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ABSTRACT 
 

A growing trend of utilizing helical piles for soft soil strata to support infrastructure 
projects is currently observed in Saemangeum, South Korea. Recognized mainly due to 
its ease of installation and reusability proves to be far more superior compared to other 
foundation types in terms of sustainability. This study applies modified p-y springs to 
characterize the behavior of a laterally loaded helical pile with a shaft diameter of 89.1mm 
affixed with 3 helices evenly spaced along its embedded length of 2.5m. Geotechnical 
soil properties are correlated from CPT data near the test bed vicinity and strain gauges 
mounted on the shaft surface. A modification factor is applied on the p-y springs to adjust 
the simulated data and match it to the bending moment, soil resistance and deflection 
values from the strain gauge measurements. The predicted lateral behavior of the helical 
pile through the numerical analysis method shows good agreement to the recorded field 
test results.  
 
 
1. INTRODUCTION 
 

Natural resources such as oil and coal are commonly used in power generation 
since the early years of the industrial revolution. In the near future, these resources will 
eventually get depleted and a more sustainable energy resource is explored as an 
alternative. Power generation through onshore photovoltaics is currently on demand due 
to its inexhaustible and non-polluting process which emphasizes the vision of sustainable 
development. Helical piles are used to support these infrastructures as an environmental-
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friendly alternative to concrete foundation.  
 
 Authors such as Mittal et al. (2010) and Abdrabbo and El Wakit (2016) conducted 
field tests of helical piles and developed mathematical models to estimate the lateral 
capacity of a specific helical pile configuration. Their research findings both suggest that 
helical piles mobilize greater lateral resistance compared to plain shaft piles and their 
mathematical models predicted results in good agreement compared to the field test 
results. Li and Yang (2017) were the first authors to incorporate the p-y approach for the 
lateral capacity of helical piles followed by Elkasabgy and El Naggar (2019). The p-y 
curve approach is much more preferred than the conventional field test as it describes 
the lateral profile per depth (bending moment, soil resistance, etc.) rather than just the 
measured pile head deflection of the latter.  
 
 This study is an enhanced version of the previous research done by Kim et al. 
(2021) which aims to numerically model the behavior profile of a laterally loaded helical 
pile through the p-y curve approach by imploring a modification factor. The soil 
geotechnical properties are correlated from gathered CPT data in the test field. To verify 
the numerical results, a full-scale helical pile instrumented with strain gauges is 
measured at the test bed. The converted data from the strain gauges will be compared 
to the results of the p-y approach if there will be good agreement. 
 
 
2. FULL SCALE LATERAL LOAD TEST 
 

The lateral load tests were conducted in compliance to Procedure A (Standard 
Loading) and in accordance with the technical specifications stated in ASTM D3966-07, 
Standard Test Methods for Deep Foundations Under Lateral Loading.  
 

The load applied on the test pile is delivered by a hydraulic jack which is 
approximately 0.1m above ground level connected to a H-beam which acts as a 
compression member and is then supported by the reaction pile. The compression 
member was securely fastened to eliminate the possibility of eccentric loading on the pile 
surface, it is important that the applied load pass the vertical central axis to avoid warping 
of the shaft section. An electronic load cell was used to monitor the load applied on the 
test pile. To measure the lateral displacement of the test pile, 1-LVDT (linear variable 
differential transformer) was installed on top of the pile head which is at 0.2m above 
ground, attached to one side of the pile and the other end attached to an external sturdy 
metal box. 

 
The design load selected for the lateral test was 5.46kN, in compliance with the 

standard specifications stipulated on ASTM D3966-07 under procedure A. Lateral loads 
were applied in increments; each increment was maintained for a period of 5 minutes 
and the duration of the lateral test conducted was 65 minutes. 
 
 The helical test pile has a shaft diameter of 89.1mm with 3 helices (400-200-200, 
all in millimeters) and instrumented with 6 electrical resistance type strain gauges 
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installed on diametrical opposites along the embedded shaft length of 2.5m as shown in 
Fig. 1. The 60mm longitudinal gauge length is parallel to the shaft length and is aligned 
perpendicular to the application of loads to measure the bending moment developed 
during loading. Strain gauges were installed on the outer surface diameter using special 
purpose adhesive and to ensure the survival of strain gauges during pile installation, SB 
tape was placed above the strain gauge at first coating followed by another coating of 
VM tape. To ensure that the strain gauge wires would survive the installation phase, 
protective tape was applied throughout its embedded length.  
 

 
 The bending moments developed along the pile shaft was determined through 
the conversion of strain gauge readings using a fourth order polynomial curve fitting 
procedure, fitted bending moment equation is displayed in Eq. 1. To obtain the soil 
resistance along the pile, the bending moment function is doubly differentiated which 
yields the form displayed in Eq. 2. To obtain the deflection profile, Eq. 1 is doubly 
integrated which yields the form shown in Eq. 3. 
 

 𝑀𝑀(𝑥𝑥) = 𝑎𝑎𝑥𝑥4 + 𝑏𝑏𝑥𝑥3 + 𝑐𝑐𝑥𝑥2 + 𝑑𝑑𝑥𝑥 + 𝑒𝑒 (1) 
 

 
𝑝𝑝(𝑥𝑥) =

𝑑𝑑2𝑀𝑀
𝑑𝑑𝑥𝑥2

 
 
          = 12𝑎𝑎𝑥𝑥2 + 6𝑏𝑏𝑥𝑥 + 2𝑐𝑐 (2) 

 
 

 

 

Fig. 1. Strain gauge instrumentation set-up 
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3. GEOTECHNICAL SOIL PARAMETERS 
 
 Cone Penetration Test (CPT) was conducted on area site BL-7 (2A-TB-2) which 
is located within the 300MW Gunsan Onshore Solar Power Generation Project. 
Displayed in Fig. 2 is the tip resistance (qc), corrected tip resistance (qt), sleeve 
resistance (fs) and pore pressure (u2). According to the Guide to Cone Penetration 
Testing, CPT cannot provide accurate predictions to the physical characteristics of soils 
but provide a reliable guide to its mechanical properties and soil behavior type (SBT) as 
shown in Fig. 3. 
 

    
(a) qc (b) qt (c) fs (d) u2 

Fig. 2. CPT Data BL-7 (2A-TB-2) 
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Fig. 3. Soil Behavior Type (SBT) for BL-7 (2A-TB-2) 
 The embedment depth of 2.5m was determined to be two layers of different soils 
where the first 1.5m was approximated to be a sandy layer while the remaining depth 
was approximated to be a soft clay layer. From the collected CPT data, correlated 
geotechnical properties to be used in modeling each soil layer is presented in Fig. 4. The 
empirical constant used in this study is 0.5 since the clay soil in the field test was 
observed to be soft clay and proven by the conducted soil experiments in the laboratory. 
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Fig. 4. Soil Properties for BL-7 (2A-TB-2) 
 
 
4. RESULTS AND DISCUSSIONS 
 
 The traditional p-y springs will be modified by incorporating a modification factor 
that accounts for the presence of helices. The modified springs depends on the zone of 
influence of the helix. As shown in Fig. 5a, the springs represented by p(n) are the non-
modified p-y springs since they are outside the zone of influence whereas those 
represented by p(i) are modified to incorporate a modification factor. The intensity of the 
modification factor also varies as shown in Fig. 5b, where maximum value is at the center 
and gradually decreasing towards a minimum value bounded by the zone of influence. 
The minimum value is fixed at value = 1, which means that the non-modified p-y springs 
are applied and is outside the zone of influence of the helix plate. 
 
 Comparison between the simulated results vs. the strain gauge readings is 
shown in Fig. 6. SM is the simulated data while TD refers to the test data. As can be seen 
from the figures, the simulated results are in good agreement to the recorded test data. 
 
 
 

  
(a) (b) 

Fig. 5. Distribution of modified p-y springs concept 
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(a) Bending moment profile (b) Soil resistance profile 

Fig. 6. Simulated vs. Field Test Results 
 
 
5. CONCLUSION 
  
 Presented in this research is the characterized lateral behavior of helical piles 
from correlated CPT data using modified p-y springs and strain gauge instrumentation. 
Full scale lateral load tests were conducted with an instrumented pile using electrical 
resistance strain gauges to measure the bending moment of the pile at every load 
increment. Using fourth order polynomial curve fitting technique, the soil resistance and 
deflection diagram was extracted from the bending moment profile. The measured test 
results were then compared to the simulated data from a numerical analysis program 
coded from an earlier study in our research laboratory. The numerical analysis method 
was based on the theory of a Winkler foundation, an embedded pile element connected 
to the soil medium via non-linear springs supplemented by the concept of p-multipliers to 
account the presence of helices around the central shaft, originally used for pile group 
analyses.  
 
 Established in this study are the following observations and key points in the 
behavior of a laterally loaded helical pile: 
 

1. Throughout this study, it is proven that the helical piles mobilize enough soil 
resistance that reduces the lateral deflection compared to a single pile 

2. The instrumentation using electrical resistance strain gauges on the test 
helical pile has captured the embedded lateral behavior and is fairly in 
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agreement with the simulated data. 
3. There is no general relation for the helix coefficient, it is determined empirically 

from conducted field experiments and varies from site-to-site depending on 
the soil type and conditions. 
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