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Rise of Interest of
Helical Piles

Large torque pile machines (400+
KN-m capacity) started to appear
in the early 2000s.

Becoming common in the 2010s
as helical piles were adopted for
as alternative to driven or bored
piles.

Installation of a helical pile (1800s) Installation of a helical pile today



Advantages of Helical Piles

* Quick to install

« Torque is a strong verification of capacity
« Low noise and minimal vibrations

* Low environmental impact

* Eliminate concrete curing and formwork

* No drill spoil




Continuous helix screw piles

Com
are o

pared to helical piles, screw piles
uicker to install and cause less

SOil ©

isturbance around the pile.

Are better than helical piles in tension
performance when installed in strong

soil.

More efficient in strong soils compared
to helical piles.

Not recommended in soft soil.
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Workflow for Proper
Numerical Modeling

Numerical modeling of piles requires a
comprehensive field investigation to
characterize soil properties and assess pile
performance through load testing.

Prior to conducting simulations, reliable
experimental data must be obtained for input
into the software.

The quality and completeness of these data are
reflected on the accuracy of the model. Higher-
guality inputs leading to a more representative
simulation of actual pile behavior.

Site investigation

Boreholes, SPT, soil properties characterization in the lab

A 4

Instrumented piles field testing

Strain gauges data, load-displacement curve

Model building

Pile Geometry, soil layers, constitutive model, soil parameter correlations from the literature

Model Calibration

Using existing filed results to fine-tune the model parameters

Model Validation

The calibrated model represents other type of piles or other conditions

|4l

Parametric Study

StGudy the effect of different conditions that were not tested in the field




Gathering data for the model
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 |nstrumented load tests
 Load-displacement curves
 Pile Load distribution curves
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Hardening Soil Model AKA Modified Mohr-Coulomb Parameters

The Hardening Soil model is more
suitable for detailed design and
performance predictions, particularly
where accurate settlement and load-
displacement behavior are important
(e.g., piles, retaining walls, tunnels).

In pile analysis (including helical
piles), the HS model provides a
closer match to field test results
because it accounts for nonlinear
stiffness and stress-dependent
behavior, whereas the Mohr-
Coulomb model often
underestimates settlements and
misrepresents load transfer
mechanisms.

Following is the summary of parameters for the Modified Mohr-Coulomb model.

Different correlations to estimate different

parameters of HS model

Er¥ = 60,000 - D, by Lengkeek (2003)

50

E’®' = 180,000 - D, by Brinkgreve et al. (2010)
by Schanz & Vermeer (1998)
by Vermeer (2000)

ur

ref _ pref
Eoed o EE:]
ETEf _

oed — 3- pa/géﬂ

secant stiffness Ec,, unloading-reloading stiffness E,,- and
oedometric stiffness E,.q4 (all at reference stress level p'?):

E; = 15Ngy X 100 kPa kulhawy and Mayne 1990 for sand

E, = 1000 X Ny, For Clay

Table 2. Correlations of hardening soil model

parameters.
E.‘n{]m]l Eurmr

Soil description (kN/m?) (kN/m?) m(-)

Made ground 5000-7000 5 Eg™ 0.5

Soft and 250 S, 8to 10 E,~ 1.0
medium clay

Stiff clay 700 N, 10 Ej 0.85

Clayey sand & 900 N, 3E, ™ 0.85
silty/sandy clay

Medium to 750 N 3E, ™ 0.8
dense sand

Dense to very 1000 N JE, 0.5
dense sand

Hard clay 1100 N, 10 E 0.8

Dark grey clay 2500 N, 10 E, 0.8

Parameter Description Reference value (kN, m)
Soll stiffness and failure

ESOref Secant stiffness in standard drained triaxial test (Eéixz(lzniizf}s{if%ness)

Eoedref Tangent stiffness for primary oedometer loading ESOref

Eurref Unload / reloading stiffness 3 x ESQref
m Power for stress-level dependency of stiffness ?.?of s?ftg;oi(l?.s TG el

C (Cinc) Effective cohesion (Increment of cohesion) Failure parameter as in MC model
) Effective friction angle Failure parameter as in MC model
W Ultimate dilatancy angle O<sy<o

Advanced parameters (Recommend to use Reference value)
Rf Failure Ratio (qf / ga) 09(<1)
Pref Reference pressure 100
KNC Ko for normal consolidation 1-sing (< 1)
;fennsg”tel'\ Cut off value for tensile hydrostatic pressure -
Dilatancy cut-off
Porosity Initial void ratio -
Porosity(Max) | Maximum void ratio Porosity < Porosity(Max)
Cap vield surface
OCR / Pc Over Consolidation Ratio / Pre-overburden When entering poth parameters,
pressure Pc has the priority of usage

4 SCt?éJSE)hape Factor (scale factor of preconsolidation from KNG (Auto)
B Cap Hardening Parameter from Eoedref (Auto)

Sy = 5.35N, Sirvikaya and Togrol 2006
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Helix Models in the Literature

Most of the finite element modeling of
helical piles in the literature models the helix
as a circular disc for simplification.

While this simplification is acceptable in
practice, yet the reason behind this
simplification is the complexity of modeling
the helix in FEM software.

The helical pitch which is sometime equal to
the shaft diameter is ignored in this
simplification.

In smaller inter-helix spacing, this could be
oversimplification of the model as it ignores

much of the interaction between the helices.
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PLAXIS 3D Analysis of helical pile, Elhami, & Abu-keifa (2016)

PLAXIS 3D

0.5Lp

0.75Lp
0.75Lp
0.75Lp

Rathod & Sahoo (2024)

ABAQUS
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Helix Geometry in GTS NX

Alwalan & Alnuaim (2021)
https://doi.org/10.1007//s13369-021-06422-9
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Helix Geometry in GTS NX

D&'Eﬁd‘ha#i =

. .. ) Geomefry Mesh énticfsﬁpe Analysis Seepage/Consolidation Analysis Dynamic Analysis T
Construction of helix in GTS NX is

+ QDO XX | 0DoHSL & #  FPRevolve
straight forward approach with the SO ol gl g a % @ @ - E} Loft
g9] S yrface rude
built-in Helix curve creator. CHGOYOh (DO N i - i e
Point & Curve . Surface & Solid ] Boolean || Divide Il Protrude

$0clonmBmemis 5 LN L& o%ata 2P

The helix curve is used as the sweep —
Rectangular cross
section of the helix

path for the helix cross section which Final 3D Helix created

Is model by drawing a rectangular
surface with the desired cross-section
dimension.

Helix curve (path)

The sweep command is sued then
create a helical solid shape where the
rectangle cross section follows the
helical curve path created earlier.



Auto connect faces

In FEM, all faces should be
connected, and no free face
should be allowed to occur,
otherwise the mesh wont built

properly.

Using the Auto Connect feature in
GTS NX, you can connect the

faces of all geometry in few clicks.

The software will recognize the
adjacent face and engrave the
embedded geometry in inclosing
solids.

~ Geometry = Mesh  Static/Slope Analysis sﬁme;m z

+ @D O XX B@E; %@“#ﬁ |

ST E—-T4 Eeddng sor surac X-Section showing the screw pile

a0l ﬁ @ 8 N pane engraved into the soil body after
Point & Curve 1 Sur[ace&mid ||___Boolean applying auto-connect

*

o8 ool sienn 3% whn

EEE el e ] B

¥k et RrE QB Q0O B PEOFE0 @ S -93H,

ah 2 RE Jla@AdoC+ BiLL BROFEH @9 VB
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Control the size of the mesh

After Auto-connecting faces, the geometry
is ready for meshing. The mesh will take the
size of any adjacent mesh based on
connected faces.

Best practice is to start meshing from
inward-out, i.e. meshing form the center of
the pile towards the furthest boundary of
model and start with the smallest mesh size
first.

The helix thickness could be smaller than the

pile wall thickness, hence requiring smaller
element size. This is achieved using the size
control feature where you control the

different mesh sizes of the pile components.

The software will enforce the size and

Select the edge of the mesh geometry connect it with the any adjacent face if it
and apply the desired size control was connected using auto-connect.

[ PR | Element [T

Size Control

y Point Edge  Custom
\ | Selected 351 Object(s) |
:

ﬂ Select Reversed Objecils)

Method  Interval I.mglh W

Mesh Size 1z;m

Heline

Eﬁ Ok || Cancel | Apply

Helix has smaller mesh size than the pile shaft, although they are in the same
mesh set.
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Create soil-pile plane interface

One of the most critical steps in modeling pile i 6T N - [NKGTH]
. . tatic/Slope Analysis Seep;gef{:unsuidatﬂn Analysis ~ Dynamic Analysis Thermal Analysis Analyss  Resuk  Tools Style ~ Background ~ Lar
as 3D volume is the interface. It tells the -i oo 43 Def. Size %ED % %Renm-ilﬂ&trude {f Sweep || @S Trans. 3 s | % Create @4)Project || [a] Create I Modify Topo. Ei;.i /7 Hinge
. . . v || =™ = Prop Ctrl. B3 Copy &5 Revolve 1f Project | i Rotate | % Delete $iiAlgn || 3¢ Delete [[H Parameters [i]Divide -3 Pie/Pie Tip B Infinite
SOftwa re hOW the plle_SOII elements S“ps Ef,? Claa:tml -rillﬂatch Seed ﬁ:% ﬁ-Remsh ﬁ;;ate i a;l’ﬂﬁset | Bl Mirror ;EE SWEED} %JHergeD:i:CSﬁ IS Modify [[J Connection aI:leamre M| Free Field dﬁiﬂéﬁe ;
relative to each other mimicking the behavior in SR e Tasan L Bk
the field. LEEEZ:W W\

Hf Create

Mesh Set

It is important to be aware of different soils in
the model and create separate interface mesh
for each soil as they behave differently.

Once created, use the divide mesh set feature e s
to divide the interface mesh to match the o, :
desired soil layer and assign different oL
properties to each set.

It is also important to create a rigid-link mesh | i JJEL%H}
along with the interface if you are performing i 2 B
staged analysis (which is the case almost
always)
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Interface material

GTS NX interface wizard can calculate the
interface property for you. | personally
recommend using the interface equations to
calculate the properties instead of relying on
the wizard.

Because if you change the adjacent soil
material, the wizard won't automatically
update the interface, and you have to either
delete and construct the interface from
scratch or adjust the properties using the
eqguation.

Another reason is that if you have multiple soil
layer you need interface material for each

layer, and the wizard can't do that as of today.

Matenal - S
D 3 Neme |IEenueEnts | coor [N -
W

Model Type | Imterface

Genaral SEQDEI]E Thermal

Interface Morlinearties Coulomb Friction

Structuiral Parameters

Normal Stiffness Modulus{Kn) 630553.846 | kijm?

Shear Stiffness Modulus(Kt) 57323.0769 | kN /m?
Cohesion(C) 0.6 | kiNjm2

Frictional Angle(d) 19.8250635 | [deg]

[] Diatancy Angle(w) 0 | [deg]

[] rensie strength

[]mMarmal Stiffness in Tersion Part

Made-I1 Madel

[]multiinear Hardening

-

The interface material can be defined using the following equation. Using the stiffness of adjacent
elements and nonlinear parameters, the virtual thickness (tv) and strength reduction factor (R) is
applied. Rx (Fn + Ftx tan(phi)-C)=0 — R x ( Kn x un + Kt x ut x tan(phi) - C) =0

The Wizard can be used to simplify this process.

Kn = Eaed,i Ity

Ki = Gilty

Ci = R X Csail

phii = tan"' (R x tan (phisoi))
Here, Eceqi = 2 X Gi X (1-vi)/(1-2 X vi)
(vi =Interface Poisson’'s ratio=0.45, the interface is used to simulate the non-compressive frictional
behavior and automatically calculates using 0.45 to prevent numerical errors.)
t, = Virtual thickness(Generally has a value between 0.01~0.1, the higher the stiffness difference
between ground and structure, the smaller the value)
Gi = R X Gsoil (Gsoil = E/(2(1+ vsail)), R = Strength Reduction Factor

The general Strength reduction factor for structural members and neighboring ground properties are as
follows.

o Sand/Steel: R=0.6~0.7

o Clay/Steel: R=0.5

o Sand/Concrete : R=0.8~1.0

Clay/Concrete : R~ 0.7~1.0 GTS NX User's Manual
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Analysis and Results

L0AD=0.950), [UNIT] KN, m
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Staged Analysis

It is crucial to analyze the pile-soil interaction problem using stage analysis. The reason is to estimate the in-situ stresses

of the soil prior to pile installation. These stresses are used to estimate the stiffens parameters of the hardening soil model

and interface friction parameters during loading stage. The different stages are:

1. Initial stage: the pile is given solil properties making the whole model run as soil only.

2. Change property stage: changing the pile property to pile material and removing the inner soil mesh, deactivating the
rigid link mesh and activating the interface.

3. Loading stage: Applying the load

Change property stage
Initial stage with rigid link activated with rigid link deactivated, and interface activated Loading stage

20



Calibration & Validation

The soil and interface parameters
are then calibrated against the
load displacement curve from the
filed. The calibration was done
using helical pile test and it was
validated for screw piles at
different depths.

Load kN

30C
Compression Uplift
25C
T 200 | 0 L

150

- --Field -
- Field

=eFEN - — FEM
0

0.00 10 20 30 40 50 0 5 10 15 20 25
Displacement mm Displacement mm
I'! n 1l n

Reaction pile
il lia koY

iiiiii

171 Mneina and El Naggar (2024)

200

150

100

50
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4

%
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L D F S u m fea t u re ~onsolidation Analysis Dvnarmec Analysis Thermal Analysis Analysis Result Tools

= TTE— T PT—— — E Load Distribution Comparison
i Multi Step Iso. £ Cutting Diag. || go SAM 7] Value [] Elem. Cent. Result || =0 s | € Load (kN) -

. @_Eﬂ:ract L%, Others = ' History [ Cont. Line [[] Actual Deformation || Inftiaize | Op 0 20 40 60 80 100 120 : =
Using LDF sum feature, the Advanced Specl Post Show/Hide e iz 0.0 —tr— Tt el
internal axial forces were }

0.5 I I [

accurately calculated at given
cross-section of the pile.

The advantages of modeling a
3D helix is manifested here as
it shows that part of the helix
(about 12%) is contributing to
the axial internal force in the
cross-section.

2.9

R e

—&— Field
—k- FEM

3.0

This representation would not The results form the field were

compared with the model results.
The figure shows a close
representation of the field behavior.

have been calculated
assuming a circular disc
Instead.
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Thank you for your attention
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Photo: GeoMontreal Conference 2024, Montreal, Canada
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