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Helical piles with cement injection: a case study in Para, Brazil
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ABSTRACT: Helical piles have been used frequently as foundations of guyed towers in Brazilian transmission lines, mainly to resist
uplift loads. However, the uplift response of helical piles is affected by the soil disturbance caused by the installation procedure. This
type of pile is screwed into the ground by the application of torque at the top of the shaft via hydraulic motor. During installation, the
penetration of the pile helices displace material causing disturbance to the soil, as observed by different authors. The use of cement
injection (through holes at the pile shaft) were evaluated in few previous experimental studies to minimize the installation effect on the
helical pile uplift behavior, by improving the soil above the helices. To validate this technique, field loading tests on injected helical
piles in different soil conditions are necessary. Therefore, the current work examined the use of cement injection to improve the tensile
responses of helical piles installed at two different sites in Para state, Brazil. For this evaluation, eight four-helix piles were installed
and tested and the results show that the studied injection procedure improved the uplift capacity and the load-displacement performance

of the tested helical piles.

KEYWORDS: Helical pile, uplift capacity, soil improvement, cement injection, full-scale pile load tests.

1 INTRODUCTION

Brazil, the largest country in South America, has hydroelectric
energy as its main source of energy (EPE, 2018). The generating
units are located far from consumer centers (urban centers), what
still demands an extensive number of transmission lines to flow the
energy production (currently, a total of 170 thousand km of
transmission lines, located in all regions of the country).

Helical piles have been used in other countries for over 170
years. In Brazil, the use of this type of pile has increased
considerably in the last 25 years, mostly as foundations of
transmission line towers (self-supporting and guyed towers) to
resist tensile and compressive loads.

Despite the advantages of this type of foundation, there are
some aspects that should be considered for the prediction of its
uplift capacity. For example, the installation process of multi-helix
piles can cause changes in the soil crossed by the helices, affecting
the mechanical properties of the soil and the uplift capacity of these
piles (KANALI 2007; TSUHA et al., 2016; SANTOS FILHO, 2014;
LUTENEGGER and TSUHA, 2015).

For some sites with thick layers of soils of low capacity, the use
of helical piles can be economically unfeasible as it will be
necessary to install the pile at great depths (SANCHEZ, 2014;
SANTOS FILHO, 2019; SANTOS FILHO e TSUHA, 2020;
SANTOS FILHO et al., 2023); and 3). Additionally, in sites with
thin layer of soil with low capacity above the rock (when the pile is
not able penetrate the rock) (SANTOS FILHO, 2019; SANTOS
FILHO e TSUHA, 2020; SANTOS FILHO et al., 2023). For these
cases of unfavorable sites for self-supporting towers, in which the
allowable displacement of the foundations is lower compared to the
values accepted for guyed towers, the use of conventional helical
piles can be not appropriate (SANTOS FILHO, 2019).

Santos Filho (2019) emphasizes that even in favorable sites for
the use of conventional helical piles, using the typical installation
equipment used in Brazil, the maximum tensile load capacity is
limited to approximately 900 kN, due to the maximum torque of the
installation equipment.

To allow the use of helical piles in sites with unfavorable
conditions mentioned above, Santos Filho (2019) developed two
different procedures for injecting cement slurry in the soil region
above the helices of the piles: a) sealing system that allows injection
of cement through injection holes in the shaft body and b) using an
inflatable packer to improve the performance of the reinforced zone
in the region of the helices.

This paper presents an experimental study carried out to
evaluate the performance of helical piles with cement injection
(according to Santos Filho, 2014) to be used as foundations of self-
supporting energy transmission towers, considering the soil
characteristics of two sites in the Northern region of Brazil, where
a 500 kV transmission line will be built. Additionally, this work
aims to compare the behavior of injected helical piles with
inflatable packer (INJ-S) with conventional ones (without injection
- REF) submitted to tensile loads.

2 TEST SITES

The present experimental study was carried out at two different
experimental sites (sites 1 and 2), both located in the city of
Barcarena, Pard state, Northern Brazil. The city of Barcarena is
approximately 40 km away from the city of Belém (Figure 1).
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Figure 1. Location of the test sites — Barcarena, Para, Brazil.

Sites 1 and 2 are 22.8 km apart and were selected for the current
experimental study, as they are close to the 500 kV Vila do Conde
— Marituba transmission line, where self-supporting towers would
be built. Furthermore, this Brazilian transmission line has the
peculiarity of being entirely composed of self-supporting towers, a
total of 112 towers along 57.8 km, which crosses 4 different cities
in the state of Para.

Soil investigation were carried out in these sites based on
standard penetration tests (SPT test). The SPT tests are performed
according ABNT NBR 6484 (2001) and the results are presented in
Tables 1 and 2. The visual and tactile inspections of the soil samples
from the SPT boreholes indicate that there are significant
differences between the soil layers at sites 1 and 2.

As presented in Table 2, the soil profile of site 1 corresponds to
an unsaturated tropical lateritic soil profile with the occurrence of
laterites observed along the entire investigated profile, and the
groundwater table was not found in the borehole during
investigations.

Table 1. Soil investigation results. Site 1 — test SP1/1.

Penetration test

Depth (Hammer SPT Soil layers
(m) blows/penetration ever 15
cm)
! ! 2 2 4 Soft sand
2 2 2 5
3 8 9 6 15
4 2 3 3 6 Compact sand
5 5 7 8 15 with laterite
fragments
6 3 8 11 19
7 8 18 23 41
3 9 13 27 40 Hard silty sandy
clay with laterite
9 21 10/3 - 10/3

fragments
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the profile and, The groundwater table was found at 0.12 m deep in
this site.

Table 2. Preliminary geotechnical investigation results. Site 2 —test SP 24/1.

Penetration NSPT
Depth (m)  (blows/penetration in (blows/30cm) Soil layers
cm)
1 - - - -
2 - - - - Very soft clay
3 1/58 - - -
4 1/28 1/27 - 1/27
5 1/25 1/17 1/16 2/33
soft to medium
6 2/17 2 3 5 clayey sand
7 4 3 7 15 with quartz
fragments
8 2 3 4 7
9 5 5 4 9
10 1 2 2 4 Soft clay

*Superficial water table was found at 0.12 cm depth.

3 HELICAL PILES AND TESTING PROGRAM

To evaluated the gain in performance by using cement injection in
helical piles, eight identical four-helix piles (four conventional
helical piles and four injected helical piles) were installed and tested
in two different sites at Pard state, Brazil.

3.1  Helical piles configuration

Helical piles are composed of a guide section and extensions,
installed by rotation into the ground. The connection between the
extension tubes are made using three M22 x 150 screws (ISO 4016
class 8.8 steel). The pile installation is completed when a minimum
installation torque, specified in the project, is achieved.

The helical piles tested in this study were manufactured by the
Vercon Industrial LTDA, with helical plates of different diameters
(tapered arrangement with increasing diameters of 254-305-356-
356 mm from the bottom to the top helix) and spaced three
diameters apart along the pile shaft. Table 3 presents the
characteristics of the helical piles tested in this study.

Table 3. Characteristics of helical piles tested in this study.
Extension Instalation

Helical Pile tubes diameter torque Minimum
. embedded
type and thickness (kN.m)
length (m)
(mm)
Conventional 10.8 and 14.9
With cement 101.6x 7.1 10.8 49

injection

*No water table was found.

For the site 2, the results in Table 2 indicate the occurrence of
soils with low capacity. From this test the occurrence of 3 layers of
soil was identified up to a maximum depth of 10 m, with layers of
clay of soft to very soft consistency (initial layer approximately 3.5
m thick), followed by a layer of clayey sand up to 9.5 m depth in

In the case of piles with cement injection (non-conventional
helical piles), the guide section contains holes drilled along the shaft
above the helices, as illustrated in Figure 2. Additionally, sealing
devices were used in these piles on the bolted connections of the
extensions, to prevent loss of cement slurry. The conventional
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helical piles were fabricated with the same configuration shown in
Figure 4.
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Figure 2. Guide section of helical piles with cement injection. Dimensions
in millimeters.
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All piles were installed vertically with measurements of
installation torque registered every 0.5 m of pile penetration into the
ground. For all injected helical piles, inflatable packers (Figure 3b),
proposed by Santos Filho (2019) and Santos Filho and Tsuha (2020),
were installed in the shaft as indicated in Figure 3a.

Inflatable packer
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Figure 3. Hehcal pile with an inflatable packer: a) pile installation, b) detai
Is of the inflatabl packer developed by Sanos Filho (2019).

The inflatable packer (Figure 3) was used to improve the
reinforced soil zone in the region of the helices. This device is
installed in section of pile extension and consist of a cylindrical
rubber membrane (thickness of 10 mm) with internal diameter
equal to the external pile shaft diameter. More details of this device
are provided in Santos Filho and Tsuha (2020).

At the end of the installation of each pile, if the minimum
torque and installed length criteria were met, the injection
procedure is initiated. The cement slurry consisted of a mixture of
Portland-pozzolan cement and water, with a water/cement mass
ratio equal to 0.5, as proposed in the Brazilian standard for ties
anchored in soil in ABNT NBR-5629 (ABNT 2018b), and was
prepared in a blender and injected using a piston pump.

The chemical, physical and mechanical requirements of the
pozzolanic Portland cement CP IV 32 (equivalent to ASTM IP —
Portland Pozzolan Cement) used in this work, which has in its
composition from 15% to 50% pozzolanic material, are detailed in
the Brazilian standard ABNT NBR-16697 (ABNT 2018a). The
volume of cement injected in the four helical piles is presented in
Table 4.

Table 4. Injection data of the helical piles.

. Injected
Maximum volume
Pile injection pressure
(KN/m2) (50 kg bags of

cement )
INJ-S-01-4H-101-T 588.4 4
INJ-S-02-4H-101-T 490.3 4
INJ-S-01-4H-101-T* 588.4 5
INJ-S-02-4H-101-T* 588.4 4

3.1 Tensile static load tests

Eight helical piles were tested in tension, in accordance with quick
test procedure of ASTM D3689 (2007), ASTM D1143 (2007) and
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ABNT NBR 16903 (2020). For comparison purposes, the results of
the load tests on the conventional helical piles are presented with
the results of the injected piles.

For the tests, the axial tensile load was applied by a hydraulic
jack attached to a test frame (Figure 4) in increments of 10% of the
predicted pile failure load (290 kN) in 5 min intervals, in
accordance with the quick test procedure of ASTM D3689 (2007)
and ASTM D1143 (2007). For the tensile load tests, the load test
setup (reaction beam supported by wood cribbing) illustrated in
Figure 4a was used.

In all tests, the tensile load was recorded using a digital load
cell (maximum capacity of 1000 kN) and the pile head displacement
was monitored using two supported dial gauges (0.01 mm accuracy,
50 mm travel), showed in Figure 4b.

As presented in Figure 4, the reaction system consisted of a
beam supported by wooden cribbings. The distance from the axis
of the tested pile to the reaction supports was 3 times the diameter
of the pile (3 x 14 x 0.0254 = 1.07 m) or 1.50 m, at least.

Hydraulic
iack

Dial gauges

)
Reference
®  beam

Figure 4. Tensile load test on helical pilé; with cement injection: a) test co
nfiguration, b) dial gauges for displacement measurements.

The tensile load tests on the helical piles with cement injection,
were performed seven days after the cement injection procedure.
This time period is the minimum waiting time recommended by the
Brazilian standard ABNT NBR-5629 (ABNT 2018b) for loading
tests on ties anchored in soil that using conventional cement for
injection. In the other hand, for conventional helical piles, the
tensile load tests were performed just after installation process.

In both tests, in injected or conventional piles, the static load
test started with an initial pre-load of 20% of the predicted pile
uplift capacity. This preload was maintained during five minutes
and the displacement measurements of pile head were assumed as
the initial reference (zero value). The other load increments were
executed with 10% of total load and without pile head
displacements stabilization. Furthermore, all test were performed
with two cycles of load. When the maximum test load was reached,
unloading was carried out in five stages (20% of total load). Each
unloading stage was maintained for five minutes, with the
respective displacements being read at the end of each stage;
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4 RESULTS

Considering the two experimental siteslocated in the state of Para
(northern region of Brazil), four helical piles were installed at each
site (two conventional piles — REF, and two piles with cement grout
injection — INJ-S). Figures 5 and 6 show the results of installation
torque of all piles tested in this study.

Torque (kN.m)
0 5 10 15

0
~——8—— REF-01-4H-101-T
1 —&— REF-02-4H-101-T
5 — B — INJ-S-01-4H-101-T
- @ = INJ-S-02-4H-101-T
3
4
g 5
S 6
=%
U
(]
8 o~
I 5]
9
10
11
12

Figure 5. Torque results of helical piles installed at the site 1.
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Figure 6. Torque results of helical piles installed at the site 2.
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Table 5 presents the results of the average final torque of the
piles installed in the sites 1 and 2. The average values were recorded
during the last 1 m of piles installation. The piles installed at the site
2 presented a final length approximately 50% longer compared to
the piles of site 1. The load-displacement curves of the tested helical
piles are presented in Figures 7 and 8

Table 5. Results of final average installation torque.

Average final

Area Helical Pile torque (kN.m)
REF-01-4H-101-T 10.03
Site 1 REF-02-4H-101-T 10.10
INJ-S-01-4H-101-T 10.64
INJ-S-02-4H-101-T 8.88
REF-01-4H-101-T* 14.30
. REF-02-4H-101-T* 13.22
Site 2
INJ-S-01-4H-101-T* 9.02
INJ-S-02-4H-101-T* 8.34
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Figure 7. Load-displacement curves of helical piles of site 1.
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Figure 8. Load-displacement curves of helical piles of site 2.
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The results presented in Figure 7 (site 1) show the gain in pile
uplift capacity and improvement of the load-displacement
performance of the injected piles compared to the conventional
piles, both installed with similar final torque. The results indicate
that the cement injection provided average increase of 41% in
tension load capacity.

The results of Figure 8 (site 2) also indicate the advantage of
cement injection procedure. In this case, the injected piles where
installed with lower final torque (with the helices in a soil of lower
capacity) and provided similar results of pile capacity and load-
displacement performance compared to the conventional piles. The
injected piles (INJ-S-01-4H-101-T* and INJ-S-02-4H-101-T*) were
installed with an average final torque of around 40% lower than that
of the reference piles (shorter piles compared to the conventional
piles, installed in the same site). In this case, the results indicated
that the piles in this area showed similar behavior, due to the effect
of the cement injection.

Using the data of the average final installation torques and the
tensile pile capacities, the torque factor (K:) values, which
represents the relationship between the uplift capacity and final
installation torque of helical piles (Hoyt and Clemence, 1989), were
calculated and is presented in Table 6. The results show that for the
site 1, the injection technique provided an average gain in the Kr
factor of at least 46%; and for the site 2, of around 60%.

Table 6. Results of K; factor for conventional and with cement injection
helical piles.

Area Helical Pile K_tl
(m™)

REF-01-4H-101-T 90

Site 1 REF-02-4H-101-T ’

INJ-S-01-4H-101-T =131
INJ-S-02-4H-101-T )
REF-01-4H-101-T* ~ 98

Site 2 REF-02-4H-101-T* :

_Q_ - _ _T*

INJ-S-01-4H-101-T =155

INJ-S-02-4H-101-T*

5 CONCLUSIONS

In this paper, the behavior of cement-injected helical piles were

compared with conventional helical piles at two different sites.
The results indicate that the injection of cement slurry into

helical piles provides a considerable improvement in their behavior

(increased uplift capacity and reduced displacement) compared to

conventional helical piles. In this case, the use of cement injection

in helical piles can provide the following advantages:

e Increase the design load for a given installation torque, resulting
in a decrease in the number of piles for a self-supporting tower
or in guyed tower masts;

e Reduction in the final installation torque for the same design
load, reducing the installed pile length and/or enabling
execution of helical piles in sites of low capacity soils.
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