on the results of this study, some con-
clusions were drawn out. The method in which
the piled raft foundation was divided into several
piled strips can be used for determining internal
forces (moment and shear) of raft in piled raft.

In groundwater pumping conditions, internal
forces of the raft were found to increase. There-
fore, the incremental part of internal forces of
the foundation should be considered in design
when groundwater pumping condition occurred
in the project. Internal forces determined by
Plaxis, SAP and Excel showed the same results.
It shows that the analytical method of Poulos [7]
was applicable for determining internal forces of
the raft in a piled raft foundation. Finite element
method can be used to determine the internal
force due to groundwater pumping. It was found
that during the survey, construction designs need
to calculate the lowering level of the groundwater
to consider the possibility of constructing a piled
raft foundation.

Sustainable management strategies should be
developed to deal with groundwater exploitation
by the legal text, and plan to use groundwater
storage reasonably to avoid drawdown. More
research works including experimental tests and
FE analysis for piled raft in ground subsidence
condition are recommended for further research.
The research should also be focused on 4 types
of interaction between raft, piles, and soil which
are of major importance in the behavior of piled
rafts.
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