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Disclaimer
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software.
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The P-PPAK is an add-in tool to the PLPAK that allows simulation of pile-pile/soil interactions
effects underneath piled rafts.

P-PPAK consider three types of interaction effects:

Piles DOFs Soil DOFs
Piles in ter1:1-<:I:i0ns P-S interactions
DOFs 3)
(1)
Soil intersa-cl:ions S-S interactions
DOFs 3) (2)

1- Consider Pile-pile interaction effects (P-P). These interaction effects could be considered using
elastic approach, load transfer approach or user field measurements interaction factors. In case of
multi-layered soil, these interactions are considered using three different approach:

a- Average soil young's modulus (Eavg) between two points each has its layer's young's
modulus E.

b- Equivalent soil young's modulus (Eequ) for all layers.
c- Modified soil young's modulus (Emod) using Poulos and LEE modifications.

2- Consider soil-soil interaction effects (S-S). These interaction effects could be considered using
EHSPAK.

3- Consider Pile-soil interaction effects (P-S). These interaction effects could be considered using
Mindlin's solution. Also, in case of multi-layered soil, the same three approaches in (1) are used.

For more clarification, The P-PPAK is described using simple two examples. For different
input files structures see appendix 2.

Problem 1:

This problem is 10 x 10 m piled raft with thickness 0.8 m supported on four piles each 0.5 m radius
subjected to its own weight.



1- Generate Gen model.
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Slab:

Area: 100 m2

Material: Concrete
Distibuted Load: 0 t/m2
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2- Run the problem from PLGen or load it from PLCoreMan.

5
N

Supports [0 Load Assembies | 0 Wall Assembiies | 100 L2

3- From PLCoreMan run P-PPAK to extract pile-pile stiffness in (PLSMATKS.-4).

File  View

LoadC:

=1 BE4E-PLCareMan C:\Users\dell\Deskto piModel141..

Run | Help

PLView (BE mesh editor tool)

PT cable calculator
PTUpdate (Post-Tensioning tocl)
AutoCAD exporter
AutoCAD extractor

EHSPAK

P-PPAK

Ready to start v
—-Check previous
—Ensure that IRL
caze 1: LoadCase

PL.EXE (Linear solver)

MLPAK (Monlinear solver)

PLPost (post-processing tool)
PLDesign (RC design tool)

—Chedking the exETENE O e SMOMTS T eSO IOS0 CasE TOger—""
case 1; LoadCasel has Sruns.




[ BE4E - P-PPAK

— O

*

File name: |C:Wsers\dell\pesktop"'ﬂodel1\.1.LC

| | open (.LC)File |

Interaction input file: |

| Browse

Browse D

Browse

Soil Properties file:

Browse

Interaction Input and Solution log Soil Properties log

Piles Editor

Load interaction input file of the problem (File different structures see appendix 1).

[ BEZE - P-PPAK

O x

File name: |C:‘JJsers\deII\DesktopWodel1\.1.LC

| Open (.LC) File |

Interaction input file: |C:‘,IJsers‘|deI|‘|DesktopWodel 1\Input Factors

Browse

Pile-File factors file: |C:‘,IJsers‘ldeII‘|DesktopWodel1‘|,A| I Erowse I -

factars file:

act = Browse

Pile-Soi

Soil Properties file: |

Interaction Input and Solution log

Soil Properties log

C:\Users\del\Desktop\Model 1\Input Factors Method 1is used.
User input interaction factors approach is used
Files have different diameters

All piles have same length

All piles have same division

Soil is neglected

Piles Editor

Run P+




b. Load soil properties file (File format see appendix 1).

[l BE4E - P-PPAK

— O *
File name: |C:‘l,leers\deII‘lDesktopWodel1‘|,1.LC | Open (.LC) File
Interaction input file: |C:‘,IJsers\dell\Desktop\Model1anut Factors | Browse

File-File factors file: |C:‘,IJsers‘ldell‘lDesktop‘l,l‘u'lodell‘l,A|

Browse Bl P

prowse

Soil Properties file: |C:VJsers\deII\DesktopWodell‘l,S&Soil | | Browse |
Interaction Input and Solution log Soil Properties log

C:\Wsers\dell\Desktop\Model 1\Input Factors Method 1is used.

User input interaction factors approach is used C:\Users'dell\DesktopModel 11850il

Piles have different diameters MNumber of soil layers=2

All piles have same length Level of each layer from surface is:

All piles have same division Layer 1Z=10

Soil is neglected Layer 2 Z=30

Piles Editor Run PP Close
c. Press button Run P-P

fiin BE4E - P-PPAK — O ped
File name: |C:Wsers\dell\DesktopWodel1\.1.LC | Open {.LC) File
Interaction input file: |C:Wsers\dell\DesktopWodellHnwt Factors | Browse

Pile-Rile factaors file: |C:Msers\dell‘,DesktopWodell‘l,A| Browse .

-Soil factors file: Brow
=0l Tactors nie: Browse

Soil Properties file: | C:\Users\dell\DesktopModel 115oil

| Browse

Interaction Input and Solution log

Soil Properties log

C:\Users'del\Desktop\Model 1\Input Factors
IUser input interaction factors approach is used
Files have different diameters

All piles have same length

All piles have same division

Soil is neglected

Starting..

PPInput copied successfuly

Copied Soil Properties

Copied PPI factors

Starting LoadCase1 1/1

LoadCase 1 PPIDCTIN copied successfuly
LoadCase1 - PPIL.exe run successfully
PLSMATKS. -4 copied successfully

All load cases are done.

Run succesfull

Method 1is used.
C:\Users\del\DesktopWModel 11550l
Mumber of soil layers=2

Level of each layer from surface is:
Layer 1Z= 10

Layer 22= 30

Piles Editor

Close

4- Close P-PPAK and go back to PLCoreMan.




5- Run PL.exe (Linear solver).

=] BE4E-PLCoreMan Ci\Usershdell\Desktop\Model 141...

File  View | Run | Help

PLView (BE mesh editor tool)

PT cable calculator
PTUpdate (Post-Tensicning tool)
AutoCAD exporter
AutoCAD extractor

EHSPAK
P-PPAK

PL.EXE (Linear solver)

MLPAK (Manlinear sohver)

Ready to start y

~Check previous PLPost (post-processing tool)
—Ensure that IR . )

case 1: LoadCase PLDesign (RC design tooel)
—Chedking the ex

case 1: LoadCasel has Sruns,
Original in file is copied

6- Show results on PLPost.

=] BE4E-PLCoreMan CiUsersidell\DesktopiModel 14 1.,

File  View | Run | Help

LoadC: PLWiew (BE mesh editor teol]

PT cable calculator
PTUpdate (Post-Tensiening tocl)
AutoCAD exporter
AutoCAD extractor

EHSPAK
P-PPAK

PL.EXE (Linear solver)
MLPAE (Monlinear solver)

Ready to start v

—Check previous PLPost (post-processing tool)
—Ensure that IRU - -
case 1: LoadCase PLDesign (RC design tool)

--Checking the ex
case 1: LoadCasel has Sruns.

Criginal in file is copied

load case no. 1: LoadCasel

The runs. is copied, case: LoadCase 1 will now start
Solution for: LoadCasel is completed

-PL solution is finished

Reloading the .LC file to update the solution status
—Check previous solutions via the .STT files

case no., 1: LoadCase 1 previously solved successfully
--Ensure that IRUNFlags in all .RUM files are 1

rase 1: LoadCasel IRUNFlag=1
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-0.000805

-0.000644]

-0.000483
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Current Load Case:

Problem 2: This problem is 10 x 10 m piled raft with thickness 0.8 m supported on four piles each
0.5 m radius and two-layered elastic half space subjected to its own weight.

1- Generate Gen model.
"] BE4E-PLGen - [Geometry] — x
@ File View Tools Define Help
0 & d 3 8 BEAfiles pXr Re ar & & & $ Coordinates Divisions Loads 3D View | Materials Load Cases Model Info Points table
DelDupl. @ @ Move Copy Aray Match Wall Assembly Load Assembly GrabCG  End Mid Grid Nearest Points | BEModel KColc, Run :[Select|Edit Draw Segments Points Beams

Slab:

Area: 100 m2

Material: Concrete
Distibuted Load: 0 t/m2
Thickness: 0.8 m
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Madel Summary |0/ 0 Undefined | 0/ 1 Stabs |0/ 0 Openings || 0/ 4 Columns | 0/ 0 8eams || 0/ 0Load Patches | 0/ 0 Column Losss || 0/ 0 wallLoads [ 0 Jlor1saa I QWi Aszemiies | 100 L7

2- Run the problem from PLGen or load it from PLCoreMan.
3- From PLCoreMan run EHSPAK to extract soil-soil stiffness in (PLSMATKS.-4).



File  View

Run | Help

=1 BE4E-PLCoreMan C:\Users\dell\Desktop\Model241...

PLView (BE mesh editor tool)

~ LoadC:

PT cable calculator
PTUpdate (Post-Tensicning tool)
AutoCAD exporter
AutoCAD extractor

EHSPAK

P-PPAK

PL.EXE (Linear solver)
MLPAK (Monlinear solver)

Ready to start y

--Check previous PLPost (post-processing tocl)
—Ensure that IRU

case 1: LoadCase PLDesign (RC design tocl)
—Chedking the ex :

case 1: LoadCase1 has Sruns.

25 BE4E - EHSPAK

O X

File name: |‘C:Wsers\deII\DesktopWodelzu.LC'

| | open (.LC)File |

dle Land plot properties
XL= Ma= valueof |47
Nb o] O -
o] e e
Soil profile: Solution mode
YL Theory: Mindlin model w
Layers:
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! XL o ! () Multi layer - Bowle's method
(") Multi layer - Equivalent spring method
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ratio modulus | p—— | | e |
0.3 3000
» 0.35 Save Soil File About
*
| Compute Soil Stiffness ‘
[+] show text




EHSPAK run log - O x
Starting run Cpen (.LC) File
50il% file saved | | |
EHS. exe run succesfuly Land plot properties
Starting LoadCase1 1/1 ¥L= Na=
LoadCasel - $CurrentS.in created succesfuly IEI IEI Elzegf d
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*
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Show text

4- From PLCoreMan run P-PPAK to extract pile-pile/soil stiffness in (PLSMATKS.-4).

File  View

oadCz:

=1 BE4E-PLCareMan Ci\Users\del MDesktoptModeln 1. —

Run | Help

PLView (BE mesh editor tool)

PT cable calculator
PTUpdate (Post-Tensioning tocl)
AutoCAD exporter
AutoCAD extractor

EHSPAK

P-PPAK

Ready to start v
—Check previous
—Ensure that IRL
caze 1: LoadCase
—Checking the ex

PL.EXE (Linear solver)
MLPAK (Monlinear solver)

PLPost (post-processing tool)
PLDesign (RC design tool)

case 1: LoadCasel has Sruns.




[ BE4E - P-PPAK - O bt

File name: |C:Wsers\dell\pesktop"'ﬂodel1\.1.LC | | Open (.LC) File |
Interaction input file: | | ’W‘
Browse Pila
Browse
Soil Properties file: Browse
Interaction Input and Solution log Soil Properties log

Piles Editor Run PF

Load interaction input file of the problem (File different structures see appendix 1).

i BE4E - P-PPAK - O %
File name: |C:‘JJsers\deII\DesktopWodelZ\.l.LC | | Open (.LC) File |
Interaction input file: |C:‘,IJsers\deII‘lDesktopWodelZ\Input Factors | Browse

Pile-File factors file: |C:‘,IJsers‘ldeII‘lDesktop‘l,l’u'lodeIZ‘l,A| Browse .
Pile-Soil factors file: |C:‘JJsers\dell‘lDeskhopWodelz\Bn| I Browse I
Soil Properties file: | | | Browse

Interaction Input and Solution log Soil Properties log

C:\Users\del\Desktop\Model 2\Input Factors Method 1is used.
User input interaction factors approach is used
Files have different diameters

All piles have same length

All piles have same division

All interactions are considered

Piles Editor Run PP




b. Load soil properties file (File format see appendix 1).

[0 BE4E - P-PPAK — O %
File name: |C:‘l,leers\deII‘lDesktopWodelZ‘l,l.LC | Open (.LC) File
Interaction input file: |C:\,IJsers\pIeII\Desktop\,l‘dodelZanut Factors | Browse

File-File factors file: |C:‘l,leers‘ldell‘lDesktopWodelZ‘l,A| Browse T

Pile-5oil factors file: |C:Msers\dell\DesktopWodelz\Bd Browse
Soil Properties file: |C:WJsers\delI\DesktopWodelz‘l,S&Soil | |___Browse |

Interaction Input and Solution log Soil Properties log

C:\Users\dell\Desktop\Model 2\Input Factors Method 1is used.

User input interaction factors approach is used C:\Users\dell\DesktopModel 2\85ail

Piles have different diameters MNumber of soil layers=2

All piles have same length Level of each layer from surface is:

All piles have same division Layer 1Z=10

Allinteractions are considered Layer 2 Z=30

Piles Editor Run PP Close

c. Press button Run P-P

il BE4E - P-PPAK — O ¥
File name: |C:‘IﬂJsers\dell‘lDesktopWodelZ‘l,l.LC | Open (.LC) File
Interaction input file: |C:‘IﬂJsers\dell‘lDesktopWodelZ\Input Factors | Browse
Pile-Pile factors file: |C:Msers\dell‘ﬂesktcp\ModelZ‘lM Browse e
Pile-Soil factors file: |C:Wsers\dell\DesktopWodelZ\Bn| Browse
Soil Properties file: |C:\Users\dell‘pesktopw::delﬂ,w::il | Browse
Interaction Input and Solution log Soil Properties log
Ci\sers'del\Desktop\Model 2\Input Factors Method 1is used.
User input interaction factors approach is used CiWsers'del\DesktopModel 2185 0il
Piles have different diameters Mumber of soil layers=2
All piles have same length Level of each layer from surface is:
All piles have same division Layer 1Z= 10
All interactions are considered Layer 2Z= 30
Starting..

PPInput copied successfuly

Copied Soil Properties

Copied PLEMATKS. -4

Copied PPI factors

Copied PS factors

Starting LoadCasel 11

LoadCase 1 PPIDOTIN copied successfuly
LoadCasel - PPIL.exe run successfully
PLEMATKS. -4 copied successfully

All load cases are done.

Run succesful!

piesEdtor lose

5- Close P-PPAK and go back to PLCoreMan.



6- Run PL.exe (Linear solver).

=] BE4E-PLCoreMan Ci\Usershdell\Desktop\Model 141...

File  View | Run | Help

PLView (BE mesh editor tool)

PT cable calculator
PTUpdate (Post-Tensicning tool)
AutoCAD exporter
AutoCAD extractor

EHSPAK
P-PPAK

PL.EXE (Linear solver)

MLPAK (Manlinear sohver)

Ready to start y

~Check previous PLPost (post-processing tool)
—Ensure that IR . )

case 1: LoadCase PLDesign (RC design tooel)
—Chedking the ex

case 1: LoadCasel has Sruns,
Original in file is copied

7- Show results on PLPost.

=] BE4E-PLCoreMan CiUsersidell\DesktopiModel 14 1.,

File  View | Run | Help

LoadC: PLWiew (BE mesh editor teol]

PT cable calculator
PTUpdate (Post-Tensiening tocl)
AutoCAD exporter
AutoCAD extractor

EHSPAK
P-PPAK

PL.EXE (Linear solver)
MLPAE (Monlinear solver)

Ready to start v

—Check previous PLPost (post-processing tool)
—Ensure that IRU - -
case 1: LoadCase PLDesign (RC design tool)

--Checking the ex
case 1: LoadCasel has Sruns.

Criginal in file is copied

load case no. 1: LoadCasel

The runs. is copied, case: LoadCase 1 will now start
Solution for: LoadCasel is completed

-PL solution is finished

Reloading the .LC file to update the solution status
—Check previous solutions via the .STT files

case no., 1: LoadCase 1 previously solved successfully
--Ensure that IRUNFlags in all .RUM files are 1

rase 1: LoadCasel IRUNFlag=1




¥& BE4E-PLPost - [1.LoadCasel-tit-Loa]

%) File View Draw Action PlDesin Help
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-0.00891
-0.00681
-0.00871
-0.00661
-0.00651
-0.00641
-0.0063
-0.0062
-0.0061
-0.008
-0.0059
-0.0058
-0.0057
-0.0056
-0.0035
-0.0054
-0.0033
-0.0052
-0.0051
-0.005

Current Load Case:




Appendix 1
Input files Structure

1- Interaction input file:

- 0/1/2 0: if load transfer approach, 1: if elastic approach, 2: if user input interaction approach.
- Np Total number of piles.

-r1 )
r2
> Radius for each pile.
I'Np /
-Li,di )
La.d2
Length and number of divisions for each pile.
> (Note: Load transfer approach method, piles have the same length and same divisions.)
1.e. this part will be only one line in this case (L, d).
LNp,de /
-F1 )
F2
Factors for including or neglect friction or end bearing (see Figure A).
(m=>d@)+2Np) =12 N,
(Note: These factors are in cases load transfer approach and elastic approach only.)
Fm /
~Ept )
EpZ

>Young’s modulus for each pile.

Epr %
- 0/1/2 0: for including P-P interactions only, 1: for including P-P and S-S interactions only
(neglecting P-S interactions), 2: for including all interactions (P-P, S-S, P-S).

- Layering method 1/2/3.1: Average E, 2: Equivalent E, 3: Poulos and Lee — (Modified E).




1.1. Pile-pile factors file (a):

- 1/2/3 1: Ui read from this file, 2: Uj calculated from load transfer approach, 3: Uj calculated
from elastic approach.

-Ui )
U2

> Ui for each pile. (Exist only in case of Uji read from this file" i.e. the first line is 1").

Unp /
- 011
12

O/ (Np*Np

N

> [a] Np*Np pile-pile interaction factors matrix as % from Uj; written as a one column.

y

1.2. Pile-soil factors file (B):

- 1/2 1: Uj; read from this file, 2: Uj; calculated from EHSPAK.

-Ui )
U2

>Usi for each soil cell. (Exist only in case of Uji read from this file "i.e. the first line is 1").
Unp /
- P N
P12

[B] Np*Nns pile-soil interaction factors matrix as % from U written as a one column
> (row1, rowz . . . 1ownp). (Note: Nhsis the total number of half space soil cells.)

Bap*Nns)

2- Soil properties file (This file already exist in case of running EHSPAK before P-PPAK.

Its name is $s0il$ @ PLPAK folder):

- Niayers,JIdum, Idum Total number of soil layers, Any two dummy integer numbers.

-Idum, Idum Any two dummy integer numbers.

- Hv ,Es , 0s
Ho ,Es , Us

HL ,Es

, Us

Layer soil modulus, Layer’s poison’s ratio, Layer depth from soil top surface.




Friction or End bearing factors

AR

| b h e

-

r -
-
é__

i

End bearing DCI'F%—

Figure A: Pile (i) friction and end bearing DOFs.
DOF 1: for connecting with the raft.
DOFs (2 to di): Friction DOFs.
DOF b: End bearing DOF.
Each pile has (di(number of divisions)+2(top and bottom)) DOFs.
All piles has m DOFs = > d(i) + 2N,.
Several examples for write one pile factors in Interaction input file:

!

o [ wd

1 0 1
1 0 1
1 0 1
1 0 1
1 0 1
1 0 1
0 1 1
Friction pile(i) factors End bearing pile(i) factors Friction and End bearing pile(i) factors




1- Interaction input file:

Appendix 2
Input files problem 1&2 as example

Load transfer approach Elastic approach Field measurements input factors
0 1 2
4 4 4
0.5 0.5 0.5
0.5 0.5 0.5
0.5 0.5 0.5
0.5 0.5 0.5
105 105 105
1 105 105
105 105
105 105
1 100000
100000
100000
100000

— = = = R = e = = = = e e e R = e = e = e e = e =

1

100000

100000

100000

100000

0 (must be 0 in problem 1)
(could be 1 or 2 in problem 2)

1 € couldbel,2o0r3

2 (must be 0 in problem 1)
(could be 1 or 2 in problem 2)
1 € couldbel,2o0r3

— = = = R = e = = = = = = e R e e e e = e e = e =

1

100000

100000

100000

100000

2 (must be 0 in problem 1)
(could be 1 or 2 in problem 2)

1 € couldbel,2o0r3




2- Pile-pile factors file (a):

Read Ui from this file Load transfer approach Elastic approach
1 2 3
0.002 1 1
0.002 0.25 0.25
0.002 0.5 0.5
0.002 0.25 0.25
1 0.25 0.25
0.25 1 1
0.5 0.25 0.25
0.25 0.5 0.5
0.25 0.5 0.5
1 0.25 0.25
0.25 1 1
0.5 0.25 0.25
0.5 0.25 0.25
0.25 0.5 0.5
1 0.25 0.25
0.25 1 1
0.25
0.5
0.25
1
3- Pile-soil factors file (B):

Read Ui from this file EHSPAK

1
0.0035 I=1
0.0033 I=2
0.0032
0.0035

1 I=1,J=1
0.25 I=1,J=2
0.5 I=1,J=3
0.25

0.25 I=4, 1=97
0.15 I=4, J=98
0.15 =4, ]=99
1 1=4,J=100

0.0034 I=100 (EHS discritization 10x10)

2
1 I=1, J=1
0.25 I=1,J=2
0.5 I=1,J=3
0.25

0.25 1=4, J=97
0.15 1=4, J=98
0.15 =4, J=99
1 I=4,J=100




4- Soil properties file ($s0il$):

Problem 1 Problem 2
2 Anyno. Anyno. |21712
Any no. Any no. 10 10
103000 0.3 10 3000 0.3
30 5000 0.35 30 5000 0.35
Any no. Any no. 1010




Getting Help

The BE4E.com customer support team is always welcoming problems and suggestions of registered
customers. Just send an e-mail including your questions, or your model together with your questions to:
plpak@be4de.com

Also check our site news at www.plpak.com regularly for Problems and Solutions section and the Frequently

Asked Questions section
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