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CHAPTER 1

INTRODUCTION

This chapter provides information about:

Our company background as an engineering

consultant and software devel oper
The program capabilities

The manua and what it contains
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Chapter 1: Introduction

1.1 About AllPile

The program AllPile for Windows Version 6 analyzes pile load capacity efficiently
and accurately. AllRile can handle dl types of piles: drilled shaft, driven pile, auger-
cast pile, sted pipe pile, H-pile, timber pile, tapered pile, bell pile, shalow foundetion,
etc. You can define new pile types and input customized parameters based on local
practices and experience. The program is capable of performing the following

caculations:
Lateral capacity and deflection - Static and cyclic conditions
Vertica capacity and settlement - Negative and zero friction
Group vertica and laterd andysis - Shdlow footing
FHWA SHAFT program - Tower foundation

The latera calculation directly uses COM624S, which is the same method as FHWA's
COM624P. It is comparable with Ensoft's Lpile®.! In our tests, AllPile provided the
same results as COM624P? and Lpile. AllFile is compatible with al Windows operating
systems, such as 98/NT/2000/ME/XP.

1.2 About the Manual

This manual has two volumes.

Volume 1:

1. Describes how to ingtal, activate, and start the program (Chapters 2 and 3).

2. Describes each input and output parameters (Chapter 4 and 5).

3. Describes customization of the program and how to set up calculation methods
and parameters (Chapter 6).

4. Providestypica examples for using the software (Chapter 7).

Volume 2:
5. Introduces the theory and methods of calculation used in the program (the user
should be somewhat familiar with pile design theory) (Chapter 8).

1.3 About the Company

CivilTech Software employs engineers with experience in structural, geotechnical,
and software engineering. CivilTech has developed a series of engineering
programs that are efficient, easy to use, engineering-oriented, practical, and
accurate. The Civil Tech Software program series includes Shoring Suite Plus,
LiquefyPro, AllPile, SuperLog, and lab testing programs. These programs are
widedly used in the U.S. and around the world. For more information, please visit our
web site at www.civiltechsoftware.com.

! Lpileisaregistered trademark of Ensoft, Inc.

2 COM624P is a public-domain software downloadable free from the U.S. Federal Highways Administration web site.
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CHAPTER 2

INSTALLATION AND
ACTIVATION

This chapter provides information about:
The ingtallation procedures of the program

How to properly active and register the

program
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Chapter 2: Installation and Activation

2.1 Installation

The program has two activation methods. USB key activation and code activation. Prior to
activation, the program isin demo mode. In demo mode, some functions of the program is
disabled. Please follow the instalation and activation procedures below that correspond to

your version of the software.

Setup From CD:
(USB Key) 1. Insert the CivilTech CD into the CD-ROM drive.

Note: For Windows 3.1, go to FIL E menu and select RUN.

Typein “D:setup”’. For Windows 98/NT/2000/ME/XP, if the
instalation does not start automaticaly, click on START and
select RUN. Typein “D:setup”.

2. When the setup screen appears, click on AllPile under
INSTALLATION. Follow the instructions on the screen. The
ingtallation program will automatically copy the program files into
anew directory caled “AllPileg”, and create an icon called
AllPile6 on your Windows desktop.

ATTENTION: Do NOT put the USB key into the USB port
until asked to do so.

3. Once setup is completed, click Finishand AllRile V6 will launch.

4. The activation key screen will appear. There will be instruction
on the panel and ask you to close the program. Click Close
Program.

5. After the program has closed, plug the USB key into any unused
USB port. If you dready plug the key in, you need to unplug the
key and plug it in again.

6. Windows will detect the new hardware (USB key)

Found New Hardware

% ROCKEY4-LUSE

Note: If your computer does not detect the USB key, you will
have to manualy ingtal the driver from the installation disk.

Step 1. Explorethe CD using My Computer.
Step 2. Double click on the InstDrv.exe icon.

7. After ingtallation of the USB key driver is complete, run AllPile.
The program will check for the key. If the message “Find
Activation Key!” is displayed on the side pandl. The program is
ready for use.

CivilTech Software AllPile Manual 4



Chapter 2: Installation and Activation

Hint: It ispossible, particularly for Win98 users, that the USB
support option inside the BIOS has been disabled. You can
enable USB support in the CMOS functions menu when your
computer is booting up. Please contact our staff if you need
assistance for this procedure.

8. Thekey activation status can be checked from Help manual
under Activation Key.

Note: For WinXP users, an USB key warning message may
appear when you are instaling your driver. Please ignore the
message and compl ete the installation.

Download Program from Internet:

1. The most recent copy of the software can be downloaded from
our Web site (www.civiltech.com/software/downl oad.html).

2. Sdlect the most recent version of AllPile for download. The
program is in demo version if the activation key is not detected.
All functions on the Demo version will be unlock when the
activation key is plugged in. The browser will prompt you to save
the file to a directory.

3. After download, find the downloaded file al_setup.exe and open
it. The program will start up the installation process automatically.
Follow the above installation procedures for CD to complete the
ingtdlation.

Download Manual from Internet:

The most updated manual for AllPile can be downloaded from our
Web site (www.civiltech.com/software/download.html). Click on
AllPile Manual link to open the manud, (you must have Adobe
Acrobat Reader to open the file). Then, save the PDF file onto your
hard drive.

Setup (Code) From CD:
1. Follow steps 1 to 3 above.

2. After ingtalation is complete, the program will launch. The first
time you run the program, the registration panel will show up
automatically. Y ou aso can open it from the Help menu under
[Register].

File -4t Run Setup | Help

olelafi :

File Type Pie Prcile | F

3. Theregistration panel will appear. The CPU number is shown at

CivilTech Software AllPile Manual 5



Chapter 2: Installation and Activation

the top in Red block letters. Thisis a unique number for your
computer, which must be reported to CivilTech for the
Registration Code. Please download the registration form from
http://www.civiltech.com/software/registration.doc, fill out dl the
required fields and fax it back to us at (425) 453-5848; or by emall
at ctc@civiltech.com.

Record CPU
Regstration Pars| — number and
Concades CFU Wik R aE0200E A/ report to
Pliizse: oo CPL Plureb ' cnad, Lok or phovs 4 i vall g i Cl\“ ITP(\h

Ruglaban Cads Than enter tha runben belase

Fecghitaalkr Coke Regibaled V\
~ Input
Luda i

Registration
] % Code given by
CivilTech

4. Your Regigtration Code will be given to you, after you submit your
request form.

5. After inputting the Registration Code in the Registration Pane,
Click on Register.

6. The program will respond with a message box confirming your
registration.

Starting the Open ALLPILE using the shortcut icon on your Windows desktop.

Program After initid instalation, the program will be in demo mode. User must
activate the program with a registration code or with the USB key in
order to unlock full functions of the software program.

Quitting the From the File menu, select [Exit] or Ctrl+X.
Program

Input Firmand From the Help menu, select Firm and User. Once the pandl pulls
User Name out, enter in your firm’'s name and the user name. These information
will be printed in the report.

About Program From the Help menu, select About. Thiswill provide you with the
version of the program. Click anywhere on the screen to exit back to
the program.

Note: The program is not competible for networking. Y ou cannot install the
program on your network server and run it from workstations. The program is one
copy per license, which can only be installed in one workstation.

CivilTech Software AllPile Manual 6



CHAPTER 3

INTRODUCING ALLPILE

This chapter will:
Give an overview of the program

|dentify the basic functions of the

program.
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3.1 Program Overview
AllPile operations can be divided into three main steps (Figure 3-1).

Chapter 3: Introducing AllPile

/

~

Pile Type

Soil Property

Pile Profile

Group-Head-Load

Pile Property

/

l

Vertical Analysis

Profile

Lateral Analysis

Charts and Graphics

Export to Excel

Submittal Report

Summary Report

Detail Report

Charts and Graphics

Export to Excel

Submittal Report

Summary Report

Com624 Output/Input

Figure 3-1. Program Flow
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Chapter 3: Introducing AllPile

Step 1. Input Data: Enter information into the tabbed input
pages (Figure 3-2). This step is described in detail in
Chapter 4.

Step 2. Execute Calculation: Press either the [Vertical

Analysis] button or the [L ateral] button after inputting
all the required data. The [Profile] button provides the
profile of the pile and soil information.

Step 3. View and Print Results (Reports): After Step 2.,
select the reports and charts you want from the result
panel. See Chapter 5 for details.

3.2 Program Interface
AlIPile€ s program interface has three main components (Figure 3-2):
1. (Top) Pull-down menus of standard Windows type commands

2. (Second row) Speed bar with shortcut command buttons and
samples.

3. Input pages, six tabs to open the desired data input page
The first two rows are described below. The input pages are described in
detail in Chapter 4.

Pull-down menus

T alpile - file name:

File Edit Run Setup Help
Speed bar

I [‘jl E‘:l - j-'Ll g Wertical | =+ &l Lnadsl Sample: |F'uIID|:|wn b

File Type l File F'ru:ufilel File F'ru:upertiesl Pile Mo.and Lu:uadingl Soil F'ru:upertiesl .-’-'-.dvanu:edl
Input pages —

Figure 3-2. Main Components of Program Interface
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Chapter 3: Introducing AllPile

3.3 Pull-Down Menus

3.3.1

Save As...
Sawe Current Path

1-.|Jl.llpile - file name: ex28.abp

Iﬁ Edit  Run Setup Help
Hew
Qpen...
Save

F10

F:lallpilesisamplelexzs agp
Filallpiletisampletexz]l acp
Fhallpiletisamplelex1? agp
F:hallpiletisamplelexl 2 a6p
Fihallpilesisamplelexs, abp

Exit

Chrl+2

Figure 3-3. File Pull-Down Menu

HINT: You can usethe Alt key plusthe underlined letter to open the
pull-down menu. For example, press Alt+F to pull down the File sub-

menu.

After the pull-down menu is open, you can type the underlined letter
to select an option. For example, in theFile submenu, pressN to

select New.

File
New

Open

Save (F10)

Save As

Save Current
Path

Historical file
list
Exit

Create anew datafile.

Open an exiging file. A didog box with aligt of fileswill
open on the screen. Select the file you want and open or
click on Cancel to return to program.

Save the file you are working on (save your open files
periodicaly to avoid losing datain case of a system
crash). If thefileis untitled, the program will automatically
switch to the “Save as’ command and ask you to provide
afile name.

Save anew untitled file or change the file name or
location of the file you are working with.

Select this option to make the program "remember” the
current path. When you open the program next time, it
will automatically go to this path to find your data files.

Lists the five most recent files you used. You can click on
any one of them to open the file ingtantly.

Exit the program. Y ou will be prompted to save any open
files.

CivilTech Software AllPile Manual
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Chapter 3: Introducing AllPile

3.3.2 Edit
The edit menu will be functional when the Pile Properties Table is active
(Figure 4-4) or Soil Property Tableis active (Figure 4-9).
Insert row Insert ablank row in the table
Insert Insert arow with the same data as the row selected
duplicate row
Clear row Clear (delete) the datain the selected row and create a
blank row
Delete row Delete the selected row from the table and shift next row
up
HINT: Select arow by clicking any cell in therow. The selected cell
will be highlighted in blue.
3.3.3 Run
The Run menu gives options for executing the program’s analyses. If you
have not entered enough data to run the program, it will not execute.
Profile (F4) Generate profile with information
Vertical (F5) Run vertica analysis only
All Loads (F6) Run vertical and lateral analyses
3.34 Setup
The Setup menu allows you to enter the materia properties for the piles and
the properties of different pile types.
Open Setup Open the Setup Options screen to set
parameters related to pile properties
Close Setup Close Setup Screen and return to program
interface without saving changes
Save Setup Save your changes in settings
Restor e Saved Setup Clear the screen and reload the previous saved
Setting
Restore Default Setup  Clear the screen and reload the default settings
Print Setup Open Notepad to view and print the setup data
3.35 Help

Help/Manual (F1)

Activation
Key/Registration Code

Open the help manua

Check status of activation key or get
information about registration code (register
program if not yet registered)

Firm and User Input firm and user name

CivilTech Software AllPile Manual 11



Chapter 3: Introducing AllPile

About Digplay information about the version of your
program and Civil Tech’s contact information

3.4 Speed Bar

The speed bar provides seven short-cut buttons for certain commands and a
quick pull down manual containing examples of pile designs. Figure 3-4 shows
the buttons and their corresponding commands.

New Save Profile Lateral analysis

a—d

: Prafile ‘ ﬁ Wertical | -bﬁ +Lateral Sample: |Pull Down o View Sample Files: ;I

Open Exit Vertical analysis Sample pull-down manual

Figure 3-4. Speed Bar

3.5 Sample and Templates

The pull-down manual has thirty examples to illustrate how to use the
program. These examples can aso be used as templates, in which the user
can modify these examples and save it as a different file name. The origina
examples cannot be overwritten.
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CHAPTER4

DATA INPUT

This chapter will examine:
The input fields of the program

How each variable can be

modified to fit the analysis

CivilTech Software AllPile Manual
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Chapter 4: Data Input

4.1 Input Pages

The input pages of AllPile are categorized into six tabbed pages (see Figure 4
1). These pages and their relative input parameters are listed below:

Pile Type page Input pile type and generd information about
the project
Pile Profile page Input pile orientation and positioning
Pile Properties page Input pile section data
Pile No. and L oading Input pile head, load, and pile group conditions
page
Soil Properties page Input subsurface conditions
Advanced page Input analysis criteria
@ HINT: The units of measure used in this program are presented in

Table 4-1 at the end of this chapter.

‘lu.nllpile - file name: e ;lglﬂ

File Edit Run Setup Help

['_’.l Ql EI. : Profile | ﬁ Wertical | -Dﬁ +Lateral | Sample: IF'uII D owaary bo Views 5 ample Files: j

File Type | Pile Profile | Pile Properties | Pile No.and Loading | Soil Properties | Advanced

~Pile: Typs Project Title 1:
%" Diilled File [dia £=24 in. or 61 cm] I
(" Driled Shaft (dia >24 in. o 61 cm) Pl
 SHAFT [US. FHwW Methads) I
(" Driving Stes! File [Open end) Memo: W Shown Mema in Profile
" Driving Steel File (Close end] Cancrete poured inta drilled hale.
" Driving Concretel File e [E{inr';?ler Gl
" Driving Timber Pile
f=— < 2 foet
" Driving Jetted
= Micropile [MiniFile)
€ Uplift Anchor B
£ Uglit Plate il S
Auger—//_ Upits:
" Shallow Footing ' English = Metic

Figure 4-1. Pile Type Input Page
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4.2

42.1

4.2.2

4.2.3

Chapter 4: Data Input

Pile Type Page

As shown in Figure 4-1, you can select the pile type that best suits your
condition and design criteria. There are twelve different pile types to choose
from the pile type lig.

1. Drilled pile diameter less than or equal to 24 inches, such as auger cast
Drilled pile diameter is more than 24 inches, such as drilled shaft or pier
Shaft using US FHWA SHAFT methods of analysis

Driving sted pile with opened end, such as H-pile or opertend pipe
Driving stedl pipe with closed end, including pipe with shoe on the tip
Driving concrete pile, such as pre-cased circular or square concrete pile
Driving timber pile, tapered pile with smdll tip and large top

Driving jetted pile, soils are jetted during driving

© © N o O &~ WD

Micropile, is a pressure-grouted small-diameter pile, also called mini-pile.
10. Uplift anchor, frictionless steel bar with grouted ends (uplift only)

11. Uplift plate, frictionless steel bar with concrete or steel plates at the end
(uplift only)

12. Shalow footing, spread footing for shalow foundations

NOTE: The parameters of each pile type can be customized in the
Setup screen (Chapter 6).

Project Titles

The project title and subtitle can be input in these two boxes. The text will
appear in the report. The location and font can be customized in the Setup
screen described in Chapter 6.

Comments

The Comments box is for additional comments or descriptions of the project.
Y ou can choose to include this message in the profile section of the report by
checking the Show Memo in Profile Box.

Units

Select between English or Metric units to be used throughout the program. I
you change the units after input of data, the data you have entered will
automatically convert to the units specified.

Note: However, the datawill not be exactly the same after some truncation
during conversion.

CivilTech Software AllPile Manual 15



Chapter 4: Data Input

4.3 Pile Profile Page

This page presents pile profile information as shown in Figure 4-2. The
diagram on the left side reflects the information you input on the right side.

|7 allpile - file name: 101 x|
File | Ecit Run Setup Help
[jl E‘;l E| j'|_| : Prafile | ﬁ Yertical | ) Hlateral | Sample: IF'uII Drova to View Sample Files: j
Pile Type  File Prafile | Pile Propeltiesl Pile Mao.and Loadingl Sail Plopertiesl Advancedl
] Ll ; 7 After entering data,
% File Length [L] -ft |30 i
b Type data in b if
= it iz beyond limits of
e Top Height [H] 4t ||3-1 sliding bar,
H
.Il llllllllllllll J lllll 1 i
Az 15 il 15
Surface Angle [Az] = W
-an 0 degiee 30
Batter &ngle [Ab] = |1U-2
T
Ab |IIIIIIIIIIIIIJIIIIII|
-an 0 degiee 30
Figure 4-2. Pile Profile Input Page (H>0)
@ HINT: You can enter pile data using either the interactive diding bar or typing

the numbers into the text boxes followed by [Enter]. Changes will be reflected
in the profile on the left immediately. If the data exceed the limits of diding,
you can type data directly in the text box.
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Pile Length (L) The total length of the pile, including above and
below ground.
Top Height (H) The distance from the top of the pile to the ground

surface. A negative value indicates the pileis
buried below the ground surface (see Figure 4-3).
The diding bar can aso be used to select the
desirable eevation.

H is the distance from top of pile to ground surface:
H >0 Piletop above ground (Figure 4-2)
H =0 Piletop at ground surface
H <0 PFiletop under ground (Figure 4-3)

Surface Angle (As) If the ground surface is doped, input the dope (in
degrees) here.

NOTE: Duetothelimitations of the original
COM®624, thefriction angle of any soils should
be larger than the slope angle input here.
Cohesive soil with zero or small friction angle
in any layers cannot be associated with sloped
ground surface.

Batter Angle (Ab) If the pile is battered, input the batter angle here.
The friction angle of any soils should be larger than
the batter angle.

Figure 4-3. Pile Profile with H<0
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4.4 Pile Properties Page

The table on the Pile Properties Page (Figure 4-4) dlows you to choose the pile
property. Ten different sections can be defined along the length of the pile. If the
pile has a uniform section, you only need to input the first row. Y ou should input
all the data through the Pile Section screen shown in Figure 4-5 by clicking on
the buttons of the Pile Property Table Figure 4-4.

T’ﬂlllpile - file name: exd.atp ] - |EI|5I
Eile Edit Rum Setup Help

O|e| B Fi| X | § verical | o wateral | Sample: EINTEIERIRRIE

d with Bell

Pile T_l,lpel Pile Profile  Pile Propertiss | Pile Mo.and Loadingl Soil Properties | Advancedl

Pile Property Table Pile Length=40-f
From Top -t |Pile Data Input wWidthein |Area-in2 |F'er.-in || -ind |E *kpdi2 |w kpdf |
H ® Concistefoughl |92 25937 1608 2662221 3000 210
37 @ Conciete [m!@,,;\ 45 2600 1508 Z10067.0 | 3000 2.01
40 ® Fi=Tip 0 51301 2282 1083565.5 3000 453

Click ta Open \ .

e C!ICK butt.on to-open

Pile Section screen.

Click to Open

Click to Open

Click to Open

Click to Open

Click to Open

W Add Tip Section Only if bearing area iz different from that of the lazt zection, add a new section then

modify the area equal to the bearing area.

Figure 4-4. Pile Properties Page and Pile Property Table

Zp — Pile Input the distance from the top of the pile to the start of the following
Depth section having different pile properties (NOT from the ground surface).
Thefirst row is aways zero.

Pile Data Press the button in this column to select details from the Pile Section
Input screen (Figure 4-5). Y ou should input al the pile property data on the
Pile Section screen instead of on the Pile Properties table.

Width Width of the pile section, or the pile diameter for a circular pile.
Area* Effective area of the pile section or total area of tip.

Perimeter  Perimeter of the pile section.

Inertia* Effective moment of inertia of the pile.
E Elastic modules of outside materials.
w Weight of the pile section for uplift calculation. It is per foot or meter.

* - Seethe Effective Areaand Total Areasection in this chapter.
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4.4.2

Step 5 |

Step 6

Step 7

Chapter 4: Data Input

Add Tip Section

This button will add an optional tip section at the bottom of pile. The areaiis
based on the outside perimeter of the pile. Users can modify the data, which is
only for tip resistance caculation. If tip section is not added, then program
assumes the tip section is the same as the last section, which uses effective
area.

The tip section screen is different from the overall section screen as shownin
Figure 4-5. A tip section usestota area, A, instead of the effective Area, A’.
For more details, refer to “Effective Areaand Total Ared’ section of this
chapter. For tip section input, user can choice to input their own ultimate
bearing pressure (capacity) or let the program generate its own. If the user
defines their own ultimate capacity, the program will directly use the vaue for
andysis without modification in the calculation.

Pile Section Screen

The Pile Section screen is for inputting pile material and size for the particular
section of the pile. Some of the fields in this window are the same as the fields
shown on the Pile Property table, you can input or change these propertiesin
either place.

Described below are seven general steps for inputting section properties.
When you are done, press [Apply] button to save the data. If you press
[Cancel], the data will not be saved and the Pile Property table (Figure 4-4)
will not be changed. If you have selected Shallow foundation as the pile type,
you will get the shallow foundation window for parameters input instead of the
one below. Refer to Section 4.4.4.

Step 1 Step 2 Step 3

| ¥ Pile Section Screen - from pile top: 37 -ft

2 ¢ T 2 f%% Loading 5
» ’ 4 %

. <% . i
A

Z ?ﬁ‘ {/’f/@;@

v
) @ZZ;’ @{// £ Post-Grouted Nov Ihput

U\E\ O O - 2 i
Get Properties |
¢ Plastic

Diameter V ariation
SGOUARE

" Mo-Skin Fesistance m tep 8
De |3? Description |Sleel [rough) " Sf=5oil Cohesion
: o Apply
g

=101 %]

- Outside ~Itpside

& Steel [rough) =Clutzide
‘" Steel [smooth] Haollaw
" Cancrete [rough] (v Eieek

B

" Concrete [zmoath]

" Concrete

(@s)

tep 4

O itaak " Grouted

g B
N §\ &,

%)
m
=i
2
L
m
(@s)

0% Inside Materials in Total Area, &= |2304.0
\ | \ \ ! \ , ! \ | Fipe wal | = x Cancel
0 50 100 Thickness-in ‘Step 9
Width - in Al-in2 Perimeter - in I'-ind E - kipdin2 “Weight - kipdft
=] 23040 1920 442368.0 | 23000 |7.raz

A'- Effective Area, ' - Effective Moment of [nertia

Figure 4-5. Pile Section Screen
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Chapter 4: Data Input

The shape of the pile can be square/rectangular, circular/octangular, or H-
shaped. Theinternal configuration of the pile can be solid (one material),
hollow (square or circular space inside), or different material on the skin than

on theingide.

If you select H-pile, you can also input the pile designation, such as W24X94.
Then select strong or weak axis (used for lateral analysis). Strong axis means
the lateral load is acting in the same direction as the pile axis (X-X). Next,
press [Get Properties] and the program will search the database and get the
corresponding properties for the H-pile. If no match is found, the program will
select the closest size pile or give awarning message.

Step 2. Select Outside Skin Materials

Select the outside skin materia from the materiaslist. Skin material affects
the result for vertical analysis. The parameter of each material can be modify

in setup screen.
Steel-Rough
Steel-Smooth
Concrete-Rough

Concr ete-Smooth

Grouted

Post-Grouted
Timber (Tapered)

Plastic

No-friction Steel

S = Soil Cohesion

Step 3. Select Inside Materials
The inside of the pile can be:
= Outside
Hollow
Steel
Concrete
Plastic

Speciadlly treated rough surface
Stedl pipe or H-pile with normal surface

Concrete cast directly against the soil such as auger-
cast piles

Concrete cast in steel casing with smooth surface or
pre-cast concrete pile

Cement with high grouting pressure during installation
such as tie-back anchor or micropile

Grouting twice or more with higher grouting pressure

Timber pile with large top and smdler tip (users
should define the start depth and the start diameter,
then the end depth and the end diameter)

Pile with plastic surface

No friction, or frictionless part of pile, such asthe
unbound length of tieback anchor

The ultimate side resistance equal to soil cohesion.
Thereis no other modifications involved

The same material as the outside skin
No materid inside

Reinforcement bar in concrete

Stedl pipe filled with concrete

Pile with plastic core
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Note: refer to Step 5 below to identify the percentage of inside materials to outside
material

Step 4. Reduction Factors or Adhesion

If materia of the pile is concrete, users can input reduction factor to reduce
the moment of inertia due to cracking of the concrete (30% istypically used).

If metd is grouted or post-grouted section (Anchor or micro-pile), then
adhesion can be inputted.

Step 5. Percentage of Inside Materials of Total Area, and Total Area

If indde materials are different from outside materias, use the diding bar to
select the percentage of different material on the inside as a proportion of the
total area of the section. 100% means the inside materials make up the entire
pile section. The Pipe Wall Thickness can aso be used to determine the
composition of insde material and outside materia (the diding bar will change

accordingly). After inputting the wall thickness, press =
input total areain the box.

. Users can directly

If the outside material is concrete or grout, the program will alow you to input
the Bar Size and Bar Number.

Bar Size Based on ASTM standard reinforcement bars
Bar Number Number of barsin the pile

Step 6. Width of Pile

Input width of pile section as follows:

Squar e section input side width

Circular section input diameter

Rectangular section input square root of (long side x short side)
Octangular section  input average diameter

H-pile press [Get Properties] button to get data.

Step 7. Effective Area, Perimeter, |, E, G

After inputting the pile section width, press £ to calculate the other

parameters. These parameters are:

A total area, which is the area defined by the outside
perimeter

A’ effective area, which is different from the total area (for H-
Pile, the effective areais the steel section areq)

Perimeter perimeter of section

I’ effective moment of inertia

E eladgtic modulus

Weight weight of the section per unit length
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Hint: Pressing the El button will calculate the other parameters
automatically based on width. You can also modify the data directly.

Step 8. Diameter Variation

Allows the user to define the shape along the length of the pile. Choose from
straight, belled, tapered, or plate.

Straight For mogt pile with straight section

Belled For belled pile. You need to input two sections to define a
bell. Input the diameter where the bell starts and select
the [Belled] feature. Input alarge diameter at where the
bell ends and sdlect the [Straight] feature. (Refer to
sample 3 & 4)

Tapered For timber pile or any tapered pile. A tapered pile starts
off with alarge diameter at the top and a smaller diameter
at the bottom of the pile. Select [Tapered] feature at the
top of the pile with alarger diameter. Select [Straight] in
the next section with a smaller diameter (Refer sample 12)

Plate For steel or concrete uplift plate. Select [Plate] at the
depth where the plate is to be located. (Refer to sample

P 17 & 18)

Step 9. Close Screen

If you are satisfied with your data, press [Apply] to close the screen and post
the data to the Pile Property table (Figure 4-4). [Cancel] closes screen but
does not save the data.

HINT:

If you already have data in Pile Property Table (Fig 4-4) and do not
want data to be overwritten by Pile Section Screen (Fig 4-5), then you
should click on [Cancel]

4.4.3 Effective Area and Total Area

For pile analysis, the effective area and total areais used according to the pile
type. The effective area (A") defined by the section area, is commonly used
in pile shaft compression calculations, wheress, the total area (A) defined by
the outside perimeter, is used for tip resistances calculations.

@ H-Pile (A> A'):
A = width x height
A’=isthe stedl net area
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4.4.4

Concrete Pile with steel bar (A< A'):

A = section area of the pile
E
A= Aboncrete + ASeei ’ Ei

'Concrete
Steel Hollow Pipe Pile (A> A’):
A = Total outside circular area

A’ = Net area of Steel

For open pipe piles, tip areais A’
For close pipe piles, tip areais A

Seal Pipe Pile Filled with Concrete (A>A’):

A =total outside circular area

i - E
A= A%eal + A\:oncrete concret E

steal

The same relations can be used for the moment of Inertia (1) and ().

Shallow Footing
If you have selected shallow footing as pile type, the pile section screen will be
as shown in Figure 4-6.

l Pile Section Screen - from pile top: 0 -ft

Base Shape
F 3
L - Input
Page 3
D 3
) Th - Thidness
Strip ¥ 4 o
footing [y Baze Friction Factor
B=11t ' I—
Ha— Distance to Hard Layer. 0.6
B orlm ey
Loads
per 1t Leavse blank if unknown.
D arlm Progran will fry to seardh it
¥ PE9ed 0N Nept=50 ’ Al |

I %

\Width (D] -in fiea -in2 Lenth(B]4n  Thick (Th] -t Ha -t Weight kip/ft
|451 3 |48.D |1 |3 |3D |n.nnu

Figure 4-6. Shallow Foundation Screen

Listed below are the items to be inputted:
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Depth of
Footing (L)

Shape

Thick (Th)

Distanceto
Hard Layer
(Ha)

Weight

Area

Base Friction
Factor

Chapter 4: Data Input
This vaue isinputted in the pile profile page.

Select the shape of footing base. D isthe width. B isthe
length. The lateral force act perpendicular to B. B can be
larger or smaller than D. For strip footing, input B=1ft or 1
meter.

The thickness of the footing used to calculate its weight

If ahard layer exists below the base of the footing within
four times D, settlement will be significantly reduce. User
can leave this box blank or input 999 if Hais at great
depth or there is no hard layer. When thisfidd is left
blank, the program will automatically search for a hard
layer. The program will consider a soil layer to be hard if
the Ngy > 50.

Weight of the footing section. Same as the weight in pile
properties screen

The total area of the base

Factor required to caculate the friction against diding at
the base of the footing.

Cast-in-place footing (rough): factor of 0.6 to 1 (typical
valueis0.7)

Pre-cast with small surface: factor of 0.3 to 0.6 (typical
vaue 0.4 is used)

4.5 Pile No. and Loading

You can start off by selecting the pile configuration that most fits the analysis.
Select single pile, group pile or tower foundation anaysis (Figure 4-6)
from the tabs on the |eft side of the pandl.
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'HI: Allpile - file name: ex2.abp O] x|
File Edii Run 3Zetup Help
[jl E;|E||j"L| : Frafile | ﬁ Velticall*ﬁ +Lateral| BEd - Diilled Shaft Mo Bell Step 2. Input
Pile Type I File Profile I File Properties  Pile No.and Loading I Sail Properties I Advanc: Loadlng
Select from Werticalld) kin  Shear [Pl kip  Mornent(hkip-ft =
Single, Group f100 20 |25 & C;acﬂ'ii
p||e or Tower i o + = ot = \ Step 3. CyC“C
i = 2 2 B Condition
Foundation W + bt * I B % Load Supported
=l F _,/_\4 - Lo P by Pile: Cap [in %)
o
— Il:l
Step 1. g Step 4. %
Select Head 2 Sypported by
Condition o Pile Cap
| -
£ “v W A o Y Step 5.
% P—pElM=0| P—® P — E=t=0 I Ditibuted Load Distribution
= Ki=h st “/ Load
Input Load |
Free Head Fixed Head
Figure 4-6. Group/Head/Load Page (Single Pile)
45.1 Single Pile
Click on the Single Pile tab if you want to perform andysis of one pile, then
follow the steps below:
Step 1 Head Conditions for Single Pile

Single Rile has six possible head conditions as shown in Figure 4-6, click on the

condition that best suits your
1. P,M
2. P,M=0
3. P=0,M
4. P, Kt
5 P&t

project. The conditions are described below:

The head of the pile can freely rotate under
lateral shear load P and moment M.

This condition is a specia case of condition 1
where moment M is zero. Only lateral shear
load (P) is acting on the pile (commonly called
free-head condition).

Shear load is zero and only moment is acting on
the pile top, a special case of condition 1.

Kt is head rotation stiffness in moment per unit
dope (useful for some structural analyses).
Input Kt along with P. If Kt=0, then it isthe
same as condition 2 above (P, M=0).

Stisthe top rotation in degrees. Input St to
force the pile head to rotate to a certain degree.
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6. P, St=0 Commonly called fixed-head, thereis no rotation
in the pile head, since St=0. Moment will be
generated at the pile head.

NOTE: All the conditions can be combined with vertical 1oad (Q).

Step 2. Load Conditionsfor Single Pile

Based on the head conditions, there are many combinations of loads. The
program automatically selects load combinations based on the head condition
selected. Possible loads are:

Vertical load (Q) — Downward and uplift working load at piletop. Input a
negative value for uplift load. The program will calculate both downward
and uplift capacity in the vertica analyss.

Shear load (P) — Lateral working load at pile top. Positive vadue of Pisfrom
left to right, and negative value is from right to left.

Moment (M) — Working moment on the pile head. A positive value if M is
clockwise and a negative value if M is counterclockwise.

Slope (St) — The known dope angle at the pile head. Negative valueis
clockwise and positive vaue is counterclockwise (unit is deflection/length).

Stiffness (Kt) — The rotation stiffness Kt is the ratio of moment/dope (M/St).
Negative value is clockwise and positive value is counterclockwise (unit is the
same as M).

Step 3 Cyclic Conditions

Select Static or Cyclic shear load. If the load is cyclic, specify the number of
cyclesin the No. of Cycles box (between 2 and 500).

NOTE: The cyclic condition only appliesto lateral analysis, not vertical.
Step 4 Percentage Load Supported by Pile Cap

Y ou can adjust the amount of vertical load carried by the pile cap. For 0%
load supported by the pile cap, the entire load is transfer to the pile therefore
dissipated by the pile at greater depth. For 100% load supported, the entire
load is supported by the pile cap.

Note: To be conservation using 0% is recommended.
Step 5 Distributed lateral loads

To distribute load aong the length of the pile press the [Input L oad] button to
open the panel shown in Figure 4-7. In the Digtributed Load table, enter the
following information:

Z The starting point of the distributed load, z is the distance from
the pile top.

Pq Pg is distributed load dong pile length at the z loceation.

B B is the width of the pressure.

Note: To apply the distributed load, the check box above the [Input Load]
button must be checked
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1 by - fife name:

Fie icf RAun Sehp Help

BielE fi| e | f v | faaien] See [Fa Dot semi s =]

Pl Tar] Pla Prodia | FiPropesis. e o ond Loeding | 5 Propeme: | fetvancad |

3 =10 x|

beinputted in the table:

The following examplesillustrate how data are to

Example 1:

pé Wi Pal A signal post is 6ft wide and 8ft high above
p— . . . .
] ground. A pile 1.2 ft in diameter supportsit
pey—* : - ';“ ’ below ground. Wind pressureis 1.5 ksf. You can
g input z=0 ft, pg=1.5ksf, B=6 ft in the first row,
:—;'- B and z=8 ft, Pq=0, and B=1.2ft in the second row.

]

L)
{4_!. Pt Example 2:

Corcenistedinsd canbs cameisd ko delbuied lad t-Dapihbelia

Trvondepdr iessd b be gl Thes b ceplivs shosskd
e i bt 1 Food L2 et

A Do

Pik Tap
P Pressure ab ¢
B-wWillh 112

B=1.5ft.

Example 3:

Figure 4-7. Distributed Load

45.2

Group Piles

If alateral pressureload of 1 kip per square foot
(1 ksf or 1 kip/ft?) acting on a 2ft high pile shaft
(dia= 1.5 ft), you can input z=2ft Pg=1ksf and

If alateral load of 1kip per linear foot (1 kip/ft) is
acting on the pile diameter (diameter = 1.5 feet),

Group analysis lets you select two head conditions under compressive, shear,

moment, and torsion loading with unlimited number of piles. The andysis

provides settlement, rotation, and lateral movement of the pile cap under these

loadings. Y ou can select the head condition that best fits your condition.

1 A lipile - file names

Ae od

=

R gebp Hen

1 & veriel | o atiooes|  Samele [Pt Dovn o i Sarrpta ik

Pl Type | FiePuble | Pl Propetties Pie Hoand Laadiog | Sol Propeitie: | Advarced |

Yerlisalll bip Shaa [F[kin Momenlkin Toisord] ki

Step 3. Input —pp= 110 1o
Loads i i

2 =

[in [in

Step 2. Head
Condition

From Hmad

by Pie Cap jin ]

—

Fined Head

| Toteer Foundenon | SroapFis Snga s

¥
4 AFila Chesbs

Leass mx and T

Dévzahira.

Y

'.“-H-“‘T

Hy - Mo of Hows

—

T Wit

G- R
Spacnp

- {
Tl w

Pl - Pla o Do

1

= Sl
L~ Ciclie <

% Losd Suppored

e |

Lol Spacing (S -in

Row Spacig [5y] in

Step 1 Group Pile Layout

Figure 4-8. Pile No. & Loading Page

Step 4. Cyclic
Condition

Step 5. % Load
Supported by
Cap

Step 1. Group
Layout
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Assuming the lateral load (P) is acting in X direction, as shown in Figure 4-8,
the following data are required for group configuration:

Number of Columns Input number of pilesin X direction

(Nx)

Column Spacing (Sx) Input pile spacing in X direction measured from
center of piles

Number of Rows (Ny) Input number of pilesinY direction
(perpendicular to the page)

Row Spacing (Sy) Input pile spacing in'Y direction measured from
center of piles

Step 2 Head Conditions for Group Piles
The piles within a group have two possible head conditions as shown on Figure

4-8.

1. FreeHead Referred to as Free Head condition. The top
of each pile can fredly rotate. Pin or hinge
connections are assumed between pile cap and
piles.

2. Fixed Head Referred to as Fix Head, there is no rotation in

the pile head. The pile and pile cap are fixed.
Moment will be generated at the pile head.

Step 3 Load Conditions for Group Piles
Four load conditions apply to a set of group piles:

Vertical load (Q) — Downward and uplift working load at pile cap, equaly
digtributed to dl pilesin the group. Input a negative value for uplift load.

Lateral load (P) — Lateral working load at pile cap. Positive value of Pis
from left to right, and negative vaue is from right to left. Load will be
distributed to dl pilesin the group based on their laterd stiffness.

Moment (M) — Moment generated at the pile cap. Positive value of Pis
clockwise and a negative value is counterclockwise. There are no moments at
the tip of each pile individualy due to the fixation of head by the pile cap.

Torsion (T) — Torsion generated at the pile cap. Twisting of the pile cap due
to externa load.

Step 4 Cyclic Conditions

Select Static or Cyclic shear load. No. of Cycles (between 2 and 500). Only
for lateral analysis

Step 5 Percentage of Load Supported by Pile Cap

Y ou can adjust the amount of vertical load carried by the pile cap. For 0%
load supported by the pile cap, the entire load is transfer to the pile therefore
dissipated by the pile at greater depth. For 100% load supported, the pile cap
supports the entire load.
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Note: To be conservative using 0% is recommended.

45.3 Tower Foundation

Tower foundation analysisis similar to the other analyses, where you get to
specify a head condition under compression, shear, moment, and torsion. Itis
assumed al piles have equa spacing in x and y direction. Y ou can choose
from fix head, free head or no pile cap. The user will also be asked to input
the number of piles they want for the analysis (up to 4 piles).

<laia Step 3

Step 2 B L A up b
Dlelel|  Er v | e | S EEREEOTT— - f |
Pl Ty | Pl Pl | Pl Sactics Nlln-'\-dl-m-l|:-uhm--.|.¢.mu| /

“?"Cm!hp 'Ehlﬁllﬂll-'p W el Pl il rlllﬁ.c-lrll-n =
. CEEN [ e

£ F = W s

PRy

e Step 4
L™ //

Step 1

T
b P Sosng (5
| -_ 7] \
Figure 4-9. Tower Foundation Screen \ Step 5
Step 1 Select Head Condition

Select from the three head condition as described bel ow:

FreeHead Top of the pile can freely rotate. Pin or hinge
connections are assumed between pile caps and piles.

Fixed Head There are no rotation in the pile cap. Piles and pile cap
are fixed. Moment will be generated at the pile head.

No Cap Thereis no pile cap to connect each pile.

Step 2 Load Conditions for Group Piles
Four load conditions apply to a set of group piles:

Vertical load (Q) — Downward and uplift working load at pile cap, equaly
digtributed to dl pilesin the group. Input a negative value for uplift load.

Shear load (P) — Lateral working load at pile cap. Positive value of Pisfrom
left to right, and negative vaue is from right to left. Load will be distributed to
al pilesin the group based on their laterd stiffness.

Moment (M) — Moment generated at the pile cap. Positive value of Pis
clockwise and a negative value is counterclockwise. There are no moments at
the tip of each pile individualy due to the fixation of head by the pile cap.

Torsion (T) — Torsion generated at the pile cap. Twisting of the pile cap due
to external load.
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Step3  Cyclic Conditions

Select Static or Cyclic shear load. No. of Cycles (between 2 and 500). This
information is for latera analyses only.

Step 4 Pile Number
The total number of piles under atower.
Step 5 Pile Spacing

The spacing between piles are assumed to be equa. Spacing has to be input
ininchesor cm. Itisassumed x and y direction have the same spacing.
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4.6 Soil Property Page

You must have
a separate
layer at water

table location. \

Step 1

¥

Step 2

The Soil Property page (Figure 4-10) alows you to input water and soil
information in four easy steps.

'T' allpile: - file narme: exS.abp
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Figure 4-10. Soil Property Page

Ground Water Table (GWT)

Input the ground water table (GWT) depth (distance from ground surface). If
the water table is deeper than the piletip or at great depth, leave the box

blank. Stratigraphy that are below GWT will appear in blue with a[W] beside
the name.

HINT: Input thewater table depth before completing the Soil

Property table. L eave the box blank if thereis no water or water is at
great depth.

Soil Property Input

You can input up to ten layers, if the GWT exist within alayer, you must break
the layer into two layers at the water table location. The total unit weight
should be use for soil above the GWT, but the buoyant unit weight should be
used for soil below the GWT. You should input all the data through the
Soil Parameter screen shown in Fig. 4-11.

Zs-Soil Depth  Input the top depth of the soil layer. The top is the distance

from ground surface to the top of the layer. The depth of
the first row (layer) is zero. The top of the second layer is
the bottom of the first layer. The top depth of the last layer
is defined as the last row. The bottom depth of the last
layer is undefined, assuming it extends to a great depth.
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Soil Data
Input

Phi

€5y or Dr

Nspt

Chapter 4: Data Input

Press the [Click to Open] button in the cell to open the Soil
Parameter screen (see next section).

HINT: It isrecommended to input all soil
parameterson the Soil Parameters screen (Figure 4-
11).

Unit weight of soil. If the soil is under the water table,
buoyant weight must be input. (Thisiswhy it is necessary
to divide alayer into two if the GWT gtswithin this layer.)

Buoyant weight is the total unit weight of the soil minus
the unit weight of the water.

HINT: Input total unit weight above GWT and
buoyant weight below GWT.

Friction angle of soil.
Cohesion of sail.

Modulus of Subgrade Reaction of soil (for latera analysis
only). If you only run verticd analys's, you don’'t have to
input this value (Refer to Ch.8 for description).

If soil isdilt, rock, or clay, es is strain at 50% deflection in
p-y curve (only used for cohesive soil in lateral analysis)
(Refer to Ch.8). If soil issand, Dr isthe relative density
from 0 to 100 (%). It isfor reference only and is not used
inthe anayss.

Standard Penetration Test (SPT) value or N value isthe
number of blows to penetrate 12 inches in soil (304.8 mm)
with a 140-1b (622.72 N) hammer dropping a distance of
30 inches (0.762 m).

HINT: for more detail on k and esp, refer to Chapter 8, Lateral

Analysis.

Step 3 Select Tip Stratum

Tip resistance calculation is based on the soil properties at piletip. There may
be severa very thin layers under the tip. If the stratum is not defined (as
zero), the first layer below the tip will control the results. Users should define
a dratum thick enough to include al the influence layers. 10 times pile
diameter is recommended. Thiswill provide more reasonable results and also
smooth the pile capacity vs. pile length curve.

Step 4 Ground Elevation

Itisoptiond toinput avalueinthisfield. If an eevation isinputted, the depth
of the pile is shown on the left side and the elevation is shown on the right side

of the chart.
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Figure 4-11. Soil Parameter Screen
4.6.1 Soil Parameter Screen

The Soil Parameter screen (Figure 4-11) isfor inputting or modifying the soil
parameters. The program provides correlation between N value (SPT value)
and the other parameters (refer to Chapter 8 for details). Y ou can move the N
diding bar to modify &l the parameters or move each bar individualy.

The following steps show how to use this screen.

Step 1

Step 2

Step 3

Step 4

(? NOTE:

Select materid: soft clay, tiff clay, slt, sand or rock (including
concrete) and p-y input.

Move the N bar to the desired value. If the LINK check box
is checked the other bars will move correspondingly. If the
box is unchecked, the other parameters will not be affected
when moving the N(spt) dide bar.

Fine tune the other diding bars to get parameters that best suits
your geology. Changes will not affect the other valuesif you
alter the dide bars of other parameters other than N value.

If you are finished with the input process, close the screen by
clicking [APPLY]. The datawill be display on the Soil
Property table. (If you press [Cancel], the datawill not be
posted.)

Therelated properties selected from the N value are only
recommendations. Users should use their engineering judgment to
adjust the parameters.

User s should input the water tablefirst. The parametersrelated to
N value ar e different above and below the water table.
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p-y Curve | nput

If the user has a known parameter, the N value bar can be moved
until the known parameter reachesits value, therefore getting the
other corresponding parametersfor the soil.

Y ou can customize the p-y curve for the soil type or use the system default p-
y relation. From the Soil Parameter Screen, check the p-y input box on the
upper right corner of the panel. Then click on [Input p-y curve]. The p-y
input screen is shown in Figure 4-12. If you would like to modify the p-y
curve from the previous layer, it can be copied by clicking on the [Copy from
previous row] button. The vaueswill be amplified if the user enters a
multiplier in the Copy Factor fidd.

o % Sail Parameter Soreen - frony ground surface; 15 -t

e [win [Pans Irput P P
Und 1 i} 1] Mivimiam 2 Proinka, deros 5".!,! SAMD iEbﬂ‘ﬂ“‘i[l
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ENE CER [y —— ] MR e,
M [ 4 B 1058 —— inks
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7 |~ Show Graphical Cuve | [ 133 '|:1|:| ' 15'.|;|
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16 =1 1] il
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i ____J o dooly | X Cancel

This £

Figure 4-12. User define p-y Input

After you are satisfied with the entry, clicking on [Show Graphical Curve]
will give you the corresponding curve. Click [Apply] to accept the data
inputted or click [Cancel] to exit screen without accepting changes.

NOTE:

The system will generate a p-y curve based on the k and e value selected on
the soil parameter screen. Once the user input their preferred p-y curve
values and the box is checked, the k and esp will beignored in the analysis. If
p-y isinputted and the box is unchecked, the program uses the default p-y.
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4.7 Advanced Page

This page alows the user to assign analysis parameters. More details are
outlined in the following sections.

4.7.1 Zero Resistance and Negative Resistance
(Downdrag Force)

Zero Resistance

The program handles zero resistance on the Advanced page (Figure 4-13). If
apile has a section that does not develop side resistance, this section has * zero
resistance’. For example, a free anchor length of tieback anchor and a smooth
caisson section of micropile are considered as zero resistance zones. If apile
penetrates through a cave, the cave portion is considered as a zero resistance
zone. Up to two zero resistance zones can be defined in each case. To
specify the zone of zero resistance, you must enter the soil depth (Zs) of the
zone measured from the top of the soil in (feet/meter). Zero resistance
includes side and tip resistance.

HINT: You must check the check box to make the zone(s) be included
in the calculation. See Chapter 8 for details.

Negative Resistance

If soilsin the upper layers have sgnificant settlement, the pile will experience
downdrag force. This areais called negative resistance. The program handles
negative resistance on the Advanced page (Figure 4-13). Up to two negative
resistance zones can be defined.

“Factor” isthe effective factor, Kneg. It ranges from O to 1 depending on the
impact of soil settlement on the pile shaft. If the factor equals 1, then the
negative friction is equa to the friction in the downward capacity andysis. If
the factor equals O, then there is no friction between pile and soils. It isthe
same as zero friction. If the pile has a smooth surface and the soil has small
settlement, Ky isin the range of O to 0.3. If the pile has a rough surface and

@ the soil has alarge settlement, Kyey is 0.3 t0 0.6.
HINTS:
1. If Knegg =0, thereisno resistance between the pile and the soil,

i.e., it isthe same as zero resistance.
K neg should be a positive value rather than using a negative value.

You must check the check box on the left side so that the
calculation will take into account the negative resistance.

The negative resistance only appliesto downward side resistance,
not tip resistance. The induced downdrag for ce reduces the pile
capacity in the analysis.
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=10l =]

File Type I File Profile I Pile Properties I PFile Mo.and Loading I Soil Properties  Advanced I

—Zero Friction [Mon-oad zone] and Megative Friction [Downdrag forcel

™ Zero Friction from | ta I [ Megative Friction from I ta I Factar I1

________ t °| [~ Negative Friction from | ta I Factor |1

Analyziz Parameters:

Parameters: Yalue [1]; Yalue [2] Walue [1] Walue [2]
FS for Dowrward: [1] FS_zide: [2] FS_tip 20

FS for Uplift: [1] FS_side; [2] F5_weight 20 1.0
Load Factor: [1]Wertical O [2] Lateral P.M.T 1.0 1.0
Critical Depth as Ratio of Diameter: [1] Side; [£] Tip 20.0 200
Limit of bMax. Resistance: [1] Side; [2] Tip -kp/f2 9333.0 9339.0
Allowable Deflection: [1] Yertical, #_allow [2] Lateral, y_allow -in 1.0 1.0
Group Reduction Factor for Lateral Analpsiz: [1] A [2] Fg 1.0 1.0

% Yesic Method

—Settlement Calculation————————————
" Resse Method

Defing p-p. t-z Output Depths |

ul|

Analysis Parameters

Figure 4-13. Advanced Page

For advanced users they can customize analysis parameters listed below:

FSfor Downward

FSfor Uplift

Load Factor

Critical Depth as
Ratio of Diameter

Limit of Max
Resistance

Allowable
Deflection

Group Reduction
Factor Rgg¢e and
Rfron’(

The factor of safety for downward capacity, including side resistance
and tip resistance.

The factor of safety for uplifting, including side resistance and the
weight of the pile.

The factor that is multiplied into the vertical load and latera |oad.

The effect of overburden pressure increase with depth. The critical
depth to which the pressure becomes constant is defined by the
diameter of the pile.

Note: A critical depth of 20D is recommended
A limit can be applied to the side and tip resistance.
Note: To apply no limits to these values enter “9999"

The vertical settlement and lateral deflection limit. [f any one of
these values is exceeded, a warning message will be displayed.

In lateral group analysis, pile latera capacity is reduced by existence
of apilein front and a pile on side (based on spacing). User can input
factor in addition to program calculated Rside and Rfront.

Methods of Settlement Analysis

There are two methods for settlement analysis to choose from.

Vesic Method

Method based on Vesic's publication in 1977.
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Reese Method Method based on Reese and O’ Neil publication in 1988.

Define p-y and t-z Output Depths

Sometimes users might require p-y and t-z curves to be plotted out. Since the curves are
different at different depths, users can define the depths at which the curves are to be
generated. If the tableis left blank, the program will automatically generate curves at
depths of equa intervals.
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4.8 Units of Measure
The unit for input data is presented in Table 4-1.

Table 4-1 Units of Measure

Chapter 4: Data Input

Input Pageof | Item Symbol English Unit Metric Unit
Program
Pile Profile Filelength L feet (ft) m
Height (File top to H feet (ft) m
ground)
Surface dope angle As degrees Degrees
Batter angle Ab degrees Degrees
Pile Property From pile top Z feet (ft) m
Width D inches (in) cm
Areaof section A squareinches (in%) | cn?
Perimeter of section P; in cm
Moment of inertia I in* cm’
Modulus of elasticity E kip/in? MN/n? (MPa)
Weight of pile section Wi kip/ft KN/m
Pile Number Vertical Load Q Kip KN
and Loading Shear (Lateral Load) P kip KN
Moment M kip-ft kN-m
Torson T kip-ft kKN-m
Lateral Sope S inin cm/cm
Stiffness Kt kip-ft/infin kN-m/cm/cm
Didtribution From piletip 4 Ft M
Load Pressure Py kip/ft* kN/m? (kPa)
Width B ft M
Group Pileand | % cap Kcap percent percent
Tower Number of columns Nx -- --
Foundation Column spacing X in cm
Number of rows Ny -- --
Row spacing SyorS in cm
Soil Property Water table depth from | GWT
surface ft m
Unit weight G b/t kN/m®
Friction Phi () degrees degrees
Cohesion C kip/ft? kN/nm? (kPa)
Modulus of subgrade | k Ibfin® MN/m®
reaction
Soil gtrain or E50 percent Percent
Relative density Dr percent Percent
SPT Vaue Nspt - --
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CHAPTER5

RESULTS

This chapter describes:
The output of AllPile

Some of the analyses you can

perform with the program

The results of the analyses
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5.1 Profile

The Profile function provides the pile profile and soil conditions (Figure 5-1).
This report also presents soil parameters as well as foundation material
properties input by users. The report can be printed for references.
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Figure 5-1. Profile Screen

5.2 Vertical Analysis Results

Clickingon [Vertical Analysis] will display apane tha alows you to choose
the different types of result from the analysis. For thisanalysisadl latera load
components are ignored and only vertical load is considered. Figure 5-2 shows
the several choices available for vertical analysis.

VERTICAL ANALYSIS RESULTS

ct' Ciepth - 5. 1, ] = Sunnaip Repot |
= Load-Gettlemert | @ Submilld Figport |
L Comacio - Lenghy | 15| Detaded Fapeart |
Length Fram 1o 450
1F Ta MSEwal |
& Ukimabe 1 Allbwable
= t-2 Curve | [~ g:w Curm |
Fioae Mo |Fiouae 1 ﬂ Close |

Figure 5-2. Vertical Analysis Results Panel
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5.2.1 Depth (z) vs. s, f, Q

The program provides four diagrams in this report, as shown in Figure 5-3.
Each diagram is explained below. (All the datais based on ultimate loading
condition.)

V Stress (S) Vertical stress (overburden stress) in the soil
adjacent to the pile. The stress increases with
depth (2) to a certain point and then becomes
constant. Thisis because the overburden stress
has a maximum limit. Thislimit can be modified
on the Advanced page.

Skin Friction (f) Upward and downward side resistances are the
combination of friction and adhesion from soils.

Axial Force (Q) Downward capecity and uplift are combined in
one graph. The left portion of the graph defines
the ultimate uplift capacity of the pile, whereas,
the right side of the graph defines the ultimate
downward (compression) capacity.
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Figure 5-3. Depthvs. s, f, Q
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5.2.2 Load vs. Settlement

By clicking on this button, you will get a graph of compression load vs.
settlement of the pile/pile group. Three immediate settlement curves will be
plotted. Settlement of the side isin blue, whereas, settlement of thetipisin
red. Adding the two curves together will result in the total settlement, the
black line on the graph. Note that the peak of side resistanceis at a different
location from peak of tip resistance.

Vertical Load vs. Settlement
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Figure 5-3. Vertical Load vs. Settlement Plot
5.2.3 Capacity vs. Length

Press the [Capacity — L ength] button to get the two diagrams shown on
Figure 5-4. Oneisthe downward capacity (Qq) versus pile length (L). The
other is the uplift capacity (Q,) versus pile length (L). The start and end
lengths can be specified in the two boxes below the button. Users can also
choose to generate graphs for ultimate capacity or alowable capacity by
checking the corresponding box below the button. The Factor of Safety can
be defined on the advanced page.

@ NOTE: Thisfunction only works for a single section pile. If the pile has more
than one section, the resulted graph does not represent the actual condition.
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ULTIMATE CAPACITY vs FOUNDATION DEPTH
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Figure 5-4. Capacity vs. Length
5.2.4 t-z Curve
When clicked on the [t-z cur ve] button, at-z curve will be generated (Figure
5-5). Thiscurve givesthe skin friction along the depth of the pile. Itisa
function of relative movement between soil and pile. The t-z function can
generate t-z curves at various depths. Users can define the depths at which
these curves are to be generated on the Advanced page.
Shin Resistance vs, Side Movemnent {t=z)
15: / [ .,
" :|! T =
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€ ~—F——— 11 |
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(L BRI LY - L R R ]
Figure 5-5. Skin Friction vs. Side Movement
5.2.5 g-w Curve

The g+w curve plots the tip settlement against the tip resistance. Figure 5-6

shows a plot of such curve.
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Tip Resistance va. Movement (g-w)
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Figure 5-6. Tip Resistance vs. Tip Movement

5.2.6 Submittal Report

The formatted submittal report gives soil and pile physical parameters used in
the analysis, as well as the calculated results for vertical andysisin an
organized fashion. Presented here are the most important information required
for pile design.

5.2.7 Summary Report

Summary report provides on unformatted summary of calculated results. The
report is opened in Windows Notepad.

@ HINTS:

In the Notepad page, you can copy and paste data to other
Windows programs, such asWord. The tabulated data are tab
delimited, so they can be processed in Excel using Data/text to
columns function. To export data directly to Excel, see

" Exporting to Excel" below.

If thereport text iswrapped in Notepad, you can improve
readability by selecting a smaller font by opening [Font] under
the Format menu. We recommend using Courier New font size
8.

5.2.8 Detail Report

The calculation report presents the details of the calculation so that the user
can check the correctness of the calculation and also understand how it is
done. It isviewed in Notepad or Wordpad (for larger files).
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5.2.9 Exporting to Excel
If you have Microsoft Excel 97 or 2000 installed on your compuiter, clicking on
this button will launch a pre-designed Excd file caled “AllpilexIs’. If your
Excel program has an option called Virus Macro Protection, you will see a
didogue box when AllRile launches Excel. Y ou should check the [Enable
M acr os] option to alow the operation to be continued.

After the Excel fileis opened, on the first sheet (Datd), there is a button called
[Update Vertical Datd]. Press this button to update data from AllPile. Then
you can view graphics presented in the next few sheets. Y ou can edit the
graphics to customize your report, but do not change the structures and the
settings of the Data sheet.

All the instructions are presented in the Exce file.

5.2.10 Figure Number
The figure number box alows you to input a figure/plate number or page
number so that you can insert the graphic into your own report. The number
you entered will be displayed on anyone of the above mentioned report. The
format of the report and the company name and logo can be modified in the
Setup/Options screen (refer to Chapter 6 for detail).

5.3 Lateral Analysis Results

The lateral analysis results panel (Figure 5-7) provides several choices.

T Diepth - wt, M.P Submittal Report
) Pt b 2 Summary Report
fF Depth -t 7 ComBz24 Input
—D_ Depth - M _n) ComB24 Dutput
£ p-» Cuve 3% ToMS-Excel
Figure Ma. IED— j-L Close

Figure 5-7. Lateral Analysis Results

531 Depth (z) vs.y, M, P
The program provides 3 diagrams in the report, as shown in Figure 5-8.
Deflection (yy) Lateral deflection along the depth (2)
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Moment (M) Bending moment in the pile shaft

Shear (P) Shear force in the pile shaft. It equals the lateral
load applied at the pile head.
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Figure 5-8. Depthvs. yt, M, P

5.3.2 Load (P) -y, M
Click this button to get the two diagrams shown in Figure 5-9.
Lateral load (P) vs. head The diagram shows the pile head deflection under
deflection (yt) the lateral load at pile head.
Lateral load (P) vs. maximum  The diagram presents the maximum moment in
moment (Mmax) the pile shaft under the latera load at pile head.
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LATERAL LOAD vs DEFLECTION & MAX. MOMENT
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Figure 5-9. Lateral Load vs. Deflection & Moment

A series of deflection curves a increasing loading. The loading conditions of
the different curves are presented on the table at the lower |eft corner of the

PILE DEFLECTHIN ve LIWDW G
Tarugia il ek Hharl

Figure 5-10. Depth vs. Deflection

5.3.3 Depth vs. vy,
report (Figure 5-10).
5.34 Depth vs. M

A series of bending moment curves at increasing loading. Loading conditions
are outlined in a chart at the lower left corner of the report (Figure 5-11).
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5.3.5

5.3.6

5.3.7

5.3.8
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Figure 5-11. Depth vs. Moment

p-y Curve

A series of p-y curves at different depths. The depths are defined on the
Advanced page.

Submittal Report

A report generated by the program that contains the most critical information
for design. It extracts calculation results from Com624S Output and
summarizes the information in this report.

Summary Report

Summary Report provides a summary of calculated results. The report is
saved and opened in Windows Notepad. If the fileis too large, Windows will
automatically open the report in Wordpad instead of Notepad.

HINTS:

In the Notepad page, you can copy and paste data to other
Windows programs, such as Word. However, the tabulated data
are spacing delimited, so they are not suitable for Excel. To export
datato Excel, see " Exporting to Excel" below.

If thereport text iswrapped in Notepad, you can improve
readability by selecting a smaller font by opening [Set Font] under
the Edit menu. Werecommend using Courier new font size 8.

Com624S Output/Input

The lateral analysis is performed by uses the revised version of Com624S
program embedded in AllRile. You can view atypica Com624S output report
by pressing the button. Y ou can also view the Com624S input file by pressing
the Com624 Input button.
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HINTS:

If the program encounters some errors and cannot produce
results, you should review the Com624 output. You can also
directly run Com624P using the input file by the program.

Com624 program and example files can be downloaded from the
AllPile Section in CivilTech’s website.

5.3.9 Exporting to Excel
If you have Microsoft Excel 97 or 2000 installed on your computer, clicking on
this button will launch a pre-designed Excel file caled “AllpilexIs’. After the
Excel file is opened, on the first sheet (Data) there is a button called [Update
Lateral Data]. Press this button to update data from AllPile. Y ou can view
graphics presented on the next few sheets. Y ou may edit the graphics, but do
not change the structures or settings in the Data sheet. All instructions are
presented in the Exce file.

5.3.10 Figure Number

The figure number box alows you to input a figure/plate number or page
number so that you can insert the graphic into your own report. The format of
the report and the company name and logo can be modified in the
Setup/Options screen (refer to Chapter 6 for details).

5.4 Preview and Print Screen

@ The Preview and Print screen toolbar is shown below (Figure 5-9). The
functions of al the buttons are described in the following text.

ala) g2 vl i

Page 1 E |E—"1

Figure 5-9. Preview Screen
The buttons are:

Close Close Preview

Page Height Zoom to the page height

Page Width Zoom to the page width
Zoom In Enlarge the image
Zoom Out Reduce the image
Printer Send to printer

Printer Setup Set up printer

Clipboard Copy the graphics to Windows Clipboard. Users can
paste the graphics to any Windows program such as
MS-Word, PowerPoint, and Excel.
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Save Save graphics to a Windows metafile, which can be
opened or inserted by other drawing programs for
editing.

Close Close Preview

5.5 Errors and Troubleshooting

Report Layout

Vertical Analysis

Lateral Analysis

If the font, logo, and title are missing or misplaced in the report, most likely the
setup file is damaged, or the setting parameters are out of range. Y ou should
open the Setup menu and restore to the manufacturer’ s settings. Please refer
to chapter 6.

The program will check most input for errors before calculation. Typica errors
are:

Tota unit weight instead of buoyant unit weight under water table.
Buoyant unit weight should be input under water table.

No datain pile properties such as width, area, |, and E.
No datain soil properties such as G, Phi, and C.

Setup file is damaged, or the setting parameters are out of range. Y ou
should open the Setup menu and check the values.

The program uses a pre-processor of COM624S to perform lateral analyses.
The codes within the program have been re-written to solve most of the
problems when initiating COM624 in the previous version of this program.
The problems that are related to execution or limitations of COM624 are:

No COM624 output file! - Com624 computation encountered an error and
the program did not produce output file.

Error in Com624 computation! No Depth-y; datal - Com624 computation
encountered an error and the program did not produce Depth-y;.

Error in Com624 computation! No p-y; datal - Com624 computation
encountered an error and the program did not produce p-y;.

If any one of the above warnings is encountered, please check the data. Most
of the cases are related to excessive calculated deflection, which exceeds the
dlowabley;. This causes COM624 to terminate the calculations. The problem
occurs when the pile is too flexible, soils are too soft, or load istoo large.

Rile too flexible — If the | and E of the pile section are too small, COM624
stops.
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Soils are too soft or loose — If Phi or K istoo smal for sandy soilsand C
or €50 istoo small for cohesive soils, COM624 stops.

Load istoo large— If P, M, or y; istoo large, COM 624 stops.

Large surface slope angle or batter angle — If the surface or batter angle
islarger than the soil friction angle, COM 624 stops.

Large H — If the distance between pile top and ground surface is too
large, COM624 stops.

HINT: view the COM 624 OUTPUT report to get the error message.
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CHAPTER 6

SETUP OPTIONS

This chapter details:
Settings of the program

User customization and

configurations
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6.1 Setup Screen

Chapter 6: Setup Options

The setup screen (Figure 6-1) can be accessed by selecting [Open Setup]
from the Setup pull-down menu.

1" allpile - file name: g =101 %]

Eile Edif Rum Setup

Setup Screen

Help

x Cloze Setup | @ Sawve Setup |

Report Format | Materialsl Pile T_l,lpel

Double click the table cell to change font or logo path

Items

Logo

Firmn Title 1

Firmn Title 2

Figure Mo.

Proj. Title 1

Proj. Title 2

ui]

Text or Logo Path i |Y -in |W -in |
0.30 780 0.40

CiwilTech 0.80 800 Mg

Software 0.e0 8.20 REE)

Figure 10 5.00 820 Mg

Project Title 1 in input page 1 R.20 a.00 M

Project Title 2 in input page 1 R.20 a8.20 M

¥ Shaw all the titles, and loga in Graphics

Ereeity | [ Show Pile and 5ol Parameters in Graphics

¥ Show Pilz and S il Description in Graphics

Figure 6-1. Setup Screen

The setting of the program is saved in the system. The user can choose to
change these settings as they wish. After making the necessary changes to
the setting, you could make this your default setting by clicking on [Save
Setup]. If you make changes on the setup screen but would like to restore

your default setti

ng, click on [Restor e Saved Setup] on the Setup pull-down

menu. If you require to restore the manuf acturers setting, click on [Restor e

Default Setup]
the settings, you

on the Setup pull-down menu. After you are satisfied with
can return to the program by clicking on [Close Setup].

6.2 Pull-Down Menu: Setup

Open Setup
Close Setup
Save Setup

Restor e Saved
Setup

Restore Defau
Setup

Print Setting

Open setup screen.

Close the setup screen without saving the new settings.
Save the new settings and not close the screen
Restore the saved settings

[t Restorethe manufacturer settings

Summarize setting information in NotePad format which
alows you to print
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6.3 Speed Bar

The speed bar has two buttons:
Save Setup Save the modified settings

Close Setup Close the setup screen and return to the program

6.4 Tabbed Pages

The three tabbed pages are summarized below. Each page is described in
detail in this chapter.

Report Format Customize graphical output (reports)
Materialspage  Configure pile materias
Pile Type Configure pile type and method code

6.4.1 Report Format Page

Y ou can customize the format of the output report by designating the position
of eachitem. The location of each item are position based on coordinates,
where (0,0) is located at the upper left corner of the page. Positive X isin the
direction to the right, and positive Y isin the direction vertically downwards.
The units of measurements are in inches or centimeters.

The itemslisted in the rows are as follows:

L ogo The logo shown in the report can be abmp, gif, or jpeg
file. Double click the row to specify the file path. The
width of the logo can be changed on the right most
column (W) in inches or centimeters.

Firm Title1 Y our company name is presented here. X and Y define
the coordinates. Double click the row to select text font.

Firm Title2 Y ou may enter a company subtitle here. X and Y define
the coordinates. Double click the row to sdect text font.

Figure Number  The page or figure number in the report. X and Y define
the coordinates. Double click the row to select text font.
The page number shown in the table is a dummy. The
actual text in the report is from the Lateral Analysis
Result or Vertical Analysis Result panel.

Project Title 1 This row specifies the location and font of the project

& Project Title 2 title. X ar_1d Y define the coordinates. Thet@<t shov_vn in
the table isadummy. The actua text in the report is

from the Pile Type page.
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Options:

Show all titles,
and logosin
Graphics

Show Pileand
Soil parameters
in Graphics
Show Pile and
Soil Description
in Graphics

Preview:

Chapter 6: Setup Options

Turns on and off all thetitles and logo in graphical
report. It isuseful for copying and pasting to other
Windows programs.

Turns on and off al pile and soil parametersin Profile
graphical report.

Turns on and off all pile and soil descriptionsin Profile
graphical report.

Clicking on the [Preview] button will alow you to see the template of the

report.

6.4.2

Materials Page

This page sets the properties for the pile materias. The Materias Page
(Figure 6-2) has two tables. Thefirst table is the materials for the outside skin
of the pile. The second table is inside materials of the pile.

=P

File Edit Hum Setup Help

Setup Screen XK Clase Setup | # Save Setup |

Report Famat ~ Materials I File Type |
Outzide Skin Materials: |Delta -ratio, degree | Ca -ratio, b2 E kp/i2 [ETR T ]
Steel [rough) 1.0 23000 487.0
Steel [smoath) 200 1.0 23000 487.0
Conerete [rough) 08 1.0 3000 160.0
Concrete [zmoath) 0.7 1.0 3000 180.0
Grouted 0o 2000.0 3000 150.0
Post-Grouted 0o 3000.0 3000 150.0
Timber K] 1.0 500 50.0
Plastic o7 1.0 £00 850
MNo-Skin Resistance 0o 1.0 29000 487.0
S oil Cohesion 1.0 1.0 3000 150.0
Inside b aterials: E -kpi2 G b3
=0utside M4

Haollow a n.a

Steel 23000 4870

Concrete 3000 1500

Figure 6-2. Materials Page
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Each materia in the table has four properties that can be customized:

Skin Friction Defines the skin friction, d, between granular soils and
Angled or the pile.
Faction K+

If you input a value within 10 to 50, the program will
recognize it as skin friction (d)

If you input a value ranging from 0.1to 1, the
program multiplies the factor by the soil interna
friction, f to get the skin friction, d:

d = K¢ xf

Where, K;— friction factor (0.1 ~ 1)

NOTE: Internal friction, f , isthefriction between
granular soil particles. Skin friction, d, isthe skin

friction between soil and pile. d is not the same as
f --usually dislessthan f .

Adhesion Caor Defines the adhesion, Ca, between cohesive soils and
Factor K, the pile.

If you input a value ranging from 10 or more, the
program recognizes it as adhesion, Ca

If you input afactor (range 0.1 to 1), the program
multiplies the factor by the soil cohesion, C, to get the
adhesion, Ca

Ca=KC
Where, Kc— adhesion factor (0.1 ~ 1)

NOTE: Cohesion, C, isthe shear strength
between cohesive soils. Adhesion, Ca, isthe shear
resistance between soil and pile. Caisnot equal to
C. Usually Caislessthan C.

E Defines eastic modulus of pile materials.
G Specifies unit weight of pile materials.

The second table is the materias properties of the inside of the pile. For
example, asted pipe pile filled with concrete has outside materias = steel and
inside materials = concrete. A concrete pile with stedl bars has outside
materias = concrete and inside materials = steel. The materia properties can

be customized:
E Defines eastic modulus of inside pile materials.
G Specifies unit weight of insde pile materials.
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The Pile Type page is shown in Figure 6-3. The table in this page defines the

pile type and method

code. The pile types listed in this table is the same list on

the Pile Type input page (Figure 4-1).

i
File Edit Eun Setup Help -
Setup Screen X Close Setup I # Save Setup |
Report Formatl Materiglz  File Type I
Fipe Type: Kdow Kup Method Code
Dirilled Pile [dia <=24 in. or 1 cm) 0.4 MAACA
Crilled Shaft [dia > 24 in. or 61 cm) 1 0.4 MAACA
SHAFT [US. FHWA Methads) oz 0.4 MABCA
Diriving Steel File [Open end) 07 04 DaA08
Diriving Steel File [Cloze end) o0g8 05 DaaCe
Diiving Concrete File ] [IR:] DaaCs
Diriving Timber Pile 1.8 1.1 DAACA
Diriving Jetted 07 0.4 DAAAS
HMicrapile [MiriFils) 1.0 1.0 GAAAS
Uplift &snchor 0o 1.0 UMANN
Uplift Plate 0o 1.0 UMPPM
Shallow Footing 1.0 1.0 MHMEE
Method Code:  Type/Dow/Up,/Tip/Lateral
[0 Mot Change the Code.

Figure 6-3. Pile Type Setup Page

K down

Method Code

The horizontal to vertical stressratio for calculations of
downward (compression) capacity. Y ou can modify the
factor based on your experience. See Chapter 8.

Kaown=Vertical Stress/Horizontal Stress
Driven pile (displacement pile): Kgown>=1
Drilled pile (no-displacement pile): Kgown<l

The horizontal to vertical stressratio for caculations of
uplift capacity. Y ou can modify the factor based on your
experience. See Chapter 8.

Ky=Vertical StressHorizontal Stress
Driven pile (displacement pile): K,p>=1
Drilled pile (no-displacement pile): K <1

This section is for the program’ sinternal use. This
should not be changed unless you are familiar with the
code. A code including five letters to define the
calculation method for each pile type. Each letter is
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explained below:

lg

2nd

3|’d

4th

Pile ingtalation method:

D — Driven pile (displacement pile)

N — Drilled pile (no-displacement pile)
Downward calculation method:

AB,C ... - reserved for different methods
O — No calculation

Uplift caculation method:

AB,C ... reserved for different methods
O — No calculation

Tip resistance calculation method:
AB.C...
O — No calculation

Lateral calculation method:
A — COM624S method

O — No calculation

reserved for different methods
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CHAPTER7

SAMPLES

This chapter lists:

Examplesthat are available within the

program
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7.1 Samples

Samples with different soil conditions and pile types are included in the
program. These examples are intended to demonstrate the capabilities of the
program and allow users to learn more about the input process and other key
functions. The samplesinclude:

Auger Cast Concrete Pile
Drilled Shaft No Bell
Drilled Shaft with Bell
FHWA SHAFT Method with Bell
Driving Steel Pipe, Close Ended
Driving Stedl Pipe, Open Ended
Driving Stedl H File, Open Ended
Driving Sted PFile in Soped Ground
Driving Sted Pile with Battered Angle

. Driving Concrete Pile with Battered Angle

. Driving Concrete Pile with Stinger

12. Driving Timber Pile with Battered Angle

13. Driving Jetted Pile

14. Micropile with Pressure Grout

15. Uplift Anchor based on Soil Strength

16. Uplift Anchor based on Bound Strength

17. Uplift Plate in Shallow Mode

18. Uplift Plate in Deep Mode

19. Shallow Foundation

20. COM624 Sample 1, One Sail

21. COM624 Sample 2, Five Soils

22. COM624 Sample 3, in Butter Angle

23. COM624 Sample 4, P-Y Input

24. COM624 Sample 5, Sioped Ground

25. Group Sted Piles

26. Group Auger Cast Piles

27. Group Pre-cast Concrete Piles

28. Tower Mono-Pile

29. Tower with 3 Piles

30. Tower with 4 Piles

©OCONOoOTOA~WNE

P
= O

P ease open the sample files stored in the program and run them to see the
input and output data. The samples are in English units. For Metric (SI) units,
open the sample then choose metric on the Pile Type page.
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CHAPTER 8

CALCULATION THEORY

Volume 2

Detailed in this chapter:
- the theories behind the program

- the equations and methods that

are use to perform the analyses.
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CHAPTER 8 CALCULATION THEORY
8.1 GENERAL PILES

8.1.1 Vertical Analysis

This program uses procedures described in the Foundations & Earth
Structures, Design Manual 7.02, published by Department of Navy, Nava
Facilities Engineering Command.

8.1.1.1 Downward (Compression) Load Capacity Calculation
Ultimate downward capacity can be determined by the following equations:
aw = Qtip + Qside
Where Qg = ultimate downward capacity
Qip = ultimate tip resistance

Qsde = Ultimate side resistance

Ultimate tip resistance:
Qtip = Atip - Quit = Aiip - (Ng Sy + No)
Where Ajip = areaof piletip
qui= ultimate end bearing pressure
S, = vertical stressin soil (overburden pressure)

Nq = bearing factor for cohesionless soils. It is a function of
friction shown in Table 8-1.

N, = bearing factor for cohesive soils. It isafunction of z/B
(depth/width) shown in Table 8-2.

Table 8-1. Bearing Capacity Factor, Ng

f Nq Ng
(Internal friction) | (Displacement pile) | (Non-Displacement pile)

26 10 5

28 15 8

30 21 10

31 24 12

32 29 14

33 35 17




A 42 21
35 50 25
36 62 30
37 7 38
38 86 43
39 120 60
40 145 72

Table 8-2. Bearing Capacity Factor, N

z/B N¢
(Depth/Width)
0 6.3
1 7.8
2 8.4
3 8.8
4 9
>4 9

Ultimate side resistance:
Qse=SSP D=S (fo+Cy P D
Where S = side resistance
fo = skin friction of cohesionless soil
Ca = adhesion of cohesive soil
P; = Perimeter of pile section
Dl = segment of pile

Skin friction of cohesionless soil:
fo= S tan(d) = Kgown - S - tan(d)

down

Where K :% or S, =Kim>S,

S, = vertica stressin soil
S, = horizonta stressin soil
Kgown = ratio of S/S, which is defined in the table of Setup.



d = skin friction between soil and pile. It isafunction of pile skin
materiads. For sted pile, d = 20°-30°. For concrete pile, d = K;
f . Kiisfriction factor ranging from 0.1 to 1. K can be defined
in the table of Setup.

Adhesion of cohesive soil:
Ca: KC ) Ka : C
WhereC = shear strength of cohesive soil (cohesion)

K. = adhesion factor ranging from 0.1 to 1, defined in the
table of Setup.

Ka= Adhesion ratio, C/C, which is afunction of C shown
inFigure 8-1.

Adhesion Ratio Ka

1.5
1.25\
1 —— All Piles |
O
§ —=— Concrete Pile
8 0.75
o
IS
a
0.5
0.25 2
0
0 1000 2000 3000 4000

Cohesion C, Psf

Figure 8-1. Adhesion Ratio, Ka



Limited Depth of side resistance and end bearing.

Experience and field evidence indicate that the side friction and end bearing
increase with vertical stress S, up to alimiting depth of embedment. Beyond
this limiting depth (10D to 20D, B = Pile width), there is very little increase
in side friction and end bearing. Penetration Ratio, PR, is used to define the
limiting depth. PR = 20 is commonly used for both sde friction and end
bearing. The values can be changed on the Advanced page.

PRiip = (2/D)sip, Penetration ration for calculation of end bearing.
PR = (z/D);, Penetration ration for calculation of side friction.
Where z = depth
D = average pile width

The limitation of side friction and end bearing aso can be expressed as
absolute value for both cases. The values can be changed in the table of
Advanced Page.

OLiimit, Limit of end bearing pressure.

fo_simit, Limit of sum of side friction and adhesion.

Allowable downward capacity can be determined by the following equation:

Qtip + Qside
FS FS

_tip ~_side

Qaiw ¢ =

Where  Qyp = ultimate tip resistance
Qsice = Ultimate side resistance

FS ip = factor of safety for tip resistance, defined in the
table of Advanced Page.

FS se = factor of safety for side resistancein
downward direction, defined in Advanced Page.

8.1.1.2 Zero Side Resistance

In some cases, a portion of the pile does not have contact with soils. For
example, soils have gaps, or the pile passes through an underground basement
or tunnel. Side resistance cannot be developed in this portion. Therefore the
concept of zero friction can be used. It includes both zero friction and zero
adhesion. Two zero-resistance zones can be input in the program.



8.1.1.3 ZeroTip Resistance

In special conditions, users do not want to include the tip resistance in pile
capacity. These conditions include pesat or soft soils at piletip. Or the piletip
has a very sharp point. Users can include the depth of the piletip in the zero
resistance zones. For example, if the piletip is at a depth of 35 feet, users can
Set a zero resistance zone from 35 to 36 feet. The tip resistance will be zero in
the caculation.

8.1.1.4 Negative Side Resistance

Filesingaled through compressive soils can experience “downdrag” forces or
negative resistance aong the shaft, which results from downward movement
(settlement) of adjacent soil. Negative resistance results primarily from
consolidation of soft deposits caused by dewatering or fill placement. The
downdrag force is the sum of negative friction and adhesion. It does not
include tip resistance. It only effects downward capacity, not uplift capacity.
Two zero- and two negative-resi stance zones can be input in the program. |If
the same zone is defined as both a zero-resistance and negative-resistance
zone, the program considers the zone as a zero-resistance area.

Downdrag For ce from Negative Friction:
Qneg = Kneg S (fo) P Dl =Kpeg S (§+ Cy P DI
Where Q ney = Downdrag force from negative side friction

Kney = Negative side friction factor. It rangesfromOto 1
depending on the impact of settlement of the soil to the pile shaft.

S = side resistance

fo = skin friction of cohesionless soil
Ca = adhesion of cohesive soil

Pi = Perimeter of pile section

DI = segment of pile

8.1.1.5 Maximum Settlement Calculation at Ultimate Vertical Resistance

Based on Vesic’'s recommendation (1977), the settlement at the top of the pile
consists of the following three components.

Settlement due to axial defor mation of pile shaft, X

X = é(Qﬁp + Qside)%
Where  Qip = tip ultimate resistance
Qsde = Side ultimate resistance
?| = pile segment
A’ = effective pile cross sectional area
E = modulus of dadticity of the pile



The equation is different from what shown in DM-7. This equation uses numerical integration,
which is more accurate then the empirica equation in DM-7.

Settlement of pile point caused by load transmitted at the point, X,

= Cth

X
i Bqult

Where C, =empirical coefficient depending on soil type and method of
construction. It is defined in Table 83 below.

B = pile diameter
Quit= ultimate end bearing pressure

Table 8-3. Typical Valueof C, for Settlement Analysis

Soil Type Driven Piles Drilled Piles
Sand 0.03 0.135
Clay 0.025 0.045

St 0.04 0.105

Settlement of pile point caused by load transmitted along the pile shaft, Xps
_CQ,
ps m
Where L. =embedded depth

qu= ultimate end bearing pressure
Qs = side resistance

Z
C, = (0.93+ 0.16\/g)0p

Where z/B = depth / pile width
(Note: NAVY DM-7 has typo mistake in the equation)

Total settlement of a single pile, Xota
Xtotal = (Xs+xpp+xps)



8.1.1.6 Relationship Between Settlement and Vertical Load

Verticd load and settlement relation can be developed from t-z (Sde load vs
shift movement) and g-w (bearing load vs base settlement) curves. Thet-z
curve represents the relation between side resistance and relative movement
within soil and shaft. Thet-z curve can vary at different depth and in different
soils. The grw curve represents the relation between tip resistance and base
movement of the shaft.

t-z and g-w Relation

Generally, t-z and g-w relations require a considerable amount of geotechnical
data from field and laboratory tests, which are not always available for
engineers. AllPile uses the following procedures to determine the amount of
settlement:

1. First, calculate ultimate side resistance and ultimate tip resistance of
shaft using the methods introduced in 8.1.1.5.

2. Find relationships between settlement and load transfer ratios
(developed resistance againgt ultimate resistance) using the
corresponding chartsin Fig 82 — 8-5

3. Integrate both side and tip resistances, as well as eastic
compression of shaft body, to obtain total vertical resistance asa
function of settlement.

4. From the relationships between settlement and load transfer ratios,
we can develop t-z and g-w curve.

Typical settlement against load transfer ratios are shown in Figures 8-2
through 8-5 proposed by Reese and O’ Neal (1988). Figure 8-2 and 8-3
represent the side load transfer ratio for cohesive soils and cohesionless
soils/gravel respectively. Figure 8-4 and 8-5 represent the end bearing load
transfer ratio for cohesive soils and cohesivel ess soils respectively.

Figure 8-2.

Normalized load
transfer relations for
side resistance in
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(Reese and O'Neill,
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Figure 8-3 Normalized load transfer relations for side resistance
in cohesionless soil (Reese and O'Neill, 1989)
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Figure 8-5. Normalized load transfer relations for base
resistance in cohesionless soil (Reese and
O'Neill, 1989)

Two Optionsfor Settlement Analysis

In Advanced Page, AllPile provides two options for developing |oad-settlement
relation.
Option 1:

The load transfer ratio is based on diameter of shaft (Ds) or base
diameter of shaft (Dy) if it is different from the former, i.e. shafts with
bell. This option is recommended for larger-size shafts.

Option 2:

The load transfer ratio is based on the calculated settlement from
Vesic's method as described in Section 8.1.1.5. Thisoption yields a
closer match between settlement calculation of Vesic’'s method. Itis
recommended for smaller diameter piles.

11



Total, Side and Tip Resistance vs. Settlement

Figure 8-6 shows the vertical load is distributed in to side resistance and tip
resistance. The chart from results of program shows that side resistance
develops at small settlement, while tip resistance develops at large settlement.
The ultimate value of the two cannot smply be added together. That iswhy
tip resistance requires large Factor of Safety to get alowable capacity.

Vertical Load vs. Settlement
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Figure 8-6. Total, Side and Tip Resistance vs. Settlement

Capacity at Allowable Settlement

AllPile provides two methods to determine Qaion. Oneis defined by Factor of
Safety presented in Section 8.1.1.1. The other method is defined by alowable
settlement.

Calculate Q0w based on alowable settlement. Depending on the amount of
allowable settlement Xa4i0w, then back-cal culate Qg0 based on the relationship
between Xai0n @nd load. X4i0n Can be defined on Advanced Page.

8.1.1.7 Uplift Load Capacity Calculation
Ultimate uplift capacity can be determined by the following equations:

Qup = Qw + Qsice



Where Q,, =weght of pile

Qsde = Ultimate side resistance

Quw=2W,;?l
Where W, =weight of pile section in unit length
A = segment of pile

Qse=SSP-D=S (fo+Cy) P D
Where S = sideresistance
fo = skin friction of cohesionless soil
Ca = adhesion of cohesive soil
Dl = segment of pile
P; = Perimeter of pile section

_S _
Where K, = 3 or S, =KX,

Vv

S, = vetica stressin soil
S, = horizontal stressin soil
Kyp = ratio of S§/S, which is defined in the table of Setup

d = skin friction between soil and pile. It is function of pile side
materials. For sted pile, d = 20°-30°. For concrete pile, d = K¢? . K
isafriction factor ranging from 0.1 to 1. K can be defined in in the
table of Setup.

Ca: KC : Ka * C
Where C = shear strength of cohesive soil (cohesion)

K. = adhesion factor ranging from 0.1 to 1, defined in the table of
Setup.

a=Adhesion ratio, C/C, which isafunction of C shown in Figure
81

Allowable Uplift Capacity can be determined by following equations:

Qw + Qside
FS FS

_w _up

QaIIW_U =

13



Where Q,, =weght of pile
Qsice = Ultimate side uplift resistance

FS \ = factor of safety for pile weight, defined in the table of
Advanced Page.

FS p = factor of safety for side resistance for uplift, defined in the
table of Advanced Page.

8.1.1.8 Batter Shaft Capacities Calculation

The capacities of batter isfrom vertical capacities then adjusted by its batter
angle:

batter = COS @ * Q vertica
Where a = Batter angle of shaft
Q = vertical capacities including downward and uplift

8.1.1.9 Group Vertical Analysis

In most cases, piles are used in groups as shown in Figure 8-7, to transmit the

load to each pile. A pile cap is constructed over group piles. The analysis can
be divided into four steps.

S¥ - Column Spacing

. \I
; b By - Row
i i | Spacing
My - M i
of Raw E. @ @ @

Lo oo

; R
D - Diarneter M - Ma. of Calumns

Figure 8-7 Group Pilefor Vertical Analysis
Step 1. Calculate Capacity of Individual Pile, Qsingle

Qsingle Can be calculated using the methods mentioned in above sections.
Qsingleincludes side resistance and tip resistance.

Step 2. Calculate Capacity of a Pile Block, Qpoc

Quiock IS caculated using single pile method including side and tip resistance.
The block has the following dimensions.

sz(n('l)'&'l'D
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By=(n-1)-§+D
L is the same as the length of each individud pile
Step 3. Calculate the Group Efficiency, ?

h - leock
aningIe

Where n=tota number of pile. n=n,-n,
Qsingle = Ccapacity of individud pile
Qbiok = capacity of block pile
? = group efficiency
Step 4. Deter mine the Capacity of Group Pile, Qgroup
If 2= 1, then Qgoup =N - Qsingle
If 2 <1, then Qgroup = Qblock

8.1.1.10 Settlement Analysisfor Group Pile
Suggested by Vesic (1969), the settlement for group pile can be estimated

Bl
Xgroup = Xsingle X\/g

based on settlement of asingle pile (DM 7-7.2-209):

Where B'=smadlest dimension between By and B, (see Step 2 above)
D = diameter of asingle pile

8.1.2 Lateral Analysis

AllPile directly uses COM624S caculation methods for lateral analysis. For
details on COM624, please refer to the FHWA publications, FHWA-SA-91-
048, COM624P — Laterally Loaded Pile Program for the Microcomputer,
Version 2.0, by Wang and Reese (1993). In that publication, Part | provides a
User’s Guide, Part |1 presents the theoretical background on which the
program is based, and Part |11 deals with system maintenance. The
gppendices include useful guiddines for integrating COM624 andyses into the
overal design process for lateraly loaded deep foundations.

15



8.1.2.1 Lateral Deflection Calculation
Hereis brief introduction to the program. COM624S uses the four nonlinear
differential equations to perform the lateral analysis. They are:
Ay
X+l
dz dz

El -R-P,=0 @)

Where Q =axid compresson load on the pile
Y = lateral deflection of pile at depth of Z
Z = depth from top of pile
R = soil reaction per unit length
E = modules of eadticity of pile
| = moment of inertia of the pile

Py = distributed load aong the length of pile

d?y dy,

El (E) +Q(E) =P (%)
ddy,

E'(dzz) =M 3)

Where P = shear in the pile
Where M = bending moment of the pile

dy _
== (4

Where S = dope of the dastic curve defined by the axis of pile

The COM624S program solves the nonlinear differentia equations
representing the behavior of the pile-soil system to lateral (shear and moment)
loading conditions in a finite difference formulation using Reese’ s p-y method
of analysis. For each set of applied boundary loads the program performs an
iterative solution which satisfies static equilibrium and achieves an acceptable
compatibility between force and deflection (p and y) in every eement.

Graphical presentations versus depth include the computed deflection, sope,
moment, and shear in the pile, and soil reaction forces smilar to those
illustrated in Figure 8-8.
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Figure 89 Group File for Horizontal Anaysis

8.1.2.2 Group Lateral Analysis

Due to the group effect, the latera capacity of individua piles can not be fully
developed. Deduction factors are applied to the soil reaction, then lateral analysis

is performed for individua piles.



Step 1. Calculate Deduction Factor Rsge @and Ryront
Assuming the lateral load Pisin X direction. Please note that Ryon IS not the

same as Rgge.

Table 8-4. Deduction Factor Rsont

S Riront
>8D 1
8D 1
6D 0.8
4D 0.5
3D 04
<3D 04

Table 8-5. Deduction Factor Rgge

S Rside
>3D 1
3D 1
2D 0.6
1D 0.3
<1D 0.3
Note: D = pile diameter Reference: FHWA HI 97-013

Step 2. Reducing Soil Lateral Resistance by Applying the Deduction Factorsfrom Step 1
Combine the reduction factors and apply them to p-y curve for lateral analysis.

Step 3. Calculate P-yt (the Lateral Capacity and Deflection) of Each Individual Piles
Cdlculate the latera capacity of each pile and get P-Y curve for dl piles.

Step 4. Get Lateral Capacity of group piles

After P-Y curve for each pileis constructed. The Pyoyp iS the sum of Psinge for
individua piles at the same deflection under one pile cap.

I:Jgroup =7? I:)single

Y group =Y single

18



8.2 DRILLED SHAFT ANALYSES

T T

Lht
Lht

e

Dy
BELLED STRAIGHT

published bv FHWA in Auaust 1999,
Figure 8-10. Dirilled Shaft

8.2.1  Vertical Analysis

Drilled shafts are normally used in
deep foundation to transfer vertica
load through wesk soils to stronger
soils or rocks at depth. Sinceiit is
often used to carry ardatively large
vertical load over a good depth of
soils, typica diameter of drilled shaft
ranges from 4 ft (1.2 m) to 20 ft (6
m). In most cases, the aspect ratio of
adrilled shaft, or its length divided by
its diameter, should not exceed 30.

This program uses procedures
described in the Drilled Shafts:
Construction Procedures and Design
Methods (FHWA-IF-99-025)

8.2.1.1 Downward (Compression) Load Capacity Calculation
Ultimate downward capacity can be determined by the following equations:.

Qaw = Qtip + Qsice

Where Qg = ultimate downward capacity

Q1ip = Ultimate tip resistance

Qsde = Ultimate side resistance

Ultimate tip resistance ( Qtip ):
Basein cohesive soils [S, £ 0.25 MPa (5,200psf)]

Qtip = quit Ab

Where Qut = ultimate bearing pressure

Ap = base area

If Z (depth of base) 3 3Dy, (diameter of base):
[If C3 96kPa (1tsf)]

Qut=9C

o gt =Nex -C [If C < 96kPa (1tsf)]
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Where C (or S)) = undrained shear strength below base

N¢* = modified bearing capacity factor for cohesive soils. It
can be assumed to be afunction of S, in UU triaxia
compression as shown in Table 8-6.

Table 8-6. Modified Bearing Capacity Factor, Ng*

C N¢*

(Undrained Shear Strength) | (Bearing Capacity Factor)
24kPa. (500psf) 6.5
48kPa (1000psf) 8.0
96kPa (2000psf) 9.0

If Z (depth of base) ¢ 3Dy, (diameter of base):

€ u
qult :z+é'+ Z l:lNC*>SJ
3 & 6D,

Base in cohesionless soils (Nspt £ 50)

In English unit: Out (kPa) =57.5 - Ngpr
In Metric unit: Quit (tsf) =0.6 - Ngpr
Where Nspr = blow count per 0.3m or 1ft of penetration in the Standard

Penetration Test

Base in rocks [0.25MPa (2.5tsf) < C < 2.5MPa (25tsf)]
If embedment in rock 3 1.5B (diameter of base):
Qui=5-C =25-q
If embedment in rock < 1.5B (diameter of base):
Qui=4-C =20-q,
Where

Ou = unconfined compressive strength below base

20



*Attention: The two equations above were developed for drilled shafts sitting on or
embedded in good quality bedrock with RQD close to 100%. If rock isjointed or fractured,
please consult geotechnical engineer for correct procedures to calculate tip resistance.

Ultimate sideresistance ( Qsige ):
see=Sfo-D - P
Where fo = skin friction
Dl = segment of pile
Pi = perimeter of pile

Shaft in cohesive soils[S, £ 0.25 MPa (5,200psf)]

fo: a-C
a =055 (for S/ P,£ 15)
a =055- 012 - 152

ePa @

(for L5£S,/ P,£25)
Where a = shear strength reduction factor
P, = atmospheric pressure = 101kPa or 2.12ksf

Shaft in cohesionless soils (Nspr £ 50)

fo=b-C
In sand:
b =15 - 0.245 [Z(m)]°® [If Ngpr 3 15]
or b=Ngpr /15 - {15 - 0.245 [Z(m)]**} [If Ngpr 3 15]

Where b = empirical factor which varies with depth
S, = effective vertical stress at depth Z
Z = depth where side resistance is calcul ated

Attention: - Z must be converted to meter before calculating b.
-Rangeof b: 0.25£b£1.2
Shaft in rocks [0.25MPa (2.5tsf) < C < 2.5MPa (25tsf)]

.05
fo = 0.65xP. L1 0
ePag
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Where Qu = unconfined con  gaded area = Ay pth where side
resistanceisce. ....___.

P, = atmospheric pressure = 101kPa or 2.12ksf

8.2.1.2 Uplift Load Capacity Calculation
Ultimate uplift capacity can be determined by the following equations:

Qup = Quw + Q'sice + Q'p
Where Q,, =weight of pile
Q'sige = Ultimate side resistance against uplift

Q'p = ultimate bell resistance againgt uplift (Q'y isonly caculated
for belled shafts in cohesive soils)

Qu=2W, -7l
Where W, = weight of pile section in unit length
A = segment of pile

Q'sde= S K- Qsde
Where k = coefficient of uplift resistance

->k=1 (for cohesive soils)
2> k=075 (for cohesionless soils)
2> k=07 (for rocks)

Qsige = Ultimate side resistance in compression in Section 8.2.1.1

If a belled drilled shaft is used
Qp=Ny-C-AYy (for cohesive soils only)
Where N, = bearing capacity factor for uplift
=352Z/Dy or 9 (whichever issmaler)
Z = depth of drilled shaft
Dy, = diameter of base/bell
C (or §, = undrained shear strength
A’y = area of bell base - area of shaft body ("Donut” area)

Attention: Belled shaft is not recommended for cohesionless soil
and istoo difficult to be constructed in rock layer. Therefore, Q'
will not be considered in those two types of earth material.



Bdl
Shaded area= A’y

Shaft body
Figure8-14 Top View of Donut Area

8.2.1.3 Exclusion Zones

According to the SHAFT manual, the exclusion zones do not contribute side
resistance for drilled shaft as shown in Figure 8-10.

Exclusion zones in the caculation of Downward Capacity :

For straight shafts. Top 5' and bottom one diameter of shaft

For belled shafts: Top 5' belled section and one diameter of stem (Ds)
Exclusion zones in the caculation of Uplift Capacity :

For straight shafts. Top 5'

For belled shafts: Top 5, entire belled section and two diameter of stem
(D) calculated from top of belled section

8.2.1.3 Group Vertical Analysis

In most cases, shafts are used in group as shown in Figure 7-10, to transfer
the load to each shaft. A cap is constructed over group shafts. The analysis
can be divided into four steps.

p O O q Ds = Diameter of shaft
o o o ®/

Figure 811 Group Shaft for Vertica Andysis

9
Min. width of group

Step 1. Calculate Capacity of Individual Pile, Qsingle
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Qsingle CaN be calculated using the methods mentioned in above sections.
Qsingleincludes side resistance and tip resistance.

Step 2. Calculate Minimum (Shortest) Dimension of Shaft Block, By
Bg=(Nx-1) - § + Ds
Where Ny = number of shafts on the short side of the group
S = shaft spacing
Ds = diameter of drilled shaft
Step 3. Calculate the Group Efficiency, ?

Where By = minimum width of shaft group
Ds = diameter of drilled shaft
Step 4. Determinethe Capacity of Group Pile, Qgroup

Qgroup =7?. Qsingle

8.2.2 Lateral Analysis

Lateral analysis for drilled shafts at sSingle or group conditions are identical to
that for drilled or driven piles. User can refer to Section 8.1.2 for the theories
and the calculation procedures used in lateral analysis.
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8.3 SHALLOW FOOTING ANALYSES
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e = 0&
RIS
&= DE s

Figure 8-12. Shallow Footing
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8.3.1 Vertical Analysis

Shallow foundations are designed to transfer
vertica load to soils at relatively shallow
depths. Typica shalow foundations include
spread footings, strip footings, and mats. The
bearing capacity of shalow foundationsis
influenced by a number of factors, which will
be covered in the next section. Shallow
foundations are often subject to laterd loading
or eccentricity. The stability of shallow
foundations against eccentricity is controlled
primarily by the ability to withstand
overturning. AllPile uses procedures and
recommendations given in Principles of
Foundation Engineering, Brooks/Cole
Engineering Divison, Brga M. Das,, 1984, as
the primary references far shallow foundation
analyses.

8.3.1.1 Vertical (Compression) Load Capacity Calculation
Ultimate downward capacity (gu:;) can be determined by the following

equation:

GQut=CNcScdcicgc+qNgSgdqiqgq+ 059D Ngsgdgigdg

Where c¢=cohesion

q = effective stress of soil at foundation base

g = unit weight of soil

D = width or diameter of foundation

N = bearing capacity factors

s = shape factors
d = depth factors

i =load inclination factors

g = ground inclination factors

a.) Bearing Capacity Factors (N):

N =(N

q_

N, :tanzg%S+f—£:je"""‘”f

e

2
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N, =2(N, +1)tanf

b.) Shape Factor (s):
S —1+€;eBoad\I 9
DéNcﬂ

Sy =1+ Eégtanf
eDg

5 =1- 04€5E9

Where, B = Length of footing
D = Width of footing

c.) Depth Factor (d):
For shalow foundations, in which embedment to footing width ratio
(L/D) £ L
a0

d.= 1+O4Q——
Dg

d, =1+ 2tan f (1- s‘nf)Z%

q

dg =1
For deeper foundations, in which L/D > 1.
d, =1+ 04taw 189;9
d, =1+2tanf (1- snf )’ tan 8*9
eDg

Where, tan* (L/D) isin radius

Al
d.) Load Inclination Factor (i): \Ig|
|
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I--©

ig =§-fif

Where, A, isinclination of load in degree. A, = tan* (P/Q) isin radius.
P = Shear Load, Q = Vertical Load

Q

e.) Ground Inclination Factors (g) (Reference: Foundation Design
Principles & Practices, Dondd P. Conduto, p.176):

g9.=9, = (1- 0.5tan AS)5
Where, A isangle of Sopein degree.
f.) Battered Footing Reduction Factors (Kug):

Koy = COS(A, )

Where, A, isangle of battered footing against

vertica axisin degree.

* Attention: Unlike other factors, kyy is not applied to the equation of
ultimate downward capacity (q,) directly. It will be put into the
calculation when the total ultimate downward capacity (Q,) is
caculated. Detail about Q, is given below.

Total ultimate downward capacity (Q,) represents the total bearing capacity
against compression over the area of footing base. It can be determined by
the following equetions:

Net Ultimate Bearing Capacity (Ghe):
Oret = Qu-Q
Where, q, = ultimate bearing capacity

g = overburden soil pressure
Total Ultimate Bearing Capacity (Quit):

Quit = (Chet X Koa) A

Where, k4 = battered footing reduction factor
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A = base area of footing

Allowable downward capacity (Qaow) can be caculated by the following

Qallow -

equation:

8.3.2 Capacity for Combined Loading

8.3.2.1 Vertical (Compression) Load (Q) Only

If thereisonly avertica load, Q, without any lateral loading, i.e. shear loads
and bending moment, the Factor of Safety of the shallow foundation can be
calculated using the equation below:

Qui
Q.
Where, Q¢ = ultimate bearing capacity
Q =tota vertica load

F.S =

Users can also check the ratio between Q and the alowable bearing capacity,
Quallow, to seeif the shdlow foundation is considered stable. If Q > Qgjow, the
foundation is insufficient.

8.3.2.2 Vertical Load With Moment (Q + M)

Typicd latera loads on the foundation include bending moment (M) and shear
load (P) asillustrated in the next diagram. In this section, we will study the
procedures used to determine footing capacity against the combination of
vertica load and bending moment (Q+M).

Eccentricity (€) will be generated by the moment and vertical load (see Figure
8-12):
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a) If e £ D/6, the pressure on the foundation can be determined by:

- _Q 6™

DB D?B
o = QM
" DB D?B

Where, D = width of foundation basein latera load direction
B = length of foundation base in the other direction

Reaction pressure at the base of the foundation distributed in a trapezoid
pattern across the full width (D) of the foundation.

b.) If e>D/6, then:

4Q
4B(D - 2€)

O =
qmin = 0

Reaction pressure at the base of the foundation is distributed in a triangular
pattern across the effective width (D") of the foundation.

D'=D- 2e
Due to the distribution of reaction pressure, a new ultimate bearing capacity

caled, qut', hasto be recaculated using the same procedures as mentioned
in Section 8.3.1.1, but based on D' instead of D.

To calculate the Factor of Safety:

qult
FS =
S,
or
Qult '
F.S =

Where, Quii' = qui' XD' xB

8.3.2.3 Vertical Load With Shear Load (Q + P)
The shear load (P) has two impacts to the shallow foundation calculation:
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1. It generatesload inclination - A, = tan™ (P/Q) - which affects vertical
bearing capacity calculation (see Section 8.3.1.1).

2. Footing base diding caculation becomes necessary. The diding
resistance (Py) can be calculated by the following equation:

P, =k;(W+Q)

Where, ki = base friction factor for cast-in-place foundation
kiisclosetotanf (f =angleof interna friction)
k: = 0.3-0.8 is recommended
W = weight of footing and the sail above

Factor of Safety against diding can be calculated by:

Pf
FS=—
P

8.3.3 Settlement From Vertical Load

If only vertical load is applied to the shallow foundation, the elastic settlement
(Xo) of the footing can be calculated using the equation below:

Dg, >
1- m
g, MR

S

Xo=

Where, @ = pressure under working load

M= PoissoN ratio;

Q qy
= or = _u_
%o Area % F.S.

= 0.3 is recommended for general soil conditions

Es = Young's modulus
= 766N gpr for cohesionless soils
=375C for cohesive soils
Where, Ngpr = blow count over 12" of soil
C = undrained cohesion of soil

a = sattlement factor for flexible foundation, which is
afunction of D/B (footing shape ratio)

[Note 1] Xo isthe elatic settlement at the center of afooting. If there is soft
clay underneath the footing, consolidation settlement, which is time-dependent,
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should be considered. AllPile does not include calculation of consolidation
settlement as it is not within the scope of the program.

[Note 2] AllPile assumes that a hard layer of sail, i.e. rock or intermediate
geomaterias (IGMs) isin great depth from the base of footing. If H,, the
distance between footing base and hard soil, is over 4 times the footing width
(D), the actual eastic settlement will not change considerably.

If Haislessthan 4D, the € astic settlement can be calculated based on the
following equation:

H
X,'= X,—2 H <4
0 04D ( a )
Where, Xo' = actud elastic settlement when Ha< 4D
Xo = dadtic settlement based on H, > 4D

Ha = distance between bottom of footing and hard soil

If user does not define H,, AllPile will automatically search for the closest
hard soil stratum with Nspr 3 50 based on user's input in the Soil Property
page.

8.34 Rotation From Moment

The maximum settlement and rotation for afooting under both vertical and
lateral loads can be determined by the following procedures:

Calculate eccentricity and effective width (D') based on section 8.3.2.2.

2. Determine the ultimate capacity (Q'y¢) under moment and vertical load
from Section 8.3.2.2

3. Determine the Factor of Safety under both moment and vertical load

FS, = Que

Q
4. Calculate the ultimate capacity under vertical load only (see Section

Qui(V)
8.3.2.1)

5. Get Qaiow (V) under vertica load only

Qult (V)

Qallow(v) = FS
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6. Calculate Xo under Qgow (V) based on Section 8.3.3

7. Determine the maximum settlement and rotation using the equations
below:

é .. .2 =30
X, = Xod+23122 26122 +315429
8 eDg eDg eDa g
e 2L 0 ., 20 zee o'U
X, = X,8- 1.68=2 2682 +5882
) eDg eDg eDag
¢ )
, . 18X - XU
R (Rotation) = §n g~ e
) /
& —-e U
e 2 ¢!

Where, X = Settlement at edges of footing

Xe = settlement under point of vertical load
(vertica load may not apply to center of footing)

e = eccentricity
R: = Rotation of Footing
*Note: These equations are only vaid if &D £ 0.4
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8.4 UPLIFT PLATE

Uplift plates are commonly used as a ground anchors to stabilize structures
that are subject to shear loads or moments. Due to its characteristics, uplift
plate only provides uplift resistance against pull out, and has no bearing
capacity. Uplift plate calculation can be divided into two modes:

Shalow modeif L (= embedment) £ L
Deep modeif L > Lg

Where L = critical depth in uplift resistance calculation
For cohesionless soils, L is defined in Figure 8-14; for
cohesive soils, L can be determined using the following
equations.

Ly =D (0.107C, +25)
Ly £7D
Where C, = undrained cohesion in kPa

—O
—0

L

Lo
L ——

Shallow Mode
—_
L-Ly
N ———— Vi
Deep Mode

Figure 8-13 Criticd Depth of Uplift Plates

8.4.1 Shallow Mode

For Cohesionless Soils
Uplift capacity (Qupift) can be determined by the following equation:

Quuirt = By XAXL +W



Where, A = area of plate
W = weight of plate
Bq = breakout factor

a o € 0o .U
B, = 22=% 'tanf gne— 2+ 17 +1
d gDﬂ gngra 1H

Where, D = width of plate
K = uplift factor, equa to 0.9 in generd
f =internal angle of friction of ol

m = shape factor coefficient, afunction of f
and is defined in figure 8-15

For Cohesive Soils
Uplift capacity (Qupift) can be determined by the following equation:

Quplift = (Cu XBC +g‘)A+W

Where, B, = breakout factor, can be determined using
the Figure 7-14 on page 78

C, = undrained cohesion in kPa
A = areaof plate

W = weight of plate

8.4.2 Deep Mode

For Cohesionless Soils
Uplift capacity (Quuitc) in degp mode can be determined by the following
equation:
Quplift = (?I pIate+lekin

Where, Q'pae = uplift capecity caculated in shallow
mode
Q'sde = Side resistance developed in the portion
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Figure 8-14 The relationship between critical depth (L) and
friction angle of soil (Phi)
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Figure 8-15 The relationship between shape factor coefficient (m)
and friction angle of soil (Phi)
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8.5 UPLIFT ANCHOR

Uplift anchors have the same function as uplift plates, though they use a
completely different mechanism. Unlike uplift plates, which develop bearing
capacity generated from its base plate against the soil mass on top of the plate
to resist uplift forces, uplift anchors generates the mgjority of the uplift
resistance through adhesion and friction aong their grouted section. An uplift
plate can be divided into two portions.

The top section, formed by uncovered sted bar which extends from
the ground surface to the top of the grout, istypically called Free
Length (L¢). Friction developed in this section is neglected.

The bottom section is the grouted portion of the uplift anchor with a
diameter of D. Thetotal side resistance generated in this sectionis
based on the adhesion of the grout and the bonded length (Lp).

The amount of adhesion is developed on grout pressure. The higher the grout
pressure, the higher the adhesion that can be achieved from the bonded length.
Post-grout aso helps to generate higher adhesion.

Quplift = pD be >Ca

Where, L, = bonded length
C, = adhesion input by user
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Figure 8.17 Uplift anchor
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8.6 SOIL PARAMETERS AND CORRELATIONS

There are anumber of references in the industry that present the correlations
between soil parameters. The soil parameters function is useful if users only
have afew parameters available and want to estimate the others to complete
the calculation. However, one should bear in mind that these correlations are
from various sources, references, and statistical results of different soil types
under different conditions. The actual vaue may be different from the
estimate given by the correlation. Users should make their own judgment
based on locd experience and loca soil conditions and adjust the values
accordingly.

Following are the references used to form the soil correlation in the program:
Table 8-6. General Soil Parametersfor Sand

Compactness Very Loose Loose Medium Dense Very Dense
Symbol Unit
SPT* Nspr -- 0-4 4-10 10-30 30-50 >50
Relative Density Dr % 0-15 15-35 35-65 65-85 85-100
Friction f Deg <28 28-30 30-36 36-41 >42
Unit Weight
Moist g pcf <100 95-125 110-130 110-140 >130
Submerged g pcf <60 55-65 60-70 65-85 >75

*SPT -- Standard Penetration Test
Reference: Steel Sheet Piling Design Manual, USS, 1975, p.12

Table8-7. General Soil Parametersfor Clay

Consistency Very Soft Soft Medium Stiff Very Stiff Hard
Symbol | Unit
SPT Nspt -- 0-2 2-4 4-8 8-16 16-32 >32
UCs* Qqu pcf 0-500 500-1000 1000-2000 | 2000-4000 | 4000-8000 >8000
Shear Strength Cu psf 0-250 250-500 500-1000 1000-2000 | 2000-4000 >4000
Unit Weight
Saturated g pcf <100 100-120 100-130 120-130 120-140 >130

*UCS -- Unconfined Compressive Strength
Reference: Steel Sheet Piling Desian Manual, USS, 1975, p.12



k and e50:

There are two parameters that are particularly important for latera pile anaysis—

Modulus of Subgrade Reaction (k) and Soil Strain (Esp). Modulus of subgrade
reaction is used in the equation Es = k x in COM624S anadysis, where Esis the
secant modulus on a p-y curve and x is the depth below ground surface. The value of
k describes the increase in Es with depth. Please note that the k-vaue is not the
same as the coefficient of vertical subgrade reaction used to calculate elastic
settlements of shallow foundations. It is also different from the coefficient of lateral
subgrade reaction used in elastic pile andyss. (For more detail and example, please
refer to NAVY DM7, 2-235. COM624S uses nonlinear differentia analysis.)) On the
other hand, the soil strain Esp parameter is only applicable for clay soil and is obtained
by either lab testing or by correlation. The input vaue Es, represents the axial strain

at which 50% of the undrained shear strength is developed in a compression test. The
following two tables demonstrate the correlation of k and Esp with other soil
parameters for different soil type:

Table 7-8. Modulus of Subgrade Reaction (k) vs Nspr for Sand

Compactness Loose Medium Dense
Symbol | Unit
SPT Ngpr -- 4-10 10-30 30-50
MSR*
(Dry) kN/m® 6790 24430 61000
pci 25 90 225
(Saturated) kN/m?® 5430 16300 33900
pci 20 60 125

*MSR -- Modulus of Subgrade Reaction

Reference: Handbook on Design of Piles and Drilled Shafts Under lateral Load,
US Department of Transportation, 1984, p.64

Table 7-8. Modulus of Subgrade Reaction (k) and Soil Strain (Esp)
vs Nepr for Clay

Consistency Soft Medium Stiff Very Stiff Hard
Symbol | Unit
SPT Nspr -- 2-4 4-8 8-16 16-32 >32
Shear Strength Cu kPa 12-24 24-48 48-96 96-192 192-383
psf 250-500 500-1000 1000-2000 2000-4000 >4000
MSR*
Static Loading k kN/m?® 8140 27150 136000 271000 543000
pci 30 100 500 1000 2000
Cyclic Loading k kN/m? -- 54300 108500 217000
pci -- - 200 400 800
Soil Strain Eso % 2 1 0.7 0.5 0.4

Reference: Lateral Load Piles, Lymon C. Reese, p.97
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APPENDIX A SYMBOLS AND NOTATIONS

Symbol Description English Metric
S Vertica stressin soil (overburden pressure) ksf kN/m?
S Horizontal stressin soil ksf kN/mf
it Ultimate end bearing ksf KN/
S=1+Cqy Side resistance, combination of skin friction and ksf kN/n
adhesion

fo Skin friction from cohesionless soils (ultimate) ksf kN/nt
Ca Adhesion from cohesive soils (ultimate) ksf kN/n
FS work Factor of safety at working load condition -- --
FS gde FS for side resistance in downward calculation -- --
FS w FSfor side resistance in uplift calculation - --
FS ip FSfor tip resistance in downward calculation - --
FS w FS for weight of pile in uplift calculaion - --
Qtip Vertical tip resistance kip kN
Qup Uplift ultimate capacity kip kN
Qaw Downward (compression) ultimate capacity kip kN
Qrney Load from negative friction kip kN
Quwork Vertica work load or design load gpplied to pile kip kN
Qaliw_u Allowable uplift capacity kip kN
Qaliw_d Allowable downward capacity kip kN
Qgroup Vertical capacity of group pile kip kN
Qsingle Vertica capacity of single pile kip kN
Qulate Vertica uplift capacity of plate or bell kip kN
dzord Pile segment ft m
Kt Factor for battered pile - --
R Base rotation degree degree
RRsde OF Riront | Group reduction factor - --
yiory Latera deflection in cm
X Vertical settlement in cm
Lo Critica depth in uplift andysis ft m




APPENDIX B UNITS CONVERSIONS

English to Metric Metric to English
1ft=0.3048m 1m=23281ft
lin=254cm=254mm 1cm=0.3937in
1lb=4448N 1 mm=0.03937in
1 kip=4.448 kN 1N =022481b
1Ib/fe® = 47.88 N/nt 1kN = 224.81b = 0.2248 kip

1 kip/ft? = 47.88 kN/nf = 47.88 kPa 1 N/nt = 20.885 x 10° |b/ft?
b/t = 0.1572 kN/m? 1 kN/n? = 1 kPa = 20.885 Ib/ft> = 20.885 x 10° kip/ft?

1bfin® = 271.43 kKN/m® 1 kN/n? = 6.361 Ib/ft® = 0.003682 Ib/in®

Note: In some places of the program, “kp” is used instead “kip” due to limited spaces.
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