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I. OVERVIEW

The MPS Excalibur Displacement Pile (EDP) system offers the advantages of Displacement Piles with greater
load support than other commonly available systems. EDP6 s can b e limited dceesslaeas where
specialized equipment for other deep foundation systems may be required and become less economical.
Overhead access, limited site availability, low disturbance installations, and less grout are all situations where
the EDP can be a valuable tool for the engineer and contractor.

II. KEY COMPONENTS
Steel Shaft

Commonly stocked pile shafts are listed in below in Table 1. Pile shaft sizes may be selected based on many
factors including axial and lateral loading, site access, overhead access, and other site specific limitations. Each
pile shaft is made of high-grade steel that may be coupled or threaded together on site. The selection of different
pile shaft diameters and lengths allows the engineer and contractor to provide a site-specific design that can
provide the most economical solution for each challenge.

Couplings

The central steel shaft sections are coupled together using either traditional bolted pipe sleeves or threaded
couplings that do not require hardware. Both coupling systems have been safely and effectively utilized in both
the non-grouted and grouted displacement pile systems. Threaded couplings require an additional reusable
rubber grout plug as shown in Figure 1 to be placed at each coupling joint prior to installation. A single plug can
be used to install several piles and is specific to the dimensions of the steel shaft. It is used to form a seal
between the pile and installation tooling.

Figure 1: Typical grout plug shown on the ground and in a threaded coupling
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Pile Driver Plate(s)

Commonly stocked plates with properties are shown below in Table 1. The driver plate may be used to assist
with installation of the pile to the required depth, create an annulus for the pile grout column, and be used as an
end bearing element, if required. Driver plate diameters and thicknesses depend on project specific requirements

and loads.

Diameter 4.5"-12.75"
Length 5'- 40
Wall Thickness  |0.290" - 0.545"
Material Strength 80ksi

i
=

Pile Shaft

o
Bolted
Coupling Type
Threaded
Diameter 8" -30"

Driver Plate Sl 6
Thickness 1/2"-3/4"

Material Strength 50ksi

TABLE 1: Common shafts and drive plates

Grout

A typical grout column is shown in Figure 2. A neat grout mix with Portland Cement and potable water may be
used for the grout column. Once the drive plate(s) is in full contact with the ground, pressure grouting can begin.
The drive plate and grout displaces the soil around the diameter of the shaft at approximately the same diameter
as the driver plate(s). This results in a continuous grout column around the annulus of the pile shaft. Grout flow
and delivery pressure should be monitored to ensure that proper grout distribution is being achieved.
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Terminations

The EDP system offers flexibility for terminations. The termination transfers compression, tension, and shear
loadings from the structure to the deep foundation pile. Common pile caps can be placed in reinforced concrete
pads, structurally connected to steel framing by bolting, welding or threading, and can be easily installed by the
same crew that installed the pile. Custom pile caps can be designed and fabricated upon request.
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FIGURE 2: Typical pressure grouted displacement pile

[ll. COMMON APPLICATIONS

The EDP has been used successfully in traditional Displacement Pile situations such as limited site access for
large equipment, low overhead room and low installation disturbance applications. It can be used in building,
bridge, highway and utility applications, among others.

The EDP has shown real value in these traditional situations where axial loads exceed the capacities traditional
piles. The larger cross section and higher grade steel of the EDP also offers much higher lateral and moment
capacities than traditional Displacement Piles.
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V. DESIGN METHODOLOGY

The EDP shall be designed to meet the specified loads as shown on the drawings. The structural design
processes listed below will assist the engineer in limiting the stresses in the EDP to acceptable values for
commonly used codes and design guides. The geotechnical design must consider not only load transfer to
suitable soil but also deflection criteria for the specific project.

Structural Design

The allowable load on the pile shall consider the mechanical strength of the pile components. There are several
design approaches, this design guide will consider the International Building Code (IBC) 2012.

For compression loads of an un-grouted pile:

(IBC 20127 Table 1810.3.2.6)

Ca

T[@Z "QZ b
Where:

Pc-alowable = Allowable Compressive Load (kips)

fy = Minimum Yield Stress of Pile Shaft (ksi)

As = Area of Steel Shaft (remove corrosion if required) (in?)

Minimum material stresses of EDP piles vary and should be confirmed with MPS. If the pile is being used in end
bearing on the driver plates the mechanical capacity of the driver plate(s) should also be checked against the
loads.

For compression loads on a grouted pile:
(IBC 20127 Table 1810.3.2.6)
0 zQz0 TWaFQz0 @z 0z 0 zj
Where:
Paicomp = allowable compressive load of composite pile (kips)
fy = minimum yield stress of pile shaft (ksi)
As = area of steel (remove corrosion if required) (in?)
f . & specified grout compressive stress (ksi)
Aginside = area of grout inside steel shaft (in?)
Agoutsice = area of grout outside of steel shaft (in?)
lutside = grout outer area reduction factor = 0.7

Minimum grout stresses are typically set on a project basis and may be set in a local building code. Confirmation
of utilizing grout outside the EDP steel shaft should be verified against specific project requirements and local
building codes.
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For tension loads on a pile:
(IBC 20127 Table 1810.3.2.6)

0 @z "Qz

Where:
Pralowanle = allowable tension load (kips)
fy = minimum yield stress of pile shaft (ksi)

As = area of steel (remove corrosion if required) (in?)

Alternatively, the design may also use the design methodology given in the FHWA publication No. FHWA NHI-
05-39, Displacement Pile Design and Construction dated December 2005.

For compression loads of an un-grouted pile:
(FHWA Equation 5-1)
0 ™ ¥ 'Qz 0
Where:
Pc-alowable = allowable compressive load (kips)
fy = minimum yield stress of pile shaft (ksi)
As = area of steel (remove corrosion if required) (in?)
For compression loads on a grouted pile:
(FHWA Equation 5-1)
0 MmeQ 206 mz'Qz 6 o} zj
Where:
Paicomp = allowable compressive load of composite pile (kips)
fy = minimum yield stress of pile shaft (ksi)
As = area of steel (remove corrosion if required) (in?)
f . & specified grout compressive stress (ksi)
Aginside = area of grout inside steel shaft (in?)
Agoutside = area of grout outside of steel shaft (in?)

lutside = grout outer area reduction factor = 0.7

Minimum grout stresses are typically set on a project basis and may be set in a local building code. Confirmation
of utilizing grout outside the EDP steel shaft should be verified against specific project requirements and local
building codes.
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For tension loads on a pile:
(FHWA Equation 5-2)
0 ™ ¥ "Qz0
Where:
Pralowanle = allowable tension load (kips)
fy = minimum yield stress of pile shaft (ksi)
A = area of steel (remove corrosion if required) (in?)

Lateral Loads and Flexure Design

When EDP piles are subjected to lateral and/or moment loading, the resultant flexural stresses should be
determined from the pile/soil interaction using lateral load analysis program such as ALLPILE, LPILE, or equal
commercially available computer software. The analysis will require preliminary EDP length, structural capacity
and site specific soil properties.

Flexural stresses with axial stresses should be checked against allowable stresses of the pile material as
required by project or local building codes. The American Institute of Steel Construction (AISC) 360 manual
specifically addresses combined axial and flexural loading. One commonly used design uses ALLPILE and is
shown below.

LPILE Data entry
Step1li Select6 Pi | e Pr o poend shafewithbcasmganhd core/insertunder &6 Secti on Type

¥ b »
e st |

Section 1, Top -~ [0.00 - 50.00 ] ft Number of Defined Sections =1 Total Length = 50.00 ft
Section Type Shaft Dimensions Concrete Rebars Steel Properties

Show

@® Section O Profile

Section Type and Shape
(O Elastic Section (Non-yielding) O Steel AISC Section Strong Axis

(O Elastic Section with Specified Moment Capacity (O Steel AISC Section Weak Axis

(O Rectangular Concrete Section (O Round Prestressed Concrete

(O Round Concrete Shaft (Bored Pile) (O Round Prestressed Concrete with Void

(O Round Concrete Shaft with Permanent Casing (O Square Prestressed Concrete

(@ Round Shaft with Casing and Core/Insert (O Square Prestressed Concrete with Void

(O Steel Pipe Section O Octagonal Prestressed Concrete

O Steel H Section Strong Axis (O Octagonal Prestressed Concrete with Void
Q) Steel H Section Weak Axis O User Defined Non-linear Bending Section

A Adjust Softening of Moment Curvature

[ Compute Equivalent Elastoplastic Moment Curvature (CALTRANS)
Note: Program will use the Equivalent Elastoplastic curve for analysis if this option is checked

The shape is used to model a round shaft (or bored pile) with permanent casing and a structural steel section core/insert. Rebar may or may not be used with this shape. However, the use of rebar
may make it difficult to place concrete without voids if the maximum aggregate size is too large. The designing engineer should be aware that bond development length for smooth casing is uncertain
due to the unquantifiable effects of casing cleanliness and method of concrete placement. In addition, axial side resistance may be degraded along the permanent casing if the permanent casing is
placed into a pre-drilled hole

Add Section Insert Section Delete Section OK

[ Copy Current Section Properties for New Sections (Add/insert)

This license of LPile is held by MacLean-Fogg Company, Mundelein, IL, USA USCS Units Conventional Analysis Mode Static Loading
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Step 2 1 Input anticipated pile length, outside grout diameter, and EDP shaft dimensions on t he
Di me n s i oBEnteréa ndarazéro outer casing thickness.

25 Lpile 2019.11,04 - New

' File Dats Computation Graphics Help

> # 5 7 S : =R EEE RE
L] P'“""" eerin| |y + AT NI roa | | e | I I I D Y N I OO D

Pile (USCS ecticn Di

ion Properties o

‘Secllnn 1, Top ~| [0.00-70.00] ft Number of Defined Sections = 1 Total Length = 70.00 ft
Section Type Shaft Dimensions Concrete Rebars Steel Properties
Show

Elevation Dimensions Cased Shaft with Core @® section O Profile
Langth of Section (f) ion Dimensions:

ength of Section 70 |’

9 Casing Outside Diam. (in) 20
Elastic Section Properties:

Casing Wall Thickness (in} 1E-5

Select Shape

0
0
E 0 0
0
0 0
Core Diameter (in) 7
2 0 0
Core Wall Thickness (in) 0408
0 0 ;
0
0 0 0
0 0 Elastic Mo s/in"2 0
Compute Mom. of Inertia and Areas and Draw Section Copy Top Properties to Bottom

The shape is used to model a round shaft (or bored pile) with permanent casing and a structural steel section corefinsert. Rebar may or may not be used with this shape. However, the use of rebar
may make it difficult to place concrete without voids if the maximum aggregate size is too large. The designing engineer should be aware that bond development length for smaoth casing is uncertain

due to the unquantifiable effects of casing cleanliness and method of concrete placement. In addition, axial side resistance may be degraded along the permanent casing if the permanent casing is
placed into a pre-drilled hole.

Add Section Insert Section Delete Section OK

[41 Copy Current Section Properties for New Sections (Add/nsert)

This license of LPile is held by MacLean-Fogg Company, Mundelein, IL, USA USCS Units Conventional Analysis Mode Static Loading

Step 371 Input grout propertiesu nd er 6 C o nWereedmmeénd usiage4,000 to 5,000 psi grout compressive
strength.



