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Define and perform the calculation

The calculation consists of the following phases:

In the Initial phase, the initial stress conditions are generated by the KO procedure, using the default
values.

In Phase 1 the footing is activated by assigning the Concrete material to the corresponding polygon. The
interfaces are also activated.

In Phase 2 the total cyclic vertical bearing capacity and stiffness are calculated.
In Phase 3 the cyclic vertical bearing capacity and stiffness are computed.
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[EFITIHVRTA—5—] TIBHSAITSU]l IV —%#EBRALET,
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&) D4V FORRTINFET,

REEE] 2750V LET,

CTBA) KA LWESIY v LTHEDEELEALET,
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1EIE AICIFERI{REN C2: 1.000
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rets) Rasllvzsy s Lcrney FEHELET,
HEAET Lo, 87 Kadedesyys Lcansz s b eRBLET.
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g % 5.000 anid
£, % 5.000
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BIRARAT C ISHIRAERMBENFICRIL B FE T, RAEDOREBMEL (AN) ERTL. SHICHEFNIE
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2. 17z AN T4]1 912 R0 TR ) 2 To— T, BOEEA4 FMILEAAL
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EXFX.EE11mO#BEIBEES 7Tm ORBIZHMINMTULET, BBHREIMETHIERELETT,
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ELET,

L R7A—ILEER] R 82510 99 LTx=0 2R PHR—ILEERLET,
2. y=18 b y=7. y=7hby=0FTEUD 2 DODOLEBEZERLET,
3. R7HR—ILA®D KBE] Z 18m [TRELFET,

153 MET—421y FOEREEIY AT
#51 B (X Mohr-Coulomb model Z#ERA L TETILELET ., I TFEHK B)] ERESHET, 4
R —TJ 1 —RBEERBZERE. Miov T MRS -EBEOEREZIAL— T A5-0OICERALED,

MERD T OEBRER ZEYZETILIET 5162, BE(E Hardening Soil model with small-strain
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10 EFIL EX T
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FIEN C'ref 10 5 kN/mZ
iR @' 31 28 °
FALA8 20— P 0 0 °

BYIRLEAMRESEZ(T 5 L. Hardening Soil model with small-strain stiffness (828! f)7; (B EE B % 7R
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® Brinkgreve, RB.J.. Kappert, M.H.. Bonnier, P.G.(2007).Hysteretic damping in small-strain stiffness model.In
Proc.10th Int.Conf. on Comp.Methods and Advances in Geomechanics.Rhodes, Greece, 737-742.
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18.4 Define the structural elements

The freeze pipes are modelled by defining lines with a length similar to the freeze pipe diameter (10 cm),
containing a convective boundary condition. For simplicity, in this tutorial only 12 cooling elements are
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Define the structural elements

defined, while in reality more elements may be implemented in order to achieve a sufficient share of frozen
soil.

1. Proceed to Structures mode .
2. Click the Create line button * in the side toolbar.
3. Click the command line and type

line © -12.05 @ -11.95

Press Enter to create the first freezing pipe. For more information regarding command line, see
Reference Manual .

4. The remaining freeze pipes will be created by copying the first freeze pipe 12 times. To do so select the

line representing the freeze pipe that was just created.
5- L )
From the side toolbar select the Create array option 22 Set the Array pattern to Polar as we want to

create a circle of freeze pipes, the Center point is (x y) = (0 -15), the Total number of items is 12 (the
original plus 11 copies) and finally the Angle to fill must be set to 360 degrees as we want to create a full
circle. Press OK to create the 11 additional freeze pipes.

Multi select the 12 lines representing the freeze pipes using the Select lines option ‘i from the side

toolbar.

* Right click the selected lines and select Thermal flow BC / to create the thermal flow boundary
conditions for the freeze pipes.

For the selected freeze pipes, in the Selection explorer expand the subtree for the ThermalFlowBC.
9. The Behaviour is set to Convection, the Ty,;q to 250 K and the Transfer coefficient to 1.0 kW/m?/K.

10. Click the Create line button * in the side toolbar.

11.

&

Select the Create thermal flow BC option / in the expanded menu. In the drawing area create a
thermal boundary condition along the perimeter of the model, hence from (x y) = (-45 0) to (45 0), (45
-30), (-45 -30) and back to (-45 0).

12. Select the four boundaries just have been created and right-click on them. From the menu that pops up
select Create and Create groundwater flow BC to add groundwater flow boundary conditions to the
thermal flow boundary conditions.

PLAXIS 2D allows different types of Thermal boundary conditions to be applied. In this tutorial the freeze
pipes will be modelled as convective boundary conditions.

1. Multi select the created boundaries.
2. For the ThermalFlowB(, set the Behaviour to Temperature and T, to 283 K.

To assign the groundwater boundary conditions, the following steps are followed:

1. Multi select the top and bottom boundary.

2. For the GWFlowBC(, set the Behaviour to Closed.

3. Select the left boundary, set the Behaviour to Inflow with a q,¢¢ value of 0.1 m/day.
4. The right boundary has the default behaviour of Seepage.

The tunnel is created with the help of the Tunnel designer. Because deformations are not considered in this
calculation, there is no need to assign a plate material to the tunnel. The generated tunnel will only be used
for generating a more dense and homogeneous mesh around the freezing pipes. The tunnel will not be
activated during any calculation phase, but PLAXIS 2D will detect the line elements and will generate the
mesh according to these elements. Changing the coarseness factor of the pipe elements will cause a denser,
but not a more homogeneous mesh.

1. Click the Create tunnel button in the side toolbar and click on (42.5 -18) in the drawing area.
2. The option Circular is selected for Shape type. Note that the default option is Free.

3. The default option of Define whole tunnel is used in this example.

4. Proceed to the Segments tab and set Radius to 3 m to the two multi selected segments.
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5. Click on Generate to generate the defined tunnel in the model. Close the Tunnel designer window.

The geometry of the model is shown in Figure 244 (on page 252).

@,

Figure 244: Geometry of the model
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