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Stress concentration in a thin plate with a hole

Table of contents

LI C Tt ] ] 1] o A U 1
2 Workflow in Abaqus/CAE ... 1
2.1 Model definfion ... 1
2.2 Parts MOAUIE ..o 2
2.3 Property Module ... ..o e 12
2.4 Assembly MOAUIE ... e 15
2.0 SIED MOAUIE . 17
2.5.8 DefiNe The STEP oottt 17

2.5.b Define the field oUtpUT ... e 18

2.5.c Define the history oUtpUT ... e 19

2.5.d Define a Coreform IGA Probe ..ot e 19

2.6 Inferaction MOdUIE ... o 20
2.7 Load MoOdUIE .. 20
2.7.a Pinned displacement boundary condition .........ccooiiiiiii i 20

2.7.10 Pressure load condition ... ... 23

2.8 Mesh module .. ..o 26
2.9 Job moduUle ... e 29
2.10 Visualization modUle ... 30
2.10.a Working with the Abaqus ODBfile ... ..o 3]

2.10.b Working with the IGA ODB file ... 33

R O NS i 40

1 Description
In this problem we investigate the stress concentration in a thin steel plate under uniform axial

tension, using the sfress-concentration factor from Roark’s Formulas for Stress and Strain, Table
17, case 7a [1l.

2 Workflow in Abaqus/CAE
2.1 Model definition

1. Create a new model database and rename the default model to PWH-Kt

2. Edit the model atftributes and provide a description of the consistent unit system in the
Descriptions ficld. This model uses the [PS consistent unit system. We recommend
entering the following:


../../theory/consistent-unit-systems.qmd#sec-units-ips
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# CONSISTENT UNIT SYSTEM: IPS
## Fundamental Units

Length: in
Mass: slinch = ( 1bf * s™2 ) / in
Time: s

## Derived Units

Mass Density: slinch / in”3
Force: 1bf

Pressure: 1bf / in”"2

2.2 Parts module

Click on the Create Part icon % to open the Create Part dialog to create a new part
with the name: Plate. You should ensure the dialog’s parameter-value pairs are set as shown
in the table and image below:

Parameter Value

Modeling Space 3D

Type Deformable
Base Feature Shape Solid
Base Feature Type  Extrusion

Approximate size 20
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(%) Create Part X

MName: Plate
Modeling Space
© 30 O 2DPlanar O Axisymmetric

Type Options
© Deformable

(O Discrete rigid

(O Analytical rigid

(O Eulerian

None available

Base Feature

Shape Type

0 soid

O Shell Revolution

) Wire
(O Point

Sweep

Approximate size: 20

Continue... Cancel

After entering these values into the dialog, click the Continue button to proceed to sketching.
Begin by creating a vertex at the origin by clicking the Create Isolated Point icon _I_ and

typing 0,0 into the dialog box at the bottfom-left of the viewport and then pressing Enter on
your keyboard:

¢= X Pick a point--or enter X,Y: 0,0
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Next click the Add Constraint icon = to open the Add Constraint dialog box and then

click on the Fixed item as shown in the image below.

() Add Con.. X

Constraints

Coincident
Concentric
Equal length
Equal radius
Foed
Horizontal
Equal distance
Parallel
Perpendicular
Symmetry
Tangent
Vertical

The viewport will prompt you to select the entities for the fixed constraint; select the vertex we
just created and then click the Done button. You should now see an annotation next to the
vertex denoting that a “fixed” constraint has been applied.
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+
Next click the Create Lines: Rectangle (4 Lines) icon CI+ and pick a starting corner and
ending corner by clicking in the viewport. The precise coordinates don’t matter since we will
specify these via dimensioning and constraints.

Opening the Add Constraints dialog again, click on the Equal distance item. The viewport
will prompt you to select:

1. The first line (or vertex)
2. The next line (or vertex)
3. The vertex that will be equidistant fo the two lines that we will select.

The entities, and the recommended order that you should select them in, are shown in the
figure below.
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After making these selections the rectangle should update such that the two selected lines are
equidistant from the vertex as shown below.

Next we apply another equidistant constraint, this time selecting the two horizontal lines of the
rectangle.
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Next, click on the Add Dimension icon * ., affer which the viewport will prompt you to
select one of the geometric entities to dimension. Select one of the vertical lines, enter 5 info

the viewport prompt, and then click Done.



coreform IGA
for Abaqus

The Add Dimension tool should still be active — if not, click the Add Dimension icon again
— this time select one of the horizontal lines and assign a dimension of 10 fo the line. The
rectangle’s curves should change color from yellow to green, signifying that they are fully
constrained.

Next click the Create Circle: Center and Perimeter icon @ The viewport will prompt
you to pick a center point for the circle; click on the vertex we created at the beginning of this
sketch. This will automatically constrain the center of the circle to be coincident to this vertex.
The viewport will then prompt you to pick a perimeter point; the precise location doesn’t matter
as we will constrain this point in a follow-up step.
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Next, while noft strictly necessary, we want to constrain the circle’s perimeter point to lie on the
y-axis. To do this we will create a vertical construction line by “clicking and holding” on the

&

Create Construction: Oblique Line Thru 2 Points icon #", which will then list addifional

options: click on the Create Construction: Vertical Line Thru Point icon T and then
click on the same vertex that we created af the beginning of this sketch.

Then open the Add Constraint dialog again and select the Coincident item. \When
prompted by the viewport, select the circle’s perimeter point and then the vertical construction
line for the two entities to include in the coincident constraint.
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Next click on the Add Dimension icon again and click on the circle to assign a radius
dimension, entering 1 as the radius value.

10
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The sketch is now fully-defined and fully-constrained — it is finished! We now want to click
on the Done button next to the viewport prompt of Sketch the section for the solid

extrusion. If you do not see that prompt, carefully click on the Cancel icons I until you do.
You should now see the Edit Base Extrusion dialog box which will prompt you to provide

the extrusion depth, which should be 0. 1. After entering this value, click the OK button.

@ Edit Base Extrusion X

End Condition

Type: Blind

Depth: 0.1

Options

Note: Twist and draft cannot be specified together,
() Include twist, pitch: 0

(L) Include draft, angle: 0
| OK | Cancel

You should now see a solid geometry rendered within the viewport, similar fo that shown in
the following image:
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(@ Coreform IGA for Abaqus/CAE - Model Database: C: port: 1) a X
[E Fle Model Viewpot View Pat Shape Featwre Took Plugins Help K? =
LEESE g eooXH CR.E EE Tpraeeus @~ QR it e dads o -0

L1 H [[ol=RNNEY b e ARBNEA
Model  Resutts Module: [ Part | Model: [~ Model-1 Part: [~ Plate
& Model Database M E v

B Field Output Requests
Bg History Output Requests
s Time Points

[y Predefined Fields
Blg Remeshing Rules
I Sketches

4 Annotations

P’S sSimuLIR
Y |

Hjal

This concludes the Part module portion of the workflow.
2.3 Property module

(o)
Click on the Create Material icon |Q to open the Create Material dialog fo create a new

material called Steel. Since we will be performing a static analysis we do not need fo provide
a mass density, but do need to provide the isotropic elastic moduli from the table below. The
values are also visible in the Edit Material screenshot below.

Material Property Value Units

Young’s Modulus 30 x 10 1bf /in?

Poisson’s Ratio 0.29 —

12
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) Edit Material X () Edit Material X

Name: | Steel Name: | Steel

Description: 9 Description: 9

Material Behaviors Material Behaviors
General | Mechanical Thermal Electrical/Magnetic  Other > General Mechanical Thermal Electrical/Magnetic  Other v
- = Elastic
Plasticity > Hyperelastic
Damage for Ductile Metals > Hyperfoam Type: |Isotropic ~ ¥ Suboptions
Damage for Traction Separation Laws » Low Density Foam (O Use temperaturs-dependent data
Damage for Fiber-Reinforced Composites » Hypoelastic . . =
Damage for Elastomers » Porous Flastic Number of field variables: 03
Deformation Plasticity Viscoelastic Moduli time scale (for viscoelasticity): | Long-term
Dempao [J No compression
Expansi
pansion () No tension
Brittle Cracking
E | Data
05
Viscosity Young's Poiss?n‘s
e -y
Crush Stress € =
Plasticity Correction
OK Cancel OK Cancel

After entering these values, click the OK button.

S

. . . - . .
Next, click on the Create Section icon E to open the Create Section dialog to create a
new section, named Section-Solid-Steel. The category of section should be Seolid and the
Type should be Homogeneous, as demonstrated in the image below.

(%) Create Section X

Name: Section-Solid-Steel

Category = Type

O soiid

() Shell Generalized plane strain
O Beam Eulerian

| O Other Composite

Continue... Cancel

After entering these values, click the Continue button.

At the Edit Section dialog box choose the Steel material within the Material selection dialog.

13
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@ Edit Section X

Name: Section-Solid-Steel

Type: Solid, Homogeneous

T,
Material: | Steel s [@

() Plane stress/strain thickness: 1

oK Cancel

Then click the OK button.

Next, click on the Assign Section icon El to assign the Section-Solid-Steel to the entire
part. This will prompt you to make a region selection within the viewport and will provide you
with the option to create a named set for the selected region. We recommend naming this
set WholePart, though you may choose any name or even unselect the Create set option to
avoid creating a sef'.

(@ Coreform IGA for Abaqus/CAE - Model Database: C: port: 1] = a X
[E] Fle Model Viewport View Material Section Profile Composite Assign Special Featwre Tools Plugeins Help X?

LSEmd g @eoeKH CR.E LR B rroperydesuts @+ Q) [srvos WO FIT HHO
ERSINEEANANRE A LBNUEA

Model Results  Material Library todule: [% Prope Modek: [~ Model-1 | Part: [~ Plate

Model Database M<sE v

[ Predefined Fields
Bl Remeshing Rules
I Sketches

4 Annotations

4 X| Selectthe regions to be assigned a section ( @ Create set: | WholePart | ) [Done sets. 5 simuLiA

At the Edit Section Assignment dialog box choose the Section-Solid-Steel section within
the Section selection dialog.

'Abaqus/CAE will create a set when writing the . inp file with an internally-generated name.
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() Edit Section Assignment X

Region

Region: WholePart

Section

s

Section: | Section-Solid-Steel v

Note: List contains only sections

applicable to the selected regions.
Type: Solid, Homogeneous

Material: Steel

0K Cancel

Then click the OK button. The part should now be colored green, signifying that a section has
been properly assigned.

(@ Coreform IGA for Abaqus/CAE - Model Database: C: cae [Viewport: 1)

Section Profile Composite Assign Special Feature Tools Plug-ins Help R?

2 properyaenurs - @~ @) R[an 8 @R @O0 FH O
ERSHERWN\AREE+CCLBINEA

‘B &

| Modek [~ Model-1 | Part: [~ Plate

Model Results  Material Library Module: [ Property
&5 Model Database = Eed

= 48 Models (1)
= Model

mbly
Steps (1)
52 Field Output Requests

FPESNERE

BASSBHHAE T

[

Py Amplitudes
[l Loads
L 8Cs
[y Predefined Fields
Blg Remeshing Rules
I Sketches

\ Annotations

2 simuLia

Hhal

This concludes the Property module portion of the workflow.

2.4 Assembly module

¢
Click on the Create Instance icon % to open the Create Instance dialog to create a new
instance. Select the Plate part as the entity fo instance in the assembly, keeping the default
Dependent (mesh on part) option for the Instance Type option.

15
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() Create Instance X

Name:

O Auto O Specify:
Create instances from:

© Parts () Models
Parts

Instance Type
© Dependent (mesh on part)

| O Independent (mesh on instance)

Note: To change a Dependent instance's
mesh, you must edit its part's mesh,

[ Auto-offset from other instances

oK Apply Cancel

Then click the OK button to generate the instance. You should now see an instance of the
part, colored blue, in the viewport.

(@) Coreform IGA for Abaqus/CAE - Model Database: C: [Viewport: 1] - o X
[@) File Model Viewpot View Instance Constraint Featyre Tools Plug-ins Help A? -8 x
LDEEmE g cooKH CR.ELE 23 assembly detaurs |~ @ K1 e T dadadt - I-1-)

ERSNEEANAREE + ¢ LENEA
Model Results Modu\:l:hsemb#y | Modet: [ Model-1 s@[:lmm ¥
&5 Model Database MTE R i

48 Models (1)

8 ot 4
0 Parts (1) [

@z Materials (1) [

& Calibrations -

@ & Sections (1) £ Iy

& Profiles .

{4

48 Assembly =

o Steps (1) -

B2 Field Output Requests
Bp History Output Requests
b5 Time Points o
o ALE Adaptive Mesh Constraints. -8
T Interactions Lo B3
B Interaction Properties ‘I
#{ Contact Controls
4 Contact Initializations
3 Contact Stabilizations
«J] Constraints.
{8 Connector Sections
@ F Fields

P Amplitudes
[ Loads
L 8Cs
[ Predefined Fields
B Remeshing Rules
I Sketches

8 Annotations

2 simuLia

ar
]

This concludes the Assembly module portion of the workflow.
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2.5 Step module
2.5.a Define the step

Click on the Create Step icon & to open the Create Step dialog to create a new
step. Name our new step Apply-Roark-Conditions, make sure the General procedure type
is selected in the selection-box, and then choose Statie, General from the list of available
procedures as demonstrated in the following image.

(2 Create Step X

Name: Apply-Roark-Conditions

Insert new step after

Procedure type: | General v

Dynamic, Temp-disp, Explicit
Geostatic

Heat transfer

Mass diffusion

Soils

Static, General

Static, Riks

Continue... Cancel

Clicking the Continue button should then display the Edit Step dialog box. We can keep
the default settings, which notably will have a (pseudo)fime period of 1.0, will use the small
deformation assumption (Nlgeom=off), and use direct equation solvers (under the Other tab).
If you'd like to provide a description, you may, but this is not required.
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) Edit Step X
Name: Apply-Roark-Conditions
Type: Static, General

Basic  Incrementation Other

Description: | Linear static mechanical solve using small deformation assumption and direct solver
Time period: | 1

© off (This setting controls the inclusion of nonlinear effects

b s () On of large displacements and affects subsequent steps.)

Automatic stabilization: None v

[ Include adiabatic heating effects

oK Cancel

Then click the OK button fo complete creatfing the step. If you click the Step Manager icon

to the right of the Create Step icon, you should see our new step listed with a green

checkmark (‘b/) next to it as shown in the image below.

@ Step Manager X
Name Procedure Nigeom Time
v Initial (Initial) N/A N/A

[l ~pply-Roark-Conditions Static, General OFF 1

Create... Edit... Replace... Rename... Delete... Nigeom... Dismiss

2.5.b Define the field output

Currently, Coreform IGA for Abaqus only supports field outputs for displacement (U), stress (S),
and equivalent plastic strain (PEEQ). Furthermore these are currently hard-coded fo always be
output for all supporting simulations. We plan to improve this functionality to provide more
flexibility to users, but for now we recommend not modifying the field oufput.

18
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2.5.c Define the history output
This example does not require an Abaqus history-output request. The Coreform IGA line probe
defined in the next section records the stress profile used during postprocessing.

2.5.d Define a Coreform IGA Probe

One powerful capability provided by Coreform IGA for Abaqus are Coreform IGA Probes.
Unlike other probe or history output options, which only provide results at node or quadrature
point locations (which may be sparse) or only operate on results stored in output files, Coreform
IGA probes allow the user to query (probe) various results? at arbitrary locations. These are
computed during the solve in a highly-accurate manner®. There are three types of probes
currently implemented in Coreform IGA for Abaqus:

« Point Probe: a single probe located at an (X,Y,Z) position.

» Multipoint Probe: a probe at multiple (X,Y,z) locations.

+ Line Probe: a number of ordered points, uniformly-distributed along a line specified by two
(X,Y,Z) positions.

In this example, we will create a Line Probe along the mid-thickness of the plate, whose
origin is the radius of the hole along the Y-axis and which extends along the Y-axis to the outer
surface of the plate. To create the Coreform IGA Probe click on the Create Coreform IGA

Probes icon i% and then setf the parameter-value pairs as shown in the fable and image

below:
Parameter Value
Name Probe-Stress-Profile
Probe Type Line Probe
Instance Plate-1

Start (X, v, z) (0, 1, 0.05)
End (X, Y, 2) (6, 2.5, 0.05)

Num Points 100

2Currently Coreform IGA Probes don’t support selecting which variables to probe; they are currently hard-
coded to query the displacement (U), stress tensor (S), and equivalent plastic strain (PEEQ) if they are available
in the simulation.

3Specifically, each probe location is implemented as an additional quadrature point (integration point), but is
assigned zero weight in the assembly routines. Thus the solution value(s) are computed at these points, using
the same technique as element variables such as stress, but they don’t contribute to the assembled linear
systems, thus avoiding potential numerical issues such as locking.

19
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form IGA Probe

-Stress-Profile

.ine Probe

' one instance for this line probe.

Instance

Eplate-1

0K

Line specification

Line Definition
Start: X |0 Y: (1
End: X0 Y: |25

Samples: 100 5

Cancel

Z:10.05

Z:10.05

Preview

Then click the OK button to complete the creation of the Coreform IGA Probe.

This concludes the Step module portion of the workfiow.

2.6 Interaction module

This problem doesn’t require any interactions, so we can skip this module.

This concludes the Interaction module portion of the workflow.

2.7 Load module

This problem utilizes a pinned displacement boundary condition on the X-minimum surface?.
It also uses a small, uniformly-distributed negative pressure on the X-maximum surface®, with
the pressure pointing outwards from the geometry’s interior so as to place the plate in tension.

2.7.a Pinned displacement boundary condition

Click on the Create Boundary Condition icon D’”_7" to open the Create Boundary

Condition dialog fo create a new boundary condition with the name Hold-xMin. In the Step

4The surface perpendicular to the X-axis that is closest to £ = —oo.
5The surface perpendicular to the X-axis that is closest to £ = +o0.

20
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selection box, be sure that our Apply-Roark-Conditions step is selected, then choose the
Mechanical category and Symmetry/Antisymmetry/Encastre as the type.

@ Create Boundary Condition X

Name: | Hold-XMin
Step: | Apply-Roark-Conditions ~
Procedure: Static, General

Category Types for Selected Step

© Mechanical Symmetry/Antisymmetry/Encastre

(O Electrical/Magnetic/Electrochemical Displacement/Rotation

O Other Velocity/Angular velocity
Connector displacement

Connector velocity

Continue... Cancel

Then click the Continue button.

The viewport should now prompt you to select the regions for the boundary condition; select
the X-minimum surface as described earlier. We recommend creating a set with the name
XMin.

(@ Coreform IGA for Abaqus/CAE - Model Database: C: port: 1] - a X
[ File Model Viewport View Lload BC PredefinedField LoadCase Festure Tools Plug-ins Help K7 - & x
LEEmg g oweKH) CR.ELE 5 hssemvtydeauts | < @) 11 [ R @OT S50

ERSHEEA\NANEE ¢ LBULEA

Model Results Module: 2 Load Model: [~ Model-1

£ Model Database M<E ¥V LD

Step: [+ Apply-Roark-Conditions

&= 48 Models (1) ()
=@

&

&

® B2 Field Output Requests (1) K

@ Bp History Output Requests (1) a

s Time Points -,

B ALE Adaptive Mesh Constraints o

T Interactions ke
B Interaction Properties G

4 Contact Controls
i Contact Initializations
& Contact Stabilizations
«J] Constraints
{8 Connector Sections
® F Fields
Py Amplitudes
[ Loads
B 8cs
[ Predefined Fields
Blg Remeshing Rules
I Sketches
N8 Annotations

4= X Select regions for the boundary condtion ( @ Createset: | XMin | ) Done Sets

2 simuLia

>

B

2]
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Then click the Done button.

In the Edit Boundary Condition dialog box choose the PINNED option, which will enforce
zero-displacement on the surface.

() Edit Boundary Condition X

Name: Hold-XMin

Type:  Symmetry/Antisymmetry/Encastre
Step:  Apply-Roark-Conditions (Static, General)
Region: XMin [

CSYS: (Global) [3 L

(O XSYMM (U1 = UR2 = UR3 = 0)

(O YSYMM (U2 = UR1 = UR3 =0)

(O ZSYMM (U3 = UR1 = UR2=0)

() XASYMM (U2 = U3 = UR1 = 0; Abaqus/Standard only)
(O YASYMM (U1 = U3 = UR2 = 0; Abaqus/Standard only)
(0 ZASYMM (U1 = U2 = UR3 = 0; Abaqus/Standard only)
© PINNED (U1=U2=U3=0)

(O ENCASTRE(U1=U2=U3=UR1=UR2=UR3=10)

0K Cancel

Then click the OK button to complete creating the boundary condition. If you click the

Boundary Condition Manager icon to the right of the Create Boundary Condition

icon, you should see our new boundary condition listed with a green checkmark (1/) next to
it as shown in the image below.
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@ Boundary Condition Manager X

Name Initial Apply-Roark-Conditions Edit...

¥ Hold-XMin Move Left

Step procedure: Static, General
Boundary condition type:  Symmetry/Antisymmetry/Encastre
Boundary condition status: Created in this step

Create... Copy... Rename... Delete... Dismiss

You should also see a rendering of the boundary condition within the viewport, denoting the
surface and degrees-of-freedom (DOFs) that are constrained.

© Coreform GA for Abaqus/CAE - Model Database: CAUsers\greg\Documents\AbaqusTemp\puwh-demo.cae Viewpor -
[Z) File Model Viewport View load BC PredefinedField LoadCase Featwre Tools Plug-ins Help K7 -8 x
SEsdgoeveX ) B LR T Assemby defauts (@ - @1 |4 Ui F0T: 50
ERSNBEEANARERE L LBUEA
Model Results Module: 2 Load ~| Modek: [~ Model-1 | Step: [* Apply-Roark-Conditions
&5 Model Database SE s

o Steps (2)

B Field Output Requests (1)

@ B8 History Output Requests (1)
[ Time Points
Bs ALE Adsptive Mesh Constraints .

Blg Remeshing Rules
I Sketches
N8 Annotations

— S SiMmuULIA
2.7.b Pressure load condition
Click on the Create Load Condition icon to open the Create Load Condition dialog

to create a new load condition with the name Pull-XMax. In the Step selection box, be sure
that our Apply-Roark-Conditions step is selected, then choose the Mechanical category and
Pressure as the type.
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{2 Create Load X

Name: | Pull-XMax
Step: | Apply-Roark-Conditions ~

Procedure: Static, General

Category Types for Selected Step
© Mechanical Concentrated force
herma Moment

Acous Pressure |
I Shell edge load
Surface traction
(O Electrical/Magnetic Pipe pressure
\ass diffusion Body force
Line load
Gravity
Bolt load

Generalized plane strain

Rotational body force
Coriolis force
Connector force

Connector moment
Substructure load

lin mebin enlinf

Continue... Cancel

Then click the Continue button.

The viewport should now prompt you to select the regions for the load condition; select the
X-maximum surface as described earlier. We recommend creating a sef with the name XMax.

@ Coreform 1A fo Absqus/CAE - Model Database: porc 1 s —
[Z] File Model Viewport View Load BC PredefinedField Load Case Feature Tools Plug-ins Help K? -8 x
LEESsd g eooKH CR.E LE B assembly etauts (@~ @) [y |1 RS EIT 686

ERSNEEANAREE e LRI EA

T interactions A,
B inteaction Properties i
# Contact Controls
i Contact Initializations
i Contact Stabilizations
€] Constraints
{8 Connector Sections

© F Fields
Py Amplitudes
[ Loads

® [ BCs (1)
[ Predefined Fields
Blg Remeshing Rules
I Sketches

N8 Annotations

Model | Results Module: 2 Load ~| Modek [~ Model-1 ~| step: [< Apply-Roark-Conditions
& Model Databsse FEEER A ™
& 48 Models (1)
& Model-1 b=
@ Ly Parts (1) =
@[ Materials (1)
© Calbrations [
® & Sections (1)
& Profiles £,
943 Assembly P
w0 Steps (2) L
B Field Output Requests (1) ke
@ B History Output Requests (1) 1. N
[ Time Points s by,
ALE Adaptive Mesh Constraints -
& P o 4
Lol

4= X Select surfaces for the load | individually | ( (@ Create surface: | XMax ) [Done} Sufaces.. 35 simuULIA

>
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Then click the Done button.

In the Edit Load dialog box, set the parameter-value pairs as shown in the table and image
below:

Parameter Value

Distribution Uniform
Magnitude -1le-6
Amplitude  (Ramp)

() Edit Load X

Name: Pull-XMax

Type:  Pressure

Step:  Apply-Roark-Conditions (Static, General)
Region: XMax

Distribution: Uniform ~ X
Magnitude: -le-6

Amplitude:  (Ramp) P"u

oK Cancel

Then click the OK button to complete creating the load condition.

You should see an updated rendering of the previously-assigned boundary condition and
now the pressure load condition within the viewport. Verify that the vectors representing the
pressure condition are pointing away from the surface (i.e., in the +X direction). If they are
pointing into the surface (i.e., in the -X direction) then you likely forgot the - sign in the
magnitude field.
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(@ Coreform IGA for Abaqus/CAE - Model Database: C: .cae [Viewport: 1] - 8 x
[E) File Model Viewport View Load BC Predefined Field LoadCase Featwre Tools Plug-ins Help K7 & x
LEEwE gt ool CR.ELE T Assemby defauts (@ - @1 [y a0 VeebR® @00 §50
ERSNEEANAREE -+ LENEA
Model Results Module: 3 Load | Modet: [ Model-1 | Step: I:Apply-Ronk-(ondmcns v

£ Model Database MTE RV LR
= 48 Models (1) -
& Model-1 &
& iy Parts (1) [
@ P2 Materials (1)
& Caiibrations T
@ & Sections (1)
# Profiles &8 by
54§ Assembly 3
o Steps (2) =
@ B2 Field Output Requests (1) R
B8 History Output Requests (1) N
£ Tmepans s ly,
Bp ALE Adaptive Mesh Constraints e
T Interactions R
B Interaction Properties fa )05

#{ Contact Controls
i Contact Initializations
U Contact Stabilizations
«J] Constraints.
{8 Connector Sections

® F Fields
Py Amplitudes

@ [ Loads (1)

@[ BCs (1)
[ Predefined Fields
Blg Remeshing Rules
I Sketches

4 Annotations

2 simuLia

B

This concludes the Load module portion of the workflow.

2.8 Mesh module

To create the Coreform IGA Mesh select Part as the active Objeet at the top of the viewport.

sEsmssEERRREY,
- s

Object: () Assembly © Part:| . Plate v

samsnamsnnnd

This should then show a rendering of the plate, colored yellow as shown below.
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@ Coreform 1GA for Abaqus/CAE - Mo

[E] File Model Viewport View Seed Mesh Adaptivity Featwe Tools Plug-ins Help K? -8 x

LDEEmSE g oo K-

Model  Resutts
& Model Database
= 48 Models (1)

B & Sections (1)
4 Profiles
54§ Assembly
o Steps (2)

@ B2 Field Output Requests (1)
@ Bg History Output Requests (1)
s Time Points

B ALE Adaptive Mesh Constraints

T Interactions
B Interaction Properties
4 contact Controls
i Contact Initializations
U Contact Stabilizations
«J] Constraints.
{8 Connector Sections

® F Fields
Py Amplitudes

9 [ Loads (1)

@ [ BCs (1)
[ Predefined Fields
Blg Remeshing Rules
I Sketches

4 Annotations

>

B @ Ty Mencetus @~ (@ R[a RS @OT 086
L1 H [ [ol=ENNEIN PCeCLANUEA

Module: [ Mesh ~| Modek |- Model-1 Object: O Assembly © Part:| - Plate

2 simuLia

Next click on the Create Coreform IGA Meshes icon = in the taskpane.

In the Create Coreform IGA Mesh dialog box, ensure that the following parameter-value
pairs are set as shown in the table and image below:

Parameter

Value

Mesh Type

Element Size

Degree

Continuity Mode

Immersed Rectilinear
(0.3, 0.3, 0.1)
2

Smooth
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@ Edit Coreform IGA Mesh X @ Create Coreform IGA Mesh X
Part: Plate Part: Plate
Scheme Basis Advanced Scheme Basis Advanced
Mesh Type: | Immersed Rectilinear Basis
Degree: 2%
Basic  Advanced
Orientation: | Axis-Aligned v Continuity Mode: | Smooth ~ | Continuity Value: B
Element Size Formulation
X: |03 Y: 03 Z|01 Incompressibility: | Off M

oK Cancel OK Cancel Preview

And then click the OK button.

You should now see a red mesh that envelopes the plate geometry as shown in the image
below.

(@) Coreform IGA for Abaqus/CAE - Model Database: C: port: 1) - o X
[ File Model Viewport View Seed Mesh Adaptivity Feature Tools Plug-ins Help K? £ x
LEE®E $ UMM A1 234 A @@OR CR.E BE®vercons @ 1@ INEE YagOns @00 886
ERSNEEAN\ARERE+C RRBINEA

Model  Results v - Plate. v
£ Model Database MSE ;
=48 Models (1)

& Model-1

148 Assembly

#o% Steps (2)

@ I Field Output Requests (1)

@Bg History Output Requests (1)
s Time Points
B ALE Adaptive Mesh Constraints
T Interactions
B Interaction Properties
#{ Contact Controls
i Contact Initializations
& Contact Stabilizations
«J] Constraints
{8 Connector Sections

® F Fields
Py Amplitudes

@ [ Loads (1)

@ [ BCs (1)
[ Predefined Fields
Blg Remeshing Rules
I Sketches

N8 Annotations

2 simuLia

You can toggle visibility of this mesh by clicking the Show Native Mesh icon @

This concludes the Mesh module portion of the workflow.
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2.9 Job module

To create and run a Coreform IGA for Abaqus simulation click on the Create Coreform IGA

Job icon 4 and provide the name Job-PWH-Kt in the dialog box, then click the Continue
button.

@ Create Job - Coreform IGA for Abaqus X

Name: Job-PWH-Kt

Source Model: Model-1

Continue... Cancel

In the Edit Job - Coreform IGA for Abaqus dialog box make sure the correct Coreform
IGA Mesh executable is selected. Finally, you can control the parallelization of both Coreform
IGA Mesh and the Abaqus solver by entering the desired amount of CPUs for each — they
do not have to be equal to each other. However, this simulation is small enough that one CPU

for each process is fine.

2 Edit Job - Corefarm IGA for Abaqus

Name: Job-PWH-Kt
Model: Model-1
Analysis product:  Abaqus/Standard

Description:

Submission Memory Parallelization

Settings
Coreform IGA Mesh executable

-

7 Select File From Dialog

C:\Program Files\Coreform |GA 2026.6\bin\coreform_iga_mesh.bat

-y

Scratch directory 7 Select Folder From Dialog

Preprocessor Printout

[CJ Print an echo of the input data
() Print contact constraint data
) Print model definition data

() Print history data

oK Cancel

Then click the OK button.

() Edit Job - Coreform IGA for Abaqus

Name: Job-PWH-Kt
Model: Model-1
Analysis product:  Abaqus/Standard

Description:

Submission  General Memory

Parallelization

Number of CPUs: Abaqus | 1
Number of CPUs: IGA 1

oK Cancel
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Next click on the Coreform IGA Job Manager icon to open the Coreform IGA for Abaqus
Job Manager, select the job we just created, and click the Submit button to run the job.

orm IGA for Abaqus - Job Manager

Model Type Status W

Kt Model-1 Full Analysis Not Submitted B
!

Edit... Rename... Delete... Di

If the job runs successfully, you should see the following text printed in the Message Area of
Abaqus/CAE:

Job Job-PWH-Kt: Analysis Input File Processor completed successfully.
Job Job-PWH-Kt: Abaqus/Standard completed successfully.
Job Job-PWH-Kt completed successfully.

This concludes the Job module portion of the workflow.

2.10 Visualization module
Coreform IGA for Abaqus writes the following result artifacts:

e <job-name>.odb is the standard Abaqus output database. It includes nodes representing
the user elements and the friangulated SFM3D3 surface elements used fo apply boundary
conditions and loads to the IGA model.

e <job-name> iga.odb contains result fields mapped to a proxy visualization mesh. Unfrimmed
cells are represented by linear C3D8 hexahedra and trimmed cells by linear €3D4 tetrahedra.

e <job-name> iga results.sql contains the native IGA result data. Coreform IGA includes
alpha functionality for reading this file in ParaView; see the workflow overview.
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» probe data.json confains the solver-evaluated Coreform IGA probe histories.
When the job completes successfully, open the two ODB files generated by the solve.
@ Open Database

Directory:|((] AbaqusTemp v > Ak e ey

Name Type Size Modified Date User Group  Attributes

] Job-PWH-Kt_iga.odb Document 790740 06/12/2026 10:41:35 user group  -rW-rw-rw-

B Job-PWH-Kt.odb Document 398680  06/12/2026 10:41:35

user group =W-TwW-nv-

File Name: | "Job-PWH-Kt_iga.odb" "Job-PWH-Kt.odb" O Append to layers 0OK

File Filter: | Output Database (*.odb) - | [ Read-only Cancel

2.10.a Working with the Abaqus ODB file

Rendering the Abaqus ODB file should show two friangle meshes where the XMin and XMax
sets were defined, and a bunch of x markers representing the user elements.

@ Coreform IGA for Abaqus/CAE [Viewport: 1]

- o x
[E) Fle Model Viewport View Result Plot Animate Report Options Tools Plugrins Help A7 _ e x
DEE®E LI 123 4 Al@ooK - CR.E 53 Visolzation detouts < 5+ @) e @ 1 w11 [y MY B dadale
Sppimay cfre g |G IS ERIIEERNAI R @E G C CWKENEA
Model Resuts Module: [ Visualization

Model: [ greg/Documents/AbaqusTemp/Job-PWH-Ktodb

KA b FEBHD

Session Data U@ ¥

[, Paths
@24 Display Groups (1)
B Free Body Cuts

& steams

I Movies

Images
ODB: Job-PWH-Kt.odb Abaqus/Standard Unofficial Packaging Version (MNT)  Fri Jun 12 10:41:26 Mountain Daylight Time 2026
Step: Apply-Roark-Conditions, Linear static mechanical solve using small deformation assumption and direct sol
Increment 1: Step Time = 1.000

P% SimuLIR
[l [P=2izs; Pluoin ceatrel dizectory not fowd: Cisbamuoplugine
Check the definition of the plugin_central_dir environment variable
Executing "onCaeStartup()" in the home directory

o
We recommend clicking on the Create Display Group icon 0o 10 open the Create
Display Group dialog box, selecting the RNODE3D element types, and then clicking the

@

Remove icon to remove these user-element markers.
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@ Create Display Group

Make a Selection

Item

Name filter: '\Q:
-
Part instances SFM3D3
Nodes
Surfaces
Display groups
Coordinate systems
Ties
Shell-to-Solid couplings
Distributing couplings
Kinematic couplings
Rigid Bodies

Method

Element sets

Pick from viewport

Element labels

Section assignment

Material assignment

Result value

All elements

Internal sets

Composite layups

Composite plies [C] Highlight items in viewport

Perform a Boolean on the viewport contents and the selection
» o ©

Replace Add Remove Intersect Either Undo Redo

Save As... Save Selection As... Tip... Dismiss

You can then click the Dismiss button to close the dialog.

© Coreform IGA for Abaqus/CAE [Viewport: 1 z

[ Fle Model Viewpot View Besut Dlot Animate Report Options Tooks Plugins Help X7 _elx

DEE=SE & 141 2 3 4 Ao KRH CR.E @ik a b Al o | @ Lk BITD
IEEANAIR@RE S CCXRINEA

Model Results Module [ Visualization | Modek [

KA > FED
Session Data MSE ks

- e

&5 Model Database (1)
@ Spectrums (7)

B xvPlots

B xvData

L paths
5 Display Groups (1)
B Free Body Cuts
& sueams

B Movies

Images

o

ODB: Job-PWH-Kt.odb Abaqus/Standard Unofficial Packaging Version (MNT)  Fri Jun 12 10:41:26 Mountain Daylight Time 2026

7

¥

Step: Apply-Roark-Conditions, Linear static mechanical solve using small deformation assumption and direct sol
x Increment 1: Step Time = 1.000

4 X/ Use the Create Display Group dialog

2 simuLia
Warning: Plug-in central directory not found: C:\abaqus\plugins
] Check the definition of the plugin_central dir environment variable
Executing "onCaeStartup()" in the home directory
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These surfaces correspond to surfaces selected in our boundary and load conditions.

2.10.b Working with the IGA ODB file

Switching to the IGA ODB file we are presented with an output mesh approximation of the
solution geometry, as a workaround to user elements not being supported by Abaqus/CAE for

visualization. Untrimmed elements are represented by €3D8 elements and trimmed elements
are meshed with €3D4 elements.

(@ Coreform IGA for Abaqus/CAE [Viewport: 1]
@) File Model Viewport View Resut Plot Animate Report Options Tools Plug-ins Help R?
DEEEmE E &ﬂpb&ﬂ‘ij 234X dOoKRHCRE  Visuslization defouts ~ ()~ @) e @ > W1 [ |an 8 | @ &l @I T D
opalpimey s we  JSEBBIBEANAREE ¢ CLEBUEA

Mudu\:l:V\suahzitmn “ Modg\.[: greg/Documents/AbaqusTemp/Job-PWH-Kt_iga.odb

Model Results

a4 > FBHD
Session Data e e
B =] Output Databases (2)
@ & Model Database (1)
@ [ Spectrums (7)
B8 XYPlots
B8 xvData
L paths

g Display Groups (1)
3 ody Cuts

& streams
I Movies

Images

derived data
ODB: Job-PWH-Kt_iga.odb Abaqus/Scripting Interface Unofficial Packaging Version  Fri Jun 12 10:41:35 Mountain Daylight Time

Step: Apply-Roark-Conditions, Linear static mechanical solve using small deformation assumption and direct sol
Increment 1: Step Time = 1.000

2 simuLia
central di

Warning: Plug-in
bl RS st inivion
Executing ‘onCaeStartup()” in the he

We can generate a contour plot of the maximum principal stress, which is the stress invariant
that we care about as far as stress concentrations are concerned, by clicking the Plot

Contours on Deformed Shape icon k in the taskpane, and then clicking on the Field

=S

Output Dialog 11310 in the foolbar. In the Field Output dialog box, select s as the Output
Variable and Max. Principal as the Invariant as shown in the image below.
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() Field Output X

Step/Frame
Step: 1, Apply-Roark-Conditions
Frame: 1 o&%

Primary Variable Deformed Variable Symbol Variable Status Variable ~Stream Variable

Qutput Variable
(7] List only variables with results:

Name Description (* indicates complex)
PEEQ at element centroid
u at nodes

Invariant Component
Mises SN

Max. Principal 522

Max. Principal (Abs) 533

Mid. Principal 512

Min. Principal S13

Tresca $23

Section Points...

oK Apply Cancel

Then click the OK button.

The viewport should now display the simulation results, colored by maximum principal stress,
and with our output mesh rendered. There should also be a legend that displays the maximum
principal sfress value anywhere in the model.
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(@ Coreform IGA for Abaqus/CAE [Viewport: 1] = ) X
[ Fle Model Viewport View Resuft Plot Anmimate Report Options Tooks Plugins Help T
DEE®E & 1M A1 23 4 A @K CR.E 2 Visuataation detauts ~ ()~ @ 1ea @ 1> o I3[ YR @O HIT

-

primary |5 [ Max Princip | & ¢

IEEANAR@EE+CCLBINEA

Module: [2 Visualization | Model: [ C:/Users/greg/Documents/AbaqusTemp/ Job-PWH-Kt_iga.odb Ka b FEHD

Model Resuits
Session Data M E Y
B ot vuuses 2}
Model Database (1)
@ [ Spectrums (7)

B8 XYPlots

B XDete

L patns
5 5q Display Groups (1)

B Free Body Cuts

& stresms

B Movies

Images

derived data
ODB: Job-PWH-Kt_iga.odb Abaqus/Scripting Interface Unofficial Packaging Version ~ Fri Jun 12 10:41:35 Mountain Daylight Time
Step: Apply-Roark-Conditions, Linear static mechanical solve using small deformation assumption and direct sol
Increment 1: Step Time =  1.000
Primary Var: S, Max. Principal
Deformed Var: U Deformati
2 simuLia
[ Vsrning. Flug-in central directory not found, Csbaqusplugine

heck the definition of the plugin_central dir environment variable
Executing "onCaeStartup()” in the home directory

We can also use Abaqus/CAE’s probe functionality by navigating our view so that we're looking
at the expected location of the stress concentration and then clicking on the Probe values

icon in the taskpane.

Inthe Probe Values dialog box select the Nodes item in the Probe field. Then in the viewport,
select the node closest to our expected maximum stress location.

@ Coreform IGA for Abaqus/CAE Viewport: 1 L
[Z] File Model Viewport View Result Plot Animate Report Options Tools Plug-ins Help A? -8 x
LEESS § G123 4 A @ooKDCR.E 5 viuazsion aeouts - @~ @ e 4 1 w1 [ [Al ToEGIeTdaa]:]

pfpimay s M pincip |- IBEANAIR@EE S CLRIUEA

Model Results Module: [ Visualization | Model: [2 C:/Users/greg/Documents/AbaqusTemp/Job-PWH-Kt iga.odb W oa

Session Data M<E
- & e
@5 Model Database (1)
@ [ Spectrums (7)
B8 XYPlots
B8 xvData
L, paths
%4 Display Groups (1)
B Free Body Cuts
@ Streams

+2.617
=3.807¢-08

derived data
ODB: lob-PWH-Kt_iga.odb Abaqus/Scripting Interface Unofficial Packaging Version  Fri Jun 12 10:41:35 Mountain Daylight Time 4

Step: Apply-Roark-Conditions, Linear static mechanical solve using small deformation assumption and direct sol
Increment 1: Step Time = 1.000
rimary Ve , Max. Principal

« X in

2
P P 9 BS simuLia
= Warning: Plug-in central directory not found: C:\abaqus\plugi

Ci

ns
heck the definition of the plugin_central dir environment variable
Executing "onCaeStartup()” in the home directory
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This should then populate a row within the Probe Values dialog box that lists the maximum
principal sfress associated with that node:

‘obe Values

| Output...
tep: 1, Apply-Roark-Conditions Frame: 1
‘ield output variable for Probe: S, Max. Principal (Avg: 75%)

: Global

e Values

tlect from viewport (O Key-in label (O Select a display group

et Nodes  ~ Components: | Selected v

e for Attached elements:

Part Instance Node |D Orig. Coords Def.Coords Attached elements S, Max. Principal

Plate-1 1724 1.11022e-16, 1, 2.03413e-13, 1 3120, 3123, 3124, 3136 3.32921e-06

Click on respective check button to annotate values in viewer

Write to File... Cancel

Finally, we can also open the probe data.json file using Python in the Kernel Command
Line Interface to extract the stress components and compute the maximum principal
sfress. The current probe schema groups samples by confributing IGA part or leaf. The
source_location_indices values map those group-local samples back to the requested line-
probe locations. The script below gathers every final-frame sample, restores that order, and
refains multiple values if more than one leaf contributes at a boundary.

import json
import os

import numpy as np

job dir = r'c:
\Users\Owner\Documents\AbaqusTemp\CoreformIGA\ExampleProblems\PWH-Kt\JobDir"
probe filename = os.path.join(job dir, "probe data.json")
with open(probe filename) as probe file:

probe data = json.load(probe file)

36



coreform IGA

for Abaqus

stress probe = probe datal
"Apply-Roark-Conditions"

J["history"]["Probe-Stress-Profile"]

components = ("XX", "yy", "zz", "XYy", "Xz", "YZ")

samples = []

for group in stress probe["part groups"]:
source _indices = group["source location indices"]
locations = group["locations"]
stress = group["Stress"]
component values = [stress[name][-1] for name in components]
expected count = len(source_indices)
if len(locations) != expected count or any(
len(values) != expected count for values in component values

raise ValueError("probe locations and final stress values are misaligned")

for slot, (source index, location) in enumerate(
zip(source indices, locations)

SXX, SYy, Szz, sXy, sxz, syz = (

values[slot] for values in component values
)
stress tensor = np.array([

[sxx, sxy, sxz],

[sxy, syy, syzl,

[sxz, syz, szz],
1
max_principal = np.linalg.eigvalsh(stress tensor)[-1]
samples.append ( (

source_index,

group.get("part _id", -1),

location,

max_principal,

))

if not samples:
raise ValueError("probe contains no final-frame stress samples")

samples.sort(key=lambda sample: (sample[0@], sample[l]))

source indices = np.asarray([sample[0] for sample in samples])

Xyz = np.asarray([sample[2] for sample in samples], dtype=float)

s max = np.asarray([sample[3] for sample in samples], dtype=float)
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hole edge values = s max[source indices == 0]
if not hole edge values.size:
raise ValueError("probe has no sample at requested source location 0")
hole edge stress = np.max(hole edge values)
print("Maximum principal stress at the hole edge:", hole edge stress)

We compute the accepted maximum principal sfress using the net-section stress-concentra-
tion factor from Roark, Table 17.1, case 7a [1]. Here D is the plate width, r is the hole radius, ¢
is the plate thickness, P is the applied pressure magnitude, and A = Dt is the loaded end-
face area.

2r 2r\ 2 2r\ 3
K, =3.00 — 3.13(5) + 3.66(5) — 1.53(5)

F P4
nom (D —2r) (D —2r)

g

Omax — Kt Onom

Evaluating these equations for the example dimensions and load gives 2r/D = 0.4,
K, = 2.23568, F = 5.0000 x 10~"1bf, o,,,, = 1.6667 x 10~¢1bf /in?, and o, = 3.7261 x
10~¢Ibf /in2.

nom max

The comparison below combines the analytic calculation with the numerical observations
captured for this walkthrough.

Table 1: Captured walkthrough observations compared with the accepted Roark value.

Method Maximum principal stress [Ibf/in?] Difference from Roark

Roark 3.7261 x 1076 —
(ac-

cepted)

Proxy 3.3292 x 107 —10.7%
ODB

nodal

probe

IGA 3.4031 x 1076 —8.7%
solver
probe
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1 Note

Numerical values reported by the documentation may be refreshed more often than
the stafic Abaqus/CAE screenshots used fo illustrate the workflow. Small differences can
therefore appear between a reported value and the value shown in a screenshot. For
your analysis, use the postprocessing code above with the probe data.json generated by
your run.

We can also plot the maximum principal stress along our probe by creating an XYData object
in the following manner:

session.XYData(
name="S max vs Y",
data=tuple(map(tuple, np.column_ stack((xyz[:, 1], s max)))),
xValuesLabel="Y position",
yValuesLabel="Maximum principal stress",

Then click on the XY Data Manager icon to open the XY Data Manager dialog, select the
S max vs Y data that we just created, and click the Plot button.

(%) XY Data Manager X
Data Source Create...
© Current session () Current ODB: Job-PWH-Kt_iga.odb Edit...

Name Description Copy..

Delete...
Plot
Copy to ODB...
Dismiss

The viewport should now contain a line plot of the probe, similar fo the image shown below.
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@ Coreform IGA for Abaqus/CAE [Viewport: 1]

- o x
[ Fle Model Viewport View Resut Plot Anmimate Report Options Tooks Plugins Hep i
DEE®E & 1M A1 23 4 A @K CR.E % Visualzaton defouts | )~ @) i e @ 1> i [y [an VA lwesidITI
Bpalprimay s Hmacrince G MTMERIIEAEANAIR@E S CKRINEA
Model Results Module: [2 Visualization Mode\:‘: C:/Users/greg/Documents/AbaqusTemp/Job-PWH-Kt_iga.odb WA D»| EBED
Session Data MSE % P H‘H@ [x 1.e-6]
3.5

L T T T T

@ B XYPlots (1)

] XYData (1) k. NE
I pars [ =

2.4 Display Groups (1) .
B Free Body Cuts F
& sueams 2"
I Movies

nages 1]

>
5]
Stress - Max Principal

Y-Position

2 simuLia

name='S_nax_vs_Y

n| data-tuple(n le. np.colunn_stack((xyz[.1]. s_ax )))).
xValuesLal sition’

ValuesTabel-

)
xyDataObjects( 'S_nax_vs_¥']
>

tress - Max Principal’.

This concludes the Visualization module portion of the workflow.
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