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ABSTRACT  In this paper, the results of full-scale field testing of reinforced helical pulldown micropiles (RHPM) installed in 
clayey till soils and resting on sandy soils are presented. Piles were tested under monotonic and two way lateral cyclic 
loadings. The factors affecting the piles' performance are discussed.  It was found that under monotonic loading the piles 
were able to sustain displacement up to 50% of the grout shaft diameter. Cyclic loading resulted in degradation in the pile 
resistance and stiffness compared to its static behavior. Degradation was found to be primarily due to formation of gaps in 
front and behind the pile. For adequate design of structures for seismic loading conditions, the gap opening-closing behavior 
should be considered for the analysis of this composite pile system.  
 
 
 

Introduction 

A Helical pile is a deep foundation system that is 
typically used to support light to medium load applications 
such as solar farm applications, pipelines, 
telecommunication and transmission towers, and low- and 
medium-rise buildings.  They are installed using 
mechanical torque with minimal noise and vibration levels. 
They are suitable for applications involving expansive soils 
and ad-freeze conditions and are advantageous in limited 
access installations. In addition, it allows onsite quality 
control by monitoring installation torque. Helical piles can 
be used for both retrofitting existing foundations and for 
supporting new foundations. The segmented helical piles 
are examined in this study as a candidate for seismic 
retrofitting of existing foundations, which can also provide 
an efficient foundation option for new construction. 

To overcome the main drawbacks of the square 
slender shaft; buckling potential in relatively weak soils, 
Vickers and Clemence (2000) introduced the helical 
pulldown® micropiles (HPM). It consists of a helical pile 
installed with a grout column surrounding the pile central 
shaft along the extensions. Along with Vickars and 
Clemence, several studies focused on the axial capacity of 
the grouted helical pile (e.g. Abdelghany and El Naggar, 
2010; Lutenegger, 2010) and reported a considerable 
increase in the axial capacity of the pile compared to the 
plain helical pile. 

The RHPM differs from the HPM in that the grout mix 
contains steel fibres that are added during construction. 
Steel fibre reinforced concrete or grout has been 
increasingly used in the last decade for structural 
applications. The mix is made by adding steel fibres to 

fresh mix of concrete. The main advantage of addition of 
such fibres is that they enhance the tensile strength and 
provide ductility and therefore energy dissipation to the 
material, which are favorable characteristics for structures 
to resist cyclic and dynamic loads (de Oliveira Junior et al., 
2010; Abbas and Mohsin, 2010). Despite the increased 
use of steel fibre-reinforced concrete/grout in structural 
application, its use did not extrapolate yet from structural 
applications to foundation engineering. Expanding their 
use to foundation engineering, given the low associated 
cost, may result in a better performing foundations and 
more optimal design.  Chapter 3 provides the details of the 
conducted full-scale testing on both pile systems under 
axial static and one-way cyclic loads. Test piles displayed 
a significant increase in axial resistance relative to the 
plain pile (no grout column). In addition, post-cyclic 
ultimate capacity was within the same range or higher than 
the static ultimate capacity. 

The square shaft pile requires less installation torque 
and can be constructed in hard soil conditions compared 
to the round shaft pile. However, the square shaft is more 
susceptible to buckling. In addition, the square shaft has a 
limited surface area in contact with the surrounding soil, 
which limits its lateral resistance.  

Round square shafts have received more attention in 
the literature. Puri et al (1984) looked at various test data 
of piles in sand and clay. They concluded that helical 
anchors can develop significant resistance to lateral loads. 
Perko (2009) carried out LPILE Plus analysis, using the p-
y curves approach, considering several pile types and 
found that the helical piles offer lateral capacity of the 
same order of magnitude as micropiles and small diameter 
drilled shaft piles having comparable diameters and 
installed in similar soil conditions. Prasad and Rao (1996) 



examined the behvaiour of model scale piles in clayey 
soils. They found that the lateral capacity increases with 
increasing embedment depth and soil shear strength.  

Several attempts have been made to study the effect of 
the helical plates on the pile's lateral resistance. Puri et al 
(1984) conducted full-scale and model tests, and 
concluded that the helices play a minor role in the lateral 
resistance if the extension is more than a certain limiting 
value. Similarly, Sakr (2009) conducted full-scale lateral 
tests on piles installed in oil sand. He observed that piles 
with one and with two helices behaved similarly. He 
concluded that the helices had a minor effect on the lateral 
resistance. Meanwhile, Prasad and Rao (1996), and Mittal 
et al. (2010) found that helical piles offer more lateral 
resistance than that of single straight pile without plates, 
with resistance increasing with number of plates. A 
theoretical model was developed from both studies that 
attributed the capacity increase to the bearing resistance 
on the bottom of the plates, uplift resistance on the top of 
the helices and frictional resistance on their surface. The 
disagreement between the above studies may be due to 
the difference in soil-pile interaction and depth of the 
helices relative to the depth of the active soil resisting 
zone, as well as if piles are behaving as rigid short piles 
where rotation activates the resistance on top and bottom 
of the plates, or as long piles where rotation doesn't take 
place considerably. 

Helical piles behaviour under cyclic loading has 
received much less attention in the literature. The limited 
literature available has focused on behaviour under one-
way cyclic loads. Prasad and Rao (1996) carried out one 
way sustained cyclic load model tests on helical piles 
embedded in clay and reported that helical piles performed 
better at relatively high cyclic load levels than piles without 
helical plates that had the same geometric dimensions. 
More recently, Abdelghany and El Naggar (2010) 
conducted one-way sustained lateral cyclic tests plain 
helical piles and HPM including the RHPM. They 
concluded that for all tested piles, the lateral capacity 
degraded due to the cyclic loading, with the RHPM 
presenting the most favorable performance during cyclic 
loading.  

The primary objectives of this study are to evaluate the 
lateral capacity of RHPM, and investigate their suitability 
for cyclic loading applications. 

Site investigation 

The experimental program was carried out at the 
environmental site of the University of Western Ontario, 
located about 8 kM north of London, Ontario. Two 
boreholes, 16.6 m apart within the tests area, were 
performed to a depth of 8.8 m. Standard penetration test 
was performed for each borehole using an automatic 

hammer. Borehole logs and SPT counts are provided in 
Table 1. 
The site consisted of stiff to very stiff clayey silt till 
underlain by dense sand. Traces of gravel and cobbles 
were observed during sampling, Retrieved samples 
showed that the till layer was fissured, especially at 
shallow depth. The ground water table was found at an 
elevation of 3.7 m and 4.1 for BH-1 and BH-2, respectively. 
  
Table 1. Soil profile and SPT blow count for BH-1 and 
BH-2. 

Soil layer  Depth (m) N-Value 

 BH-1     

Compact brown silty 
sand and gravel. 

0-1 31 

Very stiff  to hard, 
brown becoming grey 
at 10 ft depth, clayey 
silt to silty clay till. 
W.T. at 3.7 m depth. 

1-1.8 43 

1.8-2.6 24 

2.6-3.3 47 

3.3-4 18 

4-5.9 22 

Compact to dense 
sand, trace of some 
silt 

5.9-7.9 32 

Compact, grey silt 7.9-8.8 18 

BH-2     

Very stiff to hard, 
brown becoming grey 
at 10 ft depth, clayey 
silt to silty clay till. 
W.T. at 4.1 m depth. 
 

0-1 21 

1-1.8 28 

1.8-2.6 8 

Compact to dense 
sand, trace of some 
silt 

5.6-6.4 30 

6.4-7.1 36 

7.1-7.9 42 

7.9-8.8 22 

 

Test pile description and 
installation 

The reinforced helical pulldown micropile consisted of two 
main parts: a plain helical pile; and a steel fibre-reinforced 
grout column surrounding all or part of the extensions. The 
plain pile consisted of a lead section and three extensions. 
The details of the lead section, as shown in Fig. 1a, are as 
follows: 1.5 m long; 44.5 mm square shaft; 3 attached 
helices (diameters = 305 mm, 254 mm and 203 mm); 76 
mm helix pitch, helix spacing 3 times helix diameter. 
Extensions were 44.5 mm square shafts, each was 2.1 m 
long. The grout column was 3.8 m depth and 150 mm in 
diameter. As the grout used to fill the shaft void was 



poured in by gravity, it can be classified as a Type A 
micropile according to the FHWA micropile design and 
construction implementation manual (Armour et al., 2000). 
A schematic of the reinforced helical pulldown micropile 
(RHPM) is shown in Fig. 1b. 

All test piles were installed such that the lead section 
was situated entirely within the dense sand, while the shaft 
(grout shaft for RHPM was situated within the stiff clayey 
silt till, as shown in Fig. 1b. 

Compression and splitting tensile lab tests were 
conducted on the grout mix. The average compressive and 
tensile strength of three specimens, after 28 days, were 
found to be 47 MPa and 6.5 MPa, respectively. The steel 
fibres were 0.5 mm in diameter and 30 mm long. All piles 
were tested after 28 days. 

To evaluate the improvements that the RHPM offers 
over the plain helical pile, one plain helical pile with the 
same lead section and extension conFig.urations was 
installed to the same depth and tested under cyclic loading 
conditions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. (a) Schematic of plain helical pile. (b) Schematic of 
reinforced pulldown micropiles and positions of strain 
gauges. 
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Field test set-up 

Static testing 

Two different setups were used in the monotonic lateral 
loading experiments. The first setup can be used for 
monotonic and cyclic loading, as well as dual pile testing 
(testing piles in pairs). The second setup can be used for 
only monotonic testing and can be used for one test at a 
time. 

Fig. 2a shows the first lateral test set-up.  It was 
designed and manufactured to be used for both monotonic 
and cyclic testing.  For monotonic loading of a single pile, 
the system consisted of a loading plate that was pinned to 
a steel rod, threaded into the hydraulic jack, which in turn 
was clamped between two steel plates.  The load cell was 
connected to the clamping steel plates through another 
steel rod threaded into the load cell from one side.  
Another steel rod was threaded into the load cell from the 
other side, and was bearing against a reaction beam.  The 
reaction beam was anchored to the ground by two reaction 
helical piles and was laterally restrained by the 19500 kg 
installation machine. 

Fig. 2b shows the second set-up. The load cell was 
connected directly to the loading plate through a threaded 
collar. After the loading plate and the load cell were put in 
place, the hydraulic jack was installed. The gap between 
the main beam and the hydraulic jack was filled by an 
additional beam and a series of steel plates.   

Linear displacement transducers (LDTs) were used to 
measure the lateral displacement at four points on the 
loading plate.  The load cell and linear displacement 
transducers (LDTs) were monitored through a data 
acquisition system.  Fig. 6.2a shows the lateral monotonic 
set up and Fig. 6.2b shows a close up of the loading 
system. The pile head was free to rotate during the test in 
both setups, and two or four (LDTs) were used to measure 
the pile head displacement.  

The load was applied in increments of 5 kN every 2.5 
minutes. The load was increased until continuous jacking 
was required to maintain the load or a minimum 
displacement of 30% of the grout shaft was reached. 
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Fig.  2. Lateral test set-up: (a) First set-up; (b) Second set-
up. 
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Cyclic testing 

Cyclic test set-up is shown in Fig. 3. The rod assembly 
apparatus was expanded for dual pile load testing. This 
was done by connecting the steel rods to the test piles 
from both sides through bearing plates. The system was 

assembled on site. The pile head displacement was 
measured using two LDTs for each test pile.   

The cyclic load test involved two-way cyclic loading.  
The piles were subjected to 5 cycles at every load level 
with an increment of 5 kN, as shown in Fig. 4.  The loading 
lasted until the maximum available stroke of the hydraulic 
jack was reached. 

 
Fig.  3. Cyclic test set-up. 

 

 
 
Fig. 4. Cyclic load protocol 

 

 

Static behaviour of RHPM 

Six piles were subjected to static (monotonic) loading 
conditions. Table 2 shows the ultimate capacity for all test 
piles. Fig. 5 shows the load-displacement response for two 
RHPM that envelop the observed response of all test pile. 
As can be noted from Fig. 5, the piles' response can be 
characterized by an initial response with relatively high 



stiffness up to load levels between 15 kN and 25 kN and a 
corresponding displacement of 6 to 9 mm. After which, the 
piles displayed a non-linear response up to displacement 
levels of about 40 mm. At higher displacement levels, the 
response curve exhibits a semi-linear shape up until the 
end of loading. The piles sustained loads ranging from 54 
kN to 70 kN at displacements of about 80 mm (52% of pile 
shaft diameter). Upon unloading, the piles retrieved up to 
67% of the displacement with a permanent displacement 
of about 10 mm or less. It should be noted that visual 
observation indicated separation between the grout 
column and the steel shaft during testing. 
 
Table 2. Test results for RHPM. 

Pile No. LR at 
6.25 
mm 
(kN) 

LR at 
12.5 
mm 
(kN) 

LR at 
25 
mm 
(kN) 

LD at 
end of 
test 
(mm) 

LD at 
end of 
test 
(kN) 

1 17 29.6 45 81 80.3 

2 12.6 22.7 34.4 86 61.4 

3 24.6 40.1 66.4 45.9 95.6 

4 13.7 23.4 32.5 46.7 52.7 

5 14.5 22.6 31.6 81.5 56 

6 10.5 18 27.4 91.5 56.9 

Average 15.5 26 39.6 - - 

Note: LR=lateral resistance; LD=Lateral deflection. 
 
Fig. 5. Load-displacement curves for RHPM 1 and 5. 
 

 

Cyclic behaviour of RHPM 

Eight RHPM piles were tested under two-way cyclic 
loading. Fig. 6 shows the cyclic load-displacement curve 
for  RHPM 7. The remainder of piles showed a similar 
shape of response curves. The general observation is that 
gap opening/closing on both sides of the pile had a 
determinal effect of the piles’ performance characteristics. 
As can be made from Fig. 6 is that the pile response was 

slightly stiffer in one direction than the other. This can be 
explained as follows. At the first cycle, if loading started in 
the leftward direction, a gap was created behind the pile 
(in the rightward side). As the loading was reversed, the 
pile didn’t offer resistance until the gap was closed. 
Therefore, the results produce a "preferential side" which 
displayed higher stiffness than the other side. For the 
remainder of loading, the gap in the direction of first 
loading cycle remained smaller than that in the other 
direction. From Fig. 5 and 6, it can be seen that two-way 
cyclic loading resulted in degradation of the pile’s 
performance. For the applied load levels, the degradation 
was caused predominately by the gap forming and closing 
process. 

To further illustrate the influence of gap formation on 
the load-displacement shape, the pile’s response in one 
direction for the first and last cycles at load level of 10 kN 
is plotted in Fig. 7. Unlike the conventional shape of the 
static load-displacement curve, the response can be 
characterized by three branches, a zero stiffness branch, a 
concave up branch, and a concave down branch. The zero 
stiffness branch corresponds to the reversal of loading; the 
pile behaved as a free column. The concave up shape 
corresponds to the process of closing the gap between the 
pile and the soil along the pile length. The concave up 
shape represented the pile’s response after closing of the 
gap where the pile was in contact with the surrounding soil 
along its full length.  

 
Fig. 6. Cyclic load-displacement curve for RHPM 7 

 

 
 
 
 
 
 
 
 
 
 
 
 



Fig. 7. . Load displacement for first and last cycle for 10 
kN [( ) = no. of cycles]. 
 
 

 

Summary and Conclusions 

A full-scale lateral load testing program was conducted on 
an innovative pile system, namely, the steel fibre 
reinforced helical pulldown micropile (RHPM). The piles 
were tested under lateral static and cyclic loads. Based on 
the experimental observations, the following conclusions 
may be drawn: 
• The steel-fibre grout column has considerably 

improved the piles resistance to lateral loads.  
• The piles exhibited significant ductility-no sudden 

deflection up to 50% of pile diameter. However, 
separation between the steel shaft and the grout 
column was observed during testing. 

• Two-way cyclic loading resulted in overall degradation 
in pile stiffness and capacity. Degradation was found 
to stem from the formation of gaps rather than 
degradation of soil strength.  

• It was found that the formation of gaps caused the 
piles to have a "preferential direction" with one side 
providing stiffer response than the other. The piles 
should be designed considering the softer response 
part. 

• The piles response displayed three distinct branches: 
pile behaving as a free cantilever, the pile moving 
through the gap; and linear or non-linear response 
after the gap is closed and the soil resistance is 
mobilized.   
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