

Lesson 2


PLAXIS 3D Lesson 2: 

Learning Objective: This lesson is intended to provide you with an introduction to shallow foundation design using PLAXIS 3D. 
In this lesson, we will be modeling the following problem using PLAXIS3D:
Calculate the bearing capacity of a square footing (width = 1 m) embedded 0.5 m into a silty sand with a dry unit weight of 19.2 kN/m3, effective cohesion of 5 kPa, and effective friction angle of 30°. The silty sand is very thick (10 m) and the groundwater is at 5 m. (The bearing capacity based on Terzaghi and Vesic methods are, 603 kN/m2 and 736 kN/m2 respectively). 
Other data:
Esoil: 20000 kN/m2 ,  טsoil = 0.3, Gs: 2.65, 
 : 24 kN/m3 , Econcrete: 23500000 kN/m2 , טconcrete= 0.2, d (concrete thickness): 0.5 m
Silt thickness: 400 m
Theoretical solution of the problem
Solution based on Terzaghi’s theoretical/emperical formula:
Terzagi formula for square footing:
qult​=1.3CNc​+qNq​+0.4γBNγ
Nc​=37.16   Nq=22.45   Nγ=19.13
q = γ × Df = 19.2*0.5 = 9.6 kPa
qf= Wf/A = 0.5*24=12 kN/m2
qult​=1.3CNc​+qNq​+0.4γBNγ =1.3*5*37.16+9.6*22.45+0.4*19.2*1*19.13= 603 kN/m2

Vesic formula for square footing
qult​=CNcscdcicbcgc​+σzdNqsqdqiqbqgq​+0.5γBNγsγdγiγbγgγ
Nc​=30.1   Nq=18.4    Nγ=22.4
=5*30.1*1.61*1.2+0.5*19.2*18.4*1.14*1.57+0.5*19.2*22.4*0.6*1=736 kN/m2



Note 1: In practice, numerical methods (PLAXIS3D) are not typically used for simple problems like this as they can be solved using simple hand calculations shown above. This simple example was chosen to get us started with PLAXIS3D. It also allows us to compare the numerical results (from PLAXIS3D) with the theoretical ones. In future lessons, after you get comfortable with numerical modeling in PLAXIS3D, more complicated problems that are not easily solved with simple hand calculations will be solved using PLAXIS3D.  







Note 2: When trying to solve a large, complicated problem, it is always a good practice to start the project with a simple model, leaving out details that complicate the project. After the simple model is developed and solved (modeled), make sure that the results are reasonable (if possible, by comparing the results of the numerical model with the theoretical solution). Resolve any possible issues/errors until you are satisfied with the results. Then you can start adding the details and further develop the model until the entire project is modeled. 






Task 1: Setup and Define Problem
· Open the software, click on Start a new project, and type in, “Bearing Capacity Square Footing” as the title. Go to the Model tab, define contours from -10 to 10 for both X and Y axis, and then click OK.
[image: ]
Task 2: Create Borehole and Soil Layers
[image: ]Define the soil layer: click on the Create Borehole icon. Place the mouse cursor at the right corner of the boundary (x=-10, y=-10) and left-click.

· When you place the borehole (by click on the point mentioned above), the Modify soil layer window will open. Click Add. 
[image: ]

· Under Borehole_1 tab, type in the following values: top: 0; Bottom: -10 as soil layer elevation. 
· In the Head box, type in -5 value as water head elevation. 
· Click on Material icon to define soil properties.
[image: ]



· In the opened window, set type to “Soil and interfaces”, then click on New to define a new material.
[image: ]
In the opened window, add soil properties as follows: 
· In the General tab, add a name for the soil: type in Silty Soil in the Identification box. 
· Enter the unsaturated ( kN/m3) and saturated( kN/m3) unit weights in the Unit Weight boxes.

[image: ]

· Now, click on the Mechanical tab (see figure below):
· Add soil’s  (Module of elasticity) and v (nu) Poisson's ratio in the stiffness section as follows:  kN/m2, v (nu) : 0.3.
· Add the soil’s  (phi) (friction angle) and   (cohesion) in the strength section as follows:
 (phi): 30 ,  5 kN/m2.
· After adding soil properties, click OK.
[image: ]
· Assign the defined material to the borehole: drag the created soil material (“Silt Soil”) and drop it on the borehole symbol as shown in the figure below:

[image: ]
Task 3: Define Concrete Material and Excavation
· To define concrete material, click on Show Materials. Set type to Plates, and click New.
[image: ]
In the opened window, you can assign concrete properties in the General and Mechanical tabs:
· In the General tab, add “square footing” as the name in Identification box. Click on the drop-down arrow in Material type box (see the figure below) and change Material type to Elastic and type in 24 kN/m3 for the unit weight: 

[image: ]

· Click on the Mechanical tab:
· In this window, change the E1 (Young’s modulus) to 23500000 kN/m2,  to 0.2, and the d (thickness of the concrete) to 0.5, and click OK.

[image: ]

· To make drawing the footing easier, you can change the view by clicking on the View tab in the toolbar. Select Default views and then click on Top view. You can return to the previous view by selecting Perspective view in the same manner. 

[image: ]
In this problem, the square footing width is 1 meter. To draw a square at the center of the boundary, the default spacing of 1 meter in the software should be changed to 0.5 meters. 
· To change grid spacing, click on the Options in the toolbar, then click on the Visualization setting.
[image: ]

· In the opened window, go to the Grid tab and change the Spacing to 0.5, then click OK.

[image: ]





· Click on the structure mode (shown with a red circle in the figure below).
· To draw the square footing, click on the Create surface icon and draw points to create a 1 meter by 1 meter square: Place the mouse cursor at coordinate X= - 0.5, Y= - 0.5 and click. Then, move the mouse cursor to coordinate X= - 0.5, Y=  0.5 and click again. Move the mouse cursor to coordinate X=  0.5, Y=  0.5 and click again. Finally, move the mouse cursor to coordinate X= - 0.5, Y=  -0.5 and click again. Now, go to the “surface points” window and click OK.
[image: ]
· You should see a square like the figure below:
[image: ]



· After drawing the surface, click on the Extrude icon to create an excavation volume. In the opened window change the z number to the depth of embedment (z=-0.5), and click apply:
[image: ]
· Press the ESC key on the keyboard to deselect any selected item. Then, click on the top surface of the extruded volume.
· To locate a surface at the foundation depth, click on the Create array icon. In the opened window, go to Configuration section, click on drop-down arrow next to the shape and choose “1D, in z direction”. 
· In the same window, change Distance between columns to “-0.5” (the – sign indicates downward movement and 0.5 is the distance of movement). Then click OK.
[image: ]

· Press the ESC key on the keyboard to deselect any selected item. Then, click on Select icon and select the top surface, right click on the selected surface and click Delete.

[image: ]

· You can see the arrayed surface by right clicking on created volume and clicking on Hide.
[image: ]

· To create Plate structure, right click on the surface, click Create and click Create plate. 
[image: ]

· To assign the concrete material created before to this plate, right-click on the plate in the 3D model, click on Plate_1, click on set material, and choose “square footing[SquareFooting]”
[image: A screenshot of a computer

Description automatically generated]
· For calculating bearing capacity, click on Create prescribed displacement.  After that, click on Create surface prescribed displacement.
· Now, you can place the displacement surface corners in the model (they should be placed at the same corners as the plate corners):
· Move the mouse cursor to the coordinate X= - 0.5, Y= - 0.5 and see if the Z coordinate is 0 or the Z coordinate is -0.5. If it is -0.5, you can click on this point and keep moving the cursor to the other three corners ([X= - 0.5, Y=  0.5]; [X=  0.5, Y=  0.5]; and [X=  0.5, Y= - 0.5]) and clicking at each point. If the Z coordinate is 0, press and hold the shift key on the keyboard and move your mouse downward to go to the Z=-0.5 coordinate. Then, you can click on the 4 corners mentioned above. When all 4 corners with Z=0.5 are selected, click ok in the “Surface points” window.
[image: ]
· To assign a prescribed displacement to the foundation, go to the Model explorer section, click on the + sign next to the Surface displacement, then click on the + sign next to the SurfaceDisplacement_1: change Uz to -2 (or any huge number).
At this point, the design is complete, and we are ready to discretize (mesh) the model and solve it.
Important: You can use this method to design for allowable settlement by entering the allowable displacement as the Uz value.
· 
· 




[image: ]
Task 4: Mesh the Model and Define Construction Phases
· Click on the Mesh mode (shown with a red circle in the figure below).
· Click on Generate mesh icon, Choose Medium for Element distribution, and click OK.
· After the mesh is created, click on the View Mesh icon to view the generated mesh on your model.
[image: ]

· In the opened window, you should be able to see the discretized model (mesh):
[image: ]

· Now, click on Staged construction mode to define construction steps (shown with a red circle in the figure below). 
· You should be able to see that in the initial phase, both Soil_1 and Soil_2 are activated by clicking on the + sign next to the “Soils” in the Model explorer section.

[image: ]




· Click on the Add phase icon in the Phases explorer section to add a new phase. 
· In the Model explorer section, uncheck the Soil_2 box to deactivate soil volume which represents the excavation of that volume.

[image: ]
· Add one more phase and check the box next to the Plates: in the Model explorer section to activate the plate.

[image: ]






· Add a new phase to apply prescribed settlement and make sure to check the box next to “Surface displacements” in the Model explorer section.
· Click on Edit phase icon and make sure, check the box next to “Reset displacement to zero”. For all three created phases, select OK.

[image: ]

Task 5: Run Calculation and View Results
· Now, click on the Select Points for Curves icon to select a point for calculations.
[image: ]


· In the opened window, enter Z = -0.5 and click on the search closest. Choose the first found node in the search results box (shown below) and click on the Update icon. 
[image: ]
· To start the calculation, click on the Calculate icon. When the process is finished, you can see the results by clicking on the View calculation results icon.

[image: ]



Results:

· For drawing curves, you can click on the Curve manager icon, in the PLAXIS3D output window as shown below. Then click on New.
[image: ]
· For plotting Load to Displacement, choose Project in the X-axis section, click on the + sign next to Force, click on Fz and check the box next to Invert sign. Then, go to the Y-axis section, click on + sign next to the Total displacements and click on Uz. Then, click OK.  
[image: ]


· The results should look like this:
[image: ]

In the figure above, you can see the force-displacement curve and find the ultimate bearing capacity. 
Question:
How does this compare to the hand calculations based on Terzaghi’s method?


















· In the PLAXIS3D output window, you can check other results such as deformation, stresses, etc. Follow the figures below to plot Total displacement and Deformed mesh, using the available tools (follow the steps in the figures).
[image: ]


[image: ]


20 | Page

image3.png
[ Modity soi layers
| Sorchelet i3]

x
v
Head

Layers
Materil

5 forcholes

|| Eluees





image4.png
) PLAXIS 30 Urtimte: Unitied) *
Fle £t View Sol Optons Epen Hep

OEHB|C|MNOP NP X BS[OBAMOND M e ddR| 4D

Selection exlorer

R
S @bt
[t
T —
sorchoe 1
I
| om
Z e
ot soionr
. Aty -
& @svamoty
© @y
o @ .
-

[
Sesson odelhstory

07> _sotilayer. ~
Raged Soillayer 1

Borehore.1.read: 5

Command





image5.png
BB PLAS 3D Uitimate: (Uit
Fle tdt View Sol Options Expen Help

OEHE|C(MRNOP NP XBL[OBAMODM e AR P

[ X W ES

Model elorer
@ Atvbutesrary
@ @ svatgrephy
@ @) Geomety
B @sos

Sesson Modehatory

007> _sotllayer o
Raced Soiliayer 1

ss08> _set Sotllayer_1.Zones(e].sotton 12
Sotllayer.1.zones(e] sotton: 10
Sotllayer 1. zores(o] Thickness: 10

00095 _set Borerole_1.xead -5
Borerole i vesd: 5

Command.





image6.png




image7.png
Soil - Moh-Coulomb - ity Sol

Gener Sundwater Interfaces It
Property Ut vake
Stifness
Ew

2

)

o= e o2
Eous i 2553
Depth-dependency
e i 000
‘Wave velocities
3 s 26
v s w3

Tension

Tension atoff

Tensi srength

0000

Next

Dscard




image8.png
mat

Fle Gt View Sob Opions Epen Hep

QEHR(C| MR OP NP X RO AMODM e AR+ P

Command e
Semn iy

Mol ses

5 St





image9.png
PLAXIS 3D Urtimate: Bearing capacity of square footing.p3d *

Fle Edt View Sol Option: Expent Help

QEHR(C (MR OP ar(XBaC0AMOINM i AdR 4P

R

o
|
=
-
—
=

e

 Avnamy

@ @) Swasgraghy

@ cemery

o Qe

BoreholeVolume. at (0.000; 0000; 0.000) m
Command ine.

Sesson Modehatory
Comands can be called us follows:

(42069984 4343 m

ogect
expected by the comans of the target object





image10.png




image11.png




image12.png
acry of sqare footngpid
Options  Expert Help.
cmes OP NP XBSOBAMODM e A AR HP
@ fesecamen
R Zoomin L —
Q zoomout 1=
- |
Perpecneven
T
B Rghtview
] Bottom view
7 sackvien
8 e _—
-t
.
i
&
=
@

Cursor psition (3300, 14000, 0000 m.





image13.png
Bal0BamOnA .

AR | P

Curiorposition  -30000; 15000, 0000 m





image14.png
Visualization settngs x

Ven vty

Smbolsze Gobaloves

pontine sze Fuse s to dferentate
Losdsie Dlshow s n ol usefd dectons
Inerface s o x
Contractonsize N

Locaows sze N

Gobalaxssize

= Dven

spacg Comera[Mostappicable v/
Intevas

Dt e ew





image15.png
- 0 x
2 PLAXIS 30 Ultimate: Bearing capacity of square footing 93d *





image16.png
e R v
e =

o a

e m
B
.
~
“,
Q
o . =
..
ks
&
=
3 v

L.
v
e
Sesson  Model hstory
ams





image17.png
) PLAXIS 30 Uitimate: Bearing capacity of square footing p3d *
Fle Gt View Swcues Opton Exper Hep

CEHRC| MR OP ar|XRSQ0ABOINM i AdR| b

o Extrude 1

::”ﬁ R Folgon. []
T = (e
wooma
romon
jrer—

Moddlsslorer
o Awbutes iy
@ @ svatgahy.

PEEAR DAL,

Cursor posiion 2t (20001506, 0.000) m.

«m





image18.png
Fle £t View Stuctwes Options Expet Help

CEHGC(*% P ar

BA(OBABONM

AQR| P

B crene aray - o x

Seected cects
Pron_+ N

LDAas

" o
¢ [r—
vy N Oraer

.

The crgnl cbects wl b ket and 1 s vl be aded.

3 E)

Command ine
Sesson. odeihstory
o044> _sagpotnt polygon.

o045> _sagpoint rolygon_
x

oo4e> extrude (Polygon 1)
Rdtes volume.

Sddes S0tz





image19.png
B3PS 30 Unimate: Bewing capacy of square footng p3d *
Fie G View Stioes Optons Tipen N

CEHGC( ™R PP am X

S P0ABODS &+ QAR |4 P

PEISAS S /DA s RALOF





image20.png
3 LA 30 Umate:seanng capacty of sauave ootng p3d
Fe (8t View Scture

e v
o) G|C(M% P arm| S| O0ABODM e AAR PP

H
§
ALO%

Vokmesvan 2 °.

§ mtenn s BN
s R
o s g
o Govar Q
i 4
- y
.,

|

&

B

@

i
i
!
/





image21.png
() PLAXES 30 Unimate: Searing capacity of square footing p3d * - o
e Gt View Stuchows Opions Gapent Mo

CEHRIC|M%OP Nr X B[S0 AMODM e AR b2

PEAELARE DALY

!
]

-
S com ettt e L
§ Croeregutneimetce
o0 et o

| ST T Ty PR v




image22.png
1) 05 30 Unimate: st *
et Vo S Opns gt i

HG(C| %% o ar XBad00MODM e Al ¢

= s

EY-FIES

Voo
5 B
© w
e

N
a
|

s@e

o2 588558 350

P 2 e
=g o
o S 200 s -





image23.png
=
@)





image24.png
mnAxlSiDmnmlnwgupxw]cunnmMW
Fie it Vew Sctes

ko) ;EIJ.‘C ‘sm&’m«»\x la\clma DW e A AR P





image25.png
Fie Gt View Meh Optons bpen Hep

|OP| AP X B8 AMODM e ladl|dP

- R
B Q0 =l
@
=
=
S Generate mesh
Sccionsoioe
- < View mesh

Command e
Sesson ode oy

o st

s, otomesn

s e “coorseess” 0.08 rue e stze” .00 e

=y




image26.png
{21 PLAXIS 30 Uttimate Output - [Bearing capacity of square footing - Generated mesh, Comnectivity plot] - o x
[ e View Project Geomety Mesh Oeformatons Took Options Expet Window Help e

SIEE - TEIRIE S X 211 2

EhhBedEBEY





image27.png
(23 LS 30 Untimate: Bearing capaciy of square footing.p3d * -
Fle €t Vien Suged constructon Phases Optioms Expet Hep

B OP Nr X BSOOAMODM QA AR H P
ORE—-

B4REIRM [

Seecson oplor (nesBnase)
@8

Commndine
Sesson. oty

o2 e “corsness” .1 “semarcesefioomets” e “eLSeSCLE” 1.2 "PRATELetS e
e Seiectmesrpoirts

os “usescstresning® ralse

o ot

Command





image28.png
[ PLAXIS 30 Uitmate: Bearng capacity of square footingp3d *
Fle Gt View Stagedcomtuctin Phuses Optons Expet Hep

OEHGR (MR OP ar X BC0ABOINM | adR ¢

Selcton eiorer Prase 1)
@

Vioda spiors (hase 1)

08159984 1500 m

Commandine
Sesson podelhatary
02065 e mmaiomase

Rooed phase.
waers st ol Currentrrase mhase 1
oo senctivate sotl 2 mrase1

Command





image29.png
- 8 X
[ PLAXIS 3D Uttimate: Bearing capacity of square footing.p3d *

Eapert

”

Command ine
Sesson adel htry

Initiaiomase. souakalculate: Troe
0257 _set model Currentonase hase

ease> et osel crrentrhse phaze 2

oasm setete mhase s
Beietes mrases





image30.png
Staped comstroction

[‘mn_
12 B Q06

[rvrwr——) =
et 05 @ e pe E
Phase 2 8 E Phase_1. & O
Phase s EEEL R @G|
O phases @ G |
Sencio oplrer e a
®n .. H

=T

[re——

oEoo

R e AR IS T

 commend

Lo o st codson





image31.png
3 PLAXS 30 Uttimate: Bearing capcity of square footing p3d * - o x
Fie Gt View Stagedconstrction Phases Options ExpetHelp

QELHG|C(MR|OP| arX @ oo AR P
R
=
=
L
=]
]
Model, (Phase.3)
@ Aty
® @E Geomeny
@ @ Potes. z
© @) Surface depacements y
@ ] soks L
8 o crdrs x
T
s Moty
e S 07 et 1t s -
P
0 et o e u
g ] >
— =





image32.png
23 PLAXIS 30 Uttimate Output - (Bearing capacityof square footing - Select nodes and tress poits, Comnectvty plot] - o x
[2) File View Project Geometry Mesh Tools Options Expet Window Help -8 x
SRR TEEIRA K S Y X Afen -1

[ E— ane X vz s ovafem
@ @1 emery

B r——
@ @l

5 @) Srtce dlocements
© @

5 ® Vnodes

& ® 7 swess s
o @

LS URSROR

e §

>

FERRERINEE

188
31314444
:gt

4





image33.png
8 LS 30 Utimate: Bearing capacity of square footing o34 * - o X%
Fie €t View Staged comtrucion Phases Options Expert Help

QEHR|C( MR OP | ar X Bad0aMODM e AAR|$bP

gorarery
—— s
%% B EQ6 =8 Coadang pruses o
rr—r— EEEC —
Phase_t [RuR=] i o
Phase 2 8 &=
—es 50| B it vz
= -
o T e
T o | o
2 o |2 i
- o e ]
> o | e i
- - | ]
Dyn. tme 0.000 x
PR —
P T o] ot .
e =" |- S
- e [ | B
o
© @) Geomety
@ @ rates H
¢ 8 v smee [EUR—
b= il — o] ot .
o omus fromteil i i o o : .
@ @8] Model conditons. o °





image34.png
8 PLAXS 30 Uitimate Output
Fie Vien Projeat

BERRBRAEEBEYT

2] Curves manager
s uveponts Sekctponts

[ e mesen

Commardine
Sesson Model sty
Comands con be called o3 follows:
comand [target] (paraey (parse2 [...11)
for cxample:
etresults phases(-1) ResultTypes.sotl.utot “noce”
info. 1 soil 1

utt_shas
se the info" comang to access Snformation sbout an abject
Use the “comans® comand o view the Comand paramcters sxpected by the Comands of the target cbject





image35.png
B Cure geneaton

Torma
X vt
| == ] [iode 19+ <soi_1_s0l_2_1> ©.000; 0.000; - ]|
s Defomatons
Bevason
1 [ ]
O

Dimetson Olimertson





image36.png
2 P30S 30 Uitimate Output - [Bearing capachty o sauare footing - Crart 1] - o X
[ Fie Bt Vew Fomat Optons Expen Window Hep R

AR T e P e e o R





image37.png
2] PLAXIS 30 Uttimate Output - (Bearing capacity of square footing - Calculation results, Phase_3 [Phase_3] (3/145), Total displacements u_z] - 0o x
%) File View Project Geometry Mesh Deformations Stresses Tooks Options Expet Window Help -ax

3 & @[5B 7| @ oo [ 228 [Fhose> P 31 e 195 <

[ Deformedmeshly|  Cule1

ﬁﬂ

Tl A\ - Mz?s

- [@ Som phsesopcements \ o
o] [w Phase displacements VA ; .
5 |° Incrementaldisplacements. C . - .
5 @ Totalcatesian straing ) \ 175
7|2 [ —— X \ =
b Incremental coesin strains > | 12
= |® Total strains ' 5 / ~J— 100
- e e . S— or
" Incremental s » S .
B — i 0
= — N\ —x : o
- E Vi - : Py
o

: ) 2 o

S . \ 2\ a0

5 \ 4

Total displacements u, (scaled up 0.200 imes)
= M vaoe = 2.5021m Eement 935 o ode 4857)
Mo vase =-2000m (Bement 935 at e 14)





image38.png
ved mesh Juf]

i 3 [Phase 3] (3/145), Deforme

L ARzl =1 =N T

mesh [u] (scaled up 0.200 times)
Maximuen vale = 4088 m (atNode 10)

[ PLAXIS 3D Uttimate Outpust - [Bearing capacity of square footing - Calculation results, Phase 3 [Phase_
f2) File View Project Geometry Mesh |Deformations | Stresses Tooks Options Expert Window Help
el Bevstion

£ M

(o]

TN IR





image1.png
Project properties

Project Model Cloud services

Type General
Model Gravity 1.0 g (-2 drecton)
Eements Earthgravity 9810 ms?
. N
Lo e
Force P o
Tme [day 2N

Y i

Ymax
Stress K2
Weight kNjm?

Olsetas defaut [ |[lcns




image2.png




