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1. Introduction

The pre-planned city of Brasilia,
Brazil's capital, was built to support
the national government and employ-
ees. The Federal District area has also
increased in residents and established
properties. The campus of the Univer-
sity of Brasilia (UnB) is situated within
the city of Brasilia, in an area, most
known as "north wing", due to Brasil-
ia’s airplane shape. This research has
been conducted at the UnB foundation
and in-situ testing research site. Cunha
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Abstract

The Expander Body pile (EB) is a combination of a cast-in-situ pile method with
an inflated, pump-grouted tip. The EB system's pioneering conjunction with the con-
ventional drilling pile technique has improved work load, foundation security, cost
reductions and abrupt displacements in lateritic, porous, unsaturated soils. The aim
of this article is to analyze settlement estimates of bored piles equipped with the Ex-
pander Body System on tropical lateritic soil, using a deformability modulus obtained
from laboratory and field tests. The piles were subjected to compression and uplift load
tests. In addition, the estimates of the pile settlement are compared with the measured
values, and the findings are discussed. The results strongly support that PMT and
SPT tests present the optimal ratios between the measured and estimated settlements
for both bored piles and bored piles with the Expander Body System. It can also be
observed that CPT tests presented reasonable estimates for tensioned piles. Ultimately,
it is verified that straightforward elastic models for the settlement assessment of bored
piles can be used reliably in practice for piles equipped with the Expander Body System
on tropical unsaturated soils.

Keywords: settlement, expander body, bored piles, lateritic soils, load test, displacement.

(2011) describes that given the city of
Brasilia’s distance from major Brazil-
ian cities with already established
foundation practice, design solutions
for the region, together with the unique
conditions of the local tropical subsoil,
must be used solely based on local ex-
pertise. Therefore, the collapsible con-
ditions of Brasilia’s "porous clay" has
motivated researchers and engineering
firms to assess the mechanical behavior
of many foundation types subjected
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to vertical and horizontal loads in the
past several decades. Continuous flight
auger and bored cast-in-situ concrete
piles have been widely adopted in pile
foundation engineering design in the
city of Brasilia by local engineering
firms, due to the local tropical sub-
soil's peculiar conditions (collapsible
and lateritic). Most recently, new
technologies and procedures have been
designed and tested. In this regard, the
use of bored cast-in-situ piles equipped

309



310

Settlement of bored piles with expander body system in lateritic soils

with Expander Body Systems in the
city of Brasilia is a pioneering research
theme in Brazil.

The Expander Body System (EB)
is a bent steel tube 1.2 m wide and 1 to
2 m long, which is inflated (expanded)
by an initial pressure-grouting stage,
discharged over a grouting tube lo-
cated in the rebar as shown in Figure 1.
Distinct models enable expansion to

a diameter of 400 to 800 mm. Grout
pressure and volume are continuously
registered during EB expansion. The
lateral expansion of the EB induces an
EB tube length shortening by almost
0.1 m, displayed as a rising of the EB
bottom-tip. This expansion causes a
soil decompression beneath the EB,
which is compensated by a second
grouting stage of the soil at the pile

tip (Figure 2). The second grouting
stage is discharged to the pile tip over
a distinct grout tube inside the grout
tube employed for the initial grouting
stage (passing the EB inner section).
Usually, the maximum grouting pres-
sure beneath the EB is of the same
magnitude as the EB expansion during
the first grouting phase (Fellenius et al.
2018; Hussain, et al. 2019).

Initial Shape e————) EXpansion Phases s—

The incipient use of this new tech-
nology occurred in activities related to
foundation strengthening according to
Broms and Nord (1985), as the build-
ing infrastructure in Sweden consisted
mostly of wooden piles, which deterio-
rated over the years due to water table
drawdown in the city of Stockholm. The
authors also mention that another com-

Figure 1 - Expander Body expansion in-air.

mon application of the Expander Body
technology was related to its use in soil
retaining structures. The Expander Body
developed in Sweden consisted of a bent
steel balloon with a square cross-section
before its injection and expansion. This
square section develops high-stress
concentrations at the EB bottom end.
In order to mitigate the excessive stress

Final Shape

concentration due to the EB geometry
developed in Sweden, several versions
of the EB have been developed. After
multiple prototypes and tests, the model
shown in Figure 1 was designed. A post-
grouting feature was also added to fill
the decompressed region and enhance
bonding between the expansive body
and the surrounding soil.

Decompressed region due to the

EB shortening during 1% phase

grouting (EB expansion) is then
~  filled with pressurized grout

Figure 2 - Post-grouting stage after Expander Body expansion.

Pile settlement is one of the most
critical requirements on foundation
analysis and design. Pile settlement
estimates are usually performed by
using elastic models associated with
deformability modulus obtained from
laboratory and in-situ tests during
the design stage. The Expander Body
System has been extensively studied
with different pile types in Bolivia,
which present a predominant sandy
subsoil. Terceros and Massarsch
(2014) evidence that more than 3000
pile foundation elements equipped

with Expander Body technology
have already been installed in 35
different engineering projects such
as bulk silos, industrial facilities,
residential buildings and bridges in
Bolivia. Many other countries, such
as Sweden, Norway, Germany, Ja-
pan, Paraguay, Peru, United States
of America, South Korea and now
Brazil, have implemented this building
technology as a viable pile foundation
solution. Pile settlement improvement
due to the installation of this system
in predominantly granular soils has
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been verified by many researchers
(Broms and Nord, 1985; Fellenius and
Terceros, 2014; Terceros and Mas-
sarsch, 2014; Fellenius et al. 2018).
On the other hand, previous research
has failed to address pile settlement
improvement (significant abrupt dis-
placements decrease) regarding the in-
stallation of Expander Body Systems
on bored piles in lateritic and tropical
soils, which are the most common soil
types in Brazil. This article seeks to
evaluate settlement estimates of bored
piles equipped with the Expander



Body System on tropical lateritic soil,

using a deformability modulus ob-
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tained from laboratory and field tests.

2. Bored cast-in-situ piles equipped with EB technology installation technique

Diverse methods can be employed
to build bored cast-in-situ piles. The
principle is essentially the same; there
is, however, a slight variation between
these approaches. Pile drilling excava-
tion is usually performed utilizing a
percussive or rotary method with the
use of permanent or temporary casing
or drilling mud. Once design depth is

1 - Pile drilling

reached, the drilling process is ceased.
The reinforcement cage is placed, and
the borehole is then filled with con-
crete. The installation procedure of
bored cast-in-situ piles equipped with
Expander Body technology follows
a similar approach. Figure 3 depicts
the installation procedure of bored
cast-in-situ pile equipped with the Ex-

2 - EB installation + rebar
placement + concrete pouring

3- EB expansion

4- EB expansion cessation

5- EB second-phase grouting

pander Body System. The Expander
Body's pre-loading effect decreases
specifically required deformations
to mobilize toe resistance when
compared to traditional bored piles.
Load tests indicate that bored piles
equipped with EB technology behave
similarly to driven piles (Terceros and
Massarsch, 2014).

Figure 3 - Bored cast-in-situ piles equipped with EB system installation technique.

The installation procedure of bored
piles equipped with EB technology can be
divided into five steps (Figure 3). Initially,
pile drilling is carried out. Secondly, the
EB is placed at design depth along with
the reinforcement bar, and then, concrete
is poured into the borehole. The next step

3. Materials and methods

The Federal District is limited in
the south by the 16°03' parallel and
in the north by the 15°30" parallel,
presenting a 5814 km? total area. The
UnB geotechnical group's research
site has already been thoroughly re-
searched and presented in literature
(Cunha et al. 1999; Cunha, 2011).
Different piling techniques were per-
formed in this research site; besides
that, those piles were horizontally and
vertically loaded. Moreover, many
laboratory and in-situ tests have been
carried out on this site. Block samples
were collected, transported to the
laboratory in order to conduct triaxial,
direct shear, oedometer and regular

consists of an initial grout phase, deliv-
ered through a hollow schedule tube (EB
expansion). After EB expansion ceases,
the second-phase grout step is carried
out, so that the decompressed region (pile
tip) is filled with pressurized grout. Both
injection pressure and volume are continu-

characterization tests. The soil stra-
tigraphy varies between clay, silt, and
silty sand in the upper portion of this
region. The occurrence of large areas
(more than 80% of the Federal District
area) covered by a tertiary-quaternary
age weathered laterite is typical. This
lateritic soil has undergone extensive
leaching and presents a variable thick-
ness ranging from a few centimeters to
about 40 meters.

An in-situ and laboratory re-
search campaign was conducted at
the site to assist the foundation testing
program. Standard penetration tests
were performed according to ABNT
(2001), using a manual hammer. Cone
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ously monitored using mortar pump and
pressure gauge. This equipment not only
provides adequate monitoring of the EB
expansion but also provides pressure x
volume charts. The Expander Body ef-
fective diameter (¢,,) is determined from
calibrations curves for each EB model.

penetration tests (CPT) were carried
out according to ASTM (2007a) and
Menard pressuremeter tests were con-
ducted according to ASTM (2007b).
Figure 5 displays a typical stress-strain
curve, as well as the fitting approach
technique proposed by Fontaine et al.
(2005) for PMT test interpretation.
The soil stratigraphy, average SPT
blow counts, CPT tip resistance and
lateral sleeve friction for each soil layer
are depicted in Figure 4. SPT efficiency
was not measured during its perfor-
mance. The simplified soil stratigra-
phy is characterized by a superficial
lateritic layer overtopping a transition
zone, and a saprolite originated of the
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region's native rock.

Previous triaxial tests on block
samples were performed at depths of
3 m, 6 m, and 9 m. Initial modulus
(E) and tangent modulus at 50% of
the failure stress (E50) were acquired
performing CD tests at cell pressures
of 50,100, and 200 kPa on each depth.
A weighted average of these values
was adopted according to the stress
conditions, obtaining the following
values E =7.3 MPa,and E, = 4.1 MPa.
Bored cast-in-situ piles were installed
with concrete of a uniaxial strength of

0.0

6.0
E
-
o 80
()
o Reddish Sandy Silt
Transition layer
10.0

0
Notation:

about 20 GPa. The test setup adopted
for conducting the pile load tests
was in accordance with the Brazilian
Standard ABNT NBR 12131 (2006).
Static load tests were carried out in
ten load stages corresponding to ap-
proximately 20% of the pile work
load, as shown in Table 1. The load
must be maintained at each load stage
until the displacement stabilization
has occurred and at least for 30 min.
Displacement stabilization is attended
when the difference between two
consecutive readings corresponds to

a maximum of 5% at each load stage
(ABNT, 2006). The loading stages
increased until a distinct plugging
failure load was obtained. Seven bored
cast-in-situ piles were excavated with
a rotating auger at the University of
Brasilia experimental site displayed
in Figure 4, in which four consist of
bored cast-in-situ piles equipped with
EB technology and the other three
being conventional bored cast-in-situ
piles. More details regarding the pile's
geometric characteristics are shown
in Table 1.

Average soil parameters for each layer

Nger: 3 w;:40% v, 14.4 KN/m?
q.:0.87 MPa Ww;:29% Gq: 2.64
f:0.05MPa Pl:11%  E: 0.90 MPa
e:1.35 w: 28% E: 1.75 MPa
n: 57.2% S:56%  USCS: SM
Ner: 16 n:49.4% w: 28%  E, 29 MPa
G, e Sl
[ SRS
0)) yn 7171 kN/me PI: 11% USCS:ML  £:0.18 MPa
(() ser: 25 n:50.4%w: 32%  Eo 7.9MPa
D |EE umee Sine
(((ﬁ))) 1 17.9 KN/m® PI: 179 USCS: ML f;: 0.22 MPa
Ngor: 29 W 37% W:33% v 18.4 kN/m®
8-1'2135 W, 26% S:88% Q. 4.52MPa
n:529%  Pl:11% USCS:ML f;:0.23 MPa

v.: Bulk Unit Weight ;S: Saturation Degree ; e: Void ratio; n: Porosity; G: Specific gravity;w: water content;

Nger: SPT blow count; g.: Cone tip resistance:f,: Sleeve friction resistance; E;: Initial tangent modulus;

E,,: Secant modulus;w,: Liquid limit;w,: Plasticity limit;PI: Plasticity index; USCS: Unified Soil Classification System;
Figure 4 - Typical soil profile at the UnB research site.
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Figure 5 - Example PMT test result and analytical fitting analysis.

A system comprising reaction beam,
reaction piles, hydraulic jack, loading
platform and calibrated load cell was ad-
opted in order to apply load. The distance
between reaction piles was at least that of
three pile diameters. Mechanically bored,

cast-in-place piles with and without the
Expander Body System were subjected to
both compression (Figure 6) and uplift
load tests (Figure 7). The Brazilian Stan-
dard ABNT NBR 12131 (2006) states
that pile load tests can be performed in
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four different conditions: slow main-
tained load, quick maintained load,
combined load and cyclic load test. In
this research, all piles were subjected
to slow maintained load tests as shown
in Table 1.
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Table 1 - Pile geometric characteristics, load type and velocity.

Test Pile ¢ (m) Py (M) Load condition Load increment (kN) Load Type
BPC-8.8 0.30 - Slow maintained 55 Compression
EBC-8.8 0.30 0.6 Slow maintained 100 Compression
BPC-10 0.30 - Slow maintained 70 Compression
EBC-10 0.30 0.6 Slow maintained 120 Compression
BPU-10 0.25 - Slow maintained 68 Uplift
EBU-10 0.25 0.6 Slow maintained 98 Uplift
EBU-8 0.25 0.6 Slow maintained 63 Uplift

Note: BPC = Bored Pile subjected to compression load; EBC = Bored pile with Expander Body System subjected to compression load; BPU = Bored Pile
subjected to uplift load; EBU = Bored pile with Expander Body System subjected to uplift load.
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(1)Reaction frame (8)Hydraulic jack
(2)Reaction anchor (@)Load cell
(3)Reaction pile A0 Transition frame
(#)Reaction frame support @)Expander Body
(5)Reference beam @2steel bearing plate
(6)Dial gauge A3EB 1* phase grout tube
(@) Test pile A4EB 2™ phase grout tube

Figure 6 - End view of compression pile load test set-up.
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(1)Reaction frame (DHydraulic jack
(2)Reaction anchor Load cell

(3)Reaction frame support (9Expander Body
(@)Reference beam A0steel bearing plate
(5)Dial gauge A1)EB 1* phase grout tube
(®Test pile A2Locking sleeve

Figure 7 - End view of uplift pile load test set-up.
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Stewart et al. (2011) infer that the
sand correlations vary greatly, depending
on the sand deposit's stress history and
age. The soil dates back to the Tertiary-
Quaternary period and is aged. The water
table is located beneath the pile embed-
ment depth, and due to differences in the
soil suction, the soil is overconsolidated to
some extent. Techniques and correlations
to obtain E values using in-situ data for
each depth are presented in Table 2. The
deformability modulus values obtained
for each in-situ test were then employed
in the Poulos and Davis (1980) solution to
estimate settlement. It is essential to note

the EB expansion gives a pressure-vol-
ume curve, similar to the one obtained in
a PMT test. The pressure-volume curve
represents the soil behavior at the pile
toe, in which, a deformability modulus
can be obtained from the Expander
Body expansion curve (pressure-volume).
Poulos (1998) proposed a correlation
between the deformability modulus and
N, blow counts along and beneath pile
toe as 3 N, (MPa), where N, is the
number of blows in an SPT for a 0.3
m displacement. Estimates based on
qc values to obtain the deformability
modulus vary between 6 to 10 qc, how-

ever, Robertson and Campanella (1988)
indicate 8qc as the correlation value,
where q_ is the cone tip resistance. After
standard adjustments, the PMT data
was plotted and the curve adjusted using
Cunha's (1996) proposed methodology
and cavity expansion model. Fontaine
et al. (2005) later modified this original
model for cohesive-frictional materials,
and this revised version is the model
used here. Many soil parameters were
thus incorporated into their model and
adjusted to match the PMT field curve,
obtaining deformability modulus values
for each test.

Table 2 - Deformability modulus correlations for each test type.

Test Reference Formulation
SPT Poulos (1998) E=3 N,
CPT Robertson e Campanella (1988) E=8q,
PMT Fontaine etal. (2005) Curve fitting
Laboratory Triaxial CD EandE
EB Sadud etal. (2015) E=2(T+v). (v, +v.) . (Ap/Av)

The in-situ tests measurement
values (N, q_, P, ) varied with
depth, but a weighted average was

adopted (the extreme values were
neglected). Moreover, a deformability
modulus was obtained for each test

SE-H,
i=1
> H
i=1

E=

using the correlations presented in
Table 2, as well as using the following
equation:

Where: H, is the ith soil layer thickness; E, is the ith soil layer deformability modulus.

4. Results and discussions

Seven load tests were carried out in
February 2018 (wet season). Table 3 pres-
ents the maximum load and displacements
recorded during the load tests. The piles

were loaded until a plugging failure load
was verified. It is worth to mention that the
final diameter of the EB model employed
in this research is of 0.6 m. The load-

Table 3 - Pile characteristics and load test results.

settlement plots are presented in Figure 8.
Figure 9 presents the recorded grout volume
and pressure during EB expansion and also
the second-phase grouting at the pile toe.

Pile ¢ (m) L(m) Load Type o (mm) P . (kN)
BPC-8.8 0.30 8.8 Compression 231 560
EBC-8.8 0.30 8.8 Compression 66.5 1000
BPC-10 0.30 10.0 Compression 50,0 700
EBC-10 0.30 10.0 Compression 52.2 1200
BPU-10 0.25 10.0 Uplift 56.9 680
EBU-10 0.25 10.0 Uplift 54.8 1000

EBU-8 0.25 8.0 Uplift 57.8 640

Note: BPC = Bored Pile subjected to compression load; EBC = Bored pile with Expander Body System subjected to compression load; BPU = Bored Pile

subjected to uplift load; EBU = Bored pile with Expander Body System subjected to uplift load.
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Load (kN) Load (kN)
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200 1400
0 0
fg 10 -0-BPC-8.8 ’E‘ 10 1
£ 20 AEBC-88 £ 20
g 30 § 30
S 40 8 40 1
< <
5 50 "2 50 1 -0-BPC- 10
A 60 8 60 T AEBC- 10
70 70 -
Load (kN) Load (kN)
0 200 400 600 800 1000 1200 0 200 400 600 800
0 0 } — |
-0-BPU - 10
2 107 +BBU-10 & °
£ 20 £ 20
g 30 A :g 30
g 40 - § 40
504, . ‘a0
e N S
70 70
Figure 8 - Load-displacements curves.
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In addition, the deformability modu-
lus values obtained for each in-situ test
were then used in the Poulos and Davis
(1980) solution to predict pile settlement.
Pile displacements obtained in load tests
were then compared to estimated values.
The Poulos and Davis (1980) influence
factor (I ) is directly affected by the B /B
ratio, which is the ratio between the pile

Figure 9 - Pressure -Volume records.

base diameter (B,) and the pile shaft di-
ameter (B). In this research, the Bb/B ratio
displays a value of about 2 for bored piles
equipped with the EB technology, since
the expanded EB diameter is around 0,6
m, while pile shaft diameter for compres-
sion and uplift piles are 0.3 and 0.25 m,
respectively. Therefore, higher B, /B ratios
lead to slightly smaller settlement predic-

REM, Int. Eng, J., Ouro Preto, 74(3), 309-318, jul. sep. | 2021

tions for any given L/B ratio compared
to smaller B,/B ratios, which is the case
of conventional bored cast-in-situ piles
(B,/B ratio = 1). The rigidity factor (K) is
also influenced by the pile tip area, which
directly impacts soil Poisson's ratio (R ),
pile compressibility (R, ) and tip correction
(R,) coefficients. Higher rigidity factor (K)
values result in smaller settlement predic-
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tions. Therefore, pile settlement estimates
for piles equipped with the EB technology
will be lesser than conventional bored
cast-in-situ piles. The Poulos and Davis
(1980) method accounts for the pile stiff-
ness in its rigidity factor (K), as this factor
is directly proportional to the pile stiffness
(elasticity modulus), therefore, the higher
the pile stiffness, the higher is the rigidity
factor. A 20 MPa pile stiffness value was
obtained in concrete uniaxial compression
tests. This pile stiffness value was adopted
for all test piles in this research.

Table 4 shows the predicted values
to the reference values ratio, as well as the
work loads and respective settlements for
this load. Settlement ratios for distinct
field and laboratory tests are displayed
in Figure 10. The employed elastic model

allowed a straightforward settlement
estimate comparison. PMT and SPT
deformability modulus values provide
the most suitable pile settlement estimate
when analyzing the piles subjected to a
compression load. However, for the ten-
sioned piles, the CPT and PMT modulus
values present the most exceptional
estimates of pile displacements, despite
underestimating the displacements of piles
EBU -8 and EBU - 10. The deformability
modulus obtained using laboratory (E,
and E ) and EB (using pressure-volume
chart) values considerably overestimate
pile displacements. In addition, it can be
observed that laboratory (E and E_)) and
EB (using pressure-volume chart) pile
displacement ratio values significantly
diverge from a reasonable settlement

Table 4 - Measured and predicted settlements.

estimation zone comprehended by the
+20% margin range. On the other hand,
only SPT, CPT, and PMT modulus values
result in reasonable pile displacement esti-
mates that fit the £20% margin range. It
is essential to highlight the fact that only
settlement ratio values below to five were
presented in Figure 10.

The loose debris effect beneath pile
base plays a vital role in bored cast-in-situ
pile settlement. However, Poulos and Da-
vis (1980) do not account for that effect.
Nevertheless, this can be one reason that
elucidates lower measured displacements
in bored cast-in-situ piles equipped with
the Expander Body Technology compared
to conventional bored cast-in-situ piles
in compression load tests, as shown in
Figure 8.

Pile Q. (kN) L (mm) catctaced ! Ormeasured

SPT CPT PMT Lab-E Lab-E EB
BPC-8.8 280 1.4 2.0 2.4 1.7 4.6 8.1 -
EBC-8.8 510 2.9 1.0 1.9 1.4 3.5 6.3 3.0
BPC-10 350 1.2 2.9 3.5 2.2 6.8 121 -
EBC-10 610 2.2 1.5 3.0 2.0 5.4 9.7 7.4
BPU-10 345 2.6 1.1 1.3 1.0 2.6 4.6 -
EBU-10 495 4.4 0.5 0.9 0.7 1.8 3.3 3.4
EBU-8 320 3.2 0.5 1.0 0.6 1.6 2.9 2.6

Poulos and Davis (1980) describe
that the base diameter increase leads to
greater loads carried by the pile tip and for
piles with low L/D values (L/D < 15), base
enlargement results in settlement decrease,
i.e., is most useful for short piles. The slen-
der the pile (increasing L/D), the greater

the load transferred by the pile shaft to
the soil, resulting in the pile top settlement
decrease in comparison with the pile move-
ment acting as a single column. Therefore,
the Expander Body System installation at
low L/D ratios may adversely affect the
shaft resistance mobilization in the lower

ABPC-88 AEBC-88

pile segment just above the enlarged base.
However, for slender piles (L/D > 20) this
effect might become negligible. Since the
piles in this research present L/D ratios
between 30 and 40, load-settlement behav-
ior and soil deformability modulus values
reliability might be hardly affected.

®BPC-10 OEBC- 10 A |
EBPU-10 OEBU-10
41 ©EBU-8
o
° = o o
o
(og?) 1 [} O 0 A
i | <o
3 A
:‘;2 b A A 8
3 A o
i AR Rl EARARSORET - ¥ REL e N L My o e g A L A
1 +—A & -
08 = === M- B e
o]
0
SPT CPT PMT  Lab-Ei Lab-E50 EB

Figure 10 - Settlement ratio for diverse in-situ and laboratory tests.

Pile settlement estimates using the
deformability modulus obtained from
PMT presented the best displacement
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prediction performance overall when
evaluating both compressed and tensioned
piles. The PMT and the Expander Body

| 2021

presents significant similarity in their
in-situ installation and execution proce-
dure, providing a pressure-volume curve



after expansion. This fact might explain
the reason that the PMT deformability
modulus displayed the best displacement
estimates, besides the least soil disturbance
when compared to other in-situ tests. The
EB expansion monitoring is, in reality, an
in-situ soil test, since the EB behaves simi-
lar to a pressuremeter (PMT). Therefore,
soil conditions (compactness in coarse-
grained soils and consistency in fine soils)
before EB expansion at the pile toe can be
analyzed from the initial portion of the
pressure-volume curve. The shape of the
curve depends upon the soil's geotechni-
cal conditions (stiffness, strength, and iz
situ stress).

The SPT is designed to measure soil
resistance regarding a standard penetra-
tion sampler blow; therefore, it can be
speculated that this in-situ test presents
limitations in correlations with other
properties, such as the soil deformability
module. In particular, it is acknowledged
that N, values are insensitive to soil
stress history, while the deformability
modulus presents a reasonable sensitivity
to a deformation modulus, which can
consequently lead to an appreciable disper-
sion in the relationship between N, and
deformability modulus (E). Despite this,
the SPT correlation with deformability

5. Conclusions

This article emphasized the use of
the Expander Body System to improve
abrupt displacements observed in later-
itic, porous, unsaturated soils, as well
as settlement estimate evaluation using
field and laboratory tests parameters.

The use of the Expander Body Sys-
tem in conventional bored cast-in-place
has presented not only larger bearing
pile capacity, but also smaller pile dis-
placements for both compression and
uplift loads, demonstrating the poten-
tial that this innovative system has for
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