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SOFTWARE LICENSE AGREEMENT & DISCLAIMER

IMPORTANT NOTICE: Please carefully read the terms of the license
agreement and disclaimer at the end of this book. Usage of this software
signifies acceptance with those terms.
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COPYRIGHT, WARRANTY & DISCLAIMER
Copyright 1987-2023 by ENSOFT, INC.
All rights reserved.

Printed in the Unites States of America. Except as permitted under the
United States Copyright Act of 1976, no part of this publication may be
reproduced, translated, or distributed without the prior written approval
of ENSOFT, INC.

Although the program has been used with apparent success in many
analyses, new information is being developed and new or updated
versions may be written from time to time. All users are requested to
inform ENSOFT, INC. immediately of any possible errors that are found in
the coding of our software. As modifications, updates, or new versions are
produced, notices will be sent to subscribed users that keep their address
current on ENSOFT, INC.’s files.

No warranty, expressed or implied, is offered as to the accuracy of results
from ENSOFT, INC.’s software products. The software products should not
be used for design unless caution is exercised in interpreting the results
and independent calculations are available to verify the general
correctness of the results. Users are assumed to be knowledgeable of the
information in the printed documentation that are distributed with the
digital media. Users are assumed to recognize that the input parameters,
eg., soil and rock properties, shaft length, diameter of rock socket, and
many others, can have a significant effect on the solution and must be
chosen carefully. Users should have a thorough understanding of the
relevant theoretical criteria (appropriate references are suggested in the
software documentation).
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1.1 General Description

The interaction among the piles and the surrounding soil are complex. Pile driving generally alters
the character of the soil and intense strains are set up locally near the piles. The load transfer mechanics
(side friction and tip resistance from soils) vary with many factors such as the types of soils, the installation
method, the pile material, the pile geometry and others. Because of the inherent complexities of pile
behavior, it is necessary to use practical semi-empirical methods of design, and to focus attention on
significant factors rather than minor or peripheral details. APILE utilizes two related codes to provide the
user with information on the behavior of driven piles under axial loading.

The first of these codes makes use of four different sets of established empirical methods for
computing the axial capacity of piles as a function of depth. Those methods include: API method
(established by American Petroleum Institute), USACE method (published by U.S. Army Corps of
Engineers), FHWA method (published by U.S. Federal Highway Administration), and Lambda method
(with the effective-stress contribution). Most of the semi-empirical design methods for prediction of axial
capacity of piles require internal friction angles (¢) for calculating the side friction in sand layers, and the
undrained cohesive strength for calculating the side friction in clay layers. The design engineers should
gather all the necessary soil parameters based on the geotechnical investigation report prepared for the
application site. The subsurface can be divided into sub-layers based on the soil properties (cohesive or
non-cohesive) with the associated layer depth and soil parameters.

Recently, the cone penetration test (CPT) has been widely used in subsurface explorations
worldwide. Four empirical methods for prediction of the axial capacity of driven piles based on CPT data
have been recommended by the offshore industry and are included in APILE Offshore Version. Those four
coned-based empirical methods include: NGI-99 method (published by Norwegian Geotechnical Institute),
ICP/MTD method (published by Richard Jardine et al from Imperial College in London in 2005), Fugro
method (published by Fugro in 2005), and UWA method (published by the University of Western Australia
in 2005).

The second of the two codes employ #-z curves to compute the load versus settlement of the pile at
the greatest length that is specified in the input. Ifthese results fail to satisfy the requirements of a particular
application, the user may refer to the results of load versus depth and select a revised length. Each of these
codes is described in detail in the following sections and example computations are also presented.

APILE is a special-purpose program based on rational procedures for analyzing a driven pile under
axial loading. The program computes settlement of the top and base of the driven pile as a function of axial
loading, along with the distribution of axial load along the length of the pile.

1.2 Features of the Program

Program APILE has the following features that are designed to enhance the ability of the engineer to
obtain usable results.
1. Unit load transfer in side resistance (skin friction) and end bearing are computed, along with
the capacity of a pile to sustain axial loading.
2. Results from four different analytical methods are provided in the basic version for
comparison and/or code compliance. Additional results from four cone-based analytical
methods are available in the special Offshore version of APILE.
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3. The APILE program makes internal computations of the development of a plug in an open-
ended pile as it is driven into the ground.

4. At the user’s discretion, the values of unit load transfer computed by the program or those
provided by the user (externally from APILE) can be used to estimate load versus settlement.

5. Graphical output of load-distribution curves, load-settlement curves, and bearing capacity as a
function of depth are provided.

6. APILE has options for computation of pile capacity under tension (uplift loads) with
considerations for buoyancy effects where necessary.

7. Option for applying reduction factors for each soil layer, such as strength reduction during pile
driving, pile-group reduction factor, or LRFD strength reduction factor.

8.  The cone penetration test (CPT) has been widely used in subsurface explorations worldwide.
The latest APILE has an option to read a CPT data via an external file, and then convert the
CPT data to equivalent SPT-N values and equivalent cohesive strength internally for the user.

1.3 History of Development

1.3.1  APILE1 (1987)

With the advent of wide-spread availability of personal computers, the founder of ENSOFT, Inc.,
had a vision to improve the engineering capability for analysis and design of deep foundations by providing
useful software tools. The development of APILE1 was completed under the direction of Dr. Lymon C.
Reese and was first commercially distributed in 1987. While based on an earlier mainframe program,
APILE1 was developed to use an interactive input method.

1.3.2 APILE Plus v1 (1989)

APILE Plus was released in 1989. This version incorporated the program APILE2 (Portion of
TZPILE), which was developed as a subroutine for computing the load-vs-settlement at the pile head based
on the #-z curve method. Therefore, Program APILE Plus is a complete program for analyzing the behavior
of driven piles under axial loading. It not only calculates the ultimate skin friction and tip resistance at each
depth, but also computes the load-vs.-settlement relationship at the pile head. In addition, a menu-based
DOS interface was introduced.

1.3.3 APILE Plus v2 (1995)

The success of Windows 3.1 from Microsoft, Inc., as the dominant platform for personal computers
pushed software development to adopt a standard, graphical-user interface. This version of APILE Plus
utilized Windows-based pre- and post-processors, while retaining the original computing engine from
Version 1.

1.3.4 APILE Plus v3 (1998)

This version of APILE Plus was a complete recoding of both the pre-and post-processing programs
running under Windows 95/NT and the computing engine. The graphical-user interface was recoded to
provide a more intuitive process for data input and to enhance the graphical capabilities.
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In addition, in the technical side, Version3 includes two new methods for computing the axial
capacity of driven piles. One is the FHWA method recommended by the Federal Highway and Works
Administration (FHWA). The other one is the USACE method recommended by the US Army Corps of
Engineers (USACE).

The program presents the computed results for all four different methods and the user can make a
selection based on the site condition and the application.

1.3.5 APILE Plus v4 (2004)

This version of APILE Plus is upgraded for the requirement under Windows 2000/XP and the later
system. The most recent files of the input data will be listed under File Menu for users to load or retrieve
quickly and conveniently.

APILE Plus Version 4 now has an option to generate compatible data file used by GRLWEAP for
pile driving analyses. The program also provides the user with an option to generate #-z curves at depths
specified by the user. Furthermore, the program prints and plots the unit side friction and accumulated side
friction as a function of depth for comparison.

1.3.6 APILE Plus v5 (2007)

APILE Plus Version 5 added an option for computation of pile capacity under tension (uplift loads).
Another new feature in Version 5 is to allow the user entering the variation of cross-sectional area as a
function of depth. This feature is particularly useful for tapered piles or long pipe piles with sections using
different inside diameters (ID). Recently the cone penetration test (CPT) has been widely used in
subsurface explorations worldwide. APILE Plus Version 5 now has an option to read the CPT data via an
external file, and then convert the CPT data to equivalent SPT-N values and equivalent cohesive strength
internally for the user.

Two empirical methods for prediction of the axial capacity of driven piles based on the CPT data
have been evaluated by API. The first one is NGI-99 method published by Norwegian Geotechnical
Institute and the other one is MTD method published by Richard Jardine et al (2005) from Imperial College
in London. Several uncommon soil parameters particularly are required for MTD method, which may not
be of interest to driven piles installed onshore. APILE Plus provides the user with the basic version and an
offshore version. The difference between these two versions is that the offshore version includes the
predicted pile capacity based on NGI-99 and MTD methods for offshore applications.

1.3.7 APILE 2014 (v6)

Program APILE uses the year number as the version sequence starting in 2014, while keeping the
second number of the release equal to the input data format (input data format 6). The major improvements
in v2014.6 were a complete rewrite for a more intuitive interface and to provide options for specifying the
reduction factors on side friction and tip resistance for each soil/rock layer if the user selects the LRFD
method.

The new release also introduces the ability to compute elastic shortening for pile portions above
ground level (either in air or water), which is useful for many offshore applications.

Two more cone-based empirical methods, including Fugro method (published by Fugro in 2005),
and UWA method (published by the University of Western Australia in 2005), were added into the APILE
2014 Offshore version.
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The new program allows the user to change the line width and font sizes in the generated plots. In
addition, v2014 introduces compatibility to Windows 8 and 8.1. The program text book was updated and
released in separate User’s and Technical Manuals, both improved plus released electronically in protected
PDF format.

1.3.8 APILE 2015 (v7)

Improvements in v2015 (data format 7) included an extended set of user-selectable parameters for
the FHWA criteria (users can now select a desired adhesion factor in each CLAY layer), introduced a SILT
criteria for USACE computations, improved computational options for SAND criteria, added a new feature
for export of any output plot into a new Microsoft Excel spreadsheet (created by APILE) to help users in
presentation graphics for reports and also added new sets of speed buttons.

1.3.9 APILE 2018 (v8)

This new full version introduces data format 8 with four new main features: i) the ability to analyze
batter piles (installed at an angle from vertical), ii) new 3D graphics for display of the pile, soils and load
transfers, iii) ability to specify the use of long-pile factors for USACE method, and iv) introduction of the
FHWA 2016 method of neutral plane method for estimations of downdrag forces. All new features are
described in more details in associated sections of the new User’s and Technical Manuals.

1.3.10 APILE 2019 (v9)

The main new feature in v2019 is the ability for users to modify certain shapes of the internal 7-z
curves produced by the program. This new feature ensures compliance with guidelines set since the API
2A-WSD from November 2014. New features are described in more details in associated sections of the
new User’s and Technical Manuals.

1.3.11 APILE 2023 (v10)
The most important improvements implemented in APILE v2023 (equivalent to APILE v10 when
using the old release numbering) are included in the list below.

1. Introducing a new feature to import and analyze files from any cone penetrometer (CPT) to
create soil layering and properties for inputting into APILE for capacity estimations:

» Users can interactively import any CPT data in any format and in any units.

» Users can select Sand or Clay layers quickly based on interpreted Cohesion and Friction
Angles.

» CPT can be quickly evaluated and interactive plot helps users for the selection of desired
mechanical parameters for top and bottom of each layer.

» [Interpreted data can be exported to APILE and later edited using CPT screen and/or using
the standard APILE dialog boxes.

2. Background programming has been improved for the data entry process.

Users can now enter data for soil layers and pile length in Elevations or in Depths (distance
from grade) and can switch between them as needed for any part of the data-entry process.

4.  Output graphics will display program results in the selected Elevations or Depths.
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5. A new feature allows users to specify the depths above/below pile tip that should be used to
average the computations of end bearing.

Users can specify -z multipliers for any depth along the pile.

Users can specify Q-w multipliers for the pile tip.

APILE v2023 has a feature for exporting a data file with definition of soil transfers for
drivability analyses with the separate GRLWeap 14 software.

9. There is a new viewer of output plots where users can quickly observe results in graphical
form and/or produce/export of basic plots (more detailed formatting of output plots are
recommended with Exporting to Excel spreadsheet).

10. Users are able to open the new v2023 Technical Manual in standard PDF file format.

11. A new reporting tool introduces a pre-formatted Microsoft Word file that contains input data
of the model along with a selection of output tables and charts.

1.4 Organization of APILE Manuals

The documentation provided with the computer program APILE consists of two volumes. The
User’s Manual contains full documentation about the operation of the program on personal computers. The
User’s Manual covers the areas of installation, preparation of input data, program execution, view of
computational results, and example applications.

The Technical Manual provides information about: the theory of pile behavior under axial loading,
the semi-empirical equations for pile-capacity computation, the concept of load-transfer, and load-vs.-
settlement of piles in different types of soil strata. The Technical Manual includes other helpful references
related to concepts utilized in program APILE.

ENSOFT holds a copyright of both manuals. The manuals are distributed in protected Adobe© PDF
file format to licensed users of the APILE program. The content of these files/manuals cannot be copied
and/or distributed to others unless specific written approval by ENSOFT.

Both Manuals are installed with the APILE program and accessible via any one of the following
three methods: i) from the Windows Start Menu, ii) from the Ensoft tile in Windows 11, 10, 8.1 and 8, or
iii) from the Help menu within the APILE program.

1.5 Typographical Conventions

To orient the user to different software features, certain terms are set in typefaces that distinguish
them from the body text. The following formatting conventions are used throughout the Manual:

° Commands that are typed directly on the keyboard: “Enter”; “F1”; “Esc”
e  Commands with keys simultaneously pressed in the keyboard: “Alt+F”; “Ctr+0”
e  Menu items and other text displayed on the screen are in sans serif:
From the File menu choose Open
) File names and names of directories and folder and icon names are in italics:
Open the example file examplel.sf10d
e Internet and electronic mail addresses are underlined:
Send email to support@ensoftinc.com
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1.6 Contents of the APILE Package

The standard package sent with APILE consists of the following items:
e One USB Key (sometimes known as hardware key or dongle),

e  One USB Memory Stick with installation programs for all Ensoft software products (this may
be missing in future releases, since the full program is available for downloading from the

www.ensoftinc.com website).

ENSOFT, INC. —
ENGINEERING SOFTWA
| www.ensoftinc.com

' E-mail: sales@ensoftinc.com
Phone: 512-2. 64 |
Fax: 512.244.6067 |

Figure 1.1 Sample USB Key for Ensoft Software.

1.7 Default Installation Directories

The directories for installation of program files and for example files are selected by the user during
program installation. Default values are provided by the installer and confirmed or changed by the user.
1.7.1 Directory for Main Program Files

Program files are installed by default in the following directory:

Root Drive:\Program Files (x86)\Ensoft\Apile2023
In most cases the Root Drive is the c:| drive so the default is:
c:\Program Files (x86)\Ensoft\Apile2023

Main program files are the following:

Apile2023.exe is the main Windows-program module (executable/application),

Apile2023.dll is the program engine for direct computations,

User’s and Technical Manuals are also included in the main installation directory.

1.7.2 Directory for Example Files

Several modeling examples with input files (files with name/extension of the type filename.sh9d) are
installed on a separate folder that defaults to:

Root Drive:\Ensoft\Apile2023-Examples
In most cases the Root Drive is the c:\ drive so the default is:

c:\Ensoft\Apile2023-Examples
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1.8 Hardware Requirements

To use APILE, the user needs the following minimum hardware configuration:
e Any personal computer with an Intel® Pentium® or newer processor.
e A hard disk with at least 50 MB of free space.

e Microsoft Windows® 2000, XP, VISTA, Windows 7, Windows 8, Windows 8.1, Win 10 or
Windows 11. A newer release of the Microsoft Windows® operating system may need a more
recent update of the SHAFT software.

e  Minimum of 640 KB of free RAM memory.
e Open (available) USB port (v2 or newer).
e A mouse or similar pointing device.

e Optional: Any windows-compatible printer.

1.9 Technical Support

Although computer program APILE was designed to be distinguished by its ease of use and by the
accompanying User’s and Technical Manuals, some users may still have questions. The technical staff at
ENSOFT strongly supports all licensed users with questions related to the installation or use of APILE. For
instance, we evaluate and troubleshoot when a specific model (input data file) provides some errors or when
users have a specific question regarding an apparent discrepancy of results when comparing two different
models/scenarios. However, our free services of technical support do not include free training or technical
interpretations that would require engineering judgment.

New software purchases include free maintenance service for the first year (included in purchase
price). After the first year the user is encouraged to purchase/renew the services for yearly maintenance.
The yearly maintenance services include free download of the latest version and free technical support (as
explained earlier).

1.9.1 Preferred Methods of Software Support

Software support is given, in order of preference, by the following methods:
e Electronic mail to: support@ensoftinc.com

e Fax to: (512) 244-6067

e Telephone call to: (512) 244-6464, extension 2

Users are strongly encouraged to utilize electronic means of support via email. In all technical
support requests via email, please include the following information:

o full software version/release/update (obtained from the Help > About dialog),
e  adescription of the user’s problem or concern,

e attach a copy of the input-data file that is associated with the issue/concern (files with
name/extension of the type filename.ap10d), and

e name and telephone number of the contact person and of the licensed user (or name and office
location of the licensed company site and/or serial number of the USB Key).
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Although immediate answers are offered on most technical support requests, please allow up to two
business days for a resolution in case of difficulties or schedule conflicts.

Technical help by means of direct calls to our local telephone number, (512) 244-6464, is available,
but is limited to the business hours of 9 a.m. to 5 p.m. (US central time zone, UTC —6:00). The current
policy of Ensoft is that all telephone calls for software support will be answered free of charge if the user
has a valid maintenance contract.

1.9.2 Upgrade Verification and Internet Site

Starting from APILE v2018 the software provides options for the user to check the most recent
maintenance release through an internet connection by selecting Help > Check for Updates from within
the software. This command starts the default internet browser and will display the user’s maintenance
expiration date, the user’s software release number and the most recent release number that is available for
downloading.

If the user’s version is not the latest version and the maintenance has not expired, the user can
download the latest version from our web server directly (www.ensoftinc.com). Users may also consult
our internet site for additional information on software updates, demos, and new applications; technical
news; and company information.

1.9.3 Renewal of Program Maintenance

The cost to renew program maintenance will depend on the length of time for which the program
maintenance has been expired. There are small price increases with time after expiration. The pricing
policy for renewing a program maintenance that has not expired can be found on the Ensoft website at
https://www.ensoftinc.com/order form

1.9.4 Changes of Support Policy

The software support policy and associated expenses are subject to change at ENSOFT’s discretion
and without specific mailed notices to the users. However, any change of rules will be verbally provided
during telephone calls for software support.
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2.1 Installation Procedures

Program APILE is distributed with an associated USB Key (hardware key or dongle, see Figure 1.1).
The USB Key consists of a device that is attached to an empty USB port (or USB hub) of the computer in
use (or in the designated License Manager/Server in the case of local network licenses). This method of
software protection has been found to provide compatibility with existing operating systems, better stability
than other alternatives, and allows users to obtain software updates or replacements via downloads from
the internet.

Users with standard single-user licenses can check the following link to a PDF with Installation
Notes: https://www.ensoftinc.com/doc/Ensoft Single-User License Installation Booklet.pdf

Users with local network licenses can check the following link to a PDF with Network Installation
Notes: https://www.ensoftinc.com/doc/Ensoft Network License Installation Booklet.pdf

2.1.1 Installation of Single-User Version

This version of APILE has been tested to be compatible with the following versions of the Microsoft
Windows® operating systems: 2000, XP, Vista, and Windows 7 and 8, 8.1, 10 and 11 in 32 and 64-bit
releases.

The following guidelines are recommended during the installation process of APILE for single-user
licenses.

1. Plug the supplied USB Key (Figure 1.1) into one of the available and working USB ports in your
computer. The USB Key is plug-and-play compatible so the operating system will recognize the
USB Key automatically and a small but solid green light should appear at the end of the USB Key (a
flickering green light or no light indicate problems with the standard windows driver or with the
USB Key).

2. Ifthe user installs from a distribution USB Memory Stick and the main installation program does not
start automatically upon insertion of the Memory Stick then click on the Windows Start Menu
button and select Run. On the command line, type d:\setup.exe or e:\setup.exe, where d: or e:
represents the drive that contains the distribution Memory Stick. Click OK to execute the command
and start the main installation program for ENSOFT’s software. A screen similar to the one in
Figure 2.1 should appear.

3. If the user installs from a downloaded file, then please run the downloaded file (double click) and go
to instruction #5.

4. Click anywhere on the Apile 2023 icon and then click on the Install Standard button to start the
installation of APILE.

5. The user should read the license agreement shown in Figure 2.2. Users can review the License
Agreement online in the following link:

https://www.ensoftinc.com/doc/Ensoft%20License%20and%20Disclaimer.pdf

The installer will place the same file (Ensoft License and Disclaimer.pdf) in the installation
directory. Please click Yes if you agree and would like to proceed.

6. Select Single-User License in Figure 2.3 then click Next. For network installations please contact
Ensoft support (support@ensoftinc.com).
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7. The user will be provided with an option to select a drive and directory for the installation of
example files (see Figure 2.4). Default installation directory is the following:

(Root Drive):\Ensoft\Apile2023-Examples

8. The user will also be asked to select a drive and directory for the installation of LPILE (see Figure
2.5). Default installation directory (varies according to the Windows release where it is installed) is
one of the following;:

(Root Drive):\Program Files (x86)\Ensoft\Apile2023
(Root Drive):\Program Files\Ensoft\Apile2023

If the desired directory does not exist, the installation program will automatically create a new
directory in the chosen hard drive.

Ensoft, Inc. - Software Installations

Flease selectthe program wou wish to install
. ol ~ || EncPT 2019
£ Group 2022 e - Setoff 2020
s Shaft 2023 s @ GeoMat 2022
s s Q StablPro 2015
—
{ ( E DynaPile 2016
- ¢ | s | DynaMat 2018
s % PYyWall 2022 . m DynaN 3.0
Flease select the type of installation

Imztall Standard | Inztall Demo | Inztall Hetwark,

You must hawe the appropriate hardware lock to install full wersions of our sottware

Figure 2.1 Main Installation Screen for ENSOFT Software (may change with time)

9. During the installation the user will be asked to set the file extension association for opening APILE
v2023 input data files (see Figure 2.6). If the user agrees (leaves the default check mark) then
double clicking (or running) any input data file with extensions of the type filename.ap10d will start
the installed APILE v2023 software.
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10. The user will be prompted to confirm the shortcut directory name that will be created in the
Windows Start Menu (See Figure 2.7). The default is Start Menu/Programs/Ensoft/Apile2023.
Windows 11, 10 and 8 will automatically create an Ensoft tile with the same shortcuts.

After the installation is finished, it is usually not necessary to reboot Windows for the program to
run. The user may run the program by selecting APILE v2023 from the standard links installed in the
Microsoft Windows® Start Menu: Start Menu > All Programs > Ensoft > Apile2023

License Agreement

E2 |

License Agreement

Please read the following license agreement carefully.
Press the PAGE DOWN key to see the rest of the agreement.

PROGR.AM LICEMSE AGREEMENT & DISCLAIMER

IMPORTAMNT MOTICE: This License Agreement & Disdaimer ("LICENSE™) is a
legal agreement between you (either an individual or a single entity) and
Ensoft Incorparated (EMSOFT) for the ENSOFT product ("PRODUCT ™)

identified on the current installation screen. The PRODUCT indudes

computer software and assodated media, printed materials, hardware key
{dongle), and electronic documentation, The PRODUCT also indudes any
updates and supplements to the original PRODUCT that may have been
produced by ENSOFT. By installing, copying, downloading, accessing or
otherwise using the PRODUCT, you agree to be bound by the terms of this
LICEMSE. If you do not agree to the terms of this LICEMSE, do notinstallor ™

(@) YES - I Accept the terms of the License Agreement!
(7) MO - I DO NOT Accept the terms of the License Agreement!

www. ensofting, com

<Back || Mext> | | concel |

Figure 2.2 Installation screen with License Agreement (may change with time)
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)

Please select the type of license purchased from Ensoft:

@ Single-User License

) Network License

) DEMO (Mo Key)

www. ensoftinc. com

Figure 2.3 Selection of Single-User License (may change with time)

Examples Directory

Please select the directory for Example files:

Setup will install the Examples in the following directory.
To install to this directory, didk Mext,

To install to a different directory, dick Browse and select another directory.

Browse

C:\Ensoftlapile2023-Examples

wyww, ensofting, com < Back Cancel

Figure 2.4 Default Installation Directory for Example Files (may change with time)
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Choose Destination Location

Choose Destination Location

Setup will install APILE v2023 in the following directory.,
To install to this directory, did: Next.

To install to a different directory, dick Browse and select another directory,

Destination Directory

Browse...

C:\Program Files (x36)\Ensoft\Apile2023

Space reguired on drive: 24.2MB
Space available on drive: 639207, 1 MB

wyww, ensofting, com < Back

Cancel

Figure 2.5 Default Installation Directory for Program Files (may change with time)

Set File Association

Set File Association

Setup will assodate some file types with APTLE w2023,
Select the file types you want to assodate, dear the file types you do not want
to assodate.

File Types:

b .aplod APILE v2023 Data File

www, ensoftinc, com = Back

Cancel

Figure 2.6 File Extension Association for APILE 2023 Data Files (may change with time)
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Set Program Shortcuts

Set Program Shortcuts

Setup will add Shortcut to the Start/Program menu,

Start/Program Menu
|Ensu:u1"t'|,-5.piIE2EI 23

Shortcuts are available for - All Users e

wwww ensofting. com = Back Cancel

Figure 2.7 Default Shortcut Folder in Windows Start Menu (may change with time)

2.1.2 Introduction of Network Version

Special network licenses and Net USB Key (network hardware key) are available for users that desire
to operate APILE on a Windows network. The network version is limited to users within a limited range
of IP addresses that are employed at a specified licensed office site.

Network versions of APILE have special subroutines written for installations in “software servers”
(License Servers) and for installations of “individual clients” (Client Computers). The “software server” is
the computer that will be carrying the network key provided by ENSOFT, INC. The software server is not
necessarily the same as the existing network server. Any computer in the existing Windows network may
be designated software server for APILE as long as the Net USB Key is attached to a working USB port
(or through an USB hub) and the “server” version of the software or of the Ensoft Utilities is installed on
its hard drive.

Software “clients” are other computers of the network that are accessed by employees of the licensed
office site and that have the software installed as client. Client computers do not need any hardware key or
dongle attached to their local system. The program installed in “client computers” will be allowed to run
as long as the computer designated as “software server” is accessible on the network with the proper
operating system and with its network key secured in place.

2.1.2.1 Installation of Network Version

Installers of network licenses should refer to a separate booklet with installation instructions for the
Network version of this product. The document can be downloaded from the Ensoft web site
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(http://www.ensoftinc.com/updates/Ensoft Network Installation Notes.pdf) or can be requested via email
to support@ensoftinc.com

2.1.2.2 Silent Installations on Client Computers

For installation of network licenses on local client computers there is an option for command-based
installations that are completely silent (performed without other user input). Instructions for silent
installations on client computers can be downloaded from the Ensoft web site using the following link:

http://www.ensoftinc.com/updates/Silent Install on Client Computers.pdf

Alternatively, the document can be requested via email to support@ensoftinc.com

2.1.3 Backup of Original Software

The distributed software may be copied for backup purposes. The program may be installed in several
computers at the same time. However, unless network licenses are purchased, the program will only operate
in computers that carry the appropriate hardware key.

2.1.4 Software Updates on the Internet

Occasionally, ENSOFT will produce software improvements and/or fixes and place the latest
software programs on ENSOFT’s internet site. Users can check for available updates by selecting Help >
Check for Updates from the SHAFT menu. Software users may freely download the latest program
update from the PRODUCTS > Downloads link in the following site: http.//www.ensoftinc.com

2.2 Getting Started

A general diagram showing the menu choices and operational flow chart of program APILE is
presented in Figure 2.8. The following paragraphs provide a short description of the operational features
of APILE and should quickly enable the user to get started with the program.
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Double click the icon

APILE
in the APJT Ffolder

~

File Menu
Open an existing data file or begi
a new blank file

~

Data Menu
Input required data of soil properties, pile
geometry and properties, and pile loading.
Start from the top submenu and continue
with each consecufive option below.

~

Computation Menu
Once finished with the data input, the REun
Analysis submenu performs the necessary
computations. This menu also contains options for
observing the plain-text input, output, and process-
ing run files created by the program.

~i

Graphics Menu
Observe several tvpes of
output graphics produced

by a successful run.

Hefp Menu

Ayrailable for most commands.

- iy

Figure 2.8 Sample organization and operational flow chart

2.21 Starting the Program

The program is started by double clicking the left mouse button anywhere in the APILE icon. A new
window will appear on the screen, with the following top-menu choices: File, Data, Options,
Computation, Graphics, Window, and Help.
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2.2.2 File Management

The File menu option contains five standard entries, as shown in Figure 2.9; they are:

New to create a new data file.

Open... to open an existing data file.

Save to save input data under the current file name.

Save As... to save input data under a different file name.

Exit to exit program APILE.

Other entries include quick access to a history of up to 10 recently-opened files.

File
Mew Ctrl+MN
Open... Ctrl+0
Save Ctrl+5
Save As...

1 Example 4 - Prestressed Concrete Pile.ap10d

2 Example 10 - APl Method on Battered Pile.ap10d

3 Example 9 - LRFD Method on Closed Pipe Pile - Initial.ap10d
4 Example 9 - LRFD Method on Closed Pipe Pile - Final.ap10d
5 Example 7 - CPT Methods on Close Ended Pile.ap10d

& Example & - Uplift Pile Capacity.ap10d

7 Example 5 - FHWA Tapered Pile.ap10d

8 Example 3 - Steel Pipe Pile in Clay.ap10d

9 Example 1 - Steel Pipe Pile in 5and and Clay.ap10d

10 Example 2 - Large 5teel Pipe Pile in Sand.ap10d

Exit

Figure 2.9 Sample File Menu

Several additional files are created in every new APILE run. A general description of these files is
presented in Table 2.1. Every run of APILE generates these text files in the same drive and directory where
the input-data file was saved or opened. Any of these files may be opened with standard text editors or
word processing programs.
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File Name Usage File Example
Extension Description Format Files
" i . ) examplel.apl0d
.aplod Input-data file Text file example2.ap10d
" i ) ) examplel.apl0o
.ap100 Output-data file Text file example2.ap100
" i . ) examplel.apl0p
.ap10p Plot-data file Text file example2.ap10p
* acpt CPT-data file Text file examplel.acpt
example2.acpt
* gwi GRLWEAP-data file Text file examplel gwi
example2.gwi
* srp GRLWEAP 14-data Text file examplel.srp
file example2.srp

Table 2.1 Files created in APILE runs

2.2.3 Data Menu

The Data menu contains several entries, as shown in Figure 2.10. The entries are listed below, along
with a general description of their use. Some entries may be disabled since they depend on other input
selections specified under the Data menu.

Title ...cvvennen. to enter a single line of text with a general description for the project.

Computational Method ...the user may select any one of the four (regular version) to eight (offshore
version) methods of internal computation of load-vs-settlement and one or more methods
of pile capacity, or the user may choose to input specific values of unit load transfers. The
user can also specify in this menu the usage of reduction factors for LRFD analyses.

Pile Material.. .used to enter the material type of piles such as steel piles, prestressed concrete piles, timber
piles, etc. This selection also provides control for values that are used in computations of
elastic deformation of the pile.

Circular-Section Pile .....to describe dimensions and material properties of piles with circular sections.
This menu also provides a selection of computations of pile plugging.

Noncircular-Section Pile...to describe dimensions and material properties of piles that are not circular.

Soil Layers......this is used to define the type and depth of each soil layer and to enter the associated soil
parameters. Users are able to edit layers using the standard APILE table or with the new
CPT interpreter (if data was imported from a CPT file).

Import CPT Data.......... this submenu is optional and is used to read an external file containing data from
the cone penetration test (CPT) which can be analyzed for soil layering into APILE.
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Data
Title

Computaticnal Method
Pile Matenal
Circular-5ection Pile

Mancircular-5ection Pile

Soil Layers »
Import CPT Data

Figure 2.10 Sample Data Menu

2.2.4 Options Menu

The Options menu is provided for the control of program variables and preferences. The listing of
menu options is shown in Figure 2.11 and the different choices are briefly described below. The user may
select any of the entries without concern for the sequential order.

Units............... the user may select either English Units (using kips, feet and inches) or S.I. Units (using
kN, meters and millimeters). English units are enabled, as a default, for all new runs. The
user may change the system of units as many times as desired and values that were
previously input will be automatically converted by the program to the new selection of
units.

Print t-z Curves at Additional Depths...Although the program generates ¢-z curves at the top, the middle,
and the bottom of each soil layer, the user may ask the program for printing of additional
t-z curves at user-specified depths. The depth of #-z curves is zero at the ground surface
and it cannot exceed the tip of the pile.

Control Options.............. the user may select the length of each computation increment and also how often
to print results. The observation of text files associated with APILE (input, output or
processor notes) is done using the text editor that is here selected by the user. The user
should input in this box the complete path and command line for the preferred text editor
or word processor that will be used to examine and print the input, output and processor
plain text files created by the program. As a default, the command line
c:\windows\notepad.exe is used to operate the standard text editor Microsoft Notepad that
is normally included with all Windows installations.

________________________________________________________________________|
Opticns

Units > English Units (kips, ft, in)

Print t-z Curves at Additional Depths ® 5 Units (kN, m, mm)

Control Options

Figure 2.11 Options Menu
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2.2.5 Computation Menu

The Computation menu is provided to run the analytical computations after all data are entered and
saved. After the computation is executed successfully this menu also provides options for the reviews of
plain-text input data, notes produced during computation, and output data. It also provides an option for
the graphical observation of the modeled pile and soil layers. Choices under the Computation menu,
shown in Figure 2.12, are briefly described below.

Run Analysis.. ............... this option is chosen to run the analytical computations. This option should be
selected after all data have been entered and saved.

Edit Input Text .............. this option calls the chosen Text Editor (selected under Options > Text Editor)
to observe and/or edit the analytical input data in plain-text format. The option becomes
available after the input data has been saved to disk, or when opening an existing input-
data file.

Edit Processor-Run Notes ............... this option calls the chosen Text Editor (selected under Options >
Text Editor) to observe, format, and/or print the notes provided during processing. This
menu becomes available only when an error is detected after a run command
(Computation > Run Analysis). The user is encouraged to read the processor-run notes
when the APILE model is not running successfully. The processor-run notes may provide
the user with some additional information about possible causes of the problem.

Edit Output Text............. this option calls the chosen Text Editor (selected under Options > Text Editor)
to observe, format, and/or print the analytical-output data. The option becomes available
only after a successful run has been made. Certain output files may be too large for the
Microsoft Notepad editor, so other text editors would have to be used (Microsoft Word Pad
should be able to open most text files).

3D View........... for a three-dimensional representation of the modeled pile, soil layers, layer depths, and
graphical plots of axial capacity vs. pile penetration.

View GRLWeap Data.... calls the chosen Text Editor (selected under Options > Text Editor) to display
the internally-generated data which are needed for pile-drivability study with the separate
GRLWEAP software. The program prints and saves the distribution of the side friction
based on the format requested by GRLWEAP software. The user is encouraged to verify
the pile dimension/property data and to select the proper driving hammer after the data file
is accepted by GRLWEAP.
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ey
Computation Graphics Window Help

Run Analysis

Edit Input Text
Edit Processor-Run Notes
Edit Output Text

3D View
Generate GRLWEAP Data

Generate Report in M5-Word

Figure 2.12 Computation Menu

2.2.6 Graphics Menu

The Graphics menu can be accessed for a quick observation of plots of output data provided after a
successful computational run of an APILE model.

Choices for the observation of output curves under this menu are only enabled after a successful
computational run. Even after performing successful runs, some choices may still be disabled since the
output data depends on specifications provided in the input file of each model. The various choices, shown
in Figure 2.13, are briefly described below.

Unit Skin Friction vs Depth .............. provides a plot of unit load transfers in side resistance (skin friction)
versus depth of the modeled pile according to computational methods for pile capacity that
were selected by the user.

Accumulated Skin Friction vs Depth...provides a plot of accumulated load transfers in side resistance
(skin friction) versus depth of the modeled pile according to computational methods for
pile capacity that were selected by the user.

Tip Resistance vs Depth.... provides a plot of ultimate end bearing (tip resistance) versus depth of the
modeled pile according to computational methods for pile capacity that were selected by
the user.

Total Capacity vs Depth.... provides a plot of the ultimate total capacity (skin friction plus tip resistance)
versus depth of the modeled pile according to computational methods for pile capacity that
were selected by the user.

Load Distribution.... provides a plot of distributions of axial loads versus depth of the modeled pile
according to the computational method for load-vs-settlement that was selected by the user.

Combined Plot.... provides a plot of ultimate skin friction, ultimate tip resistance, and the ultimate total
capacity versus depth on a single graph, according to the computational method for load-
vs-settlement that was selected by the user.

Axial Load vs Settlement.... provides a plot of the axial loads versus settlement at the pile head based on
t-z curves and Q-w curves, according to the computational method for load-vs-settlement
that was selected by the user.
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Internally-Generated t-z Curves.... provides a plot of the #-z curves generated by the program at the top,
the middle, and the bottom of each soil layer, according to the computational method for
load-vs-settlement that was selected by the user..

Extra t-z Curves at User-Specified Depths....this menu is only enabled for certain models, it provides
a plot of the #-z curves generated by the program at user-specified depths.

Internally Generated Q-w Curve.... provides a plot of the O-w (tip resistance vs. movement) that was
generated according to the computational method for load-vs-settlement that was selected
by the user.

Neutral Plane Analysis (Downdrag — FHWA).... provides an option to determine the FHWA 2016
approximate method for downdrag design.

Exports Plots to Excel....this allows the user to export some (or all) of the above plots to an excel file.
Each plot will be exported to two sheets, one contains the data and the second the chart.

Print Soil Profile....this menu prints out an elevation view of the modeled pile along with the soil profile
including depths and major mechanical properties of each soil layer.

Graphics
Unit Skin Friction vs Depth
Accumulated Skin Friction vs Depth
Tip Resistance vs Depth
Total Capacity vs Depth

Load Distribution

Combined Plot

Axial Load vs Settlement
Internally-Generated t-z Curves

Extra t-z curves at User Specified Depths

Internally-Generated C-w Curve
Meutral Plane Analysis (Downdrag - FHWA]
Export Plots to M5-Excel

Print Soil Profile

Figure 2.13 Sample Graphics Menu

2.2.7 Arrangement of Windows

The Window menu provides two standard functions for organizing opened windows and/or
minimized window icons. Submenu options, shown in Figure 2.14, are briefly described below.

Cascade.......... this option organizes all open-windowed menus so that all become visible with their tops
cascading from the top left portion of the screen.

User’s Manual (Rel. Aug/2023) APILE v2023



CHAPTER 2 - Installation and Getting Started — 2-16

Arrange Icons. ............... this option organizes the icons of all minimized windowed menus so that all
become visible and aligned at the bottom portion of the screen.

Other entries under the Window menu are names of any open windows or plot file, that the user may
select to navigate between open windows.

|
Window

Cascade

Arrange lcons

Figure 2.14 Window Menu

2.2.8 Help Files

The Help menu provides access to the software manuals (PDF files) and to some helpful utilities
that the user may need when running the program. Submenu options, shown in Error! Reference source
not found., are briefly described below.

Ensoft Key Inquirer........ this choice is only available for single-user licenses (not available in local
network licenses). This utility allows the user to check information contained in the USB
Key that is attached to the computer in use. With this utility the user can see the following
information: dongle serial number and expiration date, licensed program names and type
of licenses, maintenance expiration date of each software license, licensed company name,
allowed IP subnets. This utility is installed in the selected installation directory with the
following filename: ensoft key inquirer v5.exe (may change with time).

Check Network Dongle. this choice is only available in client computers of local network licenses (not
available in single-user licenses). This calls the utility that is used to check the licensing
and to troubleshoot communications with a license manager (or software server). This
utility is very useful in case of problems in clients while trying to run the licensed software.
This utility is installed in the selected installation directory with the following filename:
CheckNetworkDongle ipv_512.exe (may change with time).

User's Manual ............... this selection calls for any installed PDF reader (Adobe Acrobat, Acrobat Reader
or similar) to open the User’s Manual. This document is formatted as a protected PDF file.

Technical Manual.......... this selection calls for any installed PDF reader (Adobe Acrobat, Acrobat
Reader or similar) to open the Technical Manual. This document is formatted as a
protected PDF file.

About............... this screen describes the program version, date, maintenance expiration date, USB serial

number and methods for accessing technical support.

Check for Updates......... starts the default Internet browser and sends the user to a page that describes
information about the user’s license (release and maintenance expiration date) as well as
the latest release that is available for downloading at the Ensoft site. Users may only run
in full mode maintenance updates that were released before the expiration date of the user’s
license.
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| |
Help Help
Ensoft Key Inquirer Check Metwork Dengle
User's Manual User's Manual
Technical Manual Technical Manual
Check for Updates Check for Updates
About... About...
a. Single-User License b. Client on Local Network License

Figure 2.15 Help Menu

User’s Manual (Rel. Aug/2023) APILE v2023



CHAPTER 3. References for Data Input



CHAPTER 3 —References for Data Input — 3-2

3.1 File Menu

This menu contains options related to the management of input-data files and to exit the program.
Input-data files created for APILE are provided with a standard file-name extension in the form of
*filename*.ap10d (where *filename * represents any allowable file name). All input data files are standard
text files and may be edited with any text editor or word-processing program.

3.1.1 File Menu Speed Buttons

The first group of three speed buttons at the left side of the button bar (shown in Figure 3.1) provides
access to the following commands (from left to right): File > New, File > Open, and File > Save.

r}ﬂ APILE 2023.10.1 - MewAPILE.ap10d

File Data Options Computation Graphics Window  Help

(=] @|)@lcdwnd Ofi| =] e »| m]30)| [ || ]
o

Figure 3.1 Speed Buttons for the File Menu (within rounded rectangle)

3.1.2 File > New

Once the program is started, default values are used for certain operating parameters and a blank

D input-data file is created. Selecting New under the File menu resets all APILE variables to either

default or blank values, as appropriate. This option should be selected when a new data file is

desired to be created from a blank form. This menu option may also be accessed with the Ctrl+N keyboard
combination.

3.1.3 File > Open
| This is used to open a file that has been previously prepared and saved to disk. The File > Open

window dialog, shown in Figure 3.2, is used to search and open an existing input-data file. By

default, the file is initially searched in the directory where APILE was installed. Standard
windows-navigation procedures may be used to locate the name and directory of the desired project file.
This menu option may be accessed with the Ctrl+O keyboard combination.

Every analytical run of APILE produces several additional files (previously described in Table 2.1
of this manual). The name of the input-data file indicates the names of all related files produced by a
successful program run (output, graphics, and processor text files). All the additional program files will be
created in the same directory as the input data file. Input-data files that are partially completed may be
saved and later opened for completion, run, and observation of results.

Opening some partially-completed APILE input files or invalid data files (or files with incorrect data
formats) may produce an information window reporting that an “invalid or incomplete” file is being opened
(Figure 3.3). The user should click the OK button and all partial-input data that was previously prepared
should become available.
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The program allows users to read input-data files created by previous APILE versions (*.apd, *.ap6d,
*ap7d, *.ap8d and *.ap10d file extensions) by selecting the drop-down arrow at the bottom right corner of
the File > Open window screen. The program will automatically convert the opened previous APILE input
file to the current version of APILE when the user saves the opened file.

il Open APILE input file

« v 4 » ThisPC » 05(C:) » Ensoft » Apile2023-Examples v | O Search Apile2023-Examples r
Organize « New folder ==~ O @
v Ensoft " MName Date modified ¥ Type Size

AR e 14 Example 1 - Steel Pipe Pile in Sand and Cl...  5/22/2023 1:10 PM APILE v2023 Data .. 1K
DynaMat2018-Examples {4 Example 2 - Large Steel Pipe Pile in Sand....  5/22/2023 1:10 PV APILE v2023 Data ... 1 Kf
DynaM3-Examples @;ﬂ Example 3 - Steel Pipe Pile in Clay.ap10d 5/22/2023 1:10 PM APILE w2023 Data ... 1KH
EnFEM2019-Examples @;ﬁ Example 4 - Prestressed Concrete Pileap..  5/22/2023 1:10PM APILE w2023 Data ... 1KH
GeoMat2022-Bxamples 1 Example 5 - FHWA Tapered Pile.ap10d 5/22/2023 1:10 PM APILE w2023 Data ... 1KH
; - Uplift Pi i 5/22/2023 1:10 PN i v2023 4
Group2016-Examples @;ﬁ Example & - Uplift Pile Capacity.ap10d W22 110 PM APILE Data 1KH
@;ﬁ Example 7 - CPT Methods on Close Ende...  5/22/2023 1:10 PM APILE v2023 Data ... 1KH
Lpile2013-Examples £ £99190) n . - "
@P Example & - CPT Methods on Open Ende...  5/22/2023 T:10 PM APILE v2023 Data ... 1KH
Lpile2015-Examples {4 Example 9 - LRFD Method on Closed Pip...  5/22 APILE v2022 Data ... 1KE
Lpile2022-Examples 1% Example 9 - LRFD Method on Closed Pip... 22 APILE v20232 Data ... 1 Kf
PY¥Wall2015-Examples @;ﬁ Example 9 - LRFD Method on Closed Pip... 22/ APILE w2023 Data ... 1KH
Pywall2019-Examples @? Example 10 - AP| Method on Battered Pil...  5/22/2023 1:10 P APILE w2023 Data ... 1KH
Pywall2022-Examples
Setoff2020-Examples
Shaft2017-Examboles i >
File name: v| APILE 2022 (*.ap10d) ~

Figure 3.2 File > Open Dialog

r )
Information M

-"F—‘\-.I Error on Line 8 Item 1
WP Aninteger was expected but not found.

L -

Figure 3.3 Sample message for incomplete or invalid file

3.1.4 File > Save

This selection is used to save input data under the current file name. With this method of storing
data to disk, any input data that was previously saved with the same file name is replaced with
the current parameters. Input-data files should be saved every time before proceeding with runs
for analytical computation. This menu option may also be accessed with the Ctrl+S keyboard combination.

User’s Manual (Rel. Aug/2023) APILE v2023



CHAPTER 3 —References for Data Input — 3-4

3.1.5 File > Save As

This selection allows the user to save any opened or new input data file under a different file name
or different directory. Any input data file saved under an existing file name will replace the contents of the
existing file.

3.1.6 File > Exit

This is selected to exit APILE. Any input-data file that was modified and not yet saved to disk will
produce a confirmation window before exiting the program (see Figure 3.4).

( Canfirm L-Lh,l |

'e' Do you want to save any changes?

Mo Cancel

L. A

Figure 3.4 Message window advising that changes were not saved to disk

3.2 Data Menu

The input of specific parameters for an application is controlled under options contained within this
menu (shown in Figure 3.5). It is recommended that the user choose each submenu and enter parameters
in a sequential order starting from the top.

Selecting or clicking any of the submenu choices contained in the Data menu produces various types
of windows. As a reminder of standard commands of Microsoft Windows®, open windows may be closed
by all or some of the following methods:

e clicking the OK button (if available),or

e clicking the X-box on the upper-right corner of the window, or

e  pressing the “Ctrl+F4” keyboard combination, or

e  double-clicking the APILE icon on the upper-left corner of the window, or

e clicking once on the APILE icon on the upper-left corner of the window and then choosing

Close.

Many sub-windows of the Data menu will show an Add Row, Insert Row and/or Delete Row
buttons. The Add Row button always adds new rows at the end after all existing rows. The Insert Row
button always inserts a new row below the row where the cursor is located. Clicking on the Delete Row
button deletes the row where the cursor is located.
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Data
Title

Computaticnal Method
Pile Matenal
Circular-5ection Pile

Mancircular-5ection Pile

Soil Layers »
Import CPT Data

Figure 3.5 Sample Data Menu

3.2.1 Numeric Data Entries

Cells that require numeric data may accept entries of mathematical expressions in addition to simple
numeric entries. Entering a mathematical expression works similarly to normal numeric data. The user
types the expression that represents the data and presses the Return key to calculate the entered expression
and to display the numeric result in the same cell.

Table 3.1 below shows the list of supported operations and constants. The order of operations
follows the order in the list of Table 3.1. Note that implicit multiplication (i.e. 2(4+6)) is not supported
(instead, use 2*(4+6) for the previous example).

OPERATORS
Symbol Description

() Parenthesis (may be nested)
A Exponentiation

* Multiplication

/ Division

+ Addition

- Subtraction

- Negation (same as subtraction)

CONSTANTS
Symbol Value
PI (or pi) 3.1415927
e (orE) 2.7182818

Table 3.1 Supported mathematical operations and constants

The two constants that are currently supported are PI and e. Implicit multiplications using constants
is not supported (use 2*e instead of 2e). Negation of the constants PI or e is not allowed. For instance,
instead of entering -PI the user must enter - (PI).

Scientific notation (i.e. 1.65e8 or 1.65¢-8) may be used to input very large or very small numbers.

After an expression is calculated, very large or very small numbers will be displayed using scientific
notation.
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3.2.2 Data Menu Speed Buttons

The second group of six speed buttons at the left side of the button bar (shown in Figure 3.6) provides
access to the following commands (from left to right): Data > Title, Data > Computation Method, Data
> Pile Material, Data > Circular-Section Pile, Data > NonCircular-Section Pile, and Data > Soil
Layers.

(¥ APILE 2023.10.1 - Example 1 - Steel Pipe Pile in Sand and Clay.ap10d

File Data Options Computation  Graphics  Window Help
0| | @ @l O 11| =[)ical w | @[ 2RI T [z [
s

—

Figure 3.6 Speed Buttons for the Data Menu (within rounded rectangle)

3.2.3 Data > Title

This selection activates the window shown in Figure 3.7, where the user can enter a line of text
containing a general description for the application problem. Any combination of characters may
be entered in the text box in order to describe a particular application. The user input will be

restrained automatically once the maximum length of text is reached. This is done to prevent the user from
going beyond the maximum permissible length of characters allowed for the title line.

E Project Title @

Enter line of text for project description;

Exarmple 1 - Steel Pipe Pile in Sand and Clay

Mame of the Designer : E rsoft

Job Mumber ; 05-01-2018

Cloze

Figure 3.7 Sample Data > Title

3.2.4 Data > Computational Methods

The selection provides a dialog box window with two tabs, shown in Figure 3.8
Data > Computational Methods > Method for Pile Capacity
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and Error! Reference source not found. (some options in these tabs may be grayed out since they are
only available for the APILE Offshore Version): Method for Pile Capacity and Method for Load
Settlement. Within these tabs, the user can respectively select the preferred method for computations of
pile capacity and for computations of load-vs-settlement curves (i.e., instructions for generation of #-z and
O-w curves).

3.2.4.1 Method for Pile Capacity

For computations of axial pile capacity, the APILE program offers four methods for the Standard
Version and four additional methods for the Offshore Version. Alternatively to those embedded methods,
the user may also select to input any arbitrary unit load transfers in skin friction and end bearing at top and
bottom of each soil layer in the model. The user may select a single method, several, or all methods to
compare results from various recommendations. APILE automatically selects the method that is selected
by the user for computations of load-vs-settlement (the selection is preceded by the words LS in the Method
for Pile Capacity tab).

The automated computation methods for pile capacity in APILE are the following:

FHWA.............. uses recommendations from the Federal Highway Administration (FHWA) of the United
States. The theoretical background of this method is included in Section 3.5 of the APILE
Technical Manual.

USACE .......... uses recommendations from the United States Army Corps of Engineers. The theoretical
background of this method is included in Section 3.4 of the APILE Technical Manual. For
this particular method, the user is offered an additional control regarding the critical depth
that should be used in sand layers (see Section 3.4 of the APILE Technical Manual):

Critical Depth Method for Sand........ For design purposes, USACE established that the skin friction of
piles in sand increases linearly to an assumed critical depth (D) and then remains constant

below that depth. APILE provides the users with some control regarding this limitation to
increases in load transfers of side resistance in sand.

Original Recommendations  With this selection, APILE will use the original USACE
code with a critical depth (D) that depends on sand density, which is equal to 10 pile

diameters in loose sand, 15 pile diameters in medium sand and 20 pile diameters in dense
sand. For multiple layers, the criteria that is used depends on the soil layer at the pile tip
and the computations of depth always starts from ground surface.

At Effective Stress Reaching 3,500 psi (185 kPa)...With this selection, APILE will
use a critical depth equal to the one where the effective stress (z) reach 3,500 1b/in2 (185
kPa). This selection has been opted for practical reasons by some engineers when modeling
multiple soil layers.

At User-Specified Critical Depth...With this selection, APILE will use a critical depth
that is here entered by the user, in ft or meter. This option is provided by APILE since
some engineers that employ the USACE method may not want to limit the increases of
transfers in side resistances in sand (thus entering a depth that is equal to the pile length)
or want to see the effects of entering a different depth than those from the original USACE
method.
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Use Long-Pile Option (for Alpha)...A check mark on this selection box instructs APILE
to calculate values of « (alpha) for side resistance in cohesive soils that correspond to long
piles. If this box has no checkmark, the program will calculate regular alpha values as
defined in Figure 3.5 of the Technical Manual. If this box has a checkmark, then the
program will calculate long-pile alpha (¢; and «) values as defined in Figure 3.6 of the
Technical Manual.

Revised Lambda............ uses recommendations from Vijayvergiya and Focht (1972), also known as the
“Lambda method.” The theoretical background of this method is included in Section 3.3
of the APILE Technical Manual.

API RP 2A .....uses Recommended Practice 24 of the American Petroleum Institute, also known as the
“revised API method” (2007). The theoretical background of this method is included in
Section 3.2 of the APILE Technical Manual.

Load Transfers Specified by User...in addition to the internal methods of computations provided by the
program, the user also has the option to specify any values of load transfers by selecting
this method of computation. With this selection, the user can enter unit load transfers in
skin friction and end bearing for top and bottom of each soil layer under Data > Soil
Layers > Edit Layer x.

NGl ....ccoen (available only for the “APILE Offshore” version) uses CPT-based semi-empirical
formulations recommended by the Norwegian Geotechnical Institute in 1999. The
theoretical background of this method is included in Section 3.6 of the APILE Technical
Manual.

ICP/MTD ....... (available only for the “APILE Offshore” version) uses CPT-based semi-empirical
formulations recommended by the Imperial College in 2005. The theoretical background
of this method is included in Section 3.7 of the APILE Technical Manual.

For this particular method, the user must also select whether the loading produces drained
or undrained conditions for end bearing in clay layers (see Section 3.7.3.2 of the APILE
Technical Manual):

Use Drained Condition for Clay some users tend to evaluate long-term behavior
by the assumption of drained conditions in the cohesive soil.

Use Undrained Condition for Clay this is the default and most common condition,
though some users relate this condition to short-term responses.

FUGRO........... (available only for the “APILE Offshore” version) uses CPT-based semi-empirical
formulations recommended by Fugro in 2004. The theoretical background of this method
is included Section 3.8 of the APILE Technical Manual.

UWA ... (available only for the “APILE Offshore” version) uses CPT-based semi-empirical
formulations recommended by the University of Western Australia (UWA), Perth in 2005.
The theoretical background of this method is included in Section 3.9 of the APILE
Technical Manual.

Type of Loading - Compression or Tension
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The user may specify either compressive loading or tensile loading with these radio buttons. If the
tensile loading is selected, the user may enter a reduction factor on side friction which is applicable only
with the API method. For other methods (outside API) this tensile reduction factor is not taken into account
since the APILE program will follow the recommendations from each theory (see Chapter 3 of the APILE
Technical Manual).

3.2.4.2 Method for Load-vs-Settlement

The computations of load-vs-settlement involves two procedures: 1) computation of the unit-load
transfers, and ii) computation of the shape of the nonlinear, load-transfer curves (¢-z and O-w).

The APILE program automatically selects the nonlinear shape of the load-transfer curves (z-z and O-
w) based on two methods, as indicated in the notes of Figure 3.8. The method for USACE (*) is based on
the theories of Reese/Mosher/Skempton referenced in Table 3.2 which are also described in Chapter 4 of
the APILE Technical Manual (Section 4.4 through Section 4.7).

All other methods (FHWA, Revised Lambda, API, etc) are based on the recommendations from the
American Petroleum Institute (API RP 2A-WSD, 2014) which are also described in Section 4.8 of the
APILE Technical Manual.

Type of Load ] Method for Shape of Load-
Transfer Type of Soil Transfer Curve
. . Cohesive Coyle & Reese (1966)
Side Resist
1ce Resistance Cohesionless Mosher (1984)
hesi kempton (1951
End Bearing Co e.:swe ” S émp on (1951)
Cohesionless Vijayvergiya & Mosher (1984)

Table 3.2 Shape of Nonlinear Load-Transfer Curves from Reese/Mosher/Skempton

For computations of unit load transfers, the APILE program offers four methods for the Standard
Version and four additional methods for the Offshore Version. Alternatively to those embedded methods,
the user may also select to input any arbitrary unit load transfers in skin friction and end bearing at top and
bottom of each soil layer in the model.

The automated computation methods for unit load transfers in APILE are the following:

FHWA............. uses recommendations from the Federal Highway Administration (FHWA) of the United
States. The theoretical background of this method is included in Section 3.5 of the APILE
Technical Manual. When the user selects this method of computation for unit-load
transfers, the APILE program automatically uses the API RP 2A (Section 4.8 of the APILE
Technical Manual) for computations of the shape of the load-transfer curves.

USACE .......... uses recommendations from the United States Army Corps of Engineers. The theoretical
background of this method is included in Section 3.4 of the APILE Technical Manual.
When the user selects this method of computation for unit-load transfers, the APILE
program automatically uses the Method (*) (Reese/Mosher/Skempton in Table 3.2) for
computations of the shape of the load-transfer curves.

Revised Lambda............ uses recommendations from Vijayvergiya and Focht (1972), also known as the
“Lambda method.” The theoretical background of this method is included in Section 3.3
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APl RP 2A

of the APILE Technical Manual. When the user selects this method of computation for
unit-load transfers, the APILE program automatically uses the API RP 2A (Section 4.8 of
the APILE Technical Manual) for computations of the shape of the load-transfer curves.

uses Recommended Practice 2A of the American Petroleum Institute, also known as the
“revised API method” (2014). The theoretical background of this method is included in
Section 3.2 of the APILE Technical Manual. When the user selects this method of
computation for unit-load transfers, the APILE program automatically uses the API RP
2A-WSD (Section 4.8 of the APILE Technical Manual) for computations of the shape of
the load-transfer curves.

Load Transfers Specified by User...in addition to the internal methods of computations provided by the

program, the user also has the option to specify any values of load transfers by selecting
this method of computation. When the user selects this method of computation for unit-
load transfers, the APILE program automatically uses the API RP 2A (Section 4.8 of the
APILE Technical Manual) for computations of the shape of the load-transfer curves.

(available only for the “APILE Offshore” version) uses CPT-based semi-empirical
formulations recommended by the Norwegian Geotechnical Institute in 1999. The
theoretical background of this method is included in Section 3.6 of the APILE Technical
Manual. When the user selects this method of computation for unit-load transfers, the
APILE program automatically uses the API RP 2A (Section 4.8 of the APILE Technical
Manual) for computations of the shape of the load-transfer curves.

(available only for the “APILE Offshore” version) uses CPT-based semi-empirical
formulations recommended by the Imperial College in 2005. The theoretical background
of this method is included in Section 3.7 of the APILE Technical Manual. When the user
selects this method of computation for unit-load transfers, the APILE program
automatically uses the API RP 2A (Section 4.8 of the APILE Technical Manual) for
computations of the shape of the load-transfer curves.

(available only for the “APILE Offshore” version) uses CPT-based semi-empirical
formulations recommended by Fugro in 2004. The theoretical background of this method
is included Section 3.8 of the APILE Technical Manual. When the user selects this method
of computation for unit-load transfers, the APILE program automatically uses the API RP
2A (Section 4.8 of the APILE Technical Manual) for computations of the shape of the load-
transfer curves.

(available only for the “APILE Offshore” version) uses CPT-based semi-empirical
formulations recommended by the University of Western Australia (UWA), Perth in 2005.
The theoretical background of this method is included in Section 3.9 of the APILE
Technical Manual. When the user selects this method of computation for unit-load
transfers, the APILE program automatically uses the API RP 2A (Section 4.8 of the APILE
Technical Manual) for computations of the shape of the load-transfer curves.

Factors for t-z and Q-w Curves

Unfactored

the selection of this radio button will use the LRFD factors (on Side Friction and End
Bearing) that are inputted by the user for each soil layer under Data > Soil Layers (entries
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in the last two columns) and apply them only to pile capacity and not to ¢-z nor Q-w curves.
This is the default and expected selection for most applications, even for users of the LRFD
method from AASHTO. This is because LRFD resistance factors are only applicable to
pile capacity and not to load-vs-settlement.

Reduced ......... the selection of this radio button will use the LRFD factors (as -multipliers for z-z curves
and Q-multipliers for Q-w curves) that are inputted by the user for each soil layer under
Data > Soil Layers (entries in the last two columns). This selection may be preferred by
users for special analytical cases, such as hypothetical computations of load-vs-settlement
for evaluations of losses of strength during pile driving or to match measured load-test data.
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]

E'n:- Computation Methods

o

Methad Tor File Capachy| Method for Load Settlement |

—Computation Methods for Pile Capacity
Select one ar more method|z]

Select Al |

v FHwd [Federal Highway Administration)
v USACE [U.S. Ay Corps of Engineers)
Critical Depth Method for Sand

% Original Becommendations
[10 to 20 Pile Diameter bazed on the Dengity]

&t Effective Stress Beaching 2,500 psf (185 kPa)

i~ At Uszer-Specified Critical Depth |1 [£]

¥ Use Long File Option [for &lpha
[¥ Revized Lambda
LS [ APl RF 24 [American Petroleun Institute)
[T Load Transfers specified by User
[T MGl [Monwegian Geotechnical lrstibube)
[T ICPMTD [Imperial Callege of Londan)
" Use Drained Condition for Clay
{¥ |sze Undrained Condition for Clay
[T Fugro [Qffshore Diven Piles in Sand]
[T Uiy [University of Western Australia)

Clear Selections |

—Type of Loading

% Compression

= Tension Reduction factar for tension loading |-|

[only applied to AP RF 24 method)

Ok Cancel

Figure 3.8 Data > Computational Methods > Method for Pile Capacity
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rEE Computation Methods

Method for Pile Capacity | Method for Load Settlement

—hethod for Urit Load Transfer
[and zhape of Load-Transfer Curves]

7 EHWA [Federal Highway Administration]
{7 USALCE [IU.5. Army Corps of Engineers] [
{~ Revized Lambda

% APl RP 24 [American Petroleumn Institute)
" Load Transfers Specified by Uzer

= NG| [Momwegian Geotechnical Institute)
" ICPMTD [Imperial College of Londan)

{ Fugro [Offzhare Diiven Files in Sand)
U [University of \Western Australia)

—Factars for bz and Q-w Curve

% Usze Unfactored Unit Side Friction and Unit Tip Besistance

= Usze Reduced Unit Side Friction and Unit Tip Besistance

Motes on shape of load-transfer curves:

[*] Uzes Reesze/Skepmbond ozher curves
All others uze APl RP 24 curves [tz and -w)

Ok Cancel

Figure 3.9 Data > Computational Methods > Method for Load vs Settlement
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3.2.5 Data > Pile Material

This selection allows the user to select the pile type and pile material that are used for the driven
MA pile. An illustration of the Pile Material window for an example application is shown in Figure

3.12. A general description for the data needed in the Data > Pile Material submenu is listed
below.

3.2.5.1 Select Pile Type
The user may select one of the following pile types:

Steel pipe piles and non-tapered portion of monotube piles... includes any steel pile with circular
section or for circular tubing. Piles with a taper (changing diameter) can be considered
here but the extra load transfer from the tapered portion will be ignored when using this
selection.

Open-Ended Pile...specifies that the pipe pile is driven open ended. With an Open-
Ended Pile the user will have the option to select a method to calculate the internal pile
plug (under Data > Circular-Section Pile). For the FHWA method (see Section 3.5 of
the APILE Technical Manual), this entry also determines the influence in pile capacity due
to the displaced volume.

Close-Ended Pile... specifies that the pipe pile is driven close ended. With a Close-
Ended Pile the user will not have any option for the internal pile plug (under Data >
Circular-Section Pile). For the FHWA method (see Section 3.5 of the APILE Technical
Manual), this entry also determines the influence in pile capacity due to the displaced
volume.

H-Piles/Steel Shapes...this selection includes any steel pile that is not circular in section, such as H-piles
or wide flanges that are used as driven piles.

Precast concrete piles...this is for any type of concrete pile, where the user also selects if the pile section
is circular or not. If circular pile then the user may also select if Open-Ended Pile or
Close-Ended Pile (see comments above).

Tapered portion of monotube piles...this selection is for steel piles with varying circular section. The
theory for extra load transfer from the angle of pile taper is only applicable to the FHWA
method (see Section 3.5 of the APILE Technical Manual). For this pile type, the angle of
pile taper should be entered by the user in degrees and is measured from the vertical (less
than 90 degrees), where an entry of 0 indicates a straight pile.

Raymond step-taper piles...this selection is for specialized steel piles that are composed of several short
sections of varying diameters that are joined together to form the pile, that is normally
referred as “step taper.” The theory for extra load transfer from Raymond step-taper piles
is only applicable to the FHWA method (see Section 3.5 of the APILE Technical Manual).

Raymond uniform-taper piles...this selection is for Raymond steel piles with uniformly varying circular
section. The theory for extra load transfer from the angle of pile taper is only applicable
to the FHWA method (see Section 3.5 of the APILE Technical Manual). For this pile type,
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the angle of pile taper should be entered by the user in degrees and is measured from the
vertical (less than 90 degrees), where an entry of 0 indicates a straight pile.

Timber piles...this selection is for timber piles with uniformly varying circular section (more common) or
even applicable to straight timber (not used often). The theory for extra load transfer from
the angle of pile taper is only applicable to the FHWA method (see Section 3.5 of the
APILE Technical Manual). In addition to elastic deformation, a distinction for the response
of timber piles (based on pile material) is also provided by the USACE method (see Section
3.4 of the APILE Technical Manual).

i Pile Material

Select File Type

{+ Steel pipe piles and non-tapered portion of monotube piles
(* Open-Ended File
(" Cloze-Ended File

(" H-Pilez/5teel Piles

" Precast concrete piles

"

~

(" Tapered partion of Monotube piles
" Raymond step-taper pilez
(" Rapmond Urifarmn taper piles

(" Timber piles

—

Data for Axial Stiffress
[Theze entriez are only uzed for computations of elastic deformation]

kodulus of Elasticity, E [bziné] 29000000

Crozs Sechon Area
(* Calculate from File Section 149226
(" Conztant Crozz Section Area

1]
(" Mon-constant Crozss Section Area

[enter the area az a function of depth.]

Dk Cancel |

Figure 3.10 Data > Pile Material
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Angle of taper for a tapered pile...For any pile type selected as tapered, the angle of pile taper should be
entered by the user in degrees and is measured from the vertical (less than 90 degrees),
where an entry of 0 indicates a non-tapered (straight) pile. The analysis of tapered piles is
only envisioned in the FHWA codes (Data > Computational Method > Method for Pile
Capacity). For capacity computations in methods other than FHWA, the APILE software
will use the reduced end bearing that corresponds to the area at the tip of the pile. However,
for side resistance (in methods other than FHWA), the program will use for the complete
pile length the surface area that corresponds to the top diameter.

3.2.5.2 Data for Axial Stiffness

The entries in this section are only used to calculate the elastic deformation of the pile (which has a
direct effect on load-vs-settlement) and thus do not have any effect in computations of pile capacity.

Modulus of Elasticity, E...this number (always positive) represents the elastic modulus of the pile. The
elastic modulus of the pile is used for load-vs-settlement analysis to calculate the elastic
deformation of the pile. The English unit for this variable is “psi” or “Ib/in2* while “kPa”
or “kN/m2“ is used for SI units.

Cross Section Area

Calculate from Pile Section...the selection of this radio button instructs APILE to calculate a cross-
sectional area of the pile automatically based on input from the user under Data > Circular-
Section Pile (Outer Diameter and Inner Diameter) or under Data > Noncircular-
Section Pile (Tip Area for Noncircular Section). Notice that for H piles and pipe piles
the user may select a close-ended section for capacity analysis but should use only the
metal (steel) area for elastic deformation. For those cases, the user may need to enter a
different area using the next option below. The automatically calculated entry in this radio
button is provided in units of “in?” when using English units or in “m2” when using SI
units.

Constant Cross Section Area...the selection of this radio button instructs APILE to use any cross-
sectional area that is here entered by the user. This is particularly important for pipe piles
and H piles (or wide flanges) since the value that is here entered is normally only the metal
(steel) area, even if the pile is closed ended for capacity calculations. For solid piles
(concrete/timber) the value that is here entered is the gross cross-sectional area. The entry
in this radio button shall be provided in units of “in?” when using English units or in “m?2”
when using SI units.

Non-Constant Cross Section Area...the selection of this radio button instructs APILE to use the
variations of cross-sectional areas that are here entered by the user. For proper
computations of elastic deformation with any type of tapered pile, the user must select this
option and enter the cross-sectional areas. A minimum of two entries (top and bottom of
section or pile) must be specified and APILE interpolates linearly between entries.

Data Button .............. The entries of Distance from pile head in this table shall be
provided in units of “ft” when using English units or in “m” when using SI units. The
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entries of Cross section area in this table shall be provided in units of “in2” when using
English units or in “m2” when using SI units.

3.2.5.3 Self-Weight of Piles

The self weight of the modeled pile is automatically calculated by APILE and added to the uplift
capacity. Internal self-weight calculations are based on the reference values shown in Table 3.3. Weight
of water is subtracted when the pile is below the water table. Calculated self weight is printed in output
text when analyzing for uplift.

Pile Self Weight '
Material (Ib/ft3) (kN/m?) Pile Types
Steel Pipe Piles, H-
Steel 490 77 Piles, Steel Piles,
Tapered Monotube,
Raymond
Concrete 150 23.6 Precast Concrete Piles
Timber 50 7.9 Timber Piles

Table 3.3 Notes about Self Weight for Uplift Capacity

Self weight of the modeled pile is not taken into account for compression loads since the influence
is minimal and often ignored. If needed, users can subtract a calculated weight (submerged or not, as
appropriate) from the compression capacity provided by APILE.

3.2.6 Data > Circular-Section Pile

cross section (under Data > Pile Material). This submenu option allows the user to input

dimensions and section properties for piles with circular cross sections. A general description
for the data needed under each entry of the Data > Circular-Section Pile submenu option is listed below
and shown in Figure 3.11.

[E] This selection is automatically enabled if the user selected to analyze a pile type with a circular

Outer Diameter, OD

This is the outside diameter that will be used in the computations. The English unit for this variable
1s “inch”, while “millimeter” is for the SI unit.

Inner Diameter, ID

This is the inside diameter that will be used in the computations. The English unit for this variable
1s “inch”, while “millimeter” is for the SI unit.

This entry is disabled for pile types where it is not applicable, such as concrete, Raymond, timber or
tapered monotube piles. For close-ended pipe piles, the inner diameter can be entered as zero or the user
may enter an inner diameter and select “plugged” condition at the bottom of this window screen. However,
the inner diameter entry for close-ended piles is used to calculate the Cross Section Area (when selecting
Data > Pile Material > Calculate from Pile Section). User must enter valid Inner Diameter for those
cases.
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The APILE program computes skin friction on both outside and inside area for pipe piles. In clay
layers, the user-specified remolded shear strength is used to compute the inside skin friction.

Total Length, TL

This is equal to the summation of the stickup length (if any) plus maximum pile penetration that is
expected for the pile. The program will compute side resistance and end bearing at every depth interval
until reaching the specified total length.

The load-vs-settlement curve will also be computed based on the total length. For the final design,
the user may need to enter the exact total length in order to generate proper load-vs-settlement data. The
English unit for this variable is “ft”, while “meter” is for the SI unit.

Batter Angle

This is the batter angle that should be entered by the user in degrees and measured as deviation from
the vertical (less than 90 degrees), where an entry of 0 indicates a vertical/straight pile.

Pile Stickup Length, PSL

This input represents the length of pile that is sticking up above ground level. This length is only
used in computations of elastic shortening since no axial load transfer occurs above ground. The English
unit for this variable is “ft” while “meter” is for the SI unit.

Zero-Friction Length from Ground, ZFL

This number (always positive) represents the length of pile immediately below grade level that is
declared noncontributing to side resistance. The English unit for this variable is “ft” while “meter” is for
the SI unit.

Inner Diameter of Lower-End Section, EID

In open-ended pipe piles, occasionally, a thick-walled section is used in the lower end of the piles to
prevent damage during driving. This enlarged-end section is usually referred to as “driving shoe.”

The user may specify in this entry a value for the inner diameter of a thick-walled end section. The
inner diameter of the end section must be entered in inches when using English units or millimeters when
using SI units.

This value can be left as zero when the pile section is uniform along the complete length. This entry
is disabled for close-ended piles.

Lower End Section Length, ESL

In direct relationship to the previous entry (EID), the user here specifies the length of the thick-walled
end section of the pile. Again, this length is specified to be zero if a driving shoe is not used during pile
driving (for uniform piles). The English unit for this variable is “ft”, while “meter” is for the SI unit. This
entry is disabled for close-ended piles.

Internal load transfers in side resistance (on open-ended piles) are ignored after (above) this Lower
End Section Length (ESL). This is because the soil is highly disturbed after the change in pile diameter
(from a smaller to a larger inner diameter, or after an internal stiffener). If the user wants to keep
considering internal side resistances even after the change in diameter (from the driving shoe) then the user
could enter a fictitiously long value for Lower End Section Length (ESL).
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Plugged/Unplugged Conditions

This entry is only shown for pipe piles, where the user is provided with controls for the load transfers
from the internal pile plug. This entry is not shown in pile types where it is not applicable, such as concrete,
Raymond, timber or tapered monotube piles.

For close-ended pipe piles, the user may enter an inner diameter of zero or the user may enter a value
for inner diameter and select the radio button for “plugged” condition. Both methods provide the same
results for close-ended pipe piles.

For practical reasons, in open-ended piles with Internal Pile Plug Calculated by Program the
internal side friction is added to the end bearing. This is partly because in the APILE program the end
bearing plus internal side friction are added together until a plug forms (until it reaches the equivalent end
bearing of a close-ended pipe).

In the CPT-based methods (NGI 99, ICP/MTD, FUGRO and UWA) for APILE Offshore the user is
required to specify either plugged or unplugged condition for computations of static capacity on open-ended
pipe piles. APILE will determine the plugged or unplugged conditions for the CPT-based methods based
on the internal computations of pile plug (when users select Internal Pile Plug Calculated by Program).

!1_"_ Circular Pile Properties @
Duter Diameter, 0D (in] 10
Inrer Diameter, 1D [in) 1]
oD
Tatal Lenath, TL [f) a0 < >
A A
. [}
Batter Angle [Deq) n Pila Sfickup o« >
Length | PSL batter
Pile Stickup Length, PSL [f) 1] :{_ | EIIIglE
ZeroFriction Length from Ground, ZFL [ft) 5 Zem_ir;i,h;: ZFL
Y i
Inner Diameter of Lower-End Section, EID [in) 1] r '__4
)
Lower End Section Length, ESL (1] 0 i r §
[Mote: leave values of end zection az zero f none iz present] i g
Flugged / Unplugged Conditions r
@ Internal File Plug Caloulated by Program i r
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Figure 3.11 Sample Data > Circular-Section Pile

3.2.7 Data > Noncircular Section Pile
This selection is automatically enabled if the user selected to analyze a pile type with a noncircular
cross section (under Data > Pile Material). This submenu option allows the user to input
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dimensions and section properties for piles with noncircular cross sections. A general description for the
data needed under each entry of the Data > Noncircular-Section Pile submenu option is listed below and
shown in Figure 3.12

Total Length, TL

This is equal to the summation of the stickup length (if any) plus maximum pile penetration that is
expected for the pile. The program will compute side resistance and end bearing at every depth interval
until reaching the specified total length.

The load-vs-settlement curve will also be computed based on the total length. For the final design,
the user may need to enter the exact total length in order to generate proper load-vs-settlement data. The
English unit for this variable is “ft”, while “meter” is for the SI unit.

Batter Angle

This is the batter angle that should be entered by the user in degrees and measured as deviation from
the vertical (less than 90 degrees), where an entry of 0 indicates a vertical/straight pile.

Pile Stickup Length, PSL

This input represents the length of pile that is sticking up above ground level. This length is only
used in computations of elastic shortening since no axial load transfer occurs above ground. The English
unit for this variable is “ft” while “meter” is for the SI unit.

Zero-Friction Length from Ground, ZFL

This number (always positive) represents the length of pile immediately below ground level that is
declared noncontributing to side resistance. The English unit for this variable is “ft” while “meter” is for
the SI unit.

Perimeter for Noncircular Section

The perimeter is used by the program for computations of skin friction. For H-piles, most users
would conservatively input the perimeter of the rectangular box formed between the flanges. The English
unit for this variable is “inch”, while “millimeter” is for the SI unit.

Tip Area for Noncircular Section

The tip area for the noncircular section is needed by the program for computations of tip resistance
(resistance in end bearing). For H-piles, most users would input the area of the rectangular box formed
between the flanges. However, in very soft clay the soil between the flanges will probably not plug the H-
pile and it is recommended to be more conservative using only the cross-sectional area of the metal. The
English unit for this variable is “inch”, while “millimeter” is for the SI unit. This entry is used to calculate
the Cross Section Area (when selecting Data > Pile Material > Calculate from Pile Section) for elastic
deformations of the pile.
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Figure 3.12 Sample Data > Noncircular Pile Section

3.2.8 Data > Soil Layers

H This selection allows the user to enter a layering system and to specify the different types of soil
wn | and their mechanical properties. Users are able to edit soil layers using the Standard APILE Soils

Table (Edit Soil Layer Table) or with the new CPT (Cone Penetration Test) Interpreter (Edit
Soil Layers with CPT). The latter CPT Interpreter option is only available in models where layering data
was imported from a CPT file.

3.2.8.1 Editing Soil Layers with Standard APILE Soils Table

An illustration of the Soil Layers > Edit Soil Layer Table window using the standard APILE Soil
Tables for an example application is shown in Figure 3.13.

In general, each sub-window that comes up under the Layer button consists of entry fields for the
top and bottom of the soil layer. The user may enter different parameters for the top and the bottom of each
layer. The program will linearly interpolate the data for any point between those two depths. The following
sections will provide general description on data needed for each soil type.

Layer

This is a sequential number and button that is provided to each soil layer. This number is computed
automatically by the program as new layers are added using the Add Layer or Insert Layer buttons at the
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lower part of Figure 3.14. The maximum number of soil layers that may be used in each data file is limited
to 40.

Inputs of mechanical properties for the different types of soil layers are explained in Section 3.2.8.2
to Section 3.2.8.4 of this Manual.

The Add Layer button inserts a new soil layer at the bottom of the profile that is already defined.
The Insert Layer button inserts a new soil layer immediately below the layer where the cursor is located.
The Delete Layer deletes the soil layer where the cursor is located.

Soil Type

There are two internal types of soils that may be specified for program APILE. The user specifies
the desired soil type using a dropdown list with the following choices:

Code Number Internal Soil Type
1 Sand
2 Clay
3 Silt*

Silt is only available for models with the USACE method.

Depth at Bottom of Each Layer

Values for the bottom of each soil layer are entered with respect to an origin of coordinates set at the
ground surface and positive downwards. As a minimum, the bottom of the last soil layer must be two pile
diameters deeper than the depth of the modeled pile. This is because the APILE program, for computations
of end bearing, uses an average of soil properties within 1.5 pile diameters above and below the pile tip.

Max. Side Friction

In this entry the user may specify the maximum value of skin-friction transfer that is permissible for
a given stratum. The APILE program will compare its internally-computed value (according to the selected
design method) with the maximum provided by the user in this entry and use the smaller of these two values
for the final computation. If the user does not want to add any restriction on the computed value from
APILE, simply enter 0 to suppress this option and always use the internally-computed values.

Max. End Bearing

In this entry the user may specify the maximum value of end-bearing transfer that is permissible for
a given stratum. The APILE program will compare its internally-computed value (according to the selected
design method) with the maximum provided by the user in this entry and use the smaller of these two values
for the final computation. If the user does not want to add any restriction on the computed value from
APILE, simply enter 0 to suppress this option and always use the internally-computed values.

Reduction/Resistance Factor (Side Friction)

The column is provided for entering a factor or multiplier that applies to one of the following
conditions:

e An LRFD resistance factor on side friction (if the user selected the radio button
Data>Computational Method>Method for Load Settlement>Factors for t-z and Q-w
Curves>Use Unfactored Unit Side Friction and Unit Tip Resistance), or
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e A t-multiplier/factor in the 7~z curves (if the user selected the radio button Data>Computational
Method>Method for Load Settlement>Factors for t-z and Q-w Curves>Use Reduced Unit
Side Friction and Unit Tip Resistance).

Enter 1.0 (default) for no reductions on the computed values of side friction.

Reduction/Resistance Factor (End Bearing)

The column is provided for entering a factor or multiplier that applies to one of the following
conditions:

e An LRFD resistance factor on tip resistance (if the user selected the radio button Data >
Computational Method > Method for Load Settlement > Factors for t-z and Q-w Curves >
Use Unfactored Unit Side Friction and Unit Tip Resistance), or

e A Q-multiplier/factor in the O-w curves (if the user selected the radio button Data >
Computational Method > Method for Load Settlement > Factors for t-z and Q-w Curves >
Use Reduced Unit Side Friction and Unit Tip Resistance).

Enter 1.0 (default) for no reductions on the computed values of tip resistance.

5| Saill Layers @
Layers D efinitior
Laper Sail Type Diepth at Bottarn = | Max. Side Friction ** | kMax. End Bearing = | Reduction/Resistance = | Reduction/R esistance
of each layer [ft) [Ib/ft"2) [IbAft"2) Factars on Side Friction Factors on End Bearing

Edit Layer 1 |Sand jlm |D |D |‘I |1
Edit Layer 2 R |2D |u |n |1 |1
Edit Layer 3 [ 5and j|30 |EI |n |1 |1

b ERATT 0 o0 I L

Add Layer Insert Layer Delete Layer v Confirm Deletion
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* Bottom of last layer must be deeper than the pile tip plus two pile diameters.

* | entries are left as zero, the program assumes no limitz in Side/End Transfers.

* | |ze a very small number [e.q. 0.001] far layers where load transfer should be ignored.

=% B eduction factors can be specified for LRFD requirement or for ather design considerations such as diving strength loss.

Close

Figure 3.13 Sample Data > Soil Layers > Edit Soil Layer Table (using APILE Tables)

3.2.8.2 Soil Data for Sand Layers

A sample dialog box for this soil type is shown in Figure 3.14. Notice that some of the input
parameters may be grayed out (inactive/disabled), since they depend on input-data selections specified
under the Data > Computational Methods menu. Inactive/disabled (grayed out) parameter parameters
are not necessary and thus not taken into account for the model that is being evaluated.

The required properties for sand layers are explained below. Values are entered for top and bottom
of each layer, the APILE program automatically interpolates linearly the intermediate values between those
entries. Notice that for computations of end bearing, APILE uses by default an average of soil properties
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within 1.5 pile diameters above and below the pile tip (which may be modified by the user under the
Options > Control Options > Average Depth to Estimate Tip Resistance).

Eu Data for Layer 1

Sand l
Walues at Walues at
Top of Layer Bottom of Layer
1. Effective Unit ‘weight [lbs/ft™3) |ED |ED
2. Friction Angle [Degrees]
{* Enter Friction Angle (Preferad) |32 |35
(™ Enter Blow Counts from SPT ||j ||j

[See Manualz for converzion reference)

3. Data for AP Computation Method
[k aleo uzed for Lambda Method]
3a. Coefficient of Lateral Earth Prezsure, Ko |D.B |D.B
[&P! recommends Ko=1 for full displacement
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Figure 3.14 Sample soil data for sand layers

Effective Unit Weight

These entries are required (enabled) for all sand models and correspond to values of effective unit
weight of the soil. The effective unit weight is equal to the total unit weight when above the water table and
equal to the submerged unit weight when below the water table. Values for the top and bottom of the layer
are entered in standard units of force per unit volume (either Ib/ ft* or KN/ m?).

Friction Angle

These entries are required (enabled) for all sand models and correspond to values of the internal angle
of friction (also known as friction angle or ¢ angle) for the top and bottom of the sand layer. It is
recommended that the user enters actual values of Friction Angle using the standard units of degrees.
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If the actual Friction Angle values are not available, the user may alternatively Enter Blow Counts
from SPT (Standard Penetration Test). For friction transfers (transfers in side resistance), APILE converts
internally between the user-specified values of Blow Counts from SPT to equivalent Friction Angle using
the general relationship reported by AASHTO 2012 (modified after Bowles, 1977) that is shown in Table
3.4.

Please notice that releases of APILE prior to v2019 used the older correlation shown in Table 3.5
after Gibbs and Holtz, 1957. Properties estimated from these correlations tend to have greater variability
than actual laboratory measurements. Some geotechnical manuals recommend that properties estimated
from correlation to in-situ field tests or to laboratory tests should be based on multiple measurements within
the geologic unit. Users should consult the accompanying Technical Manual for other comments of side
resistance in sand layers (for each method).

When the user provides values of Blow Counts from SPT the computer program APILE uses those
values for computations of end bearing following equations and limits specified in the Technical Manual
(comments of end bearing in sand layers).

Nqo from SPT Overburden Stress
0 Ib/in? | 20Ib/in> | 40Ib/in?
(blows/ft) —
Friction Angle ¢ (degrees)
<4 25 27.5 30
4 27 29.5 32
10 30 32.5 35
30 35 37.5 40
50 38 40.5 43

Table 3.4 Current correlation between SPT N and ¢ (AASHTO, 2012)
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N Overburden Stress, Ibfin®
(SPT) 0 20 40
blowsift Values of #.degrees
0 0
2 32
4 34
B 36 30
10 38 32 31
15 42 34 32
20 45 36 34
25 37 35
30 39 36
35 40 36
40 41 a7
45 42 a3
50 44 s
55 45 39
60 40
65 41
70 42
75 42
20 43
85 44
g0 44

Table 3.5 Older relationship between N and ¢ (Gibbs and Holtz, 1957)

Coefficient of Lateral Earth Pressure, K, (APl and Lambda Methods)

Entries for Ko, are required (enabled/active) only for models using the APl and/or Revised Lambda
methods (Data > Computational Methods > Method for Pile Capacity). These entries are disabled
(grayed out) if those methods are not selected by the user. When other methods are used, merely for
comparative purposes, the Ko values are assigned internally within APILE.

These entries represent values of the lateral earth pressure coefficient, Ko, for the top and bottom of
the sand layer. Values for K, depend on the relative density of the sand and the process by which the sand
deposits were formed. If the sand deposits did not receive any artificial compaction, values of K, range
from about 0.40 for loose to 0.50 for dense sand. Artificial compaction or tamping may increase K, values
to 0.80.

The earth pressure coefficient, Ko, is used to calculate the skin friction in granular soils. A K, of 0.8
is recommended for open-ended pipe piles that are driven unplugged for loadings in both tension and
compression. A K, of 1.0 is recommended for full-displacement piles.

Bearing Capacity Factor, Nq (APl only)

Entries for Nq are required (enabled/active) only for models using the APl method (Data >
Computational Methods > Method for Pile Capacity). These entries are disabled (grayed out) if the
API method is not selected by the user. When other methods are used, merely for comparative purposes,
the Nq values are assigned internally within APILE.
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The Ngq factor is used to calculate the end-bearing capacity of piles in granular soils. Recommended
values of Ng and maximum unit end bearing are provided in Table 3.6.

Limiting g,
Soil N, kips/ft’ (MPa)
Very loose to medium,
sand to silt 8 40 (1.9)
Loose to dense,
sand to silt 12 60 (2.9)
Medium to dense,
sand to sand-silt 20 100 (4.8)
Dense to very dense,
sand to sand-silt 40 200 (9.6)
Dense to very dense,
gravel to sand 50 250 (12.0)

Table 3.6 Guidelines for tip resistance in siliceous soil

Data for User-Specified Load Transfers

These entries are enabled if the user selects Load Transfers specified by User under the Data >
Computational Method > Method for Pile Capacity. The user-specified values in these entries are not
used in any other method. Values are entered in standard units of force per unit area (either Ib/ft* or KN/m?).

Cone Penetration Data, Q.

Entries for Q¢ are required (enabled/active) only for APILE Offshore Version and for models using
CPT-based methods such as NGI 99, MTD, Fugro and/or UWA methods (Data > Computational
Methods > Method for Pile Capacity). These entries are disabled (grayed out) in APILE Standard
Version and if a CPT-based method is not selected by the user.

The user can enter Qc values for the top and bottom of each sand layer using standard units of force
per unit area (either 1b/ ft> or KN/ m?). The Q. values are used to calculate the end bearing in granular soils
according to the recommendations provided by each CPT-based method as explained in Chapter 3 of the
separate Technical Manual.

Z Peak Value for t-z Curves, Zpcak

Entries for Zpeak are required (enabled/active) only for models using the APl method for load
settlement (Data > Computational Methods > Method for Load Settlement). These entries are disabled
(grayed out) if other methods are selected by the user.

The user can enter a value for the Zpeak variable for the API Load Settlement Method as explained in
Section 4.8.1 of the APILE Technical Manual. Leaving this entry as zero instructs APILE to use the default
of one percent of the pile outer diameter (i.e., Zpeak/D=0.01) as recommended by API RP 2A-WSD (2014)
for routine design purposes. However, there is significant uncertainty on this value and it ranges from
0.25% to 2.0% of the pile diameter. Values other than the APILE default may be considered in cases where
axial pile stiffness is critical in the model/design.
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3.2.8.3 Soil Data for Clay Layers

A sample dialog box for this soil type is shown in Figure 3.15. Notice that some of the input
parameters may be grayed out (inactive/disabled), since they depend on input-data selections specified
under the Data > Computational Methods menu. Inactive/disabled (grayed out) parameter parameters
are not necessary and thus not taken into account for the model that is being evaluated.

The required properties for clay layers are explained below. Values are entered for top and bottom
of each layer, the APILE program automatically interpolates linearly the intermediate values between those
entries. Notice that for computations of end bearing, APILE uses by default an average of soil properties
within 1.5 pile diameters above and below the pile tip (which may be modified by the user under the
Options > Control Options > Average Depth to Estimate Tip Resistance).

Effective Unit Weight

These entries are required (enabled) for all clay models and correspond to values of effective unit
weight of the soil. The effective unit weight is equal to the total unit weight when above the water table and
equal to the submerged unit weight when below the water table. Values for the top and bottom of the layer
are entered in standard units of force per unit volume (either 1b/ ft* or KN/ m?).

Undrained Shear Strength

These entries are required (enabled) for all clay models and correspond to values of the undrained
shear strength at the top and bottom of the clay layer. Ordinarily, these values are taken as one half of the
compression strength of samples obtained from unconsolidated-unconfined triaxial tests. Values for the
top and bottom of the layer are entered in standard units of force per unit area (either Ib/ ft> or KN/ m?).

Remolded Shear Strength

Entries for Remolded Shear Strength are available (enabled/active) only for models with Open-
Ended Piles (under Data > Pile Material either Steel Pipe Piles or Precast Concrete). These entries
are disabled (grayed out) if those pile types are not selected by the user.

When a pipe pile is driven into clay soils, the clay inside the pipe forms a plug. The plugged clay
may be remolded during the driving process. The Remolded Shear Strength variable represents the
values for the shear strength that will be used for computing the side friction from the remolded soil plug
inside the pipe pile.

Data for User-Specified Load Transfers

These entries are enabled if the user selects Load Transfers specified by User under the Data >
Computational Method > Method for Pile Capacity. The user-specified values in these entries are not
used in any other method. Values are entered in standard units of force per unit area (either 1b/ft* or kKN/m?).
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;Eﬂ Data for Layer 2

Walues at Walues at
Top of Layer Battorn of Layer
1. Effective Unit Weight (Ibs/ft"3) |5|:| |5|:|
2. Undrained Shear Strength [bs/ft"2) |1 000 |1 000
3. Remolded Shear Strength (Ibs/ft"2) |5|:||:| |5|:||:|
- Uzed far open-ended pipe piles to compute the
rezistance it skin friction along the inner surface of
the pipe as the sail plug enter the pipe. A reduced
strenath may account for the fact that the intermal plug
may be highly disturbed az zaoil enters the pile.
ju ju
o o
B. Data for APILE Offshaore Methods
5a. A fram Cone Penetration D ata (Ibs/f™2) |D |D
Ab, Plasticity [ndex, Pl [%) |D |D
. ‘Yield Stress Ratio, YSR (Not used for NG |0 o
7. Zpeak. value for t-z curves, default 0.0017D (in] |EI |EI
[only for AP Load Settlement Method)
2.t residual factor faor t-z curves, default 0.9 |IJ |IJ
[only for AP Load Settlement Method)
8. Estimation of Adhesion Factor ||:| - Estimated by the program j
[Only for FHWwWS, Method)
Copy Waluesz Top to Bottom ‘
Ok | Cancel ‘

Figure 3.15 Sample soil data for clay layers

Data for APILE Offshore Methods

The following entries are required (enabled/active) only for APILE Offshore Version and for models
using CPT-based methods such as NGI, MTD, Fugro and/or UWA methods (Data > Computational
Methods > Method for Pile Capacity). These entries are disabled (grayed out) in APILE Standard

Version and if a CPT-based method is not selected by the user.

Q. from Cone Penetration Data

The user should enter Qc values for the top and bottom of each clay layer using standard units
of force per unit area (either Ib/ ft* or kN/ m?). The Q. values are used to calculate the end bearing
according to the recommendations provided by each CPT-based method as explained in Chapter 3

of the separate Technical Manual.

Plasticity Index (PI)
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The user should enter Plasticity Index (Pl) values in percentage (%) for the top and bottom
of each clay layer. As explained the Technical Manual, the NG| method uses the Plasticity Index
(referenced as ‘Plastic Index, 1,’) to calculate the BNC value (for side friction). The other CPT-based
methods use the Plasticity Index to calculate the interface angle of friction &r as recommended by
the ring shear interface results Ouiimae in clays after Saldivar-Moguel (2002) and Shell UK Ltd
(recommended in ICP documentation).

Yield Stress Ratio (YSR)

The Yield Stress Ratio, YSR is not necessary (grayed out/disabled) for the NGI (Norwegian
Geotechnical Institute) method but available (active) for all other APILE Offshore methods. YSR
is defined as the ratio of effective vertical yield stress (c’vy) to the vertical in situ effective stress
(0’vo). The similar OCR (over-consolidation ratio) is defined as the ratio of vertical maximum pre-
consolidation effective stress (6’vc) to the vertical in situ effective stress (6°vo). YSR is also named
as ‘Apparent OCR’ in some literature, but generally YSR is greater than OCR.

Z Peak Value for t-z Curves, Zpeak

Entries for Zpeak are required (enabled/active) only for models using the APl method for load
settlement (Data > Computational Methods > Method for Load Settlement). These entries are disabled
(grayed out) if other methods are selected by the user.

The user can enter a value for the Zpeak variable for the API Load Settlement Method as explained in
Section 4.8.1 of the APILE Technical Manual. Leaving this entry as zero instructs APILE to use the default
of one percent of the pile outer diameter (i.e., Zpeak/D=0.01) as recommended by APIRP 2A-WSD (2014)
for routine design purposes. However, there is significant uncertainty on this value and it ranges from
0.25% to 2.0% of the pile diameter. Values other than the APILE default may be considered in cases where
axial pile stiffness is critical in the model/design.

t Residual Value for t-z Curves, t/.s

Entries for tres are required (enabled/active) only for models using the APl method for load settlement
(Data > Computational Methods > Method for Load Settlement). These entries are disabled (grayed
out) if other methods are selected by the user.

The user can enter a value for the tres variable for the API Load Settlement Method as explained in
Section 4.8.1 of the APILE Technical Manual. Leaving this entry as zero instructs APILE to use the default
0f 0.9 tyax (i.€., tres = 0.9 tmar) as recommended by API RP 2A-WSD (2014) as upper range for clays. The
user may select to enter the lower range of 0.7 (i.e., tres = 0.7 tmax) Or anything in between.

Estimation of Adhesion Factor

Entries for Adhesion Factor are required (enabled/active) only for models using the FHWA method
for pile capacity (Data > Computational Methods > Method for Pile Capacity). These entries are
disabled (grayed out) if other methods are selected by the user.

With this entry, the select can choose the graph that is used to estimate the Adhesion Factor. Further
details are described in Section 3.5.3 of the Technical Manual. The options are (reference Graphs A, B and
C for each option are provided by the Show Graph button):

0 — Default. Program will choose the method based on the layout of the soil layers.
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1 — Using Tomlinson Graph A
2 — Using Tomlinson Graph B
3 — Using Tomlinson Graph C

3.2.8.4 Soil Data for Silt Layers

This soil type is available for models using the USACE method (on its own, not with others) for load
settlement (Data > Computational Methods > Method for Load Settlement) and for pile capacity (Data
> Computational Methods > Method for Pile Capacity). This soil type is not visible if any other method
is selected by the user (even if combined with the USACE method).

A sample dialog box for this soil type is shown in Figure 3.16. The required properties for silt layers
are explained below. Values are entered for top and bottom of each layer, the APILE program automatically
interpolates linearly the intermediate values between those entries. Notice that for computations of end
bearing, APILE uses by default an average of soil properties within 1.5 pile diameters above and below the
pile tip (which may be modified by the user under the Options > Control Options > Average Depth to
Estimate Tip Resistance).

EEE Data for Layer 4

Silt

|Jzed only for USACE Method

Walues at Walues at
Top aof Layer Battom af Lager
1. Effective Unit Weight [bs/ft"3] |13_3 | |13_3 |
2. Friction Angle [Degrees)
(®) Enter Friction Angle [Prefered) |35 | |38 |
(") Enter Blow Counts from SPT ] ]
[See Manuals for conversion reference]
3. Coefficient of Lateral E arth Pressure, Ko |1_25 | |1_25 |
[USACE recommends Ko=1.25 for compreszion
and K.o=0.5 ta 0.7 for tension]
4. Shear Strength [ba/ft™2] |22 | |23 |

Copy Yalues Taop to Battarn

Cloze

Figure 3.16 Sample soil data for silt layers
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Please notice that releases of APILE prior to v2019 used the older correlation shown in Table 3.5
after Gibbs and Holtz, 1957. Properties estimated from these correlations tend to have greater variability
than actual laboratory measurements. Some geotechnical manuals recommend that properties estimated
from correlation to in-situ field tests or to laboratory tests should be based on multiple measurements within
the geologic unit. Users should consult the accompanying Technical Manual for other comments of side
resistance in sand layers (for each method).

When the user provides values of Blow Counts from SPT the computer program APILE uses those
values for computations of end bearing following equations and limits specified in the Technical Manual
(comments of end bearing in sand layers).

Coefficient of Lateral Earth Pressure, K,

These entries represent values of the lateral earth pressure coefficient, Ko, for the top and bottom of
the silt layer. The earth pressure coefficient, K, is used to calculate the skin friction. USACE recommends

a K, value of 0.8 for compression and a value that ranges from 0.5 to 0.7 for tension.

Shear Strength

These entries correspond to values of the undrained shear strength at the top and bottom of the silt
layer. Ordinarily, the values of effective cohesive strength (c) are obtained from the direct shear test or the
triaxial consolidated drained test. Values for the top and bottom of the layer are entered in standard units
of force per unit area (either Ib/ ft* or kN/ m?).

3.2.8.5 Editing Soil Layers with CPT Interpreter

The Data > Soil Layers > Edit Soil Layers with CPT menu is only available (enabled) if the user
previously selected to Data > Import CPT Data from a cone penetration test. The menu and option to
edit data with CPT is otherwise unavailable (grayed out). Users should check the next Section 3.2.9 to see
how to Data > Import CPT Data from a cone penetration test.

An illustration of the Data > Soil Layers > Edit Soil Layers with CPT for an example application is
shown in Figure 3.17. The figure also provides a reference for the organization of data and some of the
main commands.

The left side of the screen shows the CPT data in graphical form. At bottom left, users can select the desired
parameter to display in the graph. The parameters are separated between Imported values (Q Tip and Side
friction) and Interpreted values (Unit Weight, Undrained Shear Strength, Friction Angle, and N(60)).

Suggested steps for newly imported CPT data (with no defined soil layers):

1. Users may first choose to display the plot of an Interpreted parameter that can help to define the
soil layers. Choosing Undrained Shear Strength or Friction Angle can help the user to define
the general depths for cohesive (Clay) and/or cohesionless (Sand) layers.

2. The user clicks the green + icon on the upper right to create soil layers and enters the appropriate
depth of the bottom of each layer.

3. For each defined layer, click the drop down under Soil Type to select either Clay or Sand layer.

4. Click on button labeled Fill layers with CPT data so that CPT data (Imported and Interpreted)
is used to fill applicable variables for top and bottom of each defined soil layer.
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5. Select each soil layer (double click on left graph or at row on top table) and edit the layer properties
to rounded and desired values (users may select averaged or lower-case envelopes to fit
imported/interpreted parameters for each layer).

6. Click Ok button and select Yes to transfer edited soil data (overwrite) to APILE.

7. Select Data > Soil Layers > Edit Soil Layer Table to make refined edits of each soil layer with
APILE.

8. Select Data > Soil Layers > Edit Soil Layers with CPT to make any further checks or edits using
the CPT comparisons.

[l cPT data

SaoTTTommmmmsssssssssoe = — — — — — 5  AddLayer
' Bottom Layer J/“/ Divide Layer
0 — ey 1 ()
f : I| - Delete Layer
5 s ﬁ My
10 5 ’ : I 3 )
* U PR ENY ™ i
1 | Double Click
2 ol to select layer
25 || _6‘5}; ----- ~ v
T {sang}{ : < %)
30 ] -
Y -
35 ' Sod Type s;nd [~
= 1
s « = II Unit Weight (pcf) 112 112
‘ﬁ' ’." bl r -
g = 4 : [Fricton Angee [~ 40 | [55
' .--,-JI(‘ g I Ko 0.8 | o8
P ] Il
o loay) | | Ng o 0
S o £ I zc 0 |lo
. ¥ i - =
) ExT) 1 Zpeak 0 [P
..u'} : I CPT Qe (psf) 33000 43000
& } 1 User-specified load transfer
75 \ 1 I Uniit skin friction (psf) 0 '_ :o
80 : Unit end-bearing (psf) 0 0
\.’ II . il
85 » L 1 Max end-bearing (psf) 0
0 10 0 50 so N Max side friction (psf) 0
Frlchon ngle (deg] : I Aeicion Facirs
QT = 1 End-bearing 1
! Side friction 0 I Side-friction 1
=) Interpreted 1 §
- Unit Weight :.._ —_— —_— e e e ad
-~Undrained Shear Strength
: rAngle » : Fllayersmh CPT data |
I
\ \ / / s |
CPT Data A[fIL‘E Over- rlde and Click Ok to
Double Click to atd  filalllayers with  Exportinto
CPT data APILE model

select layer, scroll
to zoom infout

Figure 3.17 Sample File & Commands for Edit Soil Layers with CPT
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3.2.9 Data > Import CPT Data

This selection allows the user to browse to an external file that contains ASCII (text) data from a
cone penetration test (CPT) from any equipment manufacturer. An example of CPT data captured in metric
units (which also uses the period as decimal character) is included in Figure 3.18. This figure also contains
additional information regarding features of the Import CPT Data dialog screen.

drag to resize

left & right panes preview of

imported data

preview of
input file

!,E;j Import CPT Data [C:\Ensoft\Apile2023-Examples\CPT-01 - Ensoft Site.cpd]

1 CPT-017/8/2023 10: 16:4MA-ER English Friction
2 PROEJECT ENSOFT DDG1530 201445 300p.05.15123 4
3 0.05 401 068 004 072 1 [0.050 4.010 0.628 0.040
4 0.10 30270 0.985 0.81 0.42 —
5 0.15 239.48 1226 0.45 0.54 2 |0.100 302.700 0.965 0.810
6 0.0 147.78 1483 0.83 0.40 =
7 025 79.57 1325 0.12 0.37 3 |o.150 239,480 1,226 0,450
8 0.30 4442 1.126 0.27 — -
| b T oo 0fn 4 |0.200 147.780 1.483 0.830
10, 0.40 18.37 0.598 - 0.26 | -
11 045 1698 0,546 -268 0.26 5 |0.250 79.570 1.325 0.120
12 0.50 1597 0.569 -4.41 0.26 =1 =
13 0.55 1547 0.590 -3.17 0.24 =0 A — Y
14 060 1563 0.606 -1.24 0.23 — .
15 0.55 1464 0.517 -0.29 0.21 7 |0.350 24.830 0.832 0.610
16 0.70 13.29 0.550 -0.35 0.21 370 -
17 0.75 1313 0.644 -148 0.2 il e 0558 02
18 0.80 1482 0.624 -140 0.20 3 |0.450 16,980 0548 2680
19 0.35 16.13 0.571 -1.33 0.20
20 090 16,72 0.59% -0.99 0.18 10 |0.500 15.970 0,559 -4.410
21 095 138.15 0.559 -0.58 0.21
22 100 2138 0.583 -0.57 0.20 11 |0.550 15.470 0,590 -3,170
23 1.05 2284 0.536 -0.64 0.19 ]
24 1.10 21.82 0.464 -0.64 0.20 v 12 |0.600 15.630 0.606 -1.240
13 [0.650 14.640 0.617 -0.290
Data 14 |0.700 13.290 0,650 -0.350
Column I
15 [0.750 13.130 0.694 -1.480
Depth 1 First Row 1 ||
15 [0.800 14.820 0.624 -1.400
Tip Resistance 2 535
TR 17 0.850 16,130 0.571 1330
Fricti 3 —
O ’— 18 [0.900 16.720 0.596 -0.930
[v¥ Pore Pressure " 15.8 I
C—j s 19 |0.950 18.150 0.559 -0.580
Mist 20 |1.000 21.390 0.583 -0.570
21 (1050 22.840 0.536 -0.640 "3
Degimal Characte( . :I' ) Delimiters ( -t )
Qptions ‘ [ Update Vi l Impart Cancel
storage units for associated range of rows to import
column data — - invalid data is skipped
——» columns index numbers automatically
specify character for |, depth of ground water
decimal separator (, or .) during testing
» Uncheck to import zeros L—» column delimeters

as pore pressure

Figure 3.18 CPT Data Import Dialog

When first triggered, the Import CPT Data dialog tries to automatically select the best configuration
for the data, and displays the data to be imported on the right pane. This preview pane of data to be imported
can be updated at any time with the Update View button (middle of dialog, at bottom).

Using default values, the CPT data importer in APILE is normally able to open and interpret any
CPT data file format, so as to recognize its organization of data and units. As indicated in Figure 3.18, the
organized imported data is displayed on the table to the right of the screen (green shaded).

On the CPT data file to be imported, APILE requires the three or four entries per CPT record that are
listed in Table 3.7. The following limitations are required for the source CPT data file:
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each record is written on a single line,

each record is identifiable using a “depth” entry/parameter,

records are sorted in ascending order of depth,

three or four entries/parameters are listed per record (entries/parameters are shown in Table 3.7,
they can be listed in any column order).

If the import data file does not satisfy the above criteria, it must be first manually adjusted before
attempting to import it to APILE. If duplicate depth values (up to a tolerance) are present, only the first
record (as read from top to bottom) is imported and other records with the same depth value are ignored.
Each entry/parameter is identified by a column number and must be associated with a specific unit of
measurement. Note that the separation of columns depends on the choice of Delimiters (bottom of Figure
3.18) that are specified by the user.

The units of the CPT data will be converted to the units that were selected by the user in the APILE
model where the data is being imported. Existing data of the APILE model, outside soil layers, are not
changed but rather complemented by the newly imported CPT soil data.

Users should verify that the data organization, units and values that are shown on the right table panel
in Figure 3.18 are in accordance to the references provided by the CPT equipment manufacturer (or service
agency). If the data was not recognized properly, the user should manually adjust the interpretation by
changing the parameters that are shown at the bottom left of the screen in Figure 3.18. For any change to
be effective, the user must select the desired entries and then click the Update View button in the lower
middle.

Entry/Parameter Description

Depth where the CPT readings took place. These entries are expected to be

Depth . . )
P unique and sorted in ascending order from top to bottom.

Recorded tip resistance at each depth, in units of force per unit area. Once
Tip Resistance imported, these values are stored under the Qsp or Q. column/values in the
import data table.

Recorded friction at each depth, in units of force per unit area. Once imported,

Friction these values are stored under the Friction or Fs column/values in the import data
table.
Recorded hydrostatic pressure at each Depth, in units of force per unit area. Once
Pore Pressure imported, these values are stored under the U, column/values in the import data
(optional) table. If the checkbox is not selected, pore pressure is imported to be zero for all
records.

Table 3.7 Required Input Entries/Parameters on Source CPT Data File

3.2.9.1 Manual Adjustments of CPT Data

Some references for manual adjustments of data recognition (under the Data header in Figure 3.18) are as
follows:

Main variables of Depth, Tip Resistance and Friction are normally provided by all CPT data files.
Users can enter the proper order of these variables by changing the assigned Column number.
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Users may also change the units that are assigned to these variables by clicking and selecting
in the drop down under Unit. Many CPT data files use mixed English and ST units.

One or more secondary variables may also be included in the CPT data file. The sample in

drag to resize

preview of left & right panes

input file

preview of
imported data

!,E; Import CPT Data [C:\EnsoftuApile2023-Examples\CPT-01 - Ensoft Site.cpd]

1 CPT-017/8{2023 10:16:4MAER English Friction ~
2 PROEJECT ENSOFT DDG1530 201445 300p.05.15123 4
3 0.05 401 068 004 072 L [0.050 4.010 0.628 0.040
4 0.10 30270 0.965 0.81 0.42 —
5 0.15 239.48 1226 0.45 0.54 2 (0.100 302.700 0.985 0.810
6 0.0 147.78 1483 0.83 0.40 — =
7 0.25 79.57 1.325 0.12 0.37 3 |0.150 239.480 1.226 0.450
8 0.30 4442 1126 0.40 0.27 — - = z
9 0.35 24.83 0.832 0.61 0.27 4 |0.200 147.780 1.483 0.830
10 0.40 18.37 0.598 -0.19 0.26 | -
11 045 1698 0.54 268 0.26 g 0230 TEED LETE et
12 0.50 1597 0.569 -4.41 0.26 = =
13 0.55 1547 0.590 -3.17 D0.24 & |D.300 A0 1128 0400
14 060 1563 0.606 -1.24 0.23 .
15 0.65 1364 0617 -0.29 0.21 0 e 0832 o610
16 0.70 13.29 0.650 -0.35 0.21 =i
8 (0.400 18.370 0.588 -0.190
17 0.75 1313 .64 -148 0.2 o i ‘ o
18 0.80 1482 0,624 -140 0.20 2 |0.450 16,380 0,598 580
19 0.85 16.13 0.571 -1.33 0.20
20 090 16,72 0.59% -0.99 0.18 10 |0.500 15.970 0,559 -4.410
21 095 138.15 0.559 -0.58 0.21
2 L00 2139 0.583 -0.57 0.20 11 |0,550 15,470 0,530 -3,170
23 1.05 2284 0.536 -0.64 0.19
24 1.10 21.82 0.464 -0.64 0.20 W 12 |0.600 15.630 0.606 -1.240
13 [0.650 14.640 0.617 -0.290
Data : 14 |0.700 13.290 0.650 -0.350
/" coumn N/ Unit I
15 [0.750 13.130 0.694 -1.480
Depth 1 m * ||| First Row 1 —_—
15 [0.800 14.820 0.624 -1.400
Tip Resistance 2 tsf - ) 535
LR ) 17 [0.850 16,130 0.571 1330
Friction 3 tsf — -
Ci 18 [0.900 16.720 0.596 -0.930
[v Pore Pressure || (4 15.8 —
S pel MEETIEL 19 [0.950 18.150 0.559 -0.580
A _—
Mist 20 |1.000 21.390 0.583 -0.570
21 (1050 22.840 0.536 -0.640 v
Detimal Charav:te( . :I' ) Delimiters ( -t )
Jptions ‘ l Update. I Import Cancel
storage units for associated range of rows to import
column data — - invalid data is skipped
——» columns index numbers automatically
specify character for |, depth of ground water
decimal separator (, or .) during testing
» Uncheck to import zeros L—» column delimeters

as pore pressure
Figure 3.18 CPT Data Import Dialog

includes the variable Pore Pressure which may optionally be used during interpretations (users may
also choose to remove the check mark and APILE will use zero for all pro pressure). Any other
secondary variables contained in the CPT data file may be shown on the left table but will be
ignored (not used) when importing into APILE (not shown on the interpreted table at the right
side of the screen).

In the First Row and Last Row entries the user can specify which row on the left table has the first
valid data entry (outside titles or comment fields/rows) and which has the last valid data entry
(before ending/closing notes that maybe included in the CPT data file). Data lines that are found
to not satisfy the required input properties are automatically discarded.

The Water Depth entry is left as zero by default but users are strongly encouraged to edit and enter
the appropriate value if they know the depth to the water table during the field investigation
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(using the same units as Depth field). This information is normally not included in the CPT
data file but usually measured and registered in the CPT field logs.

The user may select the Decimal Character, either period (dot) (.) or comma (,) that applies to their
CPT data. This is useful for tests done in certain countries that also use the metric system.

The Delimiters entries indicate the characters that may be used in the CPT data file to separate
columns of data. By default, the program includes a comma (,), space ( ), semi colon (;) and
the tab (\t) indicators to separate variables included in the CPT data file.

3.2.9.2 Options Button

A sample of the selections under the Options button is shown in Figure 3.19. This button allows the user
to select and enter various parameters that are used for interpretation of the CPT data.

The drop down for Friction Angle Method allows the user to select one of three different methods for the
interpretation of friction angles:

Mayne (2006) as described in: Mayne. P.W. Cone Penetration Testing, A Synthesis of Highway
Practice, NCHRP Synthesis 368, Transportation Research Board, Washington, DC, 2007.

Kulhawy & Mayne (1990) as described in: Kulhawy. F.H. and P.W. Mayne. Manual on Estimating
Soil Properties for Foundation Design, Report EPRI EL-6800, Electric Power Research
Institute, Palo Alto, CA, 1990.

Robertson & Companella (1983) as described in: Robertson. P.K., Campanella, R.G., Gillespie, D.,
and Greig, J., 1986. Use of Piezometer Cone Data. IN-SITU ’86, Use of In-situ testing in
Geotechnical Engineering, GSP 6, ASCE, Reston, VA, Specialty Publication, SM 92, pp 1263-
1280.

The Nkt Value is a cone factor used to obtain the estimated undrained shear strength of clays:
cu=1(qi-ov)/ N

Where q; is the corrected cone resistance, Gy is the vertical stress and ¢, is the undrained shear strength
of the clay.

The Nk Value usually varies from 10.5 to 18 and depends on the type of clay. Users may enter a
Fixed value or may select for the program to Auto Compute. The Auto Compute uses the
formulation suggested by Robertson & Cabal (2022):

Nt = 10.5 + 7 logio (Fr) (used for Fr > 0), where Fr is a Normalized Friction Ratio that is
calculated internally based on other parameters.

The Net Area Ratio of Cone Tip is a parameter used to obtain the corrected cone resistance:
gi=qc+uw (1+a)

Where q; is the corrected cone resistance, . is the measured cone resistance, u is the pore water
pressure (see Pore Pressure in Section 3.2.9.1) and a is the Net Area Ratio of Cone Tip.

The 0.78 used by default is a common value for Net Area Ratio of Cone Tip. However, this value
usually varies from 0.70 to 0.85 and should be obtained from the CPT manufacturer.
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Users should read the referenced literature above for specifics about each method and parameter. If the
user needs further description and control of the various intermediate parameters, they should investigate
the separate ENCPT software which provides an enhanced version of the CPT Interpreter that is included
with APILE: https://www.ensoftinc.com/products/encpt/

IR Interpretation Options

Friction Angle Method |Rnbertson & Campanella (1983) -

Mayne (2008) J
Kulhawy & Mayne {1990)

Mkt Value (s Auto Coffip

" Fixed 10.5
MNet Area Ratio of Cone Tip 0.78

Figure 3.19 Sample Options button for Import CPT Data

3.3 Options Menu

3.3.1 Options > Units

This selection provides the user with a choice of input data in English Units, and S.I. Units
(international units) as shown in Figure 3.20. In general, the following specific units of measurements are
used frequently in the program:

Units Length Force Stress/Modulus
English foot (ft) pounds (1bs) psf or psi
International meters (m) kiloNewtons (kN) kPa

The user should always check the unit descriptions which are associated to each variable in the
program interface. For instance, psi instead of psf'is used for the elastic modulus of pile material (Data >
Pile Material > Modulus of Elasticity).

The user may change from one system of units to the other as many times as desired. The program
will automatically convert all the appropriate input that was already specified by the user before the time
of selection of a different system of units. Small rounding differences may appear if multiple changes of
units are performed. The user must always check that input data have been converted appropriately.

By default, APILE always starts a new model in English Units. The selection of the desired units is
important prior to importing CPT data (Data > Import CPT Data) since the imported values will always
be converted to the units that were previously selected in the APILE model.
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File Data [Gptions] Computation  Graphics Window Help

= Units | @ English Units (kips, ft, in
0lele g (kips, , in)

v Print t-z Curves at Additional Depths 51 Units (kcN, m, mm) —

Control Options

Figure 3.20 Options for units selection

3.3.2 Options > Print t-z Curves at Additional Depths

The user can instruct the program to generate #-z curves at user-specified depths. The windows dialog
screen that comes up under this menu option is shown in Figure 3.21. The APILE program automatically
generates ¢-z curves at the top, middle, and bottom of each soil layer. The user can enter up to 50 other
depths for printing of additional -z curves.

3.3.3 Options > Control Options

This selection allows the user to enter certain control parameters for program performance and
output. An illustration of the Options > Control Options dialog box for an example application is shown
in Figure 3.22.

Length of each computation increment

This entry represents the length, in ft or m, of each element into which the pile is divided. A default
of 1 ft (0.3048 m) is provided by the program. As a general reference, users should not select a length of
computation increment that is larger than about half of the smallest soil layer. In some models, large
increments may produce noticeable changes in the computational results which should be avoided.
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File Data | Options | Computation Graphics Window Help

D@E Units ymjt_zﬁ

v Print t-z Curves at Additional Depths

Control Options

!1‘_ Option of Printing t-z Curves o = || 28]

s "
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g Depth below the ground
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zurface (ft)
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3 45
Add Raw nzert Fow Delete Row

Figure 3.21 Options > Print t-z Curves at Additional Depths

Print increment

The user may select how often results are plotted (outputted) according to the number that is provided
in this entry. The length of each “computation increment” is defined in the previous entry. The number
used for print increment will not produce any effect in the internal computations of the program.

t-z and Q-w factors

The user may specify any ¢ and/or z multipliers that is desired to be applied along the length of the
modeled pile. The user may also specify any QO and/or w multiplier that is desired to be applied for the pile
tip. This may be useful for certain LRFD-based codes that may suggest the use of a reduction factor (less
than one) for load transfers in side resistance (¢ multiplier less than one) and/or in end bearing (Q multiplier
less than one). The multiplier for associated movements (z and w multipliers) are normally left as one
(unchanged).

Load Settlement Curve

Users may choose to enter specific tip movements by placement of a check mark under Specify Tip
Movements and entering the desired movements (from smallest to largest). This can be useful if the user
wants to obtain a smoother curve of load-vs-settlement (Graphics > Axial Load vs Settlement).

Text Editor

The user should input in this box the complete path and command line for the preferred-text editor
or word processor that will be used to examine and print the input, output, and the processor run notes files
created by the APILE program.
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As a default, the command line c:\windows\notepad.exe is used to operate a standard text editor.
Microsoft Notepad is included with Microsoft Windows XP, VISTA and Windows 7, 8, 10 and 11.
However, the path to the directory where notepad.exe is installed varies in different versions of the
Microsoft Windows operating system.

There may be some instances when the output files are too large for Notepad and a different text
editor or word processor should be used. In those cases, it is suggested to use Microsoft WordPad
(c:\windows\wordpad.exe).

Depth/Elevation

Many users may prefer to enter the depths of soil layers in elevations and thus visualize the results
of load transfers in the same elevation references. To use elevations, the user simply places a check mark
under Use Elevations instead of Depth and enters the value of the elevation at the grade level (top of
first soil layer).

For a model with a batter pile (Section 3.2.6 and Section 3.2.7), the selection (check mark) of Use
Elevations instead of Depth will provide tabular and plot results of load transfers for vertical elevations.
When using the default display of depth (no check mark), the tabular and plot results of load transfers are
provided for length of pile (Iength along the pile axis).

The number that the user enters as Elevation at soil surface can be positive or negative and in the
same base units (either ft or m) as the one selected for the APILE model. Any previously entered Depth
parameters (under Data > Soil Layers) will be converted to the specified elevations. A model can be
changed from Elevation to Depth as desired by the user.

Tip Resistance

By default, APILE averages soil properties from 1.5 diameters of pile tip (above and below pile tip).
Using the Average Depth to Estimate Tip Resistance drop-down menu, the user may select to change
that averaging to O D (no averaging), 1.5 D (default averaging) or 3.0 D (three diameters above/below pile
tip). This averaging is recommended to prevent piles from punching through to a weaker soil layer. For
additional comments, users can read the notes on “Punch Through Commentary on End Bearing” in the
separate APILE Technical Manual.
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Figure 3.22 Options > Control Options

3.4 Help Menu

The Help menu provides an online help reference on topics such as: using the program, entering
data, information about variables used in the program and methods of analyses. Submenu options, shown
in Figure 3.23, are briefly described below.

User's Manual ............... this selection calls for any installed PDF reader (Adobe Acrobat, Acrobat Reader
or similar) to open the User’s Manual (contains a Chapter of examples installed with the
program). This document is formatted as a protected PDF file.

Examples Manual.......... this selection calls for any installed PDF reader (Adobe Acrobat, Acrobat Reader
or similar) to open the Examples Manual. This document is formatted as a protected PDF
file.
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Technical Manual.......... this selection calls for any installed PDF reader (Adobe Acrobat, Acrobat
Reader or similar) to open the Technical Manual. This document is formatted as a
protected PDF file.

About............... this provides a screen describing the program version, date, maintenance expiration date,

USB serial number and methods for accessing technical support.

Check for Updates......... starts the default Internet browser and sends the user to a page that describes
information about the user’s license (release and maintenance expiration date) as well as
the latest release that is available for downloading at the Ensoft site. Users may only run
in full mode maintenance updates that were released before the expiration date of the user’s

license.

Help Help
User's Manual i User's Manual
Examples Manual Exarnples Manual
Technical Manual Technical Manual
About... About...
Check for Updates Check for Updates
Ensoft Key Inquirer Check Metwork Dongle
a. Single-User License b. Client on Local Network License

Figure 3.23 Help Menu
Ensoft Key Inquirer........ this selection is only available for single-user licenses (not available in local

network licenses). This utility allows the user to check information contained in the USB
Key that is attached to the computer in use. With this utility the user can see the following
information: dongle serial number and expiration date, licensed program names and type
of licenses, maintenance expiration date of each software license, licensed company name,
allowed IP subnets. This utility is installed in the selected installation directory with the
following filename: ensoft key inquirer v5.exe (may change with time).

Check Network Dongle. this selection is only available in client computers of local network licenses (not
available in single-user licenses). This calls the utility that is used to check the licensing
and to troubleshoot communications with a license manager (or software server). This
utility is very useful in case of problems in clients while trying to run the licensed software.
This utility is installed in the selected installation directory with the following filename:
CheckNetworkDongle ipv_511.exe (may change with time).
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4.1 Introduction

CHAPTER 4 presents options related to execution of the program and includes methods of
addressing run-time errors. This Chapter also includes suggestions for reviewing input, output, and
processor text files. The final section of this Chapter includes descriptions about all the output curves that
may be observed in graphical form. The commands covered in this chapter are contained in the top menu,
under the Computation and the Graphics titles.

4.2 Computation Menu

This menu option is selected to execute the program using the parameters that were saved in the
input-data file. Within the options contained under this menu, shown in Figure 4.2, there are commands
that facilitate the reviews of the text files produced for storing input data, output results, and processor
notes. In addition, the user may select an option to observe a graphical representation of the modeled pile
and soil layers. Detailed description of the submenu options contained under the Computation menu are
explained in the following topics.

4.2.1 Computation Menu Speed Buttons

Three speed buttons in the button bar (shown in Figure 4.1) provide access to the following
commands (from left to right): Computation > Run Analysis, Computation > Edit Output Text, and
Computation > 3D View.

rjﬂ APILE 2023.10.1 - Offshore - Example 1 - Steel Pipe Pile in Sand and Clay.ap10d

File Data Options Computation Graphics  Window  Help

02| @ @ovfw] Ol =/ | B[R | [e|r |

Figure 4.1 Speed Buttons for the Computation Menu (within rounded rectangle)

4.2.2 Computation > Run Analysis

The input-data file will be first saved to disk after selecting the Computation > Run Analysis
E] submenu option, which executes the analytical portion of program APILE.

The user should remember to save the input data under an user-specified name before
executing the analytical module. When saving data to disk, APILE will automatically add an extension of
the type *.apl0d to the name of the input file.
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File Data Options Computation Graphics Window Help

D‘ﬁ“‘-| ﬂ| oC! Run Analysis F Kz S

Edit Input Text

Edit Processor-Run Notes

Edit Output Text

3D View
Generate GRLWEAP Data

Generate Report in M5-Word

Figure 4.2 Sample Computation menu.

When the execution process is finished the active command is returned to the main APILE program
with a screen indicating that computations are completed. The user should check the output text file for
any warning and/or error messages that were produced during computations.

At the beginning of the run, the analytical module will read the saved input data progressively. If an
input-data format is incorrect during reading, the analytical module may stop and display an error message
along with a status report in a file with the same name as the input and with the extension *.apl0r. This
file may be accessed by selecting Edit Processor-Run Notes in the Computation menu. Within the
processor-run notes, if all input data was read correctly, the analytical module will show the message THE
EXECUTION IS IN PROGRESS.

The analytical module automatically creates an output file with the same name as the input and with
the extension *.apl0o. This file may be accessed by selecting Edit Output Text in the Computation
menu. Once a successful run is produced, the user may proceed to the next items for observation of results.

4.2.3 Computation > Edit Input Text

This command is used to edit the input-data file in plain text mode. This command becomes active
after new data files have been saved to disk or when opening existing data files. The command is helpful
for experienced users who may want to change one or two parameters quickly using the text editor, or for
those users wishing to observe the prepared input data in text mode.

This submenu automatically invokes the word processor or text editor specified under
Options/Control Options/Text Editor. The default setting is to use the utility program named notepad. exe
provided by Microsoft Windows®©.

Input-data files are automatically saved to disk with the user-specified file name and the extension
of *.ap10d by program APILE.

4.2.4 Computation > Edit Processor Run Notes

This command is used to edit an intermediate text file that may be produced during each analytical
run. This feature is not used in early editions of APILE but in the future it will include notes produced
during the processing of the input data.
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This submenu will automatically invoke the word processor or text editor specified under
Options/Control Options/Text Editor. The default setting is to use the utility program named notepad.exe
provided by Microsoft Windows©.

Files containing processor-run notes will be automatically saved to disk with the same file name as
the input-data file but with the extension *.ap0r.

4.2.5 Computation > Edit Output Text

This command is used to edit the output-text file that is automatically produced during each
. analytical run. This command becomes active after new data files have been saved to disk and

successfully executed, or when opening previously-executed data files.

This submenu will automatically invoke the word processor or text editor specified under
Options/Control Options/Text Editor. The default setting is to use the utility program named notepad.exe
provided by Microsoft Windows©.

Output files are automatically saved to disk with the same file name as the input-data file but with
the extension *.apl0o. Use of Microsoft Notepad© for editing the output file for Example Problem 1 is
shown in Figure 4.3.
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[ Example 1 - Steel Pipe Pile in Sand and Clay.ap10o - Notepad

File Edit Format View Help

APILE for Windows, Version 2023.18.1
Serial Number : 653548368

A Program for Analyzing the Axial Capacity
and Short-term Settlement of Driven Piles
under Axial Loading.

(c) Copyright ENSOFT, Inc., 1987-2823
All Rights Reserved

This program is licensed to :

Ensoft, Inc.

Austin, TX
Path to file locations 1 C:\Users’\Ensoft\Apile2823‘\examplesiExamplel),
Name of input data file : Example 1 - Steel Pipe Pile in Sand and Clay.apl@d
Name of output file : Example 1 - Steel Pipe Pile in Sand and Clay.apiad
Name of plot output file : Example 1 - Steel Pipe Pile in Sand and Clay.apl@p
Time and Date of Analysis
Date: April 25, 2823 Time: 21:45:21

PROJECT DESCRIPTION

Example 1 - Steel Pipe Pile in Sand and Clay
DESIGMNER : Ensoft

JOB NUMBER : ©5-81-20818

Figure 4.3 Sample use of Microsoft Notepad © for editing the output-text file of
Example Problem 1 (may change with time).

4.2.6 Computation > 3D View

The Computation > 3D View provides a graphical screen that displays a three-dimensional view

@ of the pile and soil layers along with their various depths and other user-selected elements. This

command becomes active after data of Pile Properties and Soil Layer Data have been entered

under the Data menu, or when opening previously-executed data files. The Show 3D View and new speed
buttons provide additional parameters for modifications of the graphical display.

A sample graphics of this command option is shown in Figure 4.4, which also includes the Show
3D View > Combined Plots which may be selected after a successful computational run.

This selection can be useful to quickly visualize the results of pile capacity for skin friction, end
bearing and total capacity for various shaft penetrations. The observation can also be helpful to determine
the impact of certain soil layers in the contribution to total capacity.
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Optiors
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Figure 4.4 Sample Computation > 3D View.

4.2.6.1 3D View Speed Buttons

A group of seven speed buttons provide access to the following commands (from left to right):
Panning (to pan click and hold anywhere in 3D graphics plus drag mouse up, down or sideways), Zooming
(to zoom click and hold anywhere in 3D graphics plus drag mouse up to enlarge graphics or drag mouse
down to reduce graphics), Rotating (to rotate click and hold anywhere in 3D graphics plus drag in any
desired direction), Zoom Windows (to zoom into a windows click on top left of desired window to be
zoomed in 3D graphics and drag mouse to bottom right), Zoom In (to zoom in click anywhere in 3D
graphics), Zoom Out (to zoom out click anywhere in 3D graphics), Restart View (restarts the original 3D
graphics before any pan, rotate or zoom operations).

4.2.6.2 Show 3D View Menu

In this menu, users can select to turn on/off the pile image, soil layers and/or the labels for the soil
layers. After a successful run, users may also be able to display the Combined Plots (shown in Figure
4.4) with a graphical reorientation of select result charts.

4.2.7 Computation > Generate GRLWEAP Data

APILE has an option to export the soil profile and computed load transfers per pile increment from
any model to an external file that can be read by the separate GRLWEAP software for evaluations of pile
driving efforts (driveability). The dialog box in Figure 4.5 is provided for reference.

4.2.7.1 Importing into GRLWEAP14

The Generate button in Figure 4.5 prompts the user to save a file of the type ‘filename.srp’. The
‘srp’ extension is used by GRLWEAP14 to import a ‘Soil Resistance File’ for Customized Soil Parameters.
The following steps are recommended for importing into GRLWEAP14:

1. Create or open a model for Driveability analysis.
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Select Input > Soil Model.

Click Customize Soil Param. Button.

Select Import button.

Browse and select to Open the ‘srp’ file that was generated in APILE.

AU

Check imported data table to make sure the parameters (see next section for references) are
appropriate for the modeled pile system.

7. Click OK button twice and proceed with interface (other input/features) of the GRLWEAP14
software.

4.2.7.2 APILE’s GRLWEAP Output Data

APILE exports the set of parameters listed below to the ‘srp’ file when generating GRLWEAP14
data. Please note that while some of the values are determined from static axial analysis of piles, others are
evaluated solely based on soil parameters and some are set to be constant. Please review the generated
values and adjust as needed based on your use case.

Depth: This is the depth, measured from the ground surface downward, used internally by APILE analysis.
Maximum number of points accepted by GRLWEAP14 is limited to 100 points.

Unit Shaft Resistance: Unit skin friction obtained by APILE analysis.

Unit Toe Resistance: Tip resistance of pile obtained by APILE analysis, normalized by the pile’s end-
bearing area. See “end bearing area” further below.

Shaft Quake: Uniformly set to 2.5 mm (please see notes in GRLWEAP manuals: “Clear relationships
between soil type and shaft quake or pile size and shaft quake are unestablished. A 2.5 mm
(0.1 in) shaft quake is reasonable and generally accepted. Although shaft quakes are
assumed to be the same in all soils, the driveability input allows for variation of those
values per soil layer.”).

Toe Quake: The outputted value for toe quake is evaluated based on the table below using solely the soil
layer properties (please see notes in GRLWEAP manuals: “The GRLWEAP toe quake
recommendation similarly expresses its magnitude as a function of pile diameter (size).
For very dense or hard soils the recommendation is D/120 and for softer materials D/60.
Note: Much larger toe quake values have been observed. Toe quakes are often quite
different when driving, restriking, or statically loading the same pile. Large toe quakes
cause a high rebound and can cause damaging tension stresses in concrete piles even with
high resistance values. Further, large toe quakes can produce high blow counts, which
makes driving displacement piles difficult.”).

Table 4.1 Toe Quake Reference (GRLWEAP14 Manual)

Clay Sand
Undrained Shear SPT Blow Count Friction Angle Toiz/gj:ke
Strength (kPa) (degrees)
su <15 N<5 ¢ <30 D/60
15<s,< 150 5<N<30 30<p<41 Linearly interpolated
sy 2150 N > 30 ¢241 D/120
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Shaft damping: The value is set to be 0.15 s/m and 0.65 s/m for sand and clay soil types (Standard Smith).
Toe damping: The toe damping is set to a fixed value of 0.5 s/m for all layers (Standard Smith).

Setup factor: User-specified per soil type, with defaults shown in application window (please see notes in
GRLWEAP manuals: “For example, a setup factor of 5 is reasonable in a submerged sand,
which is typically 1 or 1.2 for impact driving. This means that only 20% of its long term
shaft resistance is present during vibratory driving. On the other hand, for highly plastic
cohesive soils, not much resistance is lost. The setup factor may be as low as 1.0 for
vibratory driving. Often, it is 2 for impact driving. Alternatively, soft clays or any material
that tends to behave in a thixotropic manner may lose as much resistance as for impact
driving and should be considered with a higher setup factor.”).

Setup time: Outputted value is the user-inputted value and set to be constant for all data points (please see
notes in GRLWEAP manuals: “4 Variable Setup Analysis considers the partial setup that
occurs during pile driving caused by driving interruptions. For the Variable Setup
Analysis, a set-up time and a limit distance needs considered. The set-up time specifies the
time period necessary for the soil to reach the full LTSR. The Limit Distance specifies how
far the pile needs driven until it loses all soil set up, or until it reaches the SRD. All soil
related static and dynamic resistance parameters, SRD, LTSR, Setup, Friction Fatigue,
and Gain/Loss factors and calculations are explained in GW14 Background Report, Part
2.7).

Limit Distance: Outputted value is the user-inputted value and set to be constant for all data points (please
see notes above and others in GRLWEAP manuals: “The limit distance, Ly, is a constant
and may be considered a soil property. The user can enter this soil property in the soil
resistance profile and has the dimension of length, of m or ft.”

......................... “There is no point in specifying set-up time if the limit distance is unknown or vice-versa.
Entering 1 parameter while not specifying the other leads to curious results”

......................... “If no set-up factors are specified, GRLWEAP assumes set-up factors of 1 for all layers.
Gain/loss factors then produce uniform capacity gains or losses in all soil layers along the

pile”™).

Shape factor: Outputted value is the user-inputted value and set to be constant for all data points.
End bearing area: The end bearing area is outputted as follows.

Circular piles:

...... Unplugged: /4 (D_0"2-D_i"2)

...... Plugged: n/4 D 0”2

Non-circular piles:

...... Pile-tip cross-sectional area.

In the above D_o and D i are the outer and inner pile diameters, respectively.

Please see notes in GRLWEAP manuals: “GRLWEAP users should be aware that modeling
plugged (or partially plugged) end bearing requires additional considerations. Most
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importantly, they should be reminded that for non-displacement piles the soil quake
recommendations are 2.5 mm (0.1 in). For displacement piles, the toe quake is GRLWEAP
14 Background Report Part 2 69 recommended to be D/60, where D is the pile diameter
or width, for all not very dense or hard soils and D/120 for very dense or hard soils.”.

Users must check and make sure that the generated ‘srp’ file contains values that
are appropriate for their models based on GRLWEAP Technical Manual and/or
Technical References.

Any of the exported values can be changed either by editing the outputted ‘srp’
files with a text editor, or by editing them directly within GRLWEAP14.

[ APILE 2023.10.1 - Offshore - Generate GRIWE..  — |

GRLWEAP version | GRLWEAP 14 |

Values below will be used uniformly for all data points
Setup Factor

Clay |1 Sand |1

Limit Distance {m) 0
Setup Time (hours) [
Shape Factor 0

Please refer to GRLWEAP manuals for selecting values for the abave
parameters most appropriate for your application,

Generate

Figure 4.5 Sample Computation > Generate GRLWEAP Data.

4.2.8 Computation > Generate Report in MS-Word

This menu selection allows users to export parameters for the APILE model along with optional data
groups (see Figure 4.7) into a pre-formatted Microsoft Word file. Each generated report is provided with
the following information:

Software name, version and update.

License information (serial number, company name and licensed office site).

Name and path of input/output data files.

Date of computational run.

Echo printing of various model data parameters (computational and unit load transfer methods,
type of loading, pile type).

In addition, in the dialog box in Figure 4.7 users can select to include the following optional content:

Input > Model Schematic adds to the Word report a graphical representation of the pile, soil layers
(with some mechanical properties) and layer depths (or elevations).

Input > Pile Properties adds a Word table with echo printing of the properties that were entered
by the user for the modeled pile.
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Input > Soil Properties adds a Word table with echo printing of the soil layers and mechanical
properties that were defined by the user. This table also includes any soil properties that were
estimated or assumed internally by APILE based on other parameters.

Results > Pile Capacity adds a Word table and/or graphical plots with computational results of
Total Skin Friction, Skin Friction (or Self Weight), End Bearing and Ultimate Capacity for each
Method of Pile Capacity that were selected by the user.

Results > tz Curves adds a Word table and/or graphical plots with the t-z curves that were internally
generated by APILE for top, middle and bottom of each soil layer (and for each optional depth that
may have been selected by the user).

Users may copy and paste the contents of any of the tables above from Word to a spreadsheet if they prefer
different units or plot format. Keep in mind that the separate Graphics > Export Plots to MS-Excel
described in the next section provides a simple method for editing plots.

Options

Input
V¥ Model Schematic
v Pile properties
¥ Soil properties

Results
Pile Capadty
v T|ES |v Graphs
tz Curves
v Table v Graph

Cancel Ok

Figure 4.6 Dialog box for Generate Report in MS Word.

4.3 Graphics Menu

This menu is selected to observe the different graphical representations of the program results
contained in the output file. Options contained under this menu are shown in Figure 4.7. Not all of the
graphics may be enabled for observation, since active curves depend on specifications contained in the
input.

Notes Regarding Computation Methods
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1. Some graphics and output data will be generated for all four methods of computations, regardless
of the internal method that the user selects. Data and plots that will always be generated for all
methods of computations (under Data > Computational Method > Method for Pile Capacity)
are the following:

Unit Skin Friction vs. Depth
Accumulated Skin Friction vs. Depth
Tip Resistance vs. Depth

Total Capacity vs. Depth

2. The following graphics will only be generated using the selected method of computation (under
Data > Computational Method > Method for Load Settlement):

Load Distribution

Combined Plot

Axial load vs. Settlement
Internally-Generated t-z Curves

All of the graphical representation of output data that may be produced by the program are contained
in the following commands of the Graphics menu:

Unit Skin Friction vs Depth

Accumulated Skin Friction vs Depth

Tip Resistance vs Depth

Total Capacity vs Depth

Load Distribution Curves

Combined Plots vs Depth

Axial Load vs Settlement

Internally Generated t-z Curves

Extra t-z Curves at User Specified Depths
Internally Generated Q-w Curve

The observation of any of the above-listed curves will activate the new graphics mode of APILE.
Several changes occur during use of the graphics mode.
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File Data Opticns Computation Graphics  Window Help

B | @| E| Q|CM|MM1 'O| Unit Skin Friction vs Depth

Accumulated Skin Friction vs Depth

Tip Resistance vs Depth
Total Capacity vs Depth

Load Distribution

Combined Plot

Axial Load vs Settlement
Internally-Generated t-z Curves

Extra t-z curves at User Specified Depths

Internally-Generated C-w Curve
Meutral Plane &nalysis (Downdrag - FHWA)
Export Plots to M5-Excel

Print Soil Profile

Figure 4.7 Sample Graphics menu.

4.3.1 Mouse Commands in the Graphics Mode

Table 4.2 describes mouse commands that become enabled automatically during all graphical
observations of output curves.

Event Description

Mouse Left Click Zooms in on the graphics at the clicked position (up to five zoom levels)
Mouse Right Click Zooms out from the graphics

Mouse Double Click on Legend | Turns the selected curve on/off at every click

Table 4.2 Mouse commands in the graphics mode

4.3.2 Plot Options Menu

A sample plot in graphics mode is shown in Figure 4.8. While in graphics mode, users can select
the desired plot on the left side of the screen and also some plot options (shown in the middle of Figure
4.8).

The Plot Options menu offers some changes that users can make to the chart settings. Please notice
that the changes that are made in this menu are not saved with the model, they are only for visual aid while
looking at the results from a model.

Users that need more involved formatting of the plot files are encouraged to select the APILE feature
for exporting plot data to a pre-formatted spreadsheet (see Section 4.3.14 of this manual). The simple
APILE plots are useful for immediate observation of results while the formatting on a spreadsheet allows
for a wide variety of presentations in report format. Another option for exporting of plots into a report
format was presented in Section 4.2.8 of this manual.
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i APILE 2023.10.1 - Offshore - Plot Results

El-Capacity Plot Options
i b Unit Skin Friction vs Depth B <rowl. p . i
- Accumulated Skin Friction vs Depth ow Legen Tip Resistance (kN)
B Tip Resistance vs Depth Show Soil Layer 0 3000 4000 5000 6000 7000 3000
- Total Capadity vs Depth Show Markers 3 T T T T [ T T T T [ T T T T [ T T 17T | —— ——
El- Misc . E E E API*
-- Axial Load vs Settement [APT] Font Size > ' ' ' FHWA *
- Combined Plot [4PT] Line Width > : : ; USACE *
--Load Distribution a ' ! ' LAMBDA *
raph Title T
- Internally-generated t-z Curves ] H ,
--Extra t-z curves at user-spedified depths EBditLegend ..
- Internally-generated Q-w Curve Active Curves
Print...
Page Setup
Plot to Disk...

Lo}

Dep

30

40

Close

Figure 4.8 Sample Plot and Plot Options Menu in Graphics Mode

Show Legend

This activates or deactivates the floating legend included in the graphics mode. The legend box can
be moved with click-and-drag operations of the mouse to any position in the graphics screen. Despite its
location in the screen, the legend is always located at the right-bottom corner on the printouts.

Show Soil Layer

Click this menu-item to activate or deactivate a soil profile plotted at the right side of the graphics.
This option is not available in some plots (where not applicable).

Show Markers

This menu provides the option to activate or deactivate the markers for each point of all the curves
displayed in the active screen of the graphics mode. By default, the program automatically plots at every
foot of penetration, or every 30 cm when using metric units. The user may optionally select to show markers
every 1,2, 3,5, or 10 increments of unit. The type of markers used in each curve is automatically selected
by the program. Once activated, the markers are enabled for all visible curves of the active graphics screen.

Font Size

This menu provides the option to enlarge the default size of fonts used in plots. The user may
optionally select to enlarge the font by 1.5, 2, 2.5, 3, or 4 times of the default size.
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Line Width

This menu provides the option to enlarge the default width of lines used in plots. The user may
optionally select to enlarge the width by 2, 4, 6, or 10 times of the default width.

Graph Title

The user may optionally add a title to the active graphics using this command. However, the
parameters selected here are not saved with the output file and must be changed each time the file is opened.

Edit Legend

The user may change the text of the legend in the active graphics using this command. However, the
modified names are not saved with the output file and must be changed each time the file is opened.

Active Curves

This command is used to activate or de-activate the graphs that are displayed on the screen.

Print...

This command is used to produce a hard copy of the active graphics screen. The Print dialog box
includes a drop-down menu that allows the user to select any of the installed Windows printers, allows for
change of printer properties, and allows the selection of the total number of copies to be printed. The
printed graphics is sized according to the margins that the user specifies in the Plot > Page Setup menu.

Page Setup

The user can here specify the printed size of the active-graphics screen. The size of the plot is based
on the specified margins and selection of paper orientation. The parameters selected here are not saved
with the output file and must be changed each time that the graphics is plotted.

Plot to Disk...

This command is used to save the active-graphics screen to disk. The format of the saved file is as
bmp graphics (bitmap file), which is the internal-file format used in Microsoft Windows©.

4.3.3 Graphics > Unit Skin Friction vs Depth

This command provides a graphical representation of the unit load transfers in side resistance (skin
friction) versus pile length below grade (or versus Elevation) for the modeled pile according to the
computational methods that were selected by the user. Unit load transfers in side resistance are presented
in units of axial force per area (surface area) of the modeled pile. The data value at each length/depth
represents the unit side resistance that was used during internal capacity computations.

For vertical piles (no batter) the vertical axis represents depth or actual pile penetration below ground
line (stickup length, if any in the model, is not shown). When the model has batter piles, the vertical axis
represents vertical elevation (if check marked in Section 3.3.3) or length of pile below grade along the batter
line. If needed, the output text file for models with batter piles also include an extra column with
corresponding vertical depth (elevation) below ground.

A sample graphics screen of the Unit Skin Friction vs Depth command option is shown in Figure
4.9. These curves are automatically generated after successful analytical runs of a driven pile.
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Notice that the values of unit skin friction represented in these graphics are shown after modifications
from the reduction/resistance factors, if any, that were specified by the user (under the Data > Soil Layers
menu).

Unit Skin Friction (kips/ft*2)
0 0.2 0.4 06 08
' API*
FHWA *

USACE *
LAMBDA *

10

Clay

Pile Length Below Grade (ft)
15

20

25

30

Figure 4.9 Sample Unit Skin Friction vs Depth.
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4.3.4 Graphics > Accumulated Skin Friction vs Depth

This command provides a graphical representation of the accumulated load transfers in side
resistance (skin friction) versus pile length below grade (or versus Elevation) for the modeled pile according
to the computational methods that were selected by the user. Accumulated load transfers in side resistance
are presented in units of axial force. The data values represent the total axial load that is transferred to the
soil in side resistance at each length/depth.

For vertical piles (no batter) the vertical axis represents depth or actual pile penetration below ground
line (stickup length, if any in the model, is not shown). When the model has batter piles, the vertical axis
represents vertical elevation (if check marked in Section 3.3.3) or length of pile below grade along the batter
line. If needed, the output text file for models with batter piles also include an extra column with
corresponding vertical depth (elevation) below ground.

A sample graphics screen of the Accumulated Skin Friction vs Depth command option is shown
in Figure 4.10. These curves are automatically generated after successful analytical runs of a driven pile.

Notice that the values of accumulated skin friction represented in these graphics are shown after
modifications from the reduction/resistance factors, if any, that were specified by the user (under the Data
> Soil Layers menu).

Accumulated Skin Friction (kips)
40 50

APl *
FHWA *
USACE *
LAMBDA *

_____________________________________________________________

..............................................

Pile Length Below Grade (ft)

Figure 4.10 Sample Accumulated Skin Friction vs Depth.
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4.3.5 Graphics > Tip Resistance vs Depth

This command provides a graphical representation of the tip resistance (end bearing) versus pile
length below grade (or versus Elevation) for the modeled pile according to the computational methods that
were selected by the user. Tip resistance is presented in units of axial force. The data values represent the
total axial load that is transferred to the soil in end bearing for each length/depth (starting from ground
surface).

For practical reasons, in open-ended piles with Internal Pile Plus Calculated by Program the
internal side friction is added to the end bearing. This is partly because in the APILE program the end
bearing plus internal side friction are added together until a plug forms (until it reaches the equivalent end
bearing of a close-ended pipe).

For vertical piles (no batter) the vertical axis represents depth or actual pile penetration below ground
line (stickup length, if any in the model, is not shown). When the model has batter piles, the vertical axis
represents vertical elevation (if check marked in Section 3.3.3) or length of pile below grade along the batter
line. If needed, the output text file for models with batter piles also include an extra column with
corresponding vertical depth (elevation) below ground.

A sample graphics screen of the Tip Resistance vs Depth command option is shown in Figure
4.11. These curves are automatically generated after successful analytical runs of a driven pile that is
subjected to compression loads (under the Data > Computation Method menu). This command option is
grayed out for tension loads.

Notice that the values of tip resistance represented in these graphics are shown after modifications
from the reduction/resistance factors, if any, that were specified by the user (under the Data > Soil Layers
menu).

Tip Resistance (kips)
0 2 4 6
ST T T T 1 T T T 1T [ T T 7T
e ' ' AP *
FHWA *
USACE *
LAMBDA *

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Pile Length Below Grade (ft)

Figure 4.11 Sample Tip Resistance vs Depth.
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4.3.6 Graphics > Total Capacity vs Depth

= This command provides a graphical representation of the ultimate total capacity versus pile length
below grade (or versus Elevation) for the modeled pile according to the computational methods
that were selected by the user. Total capacity is presented in units of axial force. The data values

represent the total axial load that is transferred to the soil in end bearing plus side resistance for each

length/depth (starting from ground surface/grade).

Values of total capacity are equal to skin friction plus tip resistance for compressive loads. Total
capacity is equal to skin friction plus self-weight of piles for uplift loads (self-weight is estimated internally
according to user selections on Data > Pile Material and Data > Circular-Section Pile or Data >
Noncircular-Section Pile).

For vertical piles (no batter) the vertical axis represents depth or actual pile penetration below ground
line (stickup length, if any in the model, is not shown). When the model has batter piles, the vertical axis
represents vertical elevation (if check marked in Section 3.3.3) or length of pile below grade along the batter
line. If needed, the output text file for models with batter piles also include an extra column with
corresponding vertical depth (elevation) below ground.

A sample graphics screen of the Total Capacity vs Depth command option is shown in Figure 4.12.
These curves are automatically generated after successful analytical runs of a driven pile. Notice that the
values of tip resistance represented in these graphics are shown after modifications from the
reduction/resistance factors, if any, that were specified by the user (under the Data > Soil Layers menu).

Total Capacity (kips)
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Figure 4.12 Sample Total Capacity vs Depth.
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4.3.7 Graphics > Axial Load vs Settlement

This command provides a graphical representation of the curves of axial load versus settlement
for the modeled pile based on the t-z/Q-w curves generated according to the user-specified
computation method (under the Data > Computational Method > Method for Load
Settlement menu). For tension loads the settlement curve goes up in the graph to represent pile pullouts.

A sample graphics screen of the Axial Load vs Settlement command option is shown in Figure
4.13. These curves are automatically generated after successful analytical runs of a driven pile.

Axial Load (in)
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.....................................................................................

Settlement (kips)

14

------------------------------------------------------------------------------------
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Figure 4.13 Sample Axial Load vs Settlement.
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4.3.8 Graphics > Combined Plots vs Depth

This command provides a single graph with the curves of skin friction, tip resistance, and total
E capacity versus pile length below grade (or versus Elevation) for the modeled pile. The plotted

curves of load transfers correspond to the particular criteria selected by the user (under the Data
> Computational Method > Method for Load Settlement menu).

For vertical piles (no batter) the vertical axis represents depth or actual pile penetration below ground
line (stickup length, if any in the model, is not shown). When the model has batter piles, the vertical axis
represents vertical elevation (if check marked in Section 3.3.3) or length of pile below grade along the batter
line. If needed, the output text file for models with batter piles also include an extra column with
corresponding vertical depth (elevation) below ground.

A sample graphics screen of the Combined Plots vs Depth command option is shown in Figure
4.14. These curves are automatically generated after successful analytical runs of a driven pile. Notice that
the values represented in these graphics are shown after modifications from the reduction/resistance factors,
if any, that were specified by the user (under the Data > Soil Layers menu).

Axial Capacity (kips)

0 10 20 30 40
o T T T T ] T T T T [ T T T I_I_l_l_l_l_
i ' ! Skin Friction *
; ; Tip Resistance *

Total Capacity *

Pile Penetration (ft)

Figure 4.14 Sample Combined Plots vs Depth.
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4.3.9 Graphics > Load Distribution

The user may select this command option to observe a graphical representation of distributions of
axial loads versus depth for the modeled pile. From this presentation the user can identify the side friction
contributed by each soil layer based on the strength parameters. The plotted curves of load distributions
correspond to the particular criteria selected by the user (under the Data > Computational Method >
Method for Load Settlement menu).

For vertical piles (no batter) the vertical axis represents depth or actual pile penetration below ground
line (stickup length, if any in the model, is not shown). When the model has batter piles, the vertical axis
represents vertical elevation (if check marked in Section 3.3.3) or length of pile below grade along the batter
line. If needed, the output text file for models with batter piles also include an extra column with
corresponding vertical depth (elevation) below ground.

A sample graphics screen of the Axial Load vs Load Distribution command option is shown in
Figure 4.15. These curves are automatically generated after successful analytical runs of a driven pile.

Total Capacity (kips)

10

Distance from Pile Head (ft)
15

Curve #5 *
Curve #6 *
Curve #7 *
Curve #8 *

25

30

Figure 4.15 Sample Load distribution curves.
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4.3.10 Graphics > Internally-Generated t-z Curves

This command provides a graphical representation of the #-z curves that were generated internally
@ by APILE based on the user-specified computation method (under the Data > Computational

Method > Method for Load Settlement menu). The program automatically generates three ¢-
z curves for each soil layer (top, middle, and bottom). The legend for the #-z curves indicate depth below
grade or elevation (if check marked in Section 3.3.3).

A sample graphics screen of the Internally Generated t-z Curves command option is shown in
Figure 4.16. These curves are automatically generated after successful analytical runs of a driven pile.
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Figure 4.16 Sample of internally-generated t-z curves.
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4.3.11 Graphics > Extra t-z Curves at User Specified Depths

This command provides a graphical representation of extra #-z curves requested by the user to print
out at specific depths (under the Options > Print t-z Curves at Additional Depths menu). The 7-z curves
were generated internally by APILE based on the user-specified computation method (under the Data >
Computational Method > Method for Load Settlement menu). These curves are in addition to the -z
curves that are automatically generated at the top, middle, and bottom of each layer.

This command option is grayed out if the user did not select to the option to print extra ¢-z curves (no
check mark under the Options > Print t-z Curves at Additional Depths menu).

A sample graphics screen of the Extra t-z Curves at User Specified Depths command option is
shown in Figure 4.17.
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Figure 4.17 Sample of extra t-z curves at user specified depths.
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4.3.12 Graphics > Internally-Generated Q-w Curve

This command provides a graphical representation of the O-w curve (tip resistance vs. movement)
that was generated based on the user-specified computation method (under the Data > Computational
Method/Method for Load Settlement menu). The tip resistance is represented as Q in units of axial force
representing total tip resistance at the pile tip, not the unit tip resistance.

This curve is automatically generated after successful analytical runs of a driven pile that is subjected
to compression loads (under the Data > Computation Method > Method for Pile Capacity menu). This
command option is grayed out for tension loads.

A sample graphics screen of the Internally Generated Q-w Curve command option is shown in
Figure 4.18.
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Figure 4.18 Sample of internally-generated Q-w Curve.

4.3.13 Graphics > Neutral Plane Analysis (Downdrag — FHWA)

Models selecting the FHWA Method for pile capacity will provide the curves for Neutral Plane
Analysis following FHWA (2016) recommendations. Please see Section 3.5.4 of the APILE Technical
Manual for notes and further references on this method.

A sample output of these curves is provided in Figure 4.19. The APILE program allows the users to
select the curves of total mobilized resistance based on the shaft resistance plus a mobilized toe resistance
of 100%, 50%, and 0% of the nominal toe resistance. Users may change the Pile Penetration at Toe
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and/or the Permanent Load as desired. Graphics will change according to the values entered by the user.
A tabulated display is provided with resulting values of Axial Load and Drag Force.

For ease of reference, the selection (check mark) of the Show Resistance Curves will replace the

Neutral Axis curves with the calculated curves (from APILE using FHWA Method) of transfers in side
resistance, end bearing and total resistance versus depth.

Any of the charts observed under this display can be printed with the Print Chart button or exported
(along with data points) to a pre-formatted excel spreadsheet with the Export Chart to Excel button.

S

'!i_?_ Meutral Plane Analysis (Downdrag - FHWA)

|:| Show Resistance Curves
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Figure 4.19 Sample Curves of Neutral Plane Analysis.
4.3.14 Graphics > Export Plots to MS-Excel

This command is selected to export some (or all) of the output plots to a pre-formatted spreadsheet
file for Microsoft Excel©. Each check-marked plot will be exported to two spreadsheet tabs, one contains

the data points and the second the plotted chart. A sample graphics screen of the Graphics > Export Plots
to Excel dialog box is shown in Figure 4.20.
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Figure 4.20 Export to Excel Window.

Options contained in this dialog box are explained below.

Select All

Marks all available plots for export to an Excel file.

Unselect All
Unselect all available plots so none will be exported.
Generate Excel File

After clicking this button, the Microsoft Excel software will be started (only if available in the
computer in use). The user must wait until all the data has been exported to the file. User must save the
generated excel file before closing.

Close Window
Click this button to close the Export to Excel dialog box.
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5.1 Introduction

This chapter presents several examples that were solved using APILE. In order to assure accuracy
from the computer results, some examples have been compared with the results from hand calculations.
The step-by-step hand calculations were carried out based on the procedures described in the accompanying
APILE Technical Manual. The users can have confidence in their results if limited amounts of hand
calculations can be done for comparisons. The studies in this chapter also provide guidance for the analysis
of axially loaded piles with APILE.

There are three types of output data provided by the computer. The first type is the output file which
contains formatted text that consists of an echo-print of the input data; the distribution of skin friction, end
bearing, and total capacity; and the final load-settlement curve. The second type of output presents the data
for a graphics file that allows the code to produce plots. All of the data are saved with ASCII format and
the user may access the files with any text editor.

Several problems are provided herein as examples of different applications that may be solved using
our computer program APILE. Each example focuses on a particular computational feature of the program.
Input files for each example are automatically copied to the APILE data directory during installation (<Root
Drive>\Ensoft\APILE2018-Examples).

Example problems provide the user information on input and output of various cases, and present a
quick tutorial for real-world applications. The user is encouraged to study these examples and, with
modifications, may even use them to solve similar problems. However, by no means can these limited
examples explore the full functions and features provided by APILE.

The main features of each example included with APILE are summarized as follows.

Example Problem 1 — Steel Pipe Pile
e non-uniform soil deposit, two layers of sand and two layers of clay,
e  open-ended steel pipe pile,
e  example with English units, and
e  hand calculations with FHWA, USACE and API methods for verification.
Example Problem 2 — Offshore Steel Pipe Pile in Sand
e  sand layers with varying soil parameters,
e  open-ended steel pipe pile with internal plug computed within APILE,
e example with S.I. units, and
e  hand calculations with API method for verification.
Example Problem 3 — Open-Ended Steel-Pipe Pile in Clay
e clay layers with varying soil parameters,
e  open-ended steel pipe pile with internal plug computed within APILE, and
e  example with S.I. units.
Example Problem 4 — Prestressed Concrete Pile for Bridge Foundation

e  non-uniform soil deposit, one layers of stiff clay and one layer of sand,
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e  prestressed concrete pile,
e  example with S.I. units, and
e  hand calculations with API, FHWA, and USACE methods for verification (including
accounting for code-specified limiting values).
Example Problem 5 - FHWA Tapered Pile
e  sand layers,
e tapered pile for FHWA method (other methods do not account for tapered pile effects),
e  example with English units,
e  hand calculations with FHWA method for verification (including accounting for code-
specified limiting values).
Example Problem 6 — Uplift Pile Capacity
e non-uniform soil layers, and
e  study uplift (tension) capacity of pile.
Example Problem 7 — CPT Based Method for Close-Ended Pile
e non-uniform soil layers,
e  steel-pipe pile with closed end,
e  hand-calculation with NGI and MTD methods for verification, and

e  example with S.I. units.

Example Problem 8 — CPT Based Method for Open-Ended Pile
e non-uniform soil layers,
e  steel pipe pile with open end,
e  hand-calculation with NGI and MTD methods for verification, and

e  example with S.I. units.

Example Problem 9 — LRFD Based Method
e non-uniform sand layers,
e  steel pipe pile with closed end,
e  LRFD load factors and reduction factors, and

e  example with S.I. units.

Example Problem 10 — APl Method on Battered Pile
e non-uniform clay layers,
o fully plugged, open ended steel pipe pile,
e  1.0H:1.5V pile batter,
e  hand-calculation with API method for verification, and

example with English units.
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Example Problem 11 — CPT to APILE
e  example for importing and interpreting CPT data into APILE,
e  mixed layers of sand and clay,
e  extra input of PI and YSR for CPT-based methods (NGI, MTD, Fugro and UWA), and
e example of CPT data imported into APILE with English units.
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5.2 Example Problem 1 — Steel Pipe Pile in Sand and Clay

This example is included to illustrate a common case in which a 10 in. diameter steel pile is subjected
to a vertical load. The soil deposit is not uniform as shown in Figure 5.1. It is assumed that the pile is not

plugged.

The computational results from APILE for various methods in this example are compared with
approximated hand computations performed using a spreadsheet. Selected graphics outputted by APILE
are also presented along with the output text file. The user may select to eliminate the printing of capacity
for each increment length to shorten the length of the output text.

5.21

& [

4™ 5in. OD

30 ft

A -

zero skin friction
over upper 5t

- p=10in. 0D

0

Sand
«=08,4 =35
¥ =60 pcf

N, =40

10

20

Clay
¥ =50 pcf
S, =1 ksf

30

Sand

=08 4=35°
¥ =60 pef

N, =40

Clay
¥ =50 pcf
S, =1ksf

Figure 5.1 General soil description of Example Problem 1.

Comparison of APILE Results with Hand Computations

This section contains some comparisons of the results obtained from hand computations against those

from the computer run in APILE for three different methods.

5.2.1.1 FHWA Method

a. Sand layer from 0 to 10 ft

Avg. Surface | Coefficient Correction | Unit Side Incremental
Depth| Inc. Effect. Friction | of Lateral Factor Friction Side
(ft) (ft) Stress Angle Stress (c (Kksf) Friction
(psf) | & (deg) (ks) " (Ibs)
2 60 11.9 1.15 0.56 7.968 4172 oW
4 2 180 11.9 1.15 0.56 23.903 | 1254600
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6 2 300 11.9 1.15 0.56 39.839 208.60
8 2 420 11.9 1.15 0.56 55.774 292.03
10 2 540 11.9 1.15 0.56 71.710 375.47
Summation: 876.1
(M) APILE model is instructed to ignore top 5 ft
b. Clay layer from 10 to 20 ft
Depth| Inc. S:‘elir I.'ength/ Adhe'sion Un'it ?ide Incr:?;:ntal
(ft) (ft) Stress D.;:;?;er Coeg:;lent Fr(':(::'fc)m Friction

(psf) (Ibs)

12 2 1000 12 1 1000 5236

14 2 1000 12 1 1000 5236

16 P 1000 12 1 1000 5236

18 2 1000 12 1 1000 5236

20 2 1000 12 1 1000 5236

Summation: 26180
c. Sand layer from 20 to 30 ft
. Coefficient .
depth| nc. | ffece. | Fition | of taterl | COMECtion | unitside | TN
(ft) (ft) Stress Angle Stress Friction
(psf) 5 (deg) (ks) (Ch (ksf) (Ibs)

22 P 1160 11.9 1.15 0.56 154.043 806.57
24 2 1280 11.9 1.15 0.56 169.979 890.01
26 2 1400 11.9 1.15 0.56 185.914 973.45
28 P 1520 11.9 1.15 0.56 201.850 1056.88
30 2 1640 11.9 1.15 0.56 217.785 1140.32
Summation: 4867.23

d. Summary and Comparison with FHWA Method

Total side friction = 876+26,180+4,867 = 31,923 1bs vs. 32.0 kips (from APILE)

Total tip resistance = A, 6, oo Nq = (0.104) (1700) (0.67) (64) = 7,582 vs. 7.7 kips (from APILE)

5.2.1.2 USACE Method

a. Sand layer from 0 to 10 ft

Depth| Inc Avg. Surface | Coefficient | Correction | Unit Side | Incremental
(f':) (ft)' Effect. Friction of Lateral Factor Friction Side
Stress Angle Stress (C (ksf) Friction
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(psf) 5 (deg) (ks) (Ibs)
2 2 60 26.3 1.25 1 37.067 | 194-08 0%
4 2 180 26.3 1.25 1 99.691 521.98 0¥
6 2 300 26.3 1.25 1 166.152 869.97
8 2 420 26.3 1.25 1 232.613 1217.96
10 2 540 26.3 1.25 1 299.074 1565.95
Summation: 3653.88
(M) APILE model is instructed to ignore top 5 ft
b. Clay layer from 10 to 20 ft
Avg . . Incremental
Adhesion
Depth| Inc. Shear I._ength/ .. Un_'t ?Ide Side
Diameter | Coefficient | Friction -
(ft) (ft) Stress Ratio (@) (ksf) Friction
(psf) ¢ (Ibs)
12 2 1000 12 0.75 750 3927
14 2 1000 12 0.75 750 3927
16 2 1000 12 0.75 750 3927
18 2 1000 12 0.75 750 3927
20 2 1000 12 0.75 750 3927
Summation: 19635
c. Sand layer from 20 to 30 ft
Avg. Surface | Coefficient . . Incremental
Depth| Inc. Effect. Friction | of Lateral co;:tc::n li:ilzt?:::me Side
(ft) (ft) Stress Angle Stress (c (Kksf) Friction
(psf) | & (deg) (ks) " (Ibs)
22 2 750 26.3 1.25 1 463.343 2426.06
24 2 750 26.3 1.25 1 463.343 2426.06
26 2 750 26.3 1.25 1 463.343 2426.06
28 2 750 26.3 1.25 1 463.343 2426.06
30 2 750 26.3 1.25 1 463.343 2426.06
Summation: 12130.31
d. Summary and Comparison with USACE Method
Total side friction = 3,654+19,635+12,130 = 35,419 Ibs vs. 35.1 kips (from APILE)
Total tip resistance = A, ov Nq = (0.104) (750) (47) = 3,666 vs. 3.7 kips (from APILE)
5.2.1.3 API Method
a. Sand layer from 0 to 10 ft
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Avg. Surface | Coefficient Correction | Unit Side Incremental
Depth| Inc. Effect. Friction | of Lateral Factor Eriction Side
(ft) (ft) Stress Angle Stress (c (ksf) Friction
(psf) | & (deg) (ks) g (Ibs)
2 2 60 30 0.8 1 27.713 | 1453009
4 2 180 30 0.8 1 72.000 37699 0
6 2 300 30 0.8 1 120.000 628.32
8 2 420 30 0.8 1 168.000 879.65
10 2 540 30 0.8 1 216.000 1130.98
Summation: 2638.95
(M APILE model is specified to ignore top 5 ft
b. Clay layer from 10 to 20 ft
Avg . . Incremental
Adhesion
Depth| Inc. Shear I.'ength/ .. Un.lt ?Ide Side
Diameter | Coefficient | Friction .
(ft) (ft) Stress Ratio (@) (ksf) Friction
(psf) ¢ (Ibs)
12 2 1000 12 0.45 448.95 2350.70
14 2 1000 12 0.47 465.30 2436.32
16 2 1000 12 0.48 480.09 2513.76
18 2 1000 12 0.49 493.63 2584.64
20 2 1000 12 0.51 512.35 2682.65
Summation: 12568
c. Sand layer from 20 to 30 ft
Avg. Surface | Coefficient . . Incremental
Correction
Depth| Inc. Effect. Friction | of Lateral Factolr l::':i':t?::‘e Side
(ft) (ft) Stress Angle Stress (c (Kksf) Friction
(psf) | & (deg) (ks) " (Ibs)
22 2 1160 30 0.8 1 535.783 2805.36
24 2 1280 30 0.8 1 591.208 3095.57
26 2 1400 30 0.8 1 646.634 3385.78
28 2 1520 30 0.8 1 702.060 3675.99
30 2 1640 30 0.8 1 757.486 3966.20
Summation: 16928.88

d. Summary and Comparison with API Method
Total side friction = 2,639+12,568+16,928 = 32,136 lbs vs. 32.2 kips (from APILE)
Total tip resistance = A, oy Nq = (0.104) (1700) (40) = 7,072 vs. 7.0 kips (from APILE)
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5.2.2 Input and Output Data Files for Example 1

Users can read Section 2.1.1 (7) of this manual for reference on the location of placement of the input and
output data files for the example files installed with this program. The default installation directory is the
following: (Root Drive) c:\Ensoft\Apile2023-Examples. The input data files for all examples presented in
this manual are installed automatically with the program.

The input-data filename for Example 1 is the following:
Example 1 - Steel Pipe Pile in Sand and Clay.ap10d
The output-data filename for Example 1 is the following:

Example 1 - Steel Pipe Pile in Sand and Clay.ap10o

5.2.3 Graphical Results of Computer Analysis

The resulting plots of unit skin friction, accumulated skin friction, tip resistance, and total capacity
versus depth provided by the computer program based on different methods, may be seen in Figure 5.2,
Figure 5.3, Figure 5.4 and Figure 5.5 respectively.

Results of combined plots versus depth, shown in Figure 5.6, only contains the curves of skin friction,
tip resistance, and total capacity versus depth for the API RP 2A method specified under Data >
Computational Method > Method for Load Settlement.

Unit Skin Friction (kips/ft*2)

0 02 0.4 0.6 0.8
o T T T T T T T T T T T T T T T T T T T T T T T T
[ ‘ . . !
r H H '
b API*
~ i - FHWA *
USACE *

LAMBDA *

Clay

Pile Length Below Grade (ft)

(o=
™

Figure 5.2 Curves of Unit Skin Friction vs Depth for Example Problem 1.
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Accumulated Skin Friction (kips)
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Figure 5.3 Curves of Accumulated Skin Friction vs Depth for Example Problem 1.

Tip Resistance (kips)
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Figure 5.4 Curves of Tip Resistance vs Depth or Example Problem 1.
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Total Capacity (kips)
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Figure 5.5 Curves of Total Capacity vs Depth or Example Problem 1.

Axial Capacity (kips)
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Figure 5.6 Combined Plots vs Depth based on APl method for Example Problem 1.
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5.3 Example Problem 2 — Offshore Steel-Pipe Pile in Sand

This example is included to illustrate a case of a pile on an offshore structure. The pile is a steel pipe
and in this example with on outside diameter of 1000 mm and inside diameter of 860 mm. The subsurface
condition mainly consists of cohesionless soils and the pile was driven to a depth of 33.3 meters. The
computer program APILE calculated 8,004 kN for the total bearing capacity (API RP-2A), which is similar
to the value of 8,187 kN that is obtained from simplified hand calculations. Pile and soil data are given in
Table 5.1.

. Depth |Soil Type Y ¢ K, N,
Y (m) (kN/m?) | (Deg)

1 0 sand 18.1 33 0.46 32

2 sand 19 37.5 0.39 40

’ 2 sand 9.2 37.5 0.39 40

3 sand 10.2 39 0.37 40

3 3 sand 10.2 39 0.37 40

5 sand 5.7 30 0.5 20

4 5 sand 5.7 30 0.5 20

25 sand 5.7 30 0.5 20

5 25 sand 5.7 30 0.5 20

30.5 sand 11.2 40.5 0.35 40

6 30.5 sand 11.2 40.5 0.35 40

36 sand 11.2 40.5 0.35 40

Table 5.1 Soil Data for Example Problem 2

5.3.1 Hand Computations for APl Method

The program output will be compared to the results from the following hand calculations.

5.3.1.1 Skin Friction

The general equation for skin friction is:

0, = f4,
(5.1)
where
Qf = axial load capacity in skin friction, 1b (kN);
L = penetration of pile below ground surface, ft (m);
fy = unit resistance at depth x, measured from ground surface, 1b/ft? (kPa); and
Ay = side surface area of pile, ft2 (m?).
At each increment,
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J. A =(k(tan6)p,) A4,

[ A, =k (tan(p—5)Q (yh)(O_ 7 Dh)

(5.2)

Or,
f.A = (Max Skin Friction )(Z 7 Dh)

(5.3)

where

k = coefficient of lateral earth (ratio of horizontal to vertical normal effective stress), a value of
k = 0.8 was recommended for open-ended pipe piles, that are driven unplugged, for

loadings in both tension and compression. A value of k£ = 1.0 was recommended for full
displacement piles.

pO = effective overburden pressure at the point in question;

0 = the friction angle between the soil and the pile wall. In the absence of data on 6, APILE

computes 0 = ¢)—5" (in degrees) based on user’s inputted value of friction angle (#). The
limiting f is interpolated linearly within APILE for intermediate values of &.
D = outside pile diameter.

Combining Eq. (5.1) and Eq. (5.2):

Q; = k(tan(® — 5)) z yhz 7Dh

(5.4)

where k, @ and y are averaged values.
Using the values from Table 5.1 we can make computations of ), yh at various sample depths:

at2m: Y yh = (@) * 2 = 37.1 kN/m?

At3m: Y yh = [(

At5m: Y yh = [(

22222) 1] +37.1 = 468 kN/m?2

10.2+5.7
2

)+ 2] +46.8 = 62.7 kN/m?
Values of unit side resistance (f,) at various sample depths can be computed as follows:
At2m, fo = |(

AU3M: fy = [(B52) (tan [T222 - 5]) (46.8)| = 11.66 kN/m?

2 2
AtSm: fg5, = [(0-37;’0-50) (tan [39+30

0.46+0.39) ( n [33+37.5
2 2

- 5]) (37.1)] = 9.20 kN/m?

- 5]) (62.7)| = 15.43 kN/m?
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We can now solve Eq. (5.4) at the various sample depths:
At depth of 2m:

Qpm = [(2222m) « D] + Qpom
Qram = [(352) (w1 %2)] + 0 = 28.89 kN
At depth of 3m:

Qpam = [(B222) « DR + Qpm

_ [ /11.66+9.20
Qf,3m - 2

At depth of Sm:
[ m+ m
Qfsm = (%) * ”Dh] + Qf3m

_ [ (15.43+11.66
Qf,Sm - 2

)(n £ 1% 1)] +28.89 = 61.65 kN

) (% 1 % 2)] +61.65 = 146.76 kN

Following similar computations methods used in the sample depths above we can now compute
values for the remaining depths, with the results included in Table 5.2.

Depth | ¢ -5 (h) [ Zy(h)
epth | 05 s | o S| wa [wamf| ¥
(m) | (deg) (kN/m?) | (kN/m?) | (kPa) (kN)

2 30.25] 0.58318 37.1 37.10 9.20 6.28 28.89 28.89

3 33.25] 0.65563 9.7 46.80 11.66 3.14 32.76 61.65
5 29.5[ 0.56577 15.9 62.70 15.43 6.28 85.11] 146.76
25 25| 0.46631 114] 176.70 41.20 62.83| 1779.07| 1925.82

30.5 30.25|] 0.58318| 46.475| 223.18 55.31 17.28] 833.81| 2759.63

33 35.5] 0.71329 28| 251.18 62.71 7.85] 463.47] 3223.10

Table 5.2 Hand Computations of Side Resistances for Example Problem 2

¢ In table above the calculated f values were compared with the limiting values in the Technical
Manual. For each depth, the lower of the two values was used.

e For this example, the program has produced output at 0.5-meter increments. Changing the depth
increment of the hand calculations to the 0.5-meter increment of depth will produce a more
accurate final result (with exact match to the results from the computer program).

5.3.1.2 Base Resistance

The general equation for end bearing in Sands is:

0,=q4,
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(5.5)

and

(5.6)

Where
Qp = axial load capacity in end bearing;
g = unit end bearing resistance;

Ap = cross-sectional area of tip of pile.

po = effective overburden pressure at the pile tip; and

Nq = bearing capacity factor.
To check soil plugging, calculate the average end bearing value from depth H to (H+2D) as follows:

H+1.5D

Qp(x)dx
H-1.5D
3D
(5.7)
0, =(Max.Unit End Bearing) A,
(5.8)

For an open-ended pipe pile for end bearing we must consider both a plugged and unplugged case.
The plugged and unplugged values are computed in the following sub sections.

5.3.1.3 Plugged Case
For a plugged case the area is computed as follows:

* D2

A, = full bottom area of tip = = 0.785398 m?

Combining Eq. (5.5) and (5.6):
Qp=q4, = (th) Nq4p
(5.9)

where vy is an averaged value and the calculated ¢ values are compared with the limiting values
in the Technical Manual. For each depth, the lower of the two values is used.
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Using the values from Table 5.1 and Eq. (5.9) we calculate the following:
At depth Om:
Qpompiug = 0 (since q = 0)
At depth 2m:

__[r18.1+19
Qp,Zm,plug -

At depth 3m:

Qpamapug = [37.1+
At depth 5m:

) * 2] % 40 * 0785398 = 1165.5 kN

19+10.2

) * 1] %40 % 0785398 = 1624.2 kN

Qpsmptug = [37.1+ 146 + (F27) « 2] %20 * 0.785398 = 1061.8 kN

Following similar computations methods used in the sample depths above we can now compute
values for the remaining depths, with the results included in Table 5.3.

Depth | v(h) | Zy(h) |q,(plugged
(m) | (kN/m?) | (kN/m?) (kN)
0 0 0 0
2 37.1 37.1 1165.53
3 14.6 51.7 1624.2
5 15.9 67.6 1061.86
25 114 181.6 2852.57
30.5 46.475 | 228.075 7165.19
33 28 256.075 7539.82

Table 5.3 Hand Computations of Plugged End Bearing for Example Problem 2

e In table above the calculated g values were compared with the limiting values in the Technical
Manual. For each depth, the lower of the two values was used (this is the case at the 33-m depth).

e For this example, the program has produced output at a 0.5-meter increments. Changing the
depth increment of the hand calculations to the 0.5-meter increment of depth will produce a more
accurate final result (with exact match to the results from the computer program).

e The APILE program uses averaged values of Q over a length of 1.5 pile diameter above and
below the pile depth. This is done following Eq. (5.7).

5.3.1.4 Unplugged Case
For the unplugged case the area is computed as follows:
7 * (Dout? — Din?)
4

Adding effect of side friction from the inner wall of the pile, the previous Eq. (5.10) is now calculated
as follows:

= 0.204518m?

Ap = steel cross sectional area =

User’s Manual (Rel. Aug/2023) APILE v2023



CHAPTER 5 - Example Problem 2 - 5-13

Qp = qu = (Z yh) Nqu + Qf,inner wall

(5.10)

where vy is an averaged value and the calculated ¢ values are compared with the limiting values
in the Technical Manual. For each depth, the lower of the two values is used.
Using the values from Table 5.1 and Eq. (5.10) we calculate the following:
At depth Om:
Qpomunpiug = 0 (since q = 0)

At depth 2m:

°+Z'2° =248 kN

Qp2mupiug = (37.1% 40 + 0.204518) + 24.84 = 328.3 kN

Qf,inner wall = 7Tth =314 %086 2 *

At depth 3m:
9.20+12.88
Qf,inner wall3m = (T[th) + Qf,inner wall2m = (3-14 *0.86 x 1 = —) +24.84 =
54.6 kN
Qp,Zm,uplug = (51.7 * 40 % 0.204518) + 54.66 = 477.6 kN
At depth 5m:

Qf,inner wall,s5m = (T[th) + Qf,inner wall,3m

12.88 + 16.64
= (3.14 * 0.86 * 1 *f

Qp2mupiug = (67.6 % 20 * 0.204518) + 134.4 = 410.9 kN

) +54.6 = 1344 kN

Following similar computations methods used in the sample depths above we can now compute
values for the remaining depths, with the results included in Table 5.5.

Depth y(h) Zy(h) | q,(unplugged)
(m) | (kN/m?) | (kN/m?) (kN)
0 0 0 0
37.1 37.1 328.35
3 14.6 51.7 477.61
5 15.9 67.6 410.92
25 114 181.6 2470.67
30.5 | 46.475 | 228.075 4328.26
33 28 256.075 4964.14

Table 5.4 Hand Computations of Unplugged End Bearing for Example Problem 2

¢ In table above the calculated g values were compared with the limiting values in the Technical
Manual. For each depth, the lower of the two values was used.
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e For this example, the program has produced output at 0.5-meter increments. Changing the depth
increment of the hand calculations to the 0.5-meter increment of depth will produce a more
accurate final result (thus with exact match to the results from the computer program).

o The APILE program uses averaged values of Q over a length of 1.5 pile diameter above and
below the pile depth. This is done following Eq. (5.7).

5.3.1.5 Total Resistance

The total bearing capacity of the pile is given in Eq. (5.11). To determine the total bearing capacity
of the pile, the smallest value from the skin friction equations in Eq. (5.2) and Eq. (5.3) and the end bearing
equations in Eq. (5.7) and Eq. (5.8) must be used in Eq. (5.11).

QTmu/ = Q/ + Q/J
(5.11)

5.3.2 Comparison of APILE Results with Hand Computations

Table 5.5 contains a comparison of the results obtained from hand computations against those from
the computer run in APILE (for API Method).
Since Oy, unpiugged < Op piuggea @t all depths then the values in Table 5.4 control the end bearing

capacity. Using the computed values from Table 5.2 and Table 5.4 we can find the total resistance displayed
in Table 5.5 along with comparisons against the computer run in APILE (API Method).

Depth Qr Q, Q;(Hand) |Q;(APILE)
(m) (kN) (kN) (kN) (kN)

2 28.89 328.35 357.24 349.30

3 61.65 477.61 539.26 497.10

5 146.76 410.92 557.68 561.70

25| 1925.82| 2470.67| 4396.49| 4257.70

30.5| 2759.63| 4328.26 7087.