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Introduction

Oasys Pile, Alp, AdSec and ADC are programs that analyse single piles. The input wizards enable
the quick generation of complex staged construction sequences. The outputs are designed to
help the user examine relevant results, as well as visually communicate these results to clients.
The calculation itself is based on verified and robust numerical methods and the simplicity of
calculation enables new users to set up and run problems within hours of completion of this
tutorial.

The various tutorial examples deal with a range of practical pile analysis but this Tutorial Manual
is intended to familiarise the user with the programs. The examples should therefore not be
used as a basis for practical projects.

Users are expected to have an understanding of soil mechanics and geotechnical theory, and
should be able to work in a Windows environment.

It is important to realise that Pile, Alp, AdSec and ADC advanced programs and the user must be
fully aware of the various methods of analysis, requirements and limitations discussed in the
User Manuals before use. The Tutorial Manual will not provide theoretical background
information on the analysis method, nor does it explain the details of various methods of
analysis available in the programs. These details can be found in the User Manuals. This also
contains detailed information on the available program features.

Short courses are also regularly organised and should you be interested in more hands-on
experience you can contact oasys@arup.com for dates and program content.

© Oasys Ltd 2015 1
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Section 1

Step-by-Step Tutorial 1
Oasys Pile - Pile Capacity and Settlement Analysis

Objectives
By the end of the session the user should be able to:

¢ Navigate the Pile Interface

e Input Capacity and Settlement Data
e Run an analysis

e Navigate the Graphical Output

e Create simple graphs

e Export tabular outputs for further analysis

© Oasys Ltd 2015 2
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1.1

Components of the User Interface

The principal components of Pile's user interface are the Gateway, Table Views, Graphical
Output, Tabular Output, toolbars, menus and input dialogs. These are illustrated below.

Standard toolbar

O Pile 19.3 - Workingload. pls

File Edit Wiew ta Analysis  Toals

Graphics

Graphics toolbar

Pile toolbar

window  Hel

= Input
Titles
Uniits:
Analysis Options
Capacity Data

Pile Properties
= Material Properties
Undrained M aterials (4]
Drained Materials [B]
Sail Profiles (2]
Groundwater [1)
Soil Profile - Groundwater Map [2]

(= Mg-Phi Curves [1)
Ma-Phi Curve 3
Applied Loads & Displacements (1)

= Output
T abular Output
Graphical Output

A
| R | R SN

A B C D | E ] F ] G | W |
Material Bulk unit Material factor for Skin friction data
e - soil strength Skin friction Coeff. of earth gs
description weight [tan Delta) computation | Beta | Delta| ™ o oire K Top | Base | Specified| Value
[kM/m?] [Deg] |__IkPa] | [kPa] [kPa]
Defaults | Drained # 20,00 Beta No
1 Allurvium 18.00 Earth pressure 13.00 240 No
2 RTD 20.00 Earth pressure 23.00 240 Mo
3 LMG _ Upper 20.00 Eath pressue 18.00 240 \Tableview Na
4 LMG _Upnor 20.00 E arth pressure 22.00 240 Mo
5 LMG_Upnar Reduc 20.00 Earth pressure 2200 1.70 Mo
E THS 20.00 E arth pressure 2200 1.70 Mo L
7 v
4 » \AII,/\General ,{ Friction ,{ Bearing / < ¥

Enter material name,

gload.pls : Tabular Outp '-EI@
2

B Worki

MNotes

LEP displacements applied.
4.7mn subtracved so that mwin pile movement =0um

Analysis Options

Design method Working load

Waorkingload. pls : Graphical Output

Sollprofile 1 v — 4 | Ciosssection1 v

ire compression calculations enabled? Tes
Is global Fof criterion for compression active? Tes
Clobal factor on ultimate bearing capacity Fg 5.0000
Is partisl Fof criterion for compression active? Yes
Partial factor on ultimate skin friction Fsl 4.0000
Partial factor on ultinate end bearing Fb 3.0000

Ready

| T G twe ot P g | el e ] R R o
_ - - T R
~
£
E
§; L
§
:
- o |
o £ 3 - -
P

(%

capma v 0]

HUM

Hint: When using the Gateway, click ‘+' to expand an item. Double click on the item to open the

corresponding window
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1.2 Pile Capacity Analysis

1.2.1 Creating the input

e Once opened, create a new file by clicking the ‘New File'icon B on the top left of the
program or clicking Ctrl + N

e Fill the Titles and Units dialog box:

- "
m Exercisel - Pile Capacity.pls : Titles = || =] E2
Job Mumber: Initials: Last Edit Date:
Model Image

E] 16-Jan-2013

Job Title:
Tutorial 1

Subtitle:

Pile Capadity Calculation

Calc. Heading:

Maotes:

Paste ] [}( Remuue]

-~

Written by: Pile version 19,3.0.6

Hint: Should the user need to change the Units, they should do so at this point by double clicking
on Units in the Gateway

Units &
Quantity Unit Conversion factor
Displacement 1000 per m
Farce 0.001 per M
Lengthlewvel 1 perm
Maszs 1 per kg

| Shess kPa - 0.001 per Pa
|
Reset Units
[ st [ kMm | [ kit | [ Kpin |
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e Double click on Analysis Options in the Gateway.

e Select Capacity and the following options:

Analysis Options e |

Analysis type
Capacity [] settlement

Effective stresses
@ Calculated (71 User defined

Datum information

(@) Elevation () Depth below ground level

Ok ] [ Cancel

e Double click on Capacity Data in the Gateway

e Select the Working Load Calculation Method and click OK
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e Choose the following options:

Working Load ()]

Compression
Calculate compressive capacity
Global Fos
Use global Fos criterion
Global factor on ultmate capadity (Fg) 2.5

Partial Fos
IUse partial FoS criterion
Partial factor on ultimate skin friction (Fs1)

Partial factor on ultmate end bearing (Fb) 3l
Shaft Fos

IIse shaft FoS criterion

Factor applied to uliimate skin friction (Fs2) 1.1

Limiting pile stress
LIse limiting pile stress criterion
Limiting pile material stress at working load 7000 kPa

Tension

Calculate tensile capadity

Shaft Fos
IUse shaft FosS criterion
Factor applied to ultimate skin friction (Fs2) 2.5

Limiting pile stress
IUse limiting pile stress criterion
Limiting pile material stress at working load 7000 kPa

< Back ][ Finish ] [ Cancel ] [ Help

e Double click on Pile Properties in the Gateway
Select a Solid Pile without under-ream, E = 20 000 000 kPa
Select the inputs to calculate the Pile Capacity between 5m and 35m below ground level,
calculating the values every metre

Input Pile Diameters of 600mm and 700mm.

Hint: Move onto the next line in the input table to store the previous values inputted
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e Double click on Material Properties in the Gateway

e Define materials which make up the soil profile around the pile.

Material #1
General Properties
Description Layerl
Type Effective Stress
Bulk unit weight (kN/m?) 20
Contributes to negative skin friction? No

Effective Stress Properties

Earth pressure

Skin friction computed by method
Angle of friction, delta(deg) 25
Horizontal effective stress profileis: Calculated
Coefficient of earth pressure, K 0.8
Limiting value of skin friction perunit area (kN/m?) | Unlimited
Nq - specified or computed? Specified
e Specify Nqg for Material #1 as 50.
Material #2
General Properties
Description Layer2
Type Total Stress
Bulk unit weight (kN/m?) 20
Contributes to negative skin friction? No
Total Stress Properties
Cu at Top of material (kN/m?) 60
260

Cu at Bottom of material (kN/m?)

Method of computation of o

User-specified

c.value

0.45

Limiting value of skin friction perunit area (kN/m?)

200

Method of computation of N,

User-specified

N.value

9

Limiting value of end bearing stress (kN/m?)

Unlimited

e See the help file for instructions on how to set the limiting value of end bearing to ‘unlimited.

Cu at Bottom of material (kN/m?)

Material #3
General Properties
Description Layer 3
Type Total Stress
Bulk unit weight (kN/m?) 20
Contributes to negative skin friction? No
Total Stress Properties

Cu at Top of material (kN/m?) 260

260

Method of computation of o

User-specified

c.value

0.45

Limiting value of skin friction per unit area (kN/m?)

200

Method of computation of N,

User-specified

N.value

9

Limiting value of end bearing stress (kN/m?)

Unlimited
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e Double click on Soil Profiles in the Gateway

e Define layers constituting the soil profile around the pile:
o top of Layer 1 at 8mOD
o top of Layer 2 at OmOD

o top of Layer 3 at -25m0OD

Layer 1 i : : : : :
K : : USRS USSR SN I

Note: The tab at the bottom of the table shown below allows the user to enter more than one
soil profile, should they wish to compare the impact of different soil properties or stratigraphy
boundaries

4|+ 1: Soil Profile 1 £ Add Page /

Enter level of the top of the soil layer
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e Double click on Groundwater in the Gateway

e To define a hydrostatic pore-water distribution, just define the level of the phreatic surface.
e For this example, input the two phreatic surfaces for the soil profile to compare the impact of
dewatering around the pile:
e Groundwater Profile 1: 6 mOD

e Groundwater Profile 2 : 0 mOD

Hint: Use the tab at the bottom of the table to input two different groundwater profiles

e Double click on Soil Profile - Groundwater Map in the Gateway.

e Assign the inputted soil profile to Groundwater Profile 1.

Note: This feature allows the user to analyse the impact of different groundwater levels on the
soil stratigraphy in one file. Once the analysis has been run for one profile, the file can be
reanalysed to compare results

© Oasys Ltd 2015 9
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1.2.2 Analysis and Outputs

e Prior to analysis, check all inputs and save the file

e C(lickonthe Z analyse button to carry out the analysis

e The solution progress window will automatically appear and the analysis will run.

1.2.2.1 Tabular Outputs

The program will give the user the option to view tabular inputs and outputs.

e Select the outputs only by ticking Capacity Results:

Print Selection u
Capacity
[ Notes [] Analysis options
[] pile properties Effective stress profiles
[ undrained materials [ orained materials
[] seil profiles [T Groundwater
[ Ng-Phi curves Applied loads & displacements
Capadty results
Settement
Calculated limiting shaft skin friction i]
Displacement radii Convergence control data
Settlement results summary Stresses & displacement along pile
Soil displacements
Select all ] [ Clear all ] [ Invert ] [ 0K J [ Cancel

© Oasys Ltd 2015
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e The tabular outputs enable the user to look at stress profiles and specific values for the pile

as shown below:

[] Tutorial 1 Exercise 1.pls : Tabular Qutput EI@
-
Cross-section 1 results:
Results - Compression
Soil Profile 1: Soil Profile 1
Level Pile Ultimate Cummlatiwve Hegative Ultimate Allowable Limiting
length base external akin capacity capacity criterion
capacity Friction friction #
(O (Qg) (Qyae!
[mOD] [m] [EN] [EN] [EN] [EN] [EN]
3.0000 5.0000 985.80 144.15 0.0 l133.8 131.05 3
Z.0000 &.0000 1131.0 15&.859 0.0 1327.59 178.55 3
1.0000 7.0000 127z2.38 Z56. 66 0.0 1523.0 233.33 3
0.0 g.0000 1413.7 323.46 0.0 1737.2 294.08 3 L
0.0 B8.0000 152 .88 323.46 0.0 476.14 130.486 1 3
-1_0000 S_0000 173.04 377.75 a.0 550.75 ZZ0.31 1
—2_0000 10.000 153.40 438 .82 0.0 632 _Z2 Z52._85 1
—-3.0000 11.000 Z213.75 S50&e.e8 .o TZ0.43 Z8B.17 1
-4 _0000 12.000 Z234.11 581.32 .o 815._43 3Ze.17 1
—-5.0000 132.000 254.47 ecZ.75 .0 S17.Z22 38e.859 1
-&.0000 14.000 Z74.83 750.357 0.0 1025.8 410.32 1
-7.0000 15.000 Z55.18 845.357 0.0 l141.2 456.48 1
—-8.0000 15.000 315.54 947.76 0.0 1263.3 505.32 1
-5.0000 17.000 335.380 105€.3 0.0 l3sz.2 556.89 1
-10.000 18.000 356.26 1171.7 0.0 1527.9 gll.18 1
-11.000 15.000 37e.8l 1233.8 a.0 1870.5 e88.18 1
—-12._000 20.000 3%96.97 1422 .8 0.0 1815.7 TZT.50 1
-13.000 21.000 417 .33 1558.5 .o 1375.8 T30.33 1
—-14._000 22.000 437 .85 1701.0 .o 2138.7 B855.47 1
—-15.000 23.000 458 .04 1850.2 .0 Z308.3 S9z23.33 1
=1&.000 24.000 475 .40 Z00&.3 0.0 Z4B4 .8 933.50 1
-17.000 Z5.000 458.7¢@ Zlg3.2 0.0 Zges.0 1087.2 1
-18.000 2g.000 515.12 Z338.9 0.0 Zgs8.0 l143.2 1
-15.000 27.000 535.47 2515.3 0.0 3054.8 1221.3 1 -
L] 1 3

e The user can determine which limiting criterion applies to different lengths of pile by using

the key provided in the Tabular Output:

[] Tutorial 1 Exercise 1.pls : Tabular Qutput EI@

-21.000 £5.000 580.19 2888.5 0.0 3488.7 1387.5 1 =
-22.000 20.000 &00.55 20e8s5.2 0.0 26B85.8 1474 .3 1
-22.000 21.000 &620.30 3ZgB.% 0.0 2505.8 15&62.3 1
-24_000 32_000 641 _ 28 34332 a.a 41405 18562 al
-25.000 33.000 gel.62 371le.4 0.0 4378.0 1751.2 1
-25.000 23.000 g8l.62 371ls.4 0.0 4378.0 1751.2 1
-2&.000 34_000 68l_&82 35%3c.9 0.0 4538 .5 1835 4 1
—-27.000 35.000 eel. 62 4157.5 0.0 4815.1 1527.6 1

§ Limiting criteria :

1: Flokal factor of safety

2: Bhaft and base factors of safety

3: SBhaft factor of safety

4: Pile materizl limiting stress [Compression]

4 L 2
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1.2.2.2 Exporting Tabular Results

e Select File > Export Results

m Pile 19.3 - Tutorial 1 Exercise 1.pls -
Edit View Data Analysis Output T

Mew Ctrl+N -
Open... Ctrl+0
Close

Save Ctrl+5

Save As..

|

Export Results

Print Selection...

Print... Ctrl+P
Print Preview

Print Setup...

History

Send To...

TR

1 Tutorial 1 Exercise 1.pls
2 Capacity_calc.pls
3 generic design DCIS.pls
4 Capacity_calc.pls

Exit

| i Graphical Output
e Save the file as Tutorial 1 Exercise 1.csv to export the results to Excel

1.2.2.3 Graphical Outputs

e Double click on Graphical Output in the Output section of the Gateway
e Using the excerpt from the User Manual shown below, plot the ultimate and design

capacities for the pile and determine the length of pile required to support a load of 1000kN.

© Oasys Ltd 2015 12
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Graphical toolbar buttons

i3

-
A3
-

Axis - provides a reference gnid behind the drawing.

Set Scale - this allows the user to toggle between the default 'best fit' scale, the closest
available engineering scale. e.q. 1:200, 1:250, 1:500, 1:1000, 1:1250, 1:2500, or exact
scaling. The same options are available via the View menu "Set exact scale” command.

Save Metafile - this save icon allows the image to be saved in the format of a Windows
Metafile. This retains the viewed scale. The metafile can be imported into other programs
such as word processors, spreadsheets and drawing packages.

3 | Zoom Facility - select an area to 'zoom in' to by using the mouse to click on a point on the

drawing and then dragging the box outwards to select the area to be viewed. The program
will automatically scale the new vew. The onginal area can be restored by clicking on the
‘restore zoom' icon as shown here.

A Smaller/Larger font - allows adjustment of the font sizes on the graphical output vew.

Edit colours - allows line and fill colours to be edited.

i Axis - provides a reference grid behind the drawing.

bmp Save BMP - allows the file to be saved in the format of bitmap.

Bz Copy - allows to copy the graphical view to be copied to clip board.
Capacity

o, Vertical effective stress - toggles the vertical effective stress plot.

) Horizontal effective stress - toggles the horizontal effective stress plot.

7 Pore water pressure - toggles the pore water pressure plot.

G- Undrained cohesion - toggles the undrained cohesion plot.

famne Unit shaft friction - toggles the unit shaft friction plot.

ot External skin friction compression - toggles the extemal skin friction compression plot.
1 Total skin friction compression - toggles the total skin friction compression plot.
O Total skin friction tension - toggles the total skin friction tension plot.

[ End bearing capacity - toggles the end bearing capacity plot.

1 Internal skin friction - toggles the intemal skin fiction plot.

133 Wall end bearing - toggles the wall end bearing plot.

kd Plugged end bearing - toggles the plugged end bearing plot.

© Oasys Ltd 2015 13
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T
PIH H

Level [mOD]

Plugged capacity - toggles the plugged capacity plot.

Unplugged capacity - toggles the unplugged capacity plot.

Unplugged capacity - auto plugged - toggles the unplugged capacity - auto plugged plot.
Ultimate load compression - toggles the ultimate load compression plot.

Working load compression - toggles the working load compression plot.

Design load compression - toggles the design load compression plot.

Ultimate load tension - toggles the ultimate load tension plot.

Working load tension - toggles the working load tension plot.

Design load tension - toggles the design load tension plot.

Soil Profile1 | —

Capacity results can be viewed for a selected soil profile and cross-
. Cross-section 1 “ +
section !
e The graphical output is shown below:
Stress [kPa]
5000 2500 0 2500 -500.0
15.00 : ‘ ‘ : ‘ :
‘ ) : __Allowable Capacity(C}
: | | ; Solid circular pile ; __Ultimate Capacity(C) |
000 [ ST () Diameter=080m _Ultimate CapacityTy +
Layer 1 ; ; ; E ; —ATOWETE CApECTT
5000 [K=0B0DEME=28000e0 oot gu ----------------- e
0 [Cayer 2= ; B B ] ; B ;
5000 [T s R A S N N e
2
: : : = ! : :
“000 [ | A i Sl bbbt el
H | | m| o . | H
=
R e RN S
o0 [ R B B e e
-25.00 [[ayer3* : ] 4
*Horz eff. stress not calculated as K is unavailable. B
-5000 2500, 0 2500 5000.
4000. 2000. 0 2000, 4000
Scale x 1:2518 y1:330
Capacty [kN]

Force per unit length [kMN/m]

e Compare the results for a 600mm and 700mm diameter pile

e Re-run the analysis to view the impact of the other groundwater profile (phreatic surface at

O0mOD) to the pile capacity

© Oa
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1.2.2.4 Printing Graphical Outputs

e Goto Tools > Preferences in the menu bar

Preferences ﬁ
Mumeric Format
i . Company Info...
Engineering 5 significant figures
Dedmal 3 decimal places
Page Setup...
Sdentific E] significant figures

Smallest value distinguished from zero  1e-006

Restore Defaults

Save file every 10 : minutes

[] Show welcome screen

QK ] [ Cancel

e Select appropriate options for the print output, including company information and logos.

e Select File > Print Preview in the menu bar to check the output for printing

Note: The user can also print the tabular output in this format

© Oasys Ltd 2015
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1.3 Pile Settlement Analysis

1.3.1 Creating the input

e Once opened, create a new file by clicking the ‘New File'icon B on the top left of the

program or clicking Ctrl + N

e Fill the Titles and Units dialog box, outlining the Program is carrying out a Pile Settlement

Analysis.
e Double click on Settlement Data in the Gateway.

e Input the following:

Settlement Data . ﬁ
Young's modulus of soil above toe level of pile 20000 kPa
Young's modulus of soill below toe level of pile 40000 kPa
Rigid boundary level 200 mOD
Paisson's ratio of soil 0.25
Mumber of pile elements 10
Mumber of increments 1000

[ Increment type
@ Loads only (7 Displacements only i) Both
Print increment results at rate of 1 for every 100 increments
Indude effect of soil above pile base in base displacement calculation
MNote: Setements are calculated for solid dreular without under-ream sections
only
OK ] [ Cancel

Note: the excerpt from the manual outlines the definition for the different inputs and the user

must read these before moving on.

© Oasys Ltd 2015
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Settlement data is enabled when settlement analysis is selected.

Young's Modulus of soil above toe level of pile and Young's Modulus of soil below toe level
of pile are average value representing the soil stiffness above and below the pile toe
respectively.

Poisson’s ratio is the average value from the different soil layers around the pile.
Include effect of soil above pile base in base displacement calculation.

For calculation of stiffness at the base node user can include/exclude effect of soil above pile
base.

Depth of rigid boundary - the pile is divided into the number of elements and Pile Stiffness is
calculated for each element.

Number of Increments - the load is applied in a number of equal increments, and

Increment type - i.e. whether load alone is incremented, or applied displacement alone is
incremented, or both of them are incremented.

Increasing the increments helps to reduce any incompatibilities between relative displacements
at the pile-soil interface, and the mobilized skin friction.

The user may also specify the rate at which the results from various increments need to be
printed, i.e. one in every 10 increments etc. Irrespective of the frequency specified, the program
always prints the last increment.

e Enter the same data for the following as the previous example:
o Pile Properties
o Material Properties
o Soil Profile

o Groundwater Data

Note: You can copy and paste between tables in different pile analysis files.

e Double click on Applied loads and displacements in the Gateway Menu

Input a 1500kN load

Question: At what loads will the pile stresses be presented in the output?
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e Double click on Displacement Radii in the Gateway Menu

e Inputdisplacement radii at:

o 0.3m
o Tm
o 2m

Question: Why has a radii of 0.3m been chosen?

1.3.2 Analysis and Outputs

e Prior to analysis, check all inputs and save the file

e (Click on the analyse button Z 1o carry out the analysis

e The solution progress window will automatically appear and the analysis will run.

1.3.3 Tabular Outputs

The program will give the user the option to view tabular inputs and outputs.

e Select the Settlement outputs only
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1.3.4 Graphical Outputs

A number of different options are available. Use the definitions below to produce two graphs
outlined.

Settlement

B Limiting Shaft Skin Friction - toggles the limiting shaft skin friction plot.
bt Axis - provides a reference gnid behind the drawing.

it Shaft Skin Friction - toggles the shaft skin friction plot.

i Pile Stress - toggles the pile stress plot.

I, + Pile/Soil Displacement - toggles the displacements for pile or soil.

Soil Profile 1 v +

Settlement results can be viewed for a selected soil profile and cross-
section | Cross-section b T and selected pile length 1290 e *+ and
selected load/applied displacement increments Losdlnc1 = + (if load increments
exist) .

1 Pile displacement and Soil displacement at 0.3m for a 20m long pile with 500kN load acting

2 Limiting shaft skin friction, shaft skin friction and pile stress for a 25m long pile with 700kN
load acting
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The expected outputs are shown below:
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Section 2

Step by Step Tutorial 2
Oasys Alp - Lateral Pile Capacity

Objectives
By the end of the session the user should be able to:

¢ Navigate the Alp Interface

e Use the Alp Wizard and Gateway
e Run an analysis

e Navigate the Graphical Output

e Create simple graphs

e Export tabular outputs for further analysis
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2.1  Components of the User Interface

The principal components of Alp's user interface are the Gateway, Table Views, Graphical Output,
Tabular Output, toolbars, menus and input dialogs. These are illustrated below.

Alp Toolbar phics Toslbar

File Edit %ew Daka Analysic Graphics

+ AlPman.abw : Graphical Output | |z E ALPman.abw : Tabular Qutput

Qutput for load increment 1

Itoration Max  at Dicp  Pressure
Convergance Caniral :::P neds  erxox axmar
Hode Levak [15] |mnl [am]  [EH/w?]
Sol Daa |2 20 23,65 1 0.0584 0.75
Ple Properfies [15] 40 23.36 1 0.0010 0,01
Giouncater (0]
App. Loads and Disp. (1] Hode DatrL Botation  Soil  Pressure Bending
Flzstraints [1] [nm] lrad] IRl /ns ] (R
- Suchages 1] i -73. 964 -128.471-6 nso.sg g.g
1200 Sl -
= Oulpt z -22.331 -0.0020L79 0.0 -11E.£8
Tabul 1032 2 -17.222 -0.0052074 -38.260 -11E£.£2
Graphical 2 -115.58 -177.04
00 1 ~1l.21@ -0.0050709 ~73.030  20.£03
E0m 5 -5.1052 -0.0050780 -69.071  L104.56
[ -L.2754 -0.0026454 -17.005  @9.72d8
4010 7 L3TTL -543.28I-6 4.4054¢  S54.089
5 . BOSS3 -£8.263I-6 5,935 24177
20m (S350 Z3IN.ISI-6 7.6352 801
o 43483 262.51%-6 4.BLES - 40E0
0. 20455 191.27E-6 z.2658 4344
z0m R L0000 0.055221  108.44%-& 062275 JElE3
——— reRsdre S0000 -0, 021021 E1.73EI-6 -0. 23285
A0 eno0 4000 I I [ e

Seala s 1318 ¢ 1318 Table View

Preszure (Hm?]
. C E
Quipt for losd ineramant 1 0 Top E Onit wt. | Possive Rer. | Phi - .
o node [kPa] [kH/m?] Cockfa. [deg] 4

D efaulis Lizer Sper
2 2000000 19,00/ Ueer Spec 130 16
7 18000.00 20,00 Uzer Spec 1.20 1.5

b
L] £l
< 5 IThc top nods within this stratum

[For Hem, pressF1 LM STRL
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2.2 Creating the input
A

e Once opened, create a new file by clicking the ‘New File'icon on the top left of the
program or clicking Ctrl + N

e Fill the Titles and Units dialog box:

New Model Wizard : Titles and Units X

Job Mumber Initials Edit Date
[] zF 23-Jan-2013

Job Title
Subtitle
Tutorial 2|

Calc. Heading

MNaotes

< Back Mext > ] [ Cancel

Hint: Should the user need to change the Units, they should do so at this point or by double
clicking on Units in the Gateway.

Units ﬂ
Quantity Unit Conversion factar
Dizplacement 1000 per m
Force kN - 0.001 per W
Length/level 1perm
Mazs 1 perkg

[ Stress kPa - 0.001 per Pa
Reset Urits
[ s | [ km | | kit | | kipin |
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e Select the default options for the General Data box.

New Model Wizard : General D X

Soil Model
@) Elastic-plastic
Specified P-Y curves

Generated P-Y curves

Factor on soil E value: 0.8 Lo?dcase
(@) Static

Mumber of incremerts: 1 Cyclic

Increment

@ Loads only ) Displacements only (") Both

Input

@ By level (0 By node

[7] Use partial factars for soil parameters and loads

| <Back || MNet> | [ Cancel |

e (Note: The user will have the opportunity change the Soil Model if required on leaving the
wizard via the Gateway menu)

¢ Inthe Pile and Soil Data box, input the parameters for the following, keeping the rest of the
options for Soil Properties and Node Generation Control Parameters as default:

o Soil top 0mOD

o Piletop 0mOD
o Pile bottom -13mOD

o Pile diameter 0.6m

o PileEl 70 000 kNm2
o Force 50kN at -1mOD
o Moment -150kN at -1mOD

o Groundwater -2mOD
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e Double click on General Data in the Gateway.

e Select the Generated P-Y curve option

m Alpl : General Data

(=[O s

Soil Model

1 Elastic-plastic
1 Specified P curves

@ Generated P curves

Loadcase

Factor on goil E value: | 0.8 )

@ Static
MNumber of increments: 1 ) Cyclic
|ncrement
@ Loadz only ) Dizplacements anly ! Both
| nput
@ By lewel _ By node

Pile toe level [m -13

Mode Generation Contral Parameters
Riatio of maxinium node spacing 15
ta minimum node spacing:
b &sirnum rumber of nodes: 50
t arirmum node zpacing [m]: 1.5

[ Use partial factars for soil parameters and loads

Section Wizard Optiong

Concrete design code:;

EM 1592-1-1:2004 Eurocode 2 -
Bending axis: Jy @z
Apply l [ Undo

e Double click on Soil Data in the Gateway menu

e Enter the properties outlined below for the following stratigraphy:

L

E= Alp Tutorial.alw : Generated P-Y curves
A B C D E F G H |
T - .
. Low Type Unit wt. ES0 Cu[top)| dCufdz| KD K1 Phi

[m] [kM /m?] [kPa]l | [kPa/m] [kPa/m] [deg]
Defaults Saft Clay
1 0.00 | 5oft Clay 17.00 0.0100 20.00
2 -3.00 | SHff Clay 19.00 0.0050 100.00
E] -8.00 | Sand [AP1 21] 18.00 35.00
4

o Soft Clay 0mOD

o Stiff Clay -3mOD

o Sand(API18) -8mOD

Use the User Manual to determine the E50 values-which Section have they been derived from

and what do the curves look like?

© Oasys Ltd 2015
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e Double click on Restraints in the Gateway menu
¢ Input a rotational restraint at OmOD with a stiffness of 100 kN m/radian
e Double click on Sections in the Gateway menu

e Select Generated in the Input Type column

EE Alp Tutorial.alw : Section Properties E\@
A B C D N
Section Name Input Type Effective Width El I
[m] [kNm*]
Defaults Explicit
1 Section 1 Explicit = 0.600 700000.0
2 I
J € 1 3

Explicity entry or calculated width and EI

T T T T T T

e The Wizard will appear. Name the section Pile with Reinforcement.

- #  Section Component Defini

Mame File with Reinforcement

Member type [7] continuous Width | none

Material type Material C30/37

Enviranmental attributes Compaonent attributes

(@) Derive from material Specify directly Steel Design...

Environmental Parameters... Reinforcement...

Holes...

[ Properties... Mizcellaneous. ..

Switch to Compound
Modifiers... l Reference Point... ] Section...

ok | | cancel |

o Click on the Profile button in the Wizard and choose a Circular section with 600mm diameter.

e Click on the Reinforcement button.
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The Section Concrete/Reinforcement Definition Box will appear. Click on the Add button.

In the General Reinforcement box, select the following options for the reinforcement bars:

I ¥ ' General Reinforcel

Bar details
Bar * m Area  113.097E4 mz
(@) Bar () Pair

(7 Bundle (3 bars) (") Bundle (4 bars)

Reinforcement IE(JDE - l [Pre-stress. = ] MNone

Start O Yo Finish 100 Yo

Bar positions

(@) Number of bars

Extents (-0,-0) (0,0)

() Maximum centre/centre bar spadng
Y

Centre o

Paint on cirde 0.2

ok | | cancel

Now click on OK and exit the Section Wizard.

© Oasys Ltd 2015

27



Piling Analysis Tutorial Manual

2.3 Analysis and Outputs

e Prior to analysis, check all inputs and save the file

e (Click on the analyse button % 10 carry out the analysis

e The solution progress window will automatically appear and the analysis will run.

2.3.1 Tabular Outputs

The program will give the user the option to view tabular inputs and outputs.

e View the tabular output.

Question: What is load increment?

e Export the tabular output
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2.3.2 Graphical Outputs
e Double click on Graphical Output in the Gateway

Displacement [mm]

-15.00 -10.00 -5.000 0 5.000 10.00 15.00
2.000 . . . . . . . . . . .
D 100.0 kKN mi/rad
:uu.:uu RN
-2.000
-4.000
-6.000
-8.000
“Aopo [T e Gt i T T
___Bénding [-»]:C"‘“e"'. ; 5 5 5 5 5 5
200 [ e T R Rty
Pressure ! : | : : : : : :
Calc Displacements
-120.0 -80.00 -40.00 0 40.00 80.00 120.0
-150.0 -100.0 -50.00 0 50.00 100.0 150.0

Scalex1:108 y 1:108
Pressure [kKMN/m]
Bending [kKiNm]

e Use the following icons to determine the maximum bending moment and effective length of

the pile:

Iil deflection
| e | rotation

| P"F‘| pressure

bending moment

shear
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e Zoom into a section of the pile between -8mOD and -10mOD and unzoom

Hint: To zoom, right left click and draw a box. To unzoom, use the unzoom icon

e Check your results with the tabular results

Question: Go back to General Data and increase the number of increments. How does it change
your calculation?
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Section 3

Step by Step Tutorial 3
Oasys AdSec -Section Analysis

Objectives

By the end of the session the user should be able to:

Navigate the AdSec Interface
Use the Alp Wizard and Gateway
Run an analysis

Navigate the Graphical Output

Create simple graphs and plot load cases

Understand the difference between Serviceability and Ultimate Limit State Calculations

© Oasys Ltd 2015
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3.1 Input

3.1.1 Creating the Section

e Once opened, the program start up screen will give a number of options.

e Choose to Create a New Section.

Welcome to AdSec u
""'_Z Oasys AdSec About AdSec...
L

8.2 5P1 build 58

(@ Create a new section

(1 wfark. on paur awe

(") Open existing file

() Select recent file | AdSec.ads
‘Wiehinar. ads
Pile Sechions. ads

[¥] Show this dialog on StartUp [ k. ] [ Eancel]

e Complete the Titles and Units section of the Wizard.

e Inthe Design Option section, choose Eurocode 2
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Design code | EN 1982-1-1:2004 Eurocode 2 v
Country [Genenc vl
Bending axes @ Bimdal () Uni-adal [ Slabwall

lUni-axdal bending constrains the neutral axis to remain horizontal despite asymmetric
geometry or loading. Moments generated about the vertical axis are ignored.

|se this option for constrained sections (eg angles restrained by walls and slabs) and for
standard rectangular beams to EC2 to allow crack widths to be calculated.

For all other cases a bi-=dal bending analysis should be used, allowing the neutral axis to
rotate from horzontal as a result of any asymmetry of reirforcement or section, even for
applied bending about the horizontal ds.

Curent units Force: kM
Length: m
Section:mm
Stress: kPa
Mass: t

Suface tolerance 2 mm

The surface tolerance is used in sections with shapes defined by arcs. The suface
tolerance determines the number of facets to represent the anc. The langer the number of
facets the more accurate the results, but the anabysis will un mare slowhy.

<Back | MNet> | | Cancel | | Heb

Note: The user can click on the Units button if you wish to change from SI Units
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e In the Definition section of the Wizard, name the section appropriately and choose an

Aggregate Size of 20mm.

F'-General Section Wizard : g
Section
MName Reinforced Pile
Materal Type [Cunc:'eie -
Materal Grade  C30/37 -
Section... STD C 600.
eg STD R 400 300
The "Section...’ button opens the "Section Wizard' to define the
new section shape and dimensions.

Aggregate size 20 mm

<Back || Ned> | | Cancel | | Heb

¢ Click on the Section button to open the Section Wizard.
e Choose a circular section with 600mm diameter.

¢ Inthe Reinforcement section of the wizard, click on the Template button.

© Oasys Ltd 2015
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General Section Wizard : g

General Reinforcemeant

Bars, lines and arcs of bars

Wodfy | | Snit_ Pl

Template Reinforcement [ General bars
Standard reinforcement amangements for beams and columns Il General - prastress force

[l General - prestress strain

== B Terpitebars

Spiral reirforcement

| <Back | Fnsh | [ Cancel | | Hep |

¢ Inthe Template Definition box, choose Column Arrangement.

¢ Inthe Links and Cover box, choose the following options:

'Reinforcement Wizard :

Covwerto links
@ Uniform Allfaces 75 mm
Variable Outside |72 mm Inside |75 mm

Link diameter 10mm ~ mm

Rebar for links Uzed to calculate link bend radius

The Code Cover option allows the coverto the links to be located based on the minimum
cover allowed in the design code.

Where the term link" is used this is equivalent to stimup” and/for tie’ in ACl and AS

Agoregate size 20 mm

<Back || Ned> | | Cancel | [ Hep
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e Finally, in the Circular/Elliptical Reinforcement section of the wizard, choose the following

options:

Outside Reinforcement

Bars per ring & % Diameter  40mm » mm
Mumber of ings 1| Clear distance between rings mm
Rebar | 5008 -

Inside Reinforcement

[ ] include

Mumber aof ings D Clear distance between rings mm

Rebar | 5008 -

<Back | Fnsh | [ Cancel | | Hel
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3.1.2 Applying the Load Cases

e Once the User exits the Wizard, they can view the Section and the Gateway:

[ld Ossys Adsec - For

PZus Zus o 2|
2 Stength Loads e
x

Sections | General

o Titles

- Specification

3.56% reinforcement
+ Reference Point

+- Material Properties
-- Loads
(- Analysis Cases

LR

Section 1 - Reinforced Pile
Mo Results

*| Proparties

Ready EC2 (EU) STD C600. Units: kN, m, mm, k

IRV T T

=

Note: Using the Material Properties section of the Gateway, the User can amend standard
properties and apply these to their section if the options offered are not sufficient)

e Expand Loads in the General tab of the Gateway.

¢ Double click on Loading and input the following loads:

A B C p | E
Load Load Tvpe Force Moment
Load | Case w N Myy Mzz
[kM] [kHm] [kMm]
Defaults 1 ¢ Section Faorce a 1] 1]
1 1} Section Force 3000 100 I
2 2 i Section Force 1700 Ba0 1]
3
]« | i

Define the loads (or strains) applied to the section (or component)
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e Double click on Analysis Cases in the Gateway and input the following cases:

Ultimate Limit State Case

A B C
AE‘;I::'S Hame Description P'I?:::'t?:srs
Defaults | ULS Caze # L# 1
1 LS Caze 1 1.401 1
2 IILS Caze 2 1.4L2 1
3
Servicability Limit State Case
A B C D E F G
ot Hame Analysis Load Prestiess | Creep | Crack Width Duration
Case Type Deszcription Factor Coeff. Strain Factor
[mm]
Defaults | 5LS Casze # Long L# 1 2 Equation 7.9 Marrnal
1 SLS Caze 1 Long L1 1 2 i Equation 7.9 Marmal
2 SLS Case 2 Long L2 1 2 : Equation 7.9 Marmal
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3.2 Analysis and Outputs

Prior to analysis, check all inputs and save the file

3.2.1 Load Moment Curve

e Click on the N-M Chart Icon i :

e Plot the N-M Chart

e Click on the Additional chart Points icon

e Use the Load Point button to plot the specified loads on the chart

Note: Which load case is likely to cause the most cracking and why? Stop to discuss with the
trainer

W~ For Training Session.ads : N/M (== =]

N/M [EC2] - Reinforced Pile
o . .
o Hglgen%;el nyﬁa%“}}uim
104 Moment angle: 0.00

% Case

-B00. 00. -400. -200. 200. 400. 601 600.

Axial Force [kN] (x 1E3)

Moment [kNm]
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3.2.2 SLS Loads

e Click onthe SLS Loads icon. 235

e Select all load cases and continue

e Choose to view General Results and Crack Results

el Title & Specification oK
|:| Section

-- General Results

-- Crack Results

Case list  all

Output Table [ Output Summary Help

Note: Look carefully at the results. Have the results converged successfully? Stop and discuss
with the trainer

e View Material and Reinforcement strains and stresses.

e View crack widths.

Question: Do the results correspond with the predictions made from the N-M chart?

¢ Click on Section View to view the section. o
e Choose Analysis Case 2 in the Section View window. The user will be able to view where

cracking is most likely to occur.
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. Click on the Label icon “ to show strains on the section for SLS Load Case 2

i

&% For Training Session.ads : Current Section E@
[+ -

Key

3.56% reinforcement
+ Reference Point
— - Neutral Axis

Z Compression Side
— -0.002500

e —
w — _0.001933
— -086.TE-6
0.0

055 TE-5
= 0.001933
_I — 0.002900
[p— —— o — = @ Aceff for crack calc
" ]

Section 1 - 5LS Loads Results
Analysis Case 2

3.2.3 ULS Loads

e Usethe ULS Load and ULS Strength icons.

e How do the Stresses/Strains compare between the two results sets and why? Stop to discuss

with your trainer.
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Section 4

Step by step Tutorial 4
Oasys ADC -Section Analysis

Objectives

By the end of the session the user should be able to:

Navigate the ADC Interface

Use the ADC Wizard and Gateway
Run an analysis

Navigate the Graphical Output
Create simple graphs

© Oasys Ltd 2015
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4.1  Input

e Once opened, the program start up screen will give a number of options.

Choose to Create a New Section.

"T“h‘elcnmetc_ g
Oasys ADC About ADC...

8.4 build 10

@ Create a new data file
() Work on your own

(") Open an existing file

7 Select recent file Adc.adcol
Adc.adcol
Adc.adcol
AdCol_Win4.adcol

[¥] shaw this dialog on StartUp [ Ok ][ Cancel ] [ Help ]

e Complete the Titles and Units section of the Wizard.
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e Inthe Program Option section, choose Column Design and the Eurocode 2 Design Code

New o i oo I

[ Design code [EN 15592-1-1:2004 Eurocode 2 (GE) T] [Shuw parameters ]

Current units kN, m. mm, N/mm?

Program Option
() Pile Design
i) Beam Design (") Beam Check
(") Ribbed Slab Design () Ribbed Slab Check
() One Way Solid Slab Design (") One Way Solid Slab Check

<Back || Net> || Cancel | | Hep |

Note: The user can click on the Units button if you wish to change from SI Units
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e Inthe Definition section of the Wizard, name the section appropriately and choose an

Aggregate Size of 20mm.

Mew Model Wizard : Section and Materials_

Column Section

STD C &00.

e.q. STD R 400 300

and dimensions.

The "Section...” button opens the "Section Wizard" to define the new section shape

Materials
Concrete Reinforcement
Column C20/2s - Main -
Linke -
<Back || Ned> || Cameel | | Hebp

Click on the Section button to open the Section Wizard.

Choose a circular section with 600mm diameter.

Note: Click on the Concrete and Reinforcement options to see what is offered by the program

© Oasys Ltd 2015
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e Inthe Slenderness Details box, choose the following options for a 9m pile:

e ot W S e T e

Slendemess details

Clear height between restraints { y direction) 3

Clear height between restraints | z direction) 9

Column is compression member in regular frame o specify relative flexdbilties)
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Apply the following Load Case (the moments are obtained from the Alp Output):
Axial Force = 1000kN

Top Moment (yy) = 200kNm

Bottom Moment (yy) = OkNm

e o Wi Lo o =

Uttimate Load
oo 000
Moments
Top yy 200 kMm zz O feMm
Bottom yy 0 kMm zz 0 kMm

Effective Creep Ratios

Foment ratio p 0.65 Creep coefficient 2
FMoment ratio z 0.65
Motes

1 Additional loads and analysis cases may be input after completion of the Wizard.
2 Click the "Sign Conventions’ button for help on load sign conventions in AdCal.

<Back | MNet> | | Cancel | | Hep
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Finally, in the Reinforcement section, the Arrangement and Cover need to be specified:

'New Model Wizard: Rei

v Bar sizes available and limits selected

Bar amangement

Minimum nominal cover to bars

v Checks of spacing, minimum areas, cover and links

Motes
¥ Data required to be speciied
v Data specified

| <Back | Frsh | | Cancel | [ Heb
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e (Click on the Arrangement box.

Click on the Standard box to select the number of bars per ring.

Circular Column Reinforcement Arrangements u
Mumber of Rings Mumberz of Bars Per Ring
3
©4 Mate: multiple selection iz permitted
Ring Spacing
i@ Coverfpitch  Fitch 0 i
(71 Diameter Fing 1 Diameter 1] i
Ring 2 Diameter 0 i
Ring 3 Diameter |0 i
Ring 4 Diameter 1] i

k. | Cancel |

e Click on the Cover box.

Input the cover of 75mm.

Covers

[Inits i

Finimum Mominal Covwver

Outer 7h

Code Covver

] ] [ Cancel

Note: Click the Code Cover box to see what the requirement is of the code you have specified
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4.2 Analysis and Results

o Now that all the Data is specified in the Reinforcement section, click on the Finish button

New ot W o

v Bar sizes available and limits selected

v —
v Minimum nominal cover to bars

v Checks of spacing. minimum areas, cover and links

MNotes
¥ Data required to be specified
v' Data specified

<gack [ Fnsh Jf[ Cancel | [ Hep
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e The following box will appear, checking if you are happy with the number of sections.

Click OK to proceed with the analysis.
v ==

@=% 100 sections are to be validated. Do you wish to validate and create
WY these sections?

If you select ‘Mo’ you will not be prompted again after changing
input data. Select the 'validate' button or menu option
instead.

(This warning appears because the number of sections exceeds 50.
To raise this threshold see the Preferences option of the Tools menu)

=
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The Graphic View will appear, showing the acceptable reinforcement:

&% Adc2 : Graphic View

.f'?malysis Caze |Pending Design | Curent Sectian

Section 1
Pending Design

[E=N (B

E: 1 ring(=)/6 barz per ring,
11: 1 rinalz)/6 bars per ring/25mm barsSmm |
16: 1 ring(z)/6 barz per ring/F2mm barzSmm |
22: 7 1ing(2)/6 barz per ring/40mm barz,1 Omme

ement Details
gement

1 ring(s /6 bars per rin
f main bars 16mm
inforcement 1208.37mm®

26: 1 ringls)/8 bars per ring1 Gmm bars/Bmm (BVEr (outer} 75mm

3117 ring(z)/8 barz per rings20mm barz,Smm |
3E: 7 ring(z)/8 barz per ring/25mm barsSmmm |
47: 1 ring(z)/8 bars per ring/32mm bars/Smm |
47 1 ring(z)/8 bars per ring/40mm bars1 O
A1 71 ringl)/10 bars per ring/6mm barsSmm
BE: 1 ring(z)/10 barz per ring/20mm barz/Smm
E1: 1 ring(z)/10 barz per ring/25mm barz/Smm
EE: 1 ring(z]/10 barz per ring,/32mm barzSmm
¥E: 1 ring(z]412 bars per rings16mm bars S
81: 1 ring(z)#12 barz per ring/20mm barz/Smm
A6 1 ringlz]/12 bars per ring/25mm bars/Smm
91: 1 ringfz)/12 bars per ring/32mm barsSmm

Click on the Design icon

© Oasys Ltd 2015
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The following Graphical View will appear.

Toggle through the different cases by pressing the + button to see the results.

&% Adc? : Graphic View

ﬁnalysi& Caze 1. Analpziz Caze 1

-

(o)l s

Current Section 1: 1 Ting(z)/6 barz per rings1Emm barz/8m -

Section 1
Analysis Case 1

fiMu =\1.353

-

B00mm

Reinforcement Details

Bar Arrangement 1 ring(s /6 bars per rin
Diameter of main bars 16mm

Area of reinforcement 1208.37mm*

MNominal Cover (outer) 7Smm

Design Results

Analysiz Cage Name  Analysis Caze 1

Axial Design Force 1000kN

Axial Capacity 3673.3kN

Design Mement "M 321.804kNm

Ultimate Moment "Mu®  237.842kNm

Neutral Axis
Comp./Tens. Side +/-
Governing Node/Bar

© Oasys Ltd 2015
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4.2.1 Tabular Outputs

E3

e Select the following options in the Column Output Settings window to view the sections with

e Click on the Output View icon

adequate capacity for the load case specified in order of area of reinforcement:

Column Cutput Settings“ S|

View
Input Myy/Mzz Chart
[ tnvalid Sections MM Chart
Fesults

Results Presentation

Analysis Case Al i
Capacity Adequate -
Sorted By Area of Reinf. -

Mo, of Results Al

[ oK ] [ Cancel

e View the Tabular Output results
Scroll to the Column Summary Results to view the section with the lowest reinforcement

area with adequate capacity
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4.2.2 Plotting Charts

s

e Choose the appropriate section to plot and view the results, noting the load case within the

e Click on the N/M Chart Icon

envelope

M
e Click on the Myy/Mzz Chart Icon "
e Choose the appropriate section to plot and view the results, noting the load case within the

envelope
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Appendix

EC7 - UK SAMPLE CALCULATION IN PILE

The following example has been based on the design example given in “Design of pile
foundations following Eurocode 7" by R. Frank. The final analysis file is also available in the
Sample Files provided with the program.

Pile Geometry:

Solid circular pile with diameter 600 mm. The pile is “driven”.
Soil Data:

Sand layer with following properties:

Density =21 kN/m3

Angle of internal friction = 35 degrees

SPTN =25

Based on SPT, following values are assumed:

End bearing stress, gb = 1370 kPa

Skin friction stress, gqs = 70 kPa

These values are assumed to be uniform throughout the layer.

Groundwater Data:

GWT is located at a depth of 2 m below the ground level.
Load Data:
Characteristic permanent load Gk = 1200 kN

Characteristic variable load Qk = 200 kN

© Oasys Ltd 2015 56



Piling Analysis Tutorial Manual

Design Code:

EC7 (United Kingdom)

Following data need to be entered in the Pile data file:

1 Analysis Options

2 Capacity Data (for selecting design code)
3 Pile Properties

4 Materials

5 Soil Profiles

6 Groundwater

7  Soil -profile Groundwater Map

8 Applied Loads & Displacements

Each of the preceding items are explained in detail in the following sections:

Analysis Options:

This and other data modules can be invoked by clicking the relevant item in the Gateway:

[ a— - - - - W W
K& Pile 193 - R_Frank_May_:

File Edit View Data Analysis Tools Graphics Window Help

FEeazz[0PH xD0%B0 68|
Qb o ] B[R R M0 oA S|

=

e K3 R_Frank_May 2006 : Titles

- Titles
Uni‘ts
- Analypig Options
- Capachy Data
- Settlement Data
- Pile Properties
= Material Properties

- Undrained Materials

- Drained Materials (1)
- Soil Profiles (1)
- Groundwater (1)
- Soil Profile - Groundwater Map (1)
- Effective Stress Profiles (1)
- Ng-Phi Curves
- Applied Loads & Displacements (2) i
- Displacement Radii
- Convergence Control Data
- Output

- Tabular Output
Graphical Output

Last Edit Date:
27-Mar-2012

Initials:

E] e
Job Title:

EC7 UK Validation 1

Job Mumber:
POO1

Subtitle:

Calc. Heading:

MNotes:

© Oasys Ltd 2015

Model Image

Analysis Options » i

Analysis type
Capadity

Settlement

Effective stresses

@ Calculated () User defined

Datum information

(7) Elevation (@) Depth below ground level
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Analysis type:

In this example, only capacity calculations are carried out. Hence, only “Capacity” check box
is checked.

Effective Stresses:

The program will be calculating the effective stresses, as opposed to user specifying the
same. Hence, “Calculated” radio button is selected.

Datum information:

The data corresponding to soil layers, groundwater etc. is based on depth. Hence, “depth
below ground level” is selected.
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Capacity Data:

Selecting this item in the Gateway brings up a wizard. To enable EC7 calculations, “Code
based” option should be selected in the first page.

Then, “EC7 (U.K. National Annex)” should be selected in the “Country Code” drop down box.

Capacity Calculations @

Calculation Method
) Working Load

_) Design Resistance

@ Code Based

s

Country Code EC7 (U.K. National Annex) -

Design Code

MNote:

1. In Working Load approach, user-defined partial/global factors
are applied to skin friction and end bearing components. Negative
skin friction iz induded in computation of allowable bearing
capacity.

2. In Design Resistance approach, user-defined partial/global
factors are still applied to skin friction and bearing components.
However, user needs to specify material and model factors too.
Megative skin friction is exduded in the calculation of design
resistance.

3. In Code Based approach, FoS are taken directly from the code.
They are not defined by the user unlike the above two methods.

< Back Mext = ][ Cancel ] [ Help
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Then, the following page is shown on clicking “Next”

Eurocode 7 (U.K) ==
Design Approach [}‘
@ DAL(C1 +C32) DA2 DA3
File Type
@) Driven Bored CFA
Model factor L

Partial Factors On Negative Skin Friction

Set Al partial factor i

Set A2 partial factor 1

Serviceability is verified by load tests(preliminary fworking) carried
out on more than 1% of constructed piles to loads not less than
1.5 times the representative load for which they are designed

Resistance is verified by a maintained load test taken to the
caleulated, unfactored, ultimate resistance.

Frint detailed output of capadties from all combinations

| < Back ” Finish ]| Cancel | | Help |

It can be seen that only DA1 design approach is allowed, as is the case with U.K. national
annex.

The pile type should be specified as “driven” as per the data given for this example.
The “Model factor” is read only. This is set to 1.4 by default.

The pile type should be specified as “driven” as per the data given for this example. The
“Model factor” is read only. This is set to 1.4 by default.

However, if the user specifies that the resistance is verified by maintained load test taken to
calculated, unfactored ultimate resistance by clicking the relevant check box, then the model
factor is setto 1.2.

The user also needs to verify whether explicit verification of SLS is carried out, by checking
the relevant check box. This selection influences the R4 resistance factors as per Table
A.NA.6 in U.K. national annex.

The A1 and A2 partial factors on negative skin friction would be used for calculating the
factored load due to negative skin friction, which is treated as an unfavourable action. The
users may refer to A.3.1. section in UK national annex for guidance on these factors. These
values can be ignored if there is no negative skin friction in the model.

Clicking on the last check box in this page allows the user to see the results from both the
combinations of DA1.

Clicking on “Finish” closes the wizard and saves the code specific data.
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Pile Properties:

The pile geometry needs to be specified in the wizard invoked by selecting the relevant item
in the Gateway:

Pile Properties ]
Pile cross-section Solid Circular ']
Young's modulus Ze+007 kPa

[15]

Under+eams (Solid only)

() With underteam (@ Without under+eam

Nate: Settlements are calculated for solid circular without underream sections

<Bock || MNed» | [ Cancd | [ Hep |

For the given model, “Solid circular” and “Without under-ream” options need to be selected.

The “Young's modulus” is not relevant to capacity calculations. Hence, leave the default
value as it is.

Once this data is entered, the user can specify the range of pile lengths for which capacity
calculations need to be carried out.

For this model, the range of pile lengths from 10m to 25m is suggested with an increment of
m.

Also, since basement piles are not being modelled, “Depth of pile top below top of highest
soil layer” needs to be set to zero as shown.
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i
|
l [
| B
[
Single pile length
Minimum pile length 10 m
Maximum pile length 25 m
(@) Number of increments 15
() Increment size i
Depth of pile top below the top of the highest soil layer 0 m
[ <Back || Ned> | [ Cancel | [ Hep |

Next, the dimensions of a range of piles needs to be specified.

Pile Cross-section Dimens'nns- g

D
|
| &
|
Units of cross-section dimensions E
A -
Diameter
Defaults
1 £00.00
2
[ <Back [ Fnsh | [ Camcel | [ Heb |

In this model, we are interested in the capacity of only 600 mm diameter pile. Hence, only
one entry is given.

Clicking on “Finish” closes the wizard and saves the “Pile Properties” data.
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Material Properties - Drained materials:

In this model, there is only one drained material - Sand. The following data for the same

needs to be entered in the “Undrained Materials” table by invoking the same from the

Gateway.

As the material tables are wide, it is suggested to enter the data directly in the “General”,
“Friction” and “End Bearing” worksheets, instead of using the “All” worksheet.

i R_Frank_May_2006 : Drained Materials E} EI@
A B C -
Material Bulk unit Ma;?];:aslligﬁhﬂlh'
description weight [tan Dellga]
[k /n?]

Deetaults | Drained # 20.00

1 Sand 21.00

2

< [»|\, Al | General |{ Friction £ Bearing / ‘ I e
Enter material name.
i R_Frank_May_2006 : Drained Materials D} EI@

A B | c | o | E | F | & | H | [ ] | K -
- Skin friction data
LTz Skin friction Coeff. of earth 5 Limiting value Qs material factors
description | " omputation | Beta [ Deltal ™ hioure K Top Base | Specified | Value
[Deg] [kPa] [kPa] [kPa]

Detaults | Drained # Beta Mo 1.0

1 Sand gs specified 70.00 F0.00 1.0

2

<[]\ Al {General }|Friction 4 Bearing / « i mis
Enter material name.
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E R_Frank_May_2006 : Drained Materials I EI@
A B lc| o[ E] F |G| H| | L0 |k | o | W H | o] P
Matersial End bearing data
Farn End bearing o q Beerp Mg material factors b Limiting value " Qb material factors
d ¥ = "
EERLAI| et Ngq| Phi* | PhiD | Phicy'| Ir Wi M2 Top Base | Specified] Valus Mg-Phi curve ] M2
[Deg]| [Deg]| [Deq] [kPa] [kPa] [kPa]
Defaults | Drained # MNq specified 1.00 1.00 Mo Berezantzev Ak Bk Curves 1.00
1 Sand b specified 1370.00 | 1370.00 1.00
2 =
3
4/[r 1% Al {General £ Friction } Bearing / ‘ i r
'Whether limiting value will be specified.

In the “Friction” and “Bearing” worksheets, the user needs to select the “qs -specified” and
“gb-specified” options, and enter the relevant values respectively as shown.

The fields M1 and M2 correspond to the material factor sets. In EC7 (U.K.), all the M1 factors
are always 1.0. Hence the fields are not editable.

The field M2 may need to be explicitly entered by the user only in some circumstances. For
example, DA1 C2 uses M2 factors to calculate the unfavourable Geo actions - which
translates to negative skin friction for this program. However, the code only specifies M2
factors for

e Angle of shearing resistance,

o Effective cohesion,

e Undrained shear strength, and

e Unconfined strength.

The user need not explicitly enter the material factors if the skin friction and end-bearing
values are solely computed on the basis of the above 4 parameters. However, if the user
directly specifies gs, N¢, Ng or gb, then the program does not know the theory/formula
which has been used in computing the same. In these cases, the program uses the material

factors specified by the user in the tables above, to derive the “material factored”
unfavourable geotechnical actions.

For this example, however, as there is no negative skin friction involved, these factors can be
left at the default value of 1.0.
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Soil Profiles :

The user then has to define the soil profiles. Each soil profile is a collection of material
layers.

The user can specify multiple soil profiles, particularly if he is using the “Model Pile”
procedure”.

However, for EC7 (U.K.) national annex, the program only uses the “Alternative procedure”.
Hence, the user would be entering only one soil profile “S1” as shown:

EE R_Frank_May_2006 : Soil Profiles =] =] ]
I
A Bl C B
Contribute to
Depth below . 2 5
Layer | ground level Hatenal neg?{%:;?ﬂzkm
[m]
D efaults 0.00 | Sand Mo
1 0.00] Sand Mo
2
«|[»\1: 81 {Add Page / « m b
Enter depth below ground level

The user can enter multiple soil profiles for the “Alternative approach” also. In this case, the
program calculates design resistance of pile in each of these soil profiles independently.

© Oasys Ltd 2015 65



Piling Analysis Tutorial Manual

Groundwater:

The user can specify the groundwater tables in the model in these worksheets.

E R_Frank_May_2006 : Groundwater % EI@
A B C o
Depth below : :
Pressure Unit weight of water
Groundwater EIIUU'EillE\'El [kPa] [KH/m]
Defaults 0.00 0.00 10.00
1 2.00 0.00 10.00
2
][>\ 1: GWT1 £ Add Page / « m b
Enter depth of phreatic surface or piezometer

In this particular example, there is only one soil profile and one ground water table. The
same is entered as shown.

If the user wants to model perched groundwater in a soil profile, he can use multiple data

points to model the pore-pressure in the soil profile. In this case, the pore pressure
distribution will not be hydrostatic.

© Oasys Ltd 2015
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Soil -profile Groundwater Map:

This table is really used to associate a particular groundwater table to a particular soil

profile.

E R_Frank_May_2006 : Soil prﬂfbs - gro.., E@
o |

A

-~

Test

Soil Profile

Groundwater

Defaults

MHone

m

1 51

Gi/T1

1|

IE

L

Cell [A][1]

IMPORTANT: By default, no groundwater table is associated to the soil profiles created by
the user. Hence, it is important to explicitly enter the data in this table when groundwater is

present in a soil profile.

Applied Loads & Displacements:

For the capacity part, the “Displacements” are not relevant.

The following load data needs to be entered as shown:

P

E= R_Frank_May_2006 : Applied Loads & Displacements . E'@
A B C ™MD E
L. Depth bel .
Descnption g::::lnd IEE:'.; Applied load Al A2
[m] [kN]

Defaults 0.00 .00
1 5k, 0.00 1200.00 1.35 1.00
2 Gk 0.00 200,00 1.50 1.20
3
Cell [A][1]

Fields A1 and A2 refer to the action factor sets in EC7 (U.K.) N.A.
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For this model example, it is assumed that for

Action factor set A1l:

Dead load factor = 1.35
Live load factor = 1.50

Action factor set A2:

Dead load factor = 1.00

Live load factor = 1.30
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Analysis & Results:

Once the data is input as shown above, the user can proceed for analysis by clicking the
“Analyse” button as shown:

o — — T — o el — — — —

File Edit View Data Analysic Tools Graphics Window Help
FEearziiPd xadsdd oo
P o B B | K & Ao an =]
=
= K3 R_Frank_May_2006 : Titles
Ilmes Job Mumber:  Initials: Last Edit Date: ——
. Units odel Image
 Analysis Options POO1 E] VG 27-Mar-2012 .
(S:ae:IEWrEESZt Job Title: EE R_Frank_May_2006 : Drained Materials
eme a
Pile Properties EC7UK Vval A B I C | D | E I F I I3I H I ! | J | K
[=- Material Properties Subtitle: 2 End bearing data
H B Mah?"a-l End bearing 5 . 5 MHq material factors b [
g";qme':e;:#e‘"a{lj} description et Mg| Phi' | PhiD | Phic¥*| Ir M Mz Top Base | S
- Drainy erials -
.. 5ol Profiles {1) Calc, Headin — — [Deg]| [Deg]| [Deg] — — kPa _ML_N
.. Groundwater (1) efaults| Draine q specifie: d .
... Soil Profile - Groundwater Map (1) 'I2 Sand gb specified 1370.00 | 1370.00
Effective Stress Profiles (1) Motes: % f ‘
- Ng-Phi Curves
- Applied Loads & Displacements (2)
-~ Displacement Radi Mo errors or warnings. e
- Convergence Control Data
(=N O_Lrlput
Tabular Qutput
i Graphical Qutput
R—
E R_Frg
Test
Defaults
1
|\ A . L
Whether limit,
4
J |: l Proceed I [ Guit
Cell [A][
| |

This brings up the Pre-Analysis check dialog giving any warnings or errors in the model. If there
are no errors, the user can run the analysis by clicking the “Proceed” button.

After completion of analysis, the following print selection dialog appears:

Print Selection L S

| Capadty |
[ [IMotes Analysis options I

Pile properties [] Effective stress profiles

[ undrained materials Drained materials

Soil profiles Groundwater

[ Mg-Fhi curves Applied loads & displacements

[ Displacement radii [ convergence control data

[] caleulated limiting shaft skin friction

Settlement

Capadity resuits [ stresses & displacement along pile

[[] settlement results summary [[] soil displacements
|ISelectAI][dearAI][1nvertH oK ][Cancel]|
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The user can select the data of interest to be shown/printed in the tabular output, which comes
up after clicking the “OK” button above:

[ R_Frank_May_2006 : Tabular Qutput

Analysis Options

Design approach: D21 (C1 + CZ)
Pile type: Criven
Model factor: 1.40
Serviceability werified by load tests No

lpreliminary/working) cerried cut on mere than 1%
of constructed piles to loads not less than 1.5
times the representative load for which they are

designed?

Besistance werified by & maintained load test Ho

taken to the calculated, unfactored, ultimate

resistance?

Effective stress profile Calculated

Pile Properties

Pile type Solid
Pile cross-section Circular
Under-ream Ho
Calculation profile Hange
Minimum pile length 10.000 m
Maximum pile length 25.000 m
Number of increments 15

= R_Frank_May_2006.pls : Tabular Qutput E\@

Cross-section 1 results:

Results - Compression

I

Soil Profile 1: 51

Depth Pile Ultimate Cumulative Negative Het Design Limiting Factored
length base external akin ultimate resistance criterion load*
capacity Friction friction resistance #
Q) (Qg) (Qnaf!d
[ma] [ma] [EH] [EN] [EH] [EH] [EN] [EHN]
10.0000 10.0000 387.358 12315.47 0.0 170&.83 791.074 2 1460.00(C)
11.0000 11.0000 387.358 l451.42 0.0 1838.77 852.50%8 2 14&0.00(C)
12.0000 1% _0000 387.358 1583.3%6 0.0 1870.72 91&.738 2 1460_00(C)
13.0000 13.0000 387.358 1715.31 0.0 2102 .87 879.570 2 1480.00(C)
14 0000 14_0000 387.358 1847 .26 0.0 2234 81 1042 .40 2 1480.00(C)
15.0000 15.0000 387.358 1375_20 0.0 Z2386.5¢6 1105.23 2 14&0.00(C)
1&.0000 1&.0000 387.358 2111.15 0.0 2435.51 11&8.07 2 1460.00(C)
17.0000 17.0000 387.358 ZZ243.10 0.0 Zg30.48 1230.30 2 1460.00(C)
lg.0000 18.0000 387.358 2375.04 0.0 Z2782.40 1293.73 2 1460.00(C)
15.0000 19.0000 387.358 2508.39% 0.0 28534.35 1356.5% 2 14&0.00(C)
Z0.0000 20.0000 387.358 Z638.34 0.0 3028.30 1415_3% 2 1460_00(C)
21.0000 21.0000 387.358 2770.8% 0.0 31558.24 1482 .22 2 1480.00(C) L
22.0000 2Z_.0000 387.358 2302.83 0.0 3230.15 1545_0%6 2 1480.00(C) 3
23.0000 23.0000 387.358 3034.78 0.0 3422.14 1807 .83 2 14&0.00(C)
Z4 0000 24 _0000 387.358 3166.73 0.0 3554_08 1870.72 2 1460.00(C)
Z25.0000 25.0000 387.358 3258.87 0.0 3688.03 1733.55 2 14g0.00(C)
f Limiting criteris
1 : Dl C1
Z : DRl CZ
*(C)-> Compression load, (T)-* Tension load
Note: Design resistance does not include any consideration of negatiwve skin frictiom. i
< | i 3

The program prints the factored load and design resistance information at the pile lengths
specified by the user.
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Validation:
A short validation is given below for the pile length of 25 m:
Unit end bearing stress = 1370 kPa
Area of the pile base = (PI/4)* (0.6)*(0.6) = 0.283 m*
Ultimate end bearing capacity = 1370*0.283 = 387.36 kN
Unit skin friction = 70kPa
Length of pile=25m
Ultimate skin friction capacity = PI*0.6*70%25 = 3298.67 kN
DA1 C1
“AT+ M1+ R1"
Action set A1:
Factored load = 1.35*1200 + 1.5*%200 = 1920 kPa
Partial factor combination:
Design resistance = ((Ultimate shaft resistance/shaft factor) +
(Ultimate base resistance/base factor))/model factor
=(3298.67/1.0 + 387.6/1.0)/1.4 = 2632.88 kPa

DA1 C2

“A2 + M1 + R4”
Action set A1:
Factored load = 1.00*1200 + 1.3*200 = 1460 kPa
Note: R4 factor set is based on “No explicit SLS verification”
Partial factor combination:
Design resistance (Partial Factors) = ((Ultimate shaft resistance/shaft factor) +
(Ultimate base resistance/base factor))/model factor
=(3298.67/1.5 +387.6/1.7)/1.4 =1733.65 kPa
Design capacity is the minimum from all the 4 cases above.

Design capacity is the minimum from all the 2 cases above.

Hence, the design capacity is 1733.65 kN, and the governing combination is DA1 C2. The
corresponding factored load is 1460 kN.
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