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INTRODUCTION

This user’s manual provides reference guide for engineers and contractors in the use of the
DeepFND and HelixPile software programs. The document details how different parameters and
settings can be controlled within the program, how to simulate different conditions, and how to
analyze and evaluate software results.

The software programs DeepFND and HelixPile use the exact same interactive interface and they
include the same functions. The software programs are almost identical, with the only difference
being the available pile types each software can handle:

DeepFND can perform vertical and lateral pile analysis, structural and geotechnical design of any
pile type (helical and non-helical). The non-helical piles can be installed by any method (drilled,
driven, caissons, CFA piles, drilled-in-displacement piles) and they can be timber, reinforced
concrete or steel piles. In DeepFND, we can change the pile section with depth and simulate cases
like belled pile tips. Helical piles can be pipes, square solid or square hollow pile sections with any
helix configuration. The helical piles can be grouted, and we can also use casings on the top of
the piles.

HelixPile can perform vertical and lateral pile analysis, structural and geotechnical design of
helical piles. The HelixPile software is identical to the helical pile component of DeepFND.

The pile design procedure with the use of our software programs can be summarized as follows:
A. Define the soil properties and stratigraphy (manually or with the use of CPT or SPT logs).

B. Define the vertical and lateral loads on the pile head.

C. Define the pile type and pile structural section.

D. Define analysis options (vertical and lateral analysis methods, torque estimation profiles,
surface settlements criteria).

E. Run the analysis — Evaluate the results — Optimize the model.
F. Export reports in PDF or MS Word format.

The following sections present in detail all different software options for the creation and analysis
of any pile model with helical or non-helical piles. Both programs offer capabilities to model pile
groups and pile supported rafts.

. _____________________________________________________________________________________________|
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PART A: GENERAL INFORMATION - SOFTWARE USE

INFORMATION — SOFTWARE INTERFACE, FUNCTIONS AND DIALOGS

The following sections provide useful information about the software versions and capabilities,
system requirements, license activation and transfer, as well as general an introduction to the
software interface, main tabs and toolbar functions. The contents of all software, main and
secondary, dialogs are also discussed.
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SECTION 1: INTRODUCTION TO DeepFND and HelixPile

1.1 About DeepFND (Deep Foundation Engineering Program)

DeepFND is a user friendly, modern and powerful software program for the design of deep
foundations. DeepFND allows us to handle an unlimited number of stage conditions and soil
profiles. DeepFND incorporates the latest recommendations and allows us to easily view the
controlling design conditions. DeepFND can perform analysis of single piles, pile groups, and pile
rafts (additional optional modules Pile Groups and Pile Rafts are required).

DeepFND can perform vertical and lateral pile analysis of any pile type (reinforced concrete, steel
beams (pipes-channel sections-H beams), composite sections, timber (wood) piles, belled type
piles, helical piles and more). It implements widely accepted recommendations about different
pile installation methods (drilled, driven, micropiles, CFA piles, drilled-in-displacement piles).

1.2 About HelixPile (Helical Piles Design Engineering Program)

HelixPile is a user friendly, powerful software program for the design of helical piles. HelixPile can
perform vertical and lateral pile analysis of all helical pile types (pipes, square solid and square
hollow sections) with unlimited number of helix configurations. The software can also perform
pile settlement analysis and it can calculate the installation torque. HelixPile can perform analysis
of single piles and of pile groups and pile rafts (additional optional modules Pile Groups and Pile
Rafts are required).

HelixPile and DeepFND software programs are identical, with the only difference being the
available pile types. In the rest of the document, we will use the name of DeepFND. The same
features and procedures apply for HelixPile.

1.3 Software Compatibility & Installation

DeepFND is compatible with Windows (OS) XP, Vista,7 8 and 10. A minimum of 380 Mb must be
available on your hard disk. However, Windows 10 computers with 64bits are generally
recommended. Some 32-bit computers with very old operating systems have demonstrated
issues in running parts of the lateral analysis.

1.4 Support & Technical Assistance

Support and technical assistance for DeepFND is offered through our web sites at:
www.deepexcavation.com and www.deepex.com

Please send us any question at: support@deepexcavation.com

. _____________________________________________________________________________________________|
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1.5 DeepFND Training, Examples and Projects

You can find extensive examples and videos on our official websites (www.deepexcavation.com
and www.deepex.com).

For examples and training videos, please visit:
https://www.deepex.com/training/deepfnd_helixpile_presentation_videos
Software training/online presentations:

We can always arrange a free online presentation (up to one hour), where we can present the
main features and capabilities of our software. Extensive training (online or on spot) can be
arranged upon request. The cost of the full training course can be defined according to your
needs. To arrange a presentation and for additional information, please contact:

sales@deepexcavation.com

1.6 End User License Agreement

Deep Excavation makes every effort to ensure quality and accuracy of computations performed
by Steel Connect. However, the end user (you) assumes full responsibility for the applicability of
the results to actual projects as described in the License Agreement that follows. If you decide to
use DeepFND 1.0 you agree to abide by the terms and conditions described in the License
Agreement.
DeepFND "TERMS OF USE / LICENSE AGREEMENT"
This legal document is an agreement between you (the end user) and Deep Excavation. BY
CONTINUING WITH/OPENING/DOWNLOADING THIS SOFTWARE PROGRAM, YOU ARE AGREEING
TO BECOME BOUND BY THE TERMS OF THIS AGREEMENT, WHICH INCLUDES THE SOFTWARE
LICENSE, SOFTWARE DISCLAIMER OF WARRANTY, AND HARDWARE LIMITED WARRANTY
"collectively the "Agreement".
This agreement constitutes the complete agreement between you and Deep Excavation. IF YOU
DO NOT AGREE TO THE TERMS OF THIS AGREEMENT, DO NOT CONTINUE WITH THIS SOFTWARE
PROGRAM. Promptly return or delete the software program (cd and jewel case) and other items
that are part of this product to Deep Excavation, for a complete refund if a purchasing fee was
charged.
DeepFND ALL VERSIONS "SOFTWARE LICENSE" THE LICENSE APPLIES TO PURCHASED AND FREE
OF PURCHASE VERSIONS OF THE STEEL-CONNECT SOFTWARE.
LICENSE. In consideration of payment of the LICENSE fee, which is a part of the price you paid for
this product, Deep Excavation, as Licensor grants to you, the LICENSEE, a nonexclusive right to
use and display this copy of STEEL-CONNECT, Software (hereinafter referred to as "SOFTWARE or
DeepFND 1.0 " on a single COMPUTER (i.e., with a single CPU) at a single location. Any
"networking", namely operating this program on a "network" is strictly forbidden. You as a
Licensee are strictly forbidden to operate, utilize, transfer, distribute, connect, network, link to,
attach, or operate in any manner this software on the internet, worldwide web, via email, any
|
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website, networking, any multimedia device, electronic or otherwise or any form of electronic
media whatsoever. This includes but is not limited to the written materials, results, output, or
resulting answers and/or printed matter without the prior written consent of Deep Excavation.
Deep Excavation reserves all rights not expressly granted to  LICENSEE.
SOFTWARE OWNERSHIP. As the LICENSEE, you own the magnetic or other physical media on
which the SOFTWARE is originally or subsequently recorded or fixed, however, Deep Excavation
retains title and ownership of the SOFTWARE recorded on the original disk copy/ies and any
subsequent copies of the SOFTWARE, regardless of the form or media in or on which the original
and other copies may exist. This License is not a sale of the original SOFTWARE or any copy
thereof.

COPY AND/OR MODIFY RESTRICTIONS. This Licensed Product is copyrighted (copyright 2004 Deep
Excavation) and may not be further copied, without the prior written approval of Deep Excavation
except that You may make one copy for backup purposes provided You reproduce and include the
complete copyright notice, disclaimer, etc., on the backup copy. Any unauthorized copying is in
violation of this Agreement and also a violation of the United States Copyright law. You may not
use, transfer, modify, copy of otherwise reproduce the License Product, or any part of it, except
as expressly permitted in this End User License Agreement.

USE RESTRICTIONS. As the LICENSEE, you may physically transfer the SOFTWARE from one
computer to another provided that the SOFTWARE is used on only one computer at a time. You
may not electronically transfer the SOFTWARE from one computer to another over a network.
You may not distribute copies of the SOFTWARE or accompanying written materials to others. You
may not operate, utilize, transfer, distribute, connect, network, link to, attach, or operate in any
manner this software on the internet, worldwide web, via email, any website, networking, any
multimedia device, electronic or otherwise or any form of electronic media whatsoever. You may
not modify, adapt, translate, reverse engineer, decompile, disassemble, or create derivative works
based on the SOFTWARE. In addition, you may not modify, adapt, translate, or create derivative
works based on the written materials, results, output, or resulting answers and/or printed matter
without the prior written consent of Deep Excavation.

RESTRICTIONS AGAINST TRANSFER. This SOFTWARE is licensed only to you, the LICENSEE, and
may not be transferred to anyone without the prior written consent of DEEP EXCAVATION. Any
authorized transferee of the SOFTWARE shall be bound by the terms and conditions of this
Agreement. In no event may you transfer, assign, copy, rent, lease, sell, or dispose of the
SOFTWARE in any manner on a temporary or permanent basis except as expressly provided
herein.

TERM. This End User License Agreement is effective from the date of purchase by You or granting
to you of the Licensed Product and shall remain in force until terminated. You may terminate this
End User License Agreement at any time by destroying the Licensed Product together with any
backup copy in any form made by You or received by You. In addition, your right to use the
Licensed Product will terminate if You fail to comply with any of the terms or conditions of this
End User License Agreement. Upon such termination You shall destroy the copies of the Licensed
Product in your possession.

DISCLAIMER OF WARRANTY AND LIMITED WARRANTY

. _____________________________________________________________________________________________|
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THE SOFTWARE AND ACCOMPANYING WRITTEN MATERIALS (INCLUDING RESTRICTIONS FOR USE)
IF ANY, ARE PROVIDED "AS IS" WITHOUT WARRANTY OF ANY KIND. FURTHER, DEEP EXCAVATION
DOES NOT WARRANT, GUARANTEE, OR MAKE ANY REPRESENTATIONS REGARDING THE USE, OR
THE RESULTS OF THIS USE, OF THE SOFTWARE OR WRITTEN MATERIALS IN TERMS OF
CORRECTNESS, ACCURACY, RELIABILITY, CURRENTNESS, OR OTHERWISE. THE ENTIRE RISK AS TO
THE RESULTS AND PERFORMANCE OF THE SOFTWARE IS ASSUMED BY YOU.

Deep Excavation warrants to the original LICENSEE (a) the disk(s) on which the SOFTWARE is
recorded to be free from defects in materials and workmanship under normal use and service for
a period of sixty (60) days from the date of delivery as evidenced by a copy of the receipt. In
addition, Deep Excavation hereby limits the duration of any implied warranty(ies) on the disk or
such hardware to the respective period stated above.

Deep Excavation's entire liability and your exclusive remedy as to the disk(s) or hardware shall be,
at Deep Excavation's option, either (1) return of the purchase price or (2) replacement of the disk
or hardware that does not meet Deep Excavation's Limited Warranty and which is returned to
Deep Excavation with a copy of the receipt. If failure of the disk or hardware has resulted from
accident, abuse or misapplication, Deep Excavation shall have no responsibility to replace the disk
or hardware or refund the purchase price. Any replacement disk or hardware will be warranted
for the remainder of the original warranty period or thirty (30) days, whichever is longer.
THE ABOVE ARE THE ONLY WARRANTIES OF ANY KIND, EITHER EXPRESS OR IMPLIED, INCLUDING
BUT NOT LIMITED TO THE IMPLIED WARRANTIES OR MERCHANTABILITY AND FITNESS FOR A
PARTICULAR PURPOSE THAT ARE MADE BY DEEP EXCAVATION ON THIS PRODUCT. NO ORAL OR
WRITTEN INFORMATION OR ADVICE GIVEN BY DEEP EXCAVATION, ITS DEALERS, DISTRIBUTORS,
AGENTS, OR EMPLOYEES SHALL CREATE A WARRANTY OR IN ANY WAY INCREASE THE SCOPE OF
THIS WARRANTY, AND YOU MAY NOT RELY ON ANY SUCH INFORMATION OR ADVICE.
NEITHER DEEP EXCAVATION NOR ANYONE ELSE WHO HAS BEEN INVOLVED IN THE CREATION,
PRODUCTION, OR DELIVERY OF THIS PRODUCT SHALL BE LIABLE FOR ANY DIRECT, INDIRECT,
CONSEQUENTIAL, OR INCIDENTAL DAMAGES (INCLUDING DAMAGES FOR
LOSS OF BUSINESS PROFITS, BUSINESS INTERRUPTION, LOSS OF BUSINESS INFORMATION, AND
THE LIKE) ARISING OUT OF THE USE OF OR INABILITY TO USE SUCH PRODUCT EVEN IF DEEP
EXCAVATION HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES. IN ALL CASES A
LICENCED PROFESSIONAL ENGINEER SHALL APPROVE AND STAMP ANY RESULTS BY D.E.E.P. AND
THAT ENGINEER IS ULTIMATELY RESPONSIBLE FOR ANY CONSEQUENCES OR MISUSE OF THE
SOFTWARE.

This Disclaimer of Warranty and Limited Warranty is governed by the laws of the State of New
York. Should you have any questions regarding this agreement please email:
Deep Excavation LLC, deepexcavation@deepexcavation.com

DEEP EXCAVATION 9
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1.6 Software Basic Version and Additional Optional Modules

DeepFND and HelixPile software programs are customizable. The basic versions can be utilized,
or capabilities can be extended by including any of the available additional optional modules.
These modules, when activated, can assist us with different analysis options such as pile groups,
pile rafts, etc.

Basic Version

With DeepFND (or HelixPile) basic version, we can design within the same software file an
unlimited number of design scenarios (single pile case, or pile groups, etc.). Several design
sections can be added where each design section can represent differences in soil layers, pile
sections, loading conditions, or even different analysis assumptions. Design sections can be used
to model a variety of different conditions within a site, all within a single file.

DeepFND Basic version can design any non-helical pile type. On the other hand, HelixPile Basic
version can design only helical piles.

Helical Piles Module (DeepFND Only)

The Helical Piles module allows DeepFND to design all pile types (helical and non-helical). With
this module activated, DeepFND can perform vertical and lateral pile analysis of all helical pile
types (pipes, square solid and square hollow sections) with unlimited number of helix
configurations. The software can also calculate the installation torque.

The Helical Piles component of DeepFND is identical to the HelixPile software.

Pile Groups Module (DeepFND and HelixPile)

The Pile Groups additional module allows DeepFND and HelixPile to perform full Lateral and
Vertical design of both Single Piles and Pile Groups. Several Pile Cap shapes are implemented
(Triangular, Rectangular, Hexagon, Octagon, Custom Cap shape). The pile caps can be generated
automatically, with the use of the Pile Cap wizard. All piles and the pile cap can be accessed and
modified independently. With the Pile Groups module activated, the software can perform lateral
pile analysis on both directions.

Pile Rafts Module (Additional to Pile Groups - DeepFND and HelixPile)

The Pile Rafts module is an add-on to the Pile Groups module. It allows the pile cap to behave as
a pile raft, that considers the combined effect of the soil response under a raft (slab) and
supporting piles. General practice is to design pile rafts for settlement rather than structural
checks as piles are usually utilized closed to their ultimate capacity.

. _____________________________________________________________________________________________|
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1.7 Activating the software

The following steps are required in order to activate the license:

1) Download and install the software.

2) Keep the SHIFT key pressed (or CAPS locked) and start DeepFND

3) The activation window should appear (Figure 1.7.1).

4) E-mail us the SITE and MID codes that appear in this window (see Figure 1.7.1).

5) We will then e-mail back the user’s activation code.

6) Restart the program (with CAPS locked) and enter the activation code in the activation window
(select the option Activate license).

(Please pay attention not to paste the activation code with any additional space characters)
7) Press Continue.

Activation panel

Site Code MID
Activation code
() Activate license Remove license (®) Enter application

This dialog controls the activation process for licenses locked to one specific computer. If you have a network license and you are
seeing this dialog check the following:

3) That the network server where the network key is accessible from your computer

b) That other the maximum number of network users is not reached

¢) That your firewall is not blocking access to the server

Please make sure that you have administrative rights during activation!

Helpful links
Visitthe DeepEX official web page Youtube training videos
Demo: Days left 16 Exit Continue >>

Figure 1.7.1: The DeepFND activation window — SITE and MID codes.

DEEP EXCAVATION 11
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1.8 License transfer instructions

The DeepFND (or HelixPile) full version can be installed using the full version link, which is
provided upon software purchase. The number of single activated licenses of each user equals to
the number of purchased licenses.

To activate a single software license in a certain device where the software is installed for the first
time, the following procedure should be followed:

A. Open the software full version with the CAPS LOCKED (or the SHIFT key pressed). This action
causes the activation panel to appear).

B. The activation panel includes a SITE and a MID code. These codes are unique for each device
and they are based on certain device parameters (BIOS, Hardware, Hard Disc etc.). Please send
us these SITE and MID codes.

C. We will produce and e-mail back an Activation code that can used in the panel to activate the
license.

Site Code Unigue SITE and MID codes
e ——
| [ Activation code

2. Enter activation code | Remove license " Enter application

1. Select to activate license

DEMO i

This dialoeg controls the ion process for i locked to one specific computer. If you have a network license and you are
seeing this dialeg check the 10I\Dw|rtg

a) That the network server where the network key is accessible from your computer

b) That other the maximum number of network users is not reached

<) That your firewall is not blocking access to the server

Please make sure that you have administrative rights during activation!
| [ Helpiul finks
Visit the DeepEX official web page Youtube training videos
Click here to see a number of examples Pleaseclick here to i online

3. Press Continue

: \
Demo: Days left | o Exit Continue >>

Figure 1.8.1: Activating a single license.

We can always transfer the license to other devices using our online activation center. Along with
the original activation code, we provide to all software users a unique username and password.
In order to transfer a license, the next procedure should be followed:

1. Open the software in the device where the software is activated with the CAPS locked (the
activation window should appear).

DEEP EXCAVATION 12
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2. Select to remove license. We will need to import your current activation code and press
Continue. We have to accept to remove the license.

Activation code

T  Activate license

2. Enter the current activation code 1. Select to remove license

LICENSED

computer. If you have a network license and you are
puter

Are you sure you would like to permanently remove the license fram this
computer?

3. Press Continue
4, Accept to remove

Figure 1.8.2: Select to remove the license.

3. The software will produce a Removal Code. We have to SAVE this code, as it is required in order
to move the license to another device or reactivate the software in case of a PC disc format.

" Activate license

' Remove license " Enter application

Remaoval code | [N
Keep removal code

{LICENSE REMOVED

This dialog contrels the activation process for licenses locked to one specific computer. If you have a network license and you are
seeing this dialog check the following:

a) That the network server where the network key is accessible from your computer

b} That other the maximum number of network users is not rezacl

c) That your firewsll is not blocking access to the server

Please make sure that you have administrative rights during activation!
Helpful link=

Visitthe DeepEX official web page

Youtube training videos
Click here to see a number of examples Pleaseclick hereto licenses online

| Exit Continue >

Figure 1.8.3 Save current removal code.

. _____________________________________________________________________________________________|
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4. Install the software to the new device where we wish to transfer the license or reinstall the
software in case of a PC disc format.

5. Open the software in the new device with the CAPS locked (the activation window should
appear).

6. Visit our online activation center at:
http://activate.deepexcavation.com:8000/admin.aspx

7. Login with the provided Username and Password.

LOGIN

Remember me

Forgot password?

Figure 1.8.4 Login to the activation center.

8. Select the option “Manage your licenses”.

Lr:j Activation center

M Heme LAccount ™ Orders D Help

2 A o -

Aanage your Visit help page Purchase new

Figure 1.8.5 Option to manage licenses.

9. Locate the order, open order’s licenses (by pressing the “key” button), and select the refresh
button next to the license you wish to transfer. Enter the new SITE and MID codes and the
Removal code of the license you just removed.

DEEP EXCAVATION 14
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‘ORDERS AND LICENSES

This is the list of your active orders, Please click on n button to view licenses for selected order.

HEE—————

1328 DeepEX 2019

Il e S

s - [ I I I—
Site code Machine ID (MID} Mote Removalcode
(— — | — —
0 Enter new SITE and MID codes Enter Removal Code

Figure 1.8.6 Select to update a license.

10. The software will produce a new activation code. Save this code and use it in the activation
panel to activate the new license.

This is the list of your active orders, Please dick on H button to view licenses for selected order.

-ﬂm“_

1329 DeepEX 2019

Use new activation code to actrivate the license

..m Machine ID Activation code
o -

Figure 1.8.7 Save new activation code.

. _____________________________________________________________________________________________|
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SECTION 2: DeepFND Interface and Main Tabs

2.1 Using DeepFND

DeepFND is a user-friendly software program and includes powerful features and versatile
options. In DeepFND we can work with many design sections of pile analysis conditions. In a
sense, a design section is a design scenario. This way, multiple conditions can be examined
simultaneously. The main interface is shown in Figure 2.1.1. The general philosophy in creating a
model in DeepFND is:

1) Specify the global coordinates.

2) Specify the soil types and properties.

3) Specify the layers and stratigraphy.

4) Create a generalized water table.

5) Specify the pile properties (installation method, depth, x-coordinate, pile section).

6) Specify different stages.

7) Specify DeepFND analysis methods, combinations and standards.

8) Analyze the project.

9) Optimize the model.

10) Create and analyze the pile cap or pile raft (if required)

The main tabs that appear on the top of the program have the following functions:

1. General: This tab includes the DeepFND wizard, general information about the project, model
limits, general settings, soil properties, Pile and pile sections properties, pile loads, stage options
and water behavior options.

2. Properties: This tab contains various information about Borings, CPT and SPT records and
structural materials.

3. Analysis: This tab contains provides options for single pile Analysis methods, shaft resistance,
factors on cohesion and cylinder method.

5. Design: In this tab we can define structural or load combination code options as well as change
several structural and geotechnical safety factors.

6. Settlement: In this tab we can choose to perform settlement analysis, define the settlement
parameters and edit the pile settlement acceptance criteria. In addition, actual axial load test
records can be defined for comparison or calibration against pile settlement estimates.

7. Lateral: In this tab we can define the lateral pile analysis assumptions, methods and options,
as well as any lateral load test records.

. _____________________________________________________________________________________________|
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8. Pile Caps: In this tab we can select to create a pile cap (or pile raft) and review results after the
analysis.

9. Results: In this tab we can select to present individual pile results directly to the screen after
the analysis is performed.

10. Report: In this tab we can select options for generating output reports, or viewing calculation
progress files.

11. View: In this tab we can modify various view options or generate a top view of the model.
12. Help: This tab provides links to help and terms of use.

13. Torque: In this tab we can select to estimate the required installation torque for helical piles
or define the installation torque profile we wish to use on the model. The Torque tab is available
only in HelixPile software, and in DeepFND when the pile type is changed to helical pile (the
additional helical piles module of DeepFND is required).

E’ General | Propetties  Analysis  Design  Setflement  Lateral  Results  Report  View  Help &

ia\ = E % 1: Boring 1 - | Ground 0.00 i ; O g # A g‘opt\m\zepi\e\en?th m ;

5 T B Edit Bering ) Max. Depth 4500 - ft
Project Model  Move Model Edit soil Water |-1500 *| Edit Helical anchor  Pile Edit / add Clays: | Analysis Stages  Water
Info  Wizard Model Elev. Dim.-Limits type data Custom layers ~ pile  sections sections| pileloads | Default~  settings Step |1.00 3 |ft < aptions~
Info Model Limits Soil Types Use Boring Elevations Pile Sections External loads | Clays Analysis settings Stages
Units Base mods!
English Units ft, inch, kips) z [rE—— i
International Building Code 201
Design sections | Tree view — [ s [ A
Name i) | (o= | tpsh | (deq) | (poy) ) %)
Design Sections Fmaxk)  Rmaxl) I o 5 =i
% 0: Base model = 3 T e A
Included (plugged)
MeyerhoffHansen
FHWA-GEC10, Drilled: Nc ¢’ + Ng s'v [f
F i 1/0.8/07/0.6
O [UND] ¥ FHWA GEC10-Drilled pile
Included
50%
100%
7 15f vl =15ft FHWA GEC10-Drilled Piles
= = Kullhawy 07 (GEC10)
2
35k 2
Circular Concrete
s D=60in
sl
E[V[+[-[4[+]+]
Vs = —
1L':q:n!' AlB IIE n\| Check suggested methods | —
Selected design seclion
B Stage 0
Stege:0/0 X913 Z:362 ft,in. k) 3TV
All design sections e
=21 )

Figure 2.1.1: General DeepFND 2020 Interface.
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2.2.1 Toolbar Functions, Design Section List, and Project Tree View

The following section provides a detailed list of all toolbar functions. The first tab group to
encounter contains the following options:

Start button E’
n General Properties Analysis Design Settlement

New project

Save project »
Recent files »

Exit program -

Options  Exit

Nacinm cartinme | Too o .io...

Figure 2.2.1: Main button.

This window provides the following options:

e (Create a new project

e Save a project (save as)

e See and choose to open recent files

e Exit the program

e On the left side of the program, right under the design section list, a horizontal toolbar is
available for viewing or modifying available design sections (Figure 2.2.2):

Tool Description

E Edit the name of the selected design section

V_ Generate a new view of the current design section

+ Add a new design section

- Delete design section

t Move design section up on the list

3 Move design section down on the list

& Add a new design section (empty — including only stage 0)
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General Properties Analysis Design Settlement Lateral Results Report View Help

(SR ]
K - E % 1: Boring 1 ~| | Ground 0.00 3 l ; o

B Edit Boring

Project Model Move Model Edit soil Water -1500 > Edit Helical anchor  Pile
Info  Wizard = Model Elev. Dim.-Limits | type data Custom layers - pile sections  sections
Info Meodel Limits Soil Types | Use Boring | Elevations Pile Sections E
Units Base model
English Units ft, inch, kips) 3 Base model
Design sections | Tree view | =3 ¥ [ [ | & [t=b [ =0 [ ou [ROD [Em
W T - 7 S 5 ==
Design Sections Frax (k) Rimax (k) -r“ ‘%‘a; {;:p Fp da? P;J z {‘?‘J .
? 0: Base model - - &s‘wn_ l: T -m :. 01:12 z
111k
F 7 :
01 [UND.) e ¥
10t
7 sn S asw
35 ft
51

E[V[+]-[¢]4]+ 1

Wiew

@m|ﬂ@] Check suggested methods Trist
lﬁl Selected design section Stage D

Stage: 0/0 X258 Z 5364

=> |

‘E All design sections
]

Figure 2.2.2: Design section toolbar.

On the bottom left program corner, a toolbar with two buttons instructs the software to start
performing calculations.

LEASEIMM design section

LE‘MI design sections

Figure 2.2.3: Calculate tools.

Tool Description
E selected design  Calculate the selected design section
| '

LE All design sectior Calculate all design sections
d
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DeepFND offers features that include multiple design sections and a tree-style project view. The
tree view enables the user to quickly access vital project data, as well as visualize crucial project
settings. The next table briefly describes the functionality of the Pile list, Design Section List, and

Tree View items.

Design Sections Mmae M.

? 0: Design section 0 -

Design sections | Tree view

B- (§) Design Sections
-5 Base model
=t «% Soils
*\ﬁ 1: F (Miscellaneous fill)
il 2: 01 (Soft organic clay/peat)
iy 3: 02 (Organic Sit)
*\ﬁ 4: 51 (Medium dense sand)
Ll 5.V (Varved clay (glacial))
i} 6: GT (Dense glacial til)
L 7R (Bedrock {good condition’
=- i Stratigraphy - Boreholes
¢ e[ 1:Borng 1
B- 3 Helical anchors

i 0 MH313BR12D

" 1: MH313BRED10D

f----,,(* 2 MH3132BR10D12D

Selects current design section, shows
available design sections.

Shows available design sections

Pile loads (right click to add or erase)
Piles (right click to add or erase)

Available soil types (by clicking the user can
select which soil’s properties to modify)
Available boreholes (by clicking the user can
select which borehole’s properties to modify)
Helical anchors (by clicking the user can select
to change the properties of the piles)

DEEP EXCAVATION
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2.3 General menu

m General Properties Analysis Design Settlement Lateral Results Report View Help
j'\ E # 1Beingl + | Gound 000 - ’ ; O 1+ 4¢‘_ A Optimize pile length E -
- S B Edit Boring s Max. Depth 45.00 - ft =

Project Model | Move Model Edit soil Water |-1500 | Edit Helicalanchor Pile Edit / add Clays: | Analysis Stages  Water
Info  Wizard | Model Elev. Dim.-Limits type data Custom layers - pile sections  sections | pileloads | Default~ | settings Step 100 - ft - options+
Info Model Limits Soil Types Use Boring Elevations Pile Sections External loads Clays Analysis settings Stages

Figure 2.3.1: DeepFND 2017: General tab.

Project

- Project Info: by pressing the ™ button, we can modify the project, file, company and engineer

name

ki Project Information (= 1

Project infamation
Project Name
File Mumber 1

Prepared By Engineer

Additional Description
Deep Excavation Project

0K || Cancel

Figure 2.3.2: Project information dialog.

Model
- Model Wizard: by pressing the Wiz=rd putton, the DeepFND wizard dialog appears. In this dialog
we can fast create a pile model, define project and analysis parameters and perform the analysis.

Section 4.2 includes more information regarding the model wizard.
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- Move model elevation: In DeepFND we can design projects using actual elevations. By pressing
N
Move
the mueten. button, we can modify the model elevation by entering a new top of pile elevation.
fy ResetALLXYZ — = &3

1. Set Surface Level
Top of wall EL

Elevation |0 ft

Design Section Coord.
Sail Layers (Current)
[C] Al Boreholes (Layers)
Stage Elevations

Wwall Elevations
Support Eleavations
Surcharge Elevations
[T Footings & Buildings

2. Apply Changes to Stages

m stage |0 |to|D

(o) (coon

Figure 2.3.3: Model Elevation dialog.

The user can choose the objects to be affected by the change in elevation. These are:
The design section coordinates
The soil layers elevation (of current borehole)
All the soil layer elevations of all boreholes
Elevations of all stages
Elevations of walls
Elevations of all supports
Elevations of all surcharges
Elevations of all footings and buildings

The top of the pile is used as the point of reference for changing elevations.
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~

Model
- Model Dimension - Limits: by pressing the pm-imts hutton, we can change the Design Section

name and the Model Limits to create a nice view of the model.

Design Section Name and General Data o =B OES
1. Design Section Name

2. Soil Stratigraphy - Boring
This design section uses Stratigraphy or Boring | Boring 1 S
3. Boundaries / Model Limits

Top |15 ft
Left -15 ft Right | 15 R
Bottom |-30 ft
4. Wall In-Plane Rotation
Angle in plane from y+" axis |0 deg

This angle rotates the wall angle from the horizortal y+" axis. To see the
effect, change the angle say 10 degrees and go to View Top-Flan.

| oK || Cconcel |

Figure 2.3.4: Design Section Name and General Data dialog.

This dialog includes the following options:

The design section name.

The model limits. Here we can define the top, bottom, left and right limits of the model. These
are absolute coordinates.

Angle in plane from y-y’ axis.

CHE

- Edit soil type data: by pressing the t;z:ﬂa button, the soil properties form appears. In this form
we can add, delete, or modify available soils by changing their type, the general properties like
unit weights, strength parameters and permeability, modify the elastoplastic parameters and
modify the bond resistance for tiebacks. A soil can be used in a boring more than one time. A
number of estimation tools that help the user estimate values are also included. Section 3.3

includes all the options that are available in this form.

Edit Bori
- Borings (Soil layers): by pressing the = Edit Boring button, the soil layer dialog appears. In this

dialog we can edit the borings available for use in the project. In each boring the user can add soil
layers. To do this, we can type the new soil layer’s elevation, choose the soil type from the list of
soil types and define the new layers OCR and Ko. In addition, by clicking on Edit button, we can
modify the selected soil’s properties (see section 3.4). The coordinates X and Y refer to the plan
location of the boring and do not affect analysis results.

. _____________________________________________________________________________________________|
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- Custom Layers: By pressing the Custom layers - button, we can choose to use the custom layer

mode of DeepFND, or choose to reset custom layers from boring. In the custom layer mode, we
can define non-horizontal soil layers.

- Elevations: Change the general ground elevation and define the water table.

-

i

Edit
- Edit pile data: By pressing the P!® button, we can edit the properties of the pile. Properties
on this form are described in section 3.5.

P

Helical anchor

- Edit helical anchor sections: By pressing the == putton we can edit the structural and

geotechnical properties of the helical anchor sections. Properties on this form are described in

section 3.6. This feature is available if helical piles are enabled (separate purchase in DeepFND).
O

- Edit pile section data: By pressing the **%%°™ button, we can edit the properties of regular type

pile sections. Properties on this form are described in section 3.7.

i+

Edit / add

- External pile loads: by pressing the PI€l2285 putton, we can add, remove and edit the

properties of all external loads applied on the pile head of single piles. Properties on this form
are described in section 3.9.

- Clays: Here we can define the Clay behavior at each stage by choosing from available options:

: _.?. | Single = Mult. ~
| L]
Clays

Default ~ Approach: Service ce
i ‘-[I.l" Drained conditions (c'-friction)

g "¢|" Undrained conditions (Su)
"$" Default behavior (see seil dialeg)

Figure 2.3.5: Clay behavior options.
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A

Analysis

- Analysis Settings: By pressing the =tin= button, we can define the different analysis settings.
Properties on this form are described in section 3.14.

- Pile Length Optimization:

Defined Pile Length

By having the “Optimize pile length” option unselected, HelixPile will use the user-specified pile
depth for the analysis, it will calculate the shaft resistances and the end bearing capacities (axial
tension and compression) and will present these results.

? A [C]] Optimize pile length

Max. Depth

Clays: | Analysis - |
Default = | settings Step - 'm
Is Clays Analysis settings

Figure 2.3.6: Unselected pile length optimization option.

Optimizing Pile Length

By having the “Optimize pile length” option selected, the software will start increasing the pile
depth using the defined “Step” length, calculating the bearing capacities in each step. As soon as
the calculated axial tension and compression capacities are enough to cover the applied
maximum tension and compression load on the pile head respectively, the analysis will stop. The
software will return as a result the calculated depth and capacities.

_.?_ A Optimize pile length

Max. Depth 10.00

Clays: Analysis - |
Default - | settings Step 010 . m
Clays Analysis settings

Figure 2.3.7: Selected pile length optimization option.

If the maximum defined depth is reached, the analysis will stop, returning the calculated
capacities for this depth.

. _____________________________________________________________________________________________|
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- Stages: In this area we can add, delete, insert or copy a construction stage.
Icon Description

}1@ Add a new construction stage
e Deletes the current construction stage
nt, Insert a construction stage after the current stage

Copy Stage  Copy selected construction stage
Paste Stage  Paste construction stage

b 4
Water
- By clicking on the °Pt"s button, the Ground water table dialog shows up.
— Ground Water Table Stage: 0 o = E3
Left Side Water Groundwater Options
(@ Hydrostatic
Elev. fit
Water density
g, 624 pof
Stage
[0: Stage 0 |
Apply Changes to Stages
) All Stages
@ This Stage Only
™) From Stage 0 to 0

o] (Lo

Figure 2.3.8: Ground water table.

The following table presents the options that are included in the ground water table dialog.
Define the general water elevation
Define the water density yw
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2.4 Properties menu

m General Properties Analysis Design Settlement Lateral Results Report Wiew Help
!T‘IIT,\ CPT |Notassigned - |Motassigned - SPT | Friction angle|SPT record Kullhawy-Chen 2007 (GEC10) - s{a
o (] - .
T (= ‘ Method Est. soil properties - + [ Estimate soil Elasticity [T Estimate Su (clays only) =
rings — CPT logs SPT = Structural
(soil layers) l uy I -import~ % Closer to upper limit 23 R Estimate OCR-Ko (sands, silts, gravels) ROD Use rock defined data Materials
Stratigraphy CPT SPT Records Structural Materials

Figure 2.4.1: The Properties tab menu.

CPT

CPT logs: by pressing the arrow next to the ¥ button, we can import and process CPT logs
into the current software file. CPT records can be used within DeepFND, with the program being
able to export soil properties by processing CPT logs. Properties on this form are described in
section 3.11.

SPT

. 4

SPT
SPT logs: by pressing the arrow next to the "=°“*" button, we can import and process SPT
records into the current software file. SPT records can be used within DeepFND, with the program
being able to estimate the ultimate bearing capacity from SPT’s (if the SPT option is selected in

the Analysis dialog). Properties on this form are described in section 3.11.

Structural materials: In this area we can edit the structural material properties for all material
types (steel, concrete and timber). Properties on this form are described in section 3.12.

. _____________________________________________________________________________________________|
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2.5 Analysis menu

m General Properties Analysis Design Settlement Lateral Results Report View Help
Method Meyerhof/Hansen = Include shaft resistance [T] Use additional multipliers Factors on ¢! FHWA GEC10-Drilled pile = method FHWA-GEC10- Drilled pili ~
Equation | FHWA GEC10-Drilled ~ & onconcrete 100 e | [[] Additional factor at shaft Rock |Use specified soil bond =
Consider disturbance Edit & oneteel 50 4

Bearing Capacity Method Shaft resistance Reductions on side ¢’ Cylinder method

Figure 2.5.1: The Analysis tab menu.

In the Analysis tab we can define the bearing capacity method, the shaft resistance, the reduction
factors on cohesion c' and the cylinder method that will be used in the model.

Bearing capacity method: We can choose from the following methods:
Vesic 1974
Meyerhoff/Hansen
SPT values (user must assign an SPT record)
CPT log (user must assign a CPT log and method)
The following methods are available:

n General Properties Analysis

Method Meyerhof/Hansen H Include shaft resi

Equatio Vesic 1974 1
Meyerhof/Hansen

SPT values (must assign SPT record) -
CPT log (must assign CPT log and method)

Figure 2.5.2: The Bearing Capacity Equations.

The following methods are available:
Method Meyerhof/Hansen  ~ Include shaf
Equation FHWA GEC10-Drilled H o on Concre

Consi| General: Nc ¢' + (Ng-1) sv + Ng g D
Helicap: Nc ¢' + Nq sv

HeliCap: Nc ¢' + Nq sv (when PHI>0)
Units FHWA GEC8-CFA piles: Nc* c' + Nq sv
English Unf FHWA GEC10-Drilled piles: Nc* + Nq sv
AASHTO Driven: Norlund aT sands
User defined values from Adv. soil tab

1
Bear

Design sex

Figure 2.5.3: The Bearing Capacity Methods.
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Disturbance effects on the bearing resistance can be changed by pressing the B4t hutton (Figure
2.5.4). In this dialog we can define disturbance factors for bearing and elastic response. Different
factors can be defined for compression and tension. Disturbance factors should be selected with
caution, and can be affected by factors such as soil type, installation speed, etc.

: When a helical pilz is installed,
TETETEE soil on trailing plates is disturbed
; tension : due to the previous plates
Sompresson tension passing before. Factors in this
'l—_ 1 1 dialog are meant to account for
reducing the bearing strength
0.8 03 0.8 0.8 and elastic response on trailing
plates. Default values are
07 0.7 0.7 0.7 educated guesses while actual
06 06 06 06 values can exthibit a wide

Factor elastic

: Factor bearing in
response in

Factor Bearing in
Compression

response in

Figure 2.5.4: The Installation Disturbance Effects dialog.

Shaft resistance: Shaft resistance can be considered in the model. We can then define the ratio
of interface friction for concrete and on steel vs. the assumed effective soil friction angle. For
regular piles this option should be always selected.

Reduction on side c': Provides options for calculating the side adhesion from ¢’ or Su. A single
additional factor can also be used on the shaft. In helical piles the additional factor is used on the
pile segment above the upper plate. The following options are available:

]
H Report View Help

s Factors on ¢' FHWA GEC10-Drilled pileB me

0 AddiﬁonJ‘ Trilinear ¢' or Su
Single Factor

Hyperbolic
FHWA GEC8-CFA piles
FHWA GEC10-Drilled piles, caissons
FHWA-AASHTO: Driven Piles

[#] Additional factor at shaft 1

Figure 2.5.5: The available options for ¢’ or Su factors.
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Cylinder method: These options control the cylindrical failure and lateral K pressure methods for
regular piles. Figures 2.5.6 and 2.5.8 present the available methods and rock options.

method FHWA-GEC10- Drilled pilau

Rock Us| Ko: At-rest earth pressures
Mitsch-Clemence 0.09 e”(0.08 fr)
FHWA-GECS - CFA Piles (N60)
FHWA-GEC10- Drilled piles, caissons
AASHTO-Norlund, Driven Piles

FHWA-GECS - CFA (Alt. USA, Mississippi, LA)
FHWA-GECS - Drilled-In-Displacement

Figure 2.5.6: The cylinder method options.

Additional options are available for the side resistance in rocks. The following options are
available:

MMICUIUU  FOvVATOLW U= viinicu pme -

Rock Use specified soil bond H

Standard approach, c, aﬁd PHI
Use specified soil bond
FHWA GEC10 - RQD and Qu

Figure 2.5.7: Rock options.
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2.6 Design menu

n General Properties Analysis Design Settlement Lateral Results Report View Help

cO DES 6 [C] Use mob. axial for STR checks | [C] Custom STR =[] Adjust ultimate STR capacity by FS Single +  Mult. - [C] Examine corrosion effects
DE L Safety Factor Shaft |2 STR.des|0.6 Safety Factor | 1.6
Code Stee n: General
options»  ASI Settings | Safety Factor Bearing 2 Method  International Building Cor ~ Approach: Service
Structural Design Codes Safety factors Structural factors Load combinations Design Life

Figure 2.6.1: The Design tab menu.
co
DE

Code
Code options: By clicking on the ortiens- hutton, we can define which structural code’s settings to
apply in analysis. These code settings control structural codes and other options.

co | DES Safety Facto
pE ' Safety Facto
Code | Steel-Design

Options *| Ac5D 1080

ES  USA allowable settings

BS  USA LRFD {with global FS)
BS AASHTO (US) LRFD Settings
B8 UseEurocode2, 3 Settings
EC23F5=15

Italian DMOE Settings

(=}
[ ]

Figure 2.6.2: Code options.

The following options are available:

Use Eurocode 2, 3 settings Apply Eurocode settings to the design

Use US allowable settings Apply US allowable settings to the design
Use US LRFD settings Apply US LRFD settings to the design

Use AASHTO (US) LRFD settings Apply AASHTO LRFD settings to the design
Italian DMO08 Settings Apply Italian DMO0S8 settings to the design
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CO

By pressing on the DE button, the Structural code options dialog appears. In this dialog we can
define different code options for concrete and steel design. The following options are available:

Structural code options
Concrete Code Options

1T:ACI 318-11

Steel Code Options
1:ASD 1589
Timber Code Options

Service, a=0.36

0K

s

Cancel

DeepFND: Concrete Codes

DeepFND: Steel Codes

DeepFND: Timber Codes

ACl 318-11

ASD 1989 (Allowable)

Service —a=0.36

Eurocode 2 2004 (General)

LRFD 13 Edition 2005

AASHTO LRFD 6™ Edition

Eurocode 2 — National
Annexes

NTC 2008

ANSI/AISC 360-2010

Eurocode 8 — National
Annexes

AISC 360-2010 Allowable

ANSI/AISC 360-2016

AS 3600-2009 (Australia,
New Zealand

AISC 360-2016 Allowable

Eurocode 3 2005 (General)

CN (China) Eurocode 3 2005 — National
Annexes
BS 5950-1 2000 (Britain)
AS/NZS 4100
CN (China)

Safety factors: Here we can define several safety factors to be used in the design. We can define

the Shaft FS, the bearing capacity FS, as well as a custom structural FS.

Structural factors: Here we can define a safety factor in order to define the ultimate structural

capacity. We can also select the analysis method. The following options are available:
International Building Code 2015

AASHTO LRFD 6%
NYC Building Code 2014
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Load combinations: Here we can choose the load combinations from Standards, choosing from
the options below.

Single ~ Mult. ~ A

Generate all AASHTO LRFD 5th lead combinations (USA)
S pRitach Generate all Eurocode cases (EURDT)
General all DMOE cases (Ttalia)

Generate all DIN-1054 cases (2005 Germany)

Load com

i @ 2 &

General all ECT cases (Greece)

[ ]
|

Generate all XP94 cases (France - Soil nail walls)

Figure 2.6.3: Load combinations available in DeepFND.

Design life: Here we can choose to examine corrosion effects. | so, we should define the design
time (years) and the method. The available options are:

ICC Method AC355

AASHTO 2004

2.7 Settlement menu

n General Properties Analysis Design Settlernent Lateral Results Report View Help

ﬁ Mot assigned -

in e Axial load test records
Edit pile settlernent

Effective area nercentane factor Aeff S o
i sad a2 e o SR s acceptance criteria

|| Perform settlernent analysis Inflectic

[ Use when optimizing length

Settlement analysis Settlement Parameters Pile acceptance criteria Load test data

Figure 2.7.1: The Settlement tab menu.

Settlement Analysis: Here we can choose to perform a settlement analysis. If we choose to do
so, the following options are available:

Option to calculate design capacity from PY response

Option to include corrosion effects in PY response

Settlement Parameters: Here we can define the settlement analysis parameters. The following
parameters are available:

Installation factor for shaft response Rm

Maximum settlement yMax

Effective area percentage factor Aeff

. _____________________________________________________________________________________________|
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’s

Edit pile settlement

Pile acceptance criteria: By pressing on the acceptancecriteria hytton, the pile acceptance criteria

dialog appears (Figure 2.7.2).
Pile acceptance criteria [
Available criteria Acceptance criteria
1. Name

2. Set active/visible
W Criterion is active {o be analyzed)

W Criterion iz wvisible (on graphs)

3. Equation
y=0 + 0 D +0 D + 1 PLIAE
AL 5
D = Plate diameter D = Shaft diameter
A =
HAverage plate size -

Define maximum net settlement

Ultimate load crteron (Criteria detemmines ultimate load)

Determine load from criterion

Add new criteria

Reset to Elastic Reset to ICC355 ] l Reset to Davisson

Delete crtera NYC 2011-011

[ ox | oo |

Figure 2.7.2: The pile acceptance criteria dialog.

In this dialog we can modify the following data:
Add or delete criteria, modify existing criteria
Option that the criterion is active and will be used in the analysis
Option that the criterion is visible and will be presented on the graphs
Modify the criterion equation parameters
Option to define maximum net settlement
Option to use ultimate load criterion

Option to determine load from criterion
Option to use a predefined criterion (options: Elastic, ICC355, Davisson, NYC 2011-011)
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Load Test Data: In this area we can define the axial load test records (if available). We should press

on the #ialloadtestrecords b ion This opens the Axial Pile Load Test Records dialog (Figure
2.7.3).

Test Records 1. General Load Test Information - Coordinates
Mame:
Company Inspector
Date| 5/21/2015
2. Load test data

Pile head
settlement y

Load P

Delete Selected
Record

Import from tab - - "
od filo Insert poirt Delete poirt ‘ ‘ Delete all poirts

0K Cancel

Figure 2.7.3: The axial pile load test records dialog.

In this dialog we can modify the following data:
Add or delete load test record

Option to add a pile load test record from a tab delimited file

Edit the pile load test name

Edit the pile load test company

Edit the pile load test inspector

Edit the pile load test date

Options to insert or delete points from pile test

Define load P and respective pile head settlement y
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2.8 Lateral menu

“ General Properties Analysis Design Settlement Lateral Pile Caps Results Report View Help
;'ls H 4= Analysis type Lateral load definet = Loading is | Static - | Mot assigned 5
Pile head is | Free to rotate - Lateral load test records

Lateral load analysis Edit / add
assumptions distributed loads

Calculate = Analysis Loading type Lateral Load test data

Figure 2.8.1: The Lateral tab menu.

In this tab we can define the lateral pile analysis parameters. The following options are available:

T

Lateral load analysis

By pressing on the Mg

(Figure 2.8.2).

button, the Lateral pile analysis settings dialog appears

1.General | 2. P-Y muttipliers

1, Analysis mode
Pushover analysis (define displacements) v
2. Analysis Options
[] File head is restrained against rotation Displacements for pushover analysis
DX {in) ~
0 Consider non-lingar pile material (S|
response (concrete and steel)
10,125
Consider cyclic loading 2028
1 /0.375
Number of cycles | 5000 4|05
5075
g (1
7 (15
DE&timaieLatﬂalAndysiannﬂimi’unSPT 3 v
or CPT test data when possible g
Reset defined displacements

Summary result option

Report critical results
i pod

at displacement 0375 in

[] Apply to all design sections  [v] All stages [ ok | [ Concd |

Figure 2.8.2: The Lateral pile analysis settings dialog.

In this dialog we can modify the following parameters:
Analysis mode: Here we can choose between:
- Analysis for defined lateral loads (from load menu)
- Pushover analysis (define displacements)
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When the second option is selected, we can define the displacements for pushover analysis in
the same dialog. In addition, we can define the displacement at which we should report the
critical results.

Option that the pile head is restrained against rotation

Option to consider non-linear pile material response (concrete and steel)

Option to Consider cyclic loading (when selected we can define the number of cycles)
Option to estimate Lateral Analysis Properties from SPT or CPT test data when possible.
Option to apply changes to all design sections and all stages.

fit

Edit / add

By pressing on the distributed loads htton, Trapezoidal loads dialog appears (Figure 2.8.2).

Add Load

Delete Load

Trapezoidal Loads - O X
List of Trapezoid Loads Load Properties
1. Name
[New Load 0
2. Load Type
DL: Dead load (AASHTO DC) w

3. Load magnitude
] Apply same load on zll stages
Load for every stage

Active Linit ) Lfinal ft) Qs (At Qe ety Qzs kAt Qaf Aty

b Stage 1 0 0 0 0 0 0

Ok Cancel

Figure 2.8.2: The Trapezoidal loads dialog.

Properties on this form are described in section 3.9.

Analysis: Here we can define the analysis type (Lateral load defined / Pushover analysis) and the
pile head condition (Free to rotate / Fixed against rotation).

Loading: Here we can define the loading type (Static / Cyclic)
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Lateral Load Test Data: In this area we can define the lateral load test records (if available). We

should press on the Lateral load test records

dialog (Figure 2.8.3).

button. This opens the Lateral Pile Load Test Records

1. General Load Test Information - Coordinates
Mame

Comparty Inspector

Date | 5/21/2015

2. Load test data

Lateral

Load P displacement {in)

Add New Record

Delete Selected
Record

Import from tab

imited file Insert poirt Delete poirt l l Delete all points

Figure 2.8.3: The lateral pile load test records dialog.

In this dialog we can modify the following data:
Add or delete load test record

Option to add a pile load test record from a tab delimited file
Edit the pile load test name

Edit the pile load test company

Edit the pile load test inspector

Edit the pile load test date

Options to insert or delete points from pile test

Define load P and respective pile head settlement y
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2.9 Pile Caps menu

ﬂ General Properties Analysis Torque Design Settlement Lateral Pile Caps Results Report View Help
‘ ﬁi‘ i»\ +3o Drilled pile methods " Edit [T Top View B Mxx O Shearx-x L_Axial S8 yaxis 000 ;[0 Include Seismic Loads =«
. = . " [C] Use pile analysis profiles (see above) IEAdd pile (draw on plan) | £ Myy © Sheary-y (] Mesh width 3.00
Single pile| Pile cap | Pile Cap  Edit - _
analysis | analysis | Wizard pile cap ¥ Draw a pile cap [7ox [ oy ~H oz T 3D View

Analysis Type Edit-add pile caps Pile analysis profiles Plans Pipe Cap Results Out of plane view General - Accelerations

Figure 2.9.1: The Pile Caps tab menu.

This tab contains the tools to create, edit and view the results of pile caps supported by pile
groups.

Analysis Type: Here we can select to perform a single pile analysis, or analyze a pile cap.

e

Single pile| Pile cap
analysis | analysis

Analysis Type

Figure 2.9.2: Option to analyze a single pile or a pile cap.

i*\
Pile Cap
Pile Cap Wizard: By pressing the Wizard  bytton, the pile cap wizard dialog appears. The wizard
dialog allows as to quickly create a pile cap, defining the pile cap shape, loading, dimensions and
number or piles. The pile cap and all piles are generated and presented on the model area
automatically. Properties on this form are described in section 6.1.

3D

=

Edit
Edit Pile Cap: By pressing the PilecaP pytton, the 3D Footing Pile Cap dialog appears. In this dialog
we can review and edit all pile cap items and properties. Properties on this form are described

in section 3.8.

Pile Analysis Profiles: In this area we can select a pile installation profile. The default option is
always the one selected in the Single pile that we used to model all piles on the pile cap. We can
change the installation method on each pile independently, or we can define the same profile for
all piles from the menu.

Plans: In this area we can select to see the top (plan) view. While on plan view, we can use the
tools in order to add new piles on the model area or draw a custom pile cap. The use of these
tools is explained further in sections 6.3 and 6.4.

. _____________________________________________________________________________________________|
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Pile Cap Results: This area includes tools that can show different calculated results on the pile
cap plan view model. The results are presented in section 6.5. The following options are
available:

Option Description
B Mxx Show the moments produced on the pile caps along the x-axis
= Myy Show the moments produced on the pile caps along the y-axis
I Shear x-x Show the shear forces produced on the pile caps along the x-axis
i Shear y-y Show the shear forces produced on the pile caps along the y-axis
|7+ px Show the pile cap displacements along the x-axis
[7* Dy Show the pile cap displacements along the y-axis
L Axial Show the axial forces distributed in the pile cap
£A Mesh Show the calculated mesh displacement on the pile cap
~}| Dz Show the pile cap settlements
S Show the soil stresses distribution on the pile cap

Out of plain view: In this area we can define the model width area, as well as, define the out-of-
plain position (y-axis coordinate) to be displayed on the 2D model area. We can also select to
generate the 3D View of the created pile cap with all the piles.

Seismic loads: In this area we can select to include seismic loads on the model and define the
seismic accelerations on each direction (3D).

[¥] Include Seismic Loads ax 0.000 - |0
ay |0.000 - g
az |0.000 - g

General - Accelerations

Figure 2.9.3: Option to include seismic loads and define seismic accelerations.

. _____________________________________________________________________________________________|
DEEP EXCAVATION 40



DEEPFND — HELIXPILE 2020 USER’S MANUAL

2.10 Results menu

m General Properties Analysis Design Settlement Lateral Results Report View Help
= Show ditical condition % show tension condition g, Ult. geotech cap T-z Soil Springs T Side Rsm® L_ Axialload {5 Pile Moment & cap.
< Show cylinder failure . Show all failure caps Hﬁ Geotech capacity vs Elev. uﬁ Settlement analysis | s, Suorc @ Design STR capacity = Pile Shear Oy; Soil Hor.
= Show individual plate method [ Stress paints ur§ Load Test data |4 Settlement results ] Ultimate STR capacity [J* Dx - Displacement 4[] P - Distribution

Pile results (GEQ) Ratios / Capacity Lateral analysis

Figure 2.10.1: The Results tab menu.

This tab contains a list of results that can be either viewed on the 2D model or presented in
diagrams or tables. Results can be presented when the analysis has been completed. The
following options are available:

Option

= Show critical condition

<+ Show cylinder failure

=+ Show individual plate method

-_f: Show tension condition

LR Show all failure caps

|"EI Stress points

aft Ult. geotech cap

e Geotech capacity vs Elev,

o Settlement analysis

|'/"5_-'I Settlernent results

yr%5 Load Test data
T-z Soil Springs
T; Side

Sy Suorc

[Rsm®
] Design STR capacity

—

O Ultimate STR capacity

—m

L_ Axial load

Description

Show the critical condition results on screen (most critical
between cylinder and individual plate failure modes)

Show the cylinder failure results
Show the individual plate results

Show the results for tension condition

Show the geotechnical capacities of both cylinder and individual
plate modes

Show several results for points along the pile in table
Show the ultimate geotechnical capacity vs. elevation
Show the geotechnical capacity vs. elevation

Show the axial load vs. pile head settlement graph

Show the axial load vs. pile settlement diagram in a detailed
graph and values in table format

Show the axial load test data on screen (if defined)
Show the Vertical T-z pile response for individual springs
Show the side pile shear stresses along pile

Show the Su or ¢’ values used along pile (undrained shear
strength or effective cohesion)

Show the structural stress ratio

Show the design structural capacity
Show the ultimate structural capacity

Show the Axial load on the pile at the current stage

DEEP EXCAVATION

41



DEEPFND — HELIXPILE 2020 USER’S MANUAL

Option Description

] Pile Moment Show the calculated pile bending moments

& Cap. Show the pile moment capacity when moment is displayed
E Pile Shear Show the calculated pile shear forces

Tyy Soil Hor. Show the effective horizontal soil pressure on pile

[;* Dx - Displacement Show the horizontal pile displacement for current stage

[/ P - Distribution Show Axial load distribution along pile

2.11 Report menu

From the Report tab we can control options for viewing reports in pdf or word formats as well as
see summary tables of all calculations.

u General Properties Analysis Design Settlernent Lateral Results Report View Help

= B - -

Reports - Calculation Calculation Summary | Current Stage
Options ~ Summary for All DS (Current DS) {Screen)
Report - Print Preview Summary Reports On Screen Print

Figure 2.11.1: The Reports tab menu.

Option to create a report — see section 3.13.

Option to show the calculations summary table for all design sections — see section 4.3.
Option to show the calculations summary table for the current section — see section 4.3.
Option to print the current screen
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2.12 View menu

n General Properties Analysis Design Settlement Lateral Results Report View Help

- B Grid = Snap Option X Al
Ay Axes On/Off -
|Make model transparenti ) _\ EE Soil table
~||when results are shown.|| . Snap On/Off LS position =
Transparency Grid/Snap Zoom Dimension
Figure 2.12.1: The View tab menu.
B

Make model transparent

Transparency: By pressing the lwnenesisaeshom. button we can make the model transparent when
results are shown. The transparency can be adjusted from the vertical bar.

Result legend: By pressing the was- hutton we can turn the result legend on or off.

Grid/snap: By pressing the ~ ® button we can change the view options of the snap and axis or
show a grid.

Zoom: These icons can be used in order to zoom in/out the model area or create a 1:1 view of
the model.

Soil Table Position: This drop-down can change the position of the soil properties table in the
model area:

Settlement Lateral Pile Caps Results Report I View I Help
Y x—y cq) {é,’ T Top View

= ‘g‘ Soil table

19 positior.x]
Zoom Table on top left of model |

Base ‘77\ Table on top right of model

Table on bottom right of model Base model

Table on bottom left of model

Show table on boring

- Sal v | © |Su | # |=ub =50 | Qu |RQD [&m
111k Name |(pch |(psf) | (psf) |(deg) [ (e} | - [0 | (%) | -

= 120 1] - 30 30 - - -

O1(UND) [105 | - [200 | @ - o | - [ - |-

1 25 | 0 | - [3 [ | - [ -] - [-

[ 7 sell °

Figure 2.12.2: Edit the soil properties table position.
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2.13 Help menu

“ General Properties Analysis Design Settlement Lateral Results Report View Help

@ m@ é o C’] jé

Open Help Opentheory Knowledge About EULA (Terms | Settings
Manual manuals folder base of Use)

Help and Manuals Other Settings | Locale

Figure 2.13.1: The Help tab menu.

About E.ULA (Terms
About and terms of use: By pressing the ofUsl  button, the user can read the terms of

use of DeepFND.

R
Settings: by pressing the *="* button, the Default Settings dialog appears.

General tab: In this tab we can define the default units, company and engineer name and the
Auto save directory.

.{'_"4_. Default Settings o 3 5|
A, General Fonts\View
General
Compary Mame My Compary Feset
Curmrent
Engineer Engineer Project
Enai
Language SN - Bl d)
ltzlian
French ¥
P Select
g : Image
DEEPEACAVAT IO e |l ™

Units {Farce, Length, Displacement)

(@) Use English Units (kips. ft. inches)

() Use Metric Units kM, m, cm)

() Use Metric Units (N, m, mm)

() Use Engineering Metric Units {Tons, m, cm)
() Use Engineering Metric Units {laf, m, cm)
() Use Consistent 51 (N, m, m}

Auto Save

[7] Luta Save project file

Save file every {min) 5 i

| SetCurent Project AsDefauk | [ ok || Cancel |

Figure 2.13.2: Settings — General Tab.

. _____________________________________________________________________________________________|
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Fonts/View tab: In this tab we can define the fonts and some other viewing options.

1“4 Default Settings =T 1 R
Forts\View

Fonts

Regular Size Calibri| (825 ~ Select Fonts
Small fort size | 7 >
Large font size 10 x Bold

Wiew Options

Show axes

| Show soil information

V| Show soil layers on left side of model

| Show Ka and Kp values next to wall

| Show Assumptions Table on Model
View Results on Model Options

Show Moment and shear diagrams as s
Show Pressure diagrams as | Lines only T
Show Graphs as | On top of each wall i

Calculation Summary
W Show calculation summany at end of calculations

| Set Curent Froject AsDefauk | [ Ok |[ Cancel |

Figure 2.13.3: Settings — Fonts/View Tab.

Available view options are:

Show axes.

Show soil information.

Show soil layers on left side of model.
Show Ka and Kp values next to the wall.
Show assumptions table on model.
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2.14 Torque menu

m General Properties Analysis Torgque Design Settlement Lateral Pile Caps Results Report View Help

Torque Factor Profile "i'f-
AC358-2007 . S
: Installation
Estimate torque Torque Profiles -

Installation Torque Profiles

Figure 2.14.1: The Torque tab menu.

Estimate Torque: This option allows the installation torque to be estimated (helical piles).

-

o

—d

4
Installation

Installation Torque Profiles: By pressing the TerqueProfiles hytton, we can review and edit the

software default implemented profiles. We can also add new profiles and define the factors
manually.

3

Torque Installation Profiles X
1. General Load Test Information - Coordinates
Name | 40353 2007

Torgue Installation Profiles are used to estimate the required installation torque to meet required helical pile
capacity. Torgue Installation Profiles have traditionally been reported based on the installation shaft
diameter.

2. Torgue Installation Profile data

Diameter Torgue Installation
{in) Factor kT (1)

Add Mew Profile

Delete Selected
Recard

Insert paint Delete point | ‘ Delete all poirts

Figure 2.14.2: The Installation Torque Profiles dialog.

Torque Factor Profile: In this drop down, we can select to apply in the current model and of the

available torque profiles. We should always select a torque profile that covers the used helical
pile diameter.
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2.15 Edit Default Software Settings

In order to change the software default settings, we have to start the software as administrator,
open the Settings dialog from the Help tab and press to set the current project as default.

IMPORTANT: Changing the default software parameters is an important procedure and we have
to be very careful. By setting a project as default, we actually select the project that will be loaded
each time we open the software. It is highly recommended that any settings changes should be
applied in a clear model with no modifications to soil properties, stratigraphies, construction
stages etc., else these settings will be saved as default as well.

The following procedure should be followed:

A. With the software closed, we should take the mouse over the software icon in the PC Desktop
and RIGHT-CLICK on it.

B. From the menu that appears, we have to select to run the software as administrator.

Open
Move to OneDrive

Open file location

Enable/Disable Digital Signature Icons

Run as administrator

Troubleshoot compatibility

Figure 2.15.1: Option to open DeepFND as administrator.

C. In the Help tab of DeepFND, we can select the option Settings. In the dialog that appears, we
can define all initial software settings (unit system, language, company and engineer name, font
sizes, structural codes and more). We can also change the company logo, which appears in the
DeepFND reports. The logo should be in jpg format, with dimensions 300x52 pixels. After
changing all parameters, we can select to set the project as default.

. _____________________________________________________________________________________________|
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Analysis Torque Design Settlement Lateral Pile Caps Results Report View Help ‘
O o [%
About EULA (Terms| Settings i Default Settings 53 |
of Use)
] A.General  Fonts/View
‘ Other Settings | Locale
General
Base model|| Company Name Deep Excavation LLC Reset
- Cumrent
Engineer DK Project
Engi
Language [English |8 ndneer
talian
Rmax (k) FmaxT (k) F

French v

m Select
g : Image
DEEPEACANAT IO 2| ™

Units (Force, Length, Displacement)

(@) Use English Units (kips. ft, inches)

() Use Metric Units (kN, m, cm)

() Use Metric Units (N, m, mm)

() Use Engineering Metric Units (Tons, m, cm)
(") Use Engineering Metric Units {kaf, m, cm)
() Use Consistent 51 (kN, m, m)

Auto Save

[] Auto Save project file

1 (0 ([

..|L4

Save file every (min) &

[ Set Cument Project As Default ] oK
i I
u I

Figure 2.15.2: Change settings and set project as default.
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SECTION 3: MAIN SOFTWARE DIALOGS — USE OF THE SOFTWARE

3.1 Define Model Elevation and Dimensions

In DeepFND, we can define the actual model surface elevation. All the current items elevation
coordinates (ground surface and soil layer points, water table, support locations etc.) will change
according to this selection.

m General Properties Analysis Torque Design Settlement

K N i Reset ALL XVZ g2 | |1 - Gr
Project Model Move 1. Set Surface Level oring v
e Wiz | i Acated Eleve] TR e
Elevation 0 ft
Info ’ Model svanen ze Boring E
: | Design Section Coord.
s Soeisllﬁgﬂers I!Er:)rrzr?trﬁ Base model
z b v 0
English Units fft, inch, kips) [] All Boreholes (Layers) -
Design sections  Tree view Stage Elevations
Wall Elevations :‘“‘“
Design Sections Support Eleavations F =
(o P Surcharge Elevations i IR
£ 0: Base model [[] Footings & Buildings st

2. Apply Changes to Stages
(@) All Stages

This Stage Only

From Stage [0 to| 0

I- QK H Cancel ‘

Figure 3.1.1: Edit general elevation options.

Our general recommendation is to always use actual elevations for project design, and define
the general elevation in the beginning, before any other operation.

The option “All Boreholes (Layers) in the dialog is by default unselected. This is to avoid changing
the reference elevation in or boreholes (if several borings are created in the project file), and keep
the change effect in the boring that is currently selected. We can of course choose to pass the
change to all borings at the same tie if needed. The same applies to the Footings and Buildings
elevations (if they are currently installed before the general elevation change).
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Also, in the General tab of the software, we can select the option Move model Dim-Limits. In the
dialog that appears (Figure 3.1.2) we can define the design section name and the model
boundaries (top, bottom, left and right).

ieneral Properties Analysis Torque Design Settlement Lateral Pile Caps Resul
| % 1: Boring 1 - Ground (0,00 = ‘
LS - cH B Edit Boring Water -15.00 - §
el Move Model Edit soil Edit Helica
rd = Model Elev.| Dim.-Limits| type data Lactom lamnre _— ==
Modellme Soil Types Design Section Name and General Data &3

1. Design Section Name

B del
.inch, kips) ase mode

2. Soil Stratigraphy - Boring
s Tree view

This design section uses Stratigraphy or Boring | Boring 1 <
ne Fmax fk) Rmax k) 3. Boundaries / Model Limits
odel : : | Top 15 i

‘ Left |-15 ft Right | 15 ft
Bottom -55 ft

4. Wall In-Plane Rotation
Angle in plane from y+" axis 0 deg

This angle rotates the wall angle from the horizontal y+" axis. To see the
effect, change the angle say 10 degrees and go to View Top-Flan.

[ ok ][ Ccancel

Figure 3.1.2: Design section options and limits

3.2 Define Project information

| the Project Information dialog (Figure 3.2.1), we can specify the Project Name, file number (or
job number) and the name of the engineer preparing the analysis.

n General Properties Analysis Design Settlement Later
K IE Project Information &3

Project | Model Projectinformation
Info |Wizard | N Project Name My Project

Info ‘ File Number 1

Units Prepared By Engineer

English Units ft,inch| Additional Description
Deep Excavation Project

Design sections  Tre

Design Sections
? 0: Base model

| ok ][ Cancel

Figure 3.2.1: Project information dialog.
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3.3 Define Soil Properties

One of the first actions to create a project in DeepFND software is to review the geotechnical
report and create a list of soils with their soil properties. These soils can be later used to define
the actual stratigraphy of the project area.

By pressing the Edit soil type data button of the General tab of DeepFND, the Soil Types dialog
appears. Here the we can use the options on the left side of the dialog to create as many soil
types as needed (Figure 3.3.1), access them one by one and define their properties.

General Properties Analysis Design Settlement Lateral Pile Caps Results Report View He
i’\ E &2 Soil Types ? X
au M- — E‘;::a - Soil Types 1. Name and Basic Soil Type
odel ove e soi -
Soil N F Col
Nizard | Model Elev. Dim.-Limits | type data i ame |_ : e
‘ o = Descri pt|0n| Miscellaneous fill
b Model Limits l Soil Types e e e |
. Show test data | [*
@® Sand Osit O Rock (SPT. CPT
its fft. inch, kips) QO Clay (O IGM (intermediate geo mat) Ec)
ctions  Tree view O Gravel
T 3. Default drained-undrained behavior for clays (See Theory Manual)
ections Fmax ) Rmax k) Undrained Drained
se model - -
A.General B. Elastoplastic Lateral E. Adv.
4. Unit Weights - Density
7, rof (2] 7 [120 Ject y=[578 ]
5. Strength Parameters and Poisson Ratio
Drained strength properties
o Jest & [0 Jdegrees [ l
0% ]3]
5. Atest coefficients
mitensd | ranclos ][] socrfps 5]
Copy Soil Ko = KoNC * (OCR)"nOCR
6. Ultimate bond (grouted piles when bond option is selected)
Delete Selected Soil —
1 skin.u IEI Pt t]
Delete all soils
Paste Soil [[] Rock joints are open filled with gouge
‘ QK ‘ [ Cancel

Figure 3.3.1: Open soil types dialog and edit list of soils.
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oA QO A % A
Clays

1. Name and Basic Soil Type Helical anchor  Pile Edit / add Analysis
I| | Soil Name IF I Color |INR sections,. sections pile loads Default ~ | settings

Descriptionl Miscellaneous fill E DileSechans 1 Externalloads
2. Soil Type - Behaviour - -
@® Sand Osilt O Rock Color X X
() Clay () IGM (intermediate geo mat.) )
() Gravel Basic
3. Default drained-undrained behavior for clays (See Th

Undrained Drained

Clays

]
-4
o
7]

A.General B. Elastoplastic Lateral E. Adv.
4. Unit Weights - Density

7 [120 Joct 7y [120_oct

5. Strength Parameters and Poisson Ratio
Drained strength properties

c'El psf &' E degre)

171 FAEEENE
1T HEEENET
17T "THEEER

Hue: Red:
Sat: Green:
v Define Custom Colors > ColoriSolid |, Blue:

H‘ A Kt oot Cancel ‘ Help ‘ ’ Add to Custom Colors ‘
KoNC[o5 [51 nocRlos 1151 _ ’ :

Figure 3.3.2: Define name, color and soil type of each soil.

Depending on the soil type of each soil (Sand, Clay, Silt, Gravel, Intermediate geo-material or
Rock), we have to define the general soil properties. Several properties can be defined for each
soil (Poisson’s ratio, permeability, At-rest Earth Coefficients etc.).

For frictional soils (sands, silts, etc.) we have to define the unit weights, the cohesion and the
friction angle (Figure 3.2.3). For clays, we also have to define the default clay behavior (drained
or undrained). Based on this selection, we have either to define the drained shear strength of the
clay and the friction angle (drained condition), or the undrained shear strength of the clay Su.

When we wish to use concrete or grouted steel piles, we should also define the q skin value for
each soil. This is the ultimate bond resistance between each soil and the concrete grout.

Our general recommendation is to review the geotechnical report carefully and always consult
the person who conducted the report about the proper soil types and properties. The use of
undrained clay behavior should be avoided for clays that are located above the water table, since
it is unlikely to be fully saturated, thus working as an undrained clay.
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&8 Soil Types ? X
Soil Types 1. Name and Basic Soil Type
Soil Name [F Color
8; Description ‘ Miscellaneous fill
51 2. Soil Type - Behaviour
v [@Serd]  Osit  ORock Sl
gT O Clay O IGM (intermediate geo mat.) Ec)
O Gravel
3. Default drained-undrained behavior for clays (See Theory Manual)
Undrained Drained
IA. General I B. Blastoplastic Lateral E. Adv.
4. Unit Weights - Denﬂ
7,2 Jeet 2] 7 [20 et 776 ]
5. Strength Parameters and Poisson Ratio
Drained strength properties
oo o Jumoe G
% ]
| 5. At+est coefficients
i - -
| potenst || el ][5) socmps 5]
Copy Soil { Ko = KoNC * (OCR)"nOCR
"| 6. Uttimate bond (grouted piles when bond option is selected)
Delete Selected Soil p—
< skin.u \EI = u
Delete all soils

‘ Paste Soil ‘

[[] Rock jeints are open filled with gouge

&2 soil Types
Soil Types

F
o1
02
S1
GT
R

‘ Add New Soil

‘ Copy Soil

Delete Selected Soil

‘ Delete all soils
‘ Paste Soil

? X
1. Name and Basic Soil Type
Soil Name [V Color
Description |Varved clay (glacial)
2. Soil Type - Behaviour
X Show test dat:
O Sand Osit  ORock (SPT CPT.
intermediate geo mat. [
O O IGM i i ) Etc)
O Gravel

3. Default drained-undrained behavior for clays (See Theory Manual)
(©) Undrained ") Drained

A. General| B. Hastoplastic Lateral E. Adv.

4. Unit Weights - Densﬂ
7 [ Jut ) 7a[® i 7

5. Strength Parameters and Poisson Ratio
Drained strength properties

o0 o ) o[E e
Undrained shear strength
ERTS
%]
5. Atest coefficients
KoNC[0530528] [>] nOCR[05 |[5]

Ko = KoNC * (OCR)"nOCR
6. Ultimate bond (grouted piles when bond option is selected)

8 skin.u E psi

[] Rock jeints are open filled with gouge

Figure 3.3.3: General soil properties — Sands and Clays.

The General soil properties are summarized in the following table:

Symbol

Yt
Ydry

7’

C
Su

v
d)l
KoNC

nOCR
Qskin, u

Description
Total unit weight of soil (used below the water table)
Dry unit weight of soil (used above the water table)

Effective soil cohesion

Undrained shear strength (used for clays when undrained modeling is
selected). In the non-linear analysis this is used as an upper limit strength
Poisson’s ratio (used for loads calculated with theory of elasticity)

Effective soil friction angle

Coefficient of at-rest lateral earth pressures for normally consolidated

conditions

Exponent for calculating Ko with Ko=KoNC*[(OCR)”*(nOCR)]
Ultimate bond resistance (when bond option is selected)

In addition, there is the option that Rock joints are open filled with gouge. Also, when a Rock soil
is selected, user can define the value of RQD and the bearing capacity for rocks.
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In the Elastoplactic tab of the dialog (Figure 3.3.4) we can define the soil model for each soil in
the list. The available options are Elastoplastic, Exponential (hyperbolic) and Exponential with a
linear creep.

&2 Soil Types ? X
Scul Types 1. Name and Basic Soil Type
Soil Name IF Color
0 2 Description | Miscellaneous fill
51 2. Soil Type - Behaviour Mo 1 o
. Show test data
gT @® Sand Osilt O Rock (SPT. CPT.
R () Clay O IGM (intermediate geo mat) | Eic) J
(O Gravel
3. Default drained-undrained behavior for clays (See Theory Manual)
Undrained Drained

A General |B. Elastoplastic | Lateral E. Adv.
10. Soil Model and Behavior

Elastic-Plastic (Linear Load-Reload N ;
- D Assume strain

Exponertial with Linear creep softening (adv.)
10.1 Loading Elasticity Paramaters

Eload ksf E]
ewlos | (5] Prefz  Jksf 3]

Add New Soil ’
Copy Soil ’
10.2 Reloading Elasticity ModL_JE_
a3 | [

Delete all soils ’

| tensa |
| cms |
\ Delete Selected Soil
| Ooedmk
| et |

Paste Soil ’

Figure 3.3.4: Soil Model options.

The soil model parameters are summarized in the following table:

Symbol Description for elasticity parameter
Eload Loading modulus of elasticity
exp Exponent for exponential soil model
Pref Reference stress for hyperbolic soil model (2 ksf or 100 kPa typical)
rF Factor that determines when linear creep behavior kicks in (0.5 to 0.9)
when exponential with linear creep model is selected.
erF Ratio of ultimate failure strain to strain where exponential behavior ends
for exponential soil model with linear creep
rEur Ratio of reloading elasticity modulus

Ratio Eside/Eload for loads.
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In the Lateral tab we can define the lateral pressure parameters of each soil (subgrade reaction
modulus for sands, e50 value for clays, Krm value for rocks). These properties are used for the
lateral analysis of the foundation piles. The following options are available:

>

Lateral options for Sand soil layers:
e Models for Sand: Sand APl / Sand Reese

e PY Model data: Specify the subgrade reaction modulus, k

Lateral options for Silt soil layers:

e PY Model data: Specify the subgrade reaction modulus, k

Lateral options for Clay soil layers:

e Models for Clay: Stiff clay with no free water / Stiff clay with free water / Soft clay
e PY model: Specify strain at 50% of failure, e50

Lateral options for Rock soil layers:

e Model for Rock: Weak rock
e PY model: Specify Unconfined compressive strength of Rock, qu

the overall stiffness)

Soil Types

01
02
s1
v
GT
R

\ Add New Soil J

\ Copy Soil ‘

Delete Selected Soil

t Delete all soils ‘

\ Paste Soil ‘

1. Name and Basic Soil Type

Specify Rock Quality Designation, RQD (%)
Specify Weak rock constant for Reese PY model, Krm (between 0.0005 and 0.00005, controls

Soil Name [F

Color

Description | Miscellaneous fill

2. Soil Type - Behaviour
@ Sand QO silt
QO Clay

O Gravel

O Rock
O IGM (intermediate geo mat.)

(SPT. CPT.

3. Default drained-undrained behavior for clays (See Theory Manual)

A. General B. Elastoplastic |Lateral

E. Adv.

Select Model for lateral analysis
Available models for sand
©) Sand API

PY model data

subgrade

(") Sand Reese

lus k|30 pei [>]

Show test data

Ec)

Soil Types

\ Add New Soil \
' Copy Soil ‘

Delete Selected Soil

\ Delete all soils ‘

l Paste Soil ‘

1. Name and Basic Soil Type

Soil Name [V Color
Description |Varved clay (glacial)
2. Soil Type - Behaviour ]
O Sand Osit  ORock Sl
@ Clay O IGM (intermediate geo mat.) EBc)
O Gravel
3. Default drained-undrained behavior for clays (See Theory Manual)
(@) Undrained () Drained
A General B. Hlastoplastic | Lateral |E. Adv.
Select Model for lateral analysis
Available models for clay
~) Stiff clay with no free water ~) Stiff clay with free water
©) Soft clay
PY model data
©50[0005 |[>]

Figure 3.3.5: Lateral parameters for sands and clays.
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In tab E. Advance, there is the option to include soil in parameter variation for Eurocode 7 type
codes. It is recommended to keep this option selected. In addition, here the user can define a
USER defined ultimate bearing pressure. This will be used only if the respective User pressure
method is used in the analysis tab. Finally, in the advanced tab, user can select that the Su values
can be calculated from an initial defined value, modified with the vertical effective stress
multiplied with a user defined constant.

& Soil Types ?

Soil Types 1. Name and Basic Sail Type

Soil Name |F Color

8; Description | Miscellaneous fill

51 .%3.50" Type- EEh?-Tou.r —~ Show test data
W (_) Sand ) Silt (_) Rock (SPT. CPT
ET () Clay ) IGM (intermediate geo mat.) Ec)

(®) Gravel

3. Default drained-undrained behavior for clays (See Theory Manual)

A. General | B. Hastoplastic | Lateral | E. Adv.
Include soil in parameter vanation

Include in parameter variation (i.e. Eurocode, Statistical analysis).
v] It is strongly recommended to keep this option checked.

Default Behaviar of clays is defined in this dizlog. Please adjust the
Drained and Undrained behavior for clays in every stage from the
Analysis tab.

User specified ultimate bearing pressure

9 Bearing.ULT 0 kst

Add New Sail
B. Clay 5u start value and vertical effective stress (initial stage)
[ Suvalues calculated from initial effective vertical stress
Su=5u.Start +m3 o l(,f"‘nl',"f(:lrIir|'||it—f=quiIiI:lriLIn:I
Delete Selected Soil
Su.Start psf m3= 0

u

Delete all soils
Paste Sail

Lo ] [ew=

Figure 3.3.6: Advanced options tab.

The soil properties in DeepFND can be defined using the following methods:

A. Manually defined by the user based on the geotechnical report, previous projects and the
designer experience.

B. Use of the DeepFND SPT Estimator tool. When we press the Show test data button, we can
access the DeepFND SPT Estimator., where we can define the NSPT value for the specific soil in
the NSPT bar. The software can estimate the soil properties from the NSPT. Choosing the option
“Elasticity modulus”, the elasticity parameters of the soil can also be estimated.
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1. Name and Basic Soil Type

Soil Name |F Calor Test Data | SPT Estimator |Notes Other
" -I[.Jrescriglh(liscellaneous fill Nspt '
. Soil Type aviour o e
@ Sand O silt oc (SPT. CPT. 0 10 20 20 40 50 60
QO Clay (O IGM (intermediate geo mat.) Ec) . '
O Gravel L
3. Default drained-undrained behavior for clays (See Theory Manual) i S0 L L et el L
Undre Drained & '
A General B.Hastoplastic Lateral E. Adv. 20 1 o 50 0
4. Unit Weights - Density
R - I B
5. Strength Parameters and Poisson Ratio 0 500 1000 1500 2000
Drained strength properties '
Su
et ) E 0 Jewes [
0 2000 4000 6000 2000
I Elasticity modulusl
Important Note:

(e

5. Atest coefficients

Ko = KoNC * (OCR)"nOCR ;

6. Ultimate bond (grouted piles when bond option is selected)

. skin.u E e B

The ultimate skin friction can be used to calculate the geotechnical
capacity of tiebacks.

To do this, you have to switch on the Use Soil Bond Strengths
Options for the tiebacks. Otherwise, the program will either average
the vertical and horizontal confining stresses or use the bond stress
as defined in the Geotech tab from the tieback section option.

Figure 3.3.7: SPT Estimator in DeepFND.

C. Use of the partial estimation tools, existing ne
of these arrows will offer specific values based
scientific methods for the calculation of the specifi

xt to almost every value (small arrows). Some
on soil types, and some others will propose
c value. In this case, we will have to define one

on more test results in the Test Data tab (data for standard penetration tests, cone penetrometer

tests, pressuremeter tests etc.).

Soil Types

Copy Soil

Add New Soil

Delete Selected Soil

Delete all soils

Paste Soil ’

1. Name and Basic Soil Type

SPT Estimator Notes Other

Soil Name [F | Color
== 1. Standard Penetration Test Data - Relative Density
Description| Miscellaneous fill
(SEICCETS

O Clay O IGM (intermediate geo mat.) Ec) NGD-W B Hammer Efficieny n= E %
O Gravel DR|Omitted | % [T_|
3. Default drained-undrained behavior for clays (See Theory Manual) 2. Specimen In-situ stresses and Plasticity Index

Undrained Drained

. General B. Elastoplastic Lateral E. Adv. -
4. Unit Weights - Density Eiy kst £ a0 mm
y (8 Jot ) 7ay[@ Jt rFE ]
5. Strength Parameters and Poisson Ratio
Tore b 3. Cone Penetrometer Data
< st 3] &' (30 |degrees  [>] Qshatt [Onited | ksf Qtip[Omitted | ks
Bustamante TA95 - Pressuremeter Pl s
XP 94-240 France (soil nails-gravity)

v FHWA 2003 (Pressuremeter)
5 Nt reat cocthacnts From Graphs and Pressuremeter Pl

KoNC EJ nOCR Q1 - FASCICULE 62, France (Pressuremeter)

Ko = KoNC * (OCR)"nOCR Q2 - FASCICULE 62, France (Pressuremeter)
6. Ultimate bond (grouted piles when bond option is selected) Q3 - FASCICULE 62, France (Pressuremeter)

q skinu |20 psi 5 Q4 - FASCICULE 62, France (Pressuremeter)

[[] Rock joints are open filled with gouge

Figure 3.3.8: Local soil property estimation tools in DeepFND.
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3.4 Define Soil Layers - Statigraphy

In any DeepFND project file we can define unlimited number of borings, to simulate all different
boreholes as described in the geotechnical report. If needed, we can assign a different boring in
each design section from the drop-down in the General tab of DeepFND.

General Properties Analysis Design Settlement Lateral
k | % 1: Boring 1 @
- cPy 1: Boring 1 ‘
Maodel Move Maodel Edit soil 2. B-2
Wizard = Model Elev. Dim.-Limits | typedata |..p 5
o L Model Limits Soil Types | = Use Boring

Figure 3.4.1: Assign a boring to the selected design section.

When we select the option Edit Boring in the General tab of DeepFND, the Edit Soil Layers dialog
appears. There we can select to add new borings in the project database. We can access each one
of them and define the stratigraphy by defining top of the soil layer elevation and select a soil
type below the specified elevation from the list of soils, for each soil layer (Figure 3.4.2). We can
repeat soil types in different depths.

Analysis Design Settlement Lateral Pile Caps Results Report View Help )
% 1: Boring 1 i Groun( =] Soil Layers £
CHE B Edit Boring [ Wate! 1. General Boring Information - Coordinates

Edit soil Name Boring 1
ts | typedata Custom layers ~
Soil T Use Bori Bl Coordinates X 50 ft Y|[0 ft
or ypes | == conng s The x coordinate controls where the boring is shown in your design section view.
Base model Each design section uses one boring (soil strata). You can use a different boring on
= each design section.
SPT Data Option (Applies to Design Section)
S ¥ SPT Record | Not assigned ~ [ Add edit SPT records ]
) Neme =2
Rmax (k) FmaxT (k) F B 120 CPT Record Option (Applies to Design Section)
5 O1(UND) | 1
St E CPT Record | Not assigned v ‘ Add edit CPT records }
. Boring Layers - Layer Elevations
Top Soil type OCR Ko Edit

E ~ |1 0.5 Edit

. 01 v |1 0.5616... | Ed

/ S1 > 0.4408... Edit

01 [UND.} " . ‘
A Add New Boring ‘
Delete Selected
Boring (Stratigraphy)
sl — -
| Clone Boring ‘ ‘ Insert Layer l \ Delete Layer l

{ OK H Cancel

Figure 3.4.2: Define soil layers in DeepFND.
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3.5 Define Pile Properties

DeepFND can be used for the design of helical and non-helical piles. On the other hand, HelixPile
can design only helical piles. This section presents the Edit pile dialog properties in each case. This
dialog appears by double-clicking on the pile in the model area.

Edit Pile Properties — Helical Piles (DeepFND and HelixPile)

By double-clicking on the pile in the model area, we can define the general pile properties. In the
dialog that appears, we can define the top of the pile elevation, the pile installation angle and the
pile depth. If the shaft is grouted, we can also define the grout diameter.

Edit Pile Dimensions and Data, Stage: 1

A.General B. Prestress-Unbraced C.Comosion D.Results P Lateral

Section
Pile Properties Pile SideView
1. Selection of Support Type
General pile type | Helical Pile
2. Support Structural Section Used
Structural Section | Pipe 3" v Edit |
3. Dimensions
1.1 Coordinates at Top of Pilg 1.3 Lengths
%o n "
z s |
7.5m
1.2 Angles
“0 e
4. Shaft grouting
/| Shaft is grouted dgrom cm
V| Grout extends to specified distance from bottom =i
Distance from bottom Lgb| 1 m
5. Activate/Deactivate pile - Permanent or Tempaorarny A T Wl
| Activate support for this stage Temporary support i » e 4 L i

Graphics Control

[ Fit to image scale
Figure 3.5.1: Defined general pile properties.

By pressing the button “Edit”, we can update the helical pile section database (see section 3.6).
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Edit Pile Properties — Non-Helical Piles (DeepFND Only)

By double-clicking on the pile in the model area, we can define the general pile properties. In the
“Edit Pile Dimensions and Data” dialog that appears (see Figure 3.5), we can define the following
options:

Pile Type (Helical or Non-Helical pile)
Free length (where adhesion or side resistance is ignored).
Installation angle (90 deg = vertical pile)

Installation method (option available for non-helical piles only). The following options are
available:

e Drilled piles

e Driven piles

e (Caisson piles

e Micropiles

e CFA (Continuous Flight Auger) piles

e Drilled-In-Displacement piles

Structural section and pile length. User can define the depth of each pile segment and select a
structural section. The structural sections list can be updated by pressing the “Edit” button next
to each pile section segment.

By selecting to Edit the structural section, we can update the non-helical pile sections database
(see section 3.7).

. _____________________________________________________________________________________________|
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A.Genenal | B, Prestress-Unbraced | €. Conmsion | D, Resuts | E wih Depth | Py

Pile Name
Name

T —Select sitetvoe and instatiat nmethod =, !
[~ File P —File SideView section A-A

—1. Selection of Type f

Typeof Support: [NenfelcalPle v F 4 |
Installation method | Diled v T
e s —— 2
[ Use belled bottorn Edit bell base dimensions |
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X4 it Lires 0 ft :
- : - £
fﬁne pile free lengt e
and section
Concreteple |||
1 A A
| ' I
e
~Graphics Contral
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Show full calculghons OK Cancel

Section name
|Concrete pile

St | materi
Cmc:ebemalrcj,_. v K 3 ki
Hebaralﬂa!rrﬂtia_adum v fy &0 ksi

| Section Propetties | Sieel sections - Hollow bars |
Dimensions “Reinforcement
D 24 |in Rebars

B .in | Bars# #5 v N 10

Add New File Section l

Dedete Selected Pile
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Figure 3.5.2: Define pile type and structural section.
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3.6 Edit Helical Pile Sections (DeepFND and HelixPile)

By selecting the button “Edit” in the Edit pile dimensions and data dialog (see Figure 3.5.1 above),
the Helical Anchor Sections dialog appears. In this dialog we can create a list of tieback sections.
We can access each tieback section independently and modify it, defining the anchor structural
section type, the material and dimensions, the helix configurations and the parameters for the
geotechnical capacity calculations.

In the Helical Anchors dialog, we can select an anchor from the existing database of anchors or
add some sections to the database. All the created anchors can be accessed and modified
independently. In the General tab, we can define the pipe diameter, thickness and material, the
torsional pipe capacity and the helix configuration (number of helixes, diameter and thickness of
each helix, helix spacing).

Structu
sections ’7HB| ical sections B. Geotechnical capacity options | C. Advanced |
: T = SERECIVACE CRNGCRY ORI, | o INNERCRC |
perties M| Spaft 2-7,/8x 12inch helx Ll . .
i Shaft 3-1/2x 12inch helix Shaft 2-3/8x 12inch helix Manufacturer | RAM JACK
- B || Shaft 4-1/2x 12 inch helx 2 7 ] T e
MH313Galvarized Tel: |Not specified _ web |www ramiack com
mi;ﬁ%ﬁ:gﬂgﬁd -2. Shaft-pipe dimensicns and properties =
MH325R-Galvanized fyln v |ksi fulg7n ks Elgd |ksi
MH425-Galvanized : T z
MH425R.(33;ﬁrEI:iiezed Diameter |2375 in laax| 0 ind Torsional pipe capacity
MH431-Galvanized X . 2 R - %
s Sl Thickness (013 | in Sel07  [in3 oo THE
MH625-Galvanized ) - y Tolastic|2 47 k-t
MHE25R-Galvarized Area Apipe [1.304 | In2 Zxd 0.9 L
EL 0ftl || MHB37-Galvanized - .
uﬁﬁﬂ-?ﬂ-(&ialvqniz;d [~ Shaftis grouted externally J1s Tensile shaft capacity
G46-Galvanize T z : (
MHE46R Galvarized e PR (0755 | Qyield 7824 [k
Define Pipe Section Properties Qultimate(104.32 |k
h 3. Helix dimensions and properties ﬁE{'IITE—Pi'ﬂE_CHpECitI'ES_
Manage Anchor Number of helix plates (o5 ]
F Sections List (recommend 1t0€) |2 = I
:lf:m ¥ Use different size plates
st T | Diameter | Spacing Thick Effective Area Ukt Capacity
e Eles! sSeten 3 0.375 0755002 87
Delete selected helical section i | i i l s i
Borin %ﬂ'ﬂ Add a new plate | | Delete selected plate

—B. Beam-on-elastic-foundations Option

. Ignore capacities for spring metheds (Spring WILL NOT FAIL). Equivalent
X618 ¥ to WIRE command.

Figure 3.6.1: Define helical anchor section properties.

DeepFND has already helical sections from Magnum, Ramjack and Chance incorporated (Figure
3.6.1). The following parameters can be defined in this tab:
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Symbol/Option
Fy

Fu

Diameter
Thickness

Ixx

Sxx

ZXX

Telastic

Tplastic

E

Apipe

Qyield
Qultimate

Helix diameter
Helix spacing
Helix thickness
Effective helix area
Helix pitch
Qhelix

Description

Tensile Yield Strength of anchor
Tensile Ultimate Strength of anchor
Anchor diameter

Anchor thickness

Moment of inertia

Elastic section modulus

Plastic section modulus

Torsional elastic pipe capacity
Torsional plastic pipe capacity
Modulus of elasticity

Area of the pipe of the anchor
Tensile yield shaft capacity

Tensile ultimate shaft capacity

The diameter of the helical plate
The spacing between the helical plates
The thickness of the helical plate

The effective area of the helical plate
The helical plate inclination
Ultimate tension capacity for one helical plate

In HelixPile we can define an unlimited number of helix configurations. When defining the plate
diameter, thickness and pile capacity, we can press on the button “Add configuration” and the
configuration is added in the local pile database.

. Define mechanical connection
Perimeter |23.939 cm [] tension strength

3. Helix dimensions and properties

Use different size plates

Lvailable configurations| 1- 520 32525 4530 48 w
End offset m

Diameter (cm)

2 |254
3 | 2048

Spacing {m) Thick {cm) m2) kN)
b 061 0.952 0.027871 445

0.61 0.952 0.04608 445

0.762 0.952 0.068377 445

Effective Area LIt. Capacity

Add a new plate | Delete selected plate | Save configuration |Delete config. | Add configuration

Figure 3.6.2: Edit helix configurations.
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In the Geotechnical capacity options tab, we can select and define the parameters for the pullout

capacity method.

Helical sections

Shaft 2-7/8x 12inch helx
Shaft 3-1/2x 12 inch helix
Shaft 4-1/2x 12inch helx
MH313-Galvanized
MH313R-Galvanized
MH325-Galvanized
MH325R-Galvanized
MH425-Galvanized
MH425R-Galvanized
MH431-Galvanized
MH431R-Galvanized
MHE25-Galvanized
MH6E25R-Galvanized
MHE37-Galvanized
MHE37R-Galvanized
MHE46-Galvanized
MHE46R-Galvanized

Add new helical section

Delete selected helical section

A. General .I B. Geotechnical capacity options I & ]

—3. Estimate geotechnical

u Use a limiting
vertical stress

1. Pullout ity method and g ical safety factor =
" Use torque rating method & Individual bearing resistance method ~ FS |2
& Torgue rating method E. Indriidual beanng method
Torgue rating (by [ 1. Include shaft resistance (on fixed length)
manufacturer) I™ Include shaft resistance
4 ke-ft

G ymax 0 ksf

Torgue installation factor kT
9.9999993¢| 1k

(—2. Use soil-concrete bond strength
I™ Use general soil bond values
I™ Use user ultimate bond 20 psi

|—3.A. Frictional Shear Resistance
& on steel 50 %

5 on concrete

Performance tests should a_Iways be

[—3.B. Cohesional Shear Resistance

v ! 1 =
Wiith this methed the ultimate el %=
geotechnical pullout capacity is Use Adhesion Cohesion  Adhesion
calculated as: Factors kst Factor
Pult = kT x Torgue rating
The torgue rating can be determined oo 1 038
during installation or from f: .
guicelines, fore=={2 05

carried out to verify the
geotechnical capacity.

Figure 3.6.3: Helical anchor geotechnical capacity options.

An external casing can be defin

ed as shown in Figure 3.6.4.

Helical anchor sections
Helical sections

A. General

B. Geotechnical capacity options

C. Concrete

D, Extemnal casing

LIse an external casing (check that diameter is greater than inner section)

Extemnal casing properties

Chameter in
Thickness in
Area Apipe e

b 23981 |ind
Sxx|57.96 |Ind

SO

J| 573,623 ind

Figure 3.6.4. External casing options.
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3.7 Edit Non-Helical Pile Sections (DeepFND Only)

From the Pile Sections dialog, we can create a list with pile sections that we can use along the
pile. We can add several pile sections to the list on the left side of the dialog, access each added
section and edit them independently, by defining the pile section type, dimensions and
reinforcement.

Pile Section Section name snd type Select section tYPe | section Draving
Concrate pils Section name ‘
Mewe-Section 1 New-Section? O Circular D

Structural matenals
i9 Concrete mat. | Fo 3 X i Rectangular
s e it fy Circular
[materials

Section Froperties | Sl sections - Hallow bars Circular Hollow
Dimensions ~Reinforcemdg
D 24 & Rebars Octagon

1 Bars it 4
c|5 in | Steel (H, o pipes)

Edit section Timber pile

Add new dimensions E : |
' Bars# 23 v
sections ~Options -

w-13mm - 18mm [T Use user defined reinforcement

Add New Pie Section

Delete Selected Pie I
Saction

Figure 3.7.1: Edit non-helical pile sections.

In DeepFND we can select each pile section to be rectangular, circular, circular hollow, octagon,
steel beam or timber pile.

For reinforced concrete sections, user can define the rebar size and number of bars. For steel
sections (pipes, H piles, channel sections), user can select the steel section from the software
implemented databases.

Finally, we can create composite sections (i.e. use both rebars and steel beams).

If we wish to change the pile section along the pile depth, we simply need to create here multiple
pile sections and then use them in different depths along the pile (section 3.5 — Figure 3.5.2).

. _____________________________________________________________________________________________|
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—Section name and type

! Section Drawing |
e pile Section name
«ction 1 . D=24in
s sz | K x
r—Structural materials
Concrete mat. | Fr s W e 3 ksi
Rebar steel mat. | Grade 60  v|  fy 60 ksi
ISEdiOﬂ Propetties | Steel sections - Hollow bars |
—Dimensions —— | Beinforcement
D!'24 lin Rebars
— Bars & | N/10°
cs n | s~ HO
Shear Reinforcement - ]
Bars# 3 w
— Options
x-13mm  ¥:-18mm [T Use user defined reini
V6 in
_| A in2 F5icai: | [ TR
360 ©|218 |deg o (30 |deg
lew Pile Section m{é=_25 i i |

Figure 3.7.2: Edit reinforced concrete section reinforcement.

?chnn name and type Section Drawing —
Section name =
Jew-Section2 I Steel (H, or pipes) ~ 1
tructural materials B
Concrete mat. | Fe i W i 3 ksi
Rebar steel mat. | Grade 60 w fy 60 ksi —

:eel Section - Hollow bar

Section Properties

| Edit Steel Section |

o« H Use a steel |-Sectio

i @ Use a pipe section

Apply section
properties

Section Rotation
" Flat =
& Vertical T

Select Fy

fy|0

ol D Use hollow sections

[™ Edit properties

3. Section Dimensions - Mec]
D235 |in
bf 10 in

ind

A 27
0.

™ 10.9
ry 212
rT 253

Cw 21300

lyy 12|
Syy 2

=l

x| 3270

S 243 in3

|5 Datal

Figure 3.7.3: Edit steel section reinforcement.
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3.8: Edit Pile Caps

After a pile cap is generated (see section 6.1), we can access it and edit the pile cap properties
(dimensions, loading, pile properties). To access the Edit Pile Cap dialog, we can double-click on
the pile cap in the model area or select the option “Edit Pile Cap” in the Pile Caps tab of DeepFND.

General

Properties Analysis Design Settlement Lateral Pile Caps Results Report View Help
1l ﬁf i»\ +£ Drilled pile methods Edit [T Top View £ Mxx © Shearx-x Lo Avial S5 yaxis -850
. I : b: : m [T Use pile analysis profiles (see above) IliAdd pile (draw on plan) = £ Myy i Sheary-y /J] Mesh width | 1.00 :
Single pilefPile cap| | Pile Cap Edit = 2
analysis [analysis| [ Wizard pile cap ¥ Draw a pile cap [7*px [* by \ll Dz [T 3D View
N

Analysis Type \ Edit-add pile caps Pile analysis profiles Plans Pipe Cap Results

[] Treat as pile raft (includes base resistance and soil springs)

Out of plane view |
Units Base model
English Units fft. inch, kips) Base model
Design sections ka [ [ vz =] [ee]= o [fm]em]
Design Sectior] 4, Footing &tions (3D Loads) X
#2/0: Base mo{ General i Layout  Advanced Point Loads | Area Loads | Linear Loads
- o
o |k T Lterel neraclon | automatic seecton based onlosd drection | |
ZD: LD - :x e Aodal interaction fa'f‘;’f) ‘Atomatic approach (D, Konstartakos) v ]
- = —

<

D Rectangular pile cap

Plan dimensions

sm

:

By20

[ Ignore pile cap weight

] D deg counterclockwise

yz)
Loading mode | Multiple loads at user defined locations

v

i
| |

Figure 3.8.1: Access the Edit Pile Caps dialog.

|

In the General tab of this dialog, we can define the pile cap shape, dimensions and loading mode.
We can also set the lateral and axial interaction factors.

General| Pile Layout Advanced Point Loads Area Loads Linear Loads
Name [New Footing | Analysis options
X|D |ft T|3 !ﬂ L?;il;zlr;nfg.r:f:;c‘:g Automatic selection based on load direction ~
7 L : Ignore interaction effects {not recommended
Dﬁ L6 ft Axial interaction fa?tors Automatic selection based on load direction
Y[o | [ Place At Surface (P2) User defined o o
[] Treat as pile raft (indCalculated at each axis independent of load directiol

0

D Rectangular pile cap
P :
D Rectangular pile cap

[ Ignere pile cap weight

O Circular pile cap p D deg counterclockwise
A Triangular pile cap L od boations ”

O Hexagonal pile cap

O Octagonal pile cap

@ User defined perimeter =

Figure 3.8.2: Define the Pile Cap shape and interaction factors.
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In this tab we can select to treat the pile cap as a pile raft, taking into consideration the combined
effect of the soil below the raft (the additional module Pile Rafts is required for this option). We
can also select to include or ignore the cap weight in the calculations. If the pile cap supports a
footing, we can define the footing dimensions and loading.

General | Pile Layout Advanced Area Loads Linear Loads

MName |New Footing | Analysis options
A0 ft T(3 f Lafi;%rtzlr;n%;r:lcggg Automatic selection based on load direction w

Z[o ft L S
Dﬁ Aorel nlexexciioe fa?'g);s) Automatic approach (D. Konstantakos) w

Ylo ft [] Place At Surface '
Treat as pile raft (includes base resistance and soil springs)

D Rectangular pile cap - Default {adjust free length of interior piles to capture strain compatibilit -
Plan dimensions » Use soil spring stiffness at pile cap center faster) ~

Bx ft B‘,fft [ Ignere pile cap weight
e D deg counterclockwise

Loading mode | Single load at centroid =

POk
Lateral Fx D k Lateral Fy D k
Moment M D k-fit Moment Myy D k-ft

Concrete material | 3 ksi Concrete i

Figure 3.8.3: Footing properties, pile weight and option to treat Pile Cap as a Pile Raft.

Finally, we can select either to include a single load at the cap centroid or use multiple loads. The
latter option allows as to define multiple external point loads, applied on different positions on
the pile cap. This also allows as to use the software staging in order to define different load
magnitudes on different stages, applying the maximum compression and tension load. Additinal
area loads and linear loads can be used in both cases.

Loading mode | Single load at centroid

Single load at centroid
Multiple loads at user defined locations

Lateral Fx |0 k Lateral Fy D k

Figure 3.8.4: Loading modes.
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In the Piles Layout tab of this dialog we can add new piles on the pile cap and define the pile
positions and structural sections.

By selecting to Edit the section of each pile, the Edit Pile dialog appears (see section 3.5).

i 4 Footing Options (3D Loads X peview | General - Accele
1 General Advanced Point Loads Area Loads Linear Loads {
All coordinates are local to the pile cap (footing center) !
Pil
‘ Pl Local s
i Nlaem = x Y Length Ro(t::tion Edit Pile | | Depth
» P11 8.033 8.033 37 0 Edit I Edit Pile Dimensions and Data, Stage: 0
P1-2 8.033 (0 37 0 Edit \ A General B. Prestress-Unbraced C.Comosion D.Results Py Lateral
P13 8.033 -8.033 37 0 Edit \
P - = Pile Properties
P21 0 8.033 37 0 Edt 1. Selection of Support Type
p2-2 0 [0 7 0 Edit Type of Support: | Non Helical Pile ~
P2-3 0 (-8.033 37 0 Edit
P31 -8.033 [8.033 37 0 Edit
P32 -8.033 [0 37 0 Edit Installation method | Drilled-in-Displacement ~
P33 -8.033 -8.033 37 0 Edit
3. Dimensions
1.1 Coordinates at top of pile 1.3 Lengths
X[8.033 ft Lfree5s |
Add piles and options
. - o o e
‘v Add pile [ Piles are fixed in pile cap
1.2 Angles
@0 Jde
Aciivjte’leacti:_ate A‘:,I,J‘l\llyl (E)ha’?gesst; "cjtagecs) This S Onl 2 Tk Sectone
Activate for this lesignSectio 1s Stage Only
Stage (All Design @ g . ! ‘ Length fft) Section Type Edit Tapered with
Sections) (O From Stage D to D N 5 pile - ‘ odt 0O
| | | = : =

Figure 3.8.5: Pile Caps — Edit pile properties.

In the Advanced tab of this dialog we can select if the footing will be treated as a point load or
not. It the footing is not considered a point load, we can define some footing area intervals, within
which the footing load will be handled as a point load.

In the Point Loads, Area Loads and Linear Loads tabs of this dialog we can define multiple loads
that can be defined on the pile cap. These options are presented in section 3.10.
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3.9: Define External Loads on the Single Piles

Add Loading Stages

In DeepFND (or HelixPile), we can select to add new stages below the model area. When we select

to add a stage in HelixPile, a new stage is added as an exact copy of the last stage. This new stage
can be modified independently.

The stages can be used as loading stages: user can define different loads on the pile head for each

stage.
\ [V] Optimize pile length E‘ h 4

Max. Depth 13.72

40flan

lysis Stages| Water

ings Step 0.31 m E options ~
Analysis settings ! ;Llé Add stage I

-l_—ILZ Delete stage

Pile STR code In1 lﬂ.L = Add Stage
Depth investigation IE: Insert stage
Steel Code: 2= 0.5 lA Stage Delete Stage
Concrete Code: <2 Copystage m Stage: Insert Stage
Ubraced length [ Pastestage = .
Drain State Clavs 2 2 Edit Name

Figure 3.9.1: Manage stages in general tab and below the model area

Define Loads on Pile Head

By double-clicking on the load on the model area, the Loads on pile dialog appears. In this dialog,

we can define a list of loads and define the vertical and lateral load magnitude for each
construction stage.

I Loads on pile X f
List of loads Load properties
I 1. Name 1
[Load 2
2. Load Type
DL: Dead load (AASHTO DC) ~

3. Load magnitude
[] Apply same load on &ll stages
Activate for current stage

Load for every stage

Active fpc‘:ri{kN} Maoment{k M-m) Horizontal |
b Stage0 120 0 15
Add new load Stage 1 a0 0 15
Delete selected load
[ Apply to all design sections Pile weight | Ignore pile weight ~ | 0K | Cancel

Figure 3.9.2: Loads on Pile dialog.
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For Axial loads:
Use a positive value (+) for compression loads.
Use a negative value (-) for tension loads.

For each load, we can define the load category. All defined loads are summed and applied on the
pile head as a total.

Loads on pile X
List of loads Load properties
1. Name
|Load 2 |
2. Load Type
DL: Dead load (AASHTO DC) v

Tioe DL: Dead load (AASHTO DC

g LL: Live load
] App(EQ: Earthquake load

Acti{CR: Force effects due to creep

DW: Dead load of wearing surfaces and utilitie
DD: Downdrag load

EH: Horizontal earth pressure load

EL: Miscellaneous locked-n force effects resu
Load { ES: Earth surcharge load

EV: Vertical pressure from dead load or earth f;

PS: Secondary forces from posttensioning

SH: Force effects due to shrinkage pment§N-m) Horizortal
b q BR: Vehicular braking force 5 15
S CE: Vehicular centrifugal force

Add new load CT: Vehicular collision force 15
CV: Vessel collision force

FR: Friction load

Delete selected load IC: Ice load

IM: Vehicular dynamic load allowance

[¥al

LS: Live load surcharge
[[] Apply to all design sections PL: Pedestrian live load v 0K Cancel
SE: Force effect due to settlement

Figure 3.9.3: Define load category.

We can choose among the following options:

DL Dead load (AASHTO DC)

LL Live load

EQ Earthquake load

CR Force effects due to creep

DW Dead load of wearing surfaces and utilities
DD Downdrag load

EH Horizontal earth pressure load

EL Miscellaneous locked-in force effect results
ES Earth surcharge load

EV Vertical pressure from dead load of earth fill
PS Secondary forces from post-tensioning

SH Force effects due to shrinkage

BR Vehicular braking force

. _____________________________________________________________________________________________|
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CE
CT
Ccv
FR
IC
IM
LS
PL
SE
TG
TU
WA
WL
WS

Vehicular centrifugal force

Vehicular collision force

Vessel collision force

Friction load

Ice load

Vehicular dynamic load allowance

Live load surcharge

Pedestrian live load

Force effect due to settlement

Force effect due to temperature gradient
Force effect due to uniform temperature
Water load and stream pressure

Wind on live load

Wind load on structure

Choose to apply the same load to all construction stages or vary the load magnitude in each stage.
Define the load magnitude.

For non-helical piles, there are options to consider the pile self-weight, either for tension, or for
all load conditions.

120 kN

ar — = - e —- p—
152 m 152 m
= = - =
465 m 465 m
20 kN
457 m 457 m

Figure 3.9.4: Defined load in each stage.

DEEP EXCAVATION 72



DEEPFND — HELIXPILE 2020 USER’S MANUAL

Define Distributed Loads

We can define distributed loads along the pile in the Lateral tab of the software. By pressing on
Bt
Edit / add

the distributedloads Ky ;tton, the Trapezoidal loads dialog appears (Figure 3.9.5). In this dialog we
can create a list of loads, and for each one of them we can define:

e The Load Type (same options as described for the linear loads above).

e Theinitial and final load application depth (Linil and Lfinal)

e The start and end magnitudes of the horizontal load components (Qxs and Qxf)

e The start and end magnitudes of the vertical load components (Qzs and Qzf)

ties Analysis Design Settlement [ Lateral ]|  Pile Caps Results Report View Help
I 4= Analysis tyf Trapezoidal Loads - O X
- h&{di: List of Trapezoid Loads Load Properties
1 Edit / add I 1. Name
distributed loads |New Load 0 ‘
| Define Load Name and Type
y 2. Load Type
DL: Dead load (AASHTO DC) v
Add or Delete Loads | ~3 Load magnitude
[ Apply same load on all stages
3.1. Forces
Fmax {k) Rmax (k) Fmax .
Lty |® LAnal[25 |k Qus[10 |Wh Qx[20 || Define load Startand End
Elevations and Magnitudes
O L o [
Add Load
Delete Load
Ok Cancel
- — T U=SUTUSETTION
ToTmwT [ 0 Start [ Section Dimansion

-1oft

i<
i<

351

20k End

s1

s

Figure 3.9.5: A Distributed load applied on the pile.
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3.10 Define loads on pile cap

In the Edit Pile Cap dialog of DeepFND we can select either to include a single load at the cap
centroid or use multiple loads (see section 3.8). In this dialog we can define either the footing
load magnitude (applied on the cap centroid), or we can define a series of point loads, linear loads
and area loads.

Single Point Load at Centroid

The load magnitudes (vertical load and lateral loads and moments on each direction x and y) can
be defined in the General tab of the Edit Pile Cap dialog:

MNew Footing (30)
P= 1200k Vx=T0k

"v"y= 80k

3 | = =

Loading mode | Single load at centroid v

oz ]
Lateral Fx k Lateral Fy k
Moment M D k-ft Moment Myy D k-ft

Concrete material | 3 ksi Concrete ne

[

Figure 3.10.1: Define Footing Loads (applied on cap centroid).

Point Loads (when multiple loads are selected)

In the Point Loads tab of the Edit Pile Cap dialog, we can select to add new point load groups in
the list. For each load, we can define the exact position (coordinates X and Y) on the pile cap, as
well as, define the point load group loads, by defining the point loads type and magnitudes
(exactly as presented in section 3.9).
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+2 Footing Options (3D Loads) X X
General Pile Layout Advanced Area Loads  Linear Loads 233 661 10.23
| All coordinates are local to the pile cap (footing center) T T © I
Load 2. Define load group pesgition

Name: Y Loads
Lo

Loads on pila

List of loads Load properties
1. Name
Load 1 |
o P R
2. Load Type
| LL: Live load v|
3. Load magnitude
L] Apply same load on all stages 3. Define load type and
SR E T R magnitudes in each stage
Aqd load group1. Add a load group
Add load group
Loadior P d::a
Activate/Deactivate " Axial Horizontal Horizontal Moment
Activate for this Active force(k) xx(k) yylk) xalkft) Moment y-y(k-ft)
[ Stage (All Design b Stage 0 ] 900 50 70 0 0
Sections)
Stage 1 E -130 60 80 0 0

Figure 3.10.2: Add a point load group and edit point load properties.

Area Loads

In the Area Loads tab of the Edit Pile Cap dialog, we can select to add new area loads on the pile
cap. For each load we can define the exact area coordinates and magnitude.

+i[i Footing Options (3D Loads) X
General Ple Layout Advanced Point Loads Linear Loads

Area load name Edit Load

New area load

Area Load Data
N 1. Name

|New area load
[ Apply to full area
‘ Edit coordinate points

2. Load Type
| DL: Dead load (AASHTO DC)
3. Load magnitude

1 Apply same load on all stages
[] Activate for current stage

T, Forces 5

Pressure E‘Wf PT1 |2 2

PT2 |4 2

i

Activate/Deactivate Apply Changes to

~aum s A

Figure 3.10.3: Add an area load and edit the load properties.
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Linear Loads

In the Linear Loads tab of the Edit Pile Cap dialog, we can select to add new linear loads on the
pile cap. For each load we can define the exact start and end point coordinates and magnitude.

+£ Footing Options (3D Loads)

X e Footihg
General Pile Layout Advanced Point Loads Area Loads Linear Loads
———Linsar Load Name Edit | aad k[t
New linear load
Linear Loading X
1. Name L
e 2o 0 | 10/
x2|3
Y2|-5
2. Load Type ©
I Vertical force (+ down) ~
| DL: Dead load (AASHTO DC) v
3. Load magnitude
[{A] Apply same load on zll stages
[] Activate for current stage
3.1. Forces
kift
Add linear loa el
|  AddLinear Load force, moment) |

Figure 3.10.4: Add a linear load and edit the load properties.
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3.11: Data Entry: CPT Logs and SPT Records

CPT logs: by pressing the arrow next to the

CPT

button in the properties tab of DeepFND, we

can see the dialog of figure 3.11.1. CPT records can be used within DeepFND, with the program
being able to export soil properties by processing CPT logs.

Available CPT logs

Import Greg Drilling CPT
Delete CPT log

Export

Export to soils minus Standard Deviation

Export to scils average properties

CPT Logs = =
CPT log Properties
Name ‘wiater depth it Cone factor Nkt
Number of Test depth %

Process CPT data and estimate
samples properties

CPT Sample Properties

General Data | Processed Averages

Depth qc fs u2 qt Rf at Qtn Du Bg Fr St

Import Soil with specific

Elevation Reference 0 ft Ok Cancel

[] Use Rounded values

Figure 3.11.1: Available CPT records options.

The following options are also available in the properties tab of DeepFND, related to the CPT logs:

Gt Shows CPT tip resistance on model (CPT log has to be applied)
fs Sleeve friction (CPT log has to be applied)
L, Standard soil description for CPT tests according to Robertson (CPT log has to
be applied)
u; Water pressure (CPT log has to be applied)

Once a CPT raw record is imported, enter the depth to the water table and select the option
“Process CPT data and estimate all properties”.

You can also import raw data from a tab delimited file. In such a case you need to label the first

two rows as such:
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A E C D
1 | Depth fs u | gc [
2 ft tsf kst tsf
3 0.164 0.107 3.744 127.3683
4 0.328 0.296 -0.031 147.8371
5 0.492 0.480 -0.003 129.2297

The units can be changed to m, KPa, MPa, psi. Then once imported, the CPT log will need to be
assigned to the design section.

zneral Properties Analysis Design Settl
G | 4 CPT (cCPTT -
£BTn * Method |Est. soil properties M
CPT logs
u; -import~ % Closer to upper limit 23

CPT

When a CPT log is assigned, the program offers option on how CPT data is used:

E . General Properties Analysis Design Settlemnent

[a|[#:] CPT |cpT1 - | |Not ssig
. &5 Method Est. soil properties IZI
Borings CPT logs Est. soil properties
(soil layers) | Us _import~ % Clg Est
lay e LPC method (driven)
Stratigraphy T| FHWA GECS (CFA-DD piles)
Linits

English Units . inch, kips)

Design sections  Tree view

Design Sections Fmae (k) Rmax i) FmaxT (k) FmaxT .. R
¥ 0: Base model - - - - -

In the standard option, the program estimates soil properties and the uses the other methods for
determining the side resistance along the pile. Otherwise, a method can be selected that
correlates CPT tip resistance to the side shear (LPC, FHWA, etc.). These options also control the
pile bearing resistance when CPT is selected as the method in the Analysis tab.
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SPT
¥

SPT
SPT logs: by pressing the arrow next to the """ button in the properties tab od DeepFND, we

can see the options of Figure 3.11.2. By pressing on the button, the dialog of figure 2.4.5 appears.
SPT records can be used within DeepFND, with the program being able to estimate the ultimate
bearing capacity from SPT’s (if the SPT option is selected in the Analysis dialog).

Properties | Design Results Report View Help
Mot assigned -1 SPT ; / @ Mot assigned ¥
| | X -
‘ h 4 ; - Axial load test records
SPT Helical anchor Structural
Records = ‘ sections | Materials = |
SPT Records Generate design sections from SPT Load test data

Base model Command will clone current design section
- and examine all 5PT records with current settins

i Bearing analysis parameters

Control options for calculating the bearing
- capacity from 5PT values

Figure 3.11.2: Available SPT records options.

Here we can choose to:

- Generate design sections from SPT: If one or more SPT records are defined, the program can
replicate the current design section and assign an SPT log to each design section. In such a case,
it is important that a separate boring (soil layers) are prescribed so that the stratigraphy matches
the available SPT record on each design section.

SPT Blow Count Records - y A RE=TAEE >
SPT Records 1. General Boring Information - Coordinates
Name
Company Operator
Elevation |0 ft Date |10/14/2013

Hammer efficiency

2. Boring Layers - Layer Bevations
Depth SPT

*

Add New Record

Delete Selected
Record

Import from tab Insert poirt Delete poirt
delimited file

Figure 3.11.3: SPT records options dialog.
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- Bearing analysis parameters (Figure 3.11.4): Bearing analysis parameters are used to define
the ultimate bearing pressure from SPT blow counts. Factors should represent the low range of
estimates. The ultimate bearing pressure is typically defined as:

Qult = SPT x factor x

Bearing Capacity from 5PT options X

Options

Factor for Sands [ ] Use max pressure
Factor for Gravel [ ] Use max pressure
Factor for Silts [] Use max pressure

Factor for Clays [ ] Use max pressure
Factor for [GM [ ] Use max pressure

Factor for Rocks [ ] Use max pressure

Apply FHWA GEC 8 [CFA Piles), adapted from
FHWA 1599

Apply FHWA GEC10 (drilled piles)

ok | | cancel |

Figure 3.11.4: The bearing capacity from SPT options dialog.

In this dialog we can define the following factors:
- A = 0.13 ksf (default value according to Perko)
- Factor for sand type soils
- Factor for silt type soils
- Factor for clay type soils
- Factor for IGM (intermediate geomaterials)
- Factor for rock
Default values have been mostly based on a limited range of data available from FHWA GEC 8
(CFA piles) and FHWA GEC 10 (drilled piles). Different standards can also be applied according to
FHWA GEC8, GEC10, which also provide upper limits on bearing pressure.

. _____________________________________________________________________________________________|
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The following options are also available in the properties tab of DeepFND, related to the SPT logs:

Friction angle:

- Value defined in the soil type defined properties
- SPT record Kullhawy-Chen 2007 (GEC10)

- SPT record (triaxial compression friction)

- SPT record (Perko)

Option to estimate soil elasticity

Option to estimate Su (clays only)

Option to estimate OCR-Ko (sands, silts, gravels)
Options for RQD

- Rock defined data

- Low values from SPT record

-Exact value from SPT record

3.12: Edit Structural Materials

In the Properties tab of DeepFND, we can select to edit the structural materials used in all
structural sections. We can select to edit the default steel, concrete and timber (wood) materials,
or add new materials in the software database and define the material properties manually.

&

1awy-Chen 2007 (GEC10) - ?‘*
-H‘ o

[ Estn;wg’;& ‘.'Eju (clav; gn]tﬂ i - ——
ts, gravels) SEIECE DESIE ERGA |Materials ~

5

Concrete materials .

Steel materials
Pile type Drill-In-Disp.
Pile STR code International Building Code 2015

Figure 3.12.1: Structural material options.
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Edit steel properties: By pressing the Steel Materials we can edit the structural steel properties.
We can import already available materials from the “Import standard steel materials” box.

Edit Structural Materials (for walls and supports) o = ES
Steel | Concrete | Steel Rebar | User Materials | Wood |
Name Fo360 Import Standard Steel Materials
Fe510
E Strength Fy 235 MPz
MNew steel 4
Fu 360 MPa
Elastic E 206000 MPa [ IET |
Density g 77 kM/im3
Thickom FyMPa FuMPa fab_ 2| | <= meortand Repisce Selectes ‘
B: EEEEE 3
39999 10 60 140 B Import and Add a5 new material

New || Delete | 0K

Figure 3.12.2: Edit structural steel properties dialog.

In this form we can define the following properties:
The steel name
The yield strength Fy
The ultimate strength Fu
The modulus of elasticity E
The density g
The steel material used
Import and replace selected material
Import and add as a new material
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Edit concrete properties: By pressing the Concrete Materials we can edit the concrete properties.
We can import already available materials from the “Import standard concrete materials” box.

.Edit Structural Materials (for walls and supports) o [= 2R
Steel | Concrete | Steel Rebar | User Materials | Wood |
20725 Import Standard Concrete Materals
525;{3“ —_ Reference Standard
R Strength Fc' 20 MPz [Ngne v]
Elastic E 25962 MPa )
Material
Density g 25 kN/m3 810 v
Tension -
Strength Ft 10 (% Fc)

Import and Replace Selected
Matenal

material

‘ Import and Add a5 new ‘

New || Delete K

Figure 3.12.3: Edit concrete properties dialog.

In this form we can define the following properties:
The steel name
The concrete strength Fc
The tension strength Ft (% of compressive strength)
The modulus of elasticity E
The density g
The standard concrete material reference standard
The concrete material
Import and replace selected material
Import and add as a new material

. _____________________________________________________________________________________________|
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Wood: In DeepFND this tab controls material properties for timber piles. Some standard timber
materials are predefined.

Edit Structural Materials (for walls and supports)
Steel Concrete Steel Rebar User Materdals Wood
Name |C-::nstn.|n:1ion Timber
Regular grade
Pacific Coast Lltimate Bending :
Red Fine Strength Fbu ksi
Southem Pine Ultimate Tensile
Strength Ftu ksi
Ultimate Shear :
Strength Fyu ksi
Elastic E ksi
Mew l [ Delete

|| Cancsl

In this form we can define the following properties:

Figure 3.12.4: Edit timber (wood) properties dialog.

The material name

The ultimate bending strength Fbu
The ultimate tensile strength Ftu
The ultimate shear strength Fvu
The density g

The modulus of elasticity E
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3.13: Report Options - Printed Reports

Once a project is analyzed, full analysis reports can be generated by selecting the Reports —
Options option at the Report tab. By selecting this, we can modify the included output sections.

On the left side of the dialog, we can select which design sections and stages will be included in
the current report.

From the Available Report Sections area, we can select the results and options that shall be
included. We can also drag and drop these items at the Report Format area. Next, the user can
select to see a preview of the report and export it in a word or PDF format.

. Report Manager
Induded Design Sections-Stages Avd&le Report Sections
v Sav' model Design approach Sumenary
# [7]0: AASHTO LRFD (2010): Service | (ot caked Summary gﬁfﬂ“
5 {10 ARSHTO LRFD 2010 Srengeh la potcal || Quick summary e o R
v : AASHTO LRFD (2010): Strength b fnct calf || & Global Properties Pie load data '
0: AASHTO LRFD (2010): Strength Il inct cald Model Rage assumptions
v|0: AASHTO LRFD (2010). Bxtreme | ot calcy Sage sketch Sections to be
Sage assumptions
Select Design Sections N i / e
to Report 3 Reats Drag nd drop
7 = v Supports
Select All Unselect Al Capacties and
Advanced Settings [ Falure mode sketches d-op
Select 3 report section 1o show its advanced .
settings (available for some sections only) Select from available

report sections

] Select Al | Unselet Al |  Erase
Template fio name Optlons to preview and generate
a report

losd | Seve | Savers PrvmlE:aot‘-PDFlemwwl
Figure 3.13.1: Report manager.

The generated report includes all the requested sections, presenting soil properties tables,
calculated capacities, calculated lateral pile analysis results (moments and displacement
diagrams) and it also presents the equations and calculation procedure for the vertical pile design.

. _____________________________________________________________________________________________|
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3.14: Define Analysis Settings

A

Analysis

By pressing the =trns= button in the General tab of the software, the Analysis Settings dialog
appears (Figure 3.14.1). In this dialog we can several settings for the pile capacity calculations.

- General tab

1.General | 2. 5PT + Advanced 3. Comosion 4. Depth analysis 5. P+ response L
1. Pullout capacity method and geotechnical safety factor

(®) Individual bearing resistance method

B. Bearing resistance method (individual plate and cylinder)
A. Bearing Capacity Equation
Bearing factors | Meyerhof /Hansen b
Capacity equation | FHWA GEC10- Driled piles: Nc™ ¢ + Ng sv W

1. Include shaft resistance (on fied length)
Include shaft resistance

[ ] Use a limiting vertical stress
Cylinder method FHWA-GEC10 - Drilled piles, caissons W

Include tip resistance for compression (plugged pipe)
[ ] Use bearing limit

Include disturbance effects for trailing plates [ Distrurbance factors ]

2. Use soil-concrete bond strength
[] Use general sail bond values

[] Use user ultimate bond

3 A. Frictional Shear Resistance
]

oy

on steel |50 = & on concrete | 100 %

3 B. Cohesional Shear Resistance (Cylinder and shaft)
FHWA GEC10-Drilled piles, ¢ »

[] Add. disturbance on shaft
3.c: Optiong for Drilled piles and caissons for FHWA GEC10 method

Adhesion adjust. steel (0.6 vs. adhesion for concrete
Skin factor C.rock |0.65 0,65 to 1.0 for bond into rock, from Gu
Bearing capacity in Rock | FHWA GEC10 using Nc™ W

Bearing cap. factor Nc™ |25 2.5 AASHTO (to 3.6) from g= Ne™ x Qu

[ ] Apply to all design sections  [+] All stages OK

Figure3.14.1: Analysis Settings-General tab.

DEEP EXCAVATION 86



DEEPFND — HELIXPILE 2020 USER’S MANUAL

In this tab we can define the following options:
» Pullout capacity method and geotechnical safety factor.

» Bearing capacity equation and factors. DeepFND provides the following options:
e Bearing factors:
- Vesic 1974
- Meyerhof/Hansen
- SPT values
- CPT Methods
e (Capacity equation: The following options are available for the capacity equations:
- General Equation
- Helicap Equation
- Customized Helicap Equation
- FHWA GECO08 CFA piles
- FHWA GEC10 Drilled piles
- AASHTO Driven piles: Norland aT Sands
- User defined values from Advanced tab of soil properties dialog
» Option to include shaft resistance
» Option to use a limiting vertical stress

» Cylinder method: Controls the lateral earth pressure coefficients next to the pile. For helical
piles this influences the cylindrical shear mode when multiple plates are used. DeepFND
provides the following options:

o Ko: At-rest earth pressures

e Mitsch-Clemence

e FHWA GECO8 CFA piles (N60)

e FHWA GEC10 Drilled piles, caissons

e AASHTO Norland, Driven piles

e FHWA GECO08 CFA (Alt. USA, Mississippi, Louisiana)

e FHWA GECO8 Drilled-in-Displacement piles

Option to include tip resistance for compression.

Option to use bearing limit

Option to include disturbance effects for trailing plates. By pressing the button, the
installation disturbance effects dialog appears:

Y V V
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: When a helical pile is installed
Factor elast ! .
Betar Sasie soil on traiing plates is disturbed
due to the previous plates
passing before. Factors in this
1 1 1 dialog are meant to account for
reducing the bearing strenath
0g 0.3 0.s and elastic response on trailing
07 07 07 plates. Default values are
educated guesses while actual
06 06 06 values can exhibit a wide

Factor EIE'.St'C Factor bearing in .
response in tension response in

COMpression tension

Factor Bearing in
Compression

Figure 3.14.2: The installation disturbance effects dialog.

» Option to use soil-concrete bond strength. DeepFND provides the following options:
e Use general soil bond values
e Use user ultimate bond

Definition of frictional shear between soil and steel or concrete

Define how the cohesion shear resistance is calculated

Options for Drilled piles and caissons for FHWA GEC10 method

Adhesion for steel vs. adhesion for concrete

Skin factor C for Rock soils

Bearing capacity in Rock

Bearing capacity factor Nc*

VVVVVYYYVY

- SPT+Advanced tab: Here we can define:

The structural allowable stress factor

The fixed body and free length colors for the helical piles

Option to estimate strength from the selected SPT test (when an SPT test is used)

Option to estimate modulus of Elasticity for the soil from the selected SPT test (when an SPT
test is used)

Option to estimate undrained shear strengths for clays (Su) from the selected SPT test (when
an SPT test is used)

» Option to estimate OCR and Ko according to Kullhawy and Chen 2007 (sands, silts, gravels)

YV VY

A\

. _____________________________________________________________________________________________|
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1. General | 2. SPT + Advanced | 3.Comosion 4. Depth analysis 5. P+ response 1p
1. Structural Allowsble Stress Factor

Allowable Stress Factor|0.5
2. Color Qptions

edtory

Estimation of soil parameters from SPT
‘when SFT is used you can estimate other soil properties from the selected SPT record
Strength: SPT record Kullhawy-Chen 2007 (GEC10) W

[] Estimate medulus of Elasticity for Seil from SPT

[] Estimate undrained shear strength for clays (Su) from SPT
Estimate OCR and Ko according to Kullhawy and Chen 2007 (sands, silts, gravels)

[ ] Apply to all design sections  [+] All stages 0K ] [ Cancel ]

Figure 3.14.3: Helical capacity analysis settings-SPT+Advanced tab.

- Corrosion tab: During the life of a helical pile various environmental or site factors can contribute
to loss of section (corrosion). Corrosion options are only applicable to helical piles at this time.
DeepFND offers some basic methods for estimating steel section loss in reasonably moderately
to low corrosive environments. Such methods are very approximate, and a more detailed analysis
might be required in highly corrosive environments:

» Specify the design time for the pile.

» Choose the analysis method. We can choose to use the ICC Method AC355 or the AASHTO
2004 Method.
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1. General 2. 5PT + Advanced | 3. Comosion | 4. Depth analysis 5. P+ response 4k
Examine corrosion effects
A. Design time this stage)

Design time 0 VEErs
Analysis method
ICC Method AC3ES W

Figure 3.14.4: Helical capacity analysis settings-Corrosion tab.

- Depth analysis: Here we can:

Investigate pile capacity for a range of depths: With this option the program will iterate pile
lengths and determine the optimum pile length for matching tension and compression capacity.
If a depth analysis is performed, then the maximum depth and the depth step should be defined.

1. General 2. 5PT + Advanced 3. Comosion | 4. Depth analysis | 5. P+ response L2
Investigate capacity for a range of depths
Depth analysis options

Maximum depth |45 ft

Depth step |1 ft

In this mode, the program calculates the pile capacities for a range of depths

Figure 3.14.5: Helical capacity analysis settings-Corrosion tab.

P-Y response: The P-y response refers to the axial load-settlement pile behavior. DeepFND
incorporates a methodology for estimating pile settlement behavior that accounts for non-linear
response. The following options are available:

Perform settlement analysis: With this option, the program estimates the pile settlement
behavior (in compression only with current version).

Calculate design capacity from PY response: With this option, DeepFND examines all available
pile acceptance criteria to determine the allowable axial load.

Include corrosion effects in PY response: DeepFND can examine the axial pile response by
including or ignoring cross-sectional area losses due to corrosion.

. _____________________________________________________________________________________________|
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Inflection factor for shaft response, Rm: The inflection factor represents the ratio of the radius
where shear displacements go to zero over the shaft radius. Values from 2 to 4 are considered
typical. A greater value increased calculated displacements at the same load.

Advance non-linear exponent for shaft, mS: mS represents an additional exponent factor for
modelling shaft behavior. A factor of 1 would render the shaft soil spring response to exponential.
Please see theoretical section on PY-response.

Maximum settlement, yMax: Represents the maximum settlement that the settlement analysis
will consider.

Effective area percentage factor, Aeff: Very often the full steel section area is not fully effective
due to a variety of reasons. This number represents the effectiveness of the steel section. If a pile
is filled with grout, the grout area is not affected by this factor.

Pile settlement acceptance criteria: DeepFND offers the ability to define pile acceptance criteria
(typical criteria). Pile settlement criteria can be used for estimating the ultimate capacity (and
possibly the allowable load) based on acceptable displacements.

Pile acceptance criteria can generally be defined by an equation of the following form:
y=a+bp Dpi+bs Ds+ mPL/AE

Where:

a = Initial displacement at zero load

bl = Dimensionless factor for plate diameter

D, = Considered plate diameter (bottom, average, maximum)

bs = Dimensionless factor for shaft diameter

Ds = Helical pile shaft diameter

m = Dimensionless factor on elastic pile response (typically 1)

PL / A E = Elastic pile response P= load, L= total pile length, A= area cross-section, E= modulus of
elasticity

. _____________________________________________________________________________________________|
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Edit pile
settlement
acceptance

By pressing the __ button, the Pile acceptance criteria dialog appears:

Awvailable criteria Acceptance criteria

1. Name
ICC-AC358 Hlastic

2. Set active//visible

| Criterion is active fto be analyzed)
W Criterion ig visible {on graphs)

3. Eguation

y=|0 +|0 oD +0 D +|1 PL/AE
FL )

qu = Plate diameter = Shaft diameter

Average plate size
Define maximum net settlement

Ulttimate load criterion (Criteria determines ultimate load)

Determine load from criterion
Add new criteria

Reset to Elastic Reset to ICC355 Reset to Davisson

Delete crtera

NYC 2011-0M1

Figure 3.14. 6: The pile acceptance criteria dialog.

This dialog provides the following options:

- Criterion is active (to be analyzed): Option to activate the criterion

- Criterion is visible (on graphs): Option to make the criterion visible on graphs.

- Plate size to be considered: Option to use average plate size, base plate size or maximum plate
size.

- Define maximum net settlement

- Ultimate load criterion (criteria determine ultimate load): This option should be selected if the
criterion is used to define the ultimate load (i.e. Davisson is an ultimate load criterion).

- Determine load from criterion: Select option if criterion is examined in determining the
allowable load.

- Reset to Elastic: Resets the current criterion to the full elastic pile response

- Reset to ICC355: Resets the current criterion to ICC355 specifications

- Reset to Davisson: Resets the current criterion to Davisson (1974).

- Reset to NYC 2011-011: Resets the current criterion to NYC 2011-011.
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1. General 2. 5PT + Advanced 3. Comosion 4. Depth analysis [5. P-y response 40
[ ] Perform settlement analysis (program estimates pile settlement behavior)
Typical P+ criterion eguation

[] Calculate design capacity from PY response
[ Include corrosion effects in PY response
Inflection factor for shaft response Am |4 Exp model Rf (0.9
Advanced non-linear exponent for shaft mS |1
Maximum settlement yMax |2 in
Effective area percentage factor Leff | 100 | %
Criteria

Eguations are used to determine ultimate pile capacity from settlement criteria

¥=a +Bpl D +Bs D +m PL/AE Edit pile
L 5 settlement
_ - _ : acceptance
D'at = Plate diameter DS = Shaft diameter crtesia
Mame a Bpl Bs m Type
Elastic 0 0 0 1 -
ICC-AC358 1] 0.1 1] 1 Utimate

Figure 3.14. 7: Helical capacity analysis settings-Corrosion tab.
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PART B: SINGLE PILES — DESIGN AND ANALYSIS

MODEL CREATION — ANALYSIS SETTINGS — RESULTS - EXAMPLES

The following sections provide useful information about the use of the software for the design of
single piles. We examine the procedures to create a model, define the analysis and perform the

model optimization using the calculated results. A series of examples present the use of the
software in the design of different pile types.
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SECTION 4: SINGLE PILES — MODELS AND ANALYSIS

4.1 Creating a Model Manually and Define Analysis Settings

The following procedure should be followed in order to create any model manually:

A. Define soil properties

Our first action while working in any DeepFND project is to review the geotechnical report,
summarize the described soils and simulate all these soils in the Edit Soils dialog of the software.

We can create an unlimited number of soils and define the soil types and soil properties either
manually, or with the use of the soil properties optimization tools. This procedure is summarized

in section 3.3.

[ General Properties Analysis Design Settlement
\ m = LERES
cPE Soil Types

Maodel Move Model Edit soil
Wizard | Model Elev. Dim.-Limits || type data o1
o Model Limits Soil Types 02

\ J \ <1

v

its fft, inch, kips) ET

Figure 4.1.1: Model - Step 1 — Define soil properties.

B. Define project stratigraphy

In DeepFND, we can use an unlimited number of borings in any software file. The stratigraphies
can be defined in the Edit Borings dialog, as summarized in section 3.4.

2. Boring Layers - Layer Elevations
W | Top Sol type OCR ko Edt
M £ R =
e 4 |o1 v |1 0.5616.. | Edt
s1 yarn — [0 s1 v |1 04408..| Edt
— 22 vV ~ 1 0531 Edit
VoG, = -3 GT 1 0412 Edit
Add New Boring -45 R 1 05 Edit
=_—————— L]
Delete Selected
Boring (Stratigraphy)
T l Clone Boring \ [ Insert Layer ’ \ Delete Layer ‘
o e

Figure 4.1.2: Model — Step 2 — Define Boring - Stratigraphy.
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C. Define external loads on the pile

In DeepFND we can add several stages in any model, either by using the options in the General
tab of the software, or by right-clicking on an existing stage below the model area (i.e. Stage 0).
These options are summarized in Figure 4.1.3.

\ Optimize pile length \'E‘\ ->
i Max. Depth 1372  m -
lysis = Stages| Water
ings Step 031 T m : options *
Analysis settings ‘[11@ Add stage | 5
-l_—lLZ Delete stage R
Pile STR code Int | ! = Add Stage
Depth investization 2. Insert stage
Steel Code: 3= 0.5 i—‘ J Stage Delete Stage
Concrete Code: 52 Copy stage | Sage: Insert Stage
Ubraced length - Paste stage . -
Drain State Clavs ﬁ : == —

Figure 4.1.3: Options to add Stages.

The stages can be used in order to define different loading magnitudes and load combinations
(i.e. use one stage to define the maximum compression load and one stage for the maximum

tension load).

Several vertical and lateral loads can be defined on the pile head, as well as, along the pile, as
summarized in section 3.9.

CRoS 3
Eft

01 [UND.)

-10ft
140k

154 Load for every stage / b Anen
) Auxial izontal  Horizontal Moment
\ Active forc W yark) xxlkft) Moment y-4yikft)

> Stage 0 650 50 0 0 0
Stage 1 140 50 0 0 0

Figure 4.1.4: Loads in different stages.
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D. Define pile type and pile section

We should double-click on the pile in the model area and define the pile position, inclination,
length and pile structural section. The use of the Edit Piles dialog is presented in section 3.5.

The pile types in DeepFND can be helical (see section 3.6) and non-helical (see section 3.7).
HelixPile can design only helical piles.

E. Select to perform settlement analysis

In the Settlement tab of DeepFND (or HelixPile), we can select the option to perform settlement
analysis. In the same tab we can select to define pile acceptance criteria, either by selecting one
of the existing, or by defining the parameters manually.

General Properties Analysis Torque Design Settlement Lateral Results Report View Help
[V] Perform settlement analysis [[] Use when optimizing length Inflection factor for shaft response Rm 4 R

[T] Calculate design capacity from PY response Maximum settlement yMax 5.08 | cm o
— ) ) . Edit pile settlement
|} Include corrosion effects in PY response Effective area percentage factor Aeff 100 % acceptance criteria
Settlement analysis Settlement Parameters / Pile acceptance criteria
Units -
S1 Units n, cm. kN) . Bayf Pile acceptance criteria X
Available criteria Acceptance critenia
Design sections _ Tree view T 1 Nane
ICC-AC358 "
Design Sections Fmax {+ KElastnc ] Color
2 0: Base model - 2. Set active/visble

¥ Criterion is active fto be analyzed)
V' Criterion is visible (on graphs)
3. Equation

v=p_J+p_Jp_ <o Jo_ +[i JrLiaE
D _ =Plate diameter w = Shaft diameter

PL S

Average plate size + \ Define properties

Define maximum net settlement

or
Uttimate load criterion (Criteria determines ultimate load)

Determine load from criterion

Use defl 1 load slope /Select from existing criteria
Add new criteria E
Reset to Elastic Reset to ICC355 Reset to Davisson
Delete criteria Butler-Hoy NYC 2011-011
0K Cancel

Figure 4.1.5: Perform settlement analysis and define pile criteria.
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F. Select to Estimate Torque and define installation Torque profile

In the Torque tab of DeepFND (or HelixPile), we can select to define the torque profiles. In the
dialog that appears we can edit the torque profiles list by adding new profiles and define the
properties (pile diameter and torque installation factor). From the drop down in the Torque tab,
we can select to assign a Torque profile to the model. We have to make sure that the pile diameter
is covered by the existing Torque profiles.

m General Properties Analysis I Torquel Design Settlement Lateral Results Report View

Torque Factor Profile 3=

AC358-2007 | K ) )
— 4 Installation Select to Edit torque profiles
[¥] Estimate t0"17[ Torque Profiles -

Installaffon Torqui
- Torque Installation Profilk X
Units
S1 Units (m, cm, FN) - 1. General Load Test Information - Coordinates
bl S AC358-2007 Name | AC358-2007
Design sectiot Tree view || User large diameter
Y
Desian Secfions Torque Installation Profiles are used to estimate the required installation torque to meet required helical pile
Manage capacity. Torque Installation Profiles have traditionally been reported based on the installation shaft
? 0: Basg¢ model g diameter.
profiles D | erg e el it Pt ot Define Torque factors for pile sizes

Select a Torque profile list Diameter Torque Installation

(cm) Factor kT (1/m)
» 32.808
4445 32.808
7.302 29.528
7.62 26.247
8.89 22.966
-
‘ Add New Profile J
\ DeletRe e(Sxe)lrzcted ‘ } Insert point ’ ‘ Delete point ‘ ‘ Delete all points ‘

\ 0K | | Cancel

Figure 4.1.6: Define and select installation torque profiles.
G. Define Bearing Capacity Safety Factors (DeepFND and HelixPile)
In the Design tab of DeepFND (or HelixPile), we can define the applied bearing capacity, shaft

resistance and structural capacity factors. HelixPile calculated the ultimate capacities and divides
them with the defined factors, comparing the applied loads with the factored design capacities.

Properties Analysis Torque Design Settlermnent Lateral Results Report Wiew
6 DES [[] Use meb. axial for STR checks | [[] Custom STR Adjust ultimate STR capacity by F5
Safety Factor Shaft |2 Safety Factor 1.6
1 General Members: <y v
L.~ Settings US Sizes~ | Safety Factor Bearing |2 Method | International Building Cor -
=sign Codes Safety factors Structural factors

Figure 4.1.7: Structural and geotechnical factors.
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H. Define Lateral Pile Analysis Parameters

In the Lateral tab of DeepFND (see section 2.8) we can select the lateral pile analysis method (use
defined lateral loads or perform a pushover analysis). In the same tab we can edit the lateral
analysis options and define lateral load tests.

I. Define Pile Length Optimization Options

In the General tab of DeepFND (or HelixPile), we can select if we wish to analyze the specified pile
length and calculate the pile capacities, or if we wish to optimize the pile length.

Defined Pile Length

By having the “Optimize pile length” option unselected, HelixPile will use the user-specified pile
depth for the analysis, it will calculate the shaft resistances and the end bearing capacities (axial
tension and compression) and will present these results.

? A [C]] Optimize pile length

Max. Depth

Clays: | Analysis - |
Default = | settings Step - 'm
Is Clays Analysis settings

Figure 4.1: Unselected pile length optimization option.

Optimizing Pile Length

By having the “Optimize pile length” option selected, the software will start increasing the pile
depth using the defined “Step” length, calculating the bearing capacities in each step. As soon as
the calculated axial tension and compression capacities are enough to cover the applied
maximum tension and compression load on the pile head respectively, the analysis will stop. The
software will return as a result the calculated depth and capacities.

_.?_ A Optimize pile length

Max. Depth 10.00

Clays: Analysis - |
Default - | settings Step 010 . m
Clays Analysis settings

Figure 4.2: Selected pile length optimization option.

If the maximum defined depth is reached, the analysis will stop, returning the calculated
capacities for this depth.
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4.2 Create a Model with the Model Wizard

Fodel
By pressing on the Wizard hytton in the General tab of DeepFND. The Wizard dialog appears. In this

dialog we can define all project properties in order to create a model really fast.

Pile length tab (Figure 4.2.1)

A. Pile Length | B. Project | C. Pile type | D. Pile data | E. Soils | F. Comosion | G. Structural | H. Capacity | |. Settlement | K. Ok

Welcome to the Wizard. The Wizard will guide you towards creating a basic analysis model for a pile. Please keep in mind that all previous
settings will be changed.

How would you like to run the analysis?

(®) DESIGN: | would like to have the software optimize the pile length

HelixPile will determine the required pile length based on the design
compression and tension loads.

Max. Depth 75_00 fit

Step  1.00 i

() ANALYSIS: | know what the pile length is

Figure 4.2.1: DeepFND Wizard — Pile length tab

In this tab we can select the program mode. DeepFND offers two options:

e Design mode: Using this mode, DeepFND optimizes the pile length, determining the
required length based on the design tension and compression loads. We have to define
the maximum depth and the step with which the software will perform the calculations.

e Analysis mode: Using this mode, we define the pile length and DeepFND calculates the
bearing capacity of the pile.

Project tab
In this tab we can define the project name, file number, name of engineer and we can add a
description.

. _____________________________________________________________________________________________|
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Pile type tab (Figure 4.2.2)

DeepFND Wizard for Deep Foundations

A. Pile Length | B. Project | C. Piletype | D. Pile data | E. Soils | F. Comosion | G. Structural | H. Capacity | 1. Settlement | K. Ok
1. Select General Pile Type

() Helical pile (@) Common pile types (Driven, drilled, CFA. micropiles. Caissons)

Common pile types

Driven pile types Drilled pile types Caissons
@ .~ Pipe T — P . Reinf. e M - — Steel — Reinf.
@ HPile U pije () Tapered () Timber ) Conerete () pillll): cz::: rete ) Belled () Micropile c;‘; O Concrete
- Y (] H
: L
- i 1t
-
G 1t
=
: it it A | S| (S
:
I I | T | [
5
1 W - () 1 gk
[] Tip is plugged
Critical dimensions and properties
Steel H section
v
Fy
36 v | ksi

[ Previous l [ Nezxt

Figure 4.2.2: DeepFND Wizard - Pile type tab

In this tab we can select the pile type. DeepFND offers the following options:
Use an H pile

Use a pipe shaft pile

Use a tapered pile

Use a timber pile

Use a square-section concrete pile

Use a circular-section concrete pile

Use a circular-section reinforced concrete pile
Use a Belled concrete pile

Use a Micropile

Use a Steel core caisson

Use a reinforced concrete caisson

In case we select a steel core section pile, we can select the steel beam section from the software
implemented databases.

DEEP EXCAVATION 101



DEEPFND — HELIXPILE 2020 USER’S MANUAL

Pile data tab (Figure 4.2.3)

A Pile Length | B. Project | C. Piletype | D. File data | E. Seils | F. Comosion | G. Structural | H. Capacity | |. Settlement | K. Ok
2. Select the pile section Drawing

2&;

3. Define loads
Max. compression load

0 k

0 k

Lateral load analysis
Lateral load O

Perform PY analysis
[] Fixed head condition

Figure 4.2.3: DeepFND Wizard - Pile data tab

In this tab we can modify the pile properties. DeepFND offers the following options:

Select a pile section from the software list

Manually edit the pile section (opens the pile section dialog, see Section 3.6)

Import a section from DeepFND database. DeepFND has adopted pile sections from Magnum,
Ramjack and Chance.

Define the maximum shaft resistance (usually this parameter is defined from the selected pile
section)

Define maximum compression and tension load

Define lateral load

Option to perform PY analysis

Option to define fixed pile head condition
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Soils tab (Figure 4.2.4)

A Pile Length | B. Project | C. Piletype | D. Pile data | E. Soils | F. Comosion | . Structural | H. Capacity | | Settlement | K. Ok

Please define your basic soil types. Soil types are used in borehole records (borings).

7.

Please define an approximate soil layer stratigraphy (boring). A boring uses soil types
and top of layer elevations.

Depth to water table

% Edit soil types 15 ft

Assign soil profile (borehole)
2 =] Edit borings
- 1: Boring 1 <
Assign an SPT record
ST EditSPT records
r
Mot assigned <
When using SPT's you still need to define the If an SPT record is assigned, then use SPT to
unit weights of each soil type. Effective cohesion estimate as many different parameters along
for mixed soils cannot be estimated. the pile depth.

Previous l [ Nexd

Figure 4.2.4: DeepFND Wizard — Soils tab

In this tab we can modify the soil properties. DeepFND offers the following options:
Edit soil types (opens the soil data dialog, see Section 3.3)

Edit borings (opens the Borings - Stratigraphy dialog, see Section 3.4)

Edit SPT records (opens the SPT records dialog, see Section 2.4)

Define the depth to the water table
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Corrosion tab (Figure 4.2.5)

DeepFND Wizard for Deep Foundations
A Pile Length | B. Project | C. Piletype | D. Pile data | E. Soils | F. Comosion | G. Structural | H. Capacity | 1. Settlement | K. Ok
Examine corrosion effects

Comosion options
A. Design time (this stage)

Design ime| 30 years

Analysis method (approc est)
ICC Method AC355 v

¥ Use protection against cormosion
B. Protection type

Zinc coated v
C. Zinc protection thickness
Protection thickness tProt |4 mils  {1mil=0.001 inches)

[ Previous ] [ Neat

Figure 4.2.56: DeepFND Wizard — Corrosion tab

In this tab we can modify the design time and the protection against corrosion. DeepFND offers
the following options:

Define design time

Select the analysis method (Provided methods: ICC Method AC355 and AASHTO 2004)

Option to use protection against corrosion

Define the protection type (Provided options: Zinc coated, Bare steel, Powder coated steel)

In case we select to use Zinc coated protection, we can define the protection thickness

. _____________________________________________________________________________________________|
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Structural tab (Figure 4.2.6)

A, Pile Length | B. Project | C. Pile type | D. Pile data | E. Soils | F. Comosion | G. Structural | H. Capacity | |. Settlement | K. Ok
1. Select Design Code
AISC LRFD (USA) v

Method International Building Code 2015 -

Structural safely factor |2

2. Free length - Unbraced-Buckling
Freelength 2 ft

Consider buckling length

Unbraced length for buckling | 3 ft

(Some building codes have minimum requirements for buckling length i.e. NYC Utilities Lumin= 10ft, Le. in the event that utilties need to
be repaired orinstalled).

| Previous | [ MNea

Figure 4.2.6: DeepFND Wizard - Structural tab

In this tab we can modify the structural analysis method, the unbraced length and the buckling
length. DeepFND offers the following options:

Select structural design code (Provided options: AISC Allowable Stress Design (USA) and AISC
LRFD (USA))

Select the design method (Provided options: International Building Code 2015, AASHTO LRFD 6t
and NYC Building Code 2014)

Define the structural safety factor

Define the pile free length

Option to consider buckling

Define the unbraced length for buckling. For this parameter, DeepFND provides an estimation
table with common values
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Capacity tab (Figure 4.2.7)

A. Pile Length | B. Project | C. Piletype | D. Pile data | E. Soils | F. Comosion | G. Structural | H. Capacity | | Settlement | K. Ol

1. Beanng Capacity Equations

Capacity equation FHWA GEC10-Drilled piles: Nc* + Ng sv v
Bearing factors Vesic 1974 v
Include installation disturbance effects Edit disturbance factors
Mote: Azsumptions are defaultzelections but can be adjusted ling o your pref

2_ Cylinder and shaft friction

Lateral pressures method FHWA-GEC10- Drilled piles. caissons v

Adhesion on c' or Su  FHWA GEC10-Drilled piles. caissons v

Include shaft resistance

Mote: Mostindustry software does notconsider cylindrical failure. Cylindncal failure might be more cntical than the indnadual plate mode and should
be considered.

3. Select Safety Factors

Safety factor on bearing |2 Safetyiactnrmslﬂ—m:dm 2

Figure 4.2.7: DeepFND Wizard — Capacity tab

In this tab we can modify the capacity equations and define some basic safety factors. DeepFND
offers the following options:

Select a capacity equation

Define the bearing factors (Provided options: Vesic 1974, Hansen/Meyerhof)

Option to include installation disturbance effects (see Section 2.3 — Analysis settings)

Define the lateral pressures method (Provided options: see section 2.5)

Define adhesion on ¢’ or Su (Provided options: see section 2.5)

Option to include shaft resistance

Define safety factors for bearing and shaft-soil friction-adhesion

. _____________________________________________________________________________________________|
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Settlement tab (Figure 4.2.8)

A. Pile Length | B. Project | C. Pile type | D. Pile data | E. Soils | F. Comosion | G. Structural | H. Capacity | |- Settlement | K Ok

1. Predict Settlement Response
Typical methads of analysis of helical piles only consider the ultimate axial capacity. In reality the ultimate capacity is typically realized at very
large displacements that are not reached in most load tests. We have developed a method for estimating the PY response of helical piles.

Please estimate the settlement response of the pile
Define acceptance cntena

ICC 358 v

| Previous | [ Nex

Figure 4.2.8: DeepFND Wizard — Settlement tab

In this tab we can modify the pile settlement response parameters. DeepFND offers the following
options:

Option to estimate the settlement response of the pile

Define the acceptance criteria (Provided options: ICC 358, Davisson, NYC 2011-011). ICC 358 is

only applicable for helical piles.
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4.3 Review Analysis Results

Review Summary Table Results

After the analysis is completed, we can review the results in the Analysis and Checking summary
table that appears. This table presents the calculated compression and tension capacities, the

estimated pile length and the lateral pile analysis results (lateral pile head displacement and
moment).

Calculation Pile type ;";la)x pression ([l:frfl’)' compression | o tension {kN) Cap.tension (kN) | Max. stress check | File length {m)
Helical 120 1221 80 1185 0.583 6.092
] >

Figure 4.3.1: Analysis table results: Axial pile analysis.

Bearing Pult cap. aty (kN) vy at Pult {cm) All.cap aty kN)  yat Pall {cm) Lat. Dx {cm) Lat. Fx (kN) Lat. M {lkN-m)
20.32525.45304... N/A N/A N/A N/A 4185 15 115

I >

Figure 4.3.2: Analysis table results: Lateral pile analysis.
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Review Results on the Model Area

Once a project is analyzed, results can be viewed on screen by selecting one or more of the
options provided below:

Show the structural ration on screen.

Show the critical condition results on screen (most critical between cylinder and individual plate
failure modes).

Show the cylinder failure results on screen

Show the individual plate results on screen

Show the results for tension condition on screen

Show all failure capacities on screen

Show stress points in table

Show ultimate geotechnical capacity on screen

Show the geotechnical capacity vs. elevation on screen
Show the PY settlement analysis response on screen
Show the PY results in table

Show the load test data on the model screen

Show installation torque diagram on screen

Show torque capacity on screen

Show torque table results

DeepFND and HelixPile can graphically represent results for all analyzed design sections and
stages. The following figures show some typical on-screen output diagrams and results. Output
results can be visible only if the given problem has been analyzed. Feel free to explore the
functionality of these toolbars.

Feap.tension= 1518k Feap.tension= 15.18 k
Fezp.comp.= 11.28k Feap.comp.= 1129k

st SR ‘[
itk $

561075& | | E

Fi075 |

1| senaee .28 |

01 |
P 3.D;q1= 12 09ksf, F= 12 22k 10 ft |
e W0 ¥ T
% i | l!l za2fe | q) ;!‘
Tl reylinder=25k L i
2z | 4| & * ‘I%‘_"-'lr Feylindar = 2.6 k
T uld W 2Rl g
= e = z -15#t b 1 i

i<l

L—U'F 17.01ksf, F= 833k

Figure 5.3: Helical Piles: Critical condition results and Cylinder failure results.
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Fcap.tension= 15.18 k

Feap.tension= 15,18k
Feap.comp.= 11.25k

Feap.comp.= 1129k

5ft 5ft
2ik 22 k
E 1075 ft EE 1075 ft
Fshaft= 0.53k Fehaft= 0.36k
O 10 1
OO la= 12.08ksf, F= 12.22k x® ip-qF I IiChE
2121 ‘ 212# l: H
“2:5 TTT = 14.55kst, F= 10236 ki j?""':'l'Fqﬂinder:ZGk
N asw Ay — 2121 tn =
= o= 17.01ksf, - 833k = == - =
Figure 5.4: Helical piles: Individual plate method and Tension condition.
Torque= 2 462 k-ft
Feap.ten.ULT= 15.77 k Torque 700 k
Frap.comp. ULT= 2462 k (EST)e-ft Eoeion
Fcap.tension= 7.89 k _ - . - Frap.ten.ULT= 304.45 k "
Fesp.comp= 1231k -0 F com = e wotE o 120 2580
Frap.comp.PY= 124 k l Fcap.comp= 1023 k
2 fi if F gt Fshaft= 152.22-k
* oTonog | ik L
-0t L
10 ft [~e757 365
l =
13 fi H 4 fr £
1 \
25 ft H 51 L
Ko i L
2 ft i
2l = ™ 'u 1 == o . . 2=
aTip= 44 86ksf, Ftip= 88077k
Figure 5.5: Installation torque diagram - Load/Settlement diagram.
Torque= 10.2B5kN-m Torque= 10.2B5kN-m
Fcap.ten.ULT= 236.9 kN Fcap.ten.ULT= 236.9 kN
Fcap.comp.UlT= 244.2 kN .., kN Fcap.comp.ULT= 244.2 kN . 5, kN
Fcap.tension= 118.5 kN Fcap.tension= 118.5 kN -
Fcap.comp= 122.1 kN Fcap.comp= 122.1 kN l
14kR-m T 4.185cm
- ///ﬂ’
. E 3
= *-Clxm&:'n a6m
359 o %ﬁ: 9.7kN 359 m Fshaft=!
0.002cm
OkN-m
Ocm
o 5m ozem’ HITIT
o t Feylinder = 5334 kN - 1 mI 0.61m 1r‘ﬁr Feylind
-12.8kN-m ~T805.68kPa, Ng= 3325, F= 46. Oom - 1805.¢
qTip= 1815.55kPz, Ftip= 11.6kN qTip= 1815.55kPz, Ftip= 11.6

Figure 5.6: Pile Moment and Pile Displacements diagrams.
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SECTION 5: SINGLE PILES - EXAMPLES

5.1 Example 1: Design of a Drilled Reinforced Concrete Pile

A. Project description

In this example we will design a drilled reinforced concrete foundation pile. The Figure below
presents the project model. Tables 1 and 2 present the soil properties and the stratigraphy
respectively. Table 3 presents the external loads applied on the pile head. Table 4 presents the
pile section properties that we are going to use. The general ground surface is at El. Oft and the
general water table is at El. -15 ft.

8O0 k

|

7 Eft f
St K
C [UND.)
EZ REL Z BEL
184 iIn =
51
40 ft
=27t
52
ht
Baring 1
Figure 5.1.1: Driled RC Pile Example - Project model.
Table 5.1.1: Soil properties.
Soil General properties Lateral properties
Layer Soil Type ¢’ C'/Su |vy Ydry Eloap | Erewonp | k e50 Krm
(deg) | (psf) | (pcf) | (pcf) | (ksf) | (ksf) (pci)
F Fill 25 0 120 | 120 300 900 60 - -
C Clay - 1300 |116 |116 |400 |1200 |- 0.005 | -
(Undrained)
S1 Sand 32 0 130 | 130 | 600 | 1800 60 - -
S2 Sand 34 10 135 | 135 |900 | 2700 90 - -
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Table 5.1.2: Stratigraphy.

Soil Layer Elevation (ft) OCR Ko
F -0 1 0.577
C -5 1 0.515
S1 -18 1 0.47
S2 -27 1 0.441
Table 5.1.3: External loads.
Stage Axial Load Moment Lateral Load
(kips) (k-ft) (kips)
Stage 0 (Compression) | 800 0 50
Stage 1 (Tension) -180 0 50

Table 5.1.4: Pile parameters.

Pile Type Drilled Reinforced Concrete
Pile Width 5ft

Longitudinal Reinforcement | 24 bars #5

Steel Grade Grade 60

Concrete Grade 3 ksi

B. Modeling with DeepFND

In DeepFND software, we should define initially the soil properties of all soils according to the
geotechnical report, the model stratigraphy, the pile head loads and the pile initial depth and
structural section.

Define soil properties:

From the General tab of DeepFND we can select the option “Edit Soil Type Data”. In the dialog
that appears, we can modify the existing soils database or add new soils, and then for each one
of them, we have to define the general soil properties, the soil model and the lateral soil
properties. The soil parameters can be defined manually, or with the use of the software SPT
estimator or local parameter estimation tools.
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x
Soil Types 1. Name and Basic Soil Type -
Soil Name |F |[ Golor | | TestData| SPT Esiimaior | Netes | Other |
51 P~
c 5 Soﬁescnp;;n I\fhsceﬂaneous fill Napt D
52 il Type - Behaviour
¥ Show test data
(@) Sand O sitt O Rock (SPT. CPT. 0 0 20 30 40 50 60
O Clay ) IGM (intermediate geo mat) Ec)
7 L
) Gravel L
3. Default drained-undrained behavior for clays (See Theory Manual) &0 50 LI g 120 12y 1D
Undrained Drained & D

A General | B. Hasto-plastic | Lateral | E. Adv a0
4. Unit Weights - Density
<’ U

72 et Vo 120 Joof 7 [TTE_]

5. Strength Parameters and Poisson Ratio 0 500 1000 1500 2000
Drained strength properties s
o o5 Jirem -9
0 2000 4000 6000 8000

[[] Blasticity modulus
Important Nole:

v The ultimate skin friction can be used to calculate the geotechnical
capacity of hebacks
Add New Soil i IR B Ta do this. you have to switch on the Use Soil Bond Strengths
B Dptions for the tiebacks. Otherwise. the program will either average
KaNC TrEE e el e e e e e
Copy Soil Ko = KoNC * (OCR)"nOCR as defined in the Geotech tab from the tieback section option.

6. Ultimate bond (grouted piles when bond option is selected)

Delete Selected Soil
gl skin.u IE' =0

Delete all soils

Paste Soil [[] Reck jcints are open filled with gouge:

Figure 5.1.2: Edit Soil Type Data Dialog.

Define stratigraphy:
From the General tab of DeepFND we can select the option “Edit Boring”. In the dialog that
appears, we can define the top of the soil layer elevation and the soil type for each soil layer.

=l Sail Layers £3
Available Borings 1. General Boring Information - Coordinates
Name |Bioring 1
Coordinates X 50 ft Y0 ft

The x coordinate controls where the baring is shown in your design
section view. Each design section uses one boring (soil strata). You
can use a different boring on each design section.

2. Boring Layers - Layer Elevations

Top Soil type QCR Ko Edit
» D F v 0.577 Edit

-5 C w1 0.5151... Edit

-18 51 w1 0.47 Edit

52

Add New Boring

Delete Selected
Bt (St ) Inzert Layer H Delete Layer |

Figure 5.1.3: Edit Soil Layers Dialog.
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Define external loads on pile head:

In any model in DeepFND we can add several stages. In our deep foundation software these can
work as loading stages, so in each stage we can define a different load (load type, magnitude etc.).
In this example, we will use Stage 0 to define our maximum compression load, and Stage 1 to
define our maximum tension load on the pile head.

First, we right-click on the Stage 0-tab right below the model area and we select to Add Stage (so
Stage 1 is added):

E|V[+]-[t]+]+]
fiew
AN EIENE

ESeleded design section ‘

Stage 0 | Stage 1
] Stage: 071 X:-15 Z:-42.43

E All Aocirm cortinme

Figure5.1.4: Stages in DeepFND.

After we create the stages, we double-click on the load in the model area. In the dialog that
appears, we can add several loads in the list and define the load type and the magnitude of each
load, in each stage. The summary of all loads will be applied on the pile head. If we apply a design
standard (i.e. AASHTO LRFD), the loads will be factored depending on the load type (dead, live,
wind, ice, vehicular etc.).

. _____________________________________________________________________________________________|
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List of loads Load properties
Load 1, DL, DL: Dead load BLELL
Load 1, DL
2. Load Type
| DL: Dead load (AASHTO DC)

3. Load magnitude

[] Apply same load on all stages
[+#] Activate for current stage

Load for every stage

Momentilcft) Horizontal

0

Add new load

Delete selected load

[] Apply to all design sections Pile weight | lgnore pile weight

Figure 5.1.5: Define loads on pile head.

Define pile section and initial length:

In DeepFND we have to define the pile type, installation method, structural section and original
depth. Later, based on the analyses results, we can choose to optimize the pile section and the
pile embedment. The required pile length can also be calculated by the software. We have to
double-click on the pile and define the pile parameters in the dialog that appears. By pressing
“Edit” on this dialog, we can define the pile type and the pile structural section.
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A.General | B. Prestress-Unbraced | C. Comosion | D. Resutts | E. with Depth | Py

Pile Properties
1. Selection of Support Type
Type of Support: _NonHeichie

ion method | Driled

(] Use belled bottom |

3. Dimensions

1.1 Coordinates at top of pile
Xo | #

Zo f

1.2 Angles

ufgo deg

2. Pile Sections

Edit bell base dimensions

13Llengths
Lfree 5

Concrete Sections

H File

Add New Concrete
Section
Delete Selected
Concrete Section

Figure 5.1.7: Select the pile type and choose to edit the steel section.

Graphics Control
[] Fit to image scale

[ Show full calculations ‘

Figure5.1.6: Define pile dimensions and data dialog.

Section name and type

Section name

|5"‘l pile

Section Drawing

Structural materials
Concrete mat.

Rebar steel mat.

3 ksi Concrete v
Grade 60 v

& 2
fy |60

Section Properties | Steel sections - Hollow bars

Dimensions Reinforcement
e
& n I:‘ Bars l| H5 Y] |

N24

Shear Reinfercement

s

" of215 |des

cot@ =25

[[] Use user defined reinforcement
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C. Define Analysis Options
After we create the model in DeepFND, we have to define several analysis parameters.

Pile length automatic optimization:

In the general tab of DeepFND we can select to optimize the pile length. In this case, we need to
define the maximum pile depth and the step. The software will use the step to calculate the pile
tensional and compressional capacity in several depths and compare them with the applied
tension and compression loads respectively. It will stop the analysis when both capacities exceed
the applied loads and return as a result the pile depth, the calculated capacities and the pile
structural results (moment, shear, displacement etc.). If the software reaches the maximum
depth and fails to find a suitable solution, it will stop the analysis and return as a result the
calculated capacities etc. of the maximum depth.

If we leave this option unselected, the software will use the pile depth we manually specified for
the analysis and return all analysis results.

I e ? A (V] Optimize pile length E h 4
‘ Max. Depth 45.00 7 ft =
Edit / add Clays: = Analysis Stages  Water
5 pileloads Default - | settings Step 100 © *  options~
External loads Clays Analysis settings Stages

Figure 5.1.8: Option to optimize pile length in the General tab.

Analysis equations and settings:

In the Analysis tab of DeepFND, all analysis parameters are automatically defined according to
the pile type (helical or non-helical) and the pile installation method (drilled, driven, caisson,
micporile etc.).

n GEHE’E‘

Method Meyerhof/Hansen -
Equation  FHWA GEC10-Drilled | =

Properties Analysis Design Settlement Lateral Results Report View Help

Include shaft resistance [7] Use additional multipliers Facters on ¢'| FHWA GEC10-Drilled pile ~ method FHWA-GEC10- Drilled pili =

¢ an concrete | 100 % [C1] Additional factor at shaft Rock Use specified soil bond -

Consider disturbance Ed
Bearing Capacity Method

& on steel |30 %

Shaft resistance Reductions on side ¢ Cylinder method

Figure 5.1.9: Analysis settings, automatically selected.
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Design standards and Safety factors:

In the Design tab we can define the structural codes and the safety factors applied on the bearing,
shaft and structural capacities. Alternatively, we can select a load combination of a specific
geotechnical design standard (we will not use one in the current example).

n General Properties Analysis Design Settlement Lateral Results Report View Help

CcO 6 DES [ Use mob. axial for STR checks [ ] Custom STR [V] Adjust ultimate STR capacity by FS
ty Factor Shaft |2 STR.des
Code esign:  General Members:
options ¥/ AISC 360-10 ALL. - Settings US Sizes ™ | Safety Factor Bearing |2 Method International Building Cor ~
Safety factors Structural factors
Concrete Code Options
Base model
LACL3BAL b | o £ I T N
=) [e [ea) [ - Jos9 O [ -
o = = 2
Steel Code Options B = 0005
= =
17:AISC 360-10 ALL. v
Timber Code Options
Service, 3=0.36 v -
OK
St
Figure 5.1.10: Define structural codes and structural/geotechnical safety factors.
Design
7 Use mob. axialfy Design Approach « Mult. ~ [ Examine corrosion effects
sfety Factor Shaff] () Do NotUse A Code
sfety Factor Bearl|| © Analyze only one Code Case Approach: Service
Load combinations Design Life
Design Code
T T T=Ts8l AASHTO LRFD (2010) '
(oh) | (=) | (=)
L = [ o | - )| Load Case
2= == Strength Ib Y

When you are analyzing a wall with LRFD or ULS procedures you will
need to define the appropriate load combination or design approach.
Select 1st the design code, and then select the appropriate case.

Load combinations can be applied at each stage or you can create
different design sections where dirrent load combinations are assumed.

Figure 5.1.11: Option to assign a design standard load combination.
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Settlement analysis options:
In the Settlement tab we can select the option to perform settlement analysis. Also, there, we
can define pile settlement acceptance criteria.

n General Properties Analysis Design | Settlement | Lateral Results Report View Help

Perform settlement analysis I [[] Use when optimizing length Inflection factor for shaft response Rm 4 §
[T] Calculate design capacity from PY response Maximum settlement yMax 2 in -~
" . . Edit pile settlement
[ Include corrosion effects in PY response Effective area percentage factor Aeff 100 % acceptance criteria
Settlement analysis Settlement Parameters Pile acceptance criteria

Units Base model
English Units t. inch, kips) B
Design sections [ Tree view

Available criteria
1. Name
ICC-AC358 ;

Design Sections

QO:Basemodel 2. Set active/visible

V' Criterion is active o be analyzed)

| Criterion is visible (on graphs)
3. Equation

=0 0 D 0 D i1
y + s + s + PL/AE

= Plate diameter

D
AL

Average plate size

Define maximum net settlement

Uttimate load criterion (Criteria determines ultimate load)
Use deflection load slope

Reset to ICC355

Reset to Elastic Reset to Davisson

colalB T @

Figure 5.1.12: Option to perform settlement analysis and pile acceptance criteria.

Bule-Hoy ||  NYC2011-011

Lateral pile analysis options:

In the Lateral tab we can select the lateral pile analysis method. The available options are either
to calculate pile moment, shear and displacement for the defined lateral loads, or perform a
pushover analysis and report the required load to achieve a specific displacement.

General Properties Analysis Design Settlement | Lateral Results Report

2._ I + Analysis type Lateral load define(El Loading is | Static v

Pile head is F{ Lateral load defined I

Lateral load analysis  Edit / add

: L Pushover analysis
assumptions distributed loads

Analysis Loading type

Figure 5.1.13: Lateral load options.
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D. Analysis and Results

Since the model is ready, we can choose to calculate the design section. After the analysis is
succeeded, the Summary table appears. The table below includes the calculated compression and
tension capacities, the optimized pile depth, the lateral pile results and more. With red we can
see some values that are critical. In this case, we can see that at least one stress check is above
the limit “1”. We can locate the issue by closing the summary table and reviewing the results
graphically on the model area for every stage. In this case, the structural capacity and moment
capacity on the pile in Stage 1 (tension stage) are not enough to cover the combination of the
tension and lateral load applied on the pile head. In this case we need to somehow increase the
pile capacity (increase number or size of rebars, concrete grade, pile diameter etc.).

Table 5.1.5: Analysis and Checking Summary table.

Extended Summary

Frax Cap. Fma Cap. Max. Pile Pile
Calculation Pile type compression compression tension  tenmsion  stress length oD (n) Bearing
k) k) k) check fit) .
b Basemodel Dilled | 800 11281 180 1362 [ 57 80 Ap=19.63f2
Compression P (k)
L] 40 1280 1520 2380 3200
T | T | T | T I T I 1

Frap.ten. ULT= 37357 k Comp. GEO Cap.k

Fecap.comp. ULT= 2258.19 k

Fcap.tension= 186.78 Kk 500k 0 €40 1280 120 230 320

Fcap.comp= 112%.1 k .|. T T 1T 1T T 11
- L - &

5 Fshaft= 186.7
* i
€ [UND.)
51 32 ft =
=
52 cllz
qTip= 47.99ksf, Ftip=942.31k
Boring 1

Figure 5.1.14: Pile geotechnical capacities and settlement.
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Feap.ten ULT= 37357 k
Fcap.comp. ULT= 2258.19 k

Fcap.tension= 185.78 k B0k
Fcap.comp= 11251k
0.1550n i s [ezon '
F qft g Fshaft= 186.78k
*
C [UND.)
-4 T D1kt
51 EF
-5 TEk
52 ket
-0.027in SIETZ RS k-t
qTip= 47.99ksf, Ftip=942.31k
= Wall Shear
== Wazll Displacement
Baring 1

Figure 5.1.15: Pile displacement, shear and moment diagrams — Stage 0.

Fcap.ten.ULT= 37357 k
Feap.comp. ULT= 2258.19 k
Frap.tension= 1B6. 78 k
Fcap.comp= 11251k

i 0.155m s Frons - 9
F 5 ft ™ *  Eshaft= 186.78k
480 k
C [UND.)
421 014t
21 32
25 TEk
52 bt
-0.021in 31561kt 31561kt
m Wazll Shear
=== Wazll Displacemeant
Boring 1

Figure 5.1.16: Pile displacement, shear and moment diagrams — Stage 1.

. _____________________________________________________________________________________________|
DEEP EXCAVATION 121



DEEPFND — HELIXPILE 2020 USER’S MANUAL

5.2 Example 2: Design of a Helical Pile

In this example we will design a helical foundation pile. The Figure below presents the project
model. Tables 1 and 2 present the soil properties and the stratigraphy respectively. Table 3
presents the external loads applied on the pile head. Table 4 presents the pile section properties
that we are going to use. The general ground surface is at El. Oft and the general water table is at

El. -15 ft.
30k

Figure 5.2.1: Helical Pile Example - Project model.

Table 5.2.1: Soil properties.

Soil General properties Lateral properties
Layer Soil Type ¢’ C’/Su |y Ydry Eioap | Ereroap | k e50 Krm
(deg) | (psf) | (pcf) | (pcf) | (ksf) | (ksf) (pci)
F Fill 25 0 120 | 120 |300 |900 60 - -
Clay

C (Undrained) | - 1300 | 116 |116 |400 | 1200 - 0.005 | -

S1 Sand 32 0 130 | 130 | 600 | 1800 60 - -

S2 Sand 34 10 135 | 135 | 900 |2700 90 - -
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Table 5.2.2: Stratigraphy.

Soil Layer Elevation (ft) OCR Ko

F -0 1 0.577
C -5 1 0.515
S1 -18 1 0.47
S2 -27 1 0.441

Table 5.2.3: External loads.

Stage Axial Load Moment Lateral Load
(kips) (k-ft) (kips)

Stage 0 (Compression) | 90 0 5

Stage 1 (Tension) -70 0 5

Table 5.2.4: Pile parameters.

Pile Type Helical Pile
Pipe Width 4in
Pipe Thickness 0.5in
Number of Helixes 2

First Helix Diameter 18 in
Tip Offset 0.5 ft
First Plate Thickness 0.375in
First Plate Ult. Capacity 100 kips
Second Helix Diameter 20in
Plate Spacing 5 ft
Second Plate Thickness 0.375in
Second Plate Ult. Capacity 100 kips

B. Modeling with DeepFND/HelixPile

Our software programs DeepFND and HelixPile are identical. They share the same user-friendly
interactive interface, and they include the same analysis options. The only difference is that
DeepFND can do the lateral and vertical design of all pile types (helical and non-helical). On the
other hand, HelixPile includes only helical pile sections. This example was created using the
Helical Pile component of the DeepFND software, but the exact same options should be followed
to create the model in HelixPile.

In DeepFND software, we should define initially the soil properties of all soils according to the
geotechnical report, the model stratigraphy, the pile head loads and the pile initial depth and
structural section.
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Define soil properties:

From the General tab of DeepFND we can select the option “Edit Soil Type Data”. In the dialog
that appears, we can modify the existing soils database or add new soils, and then for each one
of them, we have to define the general soil properties, the soil model and the lateral soil
properties. The soil parameters can be defined manually, or with the use of the software SPT
estimator or local parameter estimation tools.

I Soil Types 1. Name and Basic Soil Type -
Test Data | SPT Estimator | Notes | Other

Soil Name £ Color
51 Description Miscellaneous fil
gg 2. Soil Type - Behaviour Napt
. ¥ Show test data
(®) Sand ) silt (O Reck (SPT. CPT. il A 0 40 50 B0
() Clay () IGM (intermediate geo mat.) Bc)
¥
() Gravel 3
3. Default drained-undrained behavior for clays (See Theory Manual) & &0 K Ui 120 T2l 10
L i
Undrained Drained &
A General | B, Blasto-plastic | Lateral | E. Adv. 20 ) 40 50 &0
4. Unit Weights - Density
¥ 120 |pet Vi1 Jpoi 7 =[576 | =
5. Strength Parameters and Poisson Ratio 0 500 1000 1500 2000
Drrained strength properties Su
<0 psf & |25 degrees
0 2000 4000 6000 8000
[] Elasticity modulus
Important Note:
v|0.35 The ultimate skin friction can be used to calculate the gectechnical
. capacity of tiebacks.
[T 5. At-rest coefficients Bc r:loth\fs. Yﬁ: r_laEe tﬁ:w&tﬁl‘;on_ the Lr.l.:e Soil Bond_”Strerr:gths
ptions for the tiebacks. Otherwise, the program will either average
KoNC /0577 nOCR 0.5 the vertical and horizontzl confining stresses or use the bond stress
Ko = KoNC * (OCR)"nOCR = o miis Brs e DT e e E G fee
_ 6. Uttimate bond (grouted piles when bond option is selected)
Delete Selected Soil
4 skinu |20 pst
Delete all soils
[C] Rock jeints are apen filled with gouge
l OK ] l Cancel I

Figure 5.2.2: Edit Soil Type Data Dialog.

Define stratigraphy:
From the General tab of DeepFND we can select the option “Edit Boring”. In the dialog that
appears, we can define the top of the soil layer elevation and the soil type for each soil layer.
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— Soil Layers
Available Borings 1. General Boring Information - Coordinates
Name |Boring 1
Coordinates X 50 ft Y0 ft
The x coordinate controls where the boring is shown in your design
section view. Each design section uses one boring (soil strata). You
can use a different boring on each design section.
2. Boring Layers - Layer Elevations
Top Saoil type QOCR Ko Edit
» D F v 0.577 Edit
5 C w1 0.5151... Edit
-18 51 w1 0.47 Edit
52 1
Add New Boring
Delete Selected
Boving (St ) Insert Layer H Delete Layer ‘

X

Figure 5.2.3: Edit Soil Layers Dialog.

Define external loads on pile head:

In any model in DeepFND we can add several stages. In our deep foundation software these can
work as loading stages, so in each stage we can define a different load (load type, magnitude etc.).
In this example, we will use Stage 0 to define our maximum compression load, and Stage 1 to
define our maximum tension load on the pile head.

First of all, we right-click on the tab Stage 0 right below the model area and we select to Add Stage

(so Stage 1 is added):

|
Euanmma‘
fiaw
9 A& [THay) @

E‘Selected design section ‘

a All Aocimen cordinme

Stage 0 | Stage 1

Stage: 01 ¥.-15

Z:-42 43

Figure 5.2.4: Stages in DeepFND.
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After we create the stages, we double-click on the load in the model area. In the dialog that
appears, we can add several loads in the list and define the load type and the magnitude of each
load, in each stage. The summary of all loads will be applied on the pile head. If we apply a design
standard (i.e. AASHTO LRFD), the loads will be factored depending on the load type (dead, live,
wind, ice, vehicular etc.).

List of loads Load properties
Load 1, DL, DL: Dead load MLELE
\Load 1, DL
2. Load Type
| DL: Dead load {AASHTO DC)

3. Load magnitude

[] Apply same load on all stages
[#] Activate for current stage

Load for every stage

Moment{«-§t)

Add new load

Delete selected load

[] Apply to all design sections Pile weight | lgnore pile weight

Figure 5.2.5: Define loads on pile head.

Define pile section and initial length:

In DeepFND we have to define the pile type, structural section (pipe dimensions and helix
configurations) and original depth. Later, based on the analyses results, we can choose to
optimize the pile section and the pile embedment. The required pile length can also be calculated
by the software. We have to double-click on the pile and define the pile parameters in the dialog
that appears. By pressing “Edit” on this dialog, we can define the pile type and the pile structural
section.

. _____________________________________________________________________________________________|
DEEP EXCAVATION 126



DEEPFND — HELIXPILE 2020 USER’S MANUAL

Pile Properties
1. Selection of Support Type
General pile type

A General | B. Prestress-Unbraced | C. Comosion | D. Resuits | Py

Helical Pile

Lateral

Pile SideView

2 Structural Section Used
Structural Section | Pipe 4" vl

3. Dimensions

1.1 Coordinates at Top of Pile
X0 I
Zo Jn

1.2 Angles
30 J deg

4. Shaft grouting

[ Shaft is grouted

V| Activate support for this stage

=]
1.3 Lengths

Lfree 5
Lfix 36

5. Activate/Deactivate pile - Permanent or Temporary T
Temporary support

Graphics Control
[] Fitto image scale

Show full calculations

Figure 5.2.6: Define pile dimensions and data dialog.

Helical sections

[Pped™ |

Add new helical section

Delete all

Delete selected helical section

A General | B. Geotechnical capacity options

D. Btemal casing

1. Name
|Pipe 4"

Tel: |

2. Shaftpipe dimensions and properties

Section |Pipe
Diameter l:l in
n

Thickness

Solsss Jns

Area pipe Apipe

Perimeter |12 566370 in

3. Helix dimensions and properties

Manufacturer |

Torsional pipe capacity

Define mechanical connection
L tension strength

Use different size plates Ayvailable Dnnﬁgurations| Mone

v| Sselect

End offset [0.5 ft

Diameter (in) Spacing fft) Thick {in)

Effective Area

#2) Uk . Capacity (k)

0.375

168 100

0.375

Add a new plate Delete selected plate

Save configuration | Delete config.

2094 100

Add configuration

[dg Database

l [H Database

Database &l

I

Cancel

Figure 5.2.7: Define pipe size and helix configurations.
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C. Define Analysis Options
After we create the model in DeepFND, we have to define several analysis parameters.

Pile length automatic optimization:

In the general tab of DeepFND we can select to optimize the pile length. In this case, we need to
define the maximum pile depth and the step. The software will use the step to calculate the pile
tensional and compressional capacity in several depths and compare them with the applied
tension and compression loads respectively. It will stop the analysis when both capacities exceed
the applied loads and return as a result the pile depth, the calculated capacities and the pile
structural results (moment, shear, displacement etc.). If the software reaches the maximum
depth and fails to find a suitable solution, it will stop the analysis and return as a result the
calculated capacities etc. of the maximum depth.

If we leave this option unselected, the software will use the pile depth we manually specified for
the analysis and return all analysis results.

I k- _.ﬁ_ A V] Optimize pile length E w
. Max. Depth 45.00 7 ft =
Edit / add Clays: = Analysis = Stages  Water
5 pileloads Default ~ settings Step 1.00 | # v options~
External loads Clays Analysis settings Stages

Figure 5.2.8: Option to optimize pile length in the General tab.

Analysis equations and settings:

In the Analysis tab of DeepFND, all analysis parameters are automatically defined according to
the pile type (helical or non-helical) and the pile installation method (drilled, driven, caisson,
micporile etc.).

B General Properties Analysis Torque Design Settlement Lateral Results Report View Help
Method Meyerhof/Hansen x Include shaft resistance [ Use additional multipliers Factors on ' | Trilinear ¢ or Su T method Mitsch-Clemence 0.09 e” =
Equation General: Mc c' + (Ng- = & onconcrete 100 o [Tl Additional factor at shaft Rock | Use specified soil bond -
Consider disturbance Ed & onsteel |50 %

Bearing Capacity Method Shaft resistance Reductions on side ¢’ Cylinder method

Figure 5.2.9: Analysis settings, automatically selected.
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Design standards and Safety factors:

In the Design tab we can define the structural codes and the safety factors applied on the bearing,
shaft and structural capacities. Alternatively, we can select a load combination of a specific
geotechnical design standard (we will not use one in the current example).

m General Properties Analysis Design Settlement Lateral Results Report View Help

CcO f 6 DES [T Use mob. axial for STR checks [] Custom STR [V] Adjust ultimate STR capacity by FS
oE | L [sorey Factorshare 2 STRdes 05
Code Stee . General Members:
options ¥/ AISC 360-10 A Settings US Sizes ~ | Safety Factor Bearing 2 Method | International Building Cor ~
Safety factors Structural factors
Concrete Code Options
Base model
IR X S | @ [e® [ =0 | 0 [RaD [em]
) [ea [l [ - Jos9[cO [ -
b [ -|> [® | -1 -[-
Steel Code Options B =0 0005
= e [E- 0 [T
17:AISC 360-10 ALL. v
Timber Code Options
150
Service, a=0.36 v

-Sft

Figure 5.2.10: Define structural codes and structural/geotechnical safety factors.

Design
j Use mob. axialff Design Approach + Mult. ~ [] Examine corrosion effects
sfety Factor Shaff] () Do NotUse A Code
sfety Factor Bearf|| © Analyze only one Code Case Approach: Service

Load combinations Design Life
Design Code

T T=T=Ts1| AASHTO LRFD (2010) x
15T Load Case

=+ Strength Ib %

When you are analyzing a wall with LRFD or ULS procedures you will
need to define the appropriate load combination or design approach.
Select 1st the design code, and then select the appropriate case.

Load combinations can be applied at each stage or you can create
different design sections where dirrent load combinations are assumed.

Figure 5.2.11: Option to assign a design standard load combination.
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Settlement analysis options:
In the Settlement tab we can select the option to perform settlement analysis. Also, there, we
can define pile settlement acceptance criteria.

n General Properties Analysis Design | Settlement | Lateral Results Report View Help
Perform settlement analysis I [[] Use when optimizing length Inflection factor for shaft response Rm 4 §
[T] Calculate design capacity from PY response Maximum settlement yMax 2 in -~
" . . Edit pile settlement
[ Include corrosion effects in PY response Effective area percentage factor Aeff 100 % acceptance criteria

Settlement analysis Settlement Parameters Pile acceptance criteria

Base model

Units

English Units t. inch, kips) B

Design sections [ Tree view

Design Sections

Available criteria

ICC-AC358

2. Set active/visible

QO: Base model
V' Criterion is active o be analyzed)

| Criterion is visible (on graphs)
3. Equation
y=|0

+|0 D_ +0 D

PL s

PL/AE

= Plate diameter

D
AL

Average plate size

Define maximum net settlement

Uttimate load criterion (Criteria determines ultimate load)
Use deflection load slope

Reset to ICC355

Reset to Elastic Reset to Davisson

colalB T @

Figure 5.2.12: Option to perform settlement analysis and pile acceptance criteria.

Butler-Hoy NYC 2011-011

Lateral pile analysis options:

In the Lateral tab we can select the lateral pile analysis method. The available options are either
to calculate pile moment, shear and displacement for the defined lateral loads, or perform a
pushover analysis and report the required load to achieve a specific displacement.

Analysis Design Settlement Lateral ! Results Report

General Properties

Analysis type Lateral load define(E’ Loading is | Static >

2‘_

Lateral load analysis
assumptions

fit

Edit / add

distributed loads

Pile head is F

Pushover analysis

Lateral load defined

Analysis

Loading type

Figure 5.2.13: Lateral load options.
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Torque options:
In the Torque tab of DeepFND, we can either select one of the existing Torque factor profiles, or
we can define new profiles:

General Properties Analysis Torque Design Settlement La

Torque Factor Profile jb
AC358-2007 - .
- Installation
Not assigned Torque Profiles ~

| AC358-2007 |

User large diameter ERmhs

English Units it inch, kips)

Figure 5.2.14: Torque profiles.

1. General Load Test Infarmation - Coordinates
Mame

|Jzer large diameter

Torque Installation Profiles are used to estimate the required installation torque to meet required helical pile
capacity. Torgue Installation Profiles have traditionally been reported based on the installation shaft
diameter.

2. Tarque Installation Profile data

Diameter Tarque Installation
{in} Factor kT (1)

Add Mew Profile

Delete Selected
Record

Figure 5.2.15: Edit torque profile factors.
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D. Analysis and Results

Since the model is ready, we can choose to calculate the design section. After the analysis is
succeeded, the Summary table appears. The table below includes the calculated compression and
tension capacities, the optimized pile depth, the lateral pile results and more. With red we can
see some values that are critical. In this case, we can see that at least one stress check is above
the limit “1”. We can locate the issue by closing the summary table and reviewing the results
graphically on the model area for every stage. In this case, the pile structural capacity and
moment capacity are not enough to cover the combination of the tension and lateral load applied
on the pile head. In this case we need to somehow increase the pile capacity (increase pipe
section or use an external casing on the top of the pile).

Table 5.2.5: Analysis and Checking Summary table.

Extended Summary

File Fmax Cap. Frman Cap. Max. File File
Calculation type compression compression  tension  tension  stress lenath oD Bearing
k) k) k) k) check fit) fin}
b Base model Calculation suce.. K REY 914 70 e [N ¢ 185208
Compression P [k}
4] 80 160 240 320 400
T I T I T I T I T I 1
Feap.ten. ULT= 16511 k Comp. GEO Cap.k
Feap.comp. ULT= 22043 k
Fcap.tension= 84.56 k& 20k 0 & 180 240 320 400
- - _ T I T I T T I T I 1
Frap.comp= 91.35 k ) J. 'Fé.?&- .
F 5 ft I :
-Sft L
C [UND)
26 ft
Fshaft= 9.31k
-1Bft 26.5 ft
51
&
2T 1T 1
5ﬁi - :fF:innder= 28.48
b
=3 T Tg- 29.76ksf, Ng= 2984,
qTip= 40.84ksf, Ftip= 3.56k
2
Boring 1 218k 2.32in
ICC-AC3SE

Figure 5.2.16: Pile bearing capacity (cylinder method) and settlement.
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Fcap.ten.ULT= 16911 k

Compression P (k)

0 B0 16D 240 20 400

Comp. GEO Cap.k

Fcap.comp.ULT= 220.43 k

Fcap.tension= 84.56 k
Fcap.comp= 9136 k

30 & 0 80 180 240 320 4N

| T T

. 3
F 5 ft )
-3t -
€ [UND.)
26 ft
Fshaft= 12 4k
-1t 26.5 ft
51
£
27t Sﬁi T = 22 33ksf, Ng= 238,
sl
52 T8 g- 29 76ksf, Ng= 2984,
qTip= 40.84ksf, Ftip= 3.56k
2
Boring 1 218k 2. 32in
ICC-AC33E
Figure 5.2.17: Pile bearing capacity (individual plate method) and settlement.
Torque= 36.738kF T:;Tq':c;
Frep.ten.ULT= 169.11 k (EST)-
Feap.comp. ULT= 22043 k
Fcap.tension= 84 56 k 0 20 40 &0
Feap.comp= 9136 k T
F 7y 7 ) T I
-oft
C [UND.) [
0. 035in “% '
. ot !
O D0y T
-181t = 1
s1 G oo feom 3
0 i
Tin ok '{,_
2Th Qi -i'lgﬂI = 22 33kesf, Nq=23.13,:‘;745.?ﬁk
i S 4 1
Din L 0= 294F6kst, Ng= 29.44, F=!50k
52 = 44 iop=3. '
qTip= 40.54ksf, Ftip= 3.56k Wall Shear
== Wall Displacement
== TR Design Capacity [+comp)
=== |nstallation torgue [EST)
#==¥. Torgue capacit
Boring 1 d . v

Figure 5.2.18: Pile displacement, shear and moment diagrams, and estimated torque.
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PART C: PILE GROUPS AND PILE RAFTS

MODEL CREATION — ANALYSIS SETTINGS — RESULTS

The following section provides useful information about the use of the software for the design of
pile groups and pile rafts. We examine the procedures to create a model, define the analysis
settings and perform the model optimization using the calculated results. We present how to
effectively use the tools of the software in order to create any pile cap shape.
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SECTION 6: PILE GROUPS — MODELS AND ANALYSIS

6.1 Creating a Pile Cap Model Automatically

DeepFND (and HelixPile) can design pile caps supported by pile groups. The pile caps can be of
any shape and the piles can be of any structural section.

When we wish to perform a pile cap design, it is recommended to analyze first the single piles.
This way we can examine the pile settlements and the torque capacity of the piles, since these
parameters are not examined in the pile cap mode. By analyzing a single pile first, we can also do
an initial pile depth optimization, since the automatic optimization does not work in Pile Cap
mode.

The following steps should be followed for the creation of a pile cap model:

A. Define the soil properties and Stratigraphy

These procedures are summarized in sections 3.3 and 3.4.

B. Define the single pile type and structural section

We should access the single pile on the model area and define the pile type (see section 3.5) and
the pile section (see sections 3.6 and 3.7 for helical and non-helical piles respectively).

All the piles generated in the pile cap will use the same pile type and section, as defined in the
single pile. After the pila cap generation, we can access and modify each pile section, position
and inclination independently.

C. Analyze and optimize the single pile (optional)

The analysis and optimization of the single pile is recommended in order to achieve an efficient
solution. We could define the loads on the pile head, define the analysis settings and perform the
analysis as described in section 4.1.

D. Create the pile cap with the use of the Pile Cap Wizard

In the Pile Caps tab of DeepFND we can select to open the Pile Cap wizard. In the wizard, we can
define the basic pile cap shape, geometry, piles layout and loading.
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Define pile shape and dimensions:

The pile cap generated by the wizard can be rectangular, circular or triangular. Further options
are available in the Edit Pile Cap dialog (appears when the cap is generated). We can also define
the pile cap dimensions, center coordinates, thickness and elevation.

Pile Cap Generator Wizard X
1. Select Shape and coordinates

Plan dimensions

Rectangular
afo Jo B0
Circular
Triangular 1. Define the pile cap shape
B0
Pile Cap Generator Wizard X
1. Select Shape and coordinates
- ! .| Plan dimensions
Bx ft 30
e vl S PR K
Yo o a 2. Define the pile cap dimensions,
osition, thickness and elevation.
A position,
2. Select Pile

Figure 6.1.1: Pile Cap Wizard: Define cap shape and dimensions.

Define piles layout:

In the Wizard dialog we can define the piles layout. We can set the number of piles on each
direction and the pile spacing.

3. Pile Spacing Options
IUse pile spacing to autosize pile cap

Piles inx Pile spacing in terms of pile diameter

Figure 6.1.2: Pile Cap Wizard: Define piles layout.
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E. Edit the pila cap parameters (shape — loading — analysis options)

When we close the Wizard, the Edit Pile Cap dialog appears automatically. The same dialog can
be accessed any time by double-clicking on the pile cap in the model area.

In this dialog we can readjust the pile shape and dimensions, choosing from a big variety of pile
shapes (rectangular, circular, triangular, hexagonal, octagonal, random shape). We can also define
the analysis settings and we can access and modify the position and structural section of every
generated pile. All these options are presented in section 3.8.

Finally, in the Edit Pile Caps dialog we can define additional area and linear loads on the pile cap,

as well as, we can define if there will be a single point load on the cap centroid or if we will use
several point loads on user-defined locations. All the load options are presented in section 3.10.

80k

L?-Jk

O

Figure 6.1.3: Generated pile cap — Top and side view.

F
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O
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O O O
@
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6.2 Editing the Created Model

In DeepFND we can edit all items in the model area. After the model is generated, we see the side
view of the model.

Define presented Y axis on the model area

The DeepFND 2D model area presents actually a cut section of the model along the X- Axis. With
the middle pile placed by default at X=0, unless otherwise defined in the Edit Pile Caps dialog.
From the Pile Caps tab of the software, we can select the Y coordinate that is presented, so we
can access and review the 2D section of all piles.

+,3£P, Footing Options (3D Loads) Pile Positions Lateral Pile Caps Results Report View Hel€ut Section Y
General Pile Layout Advanced Point Loads Area Loads Linear Loads T Top View B Mxx [ Shearxx LoAdal SE  yaxis|1000
All coordinates are local to the pile cap (footing center) |* Add pile (draw on plan) | & Myy & Sheary-y (] Mesh width|3.00

Pile Local (A S [7*ox [ oy oz [T 3D View
Nlame X ¥ Length Rotation Edit Pile Plans Pipe Cap Results Out of plane view
» | P 10 10 40 0 Edit [~

= Base model
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Figure 6.2.1: Pile positions and cut section Y-axis.

Review the model top view

In the Pile Caps tab of DeepFND, we can select to open the Top View of the pile group, that
presents the pile cap, the loading positions from, above and the created piles.

From the Top View tab in the model area, we can access and modify each pile independently. We
can also right click on the pile cap and select to Activate/Deactivate the cap in the selected
construction stages, and we can also select to Edit the pile cap.
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Figure 6.2.2: Open top view and access piles.
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Review the 3D view

In the Pile Caps tab of DeepFND, we can select to open the 3D View of the pile cap. The 3D model
opens in a separate tab in the model area and it can be accessed and manipulated with the
mouse. We can move and rotate the model with the mouse buttons. We can zoom in and out the
model with the mouse roller button.

Mo

Figure 6.2.3: Pile cap 3D view.
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6.3 Creating a Custom Shape Pile Cap Manually

In the Pile Caps tab of the software, we can select the option Pile Cap Analysis. This will change
the software mode and virtually delete the single pile. We can access the Top View tab, where we
see the project area, along with the project global X and Y axis.

While on Top view, we can select the tool “Draw a pile cap” from the Pile Caps tab of the software.
Ce can click on several points on the model area, defining the pile cap shape. After we click on
the first point we actually added (so a closed shape is created), a table will appear, presenting all
created points coordinates. We can edit these coordinates defining the pile cap points exact
positions.

* 3D |Drilled pile methods v Edit [T Top View B Mx &
—— +L, -
=

Use pile analysis profiles (see above + Add pile (draw on plan) = M
Single pile |Pile cap| Pile Cap  Edit - = Sl I ) il_ e = =y

analysis |analysis| Wizard pile cap ¥ Draw a pile cap [77ox |7
Analysis Type | Edit-add pile caps ‘ Pile analysis profiles ‘ Plans Pi
lement Latefal Pile Caps Results Report View Help
Edit [T Tdp View £ Mxx O Shearxx L Adal 2F  yaxis 1000 7 [ Include Seismic Loa
e above) l‘* A‘c'd pile (draw on plan) | = Myy © Sheary-y (] Mesh width [3.00
‘?} Draw a pile cap.‘ [7*px [ Dy ~}| Dz [T 3D View
| Plans\ ’ Pipe Cap Results ‘ Out of plane view General -
Select tool
X
19.23 -11.46 -3.69 4.08 11.85 19.61 27.38

1. Click (start and end)

Line Point Data

Coordinates

X z
» PTO TR 11.5520...
PT1 |-14.3747... |4.37939...
PT2 |-5.28381...|-7.15085...
PT3 |9.29169.. |-6.06388...
PT4 |14.7762.. [1.82492..

Define exact point
coordinates

Figure 6.3.1: Procedure to add a custom shape pile cap.
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6.4 Adding New Piles Graphically

Both in custom pile caps, and in normal shape caps generated with the wizard, we can select to
add new piles on the model area graphically, using the “Add pile” tool from the general tab of the
software.

We need to select the tool and right-click on the pile cap in the Top View tab of the model area,
close to the points we need to add the piles. After adding the last pile, we should press the
“Escape” button from the keyboard, so the Add Pile tool is deactivated.

Analysis Design Settlement Lateral Pile Caps Results Report View Help
Drilled pile methods v Edit [T Top View £ Mxx O Shearxx L_Avial BE  y.ax
[1] Use pile analysis profiles (see above) I_lli Add pile (draw on plan)l @ Myy © Sheary-y [ Mesh wid

*3 Draw a pile cap [77ox [ oy ~|| Dz T
Pile analysis profiles | Plans ‘ Pipe Cap Results ‘ Qut

Base model Top view

422 -31.86 -2152 -11.18 -0.84 9.5
19.6

1342 |-

ght-click
Right-click

7.24 —

Right-click

106 New Footing

Press 'Esc"after
last pile

P=0k

Right-click

¥ 13 [

Right-click

Figure 6.4.1: Procedure to add piles graphically.

In the Edit Pile Caps dialog we can set the exact pile positions (X — Y coordinates) and structural
sections (see section 3.8).
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6.5 Review Pile Cap and Pile Group Results

Review Summary Table Results

After the analysis is completed, we can review the results in the Analysis and Checking summary
table that appears. This table presents the calculated compression and tension loads and

capacities, and the lateral pile analysis results (lateral pile head displacement and moment) for
the most critical pile.

Calculated tension and compression loads and capacities

Calculation Pile type (I;'(n}]ax compression (‘ia}p. compression Fmax tension (k) Cap. tension (k)
Pile cap, pile:P1-.. |195 1646 0 180.7
Figure 6.5.1: Analysis table results: Axial pile analysis.
Calculated Lateral Load, Displacement and Moment
y at Pult {in) All. cap at y (k) y at Pall (in) Lat. Dx (in) Lat. Fx (k) Lat. M {t)
NAA NAA MNAA 1.026 451 ’ 11.18

Figure 6.5.2: Analysis table results: Lateral pile analysis.
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Review Results on the Model Area — Pile Cap

Once a project is analyzed, pile cap results can be viewed on screen in the Top View tab of the
model area.

We can select to review the pile cap moments, shear stresses and displacements on each axis (X

and Y-direction). We can also review the calculated pile cap settlements, stresses, axial forces and
mesh displacements.

Figure 6.5.3: Pile Cap Results — X and Y-direction moments.

Figure 6.5.4: Pile Cap Results — X and Y-direction displacements.
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Review Results on the Model Area - Piles

After the analysis is performed, we can review several results on the 2D model area for each
axis (X and Y-direction).

We can select to review the calculated bearing capacities, as well as, the calculated moment,
shear, axial and displacement diagrams for each pile. The Y-Axis position in the Pile Caps tab

allows us to access and review all piles (see section 6.2). The 2D pile results can be accessed

from the Results tab of the software.

Mew Footing (30) MNew Footing (30)
“2. 75kt [12 Thaivs 12.75k4t - = 0.725in 0.725i
Skt s5.61kft /
QD.C@Sir (o.c@sar
‘»D.SSk it ). E5k-ft
0.001in 0.007in
003k 0.03k-ft
Din Din
Ok-ft
iin Din
Okt
Okt
—— -mn an
=gt k-ft . -
-12.75k-ft -12. 725kt 12.75k-ft Oin in

Figure 6.5.5: Pile Results — Moment and displacement diagrams — X-Axis.

New Footing (30)

_ i

=

1.26k

S — ——
q ——— —
o
— —
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P.ult. GEQ.comp=82.28k P.ult.GEO.comp=382.28k
P.ult GEC.ten=590.33k  P.ult.GEO.ten=90.33k
P.des . 5TR=138.78k P.des. 5TR=138.78k
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S "SR

Figure 6.5.6: Pile Results — Shear diagrams and calculated bearing capacities.
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Review Results on the Model Area — 3D Model

The 3D View can be accessed from the Pile Cap tab of the software (see section 6.2). After the
analysis is performed, the pile cap and pile results can be displayed on the 3D model as well.

Figure 6.5.8: 3D Results — Pile displacement diagrams and Pile cap displacements (Y-axis).
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PART D: THEORETICAL BACKGROUND

METHODS AND EQUATIONS

The following sections provide useful information about the methods and equations utilized in
DeepFND and HelixPile software programs for the design of Helical and Non-Helical Piles.
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SECTION 7: THEORETICAL BACKGROUND FOR HELICAL PILES

7.1 Theoretical background

Helical piles derive their capacity from bearing and side resistance. In general, two geotechnical
modes are recognized for helical pile failure: a) Individual plate failure mode, and b) cylinder
failure mode, as illustrated in the following figure. If the helix spacing is large enough, then each
helix will act independently, and the individual bearing capacity failure will control at each plate
(provided that the plates has enough structural capacity). On the other hand, if the helical plates
are spaced close enough then the capacity will be controlled by the bottom plate bearing failure
and side resistance along the cylinder bound by the helical plates (for compression).

¢
k;

P

- —— . — — s

Cylinder method Individual plate,

Figure7.1.1: Helical pile theoretical failure modes.
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The general bearing capacity equation used within the software is:
qult=c Nc+Ng-1 o'+ 0.5y D Ny

Where:
c= Effective cohesion or undrained shear strength
D= Helical plate diameter
Y= Soil unit weight
o'= Effective vertical stress

The bearing capacity factor Ngq according to Vesic 1974 is calculated as
Ng=0.5 (12 ¢) #/>*
The bearing capacity factor Ny according to Vesic 1974 is calculated as

Ny=(Ng-1) tan (1.4 ¢)
Where @ is the effective friction angle in degrees.
For Meyerhoff/Hansen the bearing capacity equation is defined as:
Ng= e™ @@ tan(r4+@2)2
For fine-grained soils where = 0 degrees, Hansen and Vesic equations yield N. equal to 10.
However, Skempton (1951) showed both theoretically and experimentally that N. approaches a
constant value of 9 for deep foundations. Most practitioners used Skempton’s result for the ¢=0
degrees condition. Under this condition, the second and third terms in bearing capacity equation
go to zero because Ng= 1 and Ny= 0. For this reason, the program assumes a conservative value
of Nc =9 even when the friction angle is greater than 0.

However, use of general bearing capacity equation would result in the calculated ultimate bearing
pressure increasing without bound as q increases steadily with depth. In many cases this leads to
an overprediction of bearing capacity. It has been proposed that the bearing pressure at the base
of a deep foundation reaches a maximum limit at some critical depth (Meyerhof, 1951, 1976).
The critical depth has been established for straight shaft piles based on a number of load tests.
However, previously published critical depths for other types of deep foundations may not apply
to helical piles.

Perko (2009) concluded that in summary, the ultimate bearing pressure for helical piles in coarse-
grain soils may be computed using traditional bearing capacity theory by replacing the effective
overburden stress, q' with the product of soil unit weight, y, and two times the average helix
diameter, Davg. Within the analysis settings dialog, one can select the Use Bearing Limit option
as g=f x y (Nqg -1). Here the default f=2 value is proposed, but this can be changed according to
user preference.
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@ Individual bearing resistance method
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Include shaft resistance

[] Use a limiting vertical stress

Cylinder method | Mitsch-Clemence 0.09¢"(0.08f) v |

nc tip resistance for compression (p pipe
Include ti [ f ion (plugged pipe)
Use bearing limit ~ g=f*v (Ng-1) f= 2

2. Use soil-concrete bond strength
[7] Use general soil bond values

[7] Use user ultimate bond
3.A. Frictional Shear Resistance

‘ aon steel B0 i
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Figure 7.1.2: Analysis settings for limiting bearing pressure
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7.2: Shaft side resistance

While in general shaft side resistance is ignored, in some occasions it might be desirable to
incorporate shaft resistance within the calculations. In DeepFND there are two methods of
calculating shaft resistance a) Effective stress approach, and b) soil bond values. If the option Use
general soil bond values is not selected, then the program will use an effective stress approach
for calculating shaft side resistance.

2. Use soil-concrete bond strength
[[] Use general soil bond values

|Jse user ultimate bond

3 A. Frictional Shear Resistance

- on steel 50 i
& onconcrete 66 %
1 B. Cohesional Shear Resistance
Use factor on €' or Su = 1 (0to1)
lIse Adhesion Cohesion  Adheszion
o
Factors kst Factor
c=lto A 0.8
for cz= 2 0&

Figure 7.2.1: Shaft resistance options in analysis settings dialog

a) General soil bond values: Side resistance is calculated from the bond resistance values in the
soils type dialog. This condition would be more appropriate for grouted shafts or pressure grouted
shafts where the external shaft is encased in concrete.

b) Effective stress approach: In the effective stress approach, the program calculates the average
effective vertical and lateral stress along the shaft. Shaft resistance is then determined from:
t=tan (6 ¢) 0"**+am c'

Where:

6= Ratio of shaft to soil friction. Default 8steel Value is used. If the helical pile is grouted,
program will use Sconcrete. Please note that the initial percentages are general estimates and that
they should be adjusted if site conditions differ.

¢ = Effective soil friction angle

0'ave = Average normal soil stress along the shaft

o= Overall adhesion factor for cohesive component of side stress

c'= Effective cohesion or undrained shear strength for clays in undrained state.

m= Optional factor applied on cohesive side stress that reduces adhesion with tri-linear

approach. Infigure 5.2, for c<=1 ksf then m= 0.8, for c>=2ksf m= 0.5 while the program performs
a linear interpolation for intermediate values. The initially assumed limits are obtained from
experience and general references, but should be adjusted if soil-adhesion behavior differs.
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7.3 Cylinder strength method

DeepFND also examines cylinder strength to determine which axial loading condition is more
critical. The program subdivides the space between plates into a number of nodes where the side
shear strength on the cylinder is integrated from a side resistance of:

t=tany o'set+c'

Where:

6= Ratio of shaft to soil friction. Default 8steel Value is used. If the helical pile is grouted,
program will use Sconcrete. Please note that the initial percentages are general estimates and that
they should be adjusted if site conditions differ.

b= Effective soil friction angle

0'ave = Average normal soil stress along the shaft

If the plate sizes are different, then the program calculates and includes both the cylinder angle
(from the pile axis) as well as the effective diameter along the virtual cylinder. The angle
inclination of the cylinder in respect to the pile axis should make little difference in most cases.
The side cohesion factors in 5.2 are also applied in the cylinder method.

7.4 Installation disturbance factors

As a helical pile is installed and helical plates cut through insitu soils, the very process of individual
helical plates passing through disturbs the original soil. As a result, it has been observed that
trailing plates do not experience their full bearing capacity potential. Such installation disturbance
factors are applied both to the bearing capacity of each individual bearing plate as well as the
elastic (or non-linear) soil response. Disturbance factors can be affected by many factors,
including pile size (shaft, shape), installation speed, and original soil conditions. Stiffer clays have
been observed to experience a greater reduction in strength as a result of helical pile installation.
Default installation disturbance are estimates based on engineering judgment and may have to
be adjusted on each analysis.

5.5 Structural capacity calculations

Initially the design structural capacity of the pile is calculated as:

Pdes= a -Py
Where: Pdes= Design axial capacity
Py=  Yield strength of shaft
o= Design stress factor (for allowable design typically taken as 0.5)

a is controlled from the Analysis settings dialog, tab B. Its value is automatically updated when a
new structural code is selected from the Design tab.

The program also considers the structural capacity according to the selected structural code
standards. This affects the compressive structural capacity when buckling is considered. DeepFND
determines which loading condition is controlling in each stage, and reports the respective
structural capacity.
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The unbraced length below the surface has to be defined by the user depending on soil conditions
for each helical pile. The program subsequently tries to determine if the pile sticks out of the
ground and incorporate this length into the effective unbraced height. Last, the effective
unbraced length is calculated by multiplying by the unbraced length factor k which accounts for
the end conditions of the beam. The initially assumed value is assumed as 1 (for a pinned beam
at both ends), while typical values can range from 0.65 to 2 depending on the assumed fixity

conditions.
— o
E. Prestress-Unbraced ||:_ e | D. Hesuﬂs|
1.1 Apply changes to to stages
i@ This Stage Only
™) From Stage |1 to (1
i) Al Stages
|
M 2 Unbraced Lengths Options
| [] Use user-defined unbraced lengths
1
Vertical Unbraced Length LuV/| [ ft
IUnbraced length factor k 1 = Cantilever ke= 2.0
Simple beam k=10
Partially fixed k= 0.85
Fixed ends k=085
| oK | ‘ Cancel —
. = —

Figure 7.4.1: Unbraced length factor with standard recommendations

7.5 Structural Safety Factors

When ultimate structural codes such as AISC LRFD editions are employed, then a designer might
have to consider additional safety factors applied to the structural analysis. This will also depend
on whether external pile loads are factored or not. For example, if external pile loads are not
factored and AISC LRFD is used, then it might be prudent to use a safety factor of 1.6 or greater
to factor services loads for the buckling structural analysis according to building code standards.
These settings are initially automatically set when a building code is selected but can be adjusted
from the design tab as shown in Figure 7.5.1. When an overall safety factor is used, the
assumptions table will also show that a safety factor is applied by the name of the structural code.
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Adjust ultimate STR capacity by F&

Safety Factor 1.6

Steel Code: a= 0.585 LRFD 3rd Edition 2003/F5= 1.6
Structural factors Ubraced lensth WA+ k= 1

Figure 7.5.1: Using a safety factor on loads for ultimate structural codes such as AISC LRFD

7.6 Helical pile settlement estimation procedure

Helical pile capacity is almost always defined from the actual settlement response due to applied
loading. It is well known that the ultimate bearing capacity of individual plates is mobilized at
settlements that tend to be unacceptable for typical structures. It has also been observed that
maximum theoretical bearing pressure limits have rarely been mobilized in most axial pile load
tests. DeepFND incorporates a new settlement, based, methodology for estimating the axial
response of a helical pile. As Perlow (2013) has outlined, a helical pile settlement response is
typically divided into the following components:

End bearing plate soil response

Cylinder shaft response

Shaft friction response

Elastic response of helical pile itself

1. 2. 3. 4.

P = Pghatt = Pcylinder = Ppottomhelix

|
| 1
el "f.-

) £ —
s 1 2 i

u ) | 3. Sesoil
SQSHOH(PL/AE) + sesoil(Pbottomhelix)

Reduce P
as a result of
load shedding
from shaft friction
and cylinder Friction
to obtain P portomhelix

L

| S— . —  —

**_'*

pIeald

e Ml St e Sy—_ - A—

- __‘ —

-vf'-

—-—

Elastic Shortening of Composite Pile (concrete & steel)
| —

Figure 7.6.1: Idealized helical pile settlement response
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In case the individual plate mode is critical, then the response of each individual plate, and the
shaft between the plates is considered.

DeepFND estimates the PY response by discretizing the soil continuum into vertical soil spring
elements for the shaft, cylinder, and plates. Hyperbolic soil response is ideally captured by
employing the Exponential soil model. Fleming (1992) presented a procedure for estimating axial
pile response. For rigid piles the shaft vertical soil response can be represented as:

Ao = Ms DsUs Ps
—_ Eg.7.6.1
S Us— Ps
Where:
Ms = Shaft factor
Ds = Shaft diameter (or cylinder diameter)
Us = Ultimate shaft resistance
Ps = Applied shaft traction

M:s is in fact the tangent slope at the origin of the hyperbolic function representing shaft friction
(Randolph 1992).

To capture more complex soil response the equation has been expanded to include an exponent:

Pg m
AS — MS DS US (UT) Eq. 7.6.2
S S
According to Randolph and Wroth (1978, 1982) M; can be replaced by:

In(ry /1) Ts
M = mz Gp Eq. 7.6.3

Where rnm is the radius at which soil deflections become vanishing small, r, is the pile radius, tsis
the shear stress at the pile surface, and G is the soil shear modulus:

G=E/2(+v)  Eq.7.6.4
According to theory of elasticity the settlement under the center of a circular footing can be
computed as:

T
Ap =1 da DPL (1 — Uz)f Eq. 7.6.5
4 Eg
Where:
Ja = Applied stress on footing (average)
Es = Modulus of elasticity of bearing soils
DpL = Circular footing diameter (in this case, helical plate diameter)
f = 0.85 Shape factor

The settlement response equation though is expressed in a linear form. To capture non-linear
behavior, it is important to use a non-linear soil model (such as the exponential soil model). Such
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work has previously been reported by Kodner & Zelasko 1963, and Schanz, Vermeer, and Bonnier
2000.

e, = da 01—03

1 — For g<qs Eq. 7.6.7
2E590 qq—(01—03)

Where:

0a=qsRs Eq.7.6.8

A suitable value for Rfis often 0.9 assumed.

Asymptote

—— Failure line

S —
PSR S
1T2E I-4/4,

Eur -

R, =
£ g,
777777 1 %

“~— Unloading/Reloading: Linear & Elastic

Deviatoric Stress  [o,— 03]

Axial Strain  -g;

With the hardening soil model, the soil modulus at 50% strain is calculated at each point as:

Eso = Esoref (O'V' / pref) m Eq. 7.6.9

Since the axial capacity of a helical pile is a primarily vertical loading scenario, the following
simplified assumptions can be made:

gf=qut+ov Eqg.7.6.10

Where qui is the ultimate bearing capacity of the helical plate (or other bearing element).

o1 can be taken as the applied load on the plate plus the vertical effective stress due to soil and
water.

Combining equations 7.6.7 through 7.6.10 appears to produce a reasonable and rational
simplified procedure for estimating non-linear base response. By constructing the strain-stress
relationship, the secant elastic modulus at each level of strain can be computed and this value is
progressively used in Equation 7.6.5.

DeepFND considers a linear structural shaft response. When pile couplings have imperfections or
buckling is observed the effective structural pile section area might be smaller than the full cross-
sectional area.

It is recommended that the exponential elasticity model is used for most soils to accurately
capture a more realistic bearing plate response.

The settlement response in DeepFND does not consider more complex behavior including
downdrag or time related consolidation effects. It is generally best if predictions made with the
software are always accompanied by axial load tests to verify pile response. It should also be kept
in mind that actual pile response will be affected by soil variability and pile installation, which can
exhibit significant variation even within the same site.
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7.7 Exponential soil model with linear creep

Many times, some soils exhibit a linear response after a certain stress level has been exceeded.
To cover such cases, we have expanded the exponential soil model to include a linear portion
after the exponential response is exceeded.
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SECTION 8: THEORETICAL BACKGROUND FOR REGULAR PILE TYPES

8.1 Introduction

In order to properly estimate the axial pile capacity different methods will have to be adopted.
Amongst other factors, such methods may depend on the pile installation method as well as on
different soil or rock type properties. DeepFND offers a number of well accepted methods for
estimating the geotechnical axial pile capacity. Most methods are either based on AASHTO,
FHWA, or Eurocode 7 type recommendations. All methods should be used by experienced
professionals who understand their limitations. DeepFND also gives direct options for overriding
many of these settings with user defined options.

8.2. A Driven Pile Recommendations

For driven piles, DeepFND has incorporated Norlund’s method as outlined in AASHTO Bridge
design specifications (2012 and on). The program will automatically classify the pile as tapered,
steel monotube, or step tapered, depending on the selected pile geometry. A series of verification
examples with DeepFND are presented in the following sections.

For adhesion, the program uses Tomlinson’s method (Tomlinson 1979). The program interpolates
for values of D/d between 10 and 40.
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Figure 8.2.1.A: Adhesion Values for Piles in Cohesive Soils (after Tomlinson, 1979)

Figure 8.2.1.B Nordlund/Thurman Method Verification
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The following report includes the software DeepFND verification of the geotechnical capacity
calculation of driven installed piles in cohesionless soils through the Nordlund/Thurman Method
as presented in AASHTO LFRD 2012 [1].

Example 8.2.1. Timber driven pile w=0

The assembly of the example 1 along with the pile and soil layer properties are illustrated in Figure
8.2.1.1, 8.2.1.2a and 8.2.1.2b respectively.

13 k
Sail w1 = Su & K=uh | =50 Sl BaD | krm
Hame= | {pef) [ 9p=) | 9p) | {d=g) | 9pei) . -
F 120 1] = x B ) = =
5t
*
15 ft
F
~ 16t = z 16t
Eoring 1

Figure 8.2.1.1: Assembly of pile foundation example 1.
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gy @ o

™ Piosch: joints v open flled with gouge
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Figure 8.2.1.2: Properties of a) cohesionless soil layer b) the circular timber section
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The calculation of the nominal unit side resistance is accomplished according to the AASHTO LRFD
[1] guidelines, section 10.7.3.8.6f, through equation (1).

,sin(o + o)

qs 5 F 5+a))

(1)

The value of the coefficient of lateral earth pressure at mid-point of soil layer Ks=0.998 is
calculated through the use of figure 8.2.1.3a. The effective Volume displaced is equal to Ves=0.56
ft3/ft while w=0°. The &/¢y =0.55 ratio is calculated from figure 8.2.1.3b according to Veff value
and the curve “b” corresponding to timber piles.

20F

-

.

L
T

bﬁ

SR e
, AR
O o : + D) e O W
0.0 0.5 1.0 1.5 2.0 0.00 0.256 0.50 0.76 1.0 1.26 1.50

w (degrees) 8/,

-
o
T

|
........

Volume, V (FTIFT)

=
(=]
L)

Figure 8.2.1.3a) selection of Ks value b) selection of 6/¢s value

The value of the correction factor Cs =0.789 is calculated through the use of figure 4 according to
the previously selected 6/¢py value and the soil friction angle ¢=30°.

15 .
1 I 111 . HEREEE
| |
- ] |- .&03"'. 1,4
| — 1 2
— —
' 1.0 - - -110-
Correction E LRSS T - Lols
|
Factor, C; ‘ L1 [
0.8 111 11 T \:\\\ 1]
| | B N Bl b
1 \1 A
| Ol
0.0 ] 1 1
0 10 20 30 40 50
,(degrees)

Figure 8.2.1.4: selection of C; correction factor value.
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The calculation of the nominal side stress is accomplished according to equation (1) for the
different depths along the pile foundation according to the meshing discretization provided by
DeepFND in the stress point results menu. The calculation results along with the nominal side
stress provided by DeepFND are illustrated in a tabulated form in Table 8.2.1.

Table 8.2.1: tabulated results nominal shear stress calculation

qs
Depth(ft) ov' Li S/t Cf Kd ® ) Analytical s (DeepFND)
-5 0.6 0.25 0.53 0.76 1.008 0 15.9 0.125925 0.127
-5.25 0.63 0.25 0.53 0.76 1.008 0 15.9 0.132221 0.133
-5.5 0.66 0.25 0.53 0.76 1.008 0 15.9 0.138517 0.14
-5.75 0.69 0.25 0.53 0.76 1.008 0 15.9 0.144814 0.146
-6 0.72 0.25 0.53 0.76 1.008 0 15.9 0.15111 0.152
-6.25 0.75 0.25 0.53 0.76 1.008 0 15.9 0.157406 0.159
-6.5 0.78 0.25 0.53 0.76 1.008 0 15.9 0.163702 0.165
-6.75 0.81 0.25 0.53 0.76 1.008 0 15.9 0.169998 0.171
-7 0.84 0.25 0.53 0.76 1.008 0 15.9 0.176295 0.178
-7.25 0.87 0.25 0.53 0.76 1.008 0 15.9 0.182591 0.184
-7.5 0.9 0.25 0.53 0.76 1.008 0 15.9 0.188887 0.19
-7.75 0.93 0.25 0.53 0.76 1.008 0 15.9 0.195183 0.197
-8 0.96 0.25 0.53 0.76 1.008 0 15.9 0.20148 0.203
-8.25 0.99 0.25 0.53 0.76 1.008 0 15.9 0.207776 0.209
-8.5 1.02 0.25 0.53 0.76 1.008 0 15.9 0.214072 0.216
-8.75 1.05 0.25 0.53 0.76 1.008 0 15.9 0.220368 0.222
-9 1.08 0.25 0.53 0.76 1.008 0 15.9 0.226665 0.228
-9.25 1.11 0.25 0.53 0.76 1.008 0 15.9 0.232961 0.235
-9.5 1.14 0.25 0.53 0.76 1.008 0 15.9 0.239257 0.241
-9.75 1.17 0.25 0.53 0.76 1.008 0 15.9 0.245553 0.247
-10 1.2 0.25 0.53 0.76 1.008 0 15.9 0.25185 0.254
-10.25 1.23 0.25 0.53 0.76 1.008 0 15.9 0.258146 0.26
-10.5 1.26 0.25 0.53 0.76 1.008 0 15.9 0.264442 0.266
-10.75 1.29 0.25 0.53 0.76 1.008 0 15.9 0.270738 0.273
-11 1.32 0.25 0.53 0.76 1.008 0 15.9 0.277035 0.279
-11.25 1.35 0.25 0.53 0.76 1.008 0 15.9 0.283331 0.285
-11.5 1.38 0.25 0.53 0.76 1.008 0 15.9 0.289627 0.292
-11.75 1.41 0.25 0.53 0.76 1.008 0 15.9 0.295923 0.298
-12 1.44 0.25 0.53 0.76 1.008 0 15.9 0.30222 0.304
-12.25 1.47 0.25 0.53 0.76 1.008 0 15.9 0.308516 0.311
-12.5 1.5 0.25 0.53 0.76 1.008 0 15.9 0.314812 0.317
-12.75 1.53 0.25 0.53 0.76 1.008 0 15.9 0.321108 0.323
-13 1.56 0.25 0.53 0.76 1.008 0 15.9 0.327404 0.33
-13.25 1.59 0.25 0.53 0.76 1.008 0 15.9 0.333701 0.336
-13.5 1.62 0.25 0.53 0.76 1.008 0 15.9 0.339997 0.343
-13.75 1.65 0.25 0.53 0.76 1.008 0 15.9 0.346293 0.349
-14 1.68 0.25 0.53 0.76 1.008 0 15.9 0.352589 0.355
-14.25 1.71 0.25 0.53 0.76 1.008 0 15.9 0.358886 0.362
-14.5 1.74 0.25 0.53 0.76 1.008 0 15.9 0.365182 0.368
-14.75 1.77 0.25 0.53 0.76 1.008 0 15.9 0.371478 0.374
-15 1.8 0.25 0.53 0.76 1.008 0 15.9 0.377774 0.381
-15.25 1.83 0.25 0.53 0.76 1.008 0 15.9 0.384071 0.387
-15.5 1.86 0.25 0.53 0.76 1.008 0 15.9 0.390367 0.393
-15.75 1.89 0.25 0.53 0.76 1.008 0 15.9 0.396663 0.4
-16 1.92 0.25 0.53 0.76 1.008 0 15.9 0.402959 0.406
-16.25 1.95 0.25 0.53 0.76 1.008 0 15.9 0.409256 0.412
-16.5 1.98 0.25 0.53 0.76 1.008 0 15.9 0.415552 0.419
-16.75 2.01 0.25 0.53 0.76 1.008 0 15.9 0.421848 0.425
-17 2.04 0.25 0.53 0.76 1.008 0 15.9 0.428144 0.431
-17.25 2.07 0.25 0.53 0.76 1.008 0 15.9 0.434441 0.438
-17.5 2.1 0.25 0.53 0.76 1.008 0 15.9 0.440737 0.444
-17.75 2.13 0.25 0.53 0.76 1.008 0 15.9 0.447033 0.45
-18 2.16 0.25 0.53 0.76 1.008 0 15.9 0.453329 0.457
-18.25 2.19 0.25 0.53 0.76 1.008 0 15.9 0.459626 0.463
-18.5 2.22 0.25 0.53 0.76 1.008 0 15.9 0.465922 0.469
-18.75 2.25 0.25 0.53 0.76 1.008 0 15.9 0.472218 0.476
-19 2.28 0.25 0.53 0.76 1.008 0 15.9 0.478514 0.482
-19.25 231 0.25 0.53 0.76 1.008 0 15.9 0.484811 0.488
-19.5 2.34 0.25 0.53 0.76 1.008 0 15.9 0.491107 0.495
-19.75 2.37 0.25 0.53 0.76 1.008 0 15.9 0.497403 0.501
-20 24 -20 0.53 0.76 1.008 0 15.9 0.503699 0.507
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Both the nominal side stress derived directly from the guidelines of [1] along with the nominal
side stress results produced by DeepFND are illustrated relatively to the depth of the pile in Figure
8.2.1.5.

Tshaft ( ksf)

0.2 0.4 0l6

Analytical gs

----- Deep FND

-10 -

-12 4

pile Depth (ft)

-14

-16

-18 -

-20

Figure 8.2.1.5: Comparison of the nominal side stress for both the analytical approach and
DeepFND.
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Example 8.2.2. Non-Prismatic timber section pile w=1

The assembly of the example 2 along with the pile and soil layer properties are illustrated in
Figures 8.2.2.1, 8.2.2.2a, 8.2.2.2b, and 8.2.2.2c.

Uaxcoinuucl

Sail i = Su & liguh | =50 lu RaD krm
Name [ {pcf) | 4pe [ (sl | foeml | iped | - [ {0 | 1%
F 120 a = i) a0 = = =
Fcap.ten. ULT=9547k
Fcap.comp. ULT=113.11k
Fcap.tension=47.74k 13k
Fcap.comp=56.56 k
st Fshaft=47. 74k
F 15 ft
e
qTip=20.88ksf, Ftip=8.82k
. . .
Figure 8.2.2.1: Assembly of pile foundation example 2
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B Diesciption [Miscellansous il
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v & Sand Cgit € Rok e
e  Clay € 1GM fintemediate geo mat) Eic) Installation method [Difven El
 Gravel
3. Defaull drsinechundrained behavior for clays (Ses Theor Manual Concree type [Frecet concete 7] ™ P i phugged for cpen sosl sectors)
Undraired Draired —I ) DEEEE
A General | B Elasln-plasticl Latera\l E. Adv. I 1.1 Coordinates at '/all 1.3 Lengths
4. Unit Weights - Density [l ft Lllee|5 ft
P E e o) rel@ w @] ||,
5 Stength Parameters and Poisson Ratio —————————————
'~ Diained strength properties i 24w
! <'[o psf ®' |30 degrees @[30 deg
2. Pile Sections
Length OF File | Section Type Edit Tapered with
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Cope Soil Ko = KoMC * [OCR)nOCR
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Delete Selected Soil
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Delete all sails
J Inzert Segment ] [ Delete Segment ”
Faste Soil ™ Rock joints are open filed with gouge
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i File Sidetiew section A A SRR =

,,,,,,

15.33ft

Figure 8.2.2.2: a) properties of cohesionless soil layer b) section components and general
properties of pile c) properties of the circular timber section at a bottom and on the
prismatic component of the timber pile.

The calculation of the nominal unit side resistance is accomplished according to the AASHTO LRFD
[1] guidelines, section 10.7.3.8.6f, through equation (1).

(1)

The value of the coefficient of lateral earth pressure coefficient Ks is calculated through the use
of figure 8.2.2.3a for each depth along the pile foundation according to the meshing
discretization. The effective Volume displaced is decreasing along the depth while w=1°. The §/¢f
ratio is calculated from figure 8.2.2.3b according to Veff value at each depth and the curve “b”
corresponding to timber piles. The value of the correction factor Cs is calculated through the use
of figure 4 according to the previously selected §/¢r value and the soil friction angle ¢=30°.

The calculation of the nominal side stress is accomplished according to equation (1) for the
different depths along the pile foundation according to the meshing discretization provided by
DeepFND in the stress point results menu. The calculation results along with the nominal side
stress provided by DeepFND are illustrated in a tabulated form in Table 8.2.2.
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Table 6.2.2: tabulated results nominal shear stress calculation

Li V.pile ov' Li S/ Cf Ko [0) S Analytical gs qs (DeepFND)
-5.0 1.2 0.6 0.3 0.7 0.9 1.2 0.0 21.9 0.2 0.2
-5.3 12 0.6 0.3 0.7 0.9 53 1.0 21.9 12 1.2
-5.5 1.2 0.7 0.3 0.7 0.9 5.3 1.0 21.8 1.2 1.2
-5.8 12 0.7 0.3 0.7 0.9 5.3 1.0 21.6 1.3 1.3
-6.0 12 0.7 0.3 0.7 0.9 5.3 1.0 21.5 1.3 1.3
-6.3 1.1 0.8 0.3 0.7 0.9 5.3 1.0 214 14 1.4
-6.5 1.1 0.8 0.3 0.7 0.9 5.3 1.0 21.2 1.4 1.4
-6.8 1.1 0.8 0.3 0.7 0.9 5.3 1.0 21.1 14 1.4
-7.0 1.1 0.8 0.3 0.7 0.9 53 1.0 21.0 1.5 1.5
-1.3 1.1 0.9 0.3 0.7 0.9 5.3 1.0 20.8 1.5 1.5
-1.5 1.1 0.9 0.3 0.7 0.9 53 1.0 20.7 1.6 1.6
-7.8 1.0 0.9 0.3 0.7 0.9 5.3 1.0 20.6 1.6 1.6
-8.0 1.0 1.0 0.3 0.7 0.9 53 1.0 20.4 1.6 1.7
-8.3 1.0 0.3 0.7 0.9 5.3 1.0 20.3 1.7 1.7
-8.5 1.0 1.0 0.3 0.7 0.9 53 1.0 20.2 1.7 1.7
-8.8 1.0 1.1 0.3 0.7 0.9 5.3 1.0 20.0 1.8 1.8
-9.0 1.0 1.1 0.3 0.7 0.9 5.3 1.0 19.9 1.8 1.8
-9.3 1.0 1.1 0.3 0.7 0.9 5.3 1.0 19.8 1.8 1.8
-9.5 0.9 1.1 0.3 0.7 0.9 5.3 1.0 19.7 1.9 1.9
-9.8 0.9 12 0.3 0.7 0.9 53 1.0 19.5 1.9 1.9
-10.0 0.9 2 0.3 0.6 0.9 5.3 1.0 19.4 1.9 1.9
-10.3 0.9 12 0.3 0.6 0.9 53 1.0 19.3 2.0 2.0
-10.5 0.9 1.3 0.3 0.6 0.9 5.3 1.0 19.1 2.0 2.0
-10.8 0.9 1.3 0.3 0.6 0.9 53 1.0 19.0 2.0 2.0
-11.0 0.9 1.3 0.3 0.6 0.9 5.3 1.0 18.9 2.1 2.0
-11.3 0.8 1.4 0.3 0.6 0.9 53 1.0 18.7 2.1 2.1
-11.5 0.8 1.4 0.3 0.6 0.9 5.3 1.0 18.6 2.1 2.1
-11.8 0.8 1.4 0.3 0.6 0.9 53 1.0 18.5 22 2.1
-12.0 0.8 1.4 0.3 0.6 0.9 5.3 1.0 18.3 22 22
-12.3 0.8 1.5 0.3 0.6 0.9 5.3 1.0 18.2 22 22
-12.5 0.8 1.5 0.3 0.6 0.9 5.3 1.0 18.1 22 22
-12.8 0.8 1.5 0.3 0.6 0.9 5.3 1.0 17.9 2.3 22
-13.0 0.7 1.6 0.3 0.6 0.9 53 1.0 17.8 2.3 2.3
-13.3 0.7 1.6 0.3 0.6 0.9 5.3 1.0 17.7 2.3 23
-13.5 0.7 1.6 0.3 0.6 0.9 5.3 1.0 17.5 2.3 2.3
-13.8 0.7 1.7 0.3 0.6 0.9 5.3 1.0 17.4 2.4 23
-14.0 0.7 1.7 0.3 0.6 0.9 53 1.0 17.3 2.4 2.3
-14.3 0.7 1.7 0.3 0.6 0.9 5.3 1.0 17.1 2.4 2.4
-14.5 0.7 1.7 0.3 0.6 0.9 53 1.0 17.0 2.4 24
-14.8 0.7 1.8 0.3 0.6 0.9 5.3 1.0 16.9 2.5 2.4
-15.0 0.6 1.8 0.3 0.6 0.8 53 1.0 16.7 2.5 24
-15.3 0.6 1.8 0.3 0.6 0.8 5.3 1.0 16.6 2.5 2.5
-15.5 0.6 1.9 0.3 0.5 0.8 5.3 1.0 16.5 2.5 2.5
-15.8 0.6 1.9 0.3 0.5 0.8 53 1.0 16.3 2.5 2.5
-16.0 0.6 1.9 0.3 0.5 0.8 5.3 1.0 16.2 2.6 2.5
-16.3 0.6 2.0 0.3 0.5 0.8 53 1.0 16.1 2.6 2.5
-16.5 0.6 2.0 0.3 0.5 0.8 5.3 1.0 16.0 2.6 2.6
-16.8 0.6 2.0 0.3 0.5 0.8 53 1.0 15.8 2.6 2.6
-17.0 0.5 2.0 0.3 0.5 0.8 5.3 1.0 15.7 2.6 2.6
-17.3 0.5 2.1 0.3 0.5 0.8 53 1.0 15.6 2.6 2.6
-17.5 0.5 2.1 0.3 0.5 0.8 5.3 1.0 15.4 2.6 2.6
-17.8 0.5 2.1 0.3 0.5 0.8 53 1.0 153 2.7 2.6
-18.0 0.5 22 0.3 0.5 0.8 5.3 1.0 15.2 2.7 2.7
-18.3 0.5 22 0.3 0.5 0.8 53 1.0 15.0 2.7 2.7
-18.5 0.5 22 0.3 0.5 0.8 5.3 1.0 14.9 2.7 2.7
-18.8 0.5 23 0.3 0.5 0.8 5.3 1.0 14.8 2.7 2.7
-19.0 0.5 2.3 0.3 0.5 0.8 53 1.0 14.6 2.7 2.7
-19.3 0.5 23 0.3 0.5 0.8 5.3 1.0 14.5 2.7 2.7
-19.5 0.4 2.3 0.3 0.5 0.8 53 1.0 14.4 2.7 2.7
-19.8 0.4 2.4 0.3 0.5 0.8 5.3 1.0 14.2 2.7 2.7
-20.0 0.4 2.4 0.1 0.5 0.8 5.3 1.0 14.1 2.8 2.8

Both the nominal side stress derived directly from the guidelines of [1] along with the nominal
side stress results produced by DeepFND are illustrated relatively to the depth of the pile in figure
8.2.2.3.
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Figure 8.2.2.3: Comparison of the nominal side stress for both the analytical approach and
DeepFND
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Example 8.2.3. Steel pipe driven pile w=0.98°
The assembly of the example 1 along with the pile and soil layer properties are illustrated in
Figures 8.2.3.1, 8.2.3.2a and 8.2.3.2b respectively.

il il [= Su & K=ubh | =50 Ly R0 Erm
Name [ dpcll | gl | opsl |goeq [ dpen | - |40 [ 4% | -
F 120 7 - £ ) = - - 12 k
a
St Fshaft=5.67k
*
15 ft
F
b
qTip=20.88ksf, Ftip=10.55k
Baoring 1

Figure 8.2.3.1: Assembly of pile foundation example 1
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5. Atrest coefficients

Add New Sol KoNC[T5 nOCR [05

Copy Sail Ko = KaMC * (OCR])"mOCR
. Ultimate bond [grouted piles when bond option iz selected)

i skinu |2U el

Delete Selected Soil

Delete all soil:

Paste Sail ™ Rock joints are open filed with gouge
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Figure 8.2.3.2: a) properties of cohesionless soil layer b) properties of the steel pipe section

The calculation of the nominal unit side resistance is accomplished according to the AASHTO LRFD
[1] guidelines, section 10.7.3.8.6f, through equation (1).

,Sin(0 + w)
=K;-C,-0c'————= 1
qs 5 F o 5+CO) ( )

The value of the coefficient of lateral earth pressure at mid-point of soil layer Ks=0.995 is
calculated through the use of figure 6.2.3.3a. The effective Volume displaced is equal to Ves=0.505
ft3/ft while w=0°. the §/¢s=0.465 ratio is calculated from figure 8.2.3.3b according to Veff value

o 7”7

and the curve “a” corresponding to closed pipe or non-tapered portion of monotube piles.
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Figure 8.2.3a) selection of K5 value b) selection of 6/¢+ value

The value of the correction factor Cs =0.72 is calculated through the use of figure 12 according to
the previously selected &/¢py value and the soil friction angle ¢=30°.

15— I T
|
- { .3’0,-. 1,4
] e e — =TT Ho1
Correction nSunn=NGlEN lols
! |
Factor, C; ‘ [
) ! ! - ! ~ Wi ~ f Tols
| | N T
R IR
] AL (3
0.0 L ’ LT11]
0 10 20 30 40 50
0,(degrees)

Figure 8.2.4: selection of C: correction factor value

The calculation of the nominal side stress is accomplished according to equation (1) for the
different depths along the pile foundation according to the meshing discretization provided by
DeepFND in the stress point results menu. The calculation results along with the nominal side
stress provided by DeepFND are illustrated in a tabulated form in Table 8.2.3.
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Table 8.2.3: tabulated results nominal shear stress calculation

ov' Li S/f cf K8 ® 8 Analytical gs ?SeepFND)

s 0.6 025 0.465 0.72 0.995 0 13.95 0.104 0.104
-5.25 0.63 0.25 0.465 0.72 0.995 0 13.95 0.109 0.109
5.5 0.66 0.25 0.465 0.72 0.995 0 13.95 0.114 0.114
-5.75 0.69 0.25 0.465 0.72 0.995 0 13.95 0.119 0.119
-6 0.72 0.25 0.465 0.72 0.995 0 13.95 0.124 0.125
-6.25 0.75 0.25 0.465 0.72 0.995 0 13.95 0.130 0.13
6.5 0.78 0.25 0.465 0.72 0.995 0 13.95 0.135 0.135
-6.75 0.81 0.25 0.465 0.72 0.995 0 13.95 0.140 0.14
-7 0.84 0.25 0.465 0.72 0.995 0 13.95 0.145 0.145
-7.25 0.87 0.25 0.465 0.72 0.995 0 13.95 0.150 0.151
7.5 0.9 0.25 0.465 0.72 0.995 0 13.95 0.155 0.156
-7.75 0.93 0.25 0.465 0.72 0.995 0 13.95 0.161 0.161
-8 0.96 0.25 0.465 0.72 0.995 0 13.95 0.166 0.166
-8.25 0.99 0.25 0.465 0.72 0.995 0 13.95 0.171 0.171
8.5 1.02 0.25 0.465 0.72 0.995 0 13.95 0.176 0.177
-8.75 1.05 0.25 0.465 0.72 0.995 0 13.95 0.181 0.182
-9 1.08 0.25 0.465 0.72 0.995 0 13.95 0.187 0.187
925 1.11 0.25 0.465 0.72 0.995 0 13.95 0.192 0.192
9.5 1.14 0.25 0.465 0.72 0.995 0 13.95 0.197 0.197
9.75 1.17 0.25 0.465 0.72 0.995 0 13.95 0.202 0.203
-10 12 0.25 0.465 0.72 0.995 0 13.95 0.207 0.208
-10.25 123 0.25 0.465 0.72 0.995 0 13.95 0212 0213
-10.5 1.26 0.25 0.465 0.72 0.995 0 13.95 0218 0218
-10.75 1.29 0.25 0.465 0.72 0.995 0 13.95 0.223 0.223
-1 1.32 0.25 0.465 0.72 0.995 0 13.95 0.228 0.228
-11.25 1.35 0.25 0.465 0.72 0.995 0 13.95 0.233 0.234
-11.5 1.38 0.25 0.465 0.72 0.995 0 13.95 0.238 0.239
-11.75 141 0.25 0.465 0.72 0.995 0 13.95 0.244 0.244
12 1.44 0.25 0.465 0.72 0.995 0 13.95 0.249 0.249
-12.25 147 0.25 0.465 0.72 0.995 0 13.95 0.254 0.254
-12.5 1.5 0.25 0.465 0.72 0.995 0 13.95 0.259 0.26
-12.75 1.53 0.25 0.465 0.72 0.995 0 13.95 0.264 0.265
-13 1.56 0.25 0.465 0.72 0.995 0 13.95 0.269 0.27
-13.25 1.59 0.25 0.465 0.72 0.995 0 13.95 0275 0.275
-13.5 1.62 0.25 0.465 0.72 0.995 0 13.95 0.280 0.28
-13.75 1.65 0.25 0.465 0.72 0.995 0 13.95 0.285 0.286
-14 1.68 0.25 0.465 0.72 0.995 0 13.95 0.290 0.291
-14.25 1.71 0.25 0.465 0.72 0.995 0 13.95 0.295 0.296
-14.5 1.74 0.25 0.465 0.72 0.995 0 13.95 0.301 0.301
-14.75 1.77 0.25 0.465 0.72 0.995 0 13.95 0.306 0.306
-15 1.8 0.25 0.465 0.72 0.995 0 13.95 0311 0312
-15.25 1.83 0.25 0.465 0.72 0.995 0 13.95 0316 0317
-15.5 1.86 0.25 0.465 0.72 0.995 0 13.95 0.321 0322
-15.75 1.89 0.25 0.465 0.72 0.995 0 13.95 0326 0327
-16 1.92 0.25 0.465 0.72 0.995 0 13.95 0332 0332
-16.25 1.95 0.25 0.465 0.72 0.995 0 13.95 0.337 0.338
-16.5 1.98 0.25 0.465 0.72 0.995 0 13.95 0342 0.343
-16.75 2.01 0.25 0.465 0.72 0.995 0 13.95 0347 0.348
-17 2.04 0.25 0.465 0.72 0.995 0 13.95 0.352 0.353
-17.25 2.07 0.25 0.465 0.72 0.995 0 13.95 0358 0358
-17.5 2.1 0.25 0.465 0.72 0.995 0 13.95 0.363 0363
-17.75 2.13 0.25 0.465 0.72 0.995 0 13.95 0.368 0.369
-18 2.16 0.25 0.465 0.72 0.995 0 13.95 0373 0.374
-18.25 2.19 0.25 0.465 0.72 0.995 0 13.95 0378 0379
-18.5 2.22 0.25 0.465 0.72 0.995 0 13.95 0.383 0.384
-18.75 225 0.25 0.465 0.72 0.995 0 13.95 0.389 0.389
-19 228 0.25 0.465 0.72 0.995 0 13.95 0.394 0.395
-19.25 231 0.25 0.465 0.72 0.995 0 13.95 0.399 0.4
-19.5 234 0.25 0.465 0.72 0.995 0 13.95 0.404 0.405
-19.75 237 0.25 0.465 0.72 0.995 0 13.95 0.409 0.41
20 24 -20 0.465 0.72 0.995 0 13.95 0414 0415
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Both the nominal side stress derived directly from the guidelines of [1] along with the nominal

side stress results produced by DeepFND are illustrated relatively to the depth of the pile in Figure
8.2.5.

Tshaft ( ksf)

0.1 0.2 0.3 0.4 0.5 0|6

Analytical gs

----- Deep FND

-10 -

pile Depth (ft)

-12 A

214 -

-16 -

-18 -

-20

Figure 8.2.5: Comparison of the nominal side stress for both the analytical approach and
DeepFND
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Example 8.2.4. Non-Prismatic steel pipe section pile w=0.541°

The assembly of the example 2 along with the pile and soil layer properties are illustrated in
Figures 8.2.4.1, 8.2.4.2a, 8.2.4.2b, and 8.2.4.2c.

Zail i [ Su & F=ub =50 du R0 krm
Hame | tpcll | (=0 | 4pll | tdeml | dped | - [0 [ o | - | 13K
F 120 1] 1) - = - -
£1
5 ft Fshaft=14.97k

15t
F
=l
qTip=20.22ksT, Ftip=5k
Eorine 1
. . .
Figure 8.2.4.1: Assembly of pile foundation example 2
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812 Dssclipl\unlMisCe\laneuus fill Type of Suppart: INon Helic:al File 'l
51 —2. Soil Tupe - Behaviour
¥  Sand Csit € Rock R
e  Clay © IGM (intemediate geo mat] Eic)
 Gravel Installation method IDWEn d
3. Default drained-undrained behavior for clays [See Theory Manual]
[T —— Dt —| Concrete type | Precast concrete 'l ¥ Pile tip i plugged [for open stesl sections]
A, General I B. Elastoplastic | Lateral | E. Adv. | 3 Dimensions
4. Unit Weights - Densiy 1.1 Coordinates at wal 1.3 Lengths
E, 0 et 7oy 120 pet 7 =78 ‘ #[o i Ltree[5 f
5. Strength Parameters and Foisson Ratie ——————————— Zln it
[~ Drained strength propeties
| c'fo pst " |30 degrees | 1.2 Angles
@iq0 deg
2 Pile Sections
VID 35 Length Of File Section Type Edit Tapered with
R 5. Atrest coefficients 3 Steel Sectin.. edit ]
ew Sol
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—Pile SideView sechion A, “File Sideiew sechion Aeb

0,34in
H

15224t

Figure 6.2.4.2: a) properties of cohesionless soil layer b) section components and general
properties of pile c) properties of the steel pipe section at a bottom and on the
prismatic component of the pipe pile

The calculation of the nominal unit side resistance is accomplished according to the AASHTO LRFD
[1] guidelines, section 10.7.3.8.6f, through equation (1).

, sin(d + w)

=K.-C, o
q, s L“F 5+ )

(1)

The value of the coefficient of lateral earth pressure coefficient Ks is calculated through the use
of Figure 8.2.4.3a for each depth along the pile foundation according to the meshing
discretization. The effective Volume displaced is decreasing along the depth while w=1°. The §/¢f
ratio is calculated from Figure 8.2.4.3b according to Veff value at each depth and the curve “a”
corresponding to non-tapered steel piles and curve “g” for the tapered steel pipe section of the
pile. The value of the correction factor Ctis calculated through the use of Figure 8.2.4.4 according

to the previously selected &/¢pyf value and the soil friction angle ¢=30°.

The calculation of the nominal side stress is accomplished according to equation (1) for the
different depths along the pile foundation according to the meshing discretization provided by
DeepFND in the stress point results menu. The calculation results along with the nominal side
stress provided by DeepFND are illustrated in a tabulated form in Table 8.2.4.
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Table 8.2.4: tabulated results nominal shear stress calculation

Li V.pile ov' Li 5/f cf K& w [ Analytical gs  qs (DeepFND)
-5.00 0.51 0.60 0.25 0.47 0.72 0.995 0.00 13.95 0.10 0.11
-5.25 0.50 0.63 0.25 0.76 0.9 2.46 0.54 22.80 0.55 0.58
-5.50 0.49 0.66 0.25 0.76 0.90 2.46 0.54 22.74 0.58 0.60
-5.75 0.49 0.69 0.25 0.76 0.90 2.46 0.54 22.69 0.60 0.63
-6.00 0.48 0.72 0.25 0.75 0.90 2.46 0.54 22.63 0.63 0.65
-6.25 0.48 0.75 0.25 0.75 0.90 2.46 0.54 22.58 0.65 0.67
-6.50 0.47 0.78 0.25 0.75 0.90 2.46 0.54 22.52 0.67 0.70
-6.75 0.47 0.81 0.25 0.75 0.89 2.46 0.54 22.46 0.70 0.72
-7.00 0.46 0.84 0.25 0.75 0.89 2.46 0.54 22.41 0.72 0.74
-7.25 0.46 0.87 0.25 0.75 0.89 2.46 0.54 22.35 0.74 0.76
-7.50 0.45 0.90 0.25 0.74 0.89 2.46 0.54 22.30 0.77 0.79
-7.75 0.45 0.93 0.25 0.74 0.89 2.46 0.54 22.24 0.79 0.81
-8.00 0.44 0.96 0.25 0.74 0.89 2.46 0.54 22.18 0.81 0.83
-8.25 0.44 0.99 0.25 0.74 0.89 2.46 0.54 22.13 0.83 0.85
-8.50 0.43 1.02 0.25 0.74 0.89 2.46 0.54 22.07 0.86 0.87
-8.75 0.43 1.05 0.25 0.73 0.89 2.46 0.54 22.02 0.88 0.89
-9.00 0.42 1.08 0.25 0.73 0.89 2.46 0.54 21.96 0.90 0.91
-9.25 0.42 1.11 0.25 0.73 0.88 2.46 0.54 21.91 0.92 0.93
-9.50 0.42 1.14 0.25 0.73 0.88 2.46 0.54 21.85 0.94 0.95
-9.75 0.41 1.17 0.25 0.73 0.88 2.46 0.54 21.79 0.97 0.97
-10.00 0.41 1.20 0.25 0.72 0.88 2.46 0.54 21.74 0.99 0.99
-10.25 0.40 1.23 0.25 0.72 0.88 2.46 0.54 21.68 1.01 1.01
-10.50 0.40 1.26 0.25 0.72 0.88 2.46 0.54 21.63 1.03 1.03
-10.75 0.39 1.29 0.25 0.72 0.88 2.46 0.54 21.57 1.05 1.05
-11.00 0.39 1.32 0.25 0.72 0.88 2.46 0.54 21.51 1.07 1.07
-11.25 0.38 1.35 0.25 0.72 0.88 2.46 0.54 21.46 1.09 1.09
-11.50 0.38 1.38 0.25 0.71 0.88 2.46 0.54 21.40 1.11 1.10
-11.75 0.37 1.41 0.25 0.71 0.88 2.46 0.54 21.35 1.13 1.12
-12.00 0.37 1.44 0.25 0.71 0.87 2.46 0.54 21.29 1.15 1.14
-12.25 0.36 1.47 0.25 0.71 0.87 2.46 0.54 21.23 1.17 1.16
-12.50 0.36 1.50 0.25 0.71 0.87 2.46 0.54 21.18 1.19 1.17
-12.75 0.36 1.53 0.25 0.70 0.87 2.46 0.54 21.12 1.21 1.19
-13.00 0.35 1.56 0.25 0.70 0.87 2.46 0.54 21.07 1.23 1.21
-13.25 0.35 1.59 0.25 0.70 0.87 2.46 0.54 21.01 1.25 1.22
-13.50 0.34 1.62 0.25 0.70 0.87 2.46 0.54 20.95 1.27 1.24
-13.75 0.34 1.65 0.25 0.70 0.87 2.46 0.54 20.90 1.29 1.25
-14.00 0.33 1.68 0.25 0.69 0.87 2.46 0.54 20.84 1.31 1.27
-14.25 0.33 1.71 0.25 0.69 0.87 2.46 0.54 20.79 1.33 1.28
-14.50 0.33 1.74 0.25 0.69 0.87 2.46 0.54 20.73 1.35 1.30
-14.75 0.32 1.77 0.25 0.69 0.87 2.46 0.54 20.67 1.36 1.31
-15.00 0.32 1.80 0.25 0.69 0.86 2.46 0.54 20.62 1.38 1.33
-15.25 0.31 1.83 0.25 0.69 0.86 2.46 0.54 20.56 1.40 1.34
-15.50 0.31 1.86 0.25 0.68 0.86 2.46 0.54 20.51 1.42 1.36
-15.75 0.30 1.89 0.25 0.68 0.86 2.46 0.54 20.45 1.44 1.37
-16.00 0.30 1.92 0.25 0.68 0.86 2.46 0.54 20.39 1.45 1.38
-16.25 0.30 1.95 0.25 0.68 0.86 2.46 0.54 20.34 1.47 1.41
-16.50 0.29 1.98 0.25 0.68 0.86 2.46 0.54 20.28 1.49 1.43
-16.75 0.29 2.01 0.25 0.67 0.86 2.46 0.54 20.23 1.51 1.45
-17.00 0.28 2.04 0.25 0.67 0.86 2.46 0.54 20.17 1.52 1.47
-17.25 0.28 2.07 0.25 0.67 0.86 2.46 0.54 20.12 1.54 1.49
-17.50 0.28 2.10 0.25 0.67 0.86 2.46 0.54 20.06 1.56 1.51
-17.75 0.27 2.13 0.25 0.67 0.86 2.46 0.54 20.00 1.57 1.53
-18.00 0.27 2.16 0.25 0.66 0.86 2.46 0.54 19.95 1.59 1.55
-18.25 0.27 2.19 0.25 0.66 0.85 2.46 0.54 19.89 1.61 1.57
-18.50 0.26 2.22 0.25 0.66 0.85 2.46 0.54 19.84 1.62 1.59
-18.75 0.26 2.25 0.25 0.66 0.85 2.46 0.54 19.78 1.64 1.61
-19.00 0.25 2.28 0.25 0.66 0.85 2.46 0.54 19.72 1.66 1.63
-19.25 0.25 2.31 0.25 0.66 0.85 2.46 0.54 19.67 1.67 1.65
-19.50 0.25 2.34 0.25 0.65 0.85 2.46 0.54 19.61 1.69 1.67
-19.75 0.24 2.37 0.25 0.65 0.85 2.46 0.54 19.56 1.70 1.69
-20.00 0.24 2.40 0.13 0.65 0.85 2.46 0.54 19.50 1.72 1.71
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Both the nominal side stress derived directly from the guidelines of [1] along with the nominal
side stress results produced by DeepFND are illustrated relatively to the depth of the pile in Figure

8.2.4.5.

0.00

-2.00

-4.00

-6.00

-8.00

-10.00

le Depth (ft)

-12.00

pi

-14.00

-16.00

-18.00

-20.00

Tshaft ( ksf)

0.p0

1.00

1.50 2.p0

Analytical gs

Deep FND

Figure 8.2.4.6: Comparison of the nominal side stress for both the analytical approach and

DeepFND
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6.3 FHWA Methods for Drilled Piles

For drilled piles DeepFND incorporates recommendations suggested by FHWA GEC10 (FHWA-NHI-
10-016, May 2010).

FHWA GEC10 recommends using Mayne and Kulhawy, 1982, for estimating lateral pressure
coefficients on piles:

K, = (1 - sin ¢') OCR™? <K, 13-8
S
OCR=—L 13-9
O

¥

The above values are to be limited by the Rankine Kp value for horizontal ground conditions.

The maximum past pressure may be estimated from SPT according to Mayne 2007:

e 0.47(Ng, )"
P

Where m= 0.6 for clean quarzitic z ands and m=0.8 for silty sands to sandy silts (e.g. Piedmont
residual soils). For gravelly soils Kulhawy and Chen (2007) suggested the following equation:

Op
L =015N,,

For the beta method, this can result in the following equation:

sing
B ~(1-sing’) {g—f] tang’ <K, tang’
o

v

For bearing resistance, Reese and O’Neil (1989) recommended the following equation for routine
design:

qen (tsf) = 0.60 Ngg < 30 tsf
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For cohesive soils, FHWA recommends ignoring adhesion over the top 5 ft of the pile. Thereafter,
using the alpha method:

Ay
a = (.55 along remaining portions of the shaft for -~ <1.5

P,
5
a=055-0.1 ( all —].5] along remaining portions of the shaft for 1.0 £ = <2.5
pa pﬂ
pa=  atmospheric pressure in the same units as s, (2,116 psf or 14.7 psi in U.S. customary
units).

For steel portions FHWA GEC10 recommends an additional 50 o 75% reduction. This reduction is
controlled from within the AnaIysig settings tab:
J.c: Options for Drilled piles and caissons for FHWA GEC10 method

Adhesion adjust. steel |1 E\rs. adhesion for concrete (25 to HO%)

Yool

This reduction may also be applied for cased portion of caissons and micropiles.

The bearing resistance in clays can be calculated as:

grn = N'c Sy
TABIE 13-2 BEARING CAPACITY FACTOR N=¢
Undrained sheal; I =~ i N
strength, s, (Ib/ft") © 35, e
500 50 6.5
1,000 150 8.0
2,000 220 - 300 9.0

E, = Undrained Young's Modulus

For side resistance in Rock, FHWA recommends:

f&_-"\" — C Ilr(.?r.r
P. \ P,

. |'
I _ 0650, |2
P, \ Pa

Where the side resistance reduction factor is determined from the following table:
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TABLE 13-3 SIDE RESISTANCE REDUCTION FACTOR FOR ROCK

RQD (%) Joint Modification Factor, ¢
Closed joints Open or gouge-filled joints
100 1.00 (.85
70 0.85 (.55
a0 0.60 (.55
30 0.50 0.50
20 0.45 0.45

The base resistance in rock is defined from:

Qpn = N:r qy

The standard recommended value for N*cr is 2.5 where qu is the sole parameter used for design,
although the mean value was reported as 3.56 with a COV of 61.0%.

For cohesive IGM (Fine-Grained Sedimentary Rock):

fs_rc =aQq,

Where:

¢, = compressive strength of intact rock,
@ = a correction factor to account for the degree of jointing, and

o = empirical factor given in Figure 13-9.
Where:

g, = 0.65y. z*

Z* is the fluid pressure of the concrete at a middle of a layer, with the depth z limited to 40ft.
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tan ¢,
tan 30°

& = Upippe13-8 13-27

LA AL AL LR B N B I R
H | i

e = 307
e f ....................... 115<EnJCFu<5‘]ﬂ

wi =25 mm

00 Lamia i i = ,
qu (MPa)

Figure 13-9 Factor o for Cohesive IGM (O'Neill et al. 1996) (25 mm = 1 inch; 1 MPa = 20.9 ksf)
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6.4 FHWA methods for CFA and Drilled-In-Displacement piles

For pile adhesion FHWA recommends using the tri-linear relationship from FHWA 1999, similar
to the one outline before for drilled piles. End bearing in clays is also treated in a similar way with
FHWA GEC10:

N.=09
for 200 kPa (2 tsf) < S, < 250 kPa (2.6 tsf). and L = 3D, or

N, = g [In1, +1] (Equation 5.9)

for S, < 200 kPa (2 tsf). and L = 3D.
where L is the pile embedment length below top of grade, and I; is the rigidity index.

Note that values of Sy greater than 250 kPa (2.6 tsf) are treated as intermediate geo-materials in
accordance with O'Neill and Reese (1999). The rigidity index () is caleculated as follows:

r=Es

= Equation 5.10
" 3s, (Eq )

The alternative methods for side-shear estimates using the undrained shear strength can also be
used. The method by Coleman and Acrement (2002) was derived from pile load tests conducted
in mixed soil conditions of mostly alluvial and loessial deposits and interbedded sands and clays
in Mississippi and Louisiana:

fe=as, (Equation 5.12)
56.2 . .
a=—— (S,inkPa) (Equation 5.13a)
Su
0.56 . .
o= 5 (S5, in tsf) (Equation 5.13b)

un

For the TXDOT 1971 method, a single adhesion factor of 0.7 can be applied with a maximum value
of 1.25 tsf (to be manually controlled by the user).
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For cohesionless soil, FHWA 1999 recommends:

f.=Ko 'tang =< 200kPa (2.0 tsf) (Equation 5.17)

Where K is the lateral earth pressure coefficient, G', 1s the vertical effective stress. and ¢ is the
so1l drained angle of internal friction. The g factor is defined as:

p=Ktang (Equation 5.18)

and 1s limited to 0.25 < #< 1.2. The Bfactor for a pile segment is estimated as:

Bf=15-0.135.Z2% for N = 15 bpf (Equation 5.19a)
N 0.5 " .
p=1 (1.5-0.1352°) forN <15 bpf (Equation 5.19b)

where Z is the depth (in feet) from the ground surface to the middle of a given soil layer or pile
segment.

In the FHWA 1999 method, the ultimate unit end-bearing resistance (gp) 15 estimated as:

gp (tsf) = 0.6Nso for 0 <Ngp =75 (Equation 5.20a)
gp =4.3 MPa [45 tsf] for Nso = 75 (Equation 5.20b)

For the alternative method by Coleman and Acrement (2002), using SPT values:
f:=pB o, < 200kPa (2.0 tsf) (Equation 5.21)

The values of 8 are computed as follows:
B =227 Zm_ﬂ"57 (for silty soils) (Equation 5.22)
£ =1072Z m—1.3 (for sandy soils) (Equation 5.23)

Where Z,, is the depth (in meters) from the ground surface to the middle of a given soil layer or
pile segment. The values of Bare limited to 0.2 < g < 2.5.
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For other SPT methods:
fs(tsf) =005 N+ Wy tor N< 50 (Equation 5.29)

where the correlation constant (W;) and limiting ultimate unit side-shear (f;) are as follows:
e W:=0,andf < 0.16 MPa (1.7 tsf) for uniform. rounded materials having up to 40% fines.

e W.=0.05MPa (0.5 tsf) and f; < 0.21 MPa (2.2 tsf) for well-graded angular materials having
up to 10% fines.

e For soi1l conditions with material properties falling between the provided ranges. a linear
mnterpolation between the limiting values should be made.

For tip resis'Eance:
gp=0.4g.+ Wr < 19 MPa (200 tsf) (Equation 5.30)
gp (MPa or tsf) = 0.19 Ngg + Wt for Ngy < 50 (Equation 5.31)
where the constant (#7) 1s as follows:
Wr=0. for gp < 7.2 MPa (75 tsf) and uniform. rounded materials having up to 40% fines.

Wr=1.34 MPa (14 tsf). for gp < 8.62 MPa (89 tsf) and well-graded angular materials having up
to 10% fines.

For soil conditions with material properties falling between the ranges provided above, a linear
mnterpolation between the limiting values should be made.

The interpolation of these parameters is controlled from user input in the soils tab:
5. Gradation (sands, sits, gravels)

Percent fines %
\well graded 100%, uniform 0% %

This previous interpolation should be treated as approximate.

For CPT test data methods, DeepFND can utilize the recommended methods. The user though
can select how close to the upper or lower limit the estimation should be from:

CPT CPT1 -
Method FHWA GECE (CRA-DDp -
CPT logs
-import~ % Closer to upper limit 23
CPT

The default value is 25% above the lower recommended limit, 100% will produce the upper limit
for both the shaft and the bearing resistance.
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6.5 Axial structural capacity with building codes

Axial pile capacity can be calculated using predefined building code standards. Currently
DeepFND incorporates IBC and NYC building code standards. For the NYC building code:

TABLE 1808.8
ALLOWABLE STRESSES FOR MATERIALS USED IN PILES
MATERIAL TYPE AND CONDITION MAXIMUM ALLOWABLE STRESS"
I. Concrete or grout in compression”
Cast-in-place with a permanent casing in accordance with Section 1810.5.2 0457
Cast-in-place in a pipe. tube, other permanent casing or rock 0.33 ",
Cast-in-place without a permanent casing 035"
Precast nonprestressed 0.33 i"-'
Precast prestressed C
recasl presiresse {J-?"-J"f,_-_ D.L?j}.:

[S=]

. Nonprestressed reinforcement in compression

0.4 £, < 30,000 psi

. Structural steel in compression

Cores within concrete-filled pipes or tubes

Pipes, tubes or H-piles. where justified in accordance with Section 1808.2.10
Pipes or tubes for micropiles

Other pipes, tubes or H-piles

Helical piles

0.5 F, = 32,000 psi
0.5 F, = 32,000 psi
0.4 F, < 32,000 psi
0.35 F, < 16,000 psi
0.6F, < 0.5F,

. Nonprestressed reinforcement in tension

Within micropiles or caissons less than 14 inches in diameter
Other conditions

06f,
0.5 f, < 24.000 psi

. Structural steel in tension

Structural steel cores in caisson piles,

Pipes, tubes or H-piles. where justified in accordance with Section 1808.2.10
Other pipes. tubes or H-piles

Helical piles

0.5 F, < 32,000 psi

0.5 F, < 32,000 psi

0.35 F, < 16,000 psi
0.6 F, < 0.5F,

1A

T

f.

Timber

See Section 1809.5.4

For SI: | pound per square inch = 6.895 kPa.
a. [, is the specified compressive strength of the concrete or grout; £ is the compressive stress on the gross concrete section due to effective prestress forces
only: f, 1s the specified yield strength of reinforcement; F, is the specificd mimimum yield stress of structural steel; F 15 the specified minimum tensile stress

of structural steel.

b. The stresses specified apply to the gross cross-sectional arca within the concrete surface. Where a temporary or permanent casing is used, the inside face of the

casing shall be considered the concrete surface.
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For IBC:
TABLE 1810.3.2.6 ALLOWABLE STRESSES FOR MATERIALS USED IN DEEP FOUNDATION ELEMENTS

MATERIAL TYPE AND CONDITION MAXIMUM ALLOWABLE STRESS?
b

1. Concrete or grout in compression

Cast-in-place with a permanent casing in accordance with Section 1810.3.2.7 0.4 fl?
Cast-in-place in a pipe, tube, other permanent casing or rock 0331
Cast-in-place without a permanent casing 037
Precast nonprestressed 03377,
Precast prestressed 0337'c-027fpe
2. Nonprestressed reinforcement in compression 0.4 7, = 30,000 psi
3. Steel in compression 0.5 F, < 32,000 psi
Cores within concrete-filled pipes or tubes 0.5 F, < 32,000 psi
Pipes, tubes or H-piles, where justified in accordance with Section 1810.3.2.8 0.4 F, < 32,000 psi

Pipes or tubes for micropiles \
Other pipes, tubes or H-piles 0.35 F,, <16,000 psi
Helical piles 06F,<05F,

4. Nonprestressed reinforcement in tension 067,

Within micropiles ) )
Other conditions 0.5, <24.000 psi

5. Steel in tension 0.5 F, 32,000 psi

Pipes, tubes or H-piles, where justified in accordance with Section 1810.3.2.8 0 35’:; < 16,000 psi

Other pipes, tubes or H-piles ' 0 SyF < 0 5E

Helical piles oy

6. Timber In accordance with the ANSIVAWC NDS

a. f ' is the specified compressive strength of the concrete or grout; 7. is the compressive stress on the gross concrete section due to effective
prestress forces only; f, is the specified yield strength of reinforcement; F is the specified minimum yield stress of steel: Fj is the specified minimum
tensile stress of structural steel.

b. The stresses specified apply to the gross cross-sectional area within the concrete surface. Where a temporary or permanent casing is used, the inside
face of the casing shall be considered the concrete surface.

Alternatively, structural capacity is determined by the concrete, steel, or timber design code that
is utilized assuming an appropriate safety factor.
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