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Abstract—Helical piles offer an economical alternative to 

traditional foundation types such as pad footings, rafts or piles 

while providing required support to the structure. This paper 

presents an analysis on the axial performance of helical piles 

through in-situ static load tests, theoretical studies, numerical 

modelling, and empirical relationships. Based on results, 

suitability of using empirical factors given in literature to 

determine axial pile capacities or to find installation torque 

needed in achieving design loads is checked. In this study, 19 

static load test results were compared against results from other 

capacity evaluation methods and suitable values were suggested 

for empirical factors under different subsoil conditions if values 

given in literature does not provide accurate estimations for 

axial pile capacities. 
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I. INTRODUCTION 

Helical piles, also known as screw piles, were used 
initially for supporting small tensile forces specially to counter 
loose soil conditions. Helical piles allow for better connection 
with the ground mainly due to helices attached to the steel 
shaft made of high strength steel. With improvement of 
interest in research related to helical piles, larger, higher 
capacity helical piles are currently being used in many 
applications to support much larger axial and lateral loads. 
With wide range of load carrying capacities being available, 
fast installations, low disturbances, elegant simplicity, and 
their ability to be loaded immediately after installations make 
them an appealing alternative to traditional foundation types. 

With increase in usage, certain risks could be developed 
due to lack of understanding between performance of helical 
piles and their capacity evaluations in design solutions. 
Installation torque has long been incorporated into helical pile 
design methodology where it is considered as a quality 
assurance and quality control parameter. An empirical model 
that can be used to approximate helical pile capacity with 
installation torque was proposed by [1]. This became popular 
worldwide as designers were able to use this relationship for 
in situ verification of pile capacity and to determine average 
installation torque requires to install a pile. But because of the 
varying conditions from country to country it is always better 
to understand the suitability of using torque-to-capacity 
relationships in determining helical pile capacity by 
conducting a thorough analysis on axial performance with 
different methods suggested in literature so that findings could 
be used to further economize helical pile foundation 
applications. 

II. AXIAL CARRYING CAPACITY OF HELICAL PILES 

In this study axial performance of helical pile under 
compression and tension loads is determined through insitu 

tests, theoretical methods, numerical models, and empirical 
relationships. Fig. 1 shows typical components of a helical 
pile arrangement. 

Fig. 1. Components of a helical pile 

Reference [2] categorized helical pile installation as either 
‘Deep’ or ‘Shallow’ based on H/D ratio (where ‘H’ is depth 
to topmost helix and ‘D’ is top helix diameter; a pile 
installation is considered ‘Deep’ when H/D > 5). All the piles 
associated in this study are classified as ‘Deep’ piles. 
Experimental studies have shown that when S/D ≤ 3 (where 
‘S’ is spacing between two helices and ‘D’ is lowest diameter 
of two adjacent helices), piles undergo ‘Cylindrical Shear 
Failure’ and otherwise ‘Individual Plate Bearing’ would 
occur [3]. 

Helical piles that were used in this study had helices 
spaced approximately at three times the diameter of lower 
helix. Although this is considered as the interval between two 
failure mechanisms, [4] suggest that this condition ensure 
bearing of individual helices do not affect each other. 
Therefore, Individual Plate Bearing method is used to 
calculate axial capacities of ‘Deep’ piles. According to [4], 
(1) and (2) can be used to determine bearing capacity of each 
plate and pile as a whole (Pu). 

 𝑃𝑢 =  ∑ 𝑞𝑢𝑙𝑡,𝑛𝐴𝑛𝑛 +  𝛼𝐻(𝜋𝑑) (1)     

 𝑞𝑢𝑙𝑡,𝑛 = 𝑐𝑁𝑐 +  𝑞′𝑁𝑞 + 0.5𝛾𝐷𝑁𝛾  (2) 

Where qult,n is the ultimate bearing pressure of an 
individual plate derived from [5], An is the helix area of the 
nth helix, α is the adhesion between soil & shaft, H is the shaft 
length above the top helix, d is the diameter of a circle 
circumscribed around the shaft, c is the cohesion of soil and 
q’ is effective overburden pressure at nth helix level. 
Reference [4] suggest that width term in (2) can be neglected 
when helix diameter, D is less than 0.6m. For fine-grain soil, 

 



[6] showed that 𝑁𝑐 approaches a constant value of 9 for deep 
foundations and 𝑁𝑞 = 1, 𝑁𝛾 = 0. Equation (3), suggested by 

[7], can be used to evaluate bearing capacity  factor 𝑁𝑞 for 

deep piles. 

 𝑁𝑞 = 0.5(12∅′)∅′ 54⁄  (3)     

Where ∅′ is the effective friction angle. A breakthrough 
on using empirical relationships to determine pile capacities 
based on installation torque came when [1] conducted 91 
tension load tests on helical piles at 24 different locations 
with various soil conditions ranging from fine grain to coarse 
grain and following empirical relationship was introduced, 

 𝑃𝑢 =  𝐾𝑡𝑇 (4) 

where Kt is the torque-to-capacity ratio in ft-1(m-1), Pu is 
pile capacity and T is effective/average torque over final three 
readings. Kt was determined based on effective shaft diameter 
(Table I). HPS extracted those findings to approximate 
helical pile capacities or to determine average installation 
torque required to gain a given design capacity. 

TABLE I.  VALUES FOR KT BY [1] 

Helical Pile Type 𝐊𝐭(𝐦−𝟏) 

Square Shaft (Type SS) 33 

Round Shaft (RS 2875.203 & RS 2875.276) 30 

Round Shaft (RS 3500.300) 23 

Round Shaft (RS 4500.237 & RS 4500.337) 20 

 

Over 200 insitu load tests under compression, tension 
were conducted by [8] and proposed (5), (6) to determine Kt, 

 𝐾𝑡 = 1970𝑑𝑒𝑓𝑓
−1.01 (𝑡𝑒𝑛𝑠𝑖𝑜𝑛) (5) 

 𝐾𝑡 = 1039𝑑𝑒𝑓𝑓
−0.84 (𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛) (6) 

where deff is effective shaft diameter (in mm). 

III. INSITU TESTING 

Load tests were carried out in Katuwawala, 
Boralesgamuwa area closer to Piliyandala. Maximum depth 
of installation for a pile was 10.7 m with minimum being 3.7 
m. ASTM 1143-07 and ASTM 3689-80 test methods were 
followed in determining axial capacities of helical pile under 
compression and tension respectively. A preload of 76.6 kN 
was applied to stabilize the reaction frame and load was 
incremented by 10% of estimated pile capacity (theoretical 
capacity from [4] or from HeliCap cloud software) in 4-
minute intervals before unloading in 4 equal decrements. 

Installation torque for each pile installation was 
measured using a wireless torque indicator and readings were 
taken at every 0.3m interval. Effective torque was then 
obtained by averaging torque readings in final three 0.3m 
intervals to determine field torque-to-capacity factor, Kt.  

 

A. Pile Description 

Due to presence of denser soil layers at shallow depths 
in Sri Lanka, Squre Shaft (SS) 175/Round Shaft (RS) 3500 
combo piles (SS175 lead section and RS3500 extension) and 

SS175 helical piles manufactured by Hubbel Power Systems 
Inc were used in this. In each configuration lead section 
(SS175) consists of three helices (helix diameters 200 mm, 
250 mm, and 300 mm) welded to the pile shaft (either RS or 
SS). Each helix has a 75 mm pitch. S/D ratio is approximately 
3 for these piles. Fig. 2 shows typical SS/RS combo pile 
arrangement and a SS175 lead section used for this study. 

 

 

 

 

 

 

 

 

 

 

Fig. 2. SS/RS combo pile and SS175 lead section 

B. Site Description 

Piles were installed in three sites and to understand 
subsoil condition, samples from boreholes were analyzed. 
Bedrock was found at 8.55 m depth in site 01, and tests were 
conducted to minimum depth of 8 m in site 02 and site 03. 
Refer  Table IV to VI for soil profiles and properties in each 
site. (Site 02 and 03 were based on University of Western 
Ontario in London and relevant load test results were 
extracted from findings by [9]) 

C. Failure Criterion and Test Results 

Given the unique geometry of helical piles, based on 
experimental studies, both [4] and [9] expressed that, under 
tensile and compressive loads,  ultimate load occur when the 
pile head displacement is equal to 8%-10% of the largest 
helix diameter plus the elastic movement of the shaft 
(Diameter Method). 

 
𝑃𝐿

𝐴𝐸
+ 0.1𝐷(𝑜𝑟 0.08𝐷) (𝑚𝑚) (7) 

where P is axial load, L is length of shaft, A is cross 
section area of shaft, E is Young’s modulus of shaft meterial 
and D is diameter of top most helix. Table II and Table III 
represent results from compression and tension tests 
respectively. 

TABLE II.  COMPRESSION TEST RESULTS 

Pile ID Soil Type Pile Type 
Capacity 

(kN) 
𝐊𝐭(𝐦−𝟏) 

KC(Site1) Clayey Sand SS175/RS3500 413 45.46 

P1(Site2) Dense Silt SS175 465 39.54 

P2(Site2) Dense Silt SS175 496 42.98 

P4(Site2) Clayey Silt SS175 356 35.78 

P5(Site2) Clayey Silt SS175 327 37.46 

P6(Site2) Clayey Silt SS175 328 38.14 

P13(Site3) Sand SS175 695 61.45 

P14(Site3) Sand SS175 660 62.09 

 



TABLE III.  TENSION TEST RESULTS 

Pile ID Soil Type Pile Type 
Capacity 

(kN) 
𝐊𝐭(𝐦−𝟏) 

KT(Site1) Clayey Sand SS175/RS3500 291 28.62 

P7(Site2) Clayey Silt SS175 226 25.36 

P8(Site2) Clayey Silt SS175 260 26.53 

P9(Site2) Clayey Silt SS175 181 27.63 

P16(Site2) Clayey Silt SS175 250 32.72 

P20(Site2) Clayey Silt SS175 295 29.21 

P10(Site2) Clayey Silt SS175 245 24.67 

P17(Site2) Dense Silt SS175 256 36.21 

P15(Site2) Dense Silt SS175 381 39.56 

P12(Site3) Sand SS175 379 30.69 

P19(Site3) Sand SS175 406 36.94 

IV. THEORETICAL PILE CAPACITIES 

Every pile in this study were installed to a depth such that 
they would act as ‘Deep’ piles (H/D > 5). Therefore, (1) & 
(2) were used to calculate ultimate axial capacity of piles. 
According to [4], experimental studies have found that SS 
piles does not necessarily develop any friction resistance 
along the shaft and even in round shaft helical piles, shaft 
resistance can be considered negligible when shaft diameter 
is less than 89mm. As a result, for all piles involved in this 
study, mobilized skin friction resistance was assumed as 
negligible along the shaft. 

V. NUMERICAL MODELLING 

Each pile was modelled using Plaxis2D software and due 
to negligence of helix pitch, assumption that soil layers 
remain horizontal and modelling of square shafts as round 
shafts with an equivalent diameter, ‘Axisymmetric’ model 
type was followed for quick results. To account for soil 
disturbances during installation, interface elements were 
introduced assuming 33% reduction in strength parameters 
around the pile. To avoid any boundary effect interference on 
pile response horizontal boundary was set at 2.5Lp from the 
edge of pile, vertical boundary at 3.5Lp below ground level 
[10], [11]. As for boundary conditions, Lateral boundaries 
were pinned (ux = 0) and for Vertical boundaries; top was set 
free and bottom was fixed (ux = uy = 0). 

Standard penetration test (SPT) was conducted at each 
site and energy method of SPT correction [12] was used to 
estimate soil strength parameters. Table IV represents site 01 
whereas soil parameters in Table V and Table VI indicative 
of site 02 and site 03 respectively [9]. Line displacement was 
introduced at the pile head to ensure uniform displacement 
and it was incremented in 5mm intervals. Capacity at each 
displacement was recorded and then the ‘Diameter Method’ 
was used to determine ultimate pile capacity under given 
loading condition. Water table for site 01 was considered at 
ground level. Depth to water level from ground level was 
considered as 4.1 m  and 5.2 m respectively for site 02 and 
03, [9]. 

TABLE IV.  SOIL PROPERTIES FOR SITE 01 

Soil Layer 
Thickness 

(m) 

c’ or 

(cu) 

(kPa) 

Φ’ (0) 
E (kPa) 

x 103 

Peaty Clay 4.5 (10) - 0.5 

Sandy Clay 6 (75) - 10 

Dense Clayey Sand 8.55 10 38 35 

TABLE V.  SOIL PROPERTIES FOR SITE 02 

Soil Layer 
Thickness 

(m) 

c’ or cu 

(kPa) 
Φ’ (0) 

E (kPa) 

x 103 

Sandy Clayey Silt  2.4 10 28 60 

Very Stiff Clayey Silt 4.1 21 27 85 

Stiff Clayey Silt 5.8 9 23 100 

Sandy Clayey Silt  7.3 20 30 400 

Desne Silt >7.3 19 34 65 

TABLE VI.  SOIL PROPERTIES FOR SITE 03 

Soil Layer 
Thickness 

(m) 

c’ or cu 

(kPa) 
Φ’ (0) 

E (kPa) 

x 103 

Sandy Clayey Silt  2.6 22 33 40 

Very Stiff Clayey Silt 5.2 23 27 300 

Dense fine sand >5.2 6 38 100 

 

Fig. 3 shows a typical finite element model in Plaxis2D 
used for this analysis whereas Fig. 4 shows analysis results 
for a particular model under compression loading at different 
vertical pile head displacement. Diameter method was used 
to obtain ultimate pile capacity in each loading case. 

 

 

 

 

 

 

 

 

 

 

Fig. 3. A typical finite element model used for analysis 

Fig. 4. Analysis results for a finite element model under compression 

VI. RESULTS FROM EMPIRICAL RELATIONSHIPS 

For average installation torque observed in field tests, 
axial capacities were calculated using (4), considering torque-
to-capacity ratios suggested by [8]. 

VII. RESULTS AND FINDINGS 

Ratio of axial capacities evaluated from empirical 
relationships, theoretical methods, and numerical models to 
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in-situ capacity values from field tests are listed in Table VII 
(in the order of A, B, C) to see which method is more 
consistent with actual axial capacity (insitu value) of helical 
piles to establish torque-to-capacity factors based on soil 
types. 

TABLE VII.  RESULT COMPARISON 

Pile 

ID 
Soil Type 

Loading 

Type 
Aa Bb Cc 

KC Clayey Sand Compression 60 91 96 

KT Clayey Sand Tension 89 97 88 

P1 Dense Silt Compression 81 81 92 

P2 Dense Silt Compression 74 76 98 

P4 Clayey Silt Compression 89 26 57 

P5 Clayey Silt Compression 85 30 65 

P6 Clayey Silt Compression 84 30 64 

P13 Sand Compression 52 85 77 

P14 Sand Compression 52 92 82 

P7 Clayey Silt Tension 85 42 95 

P8 Clayey Silt Tension 88 64 79 

P9 Clayey Silt Tension 92 65 86 

P16 Clayey Silt Tension 92 66 84 

P20 Clayey Silt Tension 97 67 81 

P10 Clayey Silt Tension 82 68 73 

P17 Dense Silt Tension 83 69 65 

P15 Dense Silt Tension 76 70 99 

P12 Sand Tension 98 71 78 

P19 Sand Tension 81 72 77 

Median (%) 84 69 81 

a. Ratio of empirical value and insitu value (%),  

b. Ratio of theoretical value and insitu value (%), 

c.  Ratio of finite element model value and insitu value (%) 

Median for each method shows that empirical and 
numerical models generally offer a better approximation of 
actual pile capacities. Therefore, to predict typical values for 
Kt, it is viable to use load capacities from empirical (from 
literature) and numerical models with static load test results 
compared to other methods. For this analysis, it is assumed 
that installation torque remains constant for each capacity 
evaluation method as it primarily depends on sub soil 
conditions. It has shown through experimental analysis that 
installation torque and helical pile axial capacity has a liner 
relationship, [1], with slope yielding torque-to-capacity 
factor Kt. 

Based on pile capacities from in-situ tests, empirical 
relationships, and numerical models, following plots can be 
generated for a given pile configuration under different soil 
conditions. For accurate representation, linear regression 
lines were obtained for pile capacities from each method and 
slope of each line was taken as Kt. For a given soil type, if 
capacity values from numerical models are on average within 
20% of in-situ pile capacity (From Table VII; column ‘C’), 
Kt values from numerical models are considered as a safety 
margin in evaluation of  new Kt values suitable for Sri Lankan 
conditions. 

For Clayey Sands, under both loading types, pile 
capacities from insitu tests and finite element models are 
within 20% of each other. Considering compressive loads 
(Fig. 5), 𝐾𝑡  from in-situ tests and numerical models are 
higher compared to values suggested by [8] considering 
SS/RS combo piles. And numerical model results slightly 
overpredict the in-situ test values as well. Therefore, a 

suitable range to be used for 𝐾𝑡 would be 27.5-45.5m-1 with 
an average of 36.5m-1. Under tensile loads (Fig. 6), numerical 
model underpredict the in-situ capacities as well as empirical 
values. Therefore, a suitable range to be used for Kt would be 
25.2-28.6 m-1 with an average of 26.9 m-1. 

Fig. 5. Clayey sand under compression (SS/RS combo pile) 

Fig. 6. Clayey sand under tension (SS/RS combo pile) 

In a case where bearing stratum consist predominantly of 
Clayey Silts, it is observed that pile capacities from finite 
element models are within 20% of insitu values only under 
tensile loads. Therefore, suitable range to be used for Kt 
would be 32-37 m-1 with an average of 34.5 m-1 under 
compressive loads as seen in Fig. 7. Under tensile loads, both 
capacities from filed tests and numerical models are lesser 
compared to empirical results. Therefore, suitable range to be 
used for Kt would be 23.25-27.4 m-1 with an average of 25.33 
m-1. 

Fig. 7. Clayey silt under compression (SS175 pile) 
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Fig. 8. Clayey silt under tension (SS175 pile) 

Similar methods were followed in suggesting suitable 
values for Kt given different soil types as the bearing stratum. 

TABLE VIII.  SUMMARY OF FINDINGS 

Soil Type Pile Type Loading Type 
Suggested 

value for Kt 

Clayey Sand SS175/RS3500 
Compression 36.50 

Tension 26.90 

Dense Silt SS175 
Compression 36.62 

Tension 34.20 

Clayey Silt SS175 
Compression 34.50 

Tension 25.33 

Sand SS175 
Compression 46.90 

Tension 31.75 

 

Other than that, based on displacement contours for each 
pile in the numerical model, it was observed that load transfer 
mechanism under either tension or compression, followed by 
a tapered cylindrical surface between helices and bearing of 
lead helix in the direction of loading as shown by Fig. 9. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9. Load transfer mechanism under (a) compression and (b) tension 

Thus, for helical piles with S/D ≈ 3, use of‘individual 

bearing method’ to approximate axial capacity of helical piles 
would yield conservative results.  

VIII. CONCLUSIONS 

This study was conducted with the intention of analyzing 
axial performance of helical piles and finding suitable values 
for torque-to-capacity correlation factors that can used in Sri 
Lanka for different soil conditions. Based on finding through 
various analyses, following conclusions can be yielded.  

Considering field test results for SS175 piles, Kt could be 
found depending on subsoil condition and direction of 
loading primarily. But [1], [8] have shown experimentally 
that it also dependent upon pile configurations as well. Values 
for 𝐾𝑡  tend to be higher compared to values suggested in 
literature under compression and lower or around the limit 
under tension for different soil conditions. Under 
compressive loads, numerical models provide more 
consistent results and under compression and lower or around 
the limit under tension for different soil conditions. 

Based on displacement contours in numerical model for 
each pile, load transfer mechanism for all test cases were 
found to be through bearing of lead helix in the direction of 
loading and a tapered cylindrical shear failure surface. 
Therefore, to improve accuracy of theoretical capacity 
approximations, methods suggested by [9] for compressive 
loads and by [13] for tensile loads may followed. 

In the case of numerical modelling, discretizing 
continuous mediums such as soils involve inherent 
approximations and inaccuracies [9]. In finite element 
models for this research, pitch of helices was considered zero 
and square shafts were modelled as circular shaft with an 
equivalent diameter. Installation effects cannot be modeled 
accurately as disturbed soil strength parameters were 
unknown. Based on the results (Table VII), except for Clayey 
Silts under compressive loads, numerical models provide 
results that are within 25% on average in comparison with in-
situ pile capacities. Therefore, 2D finite element modelling 
can still be recommended to approximate helical pile 
capacities. 
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