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Motiviation

■ Save simulation time for axisymmetric and plane cases

■ Simple pre-processing

■ High resolution through thickness



Types

■ Plane stress: σz=0 (thin parts)

■ Plane strain: εz=0 (thick parts)

■ Axisymmetric: Rotational symmetry

■ Structure: Lagrangian formulation

■ ALE: Arbitrary Lagrangian Eulerian (fluid)

■ MMALE: Multi-material ALE-formulation (fluid)

■ ICFD and FSI 

■ Explicit and Implicit

■ mpp and SMP: Adaptivity is not supported in mpp

■ Thermal/thermal contacts



Element formulation: *SECTION_SHELL

■ Plane stress: ELFORM=12

■ Plane strain: ELFORM=13

■ Axisymmetric: ELFORM=14
■ Area weighted: high explosive applications

■ Unsuitable for implicit simulations

■ Axisymmetric: ELFORM=15
■ Volume weighted: structural applications

■ Very large deformations can lead to problems

at the axis of symmetry

Fully integrated 2D-elements are 
available for ELFORM=13 and 

15 by setting NIP=4.



Element formulation: *SECTION_ALE2D

■ Plane strain: ELFORM=13

■ Axisymmetric: ELFORM=14 area weighted

■ Single material ALE: ALEFORM=6

■ Multi-material ALE: ALEFORM=11



FE-model

■ Plane stress/strain

■ In the global xy-plane

■ Z-coordinate must be zero for all nodes

■ Element normals should be positive in the z-direction

■ Axisymmetric

■ In the global xy-plane

■ Z-coordinate must be zero for all nodes

■ Element normals should be positive in the z-direction

■ The global y-axis is taken as the axis of symmetry

■ All nodes must have x-coordinate ≥ 0

Axisymmetric model



FE-model

■ Project coordinates in LS-PrePost

■ Element tools

■ Transform

■ Project

■ Norm X

■ Norm Z



FE-model

■ Show/reverse element normals in LS-PrePost

■ Element tools

■ Normals



*SET_.., *BOUNDARY_..., *INITIAL_... 

■ Boundary conditions and initial conditions are the same as for 3D

■ Segment loads in 2D is applied on an element edge

■ Use the entity creator and propagate to select the element edge.



Materials, contacts and forces

■ Materials
■ In most cases use the same materials as in 3D.

■ In case of anisotropic material models switch to MAT_24.

■ Contacts
■ 2D_AUTOMATIC_NODE_TO_SURFACE

■ 2D_AUTOMATIC_SINGLE_SURFACE

■ 2D_AUTOMATIC_SURFACE_TO_SURFACE

■ Forces input/output
■ Plane stress/strain: force per unit thickness

■ Axisymmetric ELFORM=14: force per unit length in the circumferential direction

■ Axisymmetric ELFORM=15: force per radian

Input as 

*SET_PART Static friction



Plane strain loading

■ Force

■ Pressure

10.000 N/mm

14.236 mm

−𝟏𝟎. 𝟎𝟎𝟎

𝟏𝟒. 𝟐𝟑𝟔
= −𝟕𝟎𝟐. 𝟒𝟒𝟒𝑴𝑷𝒂

*LOAD =
𝑻𝒐𝒕𝒂𝒍 𝒇𝒐𝒓𝒄𝒆

𝒕𝒉𝒊𝒄𝒌𝒏𝒆𝒔𝒔

*LOAD_SEGMENT = 𝑷𝒓𝒆𝒔𝒔𝒖𝒓𝒆

500 MPa

12.246 mm

𝟓𝟎𝟎 ∗ 𝟏𝟐. 𝟐𝟒𝟔 = 𝟔𝟏𝟐𝟑 𝑵/𝒎𝒎



Axisymmetric loading - ELFORM=14

■ Force

■ Pressure 10.23 mm

−𝟐𝟓𝟎𝟎 ∗ 𝟏𝟎. 𝟐𝟑 ∗ 𝟑. 𝟏𝟒𝟏𝟓

𝝅 ∗ 𝟏𝟎. 𝟐𝟑𝟐
= 𝟐𝟒𝟒. 𝟒𝑴𝑷𝒂

*LOAD =
𝑻𝒐𝒕𝒂𝒍 𝒇𝒐𝒓𝒄𝒆

𝑹𝝅

*LOAD_SEGMENT = 𝑷𝒓𝒆𝒔𝒔𝒖𝒓𝒆

500 MPa

11.6255 mm

𝟓𝟎𝟎 ∗ 𝝅 ∗ 𝟏𝟏. 𝟔𝟐𝟔𝟐

𝟏𝟏. 𝟔𝟐𝟔 ∗ 𝝅
= 𝟓𝟖𝟏𝟑 𝑵/𝒎𝒎

σ𝑭 = 𝟐𝟓𝟎𝟎 𝑵/mm



Axisymmetric loading - ELFORM=15

■ Force

■ Pressure

40.000 N/rad

11.9756 mm

−𝟒𝟎. 𝟎𝟎𝟎 ∗ 𝟐𝝅

𝝅 ∗ 𝟏𝟏. 𝟗𝟕𝟓𝟔𝟐
= 𝟓𝟓𝟕. 𝟖𝑴𝑷𝒂

*LOAD =
𝑻𝒐𝒕𝒂𝒍 𝒇𝒐𝒓𝒄𝒆

𝟐𝝅

*LOAD_SEGMENT = 𝑷𝒓𝒆𝒔𝒔𝒖𝒓𝒆

500 MPa

11.6255 mm

𝟓𝟎𝟎 ∗ 𝝅 ∗ 𝟏𝟏. 𝟔𝟐𝟔𝟐

𝟐𝝅
= 𝟑𝟑𝟕𝟗𝟎 𝑵/𝒓𝒂𝒅



Masses reported in d3hsp

■ Masses

■ Plane stress/strain: masses are reported per unit thickness

■ Axisymmetric: masses are reported per radian



Results

■ Reflect results in LS-PrePost

■ Model > Reflect > Reflect About YZ Plane



2D stress evaluation in LS-PREPOST

■ Stresses are output in the global coordinate system

■ Plane strain

■ Stresses follows the global axis

■ Axisymmetric

𝜎𝑟 = 𝜎𝑥
𝜎𝜑 = 𝜎𝑧
𝜎𝑧 = 𝜎𝑦



Axisymmetric/Spherical coordinates – LS-PREPOST 

■ In LS-PREPOST local cylindrical  or spherical coordinate systems can 

be used to plot the stresses and strains.

Create a local 

coordinate system

𝜎𝑟 = 𝜎𝑥
𝜎𝜑 = 𝜎𝑧
𝜎𝑧 = 𝜎𝑦

Import the keyword

file into the post-

processing session

Select user under

Fringecomponent

x, y and z stress 

is now 𝑟, 𝜑 and 𝑧



From 2D results to 3D results

■ Using the dynain file and the mapping functionality in LS-PREPOST, 

it is possible to generate 3D results from a 2D simulation

Import the dynain and create 1

row of solids using shell spin.

Map results from the shell mesh

to the solid elements
Copy the elements using

element tools transform



Application - Axisymmetric: Map 2D detonation to 3D

■ 2D - fine mesh

■ ls-dyna i=main_2D.k map=2dto3d

■ 3D - coarse mesh
■ *INITIAL_ALE_MAPPING

■ ls-dyna i=main_3D.k map=2dto3d

Final step Initial step



Adaptivity in 2D

■ Adaptivity is powerful for modeling large deformation problems to avoid mesh 
distorsion.

■ Adaptivity in 2D is based on remeshing where a completely new mesh is generated 
and the results are mapped

■ Remeshing is triggered by time increments

■ Nodal constraints are lost. 
■ Use *CONTRAINED_GLOBAL or *CONSTRAINED_LOCAL for constraints

■ Define movements by *PART not by *NODE_.. or *SET_NODE



Adaptivity in 2D - *CONTROL_ADAPTIVE

■ adpfreq:Time interval between remeshing

■ adptol: Characteristic element size

■ adpopt: 8 is r-adaptive remeshing for 2D shell elements.

-8 self contacting material will not be merged.



Adaptivity in 2D – cont.

■ adpopt:2 activates r-adaptivity for that part

■ Allows for a part to split into two parts. Useful for modeling failure.

■ pid:Part id to which is applies

■ t:Minimum thickness before it is split into two parts. Should be in the order 

of the element size.



Application - Axisymmetric: Self-Piercing Rivet



Conclusion

■ 2D simulations can be done using implicit/Explicit, mpp/smp, 

Lagrange/Euler/ALE and CFD

■ The modeling is done in the x,y plane and in the axisymmetric case with the 

y-axis as the symmetry axis.

■ 2D has its own contacts, otherwise use regular keywords and materials

■ Input/Output of forces and pressures are treated different depending on the 

choice of element.

■ It is possible to convert 2D results to 3D results either by using LS-PREPOST or 

functionality in LS-DYNA (ALE).

■ 2D adaptivity is based on remeshing



Thank you!

Your LS-DYNA distributor and 

more


