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Abstract—The shaft-grouted method has been applied on high-
rise buildings in Ho Chi Minh City for the purpose of increasing
the bearing capacity of barrette piles. The Exim Bank Building
foundation, using two kinds of shaft-grouted barrette piles, was
65m (TP1) and 85m (TP2) in depth. To assess the bearing
capacity, this project assembly used the O-cell tools installed at
49m depth below the pile head level. Shaft grouting was
performed from -25m to the TP1 pile toe level and -65m to the
TP2 pile toe level. This work is based on the data from the O-cell
experiments at the construction site and the results of finite
element simulation in Plaxis software. The effectiveness of shaft
grouting was analyzed and the length and position of the ejector
were evaluated and compared in order to find the best solution
for applying shaft grouting with the aim to ensure safety and
mitigate economic problems.
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1. INTRODUCTION

High-rise building foundations in Ho Chi Minh City are
constructed by using bored piles and barrette piles to ensure the
total loads of structures. The shaft resistance using the grouting
method has been reported in [1-3, 7, 8, 11]. Authors in [7]
carried out laboratory tests in sand to find the behavior of
density, soil gradation, and stress on the shaft resistance in
grouting methods. The increase of shaft resistance was
indicated by the low mobility grout. Authors in [2, 3] studied
the bored piles in Ho Chi Minh City. In the results, the shaft
resistance development in bored piles gains maximum
resistance after a movement of only 3mm to 4mm. The
Osterberg test (O-cell test) in principle is exactly the same as
the static compression test, and it is dedicated to bored piles
and barrettes. The testing principle is to apply the load directly
on the pile tip or the pile body using a device called Osterberg
cell. It is quite possible to use the pile load, the lateral soil
friction, and the tip resistance as counterweights to increase the
load. The Osterberg test method will give a result in which the
two curves of load and displacement at the pile tip and pile
head are built independently. The purpose of this paper is to
evaluate the effectiveness of shaft grouting method on the
barrette piles in Ho Chi Minh City and compare it with the no
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shaft-grouted method in order to find the best position to install
the ejector using the Finite Element Method (FEM).

II.  PROJECT INFORMATION

The Eximbank building is located at District 1, Ho Chi
Minh City. It consists of 5 basements and 40 storys with a
construction area of 3518m’. Its design adopts 2 barrette test
piles of 2800x800mm size and 15MN load [3]. The TP1 pile is
65.3m in depth near the borehole no. 2. The TP2 pile is 85.3m
in depth near the borehole no. 8. Their designed to be grouted
lengths are 40m for TP1 and 21m for TP2 respectively from
their upward tips. The geological survey report states the soil
condition at the test piles as follows: soft clay stratum at a
depth of 7m, sandy stratum at the tips at 41m, mixed clay at
52m and finally a dense and very dense sandy stratum. O-Cell
hydraulic jack is installed 16m from the pile tip and
strainometers are installed along its body as shown in Figure 4
of [3]. Figure 1 shows how to install the equipment on the
cross-sectional area of the two piles in which the main 32-dia
steel bar of each pile is joined with the loop reinforcement to its
frame. The total main steel bar area of the pile is 289cm” and
the pile cross-sectional area is 2.24m’. The grout pipe with a
diameter of 60mm is mounted around the perimeter of the steel
frame throughout the length of the pile and 39.7m and 21.2m
lower than the lengths of TP1 and TP2 respectively. The grout
pipe must be perforated to allow the grout to escape and it can
be capped to ensure a secure grouting.
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Fig. 1. Cross section and details of installation equipment for piles.
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III.  PILE LOAD-BEARING ANALYSIS

A. Test Results in Site

The results of the force-displacement relationship curve of
the O-cell test performed on the two test piles TP1 and TP2 can
be seen in Figure 7 of [3]. The force acting on the O-cell is
evaluated and adjusted subjecting to the pile self-load and the
water pressure at the depth of the O-cell placement. After the
duration of holding the maximum load is over, the
displacement values of the lower O-cell are 9.0mm and 5.9mm,
and the pile tip displacement values are 4.6mm and 2.2mm
respectively. The displacement values of the upper O-cell are
6.7mm and 6.9mm and the pile end displacement values are
1.2mm and 0.8mm.

B. FEM Analysis

The determination of the input data for the model is made
on the basis of the correlation equations and empirical
researches [9, 12-14] as follows:

e The Young’s modulus, Esy. is determined from the
drained 3-dimensional (3-D) consolidation test with the
selected chamber pressure level o3 in accordance with the
actual state of the soil profile.

e Drained shear strength parameters are taken from the
drained 3-dimensional consolidation test or as the effective
shear strength values in the undrained 3-D consolidation
test. For the soil profile without the 3-D CU test, CD can be
obtained from the direct shear strength test, but its
reliability is not high. The undrained shear strength
parameter also does not take the friction angle of the ground
soil, ¢, = 0, into account but only the adhesion force of the
soil C,. C, values are obtained through the undrained 3-D
test, the in-situ shear vane test, or the 1-dimensional
unconfined compressive test.

e For dense layers of sand or over-consolidated layers of clay,
the expansion angle y exists. Normally, according to the
instructions of Plaxis software, y = ¢ - 30°. In other cases,
the expansion angle is equal to 0.

The parameters of the Hardening Soil model are determined
directly from the geological survey report test results or from
the correlation equations of the previous researches to obtain
the values summarized in Table L.

TABLE 1. SOIL PARAMETERS IN FEM
...| Layer | Layer | Layer | Layer | Layer | Layer
No. Backfill 1y zy 3y 3{) 4y 6y
Type HS HS HS HS HS HS HS
Yunsat (KN/m*) | 18.56 | 14.61 | 18.42 | 1835 | 19.23 | 20.38 | 19.93
Yo (KN/m®) | 18.80 | 15.59 [ 19.31 | 1921 | 19.94 | 20.66 | 20.62
E™% (kN/m?) | 11210 | 4000 | 18000 | 60000 | 80000 | 95000 | 90000
ref
(15\1 ;n“ldz) 11210 | 4000 | 18000 | 60000 | 80000 | 95000 | 90000
E™, (kN/m?) | 56030 | 20000 | 90000 [250000] 370000 |350000 | 330000
m 0.75 1 0.85 0.5 0.5 0.75 0.6
Va 0.2 0.2 0.2 0.2 0.2 0.2 0.2
c(kN/m>) [ 2241 [ 1377 | 36 4.1 4.1 2184 | 1.7
o© 0 0 48 | 3249 | 3249 0 37.00
y© 0 0 0 2.49 2.49 0 7.00
Riner 0.85 0.7 0.7 | 0.85 0.85 0.85 | 0.85

To make load capacity comparison easier, the 4 used
models in Plaxis 2D software were:

e Model 1: TP1 pile with grouting
e Model 2: TP1 pile without grouting.

e Model 3: TP1 pile with grouting only from -26.3m to
-48.5m.

e Model 4: TP1 pile with grouting only from -48.5m to
-65.5m.

Firstly, the TPl pile with grouting will be simulated,
because it is most similar to the actual observation. After
obtaining its results (note that the load level is gradually
adjusted until failure) the parameters change. Pile TP1 becomes
a non-grouted pile, and also from that model, the set of
parameters change in order to simulate the models 3 and 4 (the
grouting length from -26.3m to -48.5m and -48.5m to -65.5m
respectively). The obtained results are used to draw the
relationship graph of the curve and the load of the four
investigated models. We convert the test load of the Osterberg
method into the conventional static test load using an
equivalent method, from which we have enough basis to
evaluate the increase in the load capacity of the TP1 pile
according to the four different models.

-#-oad-Movement Curve from O-cell Test

—4—P-S Curve Results from FEM Simulation

Movement (mm)

Load (KN)

Fig. 2. Movement and load curves obtained from actual and simulated
observations.

The O-cell upper displacement is 7.44mm/9.82mm on site.
The O-cell lower displacement is -10.08mm/-6.27mm on site.
The total strain of the O-cell is 17.52/16.09mm. This result
from Figure 2 shows that the measured results and the finite
element modeling have high accuracy. However, in terms of
displacement between the upper and lower O-cells, there is an
inversion. The field displacement value is smaller than that of
the Plaxis model, i.e. 7.44/9.82mm. It should be noted that the
lateral friction is enhanced due to the better grouting ability
(regarding the safety issue). For the lower O-cell, in fact, the tip
resistance has not been applied to the load-carrying capacity of
the pile, so the actual displacement is larger than that of the
Plaxis model -10.08/-6.27mm).

IV. DISSCUSION

This analytical model is rather similar to the investigated
field, so the authors take this set of soil parameters to continue
to simulate the remaining models with the condition of
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increasing load until the failure of the pile. The results of
models 1-4 are displayed in Figures 3-6.
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Fig. 3. Model 1. The TP1 pile with grout reaches 305% of maximum load.
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Fig. 4. Model 2. The TP1 pile without grout reaches 255% of maximum
load.
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Fig. 5. Model 3. The TP1 pile with grout from -26.3m to -48.5m reaches

280% of maximum load.
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Fig. 6. Model 4. The TP1 with grout from -48.5m to -65.5m reaches 280%
of maximum load

The ultimate load capacity is determined based on the shape
of the load-displacement relationship curve:

S = f(P), logS = f{logP) (1)

In many cases, it is necessary to combine with other curves
like:

S =fllogt), P = {S/logt) (2)

With the load-displacement relationship curve, the ultimate
load-carrying capacity is determined as follows:

e (Case 1: the P-S relationship curve has a clear bending point.
The ultimate load-carrying capacity is determined directly
on the curve, the load corresponding to the point where the
curve begins to change suddenly or the curve is closely
parallel to the displacement axis.

e (Case 2: the P-S relationship curve changes slowly. It is
quite difficult or impossible to accurately determine the
bending point. The ultimate load-carrying capacity is
determined by different graphical methods.

The analysis and evaluation of the test results by the
Osterberg method are still based on the principles of
conventional static testing, in which the Q-S relationship curve
is an important tool of the quantitative analysis of the load-
carrying capacity of the piles that a mechanical problem
usually covers. The goal of load testing in most cases is not
only to determine the bearing capacity of the pile foundation,
but also to get a more specific view than the one from the
general theory and the calculated results about the interaction
between the pile and the composing ground so that we can
offer more appropriate behaviors in the design of the pile
foundation and in the future construction processing. We can
build a load-settlement curve (similar to a conventional static
compression test curve) in the following way:

At any displacement S, the downward force affecting the
soil is:
Ql=Ql+w,y ()
where Q| is the downward force by the O-cell at the
displacement S and w; is the self-load of the pile from the O-

cell downwards (buoyancy must be taken into account if we are
below the groundwater level).

At the same displacement S, the upward force carried by
the soil is:

Ql=QI-w’)xF 4

where w;’ is the self-load of the pile from the O-cell upwards
(buoyancy must be taken into account if we are below the
groundwater level) and F is the coefficient that takes into
account the difference in the lateral friction between the normal
static compression and the Osterberg compression. With
F = 1.00 for the pile in the rock and F = 0.95 for the pile in the
loose soil.

At the displacement S, the sum of the upward and
downward forces will be subjected by the soil:

P=Ql+Q=Ql+w2’+(Ql-wI)xF (5)
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However, in the case of downward compression, the soil is o0 I—
already partially imposed by the self-load of the pile, so the
applied load at the top of the pile is:
Pe=P-w’'=w’=Ql+(Ql-w)xF-w’ (6) 1500 o pile model with shaft-grouting o
At a load of P, (loading downwards), the settlement of the | e o soreeeey sremerene
pile is S + A8 where the increment Ad refers to the elastic 500 N
COmpreSSiVe Stra]'n Ofthe plle ) —e—Pile model with shaft-grouting \ "\
9000 from -48.5m to -65.5m A \

Repeating the above steps with different positions S, we
can draw a static compression curve corresponding to the data
pair (P, S + Ad). If at a certain position that goes beyond the
range of a curve (for example, the lateral resistance curve of the
pile segment on the jack), we choose one of the following two
solutions:

e Take the upward force as constant (regarded as the extreme
value) and equal to the tested maximum lateral resistance.

e Extrapolating the next segment of the lateral resistance
curve. However, this extrapolation has errors, because if the
pile body is very rough (convex), then the lateral resistance
reaches its ultimate value more slowly. Conversely, the less
convex and concave the pile body is, the faster the lateral
resistance reaches its ultimate value.
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Fig. 7.

Load capacity of the pile in the models 2 and 4.
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Fig. 8. Load capacity of the pile in the models 1 and 3.

From the above analysis, we will convert equivalently the
test results of the Osterberg method into those of the
conventional test method to plot the P-S relationship curve
from the data pair (P,, S +Ad) and then use the graphical
method to determine the load capacity. The results of the shape
of the load-displacement relationship curve are displayed in
Figures 7-9.
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40.00

Fig. 9. Summary of the pile load-carrying capacity of the 4 models.

V. CONCLUSION

Through the experimental study from the O-cells of the TP1
pile in the Eximbank building on the ability to improve the
load-carrying capacity of the lateral walls, the following
conclusions can be drawn:

e Improvement of the bearing capacity of the pile by the
lateral grouting method is highly effective with results of
61.7MN and 41.8MN with and without grout respectively.
The friction performance of the pile body with grouting
increases by 1.48 times. It is different from the previous
studies that we compared the analytical equations and the
field results.

e Grouting of each segment at depths of 22.2m (from
-26.3m to -48.5m) and 16.8m (from -48.5m to -65.3m)
corresponding to the maximum load of 59.2MN and
59.4MN is evaluated as being similar to the load-carrying
capacity. The FEM simulation results show that the bigger
grouting length and the bigger grouting depth will give
higher values of bearing capacity. Simulating grouting in
each segment is very beneficial for the design of allowable
loads, both in terms of safety and cost aspects.

e The FEM (Plaxis) can simulate and evaluate the O-cell and
the lateral grouting tests of piles. This method can be used
for computational correction after the field results are
available for detailed design.
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