

Lesson 3


PLAXIS 3D Lesson 3: 



Learning Objective: This lesson is intended to introduce you to determining expected settlement caused by any specific surface load and help you understand the effects of water level on square footing settlement.
· Open the saved project (Lesson 2: bearing capacity of square footing)
· Click on the File tab in the toolbar, and then click Save project as… to create a copy of the current file and apply the new changes in the new file.
[image: ]
· In the opened window, choose a name to be saved with, for example, type in: bearing capacity of square footing-load.
· Click Save.
[image: ]
Task 1: Apply Surface Load
You can apply a specified load and calculate displacement corresponding to the applied load:
1. Click on the Structures mode. This is specified with a Red circle in the figure below.
2. To apply load instead of prescribed displacement, select the Model explorer section, click on the + sign next to Surface displacement, right-click on Surface Displacement, and then click Delete.
[image: ]
3. Click on the volume object in the 3D model (the selected object will change to red color), then right-click on the selected volume, and press Hide.
[image: ]
4. Select the plate object in the 3D model, right click on the selected plate, select Create, and then click Create surface load.
[image: ]
· To assign a specific load, in the Model explorer section, click on the + sign next to Surface loads, then click the + sign next to SurfaceLoad_1, enter σz  value: -1000 kN (note: - before the number indicates its downward direction).
[image: ]

Task 2: Create the Mesh and Generate Model
· Go to Mesh mode.
· Click on the Generate mesh icon. In the opened window, click on the drop-down arrow and choose Very coarse for Element distribution.
· Click OK.
· Click on Select points for curves to select a point for calculations.
[image: ]
· In the opened window, enter -0.5 m in the Z box (this is the footing depth defined before), click on Search closest, among the found nodes, and check the closest one to the specified position. Make sure to select a point on the plate. In the found notes section, under the “Data from” column, the selected point should be on a Plate (specified with a Green circle in the figure below)
· Click Update. 
[image: ]

Task 3: Define phases
· Go to the Staged construction mode to define construction phases.
· In the Phases explorer, click Edit phase.
· In the opened window, some phases should be already defined from the previous example.
· In the opened window, go to the Phase_2. Make sure “Reset the displacement to zero” in the Deformation control parameters is checked.
[image: ]
· Go to Phase_3. Make sure “Reset displacement to zero” in the Deformation control parameters is checked.
· Click OK.
[image: ]
· Click on the Initial phase in the Phases explorer, then, in Model explorer, make sure “Soils” is checked (both Soil_1 and Soil_2 have to be checked).
[image: ]
· Click on the Phase_1 in the Phases explorer, then, in the Model explorer, uncheck the box next to Soil_2.
[image: ]
· Click on the Phase_2 in the Phases explorer, then, in the Model explorer, check the box next to Plates. 
[image: ]
· Click on the Phase_3 in the Phases explorer, then, in the Model explorer, check the box next to Surface loads. 
[image: ]





Task 4: Perform Calculations and View Results
· Click Calculate.
· After finishing the process, select View calculation Results.
[image: ]
· To observe the result of total displacement in Z direction, click on the Deformation tab in the toolbar, then Total displacements, and select uz.
[image: ]
· To plot a load vs. settlement graph, in the PLAXIS output window, click on Curves manager.
· In the opened window, click on New to define the desired curve.
[image: ]
· To see a desired cross-section of the model, click on the Vertical cross section icon. You can draw a section line by clicking on two points of a section, as shown in the figure below, or by adding each point’s coordinates in the opened window.
[image: ]
· After creating a section view, you can go to the View tab, select Viewpoint, and then choose a direction to see the section.
[image: ]
· In the opened window, by clicking on the Right view icon, you can see the displacement values.
[image: ]
· The view can be adjusted by Pan camera (for moving model) and Rotate camera (for rotating model).
[image: ]

· Click on the icon with the arrows as shown in figure below to see the displacement movement direction, the upward direction indicate soil heave due to foundation settlement.
[image: ]
· To draw Load vs. Displacement curve, in the X-Axis section, keep the dashboard on Project, in the Step subsection, Choose “ƩMstage”. In the Y-Axis section, click on the drop-down arrow under the y-axis and choose the node you defined in previous sections. Then, click on the + sign next to Deformation, then click on the + sign next to Total displacement, and choose “uz”.
· Click OK.
.[image: A screenshot of a computer

Description automatically generated]

· In the opened window, you can see the Load-Displacement plot. 
· To delete data from undesired phases, right-click on the plot sheet and go to Settings.
[image: A graph with a line pointing to the top

Description automatically generated with medium confidence]
· In the opened window, go to the Node tab, select Phases, make sure to uncheck all the phases except Phase_3.
· Click OK.
[image: A screenshot of a computer program

Description automatically generated]

· To export data for further analysis, click on the Table icon (shown in figure below).

[image: A graph with a line

Description automatically generated]

· Right-click on parameters specified with Red circles in figure below, and click copy.
[image: ]
· Open an Excel file and paste each specified column.
[image: ]

· Multiply the ƩMstage column by the applied load value (1000).
· Multiply the u_z column by -1 to get positive numbers and by 1000 to convert it to millimeters.
[image: ]
· In the Excel file, click on the item specified with a red circle in the figure below to select the entire sheet. Click on the drop-down arrow to choose cell format, and choose General.
[image: ]
· Plot the Load-Displacement curve in the Excel file and save it for later.
[image: ]
Task 6: Define Cohesive Soil and Analyze Water Level Effects
To see the effect of groundwater level on the behavior of the foundation, first, define a cohesive soil:
· Use “Save as” to save the project you were working on with a new name. For example: bearing capacity of square footing- water level.
[image: ]
· Click on Soil mode, then Show materials, and then New to define the new soil.
[image: ]

· In the opened window, type “Clay” in Identification, change the Drainage type by clicking on drop-down arrow and choose, “Undrained A”.
· Enter unsaturated and saturated soil densities: unsat : 16 kN/m2 , sat : 19 kN/m2
[image: ]
· Click on the Material tab, and enter soil mechanical soil properties:
: 8000 kN/m2, : 30 kN/m2  ,  : 15
· Click OK.
[image: ]
· After defining soil properties, click OK.
[image: ]
· In the Model explorer, click on the + sign next to Stratigraphy, click on the + sign next to Borehole_1, and change the Head value to -0.5 m.
· Click on the + sign next to Soils and make sure to change both Soil_1 and Soil_2 Materials to “Clay” by clicking on the drop-down arrow next to its box.
[image: ]
· Perform Task 3, Task 4, and Task 5 again and plot the Load-Displacement curve in Excel.
· Change the head to -5 m, then perform Task 3, Task 4, and Task 5 again and plot the Load-Displacement curve in the same excel file as above.

· The figure below shows the Load-Displacement plot for two different water levels in the defined cohesive soil:

Load-Displacement

Clay, water level: -5 m	0	1.48626100760028	4.46604065246171	10.4957135058803	23.0023348438638	40.222747616819504	57.401018266813999	74.461230065053797	78.610729148791094	0	45.592306106259699	135.430819179639	311.10325122669201	586.814453666345	779.70551889503099	895.34739211050498	981.74654926110304	1000	Clay, water level: -0.5 m	0	1.49242696188827	4.4870793843434393	10.5770336521526	23.2780682919227	40.0405570953832	56.738342876545296	73.354997583522305	89.8237406241239	106.091978163116	122.170432117243	138.09575786649299	153.92176809212498	169.38892418701201	0	45.688665547114397	134.71333788843901	304.77508611483699	509.20351435693101	638.46308795937398	723.34607561778796	785.99988020435501	837.22342198752699	879.836108218302	916.16625500661394	947.51686629764697	975.71255415691905	1000	clay, water level: -0.5	0	1.7242959966839499	5.1829245048677501	12.214188254224799	26.807310131452201	43.278261265002996	59.673095312443699	75.976427844288409	79.106506515407403	0	52.844197481948498	156.34878065166498	356.08594952217601	639.75270736757693	801.86619883057892	906.92870269110301	986.648599621617	1000	Displacement(mm)


Load(kN)
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