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Who is Oasys?

* Wholly owned by Arup

* Formed in 1976 to develop software for in-house and
external use

* Most programming and sales staff are engineers
* In recent years have added marketing and sales staff
* Have expanded the development team worldwide
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Webinar Objectives

Introduce theory for Pile, Alp and AdSec @ o

Set up analysis files and examine results
Apply partial factors to results
Case Study Example

SR e

Previous webinars:
* Tips and Tricks
* Advanced Analysis Options

* Step by step guide
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The design of a single pile - Definition
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What is a single pile? 4
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* A pile that when loaded does ]
not have any interaction effects
with the adjacent pile
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* Spacing between the piles will
depend on solution modelled
and the ground conditions
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Fig. 8.17 Principal types of pile: (a) precast RC pile, (b) steel H pile, (c) shell
pile, (d) concrete pile cast as driven tube withdrawn, (e) bored pile (cast in-situ),
(f) under-reamed bored pile (cast in-situ).

Craig’s Soil Mechanics, 7t Edition
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The design of a single pile - Analysis

Pile Pile vertical capacity and settlement Required length
analyses Pile settlement
Soil settlement (utilities)
Alp Pile lateral loads and displacements Moment
Cage length
AdSec Non-linear concrete and composite Stiffness
section analysis Cracking
but, if you are interested in: R N R N T W
-2.000 2T
* Pile Groups — Oasys GSA Raft

-5.000

* Retaining Walls — Oasys Frew
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Plle

Pile Capacity and Settlement



Pile — Capacity
What does it do@g

» Determines the vertical load capacity of a pile for:
* Different pile types
* Different pile materials
* A range of pile lengths
* Numerous different soil layers
* Site specific groundwater conditions
» Different factors of safety or design resistance



Pile - Capacity

* Output
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Pile — Capacity
Why use 1t¢

* Replaces the need for spreadsheet calculations and errors that
maybe within them!

* Calculates shaft and base capacity for:
* Total stress (undrained parameters)
* Effective stress (drained parameters)
« Combination of both

» Models plugged and unplugged behaviour for tubular and H piles

* Can incorporate negative skin friction (not used in tension
calculations)
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Pile — Settlement
Theory

* Purely elastic model

* Young’s Modulus of
« Soil above pile toe | 19

* Soil below pile toe
* Pile

« Compressible pile in sections
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* Based on paper by Mattes and o i ip
Poulos(1969) g4 4 7 I|n]
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Pile - Settlement

Settlement of a pile and surrounding soil

* Output
 Pile settlement

File Stress [MPa]

5 IZIIZI_D1 1.66 . —T.I'I'EI'." . —3.354 . A . 3.5:54 . '.".'."IEI'." . 11.46
* Soil settlement away / — Pllestess;  f R
. —— Piledisplacement: ' ' ' ' ' '
0 e Boitdispr@ radins 05 Ml T lmpannn T e
from pile — Soildisp @radiust (m) | | PO0000 o
. ——— Soildisp @@ radius1.5 [m]| | : :
¢ Plle stresses -2000 ""S'U'il“:le'iéh'%'ré'dTu'é:ri.'['rﬁ]":’""'“:"""?"""E' A
* Input 2 T 1 O B /A
* Pile dimensions g o [T
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* Negative skin friction L S S 1 S S 1 S 72 A B S
* Heave B e e 11 v e £
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Scalex 1211 w1221
Dizplacement [mim]
Pilset.ntw : Total Applied Load = 3000.00 [kN]
18 Oasys

YOUR IDEAS BROUGHT TO LIFE



Advanced features

* t-z curves

* Thermal piles

* Cyclicloading

* Stages

* Negative skin friction

19 Oasys
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Pile Set-up

Pile Capacity and Settlement



Alp

Horizontal Loading and Displacements on Pile



Alp

Alp calculates:

e Earth pressures

* Horizontal movements
* Bending moments
 Shear forces

Based on:
* Lateral loads, moments or displacements

| ateral and rotational restraints
* Soil load deflection behaviour




Alp

Theory - Representation

* Models the pile as a series of
elastic beam elements

* Models the soil as a series of
non-interactive non-linear
springs

 Forces, moments and
stiffnesses are applied at nodes

* Soil response modelled as
Elastic Plastic or P-Y

Applied moment
apmmaay
Water table * S
Zailt " lateral S W
alltype lnacs ™ applied strut

]

Soil type =2 nodes K> Zoil nondinear springs
*

Zoil type %3

Pile of wvarying EI

* Indicates relessant only
1o E lastic =il model

*- gtnit with rotstional stifness




Alp

Theory — Elastic-Plastic

Load P

1

Calculated * Assumes elastic behaviour until a
g passive passive limit is reached —simplistic!

k. = initial stiffness

, * At limit, a constant limiting passive

Lateral displacement {4 i force iS used

ELASTIC PLASTIC

K=EhEq4 E = Young’s modulus of soil

h = distance between mid-point of adjacent nodes

Fp = (Ko, +cK,)hD  K,=Passive resistance coefficient for

the frictional component of the soil
K. = Passive resistance coefficient for
the cohesive component of the saoill




Alp
Theory — P-Y Soil Model

BUT Soils are not Elastic-Plastic

Predefined models for: P-Y Curve:
* Soft Clay (Matlock 1970)

» Stiff Clay (API 21)

* Sand (API 18 or 21) Load P
* Weak Rock (Reese 1997)

* Strong Rock (Turner 2006)

User can define P-Y curves for different
strata

&

specified

K = initial stiffness

Lateral displacement (%) ]

- - e ._f_'. 3 . 15
=0 072¥
Tl R
! T —= ¥ !

] 10 15 2.5 x Pile diameter

Cyclic loading can be considered

LATERAL RESISTANCE (P/Py)

DEFLECTIO M (i)



Alp Set-up

Horizontal Loading and Displacements on Pile



AdSec

Non-linear Concrete and Composite Section Analysis
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AdSec

Non-linear concrete and composite section
analysis

T I
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AdSec
Theory

* Program carries out a strain plane analysis for any given section to
solve the following equation:

. f f
£E=£&_, +.ICW-E T+, Y
* ULS Analysis

* Ultimate strength of section
» Uses material factors or strength reduction factors

* SLS Analysis

* looking at the section in its normal working state
* allow for both long term (creep) and short term loading
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AdSec

Non-linear concrete and composite section analysis

* Output
* Section capacities

* Section stiffnesses Serviceability
. M/El (secant) [ECZ] - Section 1
° Cracku1g — Auial Load: 0.0kN
— Axial Load: 1500.0kN

i Input '12[!.:' - :— - - - :— - - —:— - - —:— - - —: - = —ﬂ#:ia-anad-:SJT'ID.D.DkN_ .:
. ] hament angle: 0.00° | \
e Section 1001 F@Mm&%%ﬂywz__ﬂ
* Reinforcement = ] |
E 2007 - - -
* Loads T |
£ e} ---r-- - TEEEEEe - - - - - :
E I
-G |
E 2&05 -------------------- :
% i0. 200, 300, 400, so0.  eoo.  7on. go0

Moment [kNm]
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AdSec
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— Axial Load: 1500.0kH

— Axial Load: 3000.0kN

Mament angle! 0.00°

Fo0.

400.

hament [kMNm)]

(£31 %) [Wn] (13) ssaupng

200.

G00.

&00.

200.

200.

100.

(78
g
@)

YOUR IDEAS BROUGHT TO LIFE




AdSec

* Ultimate and Serviceability condition checks

* Regular and irregular concrete and composite sections
* Non-linear cracked section stiffness and capacities

* Crack widths
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AdSec Setf-up

Non-linear Concrete and Composite Section Analysis
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Case Studies




Designing Piles for Transverse
Loads

McCarthy's level crossing
near Kilmallock

BYRNE
LOOBY




Project Brief

* BLP were asked to design the piled foundations for the LOOBY
proposed replacement of McCarthy’s level crossing near
Kilmallock, Co. Limerick.

r 1
 The piles had to resist T T
. . . | |
830kN maximum uniaxial | 3
compressive loads |
| QUTLINE OF PRECAST

* No tension or moment
loads were to be S
transferred to the piles ' =

—
N
N ——————
=
b4
3
X
-
Q
o

. The piles were subjected = .
to 175kN horizontal load === |, -
per pile from the w7 N g—
superstructure L E i ;
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39

Proposed Solution

* All piles are designed to be
bearing in the stiff to very stiff
boulder clay, conservatively
ignhoring the upper 2.5m of
overburden.

* The Consulting Engineers
specified the piles to be minimum
600mm diameter

B30kN COMPRESSICH
AND 175KN HORIZONTAL

LOAD ONLY
PILE REINFORCEMENT l

IN STIFF TO WERY STFF BOULDER CLAY

MINMUW PILE TOE
LEWEL 7O 10.0emBEGL

PILES FOURDED IN STIFF —
TO VERY STFF BOULDER
CLAYT TO ACHIEVE LILTIMATE
Hi
BILE_DETALS
SCALE 1:50
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Analysis — Transverse Load BYRNE

* For the ALP analysis a rotational stiffness has been taken for LOOBY
the pile cap. All piles are to be fully tied into this pile cap.

Dispghge[rﬁ”%mm]
Max Pile SE 2053“!53 000 0 08 2000
ax Flle '
C175KNm
0 D edo
' | |, 1/50000. kN mirad 1]
. . N IR
Predicted Pile o~ Py Mo Pile BM
\ ax Pile
Head Movement 4000 Y NS 2 Phe
<10mm m
——l',/"'
_5.000 I
Shejr Force b/
Bending Moment '—L
8000 [——— T Table : '1

Pregsure

Calg Displacements

-200.0 -100.0
-160.0 -50.00
Scale x 1:106 y 1:106

100.0 200.0
80.00 160.0

Pressure
Bending [kMNm]

Output for load increment 1

» The pile reinforcement should be installed to a minimum depth of
6.5m below pile cut off level, as per the ALP output.
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Analysis — Structural Capacity of Pile

* The pile reinforcement capacity has been checked using Oasys AdSec
software package

* From Adsec BMaiowabie > 280kNm for a compressive load of 830kN
¢ BMdesign = BMgenerated X F.0.S Take Fo.S=1.5
¢ BMdesign =145x 1.5 => 218kNm < BMaiowable = OK
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COM Interface
iterative Pile Design for a
Large Site

ARUP




Automated Design ARUP

Inputs Automated calculations Outputs

l' Loads Calculation spreadsheet runs iterative design calculations: I Pile length

1) Lateral calculations

Ground model .:I’ m B Critical case
Four alp models per load case. m m m m i W
Length iterated to iteration . ™
| | limits. ULS  ULS  SLS  SLS
1 2 1 2
Base models 2) Axial calculations G Iterated models
and log file
Axial (compression and tension) capacity calculations
completed, for ULS1, ULS2 and SLS. —
Pile properties Pile length iterated until FoS = 1 in each case. Extracted BM
f and displacement
3) Determination of design length
Displacement limit ... is the longest of any case (lateral or axial). Displacement
’-ﬂ | interpretation

Case study from Mark Skinner, Arup

Oasys
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Where do | go for help@

* Program oo
* Sample Files |

Pile Help (PDF)

) Manual Pile Home Page

Fhan~n |~

. | = | Samples _
o We b S I te: Home Share View v o |

o < OSDisk (C:) » Program Files » Oasys > Pile 19.7 > Samples Search Sa...
e Tutorials

* Webinars 1 | D .;

2 Stages L Capacrcy ca ECT| UK Ex ExcelVBASa 152911 _Exa Manual_C5. PileCOM_C PythonSam  Settlement_
L FAQ oading_t_z_ lc.pls ample.pls mplexlsm mple.pls pls PPSamplez ple.py calcpls ¢
single_layer ip

pls b

e User Voice |
() E m a i I Theral_Cy |

clic_t z_Exa
mple.pls

10 items = =
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Webinar Objectives

@ o

Introduce theory for Pile, Alp and AdSec
Set up analysis files and examine results
Apply partial factors to results

Case Study Examples

SR

Pile Pile vertical capacity and settlement Required length
analyses Pile settlement
Alp Pile lateral loads and displacements Moment
Cage length
AdSec Non-linear concrete and composite Stiffness

section analysis Cracking



Find out more?e
Request a trial or look at our tutorial manual.

Website: www.oasys-software.com

Email: oasys@arup.com

Call: +44 (0) 191 238 7559
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